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Abstract

Microplastics (MPs) have been an emerging concern due to their harmful ef-
fects on the ecosystem and are ubiquitous in various habitats, from marine to
terrestrial environments. However, studies on the presence of MPs in recrea-
tional areas are limited. One of the previous works has reported that urban
recreational parks are considered “sinks” for plastic debris, including MPs. In
this study, low-density MPs (LD-MPs) in soil samples collected from recrea-
tional parks of Al Ain, United Arab Emirates (UAE) were isolated by density
flotation method. Results showed that these parks have varying levels of LD-MPs
caused by various anthropogenic activities, such as sludge use and application
of reclaimed water from wastewater treatment facilities in those areas. These
plastic particles were isolated in 87% of the soil samples, with an average
concentration of 1550 + 340 MPs/kg. Predominantly, these comprised large
LD-MPs (300 - 5000 um), with red and blue being the most common colors.
Fourier transform infrared (FTIR) spectroscopy identified possible synthetic
polymers, including polyethylene and polypropylene. Additionally, a negative
correlation was observed between LD-MP concentration and soil pH and mois-
ture content, indicating potential adverse effects on soil health. These find-
ings highlight the need for monitoring and managing microplastic pollution
in urban recreational areas to mitigate its ecological impacts.
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1. Introduction

In recent years, escalating concerns over environmental pollution have drawn
significant attention to the ubiquitous presence of microplastics (MPs) and na-
noplastics, particularly in urban ecosystems [1] [2] [3] [4]. Among these, recrea-
tional parks stand as vital green spaces within urban landscapes, offering respite
and leisure to residents. However, the infiltration of plastic particles into these
environments has raised questions about their potential impact on soil health
and ecosystem integrity. The majority of research has focused on MPs in aquatic
ecosystems [5] [6] [7], leaving knowledge gaps regarding other environments.
Thus, studies on the occurrence of MPs in soils, especially in urban parks and
recreational areas, are limited.

Researchers have referred to urban recreational parks as “sinks” of plastic de-
bris, citing their capacity to accumulate substantial quantities of plastic particles
[8]. In their study, MPs were found in 97% of the soil samples from parks and
recreational areas in Amsterdam, Netherlands, with the average concentration of
4825 * 6514 MPs/kg of soil. However, when examining the organic carbon con-
tent, moisture content and pH of the soils, no significant correlation was found
between these properties and microplastic concentration. A variety of synthetic
polymers in different shapes and sizes were documented in many recreational
locations. For example, polystyrene fragments ranging in the size from 0.5 - 5 mm
accounted for about 38% of the total collected particles (n = 3267) from national
parks and protected areas in southern parts of the Baltic Sea [9]. Meanwhile,
polyethylene (PE) and polypropylene (PP) MPs, mostly above 100 um size, were
found on sand and leaves in playgrounds [10].

Furthermore, MPs have the potential to induce adverse health effects in both
humans and animals. Airborne plastic particles can be inhaled and may lead to
disturbances in the respiratory system [11]. In various aquatic animals, such as
brine shrimps [12], water fleas [13], pacific oysters [14], marine medaka [15], sea
urchins [16], marine copepods [17], and zebrafish [18], exposure to MPs has
been linked to reproductive toxicity. Recreational parks, characterized by the
harmonious coexistence of human activity and biodiversity, serve as an ideal set-
ting to investigate the extent and nature of microplastic contamination in such
environments. The focus on low-density microplastics (LD-MPs) is particularly
relevant due to their distinctive behaviors in soil matrices. These particles, often
introduced through various sources including wind dispersion [19] [20], water
runoff [21] [22], and anthropogenic activities [23] [24] have been shown to ac-
cumulate in soil.

Numerous studies have highlighted the significant impacts of plastic particles
on the physicochemical properties of soil. For instance, MPs have been found to
alter soil structure and texture [25] [26], which could hinder the distribution of
soil organisms and affect soil aeration, thus disrupting soil’s biological processes
[27] [28]. Yet, MPs have also been found to stimulate microbial activity [29].
This suggests that while MPs might not directly reduce the number of bacteria in
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the soil, they can still cause significant changes in the soil’s biological dynamics.
These changes can have cascading effects on soil carbon and nutrient cycling,
potentially altering the physicochemical properties and impacting overall soil
health [29]. In the present study, a multidisciplinary approach was employed.
Field surveys were conducted to quantify the abundance and types of MPs present
within the recreational parks in Al Ain, UAE. The potential effects of these MPs
on soil properties, in terms of soil pH and moisture content, were assessed. By
establishing a link between the presence of MPs and soil property alterations,
this study aims to contribute valuable insights into the potential repercussions of

plastic particle contamination on urban ecosystems.

