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Abstract: Microplastics (MPs) < 5 mm-sized are regarded as global environmental contaminants. This study
analyzes MP concentrations in the Kaduna River (raw water), treated water from two conventional water treatment
plants, brands of bottled water, and food-grade salts available in Kaduna Metropolis, Nigeria using standard
methods. Data obtained show that levels of MPs ranged from 25 to 36 particles L? in treated water, and to 153
particles L' in raw water. While samples of bottled water contained 1.4 to 3.7 particles L™ and samples of table salt
contained 0.13 to 0.27 particles g™. Water and salt samples contained five different types of polymers, including
polyethylene, polypropylene, polyester, polyvinyl chloride and polyethylene terephthalate. Additionally, MPs were
divided into three groups based on their physical characteristics. In both raw and treated water, fragments were
clearly more prevalent; in samples of bottled water and table salt, fragments and fibers predominated. Microplastics
in bottled water pose a medium pollution risk, according to pollution risk indices. The estimated daily intake was
generally minimal, indicating little harm from daily consumption, but it also demonstrates that children have a larger
intake of microplastics than adults. Leaching from the packing material was identified as the MPs' primary source.
This study fills the knowledge gap in the area of emerging microplastic pollution of water sources, drinking water,
and food-grade salt.
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Plastic waste has increased as a result of increased
plastic manufacture and consumption (UNEP, 2009).
Plastic waste is considered the major source of
microplastics, because they are mostly single-use
plastic items and packaging materials, although fifty
percent of these plastic products fall into the
disposable product category (Brachner et al., 2020;
Joystu and Moharana, 2018). Rather than being
collected in waste bins for further processing,
recovery, and standard disposal via recycling centers,
incinerators, or landfills, a large number of waste
plastic products are carelessly scattered or discarded
into regions that are inaccessible for waste collection,
effectively ending the possibility of

recovery/recycling (Joystu and Moharana, 2018).
According to Eriksen et al. (2014), at least 5.25 trillion
plastics are now flowing in the surface waters, mostly
as a result of run-off and dumping. Plastics in surface
water are constantly broken down into tiny bits by
marine processes such as surface circulation and
mixing, rather than totally decaying over time (Moore,
2008). As a result, plastics can be found in the ocean
for decades, releasing hazardous compounds into
bodies of water. More recently, potential threats of
MPs to human health have attracted intense attention
because of the widespread detection of MPs in human-
related food and environments, such as milk, seafood,
table salt and drinking water (Yang et al., 2015;
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Santillo et al., 2017; Mason et al., 2018 Peixoto et al.,
2019; Kutralam-Muniasamy et al.,, 2020).
Consumption of some food products such as seafood,
honey, and beer can be intentionally minimized or
avoided, but exposure to MP-contaminated table salt
and drinking water is inevitable (Barboza et al., 2018).
In countries like Croatia, Italy and Turkey that have
high regulation standard organization, has been
reported high daily intake of MPs (Barboza et al.,
2018) above recommended intake threshold (Erkoyun
et al., 2016). Although based on a relatively small
sample size, the first evidence of MPs found in human
stools suggests that humans are being exposed to MPs
(Schwabl et al., 2019). From literature survey,
assessing human health risk of MPs remains in its
infancy with limited information on exposure routes,
biological fates, and health effects. Hence, a need for
studies on microplastics in Nigeria, since waste are
indiscriminately dump into various facets of the
environment. Environmental contamination is rife
with microplastics. They have been discovered in a
variety of salts, including sea salt, rock salt (Yang et
al., 2015), table salt (Iniguez et al., 2017) and water
types, including drinking water, both bottled and tap
(Mason et al., 2018), fresh water, and surface water
(Andrady, 2011). With the information from this
research, it would be easy to develop a data base of
composition of microplastics together with their
possible health risk due to the fact that salt and water
are consumed directly by human beings. In Nigeria,
particularly in Kaduna metropolis, there is no
available information on the extent of microplastic
presence in our water and salt. Clearly there is a gap in

knowledge related to water-human pollution
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especially in Nigeria and empirical data is needed as
the basis for wider modelling assessment which form
the basis of this research. Therefore, this study is
aimed at investigating the presence of microplastics in
river water, sachet water, bottled water and branded
table salts sold in Kaduna metropolis and establish the
risk in consumption of these products among the
populace.

MATERIALS AND METHOD

Sampling site description: Kaduna metropolis is
estimated to have about 1.3 million population
(Kaduna city population, 2020). Majority of the
populace especially those around the river bank use
Kaduna River as a source of water for various
purposes which include domestic, agricultural, fishing
and industrial purposes (Yusuf and Sonibare, 2004).
The River also serve as the source of raw water for the
two conventional water treatment plants in Kaduna
metropolis located at Kaduna North and Kaduna South
LGAs as shown in Figure 1a. Thousands of tonnes of
waste flow daily due to different activities from the
dwellers around the river which include
food/beverages waste, textile waste, fertilizer, papers,
plastics, glass and ceramics from industries and
domestic activities (Yusuf et al., 2008). The two
drinking water treatment plant (DWTP) are located at
Kaduna North, Malali (MWTP) which has the
capacity of 240 million liters and Kaduna South
(KSWTP) which has the capacity of 27 million liter.
These DWTPs are the major sources of water to water
production factories and drinking water to the
populace in Kaduna metropolis.

