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ABSTRACT 

Microplastics (MPs) pollution has appeared as a serious environmental and public health concern, 

with water systems serving as primary routes for human exposure. This study comprehensively 

evaluated MPs contamination across ten (10) dams in the three geopolitical zones of Katsina State, 

Nigeria, using a standard technique. The study determined the concentration of MPs using wet 

oxidation digestion methods. It analysed the surface morphology and polymer types of the samples 

using Scanning Electron Microscopy – Energy Dispersive X-ray (SEM-EDX) and Fourier Transform 

Infrared Spectroscopy (FTIR). The results revealed significant spatial variability with MPs 

concentrations ranging from 28.00 ± 4.00 to 48.00 ± 4.00 particles L-1. Among the dams, Zobe dam 

exhibited the highest Contamination Factor (CF=1.71), Polymer Risk Index (PRI=19.7), and 

Microplastic Pollution Risk Index (MPRI = 33.7), indicating a critical risk. The Dam samples 

contained five polymer types: polyethene (PE), polystyrene (PS), nylon, polyvinyl alcohol (PVA), and 

polyethene terephthalate (PET). Furthermore, MPs were classified into four groups based on their 

physical characteristics, with fragments being the most abundant, followed by fibres, films, and 

pellets. The estimated daily intake (EDI) of MPs was higher in children than in adults, indicating a 

potential health risk for consumers of these waters. The prevalence of MPs, particularly Polystyrene 

(PS) dominated particles at Zobe Dam, poses critical health risks, with children being 

disproportionately vulnerable. The study recommends immediate source reduction strategies 

targeting polystyrene-based products and other polymer types, establishing stringent MP monitoring 

programs, and developing public awareness campaigns to minimise exposure risks, especially among 

adults and children. 
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INTRODUCTION 

Plastic waste is considered the primary source of microplastics in our environment; hence, most 

plastics are single-use items commonly used as packaging materials. However, 50% of these plastic 

products belong to the one-use product class (Aliyu et al., 2023). Plastics production has grown 

steadily, reaching 390.7 million metric tons in 2021, up from 1.5 million metric tons in 1950. Despite 

the environmental concerns, the industry's adaptability has allowed it to continue. However, plastic 

emissions have increased over the last six decades, becoming a global threat. By 2025, 46 million 

metric tons of plastic garbage are expected to be released into rivers, lakes, and oceans (Gideon et al., 

2024). Microplastics are plastic particles smaller than 5 mm in size (Niyitanga et al., 2021; Aliyu et 

al., 2023). Microplastics were first discovered in North America as spherules in plankton tows along 

the coast of New England in the 1970s. Hence, microplastics have been detected in most large bodies 

of water, including oceans, seas, lakes, dams, and rivers (Masura et al., 2015).  More recently, a study 
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involving four rivers in Nigeria found microplastics in every sample collected (Khdre et al., 2023). 

However, various studies reported a mean microplastic concentration in water of 12.5 L-1, with an 

extreme of 54 L-1 (Sarkar et al., 2023). Similarly, another study on the Lagos Lagoon, one of 

Nigeria's largest estuaries, found that the mean microplastic concentration in water was 14.5 L-1, 

with an extreme level of particles of 86 L-1 (Akindele et al., 2020). Therefore, plastic waste is 

extensively discarded into various niches of the environment. The potential threats of microplastics to 

human health have garnered significant attention since the widespread detection of microplastics in 

various human-related environments and food sources, including sediment, air, milk, seafood, table 

salt, dam water, and drinking water (Aliyu et al., 2023).  This study evaluates the concentration of 

microplastics in water samples collected from dams in Katsina State, Nigeria. The aim of the study is 

achieved through the objectives, such as physicochemical properties of waters from dams, 

concentration of microplastics, characterisation of the microplastics using Scanning Electron 

Microscopy -Energy Dispersive X-ray (SEM-EDX), Fourier Transform Infrared Spectroscopy 

(FTIR), determination of the contamination factor, pollution risk index, polymeric risk indices, and 

estimated daily intake of microplastics. More recently, a study on microplastics in northern Nigeria 

disclosed that microplastics are present in raw water, treated water, salt, and branded bottled water in 

Kaduna metropolis (Aliyu et al., 2023). According to Onyekachi et al., (2022) the amount of waste 

produced between 2007 and 2017 was high in Katsina State, for the reason that, Katsina State is 

among the three states that generate the majority of the plastic waste in Nigeria with the following 

data analysis; the total quantity of plastic waste generated is 3658644.59 metric tons, the quantity 

recycled is 439037.35 metric tons and the quantity of plastic not recycled are 3219607.24 metric tons. 

