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Abstract
Occurrence of microplastics in various environmental matrices is a global reality. Considering the significance of this fact, 
scientists are trying to identify and characterize this emerging contaminant in a variety of abiotic as well as biotic matrices, 
so that effective preventive measures may be adopted. Increasing plastic usage in agricultural practices in the form of pack-
aging, mulching etc. have introduced this contaminant in agricultural soil as well. Therefore, present study was carried out 
in agricultural soil of Bhopal, Central India. Microplastics in agricultural soil were identified and characterized using FTIR 
spectroscopy, and further assessed for possible ecological risks. An amount of 307.5 ± 9.19 and 69.5 ± 4.95 particles were 
found in the 10 soil samples collected from each of the Bhauri and Kokta agricultural areas of Bhopal, respectively. Polyeth-
ylene and polypropylene were the most abundant microplastic polymers. Presence of these particles resulted in ‘very-low’ 
to ‘low’ hazard to the soil. Presence of plastic particles in agricultural soil of Bhopal was attributed to the littering of plastic 
packaging materials of various agrochemicals, and atmospheric deposition. Presence of microplastics may pose consider-
able risk to the agricultural soil, crop health, and subsequently to human health. Therefore, control measures to minimize 
plastic pollution need to be adopted.
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Introduction

Agriculture is one of the fundamental requirements for the 
sustenance of human lives. Moreover, agriculture is also 
one of the most important components of Indian economy 
since India serves as the world’s largest producer of pulses, 
jute, and spices [1, 2]. Besides, India is the second largest 
producer of rice, wheat, cotton, sugarcane, tea, groundnut, 
fruits, and vegetables [1]. Considering the role of agriculture 
in the human lives and economy, it is of utmost importance 
to keep the quality of soil intact and free from any kind of 
pollutants. Nevertheless, United Nations’ sustainable devel-
opment goals (SDGs) also emphasize upon ending hunger, 
achieving food security, improved nutrition, and promoting 
sustainable agriculture [3]. However, in present times, vari-
ous emerging contaminants have been found to affect the 
physico-chemical and microbiological quality of the soil 
[4–6]. Microplastics are one of such contaminants which 
have been shown to negatively affect the quality of soil [4, 
7]. Microplastics, the tiny plastic particles in the size range 
of 1 µm–5 mm [8]; are mostly the outcome of improper 
management of plastic waste [9]. Being small in size, these 
plastic particles are able to travel long distances in the envi-
ronment and contaminate almost every kind of matrix, such 
as, air [10, 11], water [12], soil [7, 13], glaciers [14–16], 
deep ocean [17] etc. Despite having significant contaminat-
ing potential of microplastics, research in this direction has 
progressed in the present decade only. Most of the researches 
till date have focused on the marine water [18, 19], surface 
water [20, 21], groundwater [22, 23], drinking water [9, 12], 
wastewater [24, 25], air [10, 11], and biotic species [26–29]. 
However, microplastic research in the area of soil is rather 
limited [7]. As soil does make an important part of the entire 
ecosystem, research in this area needs to be focused upon.

Presence of microplastics in the soil may be sourced 
through various means, such as, packaging material of 
fertilizers and pesticides [30, 31], plastic mulching films 
[32], application of groundwater/wastewater/sludge con-
taminated with microplastics [33], dumping of munici-
pal solid waste, atmospheric deposition [34], etc. These 
microplastic particles upon mixing with the soil disturb 
the natural soil composition and properties [35]. As plas-
tic particles are carbon rich polymers, these also have the 
potential to influence the carbon and nitrogen ratio of the 
soil [7]. Further, microplastic particles also disrupt the 

growth of microbial species in the root zone area, which 
ultimately affects the crop growth [13, 36]. Effects on crop 
growth and/or crop’s nutritional properties are expected 
to negatively affect human health as well. Besides, it is 
also noteworthy that microplastic particles are the efficient 
carriers of a number of environmental contaminants, such 
as, metals/metalloids, chemicals, pigments, additives, and 
microbes which further enhance the risk posed by these 
particles onto soil, crop, and ultimately on human health 
[9, 37, 38]. Upon reaching into deeper layers of soil, these 
microplastic particles may also contaminate the ground-
water resources [39].