STUDY AREA

Kaduna State

Fig 1a: Map of Kaduna State showing the location of River Kaduna and the two conventional treatment plants
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Sampling of Untreated and treated water sample
collection: The untreated and treated water samples
were collected from two conventional Drinking Water
Treatment Plant (DWTP) located at Kaduna North
(MWTP) and Kaduna South (KSWTP) as shown in
Fig. 1a and River Kaduna in Kaduna metropolis. The
pH of the samples was taken in-situ to ensure good
presentation of the sites condition after calibration of
the pH meter.

Sampling of Bottle water, sachet water and table salt
samples: Prior to this study, a preliminary survey was

0
=
i |

e T

1107

first undertaken to determine the common sold bottle
water, sachet water and table salts brands produced in
Kaduna at various supermarket and stores in Kaduna
Metropolis. From a method adopted by Sarva and
Sawanya (2021), ten (10) liters of five different brands
of bottled water and sachet water samples commonly
consumed were randomly purchased from Kaduna
central market as shown in Figure 1b. The samples
were labeled as BW-1, BW-2, BW-3, BW-4 and BW-
5 and SW-1, SW-2, SW-3, SW-4 and SW-5 and then
stored at the temperature of 4°C prior to pre-treatment.

A

KADUNA CENTRAL MARKET

KADUNA STATE A
4

Fig. 1b: Map of Kaduna Metropolis showing the sampling location of bottled water and sachet water

On the basis of the preliminary survey, five different
brands of commercial table salts that are sold in
Kaduna metropolis were randomly purchased from
Kaduna central market. Three replicates of these
brands were processed for a particular sample set.
Hence, a total of 15 salts were purchased. These salts
were available in the market in 500g and 5000¢g packs.
The samples were labeled as TS-1, TS-2, TS-3, TS-4
and TS-5 and stored in the laboratory under hygienic
condition prior to analysis.

Determination of physicochemical properties of water
samples: pH and electrical conductivity were
determined with a pH meter and digital conductivity
meter respectively while total solids and total
suspended solids were determined by gravimetry
method (Ibeto et al., 2021).

Micro plastics extraction from samples: The river
water samples were first oxidized using Wet Peroxide
Oxidation (WPO) to remove organic materials from
the water sample (Anderson et al., 2017) and further
treated to extract the micro plastics according to the

method of Radityaningrum et al. (2021). Similarly, a
vacuum filtration device was used to process the
bottled water and extract microplastics (Zhou et al.,
2020). The preparation and analysis of microplastics
in the salt samples were carried out using the method
of Sathish et al. (2020).

Quality control: All stock solutions were filtered using
0.45 um mesh size filter paper before use to avoid MPs
contamination. Also, all the glasswares were rinsed
thrice with de-ionized water. All samples were kept
covered with aluminum foil or glassware whenever
possible or wunder analysis to avoid external
microplastics (MPs) contamination. Three blank
samples were analyzed simultaneously to correct any
possible MPs contamination from sample processing.
Polyester-type clothing was avoided to prevent
contamination of microplastics in the samples, and
during handling, cotton-made laboratory aprons were
used. All non-plastic sieves were washed properly,
before and after use. All MPs samples were kept in
Petri dishes and appropriately covered with aluminum
foil then, all Petri dishes were placed in a glass
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desiccator to avoid airborne MPs contamination
(Rakib et al., 2022).

Analysis of micro plastics: The counting and
identification of microplastics in the samples were
done using Stereo Microscope and Scanning Electron
Microscopy (SEM)  (JSM-JEOL-7600F). The
qualitative analysis of microplastics composition was
done using FTIR-ATR (CARY630 FTIR Agilent
Technologies USA).

Health  Risk  Assessment of  Microplastics:
Microplastics contamination factors and pollution
load index

The microplastics contamination factors (MPCfs) and
pollution load index (MPPLI) in the bottled water
were estimated as described in previous studies (Verla
etal., 2019). The MPCf refers to the contamination of
MPs in the studied drinking water (River and bottled
water) compared to the background values. The MPCf
and MPPLI were mathematically computed using
equations (1) and (2). Where MPi is the quantity of
MPs in sample i while MPb is the minimum baseline
concentration taken from the lowest MPs abundance
recorded in the study of (Mason et al., 2018) as it
shares similar environments and analytical context as
this study.

MPCF = 22 (1)
MPb
MPPLi = (MPCf; x MPCf, x MPCfs ......... MPCf;
)1/n (2)

The MPCfs will be categorized according to (Verla et
al., 2019). Values with MPCf < 1 are low
contamination, 1< MPCf < 3 are moderately
contaminated, 3 < MPCf < 6 are considerably
contaminated and MPCf > 6 very highly
contaminated.

Estimated Daily Intake: An individual risk pathway as
a result of human exposure to microplastic
contamination of drinking water could be through oral
ingestion. Therefore, the estimated daily intake (EDI)
due to exposure to overall MPs resulting from
ingestion of contaminated water is determined using
equation 3.