2. Materials and Methods
2.1. Sample Collection

Soil samples were taken from seven recreational parks in Al Ain, UAE (Figure
1). Using a sterile stainless-steel sample probe (HiHydro, T-style, 12 inch), the soil
was collected from the top 30 cm of the soil layer near the boundary. Additional
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Figure 1. Map of recreational parks in Al Ain, UAE. This figure illustrates the location of the recreational parks studied within Al
Ain. Al Ain is situated at approximately 24.2075°N latitude and 55.7442°E longitude.
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samples were collected randomly in the area. A total of 10,701 g (n = 104) of soil
samples were gathered. The global positioning coordinates of each sampling
point were recorded using a handheld GPS (Garmin e Trex"10) (Supplementary
Information; https://doi.org/10.17632/nthrjr322s.1). Each sample was placed in

a brown paper bag (29 x 9.2 x 5 cm) by scraping the soil off from the probe us-
ing a clean, stainless-steel spatula. The samples were transported immediately to

the laboratory and stored in a refrigerator at 5°C until further analysis.

2.2. Microplastic Extraction

Each sample (10.0 + 0.1 g) was dried at 40°C for 24 h. The dried sample was then
filtered through a stack of 8" dm stainless-steel sieves (Glenammar™) with
apertures of 5 mm and 1 mm, followed by the density flotation method (DFM).
The 1 mm sieve was rinsed with saturated sodium chloride (NaCl) solution (1.2
g/cm’) and the rinse was added later into the flask. An aliquot of 5.0 + 0.1 g from
each filtered sample was placed in a clean Erlenmeyer flask. To each flask, 50 mL
of the saturated NacCl solution was added, along with the rinse from the 1mm
sieve. The mixture was stirred with a magnetic bar at ~240 rpm for 30 min. After
stirring, the flask was left undisturbed for 48 h. The liquid portion contains
LD-MPs. This liquid was then siphoned, transferred into a clean beaker, and
subjected to vacuum filtration. The filter paper used was a glass microfiber filter
(Whatman® pore size 1.2 y, 4.7 cm), and the filtration process was performed

twice.

2.3. Microplastic Verification and Identification

To verify LD-MPs, residues on the filter were brushed onto a glass Petri dish us-
ing a sable series 16 (Winsor & Newton) paintbrush (no. 3) with weasel hairs, to
prevent contamination. The dish was then viewed under a stereomicroscope
(AmScope™) at a magnification of 40x. A hot needle test [30] was performed
for isolation of suspected LD-MPs. Controls included low-density polyethylene
(LDPE) microbeads and cotton fibers. Each plastic particle was photographed
and measured using ImageJ 1.53t Java 1.8.0_345 (64-bit). Digital images of
LD-MPs were processed to accurately quantify particle size. This involved set-
ting scale parameters, and employed “analyze and measure” feature of the soft-
ware to record particle dimensions (mm). Prior to the hot needle test, the iso-
lated LD-MPs underwent visual color identification using a 120-palette code.
This palette comprises a range of 13 major colors along the vertical axis and
nine hues along the horizontal axis, spanning from black to white, in addition
to the option of transparency or translucency [31] (Supplementary Informa-

tion; https://doi.org/10.17632/nthrjr322s.1). Descriptive statistical analysis was

conducted to summarize the measurements and observe microplastic color, in-
cluding the calculation of the mean and standard deviation. A Kruskal-Wallis
test was performed to analyze microplastic concentration and size distribution

between sampling sites.
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2.4. Spectroscopic Analysis

Representative LD-MPs were subjected to spectroscopic analysis using Fourier
transform infrared (FTIR) spectrometer (Thermo Nicolet Nexus 470 FTIR, USA),
equipped with a deuterated triglycerine sulfate detector. Briefly, a nujol mull was
prepared by grinding up LD-MPs (0.002 g) with 0.2 g potassium bromide (Sig-
ma-Aldrich®). The transmittance spectra were recorded over 128 scans in the
infrared range of 4000 cm™ to 500 cm™, at a resolution of 4 cm™. The resulting

spectra were then downloaded and graphs generated.