Considering the significance of soil microplastics and 
research gap in this area, present study was conducted in 
one of the important agricultural belts of India viz. Bho-
pal. Nevertheless, majority of the microplastic studies in 
India have focused only in the coastal environments [40–44], 
while a few have been carried out in the air [45, 46]. There-
fore, it was considered necessary to estimate the occurrence 
of microplastics in Indian agricultural soil along with their 
characterization and risk assessment. This is the first study 
about the estimation of microplastics in agricultural soil of 
the Central Indian region and therefore, it would certainly 
help other researchers to further assess the impact of micro-
plastics onto physico-chemical/microbiological properties 
of the soil.

Materials and methods

Study site

This study was carried out in Bhopal situated across the 
geographical coordinates of 23.4884°N and 77.4243°E. 
Bhopal is the capital city of the Indian state of Madhya 
Pradesh (Central India) (Fig. 1a) [7]. Out of the 52 admin-
istrative districts of Madhya Pradesh, Bhopal is one of the 
districts having population of approximately 23,68,145 [7, 
47]. Although, the major portion of Bhopal’s economy is 
dependent on industrial and tourism activities [48]; agricul-
ture is also practiced in the peripheral areas of the city. As 
per the records, Bhopal generates approx. 112 tons of plastic 
waste per day, out of the total 800 tons of solid waste gener-
ated in the city [49]. In order to estimate the occurrence of 
microplastics in agricultural lands of Bhopal, soil samples 
were collected from two agricultural areas, namely Bhauri 
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Fig. 1  a Location of Bhopal in Madhya Pradesh, India; b sampling areas in Bhopal city, Central India for agricultural soil collection; c sampling 
sites in two distinct selected areas
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and Kokta, situated opposite to each other at either ends of 
the city (Fig. 1b). A total of 20 samples (10 from each of the 
chosen agricultural area) were collected randomly. The spe-
cific locations of the sampling sites are shown in Fig. 1c–d.

Sampling

Samples of 1 kg. weight were collected from the top 5 cm 
surface soil of agricultural areas in duplicates during 
May–June 2022. Quadrate method (size 1 m × 1 m) was used 
to delineate the area for sample collection. For digging and 
collection of soil, spade (metallic), scoop (stainless steel), 
and measuring tape were used [7]. Samples were transferred 
to the cotton bags, marked, and brought to the laboratory for 
analysis [42].

Experimental procedure

The collected soil samples were in dried condition owing 
to collection in the month of summer (mean temperature 
of 41 ºC); however, these were further dried at 40ºC for 
48–72 h to avoid any possibility of humidity. The bigger soil 
lumps were crushed to small pieces and grinded for obtain-
ing homogeneous sample. Samples were then sieved using 
stainless steel sieves in which mesh size varied from 5 mm 
to 500 µm. The fraction of soil and plastic particles beyond 
5 mm size was discarded. The remaining soil fractions were 
kept segregated as per their size and checked for the pres-
ence of microplastic particles in each of the fractions. Wet 
peroxide oxidation (using  FeSO4 and  H2O2) and density sep-
aration (using conc. NaCl solution of density 1.2 g/mL) were 
performed. The resulted microplastic particles were evalu-
ated to know the physical characteristics viz. size, shape, and 
color using stereomicroscope (Make: Zeiss, Model: Stemi 
305) with magnification variable between 8× and 40×, and 
zoom ratio of 5:1 [7]. In order to chemically characterize the 
particles, Fourier transform infrared (FTIR) spectroscopy 
(Make: Perkin Elmer, Model: Spectrum Two) having attenu-
ated total reflectance (ATR) accessory was utilized.

The experimental procedures were carefully carried out 
following necessary precautions to avoid any mishandling 
and contamination in the samples. Gloves and cotton lab 
coats were worn all the time. Samples were collected in glass 
Petri-dishes and covered with aluminium foil. It was specu-
lated that air-borne microplastic particles might contaminate 
the samples resulting in overestimation [19, 50]. However, 
this possibility was overruled in present study, owing to the 
fact that the minimum size of the microplastic particles was 
considered to be 500 µm.