To assess the impact of plastic waste on the environment, water sources are a plausible means of 

monitoring this, hence the determination of microplastics. Secondary and primary microplastics are 

formed by physical, biological, and chemical degradation of microscopic plastic parts and are the 

primary source of microplastics released into the environment. Hence, there is a need to assess the 

level of microplastics in Katsina State, given the high volume of plastic waste generated and the 

scarcity of data on their concentration in the state. The findings of this study will help policymakers 

in Katsina State take the most appropriate action and explore additional ways to mitigate the situation 

in the state. 

According to (Aliyu et al., 2023; Gedeoun et al., 2024), microplastic contamination factors are 

categorised as follows: MPs contamination factor < 1, low contamination; MPs contamination factor 

1-3, moderate contamination; MPs contamination factor 3 - 6, considerably contaminated; and MPs 

contamination factor ≥ 6, very highly contaminated. There are almost 13 types of microplastics, these 

microplastics includes, high-density polyethylene (HDPE), low-density polyethylene (LDPE), 

polypropylene (PP), polystyrene (PS), polyvinylchloride (PVC), polyethylene terephthalate (PET), 

Polyurethane resins (PUR), polyester, polyamide, and acrylic fibers are the most common types of 

plastics (Turhan et al., 2022). 

The pH is a measure of the acidity or basicity of a solution and ranges from 0 to 14, with zero being 

the most acidic and 14 the most basic, while seven is neutral. A pH less than 7 indicates acidity, 

whereas a pH greater than 7 indicates basicity. Electrical conductivity (EC) measures the ability of 

water to conduct an electrical current. The units of water conductivity are Microsiemens per 

centimetre (S/cm). Total dissolved solids (TDS) are the total amount of solids dissolved in the 

water. In other words, it is the mass of solid material dissolved in a given volume of water and is 
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measured in grams per litre. Furthermore, total suspended solids (TSS) can include anything that 

floats in water. 

Study Area 

The study areas are in Katsina State. Katsina State lies between Latitudes 11⁰ 3000’ N and 13⁰ 1500’ 

North of the equator and Longitudes 6⁰ 5200’ E and 9⁰ 2000’E. The study areas were (i) Sabuwa dam 

with coordinates: 11.178993⁰ N, 7.129580⁰ E; (ii) Dutsin-Ma Dam with coordinates: 12.468101⁰ N, 

7.499096⁰  E; (iii) Zobe Dam with coordinates: 12.368968⁰ N, 7.510034⁰ E; (iv) Ajiwa Dam with 

coordinates: 12.941201⁰ N, 7.755725⁰ E; (v) Jibia Dam with coordinates: 13.070099⁰ N, 7.234561⁰ E; 

(vi) Mairuwa Dam with coordinates: 11.586235⁰ N, 7.241110⁰ E; (vii) Gwaigwaye Dam with 

coordinates: 11.573198⁰ N, 7.204663⁰ E; (viii) Sabke Dam with coordinates: 13.058229⁰ N, 

8.158714⁰ E; (ix) Kurfi Dam with coordinates: 12.673275⁰ N, 7.488221⁰ E; (x) Mashigi Dam with 

coordinates: 11.865134⁰ N, 7.606703⁰ E as shown in Figure 1. 

 
Figure 1: Map of Katsina State Showing the Sampling Sites 

Source: Map drawn with QGIS 3.34.9 – OpenStreetMap 

MATERIALS AND METHODS 

Sample Collection and Physicochemical Analysis 

The samples were collected in the rainy season from the designated sampling points shown in Figure 

1. From each dam, a random grab of surface water was collected from the left, right, and middle of 

the dam. The collected samples were homogenised to create a composite sample, and each sample 

was then placed in a glass bottle. The bottles were tightly capped with aluminium foil, correctly 

labelled, and kept in an icebox to maintain their properties. The samples were collected and 

transported to Federal University Dutsin-Ma, the new chemistry laboratory (NCL) for 

physicochemical parameters, extraction of microplastics, counting and identification of microplastics. 
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The pH, dissolved solids, and electrical conductivity were determined with a Hanna pH meter and 

Consort digital conductometer, respectively, while total suspended solids were determined by 

gravimetry.  

Extraction of Microplastics 

The wet peroxide oxidation (WPO) method was used to remove organic matter (Masura et al., 2015). 

Measured 250 mL of the water sample into a cleaned and dried 500 mL beaker, added 20 mL of 0.05 

M Fe (II) solution, and 20 mL of 30% Hydrogen Peroxide (H2O2). Then, the mixture was heated at 75 

⁰C on a hot plate with stirring for 30 minutes, loosely covered with aluminium foil to prevent 

atmospheric deposition during the reaction. Similarly, 20 mL of 30% (H2O2) was added to the sample 

throughout the stirring and heating process to ensure there was no organic matter in the digested 

sample. Repeated the procedure until no natural organic materials were visible, then kept the sample 

covered and digested for 24 hours (Anderson et al., 2017). The dish was kept in a desiccator,  and the 

filter was allowed to dry (Gadeon et al., 2024). 