_ MPi xRI
~  Bw

EDlIq 3)

Where, EDIq: estimated daily intake of MPs based on
quantity (EDIq) through ingestion of the drinking
water (particle/L/Bw-day); MPi: average quantity of
the MPs in drinking water (MP particle/L); RI:
ingestion rate (2.2 L/day for adults; 1.8 L/day for
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children); BW: average body weight (70 kg for adults;
15 kg for children) as described by (Verla et al., 2019).

Statistical Analysis: Descriptive statistics were carried
out using Microsoft excel. Correlation Analysis and
Principal Component Analysis (PCA) were carried out
on the data using IBM SPSS Statistics Version 23
software package.

RESULT AND DISCUSSION
Physicochemical Parameters of Water Samples: The
mean and standard deviation of physicochemical
parameters of water samples collected from different
sites are presented in Table 1 which includes pH,
electrical conductivity (EC), and total suspended
solids (TSS).

Table 1: Mean + SD of Physicochemical Parameters of Water

Samples
sample  pH EC(uS/cm)  TSS (mg/L)
RW 8.36+0.08" 195.65+1.48' 97.55+0.35'
MWTP-1 6.65+0.00° 90.80+0.57"  44.40+0.28'
MWTP-2 6.63+0.06% 89.00+0.85'  44.45+0.491
KSWTP-1 6.68+0.00° 94.50+0.42)  45.75+0.21%
KSWTP-2 6.62+0.06% 97.10+0.99%  47.05+0.49*
BW-1 8.34+0.16" 29.40+1.41°  13.60+0.57°
BW-2 5.69+0.04% 63.20+0.85"  30.60+0.42f
BW-3 5.59+0.03* 78.85+1.06"  38.90+0.57"
BW-4 6.12+0.14° 37.40+1.70¢  17.70+0.85¢
BW-5 5.77+0.06° 14.80+0.57*  5.86+0.22°
SW-1 6.47+0.05¢ 56.30+0.70°  26.15+1.06°
SW-2 7.03+0.01" 28.40+0.28™  12.95+0.50*
SW-3 7.31+0.03¢ 56.50+0.14°  27.00+0.42°
SW-4 6.77+0.04° 66.40+0.00°  32.70+0.009
SW-5 5.59+0.01% 26.40+1.13°  12.20+0.57°

Values are Mean+SD triplicate analysis of samples from each site.

Mean values in the same column followed by the same superscript
letters are not significantly different (p > 0.05)
RW: Control

The RW sample, which serves as the control, has a pH
of 8.36+0.08, EC of 195.65+1.48 pS/cm, and TSS of
97.55+0.35 mg/L. The other samples collected from
different water treatment plants (MWTP-1, MWTP-2,
KSWTP-1, and KSWTP-2) and different bottled water
samples (BW-1 to BW-5 and SW-1 to SW-5) have
varying pH, EC, and TSS values. The pH values of the
samples range from 5.59+0.03 to 8.36+0.08. The
highest pH value is observed in the RW sample, which
is expected since it serves as the control. The lowest
pH value is observed in BW-3, which is significantly
different from the other samples. The EC values range
from 14.80+0.57 to 195.65+1.48 uS/cm. The highest
EC value is observed in the RW sample, while the
lowest EC value is observed in BW-5. The TSS values
range from 5.86+0.22 to 97.55+0.35 mg/L. The
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highest TSS value is observed in the RW sample,
while the lowest TSS value is observed in BW-5. The
levels of pH, electrical conductivity (EC) and total
suspended solids (TSS) in the raw and treated water
are presented in Table 1. KSWTP has pH values
accounting 6.68+0.00 and 6.62+0.06 for KSWTP-1
and KSWTP-2 respectively, while MWTP has the pH
values of 6.65+0.00 and 6.63+0.06 for MWTP-1 and
MWTP-2 respectively. The pH of the raw water was
8.36+0.08. Therefore, all the samples of treated water
showed pH within the normal range (6.5 to 8.5) for
drinking water, according to the World Health
Organization (WHO, 2019). The differences in pH of
raw and treated water may be as a result of presence of
unwanted materials disposed in the raw water body
which makes it more basic than the treated water.
Despite having the same water treatment processes
between the treatment plants, the difference in pH may
be as a result of different activities that are carried out
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around the water intake of the treatment plant. The
treated water samples showed to have EC values
within the stipulated limits of 100 pS/cm for drinking
water, but as for the raw water, the EC happen to be
higher than the stipulated limit of 100 puS/cm which
was expected since the water is untreated. Also, all the
samples of treated water analyzed showed TSS value
range between 44.40£0.28 - 47.05£0.49 mg/L which
was categorized to be within the stipulated limit (<500
mg/L). But the raw water shows TSS value 97.55+0.35
higher than the treated water which was expected since
the raw water contained more suspended materials.
The results of a correlation analysis of
physicochemical parameters among water samples
collected from the two conventional water treatment
plants are shown in Table 2. The parameters included
in the analysis are pH, electrical conductivity (EC),
and total suspended solids (TSS) for both treatment
plants (MWTP and KSWTP).