Risk assessment

The assessment methodologies for ecological risk estima-
tion of microplastics vary among researchers as there is 
no consensus achieved on a single standard method. Some 
researchers follow the Håkanson’s method of estimating risk 
which depends upon the degree of microplastic pollution 
over a period of time [51]; while others estimate risk based 
on the concentration of microplastics in the given environ-
mental matrix at any particular time-frame [52]. In this 
study, the later method has been followed and ecological 
risk estimation was carried out considering the concentration 
of microplastics and their respective hazard scores (toxicity 
level), as shown in Eq. 1.

where, H is the Microplastics’ induced risk index,  Pn is 
the Percent of microplastic polymer type collected at the 
individual sampling site,  Sn is the Hazard score of plastic 
polymers based on the Lithner et al. [53]

Results

Identification and quantitative estimation 
of microplastic particles

Upon analyzing the agricultural soil samples, it was found 
that almost all the samples were contaminated with the 
microplastic particles. The particles varied significantly in 
size and shape, however; colour for most of the particles was 
found to be white/transparent. The shape of the particles 
ranged from fiber to fragments, the former being the most 
common type among all the particles detected. All the plas-
tic particles below the size range of 5 mm were considered 
for quantitative estimation, as 5 mm has been defined as the 
upper size limit for microplastics [8]. A total of 307.5 ± 9.19 
particles and 69.5 ± 4.95 particles were found in the 10 soil 
samples collected from each of the Bhauri and Kokta agri-
cultural areas, respectively (Fig. 2). Figure 2a shows that 
the site no. # 5, 6, 7, and 10 are comparatively more con-
taminated than rest of the sites in the Bhauri agricultural 
area. Further, site no. # 1–5 and 7 were found to be more 
contaminated in the Kokta area (Fig. 2b).

As soil samples were fractioned in different size ranges 
viz. 5–2 mm, 2–1 mm, and 1–0.5 mm; the microplastic par-
ticles obtained were also categorized into these size ranges, 
as represented in Fig. 3. The obtained particles can be seen 

(1)H =

∑

P
n
× S

n
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to be dominantly present in the size range of 5–2 mm and 
2–1 mm, while smaller size particles were few. However, in 
due course of time, these larger size particles are expected to 

be broken down into smaller pieces upon action by the envi-
ronmental agencies, which may pose comparatively higher 
risk to the soil [35].

Fig. 2  Quantitative estimation 
of microplastics in a Bhauri and 
b Kokta agricultural areas in 
Bhopal, Central India
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Qualitative characteristics of microplastic particles

In order to further characterize, microplastic particles 
were subjected to spectroscopic analysis through ATR-
FTIR for chemical characterization. The obtained absorb-
ance spectra of microplastic particles were compared with 

the characteristic absorbance bands of various polymers 
of plastic category. It was revealed that particles majorly 
belonged to five different polymer classes, viz. polyethyl-
ene (PE), polypropylene (PP), polyvinyl chloride (PVC), 
polyethylene terephthalate (PET), and polystyrene (PS). 
The characteristic absorbance bands of each type of 

Fig. 3  Size based distribution of 
microplastics across the selected 
sampling sites in agricultural 
soils of a Bhauri and b Kokta in 
Bhopal, Central India
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Fig. 4  Chemical characteriza-
tion of microplastics across the 
selected sampling sites in agri-
cultural soils of Bhopal, Central 
India; a PE, b PP, c PVC, d 
PET, e PS
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plastic polymer are shown in Fig. 4a–e. Corresponding 
peak position of bands for PE, PP, PVC, and PET has 
been discussed elsewhere [7]. Additionally, presence of 
PS was confirmed through the two saturated C–H stretch-
ing peaks present at 2923  cm−1 and 2850  cm−1. Further, 

peaks at 1492  cm−1, 1452  cm−1, and 756  cm−1 are also the 
characteristic peaks of polystyrene (Fig. 4e). In many of 
the cases, such peaks were also found which are not char-
acteristic of that particular polymer class, such as, broad 
peak present at 3423  cm−1 and another peak at 1032  cm−1 

Fig. 4  (continued)
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in the spectrum of polypropylene (Fig. 4b). These peaks 
refer to the degradation of polymers in the soil matrix 
in presence of moisture, biotic agencies, human interfer-
ences etc. [54]. It has also been proposed that these peaks 
may be the result of various additives/plasticizers added 
during the plastic manufacturing processes [55]. Simi-
larly, in the spectrum of polyvinyl chloride, absorbance 
peaks may be seen at 1643  cm−1 and 1032  cm−1 (Fig. 4c) 
which depict the degradation of the particles in soil [7, 
54, 56].