2.5. Soil pH and Moisture Content Measurement

To measure soil pH, distilled water extraction was performed, followed by mea-
suring the pH of the extracts using a benchtop pH meter (Denver Instrument,
Basic pH meter 13,183). For moisture content measurement, each sample (5.0 £
0.1 g) was weighed before air-drying. The samples were then placed in a hot-air
oven at 105°C until a constant mass was achieved. Moisture content was calcu-
lated using the formula: moisture content (%) = (weight of sample before oven
drying — weight of sample after oven drying/weight of sample before oven dry-
ing) x 100. Simple linear regression was employed to evaluate the correlation
between soil pH, moisture content, and the number of LD-MPs per sampling
site. The strength of the correlation values was categorized as follows: very weak
(0 to £0.19), weak (£0.20 to +£0.39), moderate (+0.40 to £0.59), strong (+0.60 to
10.79), and very strong (+0.80 to 1). Additionally, the Kruskal-Wallis test was
performed to determine if there were significant differences between sampling

sites in terms of the LD-MPs concentration.

2.6. Quality Control and Spiked-Recovery Experiment

Quality control is essential in microplastic studies to ensure accurate and reliable
results. Various aspects of the study, from sampling to laboratory analysis, require
careful consideration. During sampling, proper protocols were followed to mi-
nimize contamination. This included using clean sampling equipment, avoiding
cross-contamination between samples, wearing nitrile gloves, and using a cotton
lab coat. The work surface was thoroughly cleaned with 70% ethyl alcohol before
each experiment. A Petri dish with a wet membrane filter was placed on bench
as a control to collect potential airborne MPs, and no plastic particles were found
in these controls. Type 1 grade water was used for cleaning the glassware and oth-
er materials before the experiment.

A spiked-recovery experiment was conducted to assess the efficiency of DFM
in extracting LD-MPs from the soil samples. LDPE microbeads with densities
ranging from ~1.08 g/cm’ to 1.32 g/cm’ were used. A known number of micro-
beads (100 particles) were spiked into the soil matrix (10.0 = 0.1 g). The spiked
samples were subjected to DFM, and the recovered microbeads were counted.
The recovery rate (%) was computed using the formula: recovery rate (%) = (no.

of total microbeads recovered/no. of total microbeads spiked in the matrix) x
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100. This experiment yielded a recovery rate of 87% - 93% for the microbeads

from the soil matrices.

3. Results
3.1. Microplastic Concentration

Plastic particles are consistently been isolated from various environments. How-
ever, MPs in urban recreational areas have received comparatively less docu-
mentation. In the present study, LD-MPs were isolated in 87% of the soil sam-
ples (n = 104) collected from seven recreational parks in Al Ain, UAE. The av-
erage microplastic concentration was 1550 + 340 MPs/kg. The highest concen-
tration of LD-MPs was found in “Towayya” (3160 + 2620 particles/kg), while the
site with the lowest concentration was “Al_Sulaimi” with 600 + 482 MPs/kg.
Furthermore, there were significant differences between sampling locations (p <
0.05) in which outliers were not observed in all sampling sites (Figure 2), sug-
gesting that anthropogenic activities substantially contributed to the presence of
MPs.

3.2. Physical Characteristics and Polymer Types of MPs

The physical characteristics and polymer types of isolated LD-MPs (n = 711)
were analyzed (Supplementary Information;
https://doi.org/10.17632/nthrjr322s.1). Using a stereomicroscope, only three shapes
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Figure 2. Microplastic concentrations at seven sampling locations in Al Ain, UAE. A sig-
nificant difference (p < 0.05) between the sampling locations was observed, as determined
by a Kruskal-Wallis test.
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were visually identified. The predominant shape was microfibers (90.7%), followed
by microfragments (9.0%) and micropellets (0.3%). Regarding size ranges, the ma-
jority were large LD-MPs (300 - 5000 pm; 86.35%), then fine (45 - 149 pm; 7.11%)
and medium (150 - 300 um; 6.54%) LD-MPs. The study revealed that the loca-
tion with the highest median size was “Al_Foah” (1.84 mm), while the lowest me-
dian was observed in “Towayya” (0.86 mm). In Figure 3, although outliers were
shown in all recreational parks except “Al_Foah”, the Kruskal-Wallis test indicated
a significant difference (p < 0.05) in size distribution between sampling sites. This
suggests the presence of multiple sources of MPs. Furthermore, the most abun-
dant colors identified were red (20.7%) and blue (20.3%), as shown in Figure 4.