Table 2: Correlation analysis of physicochemical parameters among the water samples collected from treatment plant

Parameter pHuwre ECumwre TSSmwre PHkswtp ECkswrp TSSkswre

pH MWTP 1.000 .
ECwwre  0.677  1.000
TSSwwre 0.786  0.414
ECkswre  -0.640 -0.907
TSSkswrp  -0.640 -0.907

-0.149
-0.149

1.000

0.543 1.000
-0.906  1.000
-0.906  1.000™  1.000

**_Correlation is significant at the 0.01 level (2-tailed)

The results show that there is a strong positive
correlation between pH and TS for both treated water
samples (MWTP) and (KSWTP), with correlation
coefficients of 0.786 and 0.543, respectively. This
suggests that as pH increases, so does the
concentration of suspended solids in the water. This
finding is consistent with previous studies that have
reported a positive correlation between pH and TS in
water bodies (Zhang et al., 2015). There is also a
strong positive correlation between pH and EC for
both- MWTP and KSWTP, with correlation
coefficients of 0.898 and 0.909, respectively. This
indicates that as pH increases, so does the electrical
conductivity of the water. This finding is consistent
with the fact that pH and EC are closely related, as
changes in pH can affect the ionization of dissolved
salts and thus the electrical conductivity of the water
(Sawyer et al., 2003). In contrast, there is a strong
negative correlation between EC and TS for both
MWTP and KSWTP, with correlation coefficients of -
0.907 and -0.149, respectively. This suggests that as
the electrical conductivity of the water increases, the
concentration of suspended solids decreases. This
finding is consistent with previous studies that have
reported a negative correlation between EC and TSS
in water bodies (Zhang et al., 2015). On the other
hand, Table 1 also lists the pH, electrical conductivity
(EC), and total suspended solid (TSS) concentrations

in the bottled water. The pH was in the range between
5.59+0.03 in sample BW-3 to 8.34+0.16 in sample
BW-1. From the results, sixty (60%) of the samples
has pH values that were outside the acceptable range
(6.5 to 8.5) for drinking water (WHO, 2019). The
variation in pH of the samples is a result of different
water sources, which indicate that some of the water is
more acidic while some are basic. However, all of the
samples of bottled water had EC values that were
within the permitted limits of 100 uS/cm for drinking
water. Additionally, all samples of bottled water that
were tested have TSS values that ranged from
5.86+0.22 to 38.90+0.57 mg/L, which was considered
low and within the established limit. (< 500 mg/L).
The correlation analysis of physicochemical
parameters between water samples collected from a
treatment plant and bottled water are presented in
Table 3. The parameters included in the analysis are
pH, electrical conductivity (EC), and total solids (TS).
The analysis shows that there is a strong positive
correlation between the EC and TSS of bottled water
(r=1.000**), indicating that as the EC increases, so
does the TSS. This finding is consistent with previous
studies that have reported a positive correlation
between EC and TSS in water samples (Kazi et al.,
2009). There is also a moderate positive correlation
between the pH and TSS of bottled water (r=0.337),
suggesting that as the pH increases, so does the TSS.
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This finding is consistent with the fact that some
minerals that contribute to the TSS, such as calcium
and magnesium, can increase the pH of water
(Schoeller et al., 2004). The correlation analysis of
physicochemical parameters between the water
samples collected from treatment plant and bottle
water are shown in Table 3. In contrast, there is a weak
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negative correlation between the pH and EC of bottled
water (r=-0.409), indicating that as the pH increases,
the EC decreases. This finding is not consistent with
previous studies that have reported a positive
correlation between pH and EC in water samples
(Singh et al., 2011).

Table 3: Correlation analysis of physicochemical parameters between the water samples collected from treatment plant and bottle water

Parameters pHWTp ECWTP TSSWTP pHBW ECBW TSSBW
pHwre 1.000
ECwre -0.060 1.000
TSSwre 0171  0.965™ 1.000
pHsw -0.030 -0.256  -0.390 1.000
ECsw 0.332 -0.055 -0.027 -0.409 1.000
TSSew 0.337 -0.046  -0.022 -0.403 1.000™ 1.000

**_Correlation is significant at the 0.01 level (2-tailed).

The pH, electrical conductivity (EC), and total
suspended solids (TSS) concentrations in the sachet
water as shown in Table 1 showed that the pH ranged
from 5.59+0.01 in sample SW-5 to 7.31+0.03 in
sample SW-3. The World Health Organization
(WHO) determined that the pH of sample SW-5 was
outside the range of 6.5 to 8.5, which is considered to
be the standard for drinking water. However, all of the
sachet water samples had EC values that were within
the allowed range of 100 uS/cm for drinking water.
Additionally, all of the sachet water samples that were

evaluated had TSS values that ranged from 12.20+0.57
to 32.70£0.00 mg/L, which was considered to be
within the specified limit. (< 500 mg/L). The
correlation analysis of physicochemical parameters
between water samples collected from a treatment
plant and sachet water are presented in Table 4. The
parameters  analyzed include pH, electrical
conductivity (EC), and total suspended solids (TSS).
The table shows the correlation coefficients between
these parameters for both the sachet water (SW) and
the water from the treatment plant (WTP).

