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Abstract

Introduction: Today, the production of plastic in the world is more than 400 million tons per year. This
massive volume of plastic, in the form of various products from kitchen appliances to industrial and
agricultural products, is growing rapidly. According to the statistics presented in 2020, about 9% of the
plastics produced in the world are recycled. Therefore, most plastics remain persistent in the soil or in the
seas as plastic waste. Microplastics (MPs) particles less than 5 mm in diameter originate from the
breakdown of larger plastic debris such as plastic bags, bottles, and packaging materials. MPs, as an
emerging contaminant, have gained worldwide attention. Unfortunately, current recycling methods have
failed to provide a comprehensive solution to plastic waste disposal .However, in the past decade, most
research on the effects of MPs pollution has focused on marine ecosystems, while very limited research has
focused on terrestrial ecosystems. Soil ecosystems, especially agricultural lands, are known as the main
reservoir of MPs but the effects of MPs on soil ecosystems remain largely unknown. Soil acts as a
significant reservoir for MPs and can have substantial impacts on soil quality and fertility. Upon entering
soil, MPs can potentially threaten soil health. MPs can interact with soil particles and organic matter and
affect soil structure, nutrient cycling, and microbial communities. Studies have shown that MPs can alter
soil microbial communities, potentially leading to changes in ecosystem functioning. MPs in the soil act as
a means of absorbing and transporting pollutants. They transport agricultural chemicals, heavy metals and
pathogens deep into the soil. The impact of MPs on soil organisms and ecosystems is not yet fully
understood, and more research is needed to assess the extent of the problem and its potential consequences.
They can negatively impact soil function and fertility by disrupting the physical, chemical, and biological
properties of soil. A deeper understanding of how MPs enter, distribute, and accumulate in soils, as well as
their impacts on various soil functions, is essential for developing effective strategies to manage and
mitigate MPs soil pollution .Therefore, the purpose of this research was to determine the distribution of
MPs in the deep soil and to identify the structure of MPs and the extent of their effects on some chemical
and biological properties in Ahvaz urban waste landfill.

Materials and Methods: To investigate the impact of MPs on some chemical and biological properties of
soils in a municipal landfill, a factorial experiment was conducted in a randomized complete block design.
The experiment consisted of 18 experimental soil units with three replications. Soil samples were collected
from three depths (0-10, 10-20, and 20-30 cm) from each of five municipal landfills using a hand auger.
Additionally, soil samples from the same depths were collected from a control area without any waste
landfill. Chemical and biological characteristics of soils, including soil salinity, soil acidity, soil organic
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matter, soluble cations and anions, total nitrogen, available phosphorus, soil lime content, microbial
respiration, soil microbial biomass, extraction and identification of MPs based on standard laboratory
methods were measured. Identification of MPs using FTIR analysis was considered as a crucial step in this
study. The experimental design consisted of two factors: landfill area (landfill vs. control) and soil depth
(three levels). The experimental design was done in a factorial form in a randomized complete block.
Comparison of average data was also done using Tokay’s 5% probability level test, data results were
statistically analyzed with SAS software and graphs were drawn in Excel.