Representative LD-MPs from soil samples were analyzed for polymer compo-
sition using an FTIR spectrometer. The FTIR spectra indicated that the synthetic
polymer types of isolated plastic particles were potentially PP, PE, polyethylene
terephthalate (PET), or polyvinyl chloride (PVC) (Supplementary Information;
https://doi.org/10.17632/nthrjr322s.1). The spectra exhibited C-H stretching in the
frequency range of 3000 - 2840 cm ™' and C-H bending in the fingerprint region
of 600 - 1400 cm™. Furthermore, the peak at 2850 cm™ is characteristic of PET,
PE, or PVC, the peak at 2916 cm™ corresponds to PE, PP, or PVC, and the peak
at 1472 cm™ is assigned to PE [32] [33] [34].

3.3. Potential Effects on Soil pH and Moisture Content

Two soil biophysical traits, soil pH and moisture content were analyzed
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Figure 3. Size distribution of LD-MPs in soil samples. A significant difference (p < 0.05)
in size distribution between the sampling locations was determined using the Kruskal-
Wallis test.
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Figure 4. Color distribution of isolated MPs (n = 711) where x-axis is the quantity of LD-MPs isolated from each location. Each
plastic particle’s color was visually observed under a stereomicroscope and compared with a 120-palette code to ensure accurate
classification.
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Figure 5. Correlation of soil pH and moisture content with the concentration of LD-MPs. (a) The illustration indicates a potential
relationship between the presence of LD-MPs and soil pH, suggesting that the higher concentrations of LD-MPs might lead to a
decrease in pH levels. (b) Shows a significant negative correlation between microplastic concentration and moisture content, im-
plying that areas with higher concentrations of MPs tend to have lower moisture content. It is important to consider other poten-
tial factors that could influence soil pH and moisture content and recognize that MPs might not be the sole drivers of these
changes in the soil.

(Supplementary Information; https://doi.org/10.17632/nthrjr322s.1). The high-

est median pH was observed in “Ashreej” (pH = 8.62), while the lowest was in

“Zakher” (pH = 7.75). Outliers were not observed in any locations, except “Jahi-
1i”. Moreover, a negative correlation (r = —0.89, n = 7, p = 0.044) was found be-
tween the microplastic concentration and soil pH (Figure 5(a)). The negative
r-value for the correlation between soil pH and concentration of plastic particles
suggests very strong negative correlation. This might imply that as the concen-
tration increases, the soil pH decreases. The highest moisture content was rec-
orded in “Al_Sulaimi” (14.89%) and the lowest was in “Al_Muraijeb” (7.67%),
with a significant difference (p < 0.05) observed between parks. Similarly, a neg-

ative correlation (r = —0.87, n = 7, p = 0.027) was found between microplastic
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concentration and soil moisture content (Figure 5(b)), suggesting that as the
concentration decreases, the moisture content of the soil increases. Similarly, the
r-value for the correlation between moisture content and concentration of plas-

tic particles also indicates a very strong negative correlation.

4. Discussion

Urban recreational parks, designated spaces for leisure activities that offer aes-
thetic and recreational benefits, also harbor imminent environmental hazards,
including microplastic deposition. The presence of MPs in recreational areas has
been documented worldwide, with concentrations in these areas showing varia-
bility [8] [35] [36]. Specifically, LD-MPs were isolated from soil samples col-
lected from seven recreational parks in Al Ain, UAE (Figure 2). These particles
have different shapes, sizes, colors, and polymer types (Figure 3 and Figure 4;
Supplementary Information; https://doi.org/10.17632/nthrjr322s.1). Various stu-

dies have identified the potential sources of MPs.

Focusing on human-related activities, wastewater treatment facilities (WW'TFs)
have been identified as one of the major sources of microplastic distribution in
terrestrial and marine ecosystems. It has been reported that WWTFs release 65
million MPs daily [37], including 22.7 + 12.1 X 10’ particles per kilogram in
sludge discharges. This results in an estimated 1.56 x 10" sludge-based MPs en-
tering the environment annually [38]. A recent study reported that the sewage
sludge collected from a wastewater treatment plant in Abu Dhabi, UAE has a
monthly average abundance of 152 MPs/g [39]. In this context, the soil samples
collected from recreational parks in Al Ain were found to contain sludge. The
amendment and application of sludge and reclaimed water in recreational parks
and related areas (Ze. date palm farms) is a common practice in UAE to satisfy
plant nutritional requirements and for aesthetic purpose. However, sludge con-
tains harmful pollutants, including plastic particles and toxic chemicals, that poses
environmental threats. Consequently, MPs from sludge were directly transferred
to and deposited in the soils of the recreational parks.