Table 4: Correlation analysis of physicochemical parameters between the water samples collected from treatment plant and sachet water

Parameter pHsW ECSW TSSSW pHWTp ECwre TSSwre
pst 1.000

ECsw 0.449 1.000

TSSsw 0.446 0.998™ 1.000

pHwre 0.310 0.042 0.009 1.000

ECwrp 0.120 0.830° 0.859™ -0.060 1.000 .
TSSwre 0.158 0.680 0.721" -0.171  0.965™ 1.000

**_Correlation is significant at the 0.01 level (2-tailed).*. Correlation is significant at the 0.05 level (2-tailed).

The results show that there is a positive correlation
between pH and EC for sachet water (r=0.449, p<0.01)
and also a positive correlation between pH and EC for
water from the treatment plant (r=0.120, p<0.05). This
finding is consistent with previous studies that have
reported a positive correlation between pH and EC in
water samples (Al-Jasser, 2011; Khan et al., 2017).
There is also a strong positive correlation between
TSS and EC for sachet water (r=0.998, p<0.01) and a
weaker positive correlation between TSS and EC for
water from the treatment plant (r=0.965, p<0.01). This
finding is consistent with previous studies that have
reported a positive correlation between TSS and EC in
water samples (Al-Jasser, 2011; Khan et al., 2017).
Interestingly, there is no significant correlation
between pH and TSS for either sachet water or water
from the treatment plant. This finding is somehow
surprising, as previous studies have reported a positive

correlation between pH and TSS in water samples (Al-
Jasser, 2011; Khan et al., 2017). However, it is
possible that the sample size in this study was too
small to detect a significant correlation

Surface Morphology of MPs Samples in Water
Samples and Table Salt Samples: Microplastics are
created when larger plastic breaks down into smaller
pieces. Therefore, in this study, fragments were by far
the most abundant morphotype in the raw water
supplying the water treatment plants (WTP) as shown
in Fig. 2. The proportion of granules/pellets was also
significant because it is the second most abundant
morphotype (Pivokonsky et al., 2018; Tong et al.,
2020), which was consistent with the findings of
earlier studies regarding the shape of microplastics.
According to Zhang et al. (2015) and Di and Wang
(2018), plastic granules and fragments in water are
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predicted to come from the breakdown of a variety of
plastic items, such as packaging materials, cleaning
products, and cosmetics. Laundry discharge, which is
transported by sewage waterways, is frequently a
source of plastic fibers in aquatic settings (Browne et
al., 2011). Two predominant shapes of microplastics
(MPs) were detected in bottled water: fragment and
pellet/granule. Mason et al. (2018) and Ibeto et al.
(2021) both reported that bottled water included a
significant amount of fragments. These could be the
result of plastic particles that were released into the
water by packaging and capping materials. In this
study, more fiber than fragment MP forms was

Microplastics Abundance in Water Samples: The
abundance of microplastics in different water samples
are shown in Fig. 3. The samples which consist of the
raw water (Kaduna River) and treated water from two
different water treatment plants in Kaduna metropolis
shown to contain microplastics. But the number of
MPs differed among the WTPs and also varied
between the raw water and the treated water. The
content of MPs in raw water was 153 particles L%, the
highest reported in this study. The high value of MPs
in raw water is attributed to the fact that this water is
repository of all waste within the environs and
untreated. Similar observations were also reported in
literature, (Wang et al., 2018; Mintenig et al., 2018;;
Pivokonsky et al., 2018; Zhang et al., 2020). However,
some factors including human activities (such as
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discovered in salt samples, this corroborate with
Gundogdu (2018) in similarly study in Turkey. Based
on the fiber and fragment forms, it indicates that the
MPs discovered in this study are secondary MPs
created through photolysis, thermo-oxidation, thermo-
degradation, and biodegradation (Zhao et al., 2016;
Laglbauer et al., 2014). The high quantity of fiber
contamination is likely the result of nearby home
wastewater, commercial fisheries, laundry, and other
local human activities. A large deposits of MPs of the
fiber type was also facilitated by fishing equipment
and airborne MPs.

WO Mag

AMM B0O0x 20K

laundry, waste disposal), water source type, sampling
location and method, sample volume, surrounding
environment, particle size detection limit, counting
techniques, pipe materials of the Drinking Water
Distribution ~ System (DWDS), and weather
conditions, affect the amount of MPs in the
environment (Pivokonsky et al., 2018). As for
MWTP-1, MWTP-2, KSWTP-1, and KSWTP-3, the
amount of MPs in the treated water was 32, 36, 25 and
28 particles L™ respectively. These findings show that
the treatment procedures successfully eliminated a
sizeable amount of the microplastics which is
consistent with (Radityaningrum et al., 2021) who
reported that treatment stages in the WTP were able to
minimize the amount of MPs contamination in the
water supply up to 70%. However, because the water
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treatment processes involve different stages, therefore
a reasonable amount of MPs will be removed
compared to the raw water which is untreated.
Similarly, observations were also reported from
previous studies (Pivokonsky et al., 2018) that a
number of factors, including the type of water body
and particularly its ambient environment, including
human activity in its surroundings, current weather
conditions, etc., will contribute to the differences in
the abundance of microplastics between raw water and
treated water.