Results and desiccation: The findings of the present study revealed a significant positive correlation
between landfill areas and the control area. This indicates that landfill activities have a substantial impact
on the concentration of MPs in their surrounding environment. In the soils near the municipal landfills,
extremely high levels of MPs were encountered, with up to 4300 MPs pieces per kilogram of soil. This
level of MPs contamination indicates severe soil pollution in these areas. Further analysis of the identified
MPs revealed that two polymers, polyethylene (PE) and polypropylene (PP), accounted for a major portion
of this contamination. Specifically, 71.81% of the MPs studied were PE, 17.15% were PP, 3.11% were
polystyrene (PS), and 8.21% were polyvinyl chloride (PVC). This suggests that plastic materials,
particularly plastic bags, bottles, and other items made of PE and PP, play a significant role in MPs soil
pollution. In addition to physical effects, MPs can also have detrimental consequences for the biological
and chemical properties of soil. The results showed that there is an inverse relationship between soil pH
and the number of MPs, which means that as the number of MPs increases, the pH level decreases. But this
relationship is not the same in all regions and at all depths. An increase or decrease in soil pH is probably
due to the release of alkaline or acidic components from MPs. Soil salinity in areas one to five is higher
than the control area. In some areas, at the same time as the number of MPs decreases with increasing
depth, soil salinity increases and in others it decreases. The amount of soil organic matter in the areas with
MPs pollution was significantly higher than the control area. The results showed that the presence of MPs
in the soil is associated with a significant increase in the amount of total nitrogen in the soil. The reason for
this increase can be related to the effects of MPs on microbial activity and biochemical processes in the
soil. The average microbial respiration in the control area is 261 mg C-CO,/Kg soil, which is 38% lower
than the average microbial respiration in areas contaminated with MPs. The average microbial biomass in
the control area was 73.7 mg C/Kg soil, which is 51% less than the contaminated areas. A significant
increase in microbial biomass in soils contaminated with MPs indicates an increase in the population of
microbes, which can be due to the efforts of microbes to decompose MPs. This study demonstrated that
MPs , as a major source of pollution in municipal landfills, can lead to significant changes in the chemical
and biological characteristics of soils. These changes can negatively impact soil fertility, biodiversity, and
the health of soil organisms. MPs might sorb (adhere) to nutrients and organic matter, altering their
availability to plants and soil microbes. Additionally, the breakdown of MPs could release chemicals that
indirectly affect soil chemistry.

Conclusion: The effects of MPs on soil chemical properties resulted in significant increases in pH, EC,
calcium and magnesium, soil organic matter, phosphorus, and total nitrogen. Soil organic matter,
phosphorus, total nitrogen, and salinity increased by 3.4, 2.2, 7.2, and 2 times, respectively. The presence
of MPs increased microbial respiration and microbial biomass in the surface soil, but at lower depths,
decreased due to excessive salinity. Overall, this study demonstrates that MPs can have substantial effects
on soil chemical and biological properties.

Keywords: microplastic, polyethylene, polypropylene, Soil pollution, Soil properties
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Figure (1) stereo microscope images of the filter surface containing microplastics
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Figure (4) Polymer type and percentage of each microplastic in each region and each depth



YAQ

\Foy QL‘;M.;'U cTc)Lo.JZfV -\.1:- (‘_;))}L:l.f‘_g«lp 4.1») ‘59‘))' ‘5.«»-\..@./:

Siasile 10_0

el 2010 -

S e
Soil depth cm

siegile 3020

60 80 100

percentage abundance of microplastics
L CSCiud 3 ) () 9l _d ua

ilitee S Gos 30 aawdl 3 5 1919 w3 (0) JKb
Figure (5) Percentage of abundance of microplastics in different depths

Ol Wy o opl e PHIEY o300 53 Sty
50LL L g Ol g 4 ESaadly 35 457 ALyl okins
2 OT 56 5 uS 0 358 Sl 5 Gus GlaaY 4 T
@JH\J@\AQY@\J:&B—DH

Zhao et al Ly & glasdlas ;5 .0b o L) 5!
LS PH o ws osls 0lis <3 § &5 (2021)
2 8 b e sl Gl LSy, 038
o 3 Wl Al ST s el ol sl
Yoot oSl PH 2887 L 2l 31 .0FA) ol il 2l
LSty 55 3l ekl b (oUW (gl 05 SI5T s &
Sl S Loy beSaud sy s
PH 8 w5057 JT sladd Wil 5 o ST 55 35 50
(F¥) das a1, oS

SOSFX A bl n S e EC
Dok dels il gty i Sy, G
SNl Sl ) (P JSK8) Sl S 5
Olgie s Ll 5 oo ESiaadly 5 ;) ile AV & Ll 5