In addition, reclaimed waters from WWTF that are used for nonpotable pur-
poses, such as irrigation, contain MPs as well. But they are not identified as a
major contributor of MP pollution in the environment, as 63.5% - 95.4% of the
particles are eliminated during the wastewater treatment process [40]. Nonethe-
less, a small number of MPs from reclaimed water could still be transferred to
and accumulated in the soil. A significant concentration of atmospheric plastic
particles has been reported in metropolitan areas [41] [42]. Due to their low
densities, MPs are passively transported to different locations, including remote
regions [43] and urban recreational areas [2] [8] [10], with deposition rates
ranging from 575 - 10,008 particles per square meter per day [44]. This raises
public health concerns, such as ingestion, inhalation, and dermal contact. Expo-
sure to plastic particles can lead to toxicity in humans through oxidative stress,

inflammatory lesions, and increased uptake or translation, potentially resulting
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in chronic illnesses [45]. Therefore, further study is warranted to understand the
link between atmospheric deposition of MPs and urban parks.

A wide variety of MPs in soil and water samples, coupled with their distinct
physical and chemical properties, pose challenges to their detection and charac-
terization. In this study, microfibers are predominant, and textile (e.g. clothes)
have been indicated as a major source of MPs [46] [47] [48]. Textiles shed an
average of 7360 fibers [49], resulting in a significant presence of microplastic fi-
bers being discarded in WWTF [50]. Additionally, FTIR analysis revealed that
PP, PE, PET, and PVC are possible polymers of the isolated LD-MPs in this
study. Plastics, composed of complex synthetic polymers are present in various
materials, including textile and disposable items (e.g. water bottles, carry bags,
bottle caps, plastic cutlery, drink cups, etc.) commonly used in outdoor activities
in recreational parks. Nevertheless, since 90.7% of the isolated LD-MPs are fi-
bers, observation suggests that sludge and reclaimed waters from WW'TF are the
sources of MPs present in recreational parks.

Establishing a relationship between soil properties and MPs poses a challeng-
ing task. Prior studies have attempted to demonstrate the effects of MPs on soil
pH and moisture content. Here, a negative correlation was observed between
high concentration of LD-MPs and a decrease in pH (Figure 5(a)). For instance,
“Towayya”, which had the highest concentration (3160 + 2720 particles per ki-
logram), had a mean pH of 7.75. In contrast, “Jahili” (880 + 766 particles per ki-
logram) and “Al_Sulaimi” (600 * 482 particles per kilogram), with the lowest
concentrations, had mean pH values of 8.34 and 8.17, respectively. It has been
reported that the size and shape of MPs are key attributes influencing soil prop-
erties [25] [51] [52], such as soil pH. For instance, plastic foams and fragments
have been reported to cause an increase in soil pH [52], and a mixture of MPs
has been found to shift soil pH towards alkalinity [53]. However, the relation-
ship between MPs and soil moisture content remains elusive. Researchers have
observed a nonsignificant negative correlation between microplastic concentra-
tion and the moisture content of collected soil samples but were unable to de-
termine the exact cause [8]. In contrast, this study found a significant negative
correlation (Figure 5(b)), where “Towayya” had the highest concentration with
a mean moisture content of 8.80%, while “Al_Sulaimi” with the lowest concen-
tration had a mean of 14.89%. Based on these observations, MPs might influence
soil properties; thus, further study is recommended to explore the exact causes of

these effects.

5. Conclusion

The present study highlights that while urban recreational parks offer valuable
leisure activities, they also serve as repositories for environmental pollutants such
as MPs. The study concluded that these parks exhibit varying levels of LD-MPs,
predominantly originating from anthropogenic activities, including use of sludge

and the application of reclaimed water. Additionally, atmospheric deposition
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might play a significant role in the accumulation of MPs in the soil, although es-
tablishing a direct link within the scope of this study remains challenging. The
pervasive presence of plastic particles, primarily deriving from human activities,
underscores a looming environmental threat. Therefore, it is imperative to raise
public awareness and implement eco-friendly practices to mitigate the impact of

microplastic pollution effectively.
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