Sokoto Journal of Geographical Studies (SJGS)

_SOKOTO 4

IT ALL BEGINS HERE!

Volume 3, Issue 1, December, 2025 Edition



SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

LA ]
© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

Sokoto Journal of Geographical Studies
(SJGS)

Volume 3, Issue 1, December, 2025 Edition

Published by the Department of Geography, Sokoto State
University, Sokoto P.M.B. 2134, Along Birnin Kebbi
Road, Sokoto State-Nigeria




SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

Department of Geography, Sokoto State University, Sokoto
P.M.B. 2134, Along Birnin Kebbi Road, Sokoto State-Nigeria

Copyright© Department of Geography, Sokoto State University, Sokoto
(December, 2025 Edition, ISSue 1, Number 2)
E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

All rights reserved. No part of this publication may be reproduced,
transmitted, transcribed, stored in a retrieval system or translated into any
form or by any means, electronically, manually or otherwise without the
prior written consent of Sokoto Journal of Geographical Studies.




SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

ABOUT THE JOURNAL

Sokoto Journal of Geographical Studies (SJIGS) is a double-blind peer reviewed journal
that is being published in June and December annually, by the Department of
Geography Sokoto State University, Sokoto-Nigeria. The Journal provides a platform for
researchers and academicians around the world in order to promote healthy intellectual
discourse concerning research, preservation and dissemination of academic knowledge.
The journal adopts a multidisciplinary approach to scholarship in all areas of
Geographical Studies.

Prof. I. M. Dankani

Editor-in-Chief




SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

AUTHOR’S GUIDELINES

Manuscript should be typed, doubled line spacing, 12 fonts size Time New Romans, not
more than 3000-5000 words pages including references and appendixes. The text should
be organized into an introductory section, conveying the background and purpose of the
paper, and then into sections identified with subheadings. References should be in APA
style of references 6 edition. An abstract should not be more than 250 words. All pages
should be numbered at the bottom centre of the page beginning with the title page. The
abstract should not contain abbreviations or references. Keywords should be provided
below the abstract in alphabetical order for indexing.

Title page should be placed on a cover sheet (less than 40 characters) and it should
contain, tittle of the paper, the full name(s) of the author(s) and the addresses of the
institution(s) at which the work was carried out along with full postal and email
addresses, and phone numbers to whom correspondences about the manuscript should be
sent

However, manuscripts that do not meet the criteria outlined in these instructions will be
returned back to the Author without review. Similarly, views expressed in the articles are
those of authors, not publishers.

The following are the instructions needs to be respected

i.  The entire article (including figures and tables) should be supplied as a single
document file
ii.  Authors should supply their accepted paper as formatted text
ili.  Manuscripts are to be prepared and submitted in word document (.doc) or rich
text format, only on manuscript.

Authors can only submit their manuscripts electronically in MS word format through the
Journal Email: sjgs@ssu.edu.ng Papers are submitted on the understanding that they
have not been published elsewhere (except in the form of an abstract, as part of a
published lecture, reviewed, or thesis) will not be submitted anywhere else and are not

currently under consideration by another journal or any other publications.

Acknowledgements

The sources of financial grants and other funding must be acknowledged, including a
frank declaration of the authors, commercial links and affiliations. The contributions
should also be acknowledged.

Assessment Fee (Non-Refundable) & Publication Fee
Account Name: Sokoto Journal of Geographical Studies
Account Number: 1312472903

Bank: Zenith Bank



mailto:sjgs@ssu.edu.ng

SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

All correspondence shall be addressed to:

Secretary Editorial Board,

Sokoto Journal of Geographical Studies

Department of Geography

Faculty of Social and Management Sciences

Sokoto State University, Sokoto

P.M.B 2134, Along Birnin Kebbi Road, SokotoState-Nigeria

Tel: 080-6950-1786 (Secretary Editorial Board)
Email: sjgs@ssu.edu.ng
Website: https://sjgs.org.ng