S S T 59 g LKl 3y Ol 56
S oot S TR 2 AU -
cailain WS S6 (1) iy uibls 4 b
EC PH , Ges 5 aile oo 55 Jlize 56 5 Gas
S i 5 05 (Joske e ot (oS
S3 ome (sleT sl Ao s ) Ju::-\é@ﬁg{“
4 by e SKile aglie ods &1, () K8 sls 0l 1,
A 50555 ( JTosls s ¢ i ¢S EC pH
a3 Ol |y Calisen bl 5 Cakisen Gles! 5
b & edgdoee )3 Gble aan 5 oS pH pH
STy (gl engulomn ol 5l 515 (VY V) (3L oS
bl 53 &S PH (IS b 4 ol e QS
7 ol (o5l atlate b auglie 53 Sz 5 sl
Sl =V Ges 3 PH s Sls ol (S
Col (o B 2Dl 5 s Dl 3500 ks (6 0
S o 4 g A ol s S PH il
ook §ll Ygame & LBl LSl ) 55 035



Y4

e T ST 5 eSKaadl 5y o lulis 10K 5 3530

ol yo (5 ey Dl g b oS o 55 ol olie (s
WS 3 Ges Gl &S w0 Ba o S sl
SMie Ol o ¢ pimmat b o 281 Sl 5 5 sl
U3 gl 6 5 il b 3 e 3 kS
Glia 53 055 4 gbli JST 53 4873 55 n odalin ST o
Y Y1 G s ol e 5 vk 5,
JAGMJA):br:..KJ\HLEA&U:.‘fML&AEEA.CAMI
(Sola b 4 3yls e gle Ye¥e 5 VoY ooy
Oole ) S Aoy T als ailata 53 peedS e
od IS (opman Sl bl K3 5 endS i
O3 a4 e ol bl oS Sl
b s s s O S
Pl 4 g e bl e g edST Sl 285 93 (550
S 3y 395 ) Ll Sz Sy3 b g
9 bl )3 S 4 e Alg o umen ST s
O35 o jns 3 Mg o5 a5 4 oS 255 S S 5
Olge 4.das 515 50 Cou | Sl (glady 45187 ¢S o
53 LeSad ) sy S 5l Ol adlas ¢S (Jbe
S sph S by el 4 e dlg e S
Do 5 peedS il pla0s3l (pw s g

(FF) das zals

=Y s a0 s 03 S Jes g3l
Gor 02 S8 bl aT s 4 wieT eSad )
Cob g Lym b 428 b1y (e olge Ll o ST
b lg o LSl p - Fdiss oS (g)08 Ll
e A sl b Jsles G0 g b &S 3
Sl s Jele Wil oo pl 5 Npd ST Sly3  edans
ECJ\mdﬁiﬁMuw5|jw9>ﬁ5\5—6»~i‘
odaline dll s sbls CLQJ BERT-TP- ' KR A
A

S s beSaM iy, S dlesls Olas Sllas
4 e LG e &S Aas il oS EC wilg .
Sah (gdie dlgs U5 g s 53 5 ST Hlle ys
(5 3 e Sl WS pipes EC 115
2 M5 5 Sadhn p5 I e Sb S
GlaeSadl 55 Jie Olge 4 )i 5b S EC
PLA) sl S5 s 5 PE) ot L 5l o L
wsle Gl 3y 4 Cuw S EC 6220 36
(0) Lyls K3 5l g0 5l ok

daie 33 iie 5 elS polie J 30 9 poaedS”
(7 JS8) izn (6 Kot o sk 5 ol B al
Sty 55 @yls o Gble o 5l Sy p3 S S s

S ot Ol g bl 4 28 @ (1) Javer
Table (1) results of variance analysis of soil chemical properties
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Table (2) results of variance analysis of soil biological properties
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