Identification and characterisation of microplastics 

All the extracted samples were carefully examined for microplastics under a Stereomicroscope 

(equipped with a camera) and a Scanning Electron Microscope (SEM-EDX), providing 

magnifications up to 5000×. The qualitative analysis of microplastic composition was performed 

using an FTIR (Agilent Technologies). Microplastics were identified according to the standard 

guidelines recommended by Sherrington et al. (2022). The identified particles were classified 

according to shape (fragment, pellet, fibre, and film). Nile blue was used to stain the samples for 

easier identification and counting of microplastics (Nelle et al., 2022). Nile blue is an extremely 

photostable and fluorescent organic dye from the benzo(a)phenoxazine family. It was used due to its 

affinity for plastics but not for naturally occurring materials, and because it produced smaller 

particles that could be detected by fluorescence at specific wavelengths of light (Ibeto et al., 2021).  

Microplastics Contamination Factors and Pollution Load Index 

The factor contributing to microplastics contamination (MPCF) and the microplastic pollution load 

index (MPLI) in dam water were assessed using various studies (Ibeto et al., 2021; Gadeon et al., 

2024). Essentially, the MPCf measures the level of microplastics in the dam water compared to 

baseline values. It serves as a standardised method for monitoring and evaluating contamination 

levels across different samples. The calculations for both the MPCf and MPLI were carried out using 

equations (1) and (2). Where MPi is the quantity of microplastics in sample i, while MPb is the 

minimum baseline concentration taken from the lowest microplastics abundance. 

MPCf =          (1) 

MPPLIArea = (MPCf1 × MPCf2 × MPCf3……. MPCfn )
1/n    (2) 

Microplastics, Polymer Risk Indices, and Pollution Risk Index  

The risk indices for microplastics and pollution levels in ten different dam samples were calculated 

using the methods outlined by Ibeto et al. (2021). The equations for determining the polymer risk 

indices (Hi) and the pollution risk index are presented in equations (3) and (4). The polymeric risks 

used hazard scores based on the toxicity levels of these plastics to ecosystems to derive the risk score 

(Sj) for the microplastic polymers identified in the samples. The hazard scores for the polymers found 

in the samples were as follows: PE = 11, PET = 4, PP = 1, PS = 47, and Nylon. Additionally, Pji 
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represents the count of each specific microplastic polymer identified in sample i, and the MPRArea is 

calculated as the nth root of the products of the polymer risk indices.    

Hi = ∑          (3) 

MPRArea = (HA × HB × HC× ………Hn)
1/n     (4) 

To calculate the microplastic pollution risk index (MPRI), equations (5) and (6) are adopted as 

described by Ibeto et al. (2021).         MPRIi = Hi×MPCfi   

       (5) 

MPRIArea = (MPRIA × MPRIB × MPRIC× MPRID......: MPRIn)1/n   (6) 

 

Estimated Daily Intake 

The risks associated with human exposure to microplastic contamination in water include one 

significant pathway: oral ingestion. Estimate the daily intake (EDI) of microplastics from drinking 

contaminated water. The following equation was used to estimate the daily intake for adults and 

children. 

EDIq =        (7) 

In this equation, EDIq represents the estimated daily intake of microplastics through water ingestion 

(p/L). MPi is the average concentration of microplastics in water (p/L), IR is the ingestion rate (2.2 

litres per day for adults and 1.8 litres per day for children), and Bw is the average body weight (70 kg 

for adults and 15 kg for children) as outlined by Ibeto et al. (2021) and Aliyu et al. (2023). 

RESULTS  

Physicochemical Parameters of Water Samples 

The mean and standard deviation of physicochemical parameters of water samples collected from 

different dams are presented in Table 1, which includes pH, electrical conductivity (EC), total 

dissolved solids (TDS), and total suspended solids (TSS). The results show significant variation (P < 

0.05) occurred across the sites for different water parameters.  

 

Table 1: Mean ± SD of Physicochemical Parameters of Water Samples 

 

S/N Sites pH EC (µS/cm) TDS (mg/L) TSS (mg/L) 

1 Zobe Dam 6.27±0.15c 80±0.00a 70.00±0.00b 286.67±11.55cde 

2 Sabuwa Dam 5.47±0.06a 156±010e 119.67±1.15f 293.33±50.33d 

3 Dutsin-Ma Dam 5.97±0.06b 120±0.00c 92.67±0.58d 333.33±11.55e 

4 Mairuwa Dam 7.03±0.15ef 140±0.00d 106.33±0.58e 273.33±30.55bcd 

5 Gwaigwaye Dam 7.13±0.15f 516±0.01i 45.33±1.15a 253.33±11.55abcd 

6 Mashigi Dam 6.87±0.06e 233±0.01h 177.00±1.73i 200.00±0.00a 

7 Jibia Dam 6.47±0.06cd 200±0.00f 150.67±1.15h 233.33±11.55abc 

8 Ajiwa Dam 7.10±0.00f 110±0.00b 82.67±0.58c 220.00±20.00ab 

9 Sabke Dam 6.57±0.06d 210±0.00g 138.00±1.00g 226.67±23.09ab 

10 Kurfi Dam 6.03±0.15b 133±0.01d 81.67±0.58c 266.67±50.33bcd 
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Mean values in the same column followed by the same superscript letters are not significantly 

different (p > 0.05) 

Correlation of Physicochemical Parameters 

The correlation analysis of the physicochemical parameters of water samples collected from 10 dams 

in Katsina State is shown in Table 2. The parameters include pH, electrical conductivity (EC), total 

dissolved solids (TDS), and total suspended solids (TSS) for all the samples. 