The proportion of various types of polymers in the col-
lected microplastic particles is shown in Fig. 5. It can be 
seen that polyethylene is present in the highest amount 
in both the areas. In case of Bhauri agricultural area, the 

polyethylene was found to be 51.3%, followed by PET 
(27.4%), PP (21.3%), and PVC (0%) (Fig. 5a). However, 
the proportion of polymers in the soil of Kokta agricul-
tural area was slightly different, viz. PE (65.2%) > PP 
(18.2%) > PVC (10.6%) > PS (4.6%) > PET (1.5%) 
(Fig. 5b).

Ecological risk estimation

Ecological risk posed by microplastics was calculated using 
the formula shown in Eq. 1. For Bhauri agricultural soil, 
the risk index varied between 100 and 838 having the mean 
value of 458.7 among the sites; while for Kokta agricultural 
soil, it varied between 100 and 1,000,100 having median 
value of 1044.4 (Fig. 6). The considerable difference in the 
risk indices of the two areas, and among the different sites 
in the same area was attributed to the difference in number 
and types of microplastic particles. More number of micro-
plastic particles will certainly result in higher risk compared 
to sites having less number of particles. Additionally, there 
is considerable variation among the hazard scores of differ-
ent polymers [53]. Thus, polymer having high hazard score 
may result in higher risk index in spite of minimal presence 
quantitatively. For example, the presence of PVC type of 
plastic particles in Kokta agricultural area is reported only 
at two sites, namely #KS5 and #KS6, having the amount as 
5 and 2 particles/kg, respectively (Fig. 5b). However, PVC’s 
hazard score of 10,001 [53] renders the risk index to be 
increased significantly (Fig. 6). Here it is to be mentioned 
that present study has considered only 10 samples in the 
respective areas; and hence, the risk estimation needs to be 
interpreted with caution.

Fig. 5  Chemical characteristics-based microplastics’ distribution 
across the selected sampling sites in agricultural soils of a Bhauri and 
b Kokta in Bhopal, Central India

Fig. 6  Microplastics’ induced risk index in agricultural soils of 
Bhauri and Kokta in Bhopal, Central India
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Discussion

Presence of microplastics and probable sources 
in the agricultural soil

This investigation first time reports the occurrence of micro-
plastics in the soil of agricultural area in the Central Indian 
region. Moreover, microplastics’ research in India is in its 
early stages, and mainly limited to the eastern and western 
Indian coastal regions [41–44]. Research in the soil matrix is 
minimal [7, 57] and therefore, present study bears a special 
significance in order to understand the level of contamina-
tion due to microplastics in soil. Generally, occurrence of 
microplastic particles in the Indian agricultural soils may be 
attributed to the littering of agrochemicals’ packaging mate-
rials in field, use of plastic mulching films, atmospheric dep-
osition, use of sewage sludge as fertilizers, irrigation using 
wastewater having microplastics, and dumping of municipal 
waste (as shown in Online Resource 1) etc. [23, 57, 58].

Occurrence of microplastics in the agricultural soil of 
Bhopal region indicates the exposure of soil to a variety of 
plastic litter. With time, the bigger plastic pieces breakdown 
into smaller ones resulting in microplastics. Since, micro-
plastics originate from the larger plastic particles, these 
maintain the physico-chemical properties of the plastics. 
Besides, microplastics develop certain other unique features 
as well being small in size and varied in dimensions. Among 
all the selected sampling sites in two different agricultural 

areas, microplastics have been reported from each site except 
one, viz. #KS10. The highest amount of microplastics in 
Bhauri area was 112.5 ± 0.707 particles/kg (site no. #BS10); 
while it was 19 ± 1.414 particles/kg in the Kokta agricultural 
area (site no. #KS4). Majority of the particles were found in 
ruptured and disturbed condition (Fig. 4), representing that 
abiotic/biotic factors and human interferences are breaking 
these down to further smaller pieces.

In the sampled sites, presence of microplastics is primar-
ily expected to originate from the use of agricultural items 
packaged in plastics, such as fertilizers, pesticides; use of 
plastic hoses etc. (Fig. 7) Fertilizers and pesticides are often 
packed in high-density polyethylene or polypropylene mate-
rials, as these packaging materials provide impermeability, 
resistance to microbes, and water-proofing. After the use of 
these agrochemicals, packaging materials are often left in 
the soil; either whole or in part, which keeps on breaking 
down under the influence of environmental and human fac-
tors. Similarly, hoses (made up of PE/PP/PVC) are generally 
left in the soil once their application is over. Excess presence 
of polyethylene and polypropylene in this study corroborates 
this fact. Moreover, studies also report that polyethylene, 
polypropylene, polyethylene terephthalate are the most com-
mon plastic polymers in the agricultural sector [57]. Another 
important source of microplastics in the region is the atmos-
pheric deposition which serves to be one of the important 
factors for transporting plastic particles up to distant places 
[7, 14, 16].