Vi


mailto:sjgs@ssu.edu.ng
https://sjgs.org.ng/

SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

EDITORIAL BOARD
S/N  Name University Position
1. Prof. I. M. Dankani UDUS Editor-in-Chief
2. Prof. A. T. Umar UDUS Assist Chief Editor 1
3. Prof. N. B. Eniolorunda UDUS Assist Chief Editor 2
4. Dr. Mustapha Sani SSuU Managing Editor/Secretary
5. Dr. Rufai Abubakar SSU Treasurer
6. Prof. M. A. Iliya UDUS Member
7. Prof. D. D. Ajayi UNI Ibadan Member
8. Prof. S. O. Efabiyi UNI Ilorin Member
9. Prof. Joseph A. Yaro UNI Ghana Member
10. Prof. A. G. Fada UDUS Member
11.  Prof. Y. M. Adamu BUK Member
12.  Dr. Murtala M. Uba BUK Member
13.  Dr. Ibrahim Ishaq FUBK Member
14. Dr. Muhammad Ismail ABU Zaria Member
15. Dr. A. A. Bichi FUG Member
16. Mal. Hayatu Dangaladima SSU Member
17. Mal. Lauwali Barau SSU Member
EDITORIAL ADVISERS

S/N Name University

1. Prof. Maharazu A. Yusuf BUK

2. Prof. I. A. Adamu UDUS

3. Prof. S. D. Abubakar IBLU

4. Prof. M. A. Gada UDUS

5 Prof. M. A. Shamaki UDUS

vii



SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

TABLE OF CONTENTS

About the Journal iv
Author’s Guidelines v
Editorial Board vii
Table Contents viii

“The Enclaves of the Married and Educated People”: Characterizing the Residents of Gated
Communities in Kano Metropolis
Mahmud Abba 1-16

Ambient Air Quality and Public Health Risk Assessment in Ekpoma, Edo State, Nigeria
Otabor-Olubor, E., Aghagboren, U. J., Balogun, V. S., Ibanga, O. A., Osakue, P. V. &
Asikhia, M. O. 17-29

Exploring Socio-Demographic and Economic Factors Influencing Hepatitis B Prevalence in

Gombe State, Nigeria

Abdulrazaq, A. A., Dardau, H., Kazaure, 1. Y. A., Bappah, L., Suraj, A., John, S. & Umar, N.
30-39

Detailing the Social Context of Inequality in the Rural Areas of Edo and Delta States of Southern
Nigeria

Verere Sido Balogun, Rebecca Oghale John-Abebe, Francisca Omorodion, Andrew Godwin
Onokerhoraye & Job Imharobere Eronmhonsele 40-58

Understanding the Effects of Culture on Fertility Behaviour in Sokoto State, Nigeria: A
Conceptual Framework
L. Barau, I. B. Lambu & A. Ammani 59-76

Assessment of Livestock Feed Resources and Management Practices in Gumel Local
Government Area, Jigawa State, Nigeria
Abdulmajid Abubakar 77-87

Impact of the National Health Insurance Scheme on Healthcare Service Delivery in Nigeria: A
Case Study of Customs Hospital, Karu Site, Abuja
ABIMIKU John 88-106

Impact of Heat Stress and Extreme Temperature on Livestock Production in Yobe State
Ibrahim Yakubu Aliyu & Abdulmajid Abubakar 107-119

A Review of Nigerian Federalism: Structural Inconsistences and The Difficulties in Nation-
Building
Moshood Abiodun OLATUNJI & Hammed Afolabi OSUOLALE 120-133

Analysis of Rainfall Variability in Akoka, Lagos State Using Remote Sensing Data
C. S. Ofordu, G. C. Ufoegbune, F. O. Ojediran, N. C. Mba & M. A. Audu 134-144

Assessment of Electronic Waste Generation and Management Practice in Gusau, Zamfara State
Habeeb Hamisu, Murtala Dangullah, Ibrahim Gwadabawa, Mustapha Sani & Abubakar
Abdullahi Bichi 145-159

Urban Heat Island (UHI), Air Pollution, and Human Health: A Review
Peter Nkashi Agan, Uchenna C. Aruma & Sike-Uwbu Daude Gbana 160-167

viii



SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

The Impact of Religion on Nigerian Politics (2015-2025)
ADETOYESE Adesina Ezekiel & OLATUNJI Moshood Abiodun 168-181

Home, Space and the Environment: Geo-Spatial Representation of the Yoruba People in
Nigerian Literature
David Sesan ADENIYI 182-191

Assessment of Sustainable Mobility Challenges for Vulnerable Groups in Urban Kano, Nigeria:
A Review of Past and Present Research
R. G. Aliyu & A. S. Barau 192-211

Linking Irrigation Practices to Crop Productivity and Livelihood Outcomes in Odeda, Nigeria
Olagoke Victoria Oluwadamilola, Ayoola Kolawole Oladipupo & Adekitan Adetoun Abimbol