 

Table 2: Correlation of Physicochemical Parameters of Water Samples 

Parameter TSS pH TDS EC 

TSS 1.000    

pH -0.513** 1.000   

TDS -0.408* -0.063 1.000  

EC -0.250 0.430* -0.177 1.000 

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

level (2-tailed). 

The Concentrations and Shapes of Microplastics  

The concentrations and shapes of microplastics across the sampling sites are shown in Figures 2 and 

3. The concentration revealed significant variability, with Zobe dam exhibiting the highest levels 

(48.00±4.00 p/L), and Kurfi dam the lowest (28.00±4.00 p/L). The statistically significant 

differences, as denoted by the letter groupings of Duncan, suggest varying anthropogenic influences, 

with concentrations likely reflecting proximity to agricultural runoff, local sources, and relatively 

pristine conditions (Wang et al., 2022). The widespread detection of MPs across all sites aligns with 

recent findings demonstrating the pervasive contamination of aquatic ecosystems globally (Kumar et 

al., 2023). 

Notably, the moderate concentrations observed at sites such as Sabuwa dam and Gwaigwaye dam, 

with MP concentrations of 32.00±4.00 p/L, originated from surface runoff, agricultural activities, and 

anthropogenic activities, which have been increasingly recognised as essential pathways for 

microplastics pollution (Allen et al., 2021).  
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Figure 2: The Mean Concentration of Microplastics; Zobe dam (ZBD), Sabuwa dam (SBAD), 

Dutsin-Ma dam (DTMD), Mairuwa Dam (MRWD), Gwaigwaye dam (GWAD), Mashigi dam 

(MSGD), Jibia dam (JBYD), Ajiwa dam (AJWD), Sabke dam (SBKD) and Kurfi dam (KRFD). 

 

 
Figure 3: Shapes of Microplastics Identified in Dam Waters: (A & D)   

 Film (B) Fragments and Pellet (C, E and F) Fibres 

 

 
Figure 4: Microscopic image taken by Scanning Electron                             

Microscopy - Energy Dispersive X-ray (SEM-EDX) 
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Microplastics polymer types in the water sample by using the FTIR functional group 

Table 4 and Figure 5 disclose the absorbance peaks and functional groups of polymers identified in 

the water Samples. A sample from Ajiwa dam shows absorption peaks at 3265 cm-1 and 3690 cm-1, 

which indicate O-H stretching, suggesting the presence of polyvinyl alcohol (PVA). Another peak at 

1766 cm-1, identified as the C=O stretching mode, indicates the presence of polyethene terephthalate 

(PET). Additionally, absorption peaks at 991 cm-1, 909 cm-1 and 1431 cm-1 correspond to C=C 

bending and C-H bending, indicating the presence of polyethene (PE). Peaks at 790 cm-1 and 1632 

cm-1, attributed to C=C stretching, suggest the presence of polystyrene (Kerubo et al., 2022). 

The Dutsin-Ma dam displayed notable peaks at 3250 cm-1 and 3690 cm-1, which also indicate O-H 

stretching, suggesting the presence of polyvinyl alcohol. A peak at 1640 cm-1 associated with C=O 

stretching suggests the presence of polyamide (Nylon). Furthermore, vibration peaks at 909 cm-1, 991 

cm-1 and 1438 cm-1 show C=C bending and CH2 bending, indicating polyethylene (PE). 

The Gwaigwaye dam sample shows peaks at 3250 cm⁻¹ and 3690 cm⁻¹ again suggesting O-H 

stretching, which reinforces the presence of polyvinyl alcohol (PVA). The bands at 1282 cm⁻¹ and 

1744 cm⁻¹ correspond to C-O asymmetric stretching and C=O stretching, which are typical of 

polyethene terephthalate (PET). Strong C=C bending and C-H bending at 909 cm⁻¹ and 1431 cm⁻¹ 

align with polyethene terephthalate (PET). The peaks at 909 cm⁻¹ and 1431 cm⁻¹ may arise from C=C 

bending and C-H bending, indicating polyethene (PE). Lastly, an absorption peak at 678 cm⁻¹ 

suggests C=C bending, which indicates polystyrene (Gela et al., 2022). 