Fig. 7  Schematic representation of the microplastics’ occurrence in agricultural soils of Bhopal, Central India
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Comparison with other studies

There are not many studies in the area of soil microplas-
tics, esp. agricultural; however, a few studies may be quoted 
(Table 1). Huang et al. reported microplastics in agricultural 
soil of China. It was found in the study that soil under the 
influence of plastic mulching films for long time had more 
amount of microplastics. A total number of 1075.6 ± 346.8 
pieces/kg of soil were reported from the soil which was under 
mulching for 24 years [59]. Impact of mulching and land-use 
on the presence of microplastics has also been studied by Feng 
et al. It was demonstrated that microplastic particles emerged 
from the fragmentation of plastic mulch in farmland soil 
resulting in 53.2 ± 29.7 items/kg and 43.9 ± 22.3 items/kg in 
shallow (0–3 cm) and deep (3–6 cm) soils, respectively [60]. 
The characteristic polymer types were reported to be of poly-
ester and polypropylene. Presence of microplastics was also 
reported from the vegetable farmlands in suburbs of Shanghai 
[34]. On an average, 78 ± 12.91 items/kg and 62.50 ± 12.97 

items/kg were reported from the shallow (0 ~ 3 cm) and deep 
(3 ~ 6 cm) soils, respectively. Chemical composition analysis 
showed the presence of polypropylene (50.51%) and poly-
ethylene (43.43%) [34]. Li et al. demonstrated the impact of 
mulching in agricultural soils esp. in arid regions. Micro-
plastics’ abundance of 40.35 mg/kg, having size range of 
0.9–2 mm, was reported from the soils which were under the 
continuous practice of mulching for approximately 30 years 
[61]. Zhou et al. studied the agricultural soil on one of the 
coastal plains in China. Here, mulched soils were found to 
have 571 pieces/kg of microplastics, compared to 263 pieces/
kg in the non-mulched soils [62]. However, apart from mulch-
ing; irrigation water, plastic waste, and compost were also 
recognized as the probable sources of microplastics in agri-
cultural soil. As far as type of microplastic particles are con-
cerned, dominance of polyethylene, polypropylene, polyester, 
rayon, and polyamide was reported [62]. Similarly, microplas-
tics were also found in the Chinese soil where sewage-sludge 
based fertilizers were applied. Quantitatively, 545.9 and 87.6 

Table 1  Published literature on the occurrence of microplastics in agricultural soil

Country Type of soil Depth of soil (cm) Abundance of micro-
plastics (particles/kg)

Type of microplastics Major source References

China Vegetable farmlands 0–3 78 ± 12.91 Polypropylene, poly-
ethylene

Plastic mulching, 
compost

[34]
3–6 62.50 ± 12.97

India Agricultural soil 
(Maharashta)

15 40.46 (mulched soil) Polyacrylamide, poly-
ethylene, polypro-
pylene, cellulose, 
and polyethylene 
terephthalate

Plastic mulching, 
irrigation, heavy 
rainfall

[57]
15 20.54 (un-mulched 

soil)
Agricultural soil 

(Karnataka)
30 8.45 (mulched soil)
15 2.83 (un-mulched 

soil)
China Soil amended with 

sewage sludge 
compost

0–5 35.5 Polyethylene, poly-
propylene, polyeth-
ylene terephthalate, 
polybutylene, ethyl-
ene vinyl acetate

Sewage-sludge based 
fertilizers (30 
tonnes/hectare)

[58]
5–15 330.4
15–25 180
0–5 27.6 Sewage-sludge based 

fertilizers (15 
tonnes/hectare)

5–15 45
15–25 15

China Agricultural soil 0–40 1075.6 ± 346.8 Polyethylene Plastic mulching 
films

[59]

Qinghai—Tibet Farmland soil 0–3 53.2 ± 29.7 Polyester, polypro-
pylene

Plastic mulching 
films

[60]
3–6 43.9 ± 22.3

China Agricultural soils in 
arid regions

20 40.35 mg/kg Polyethylene Plastic mulching 
films

[61]