212-222
Architectural Identity of Kano, Nigeria: Evaluation and Categorisation
Issia Habou & M. L. Sagada 223-237
Spatio-Temporal Analyses of Urban Expansion of Gombe Metropolis
Garkuwa Muhammad Iliya, Muhammad Tukur Aliyu & Sadiya Atiku Umar 238-251

Trend Analysis of Agroclimatic Parameters and Crop Yields in Sokoto State Northwest Nigeria
Yohanna Yunusa, A. T. Umar & Isah Hamisu 252-264

Upcycling Plastic Waste into Building Blocks: A Sustainable Strategy for Waste Management
and Construction in Kano Metropolis, Nigeria

Sabitu Sa’adu Da’u, Murtala Uba Mohammed, Nafiu Zakari, Aminu Sulaiman Zangina &
Harisu Muhammad Muhammad 265-276

Assessing Urban Heat Island (UHI) in Ife Central Local Government Area, Osun State, Using
Multi-Temporal Landsat Thermal Infrared Imagery
Yusuf, U. G., Dakung, P. D. & Gomwalk, Y. S. 277-292

Analysis of the Impacts of Land Uses Changes on Urban Heat Island and Mitigation Strategies
Using GIS and Remote Sensing in Birnin Kebbi
Hadi Aliyu, Abdullahi Umar & Ismail U. Kaoje 293-302

Microplastics Pollution in The Groundwater of Three Land Use Types, Southeastern Hungary
Ibrahim Sa’adu & Ho Vii Khanh 303-314




SOKOTO JOURNAL OF GEOGRAPHICAL STUDIES (SJGS) E-ISSN: 3115-5812, PRINT ISSN: 3034-551X

© DEPARTMENT OF GEOGRAPHY, SOKOTO STATE UNIVERSITY, SOKOTO
Volume 3, Issue 1, December 2025 Edition

MICROPLASTICS POLLUTION IN THE GROUNDWATER OF THREE LAND USE
TYPES, SOUTHEASTERN HUNGARY

Ibrahim Sa’adu! & H6 Vii Khanh?

1Geography Department, Usmanu Danfodiyo University, P.M.B. 2346 Sokoto, Nigeria
Faculty of Natural Resources-Environment, Kien Giang University, An Giang, Vietnam

Corresponding Author’s Email: saadu.ibrahim@udusok.edu.ng

Abstract https://doi.org/10.65760/sjgs.v3.i1.21

Groundwater is one of the sources of freshwater for drinking and agricultural activities, yet it is
continuously threatened by emerging contaminants and pollutants such as microplastics (MiP). Contrary
to the surface water bodies, there is a paucity of knowledge about the rate and distribution of the
horizontal movement of microplastics in the groundwater of different land use areas. This study examined
18 groundwater samples collected from three land use types greenhouse, grassland, and landfill across
four locations in southeastern Hungary (Szeged, Szarvas, Szentes, and Hodmezdvasarhely). The research
aimed to quantify microplastic contamination levels, analyze their morphological characteristics, and
compare pollution levels among the land uses. After filtering 1 litre and digesting organic matter with
hydrogen peroxide, microplastics were identified and counted under a microscope. The mean microplastic
concentration across all samples was 7.6 + 3.4 pieces/L, with the landfill area recording the highest level
(27.50 £ 11.29 pieces/L), followed by the greenhouse (2.88 + 0.65 pieces/L) and grassland (0.20 = 0.20
pieces/L) areas. Statistical analysis revealed a significant difference in microplastic abundance among the
three land use types, indicating that landfill areas are the primary contributors to groundwater
contamination. The dominant microplastic forms were green and red fibers and fragments measuring
between 1.0 and 2.1 mm. No evidence of horizontal movement of microplastics between the areas was
found. The study concludes that groundwater from all land wuse types contains microplastics,
recommending treatment before consumption or irrigation and emphasizing the need for proper plastic
waste management and further research on groundwater contamination dynamics.

Keywords: Groundwater, Land Use, Microplastics, Landfill, Greenhouse, Grassland, Hungary.
Introduction

Plastic use in all sectors has led to large amounts of generated waste and microplastic
contamination. Global plastic production has declined slightly, from 368 tons in 2019 to 367 tons
in 2020, with a similar trend observed for Europe: plastic production declined from 57.9 to 55
tons (Plastic Europe, 2021).