 

Jibia dam exhibits an absorption peak at 1640 cm-1, attributed to the C=C stretching mode, indicating 

the presence of polyvinyl chloride (Pandey et al., 2016). Additionally, peaks at 909 cm-1 and 1431 

cm-1 associated with C=C bending and C-H bending, suggest that polyethene is also present. 

Furthermore, the peaks at 693 cm-1 and 752 cm-1 correspond to C=C bending and CH2 stretching, 

respectively, hinting at the possible presence of polystyrene (Sathish et al., 2020). 

 

Kurfi dam analysis, as shown in Figure 5, an absorption peak at 1282 cm-1 along with those at 3265 

cm-1 and 3622 cm-1 indicates C-O asymmetric stretching and O-H stretching, suggesting the 

presence of polyethene terephthalate (PET) and polyvinyl alcohol (PVA). The absorptions at 678 cm-

1 and 1640 cm-1, which correspond to C=C bending and C=C stretching, further imply the presence of 

polystyrene (Aliyu et al., 2023). 

 

Mairuwa dam shows absorption peaks at 3250 cm-1, 3622 cm-1, and 3690 cm-1, which are attributed 

to O-H stretching, indicating the presence of polyvinyl alcohol (PVA). Similarly, the absorptions at 

1282 cm-1 and 1766 cm-1 suggest C-O stretching and C=O stretching, respectively, confirming the 

presence of polyethene terephthalate (Periera et al., 2017). The peak at 1640 cm-1 represents C=C 

stretching, indicating polystyrene, while the peaks at 909 cm-1, 991 cm-1 and 1431 cm-1 correspond to 

C=C bending and CH2 bending, confirming the presence of polyethene (PE) (Sathish et al., 2020). 

 

Mashigi dam exhibits characteristic peaks at 2922 cm-1 and 1006 cm-1, indicating CH2 and C-O 

stretching, confirming the presence of polyvinyl alcohol (PVA). The absorption peaks at 3205 cm-1, 

3697 cm-1, and 1110 cm-1 represent O-H stretching and C-O stretching, suggesting the presence of 

polyethene (PE) (Sathish et al., 2020). The peaks at 685 cm-1 and 790 cm-1 are attributed to C=C 

bending and C-H bending, respectively, confirming the presence of polystyrene (Gela et al., 2022).  
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Sabke dam shows absorbance peaks at 670 cm⁻¹, 790 cm⁻¹, and 1662 cm⁻¹, indicating C=C and C-H 

bends, consistent with the presence of polystyrene (PS). This type of plastic is often found in food 

packaging and disposable items, highlighting a significant contribution from waste (Andrady et al., 

2021). Additionally, the absorbance peaks at 909 cm⁻¹, 1431 cm⁻¹, and 3272 cm⁻¹ suggest C=C and 

C-H bends, indicating the presence of polyethene (PE). This finding aligns with global research 

identifying these polymers as prevalent in freshwater systems, mainly due to their extensive use in 

single-use plastics (Lebreton et al., 2022).  Furthermore, the peak at 1766 cm⁻¹ indicates C=O 

stretching, revealing the presence of polyethene terephthalate (PET), which may originate from 

textile fibres and beverage containers known to break down into secondary microplastics (Browne et 

al., 2020). Interestingly, a peak at 3697 cm⁻¹ was associated with the O-H stretching mode of the 

functional group, suggesting the presence of polyvinyl alcohol (PVA). This could indicate 

wastewater discharge, as polyvinyl alcohol is commonly used in water-soluble industrial products 

(Hernandez et al., 2023). 

The Sabuwa dam shows absorbance peaks at 678 cm⁻¹ and 827 cm⁻¹, indicating C=C bending and 

CH2 bending, consistent with polystyrene. Additionally, the absorbance peaks at 1274 cm⁻¹ and 1744 

cm⁻¹, indicating C-O stretching and C=O stretching, respectively, suggesting that polyethene 

terephthalate (PET) is present. These observations align with previous research connecting PS and 

PET to consumer waste and synthetic textiles (Geyer et al., 2021). The peak at 2922 cm⁻¹, associated 

with N-H stretching, suggests nylon, which is often linked to fishing nets (Sherrington et al., 2022).  

This implies that local fishing activities are impacting the Sabuwa dam. Similarly, the peak at 3429 

cm⁻¹ indicates O-H stretching, suggesting the presence of polyvinyl alcohol, likely due to inputs from 

domestic wastewater (Hernandez et al., 2023). 

Lastly, a sample from Zobe dam, as shown in Figure 13, displayed absorbance peaks at 991 cm⁻¹ and 

1438 cm⁻¹, suggesting C=C bending and CH2 bending, which indicates the presence of polyethene 

(PE). This is commonly found in agricultural films and packaging debris (Ng et al., 2021). The 

significant presence of these polymers suggests a strong link to farming activities and to waste runoff 

into the dam, as polyethene is widely used. Additionally, the absorption at 1633 cm⁻¹ is consistent 

with C=O stretching, indicating the presence of nylon, which originated from fishing nets and other 

materials (Sherrington et al., 2022). The robust signals at 3258 cm⁻¹, 3622 cm⁻¹, and 3690 cm⁻¹ 

indicate O-H stretching, which may also point to potential municipal wastewater contamination from 

detergents (Hernandez et al., 2023). 