China Agricultural soil 0–10 571 (mulched soil) polyethylene, 
polypropylene, 
polyester, rayon, and 
polyamide

Plastic mulching, 
irrigation water, 
plastic waste, and 
compost

[62]
263 (non-mulched 

soil)

India Agricultural soil 
(Bhauri)

0–5 cm 307.5 ± 9.19 parti-
cles/10 kg

Polyethylene, poly-
propylene,

Agricultural items 
packaged in 
plastics, such 
as fertilizers, 
pesticides; plastic 
hoses; atmospheric 
deposition

This study

Agricultural soil 
(Kokta)

69.5 ± 4.95 parti-
cles/10 kg
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microplastic items/kg of soil were reported after the appli-
cation of 30 tonnes/hectare and 15 tonnes/hectare of sludge 
composts, respectively [58].

Studies in the context of Indian agricultural soils are 
lacking except where microplastics were detected in the 
soils of Maharashtra and Karnataka regions [57]. This 
study collected 30 soil samples which included mulched, 
un-mulched, and dumpsites. Among the mulched soil cat-
egory, the highest amount of microplastics was reported to 
be 40.46 pieces/kg (in Maharashtra), while the lowest as 
8.45 pieces/kg (in Karnataka). For un-mulched soil category 
as well, the highest amount was reported in Maharashtra 
(viz. 20.54 pieces/kg) and lowest in Karnataka (viz. 2.83 
pieces/kg). Majority of the microplastic particles reported 
in these soils were found to be varying across the size range 
of 0.3–1 mm. Chemical composition analysis revealed the 
presence of polyacrylamide (69.8%), polyethylene (11.63%), 
polypropylene (7.7%), cellulose (3.87%), and polyethylene 
terephthalate (3.87%) [57]. High occurrence of polyethylene 
and polypropylene in the present study, therefore, matches 
with this Indian study.

Ecological risk assessment

Assessment of risk in the present study was done by utiliz-
ing the percentage of microplastic polymer type collected 
at the individual sampling site and hazard score of respec-
tive plastic polymer. The hazard scores of the studied plastic 
polymers are shown in Table 2 [53]. It can be seen that there 
is wide variation in the hazard scores of polymers. The high 
hazard score of polymers (e.g. PVC) is inevitable to enhance 
the risk posed considerably, even if the number of plastic 
particles is low, as seen in Fig. 6 of the present study. In case 
of other polymer types, though the microplastics’ amount is 
high (Fig. 5), but risk imposed is comparatively less (Fig. 6) 
owing to low hazard scores (Table 2).

Quantification of risk index (H) in the studied soil sam-
ples (Fig. 6) infers that there is considerable ecological risk 
due to microplastic contamination in the region. As per Du 
et al., the risk index may be categorized under different 
hazard levels as shown in Table 3 [52]. Following this sce-
nario, the mean/median risk index calculated in the present 

study may be categorized under the hazard level I (i.e. very 
low hazard) and hazard level II (i.e. low hazard) for Bhauri 
 (Hmean—458.7) and Kokta  (Hmedian—1044.4) agricultural 
areas, respectively. However, here it is noteworthy that other 
methods with varied categorization of hazard levels are also 
available [63, 64].

Nevertheless, risk due to the microplastics is evident; 
and in the long term, even the low hazard level of micro-
plastics is anticipated to affect soil characteristics in a con-
siderable manner. Studies have reported that microplastics 
alter soil pH, soil respiration, and enzymatic activities 
[65]. Moreover, the features (such as size, shape, chemi-
cal composition etc.) of microplastic particles also influ-
ence various soil characteristics. Apart from altering the 
soil’s physico-chemical properties, microplastics may also 
affect the microbial composition of soil [5, 66]. It has been 
shown that microbes colonize the microplastic particles 
present in soil. Composition of these microbes is different 
from the microbes of the bulk soil. Thus, excess amount of 
microplastics would lead to more colonization and thereby 
affect the community composition of soil microbiota to an 
important extent [67]. Longer retention of microplastics 
in soil will further result in the generation of nanoplas-
tics which may migrate through soil, thus, contaminating 
the underlying groundwater resources [23]. Further, since 
microplastics are efficient carriers of various contami-
nants [9, 37]; percolation of agro-chemicals (fertilizers, 
pesticides etc.) into underground aquifers through these 
particles is also anticipated [7]. Therefore, repercussions 
of microplastics’ occurrence in the soil are varied and hold 