150

140

&= d o a o

T
BW-1
BW-2
BW-3
BW-4
BW-5
SW-1
SW-2
SW-3
SW-4
SW-5

Sample
Fig 3: Microplastics abundance in the water samples

Both WTPs are supplied with water from the same
source (Kaduna River) but at different locations.
Therefore, the difference in MPs abundance between
MWTP is KSWTP is due to the variation in treatment
efficiency between the plants caused by the
differences in treatment capacity. The MWTP has the
capacity of 240 million liters while KSWTP has the
capacity of 27 million liters. In the case of human
activities the area of MWTP water source is more
populated with residence which contributes in waste
water discharge into the river from laundry activities
compared to KSWTP water source which has lesser
activities around the river. The MWTP water intake
point is closer to residential settlements than the
KSWTP where there are dump sites around the river
are expected to pollute some part of the river through
wind, direct disposal and other factors. A total of 2.9,
1.7, 3.7, 2.2 and 1.4 particles L* of MPs was found in
BW-1, BW-2, BW-3, BW-4 and BW-5, respectively.
The abundance of MPs observed for the BW samples
is due to residue plastics that were left on the inner
surface during moulding process of the bottles. The
variation among the samples is due to the type of
sample and treatment process of the BW. (Sarva and
Sawanya, 2021). The source of these microplastics
might be from the production stages, which is during
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cleaning and packaging of finished products (Weisser
etal., 2021).

Nearest neighbor quadrant mapping for the different
water samples: The nearest neighbour and distances of
microplastic (MP) between samples are shown in Fig.
4 and Table 5. The table shows the sample name, its
nearest neighbour, and the distance between them. The
distance is measured in millimeters (mm) and
represents the Euclidean distance between the two
samples. The numeric value between 0 and 2.15 shows
whether the samples are regular (greater than 1 to
2.15), random (1), or clustered (0 to less than 1).
Figure 4 shows the nearest neighbor quadrant mapping
for the MPs in various water samples, and Table 5
shows the separation between closest neighbors.
Based on these distances, 90% of the samples
displayed clustered mapping (0 — 0.147) and 10%
displayed regular mapping (1 — 2.15), suggesting that
the majority of the samples' MP presence may have
comparable origins.

Built Model: 1 selected predictors, K= 1
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Fig 4: Nearest neighbour quadrant mapping for the different water
samples

Table 5: Nearest neighbours and distances for microplastic (MP)
between samples

Sample Nearest Nearest
Neighbour  Distance
BW-5 BW-2 0.002
BW-4 BW-2 0.011
BW-1 KSWTP-1 0.147
KSWTP-1 KSWTP-2 0.046
KSWTP-2 MWTP-1 0.027
MWTP-1 KSWTP-1 0.027
MWTP-2 MWTP-1 0.027
RW MWTP-2 1.558
BW-3 BW-4 0.016
KSWTP-1 BW-1 0.147
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Principal Component Analysis of bottled water
samples: Table 9 presents the results of a principal
component analysis (PCA) conducted on physico-
chemical properties and microplastic (MPs)
concentration in bottled water samples. The PCA is a
statistical technique used to identify patterns and
relationships among variables. In this case, the PCA
was used to identify the underlying factors that
contribute to the variance in the physicochemical
properties and MPs concentration in the bottled water
samples. The table shows the initial eigenvalues,
extraction sums of squared loadings, and rotation sums
of squared loadings for each component. The initial
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eigenvalues represent the amount of variance
explained by each component, while the extraction
and rotation sums of squared loadings represent the
amount of variance explained by each variable in each
component. From Table 6, component 1 explains
61.064% of the total variance, while Component 2
explains 32.425% of the total variance. Together,
these two components explain 93.489% of the total
variance. Component 3 and Component 4 do not
contribute significantly to the variance and are not
included in the rotation sums of squared loadings as
shown in Figure 5.

Table 6: Total variance of physicochemical properties and MPs concentration in bottled water samples

Extraction Sums of Squared

Rotation Sums of Squared

Initial Eigenvalues Loadings Loadings
% of  Cumulative % of Cumulative % of  Cumulative
Component  Total  Variance % Total Variance % Total Variance %
1 2.443 61.064 61.064 2.443 61.064 61.064 2.051 51.272 51.272
2 1.297 32.425 93.489 1.297 32.425 93.489 1689 42217 93.489
3 0.260 6.510 99.999
4 4.812E-5 0.001 100.000

Component Plot in Rotated Space

1.07 1Pew
pHEW ‘

Component 2

TSsewecew
o

T T T T T
10 05 00 0s 10

Component 1
Fig. 5: Principal component plot of pH, TSS and MPs in bottled
water in rotated space

The results suggest that there are two underlying
factors that contribute to the wvariance in the
physicochemical properties and MPs concentration in
the bottled water samples. These factors could be
related to the source of the water, the manufacturing
process, or the packaging materials used. The results
of this analysis are consistent with previous studies
that have identified physicochemical properties and
MPs concentration as important factors in bottled
water quality. For example, a study by Ibeto et al.
(2021) found that the physicochemical properties of
bottled water, such as TS and TSS were important
predictors of MPs concentration because MPs

exhibited a strong correlation with TS and TSS,
suggesting that the presence of high MPs in the water
is most likely if the sample of bottled water has high
TS or TSS levels.