                              

40 
 

 

FUDMA Journal of Earth and Environmental Sciences (FUDJEES), Vol. 2, No. 2, 2025 

Print ISSN: 1595-9686 

EISSN: 1595-9708 

 
Table 4: Microplastics Types Using FTIR Spectrum 
S/N Sampling sites Wavelength (cm-1) Functional group Types of polymers 

1 Ajiwa Dam 790, 1632 C=C stretching Polystyrene 
  991, 909, 1431 C=C bending, C-H bending Polyethylene 

  1766 C=O stretching PET 

  3265, 3690 O-H Stretching PVA 

2 Dutsin-Ma Dam 909, 991, 1438 C=C bending, C-H bending   Polyethylene 

  1640  C=O Nylon 

  3250, 3690 O-H stretching PVA 

3 Gwaigwaye Dam 678 C=C bending Polystyrene 

  909, 1431 C=C bending, C-H bending Polyethylene 

  1282, 1744 C-O asymmetric stretching 
C=O stretching 

PET 

  3250,3690 O-H stretching Polyvinyl alcohol 

  1647 C=O stretching Nylon 

4 Jibia Dam 693, 752  C=C-H bending, C-H,  Polystyrene 
  909, 1431 C=C bending, C-H bending Polyethylene 

  1640 C=C stretching PVC 

5 Kurfi Dam 678, 1640 C=C bending, C=C stretching Polystyrene 

  1431 C-H bending PE 

  3265, 3622 O-H stretching Polyvinyl alcohol 
  

 

1282 C-O asymmetric stretching PET 

 

 
6 Mairuwa Dam 909, 991, 1431 C=C bending, C-H bending Polyethylene 

  1640 C=C stretching Polystyrene 

 

 

 1282, 1766 C-O stretching, C=O stretching PET 

  3250, 3622, 3690 O-H stretching Polyvinyl alcohol 

7 Mashigi Dam 685, 790 C=C bending 

C-H bending 

Polystyrene 

  909, C=C bending Polyethylene 

  3205, 3697, 1110 O-H stretching, C-O stretching PET 

  2922, 1006 CH2, C-O stretching PVA 

8 Sabke Dam 670, 790, 1662  C=C bending, C=C stretching Polystyrene 

  909, 1431, 3272 C=C bending, C-H bending Polyethylene,  
  1766 C=O stretching PET 

  3697 O-H stretching Polyvinyl alcohol 

9 Sabuwa Dam 678, 827 C=C bending, C-H bending Polystyrene 

  1274, 1744 C-O stretching, C=O stretching PET 

  2922 N-H stretching, Nylon 

  3429 O-H stretching Polyvinyl alcohol 

10 Zobe Dam 991, 1438 C=C bending, C-H bending Polyethylene 

  1633 C=O stretching Nylon 
  3258, 3622, 3690 O-H stretching Polyvinyl alcohol 

Note: PET – polyethene terephthalate; PE – polyethene; PU – Polystyrene; PVA- Polyvinyl alcohol; 

N – Nylon (polyamide). 
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G H 

 

I J 

Figure 5: Spectra of the polymers in the water samples as obtained by FTIR: (A) represents Ajiwa 

dam. (B) Dutsin-Ma dam (C) Gwaigwaye dam (D) Jibia dam (E) Kurfi dam (F) Mairuwa 

dam (G) Mashigi dam (H) Sabke dam (I) Sabuwa dam (J) Zobe Dam 

Nearest Neighbour and Nearest Distance 

The nearest neighbours and distances between microplastics in the samples are shown in Figure 6 and 

Table 5. The table shows the nearest neighbour and the nearest distance between each sample. The 

distance is measured in millimetres (mm) and represents the Euclidean distance between the two 

samples. 

The numeric value between 0 and 2.15 indicates whether the samples are random (1), regular (greater 

than one and less than 2.15), or clustered (0 to less than 1). 
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Figure 6: Nearest Neighbour Quadrant Mapping for Ten Different Water Samples 

 

Table 5: Nearest Neighbours and Distances for Microplastic Between Samples 

S/N Samples Nearest Neighbours Nearest distances 

1.  Zobe Dam Dutsin-Ma Dam 0.400 

2.  Dutsin-Ma Dam Mairuwa Dam 0.267 

3.  Jibia Dam Mairuwa Dam 0.000 

4.  Mairuwa Dam Jibia Dam 0.000 

5.  Mashigi Dam Ajiwa Dam 0.000 

6.  Ajiwa Dam Mashigi Dam 0.000 

7.  Sabke Dam Ajiwa Dam 0.133 

8.  Gwaigwaye Dam Sabuwa Dam 0.000 

9.  Sabuwa Dam Gwaigwaye Dam 0.000 

10.  Kurfi Dam Gwaigwaye Dam 0.400 

Principal Component Analysis of the dam water 

Table 6 shows the initial eigenvalues, extraction sums of squared loadings and rotation sums of 

squared loadings for each component. The initial eigenvalues represent the amount of variance 

explained by each component. In contrast, the extraction and rotation sums of squared loadings 

represent the amount of variance explained by each variable in each component. Therefore, 

component number 1 describes 67.221% of the total variance, while component number 2 explains 

32.779% of the total variance. Similarly, these two components describe 100% of the total variance. 