Plastic contaminants range from large-sized particles (i.e., 1-5 mm), medium-sized microplastics
(1 um to 1 mm) to nanoplastics (<1 um). Plastic contaminants in the environment come from
primary sources, such as sewage sludge, organic and inorganic fertilizers, irrigation water, and
atmospheric and wind deposition (Allen ef al., 2019; Bigalke et al., 2022; Sussana, 2018). They
also come from secondary sources due to the disintegration of larger plastic materials, such as
greenhouse films found in mulch (Babagyayou et al., 2020; Huang, 2020; Kumar et al., 2021;
Mo et al., 2021; Schothorst et al., 2021). Microplastic waste can be transported vertically
through cracks in soil. Other transfer methods include the application of irrigation water, soil
microorganisms, and leaching (Bigalke et al., 2022; O’Connor et al., 2019; Rezaei et al., 2019;
Zhang et al., 2018). Plastic contaminants cause imbalances in ecosystems and affect soils, plants,

e
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water bodies, aquatic organisms, insects, animals, and human health (Li ef al., 2021; Mora et al.,
2021; Rondoni et al., 2021; Serrano-Ruiz et al., 2021; Zhang et al., 2021).

Groundwater is one of the sources of global freshwater, supplying a substantial amount of the
world’s drinking water in rural and urban communities (UNESCO, 2018). The groundwater
percolates and is stored in the groundwater aquifers is filtered through the rock layers and soil,
which improves its quality compared to other surface water (Foster & Chilton, 2003). It is more
reliable during the period of seasonal fluctuations and drought making it very important in
regions with shortages of surface water such as parts of Central and Eastern Europe (Klove ef al.,
2011). Beyond domestic use, groundwater supports industry, agriculture, and ecosystem services,
yet its value as a drinking water source is most critical for public health and sustainable
development. However, increasing pressures from land-use changes, over-abstraction, and
contamination including emerging pollutants such as microplastics pose significant risks to its
long-term safety and availability (Lapworth et al., 2017). Protecting groundwater quality is
therefore essential to secure safe drinking water for present and future generations.

The primary sector industry, greenhouse farming, consumes large quantities of plastics. Thus, it
generates plastic waste (macro and micro) in large quantities. Globally, greenhouse farming
covers 220,000 ha of land and consumes 250,000—350,000 tons/year of plastic film (Dilara &
Briassoulis, 2000). In Hungary, greenhouse farming covers more than 6,500 ha (Scarascia-
Mugnozza et al., 2011). Plastic contamination in agricultural soils is mainly in the form of plastic
films, but it also includes other contaminants, and plastic wastes have been found on soil profiles,
and groundwater (Saadu & Farsang, 2022).

Similarly, the forest environment is not free from contamination by plastic materials. The
ubiquitous nature of plastic has led to the contamination of forest soil. Choi et al. (2020) found
160 pieces/kg of MiP in less anthropogenically affected forest soils. MiP recorded in virgin land
may be due to atmospheric fallout, wind deposition, and precipitation runoff (Choi et al., 2020;
Rezaei ef al., 2019; Schell et al., 2022). Landfills are the world’s plastic reservoirs. They store
thousands of tons of different types of waste. According to Nizeto et al. (2016), landfills serve as
a means for waste disposal; they can store 20%—40% of plastic waste produced globally.
Likewise, Afrin et al.’s (2020) study indicated that landfills are significant sources of MiP
entering the environment.

MiP coming from different sources within the ecosystem penetrates the soil and enters
groundwater aquifers through the leaching of contaminated groundwater (Zhang et al., 2022).
The movement of soil organisms, such as earthworms and rodents, aids in the distribution of MiP
in the environment (MaaB} et al., 2017). Notably, MiP enters groundwater due to soil texture,
infiltration, and repeated wet—dry cycles (OBmann, 2021; O’Connor et al., 2019; Schell et al.,
2022).

Moreover, there is a lack of knowledge about the abundance of MiP in groundwater associated
with different land uses, although this knowledge is imperative because it reveals the pollution
level of groundwater. Recent studies on microplastic pollution in the freshwater ecosystem are
more concerned with surface water than groundwater. Similarly, few studies have compared
levels of microplastic contamination. Recently, the World Health Organization (2021) lamented
the lack of studies on MiP in drinking water. They emphasized that although the scant data do
not currently indicate a threat to human health, there is a need to collect more data to draw proper
conclusions. Hence, the present case study aimed to i) quantify the level of microplastic
distribution and contamination in groundwater associated with different land uses, ii) examine
the morphological structures of microplastic contaminants, and ii) compare the level of
contamination associated with different land uses.
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Materials and methods