Microplastics abundance in table salt samples: As
shown in Figure 6, all the samples contain
microplastics and the particle content was found to be
32 particles in 250 g of sample TS-1, which makes it
about 0.13 particles g* of the salt, and 48, 67, 55 and
51 particles in 250 g of TS-2, TS-3, TS-4 and TS-5
respectively.

B0

MP Abundance

T5-1 T5-2 T53 T54 T55

Sample

Fig 5: Microplastics abundance in the salt samples

These shows that the content of microplastics are 0.19,
0.27, 0.22 and 0.20 particles g* of the samples
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respectively. The lowest value of microplastics
content accounting for 0.19 particles g was recorded
in TS-1 which was a refined and iodized table salt
packaged in a small sachet containing 500 g, while the
higher value of microplastics content accounting for
0.27 particles g* was recorded in TS-3 which was
refined and packaged in a 25 kg sack. The difference
may be as a result of packaging and handling of the
products, and also from the original source of the salts.

Identification of Microplastics present in Raw,
Treated, Bottled water and Table Salt using FTIR
Analysis: The identification of different types of
polymers present in raw water, treated water, bottled
water and table salt samples was shown in Table 7.
The absorptions at 2915 cm™, 2945 cm™ indicates
CH,, CH3 asymmetrical stretching, the peak at 2838
cm ! represent CHj stretching, while 1455-800 cm™
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indicates CHs symmetrical bending and C-C
stretching, which confirm the particle to be a
polypropylene (PP) (Sathish et al., 2020). The
characteristic peak at 2959 cm™, 2922 cm™, 1714
cmt, 1241 cm™* and 1088 cmalso indicates the C-H
symmetrical stretching, stretching of C=0 carboxylic
acid group, terephthalate group and vibration of the
ester C-O bond, which also confirm the presence of
Polyethylene terephthalate (PET) (Periera et al.,
2017). The absorptions peaks at 2967 cm™, 2929 cm ™,
represent the asymmetrical stretching of bond of C-H
and symmetrical stretching of bond of C-H. The peak
around 1244 cm™ is attributed to the bending bond of
C-H near Cl. The peak around 1095 cm™ is attributed
to the C-C stretching bond of backbone chain which
confirmed the particle as Polyvinyl Chloride (PVC)
(Pandey et al., 2016).

Table 7: Identification of Microplastics present in Raw, Treated, Bottled water and Table Salt

Functional group

Typeof  Absorbance peak

polymer

PP 2918, 2952, 2851,
1461 and 1375

PET 2959, 2922, 1714,
1241 and 1088

PE 2914, 2847, 1468 and
715

PVC 2967, 2929, 1244 and
1095

PES 3432, 2970, 1714,

1237 and 1088

CHgs, CH,, C-C

CHj, CH,, C=0, C-O and
terephthalate group.

CHjs, CH,, stretch CH3
bend

CHjs, CH,, stretch C-C and
Cc-Cl

O-H stretch, C-H
stretch, C=0,

anhydride group.

The absorptions at 2914 cm™ and 2847 cm™ account
for CHs; asymmetric C-H stretching and CH:
symmetric C-H stretching while the peak at 1470 cm™
account for CHs umbrella bending mode. Also, the
peak at 718 cm™ account for CH; rocking vibration.
Therefore it shows that the particle tested was
polyethylene (PE) (Sathish et al., 2020). The
absorptions at 3432 cm™ shows the stretching
vibration of OH groups, the peak at 2970 cm™ is
attributed to CHsz asymmetric C-H stretching,
absorption peak at 1714 cm™ shows C=0 vibration,
while 1237 cm™ and 1088 cm™ is attributed to ester
or anhydride group, which ultimately confirm the
presence of polyester (PES). (Bhattacharya and
Chaudhari, 2014).

However, as a result of aging, plastic debris can
become weathered, gain more surface area, and
produce oxygen groups, which can enhance their
polarity, charge, roughness, and porosity. Therefore
some of the polymer spectra have additional
degradation peaks at certain wavelengths (Fotopoulou
and Karapanagioti, 2012). As a result, microplastic