However, components 3, 4, and 5 do not contribute significantly to the variance. The component plot 

in rotated space in Figure 15 shows how variables pH and MPs relate to each other, as indicated in 

the red line. 
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Table 6: Total Variance of Physicochemical Parameters and Microplastics Levels in Dam Water 

 

 
Figure 7: Principal Component Plot of Physicochemical Parameters and MPs 

 

Contamination Factor and Pollution Load Index of Microplastics 

The contamination factor (CF), calculated as the ratio of microplastic concentration at each site to the 

baseline concentration, indicated high contamination at Zobe Dam and Dutsin-Ma Dam, with 

contamination factors of 1.71 and 1.57, respectively. This suggests that a strong anthropogenic 

influence, such as local runoff, agricultural activities, and other factors (Wang et al., 2022), exists. 

Similarly, moderate contamination factors (1.14 to 1.38) were observed at Sabuwa dam, Gwaigwaye 

dam, Mairuwa dam, Mashigi dam, Ajiwa dam, and Sabke dam due to fragmented plastic debris 

(Allen et al., 2021). 

Component 

Initial Eigenvalues 

Extraction Sums of Squared 

Loadings 

Rotation Sums of Squared 

Loadings 

Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% Total 

% of 

Variance 

Cumulative 

% 

1 6.050 67.221 67.221 6.050 67.221 67.221 5.361 59.570 59.570 

2 2.950 32.779 100.000 2.950 32.779 100.000 3.639 40.430 100.000 

3 4.398E-

16 

4.887E-

15 
100.000       

4 1.065E-

16 

1.183E-

15 
100.000       

5 3.351E-

17 

3.723E-

16 
100.000       
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Table 7: Contamination Factor and Pollution Health Index of Microplastics 

S/N Sites MPCF Risk level 

1.  Zobe Dam 1.71 Moderate 

2.  Sabuwa Dam 1.14 Low 

3.  Dutsin-Ma Dam 1.57 Moderate 

4.  Mairuwa Dam 1.48 Moderate 

5.  Gwaigwaye Dam 1.14 Low 

6.  Mashigi Dam 1.43 Moderate 

7.  Jibia Dam 1.48 Moderate 

8.  Ajiwa Dam 1.43 Moderate 

9.  Sabke Dam 1.38 Moderate 

10.  Kurfi Dam 1.00 Low 

(MPPLI Dam) = 1.19 

The overall pollution load index of 1.19, derived from the geometric mean of all contamination factor 

values, confirmed a low, moderate, and high level of microplastic pollution across the sampling sites, 

highlighting the pervasive nature of microplastic contamination even in less-polluted sites (Kumar et 

al., 2023). These findings aligned with a global study emphasising the ubiquity of microplastics in 

aquatic systems (Brahney et al., 2024). 

Estimated Daily Intake 

The estimated daily microplastic intake from the studied water for adults and children is presented in 

Table 8.  The estimated daily intake at the Kurfi dam is generally less than 1, indicating a low 

microplastic intake. Therefore, it may pose no risk from daily consumption. Similarly, the Zobe dam, 

with an EDI of 1.51, and other dams ranged from 1.01 to 1.38, were classified as critical to moderate 

risk. However, results generally show higher microplastic intake in children than in adults. 

Table 8: Microplastics Polymer Risk Indices, Pollution Risk Index and Estimated Daily Intake 

Sampling sites Polymeric risk 

indices (Hi) 

MPs pollution risk index 

(MPRI) 

Quantity-based Estimated daily 

intake (EDI) 

   Adult Children 

Zobe Dam 19.70 33.70 1.51 5.76 

Sabuwa Dam 13.40 15.30 1.01 3.84 

Dutsin-Ma Dam 18.30 28.70 1.38 5.28 

Mairuwa Dam 17.10 25.30 1.30 4.96 

Gwaigwaye Dam 13.40 15.30 1.01 3.84 

Mashigi Dam 16.20 23.20 1.26 4.80 

Jibia Dam 17.10 25.30 1.30 4.96 

Ajiwa Dam 16.20 23.20 1.26 4.80 

Sabke Dam 15.80 21.80 1.22 4.64 

Kurfi Dam 09.50 09.50 0.88 3.36 

Source: Using Ibeto et al. (2021) formula as shown in equations 3, 5 and 7. 
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Recent research has generally reported higher microplastic intake in children than in adults (Aliyu et 

al., 2023; Ibeto et al., 2021). Evidence on the risks of microplastics to children's and adults' health 

remains very unclear. Other than exposure, the fate and transport of ingested microplastics in the 

human body, which combine intestinal assimilation and biliary discharge, have not been studied in 

the previous investigation and remain generally obscure (Ibeto et al., 2021) 