Study Site

This research was conducted on groundwater associated with three land uses in the Békés
(Szarvas) and Csongrad (Szeged, Szentes, and Hodomosohely) counties of southeastern
Hungary: greenhouse, landfill, and grassland. The greenhouse farmlands are located in Szeged,
Szarvas, and Szentes. The landfill and grassland areas are located in Hodomesovaherly, which
has been in a landfill since 1990. Currently, some part of the area is used for residential purposes
while the other part is abandoned. The climatic condition of the study area is warm and dry
(mean annual temperature: 10.5°C; mean annual precipitation: 520 mm), with an average annual
radiation of 2,080-2,090 h/annum. The area, 84 m above sea level, is underlain by perched
groundwater at a depth of 100 cm.

47°N 48°N
T

46°N

s Sampling site

45°N

County
I Békés
[ Csongrad

— Sz,eged

Figure 1: Locatin of the Study Area

The sample area was a plain with loess bedrock, and the natural soil type is Phaeozem, according
to the World Reference Base for Soil Resources (Szolnoki et al., 2013). Before being abandoned
5-15 years ago, the greenhouse areas were used for tomato, pepper, and cucumber production.
The groundwater sampling occurred at different times. For example, in the greenhouse farmlands
of Szeged, sampling occurred in March 2021, in Szarvas, it occurred in February 2022, and in
Szentes, it occurred in August 2022. Three groundwater samples were collected each from
Szeged, Szarvas, and Szentes, respectively, and eight were collected from Hodomesovaherly. A
control sample was collected from Szentes. A total of 18 shallow groundwater samples were
collected.

Depth to Groundwater

The physical characteristics of the groundwater sampling locations are summarized in Table 1.
The groundwater sampling depth ranged from 70 to 560 cm below ground level, and perched
aquifers were present at all the sampling locations, 40—-160 cm below ground level. The waiting
period for perching water was 30 minutes in all the sampling sites. The samples were stored in a
fridge at 4°C before analysis.

——————————————
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Microplastic Sample Preparation

The methods developed by Su et al. (2020) and Panno et al. (2019) were used to extract MiP
from the samples. Briefly, 1 Litre of groundwater sample was filtered through a Whatman filter
(0.45 pm) using a vacuum pump. The filters were washed in Petri dishes with 10 ml of 30%
H,O,. The solution was left for 24 h at room temperature to digest any organic matter. The
samples were filtered for a second time using a Whatman filter (0.45 pm) and a vacuum pump.
The filter papers were later air-dried for microscopic identification and quantification.

Identification, Classification, and Quantification of Microplastics

The extracted MiP were observed using a digital microscope (Inspex II; software version 1.06;
firmware version F001-001-011; ring light version 1.03; Ireland) at 50 x magnification.
Suspected microplastic particles were confirmed using the heat and needle method. These
experiments were conducted at the analytical laboratory of the Department of Geoinformatics,
Physical and Environmental Geography, University of Szeged. Pieces of different macroplastics
and 5% of suspected MiP were later confirmed by Raman analysis performed at the Department
of Mineralogy, Geochemistry, and Petrology, University of Szeged. The compositions of the
plastic materials were accurately determined by comparison with the Raman library.

Table 1. Physical Characteristics of the Groundwater Sampling Locations

S/N Location Land Use Coordinates Actual Perched
Latitude Longitude Depth Depth
(cm) (cm)
1 Szeged Agriculture 46.172864292 20.10212364 160 100
(Greenhouse)
2 Szeged Agriculture 46.172861988 20.10207858 120 100
(Greenhouse)
3 Szeged Agriculture 46.17285093 20.10198282 120 100
(Greenhouse)
4 Szarvas Agriculture 46.852400 20.583519 450 350
(Greenhouse)
5 Szarvas Agriculture 46.852381 20.583589 400 350
(Greenhouse)
6 Szarvas Agriculture 46.852364 20.583682 500 350
(Greenhouse)
7 Szentes Agriculture 46.3615 20.1732 550 460
(Greenhouse)
8 Szentes Agriculture 46.3615 20.1726 560 500
(Greenhouse)
9 Szentes Agriculture 46.3614 20.1751 530 355
(Greenhouse)
10 Hédmez6va  Landfill 46.437236 20.317545 350 150
sarhely
11 Hédmez6va Landfill 46.434204 20.316234 320 180
sarhely
12 Hédmezéva Landfill 46.436829 20.313057 340 190
sarhely
13 Hédmezéva Landfill 46.436610 20.310665 320 240
sarhely
14 Hodmezéva  Grassland 46.436196 20.307521 500 270
sarhely
15 Hédmezéva  Grassland 46.438144 20.306687 330 200
sarhely
16 Hédmezéva  Grassland 46.439024 20.308571 400 250
sarhely
17 Hédmezéva  Grassland 46.437774 20.312524 280 170
sarhely
18 Hodmez6éva  Grassland 46.435331 20.312563 230 150
sarhely
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Statistical Analysis and Quality Control