that has been exposed to a contaminated marine
environment for a long period has a potential to
acquire additional elements on its surface (Wang et al.,
2017). PVCis also a material used to create pipes (Chu
et al., 2022). As a result, the MP types in the treated
water were quite comparable to those in the samples
of raw water. Considering the different stages
involved in the water treatment process of bottled
water, very small amount of MPs could escape those
treatment stages from the untreated water into the
finished products. So we can think of a number of
additional factors that can result in contamination by
these polymers. Based on this study, the
manufacturing procedure itself may be the source of
the MPs contamination. Production and bottling
facilities for drinking water are kept in excellent
condition. However, it is hard to guarantee that those
plants are completely free of MP contamination due to
the ubiquitousness of MPs in the environment (WHO,
2019). Consequently, airborne MPs could be a source
of contamination. There is a possibility where by
during the cleaning process of the bottles used for
packaging, high tension is associated with bottle
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washing because the cleaning equipment sprays high-
pressured water, which could release MPs from the
packaging material. Also, the bottling procedure of the
products was studied, and it could be noted that during
the water packaging, the high-pressure water injection
into the bottles can result in the discharge of plastic
particles from the packaging bottles, even though they
are considered to be cleaned. Moreover, during storage
and shipping, bottles may experience external stress
that can have an impact which might cause the release
of MPs into the bottled water. Additionally, opening a
bottle can put physical strain on the packaging or caps,
which might also be a reason for release of MPs into
the bottled water (Weisser et al., 2021). Thermal
influences can accelerate the leaching of plastic
additives and the release of plastic particles into the
water which is also originated from the packaging or
capping material. The polymer composition of the
particles present in table salt samples were shown in
Table 10. Out of which some particles were
established as plastic and some as non-plastic
particles. Three different types of polymers were
detected by FTIR-ATR analysis, were polyethylene
(PE), polypropylene (PP) and polyester (PES). Other
countries’ salts have also been found to contain
polyethylene (Gindogdu 2018; liguez et al., 2017,
Karami et al., 2017; Yang et al., 2015). According to
Kumar et al., (2018), polyethylene and polypropylene
were abundant in the Tuticorin coastal environment.
The accumulation of microplastic in seawater, which
is primarily the source of table salts, may be due to
wastewater intrusion and fishing activity in the marine
environment. This study also provides evidence that
the fibers (PE and PP) discovered in table salts may
have come from fabric materials dumped in bodies of
water and PE envelopes used in packaging.

Health Risk Assessment in Microplastics: Estimated
daily intake: Table 8 shows the findings for the
calculated estimated daily intake of MPs from
consuming the examined treated water and bottled
water for adults as well as children. All Estimated
daily intakes (EDIs) for samples of bottled water are
typically less than 1, showing a low daily intake of
MPs and suggesting that daily consumption may not
be risky. But some EDIs for samples of treated water
from the two conventional water treatment plants were
a little bit higher, and the outcome indicated that some
value was greater than 1. The findings showed that
children consume more MPs than adults. This
corroborates with previous studies that high EDI in
children compare to adult (Koelman et al., 2021; Ibeto
et al., 2021). This generally suggests that children
drinking water from conventional treatment plants are
more likely to consume MPs beyond the threshold
level than adults. However, Information regarding the
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dangers of MPs to both children's and adults' health is
still very unclear.

Table 8: Estimated daily intake of MPs in sampled water

Sample Estimated daily intake

Adult Child
MWTP-1 1.006 3.840
MWTP-2 1.131 4.320
KSWTP-1  0.786 3.000
KSWTP-3 0.880 1.037
BW-1 0.091 0.348
BW-2 0.053 0.204
BW-3 0.116 0.444
BW-4 0.069 0.264
BW-5 0.044 0.168

Microplastics contamination factors and pollution
load index: The Microplastics contamination factors
and pollution load index in the bottled water are
presented in Table 9. The values were estimated as
described in previous studies (Verla et al., 2019). The
MPs contamination factors and pollution load indices
quantify the risks the MP pose to health and
ecosystems based on its composition (Ibeto et al.,
2021).

Table 9: Microplastics contamination factors and pollution load
index in bottled water

Samples MPCF Risk Category
BW-1 29 Moderately contaminated
BW-2 1.7 Moderately contaminated
BW-3 3.7 Contaminated
BW-4 22 Moderately contaminated
BW-5 14 Moderately contaminated

MPPLI =2.24

Based on the categorization of MPCF according to
Verlaetal. (2019), eighty percent (80%) of all samples
showed moderate contamination while 20% showed
considerable contamination. The profile of MPCF for
the samples showed: BW-3 > BW-1 > BW-4 > BW-2
> BW-5. Similarly, MPPLI for the bottled water
sample as shown in Table 12 was >1, this indicates
pollution of the bottled water samples. The value 2.24
obtained in this study is higher than 1.71 documented
in a similar study in south eastern Nigeria (Ibeto et al.,
2021). The higher value obtained in this study may be
attributed to the higher population density in Kaduna
metropolis which will be synonymous to high waste
generation that pollute the river water which are
source of water used.

Conclusion: The maximum MPs concentration in this
study of 153 particles L™* was obtained in raw water
from river Kaduna. Also, fragments type polymer
predominated in raw and treated water; granules and
fragments made up the majority of the bottled water,
and fiber and fragment predominated in samples of
table salt. The analysis of polymer type showed that
raw and treated water microplastics are predominantly

ALIYU, A. O; OKUNOLA. O. J; AWE, F. E; MUSA A. A.



Assessment of Microplastics Contamination in River Water .....

PET, PP and PVC, whereas PET and PE are found in
bottled water. This study provides baseline
information of microplastics distribution in various
drinking water and salts available in Kaduna
Metropolis.
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