DISCUSSION 

These findings evaluated microplastic concentrations across 10 dams and measured their 

physicochemical parameters, including pH, TDS, EC, and TSS. The physicochemical analysis reveals 

a concerning deviation from drinking water standards across several key parameters in the studied 

dams. The acidic pH levels recorded at Sabuwa and Dutsin-Ma Dams, which fall below the 

permissible range of 6.5–8.5, indicate a significant risk and are a known public health concern 

(WHO, 2018). While the Total Dissolved Solids (TDS) for all sites were commendably within the 

recommended limit of <500 mg/L, the elevated Electrical Conductivity (EC) at Gwaigwaye Dam 

suggests a higher concentration of ionic constituents, potentially impacting palatability (SON, 2007). 

Most critically, the pervasive exceedance of the Total Suspended Solids (TSS) standard across all 

locations points to widespread turbidity issues, likely stemming from watershed erosion and surface 

runoff; high TSS can harbour pathogens and interfere with disinfection processes, thereby increasing 

the microbial risk and deteriorating overall water quality (Uddin et al., 2021). 

The correlation matrix reveals significant interrelationships among the water quality parameters, 

providing insight into their combined behaviour within the dam systems. The strong negative 

correlation between Total Suspended Solids (TSS) and pH (r = -0.513, p < 0.01) suggests that as 

water becomes more acidic (lower pH), the concentration of suspended particles increases, consistent 

with findings by Uddin et al. (2021). The positive correlation between Electrical Conductivity (EC) 

and pH (r = 0.430, p<0.05) aligns with the principle that alkaline conditions often accompany higher 

concentrations of dissolved basic ions, such as carbonates and bicarbonates, which contribute to 

conductivity (WHO, 2018). Furthermore, the significant negative correlation between TSS and Total 

Dissolved Solids (TDS) (r = -0.408, p < 0.05) implies a potential competitive or inverse relationship 

between particulate and dissolved loads, with suspended sediments diluting dissolved ion 

concentrations or vice versa. The lack of a strong correlation between EC and TDS (r = -0.177, p > 

0.05) indicates that the composition of dissolved ions is not uniform across sites, and that TDS is not 

solely estimated from EC (SON, 2007). 

CONCLUSION 

In conclusion, four physicochemical parameters of dam water samples were determined, including 

pH, electrical conductivity (EC), total dissolved solids (TDS), and total suspended solids (TSS). The 

concentrations, shapes and types of microplastics present in ten (10) dams in Katsina State, Nigeria 

were determined and reported in this research; most of the dam samples revealed some differences 

among their levels of contamination with microplastics. The highest microplastic concentration was 

detected in Zobe dam (48 p/L), while the lowest was in Kurfi dam (28 p/L). Fragments, pellets, fibres, 

and film were the dominant microplastic shapes detected in all samples. While polyethene (PE), 

polyvinyl chloride (PVC), polyethene terephthalate (PET), polyvinyl alcohol (PVA), Nylon and 

Polystyrene (PS) were the main types of microplastics examined using Fourier Transform Infrared 

Microscopy (FTIR) and Scanning Electron Microscopy – Energy Dispersive X-ray Microscopy 

(SEM-EDX). The contamination factor and pollution load index of all the water samples were 
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evaluated. Zobe dam had the highest contamination factor (1.71), indicating moderate contamination. 

However, the Kurfi dam had the lowest contamination factor (1.00, Little contamination). Similarly, 

the overall pollution load index of all the samples was calculated (1.12) using the geometric mean of 

all the contamination factors previously evaluated. The estimated daily intake (EDI) of MPs was 

higher in children than in adults, indicating a potential health risk for consumers of these waters. 

RECOMMENDATIONS 

i. Governments should provide and monitor proper recycling and waste disposal systems across 

all three zones to prevent plastic litter. Similarly, the government should establish agencies to 

monitor microplastic levels in water, sediment, air, and food to assess their long-term health 

effects. 

ii. Plastic manufacturers should develop new techniques to reduce polymer use, create harmless, 

biodegradable alternatives to single-use plastics and support studies to gather crucial data on 

microplastic pollution, especially in high-risk areas, to inform effective policy decisions. 

iii. Educate communities on reducing plastic consumption, proper disposal methods, switching to 

reusable products and actively removing existing waste from waterways and dams and using 

filtering nets to prevent further plastic from entering water systems. 
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