This analysis used both descriptive and inferential statistics. Descriptive statistical analysis was
performed using Microsoft Excel, whereas inferential analysis was conducted using SPSS
(Version 22). ANOVA was employed to determine the difference in the abundance of MiP
among the three different land uses. Contamination prevention techniques, such as rinsing the
apparatus with distilled water three times, were adopted throughout the laboratory processes,
during which researchers always wore cotton lab coats and gloves. The bare minimum plastic
material was used during the sampling and laboratory analysis. A blank sample was created
using distilled water to determine the procedural and environmental contamination levels. To
prevent atmospheric contamination, aluminum foil was used throughout, from sampling to the
final analysis stages, to cover the samples.

Results
Abundance of MiP

A total of 137 microplastic pieces were found in the study areas. The average microplastic
contamination was 7.6 £ 3.4 pieces/L (mean = standard error). The number of MiP varied across
the sampling points. Figure 2 shows that most plastic contaminants were recorded in the landfill
(27.50 £ 11.29 pieces/L). The maximum number recorded in any one landfill location was 48
pieces/L in sampling 8, followed by 46 pieces/L in drill 9. The minimum number recorded was 6
in drill 5. The second-highest rate of microplastic contamination was recorded for greenhouse
land use (2.88 £ 0.65 pieces/L). Of the nine greenhouse farmland drills, only one recorded zero
pieces/L. The highest number, nine pieces, was recorded for both Szeged and Szarvas farmland,
while eight pieces were recorded in Szentes greenhouse farmland. One-way ANOVA revealed
that there was significant difference in the abundance of MiP in groundwater among the three
land use areas: F (2, 15) = 9.87, p = .00. Post hoc testing revealed significant differences for
landfill land use (M = 27.50, SD = 22.59), which had a higher abundance of MiP than the
greenhouse (M = 2.88, SD = 1.96) and grassland land use areas (M = 0.20, SD = 0.44).

S0.00
o
40.00-
o 30.00
=

20.00
10.00=

had

ale) T T T

Greenhouse Landfill Grasslanc
Landuse

Figure 2: The Abundance of Microplastics in the Groundwater of the Three Land Uses
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Morphological Structure of MiP

Figure 3 presents the morphological structure (size, structure, and color) of the plastic
contaminants. The size of plastic contaminants was classified into five classes. In the greenhouse
farmlands, only two groups were recorded. The 1.2- 2.1 mm size was more common (55%) than
the 0.1 -1.0 mm (45%). On the contrary, five classes of microplastic sizes were found in the
landfill, 2.2-3.2 mm were the most common structure (32%), followed by 1.2- 2.1 mm (23%),
then 0.1 -1.0 mm (20%), and 3.3- 4.3 mm (15%). The least size recorded was 4.3-5 mm (10%).
However, only the 0.1 -1.0 mm category (100%) was recorded in grassland farmlands.

100
100
90
80
;\? 70
3 60 55
E
5 40 32
< 30 20 23
15
20 II 10
10 I
o |
Greenhouse Landfill Grassland

m0.1-1.0mm ®™1.2-2.1 mm 22-32mm ®33-43mm ®4.3-5mm
Figure 3: The Sizes of MiP in the Grassland, Greenhouse, and Landfill

Furthermore, the research shows that the microplastic contaminants' structure includes fiber,
fragments, and foam (Figure 4). Only two structures were recorded in the groundwater of
greenhouse farmlands; microplastic fibers are the most common, which is four times higher than
fragments. This research also shows that the landfill microplastic shape includes films,
fragments, and fibers. The most contaminants observed were plastic fiber, accounting for 85%
while fragments and foam account for 7% each. Only the fiber structure was recorded in the

grassland.
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Figure 4: Morphological Structure of Microplastics in the Groundwater
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A total of seven colors were recorded throughout the area: Blue, red, grey, white, black, green,
and transparent (Figure 5). In the greenhouse land use, blue is the most common color recorded
(31%), followed by red and white (25% each), and black was the least recorded (19%). However,
more colors were recorded in the landfill land use. Of which, green was the most abundant
(60%), followed by yellow (13%). The least abundant color was red (2%). Conversely, only a
single color (red) was recorded in the grassland land use.

100%
90%
80%
70%

_
60%
50%
40%
30%
20%
10%
0%

Greenhouse Landfill Grassland
EGreen ®Blue WRed White mBlack © Yellow ™ Transparent

Figure 5: The Colors of MiP in the Grassland, Greenhouse, and Landfill Landuses
Horizontal Movement of MiP

An independent t-test was used to compare the means of landfill and grassland land uses. The
results showed that the landfill with four observations (M = 27.50, SE = 11.29) is significantly
different with grassland with five observations (M = .20, SD = .20), t (7) = 2.75, p = .02. The
individual sample comparisons showed that the landfill samples (sample numbers 10, 11, 12, and
13) contained a substantially higher MiP compared to the grassland samples (sample numbers
14,15,16, 18, and 17).

Discussion
Abundance of MiP

The result of this research shows that the overall average microplastic contamination was 7.6 %
3.4 pieces/L in the entire area. One-way ANOVA revealed that there are significant differences
in the abundance of MiP in the groundwater. Higher MiP contaminants were recorded in the
landfills, followed by the greenhouse, and then the grassland. The result of the presence of an
abundance of microplastics in landfill land use agrees with the findings of Afrin et al (2020),
which was conducted in the urban landfill landuse of Bangladesh. The result found that it
contained a high abundance of microplastic contaminants. However, the high concentration of
MiP in the landfill area was related to the contribution of landfill to the MiP storage as well as
the homogenous nature of the landfill materials (Afrin et al, 2020). Another reason for the
abundance might be because of the long depth of landfill samples in the study area which is 320
cm — 350 cm (Table 1). Lastly, the reason might be attributed to the duration of landfills in the
area, which has been in existence since the 1990s. This study shows that the landfill is the main
source and pathway of transporting MiP contaminants to the groundwater.

On the other hand, the result on the presence of MiP in greenhouse land use confirmed the
finding of previous finding that reported the presence of MiP in the greenhouse, vegetable
production and mulch farmlands. (Saadu and Farsang, 2022; Bigalke et al., 2022; Wang et al.,
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2022). The reason of high accumulation of MiP in the greenhouse farming system is that it is
characterized by generating huge plastic contaminants in different shapes and sizes (Wang et al,
2022). Also, the plastic contaminants enter the greenhouse environment as a result of direct
applications of water and fertilizer, and the fragmentation of larger plastic materials, such as
films and fibers for greenhouse structure (Saadu & Farsang, 2022). The low abundance of MiP
in the greenhouse land use is compared to landfill because the landfill is one of the major sinks of
plastic waste contaminants, as it can store 21-42% of plastic waste globally (Afrin et al., 2020).

The result of the low incidence of MiP contaminants in the grassland agrees with the findings of
Haixin et al. (2022), which was conducted in the Qinghai-Tibetan Plateau, China. The result
found that grassland contained less microplastic contaminants compared to orchard and farmland
land uses. Similarly, Ding et al. (2021) reported that grassland contained less microplastic than
sand land but had higher microplastic content compared to woodland. The reason for abundance
may have been the result of the low impact of anthropogenic activities in grassland areas.
Another important pathway of MiP to grassland is surface water runoff from the nearby roads to
the grassland areas as this encourages high inflow of MiP contaminants into the grassland land
use (Choi et al., 2021).

However, MiP in the greenhouse and grassland enrironment penetrates to the groundwater
because of infiltration of irrigation water, natural rainfall, leaching, soil texture and presence of
cracks in the soil (Bigalke et al., 2022; Hiaxin ef al., 2022). However, no significant amount of
MiP was recorded in the control samples of both areas.

Characteristics of MiP Debris

The result of morphological structure in the greenhouse landuse shows that 1.2 — 2.1 mm
category was higher (55%) compared to 0.1-1.0 mm (45%). This data shows that the plastic
materials use for greenhouse farming fragment and form smaller pieces. The main reason for this
fragmentation is because of the easily ageing of plastic materials in the greenhouse environment
due to the effect of climatic variables such as solar radiation, wind, precipitation, and
atmospheric contaminats (Andrady, 2003). The rate of ageing is also increased by the stress
caused by agrochemicals (Vox et al, 2008). However, only fiber and fragment were recorded in
the greenhouse land use in terms of structure. Fiber accounted for 80% while the fragments
accounted for 20%. This result confirmed with many findings that recorded plastic fiber in the
surface and groundwater environment (Panno et al., 2019, Shen et al., 2020; Bikalge et al.,
2022). Microplastic fibers were frequent observed because the fibrous materials have the highest
mobility in the vertical direction of soils (Zhang et al., 2022). Moreover, a large number of
microplastics in the greenhouse groundwater appeared in blue then white and red. This might be
as result of fragmentation of greenhouse larger plastic materials.

On the other hand, more size categories were found in the landfill land use. The most abundant
size was 2.2 -3.2 mm (32%) followed by 1.2 -2.1 mm (23%). The least size recorded was 4.3 -5
mm (10%) followed by 3.3 - 4.3 mm (15%). Smaller size MiPs have high chances of migration
into the groundwater ecosystem. However, of the three structures found in the MiP of landfill,
fragments accounted for over 85% of the total structures followed by foam and fiber. Unlike
other land uses, different color of MiP were recorded in the landfill land use, the dominants
followed by white and yellow. The reason for high disparity in size, shape and colour of MiP in
the landfill landuse is because of heterogeneity nature of landfill materials (Afrin et al., 2020).

Contrarily, only one size category was recorded in the grassland land 0.1 — 1.0 mm. Similarly,
only a red MiP fiber were recorded. The reason for high disparity compared to the land uses may
be due to the very few contaminants found in the greenhouse farmland as reported by previous
findings (Ding et al., 2021; Hiaxin et al., 2022). Also, the presence of MiP in grassland
groundwater might have been the result of the ubiquitous nature of plastics. In support of this
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result, Su et al. (2022) and Panno et al. (2020) found MiP in the groundwater of uncultivated
lands in the United States and South Korea, respectively. Similarly, MiP have been found at
depth in forest, grasslands, and facility soils of South Korea and China respectively (Choi et al.,
2020; Haixin et al., 2022). MiP have been found to penetrate soils via cracks in the soil,
infiltration, and other contamination sources (Mora et al., 2021; O’Connor et al., 2019; Panno et
al., 2019; Su et al., 2021).

Horizontal Movement of MiP

The horizontal movement of MiP was assessed by comparing the results for the landfill and
grassland land use areas. The two areas were sampled at the same time to minimize errors due to
temporal differences. The two land uses are located close to each other of about 450 meters, but a
river and waterways separate them. An independent t-test was used to compare the means of
these land uses. The results showed that the landfill with four observations (M = 27.50, SE =
11.29) is significantly different with grassland with five observations (M = .20, SD = .20), t(7) =
2.75, p = .02. Additionally, the morphological structures of the contaminants were studied to
determine the relationship between the two land uses. The individual sample comparisons
showed that the landfill samples (sample numbers 10, 11, 12, and 13) contained a substantially
higher amount of MiP compared to the grassland samples (sample numbers 14,15,16, 18, and
17).

The result of the landfill and grasslands were compared because the two land uses are located
close to each other of about 450 meters, but they are separated by a river and waterways. There
appeared to be no apparent connection or relationship between landfill land use and grassland
land use. The MiPS found in the landfill were quite different from the one found in the grassland
land use because large fragments and variety of colors were found in the landfill land use.
However, in contrast, only minimal fiber was found in the grassland groundwater and control
samples. Therefore, the data shows that there is no horizontal movement of MiP from landfills to
grassland.

Conclusion

This study is among the first to quantify, characterize, and compare microplastic contamination
in groundwater in greenhouse farmlands, landfill land use and grasslands areas. MiP were found
in all three land use areas. The concentration was greatest in the landfill area, followed by the
greenhouse and grassland areas. The plastic contaminants were mainly microplastic fibers,
fragments, and foam of different sizes and colour. The results of this study indicate that there is
no evidence for the horizontal movement of MiP from high contaminated regions to low
contaminated regions. Given that microplastic particles were found in the groundwater of the
areas (mostly a landfill region). Hence, groundwater from such areas must be treated before
human consumption and irrigation use to reduce the microplastic load in humans and agricultural
soils. Additionally, farmers and stakeholders must dispose of plastics from greenhouse farming
areas. Finally, this research provides insights that could lead to further research on microplastic
contamination in groundwater.
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