Table 2  Information about the microplastic polymers found in the study

Polymer Monomer Abbreviation Hazard score  (Sn) Utility

Polyethylene Ethylene PE 11 Packaging film, garbage bags
Polypropylene Propylene PP 1 Packaging, ropes, twines
Polyethylene terephthalate Terephthalic acid and 

ethylene glycol
PET 4 Bottles, bags

Polyvinyl chloride Vinyl chloride PVC 10,001 Packaging, hoses
Polystyrene Styrene PS 30 Packaging

Table 3  Ecological risk assessment of microplastic pollution

Hazard level Assessment statement Microplastics’ induced 
risk index (H) (Du et al. 
2020)

I Very low hazard  < 1000
II Low hazard 1000–1500
III Medium hazard 1500–2000
IV High hazard 2000–2500
V Very high hazard  > 2500
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the possibility of affecting not only the soil quality; rather, 
crop growth, crop nutrition, groundwater, and human 
health as well. In order to minimize these repercussions, 
improved plastic waste management leading towards the 
approach of circular economy needs to be strengthened 
[68, 69].

Conclusion

This study reported the presence of microplastics in agri-
cultural soil of Bhopal, Central India, which is the pio-
neering study in this region. Agricultural soil from two 
different areas, viz. Bhauri and Kokta, were sampled and 
analyzed. Except one, all the sampled sites (10 in each 
area) were found to be contaminated with microplastics 
having a  total of 307.5 ± 9.19 particles and 69.5 ± 4.95 
particles in Bhauri and Kokta, respectively. Polyethylene 
and polypropylene were the two major types of microplas-
tic particles reported in the studied region. These polymers 
are generally used in packaging of fertilizers, pesticides, 
and other agricultural commodities. Risk assessment anal-
ysis indicated that the studied areas are having low haz-
ard level of contamination from microplastics; however, 
preventive actions are required to be adopted in order to 
minimize further contamination.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10163- 023- 01805-6.

Acknowledgements Surya Singh is thankful to Mr. Mahendra K. Jain 
for the support provided during soil sampling. Authors also acknowl-
edge the cooperation provided by the farmers/owners of the agricultural 
land holdings in Bhopal.

Funding Authors are thankful to the Indian Council of Medical 
Research (ICMR), New Delhi for the financial support (project grant 
number ICMR-NIREH/BPL/IMP-PJ-44/2021–22/469: Principal Inves-
tigator—Surya Singh, ICMR—NIREH, Bhopal).

Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on 
reasonable request.

Declarations 

Conflict of interest The authors have no relevant financial or non-fi-
nancial interests to disclose.

References

 1. RBI (2022) Indian agriculture: achievements and challenges RBI 
Bulletin. https:// rbido cs. rbi. org. in/ rdocs/ Bulle tin/ PDFs/ 02AR_ 
17012 0226C D5827 83DB4 4FECB 7A07A C2382 70E5F. PDF. 
Accessed 20 Jan 2023

 2. IBEF (2022) Spices industry and export in India, India Brand 
Equity Foundation (IBEF). https:// www. ibef. org/ expor ts/ spice- 
indus try- indias. Accessed 20 Jan 2023

 3. SDGs (2015) United Nations sustainable development goals. 
https:// sdgs. un. org/ goals. Accessed 21 Jan 2023

 4. Maddela NR, Ramakrishnan B, Kakarla D, Venkateswarlu K, 
Megharaj M (2022) Major contaminants of emerging concern in 
soils: a perspective on potential health risks. RSC Adv 12:12396–
12415. https:// doi. org/ 10. 1039/ D1RA0 9072K

 5. Kaur P, Singh K, Singh B (2022) Microplastics in soil: impacts 
and microbial diversity and degradation. Pedosphere 32:49–60. 
https:// doi. org/ 10. 1016/ S1002- 0160(21) 60060-7

 6. Nunez-Delgado A, Arias-Estevez M (2022) Emerging pollutants 
in sewage sludge and soils. Springer, Cham. ISBN 978-3-031-
07608-4. https:// doi. org/ 10. 1007/ 978-3- 031- 07609-1

 7. Singh S, Chakma S, Alawa B, Kalyanasundaram M, Diwan 
V (2023) Identification, characterization, and implications of 
microplastics in soil: a case study of Bhopal, Central India. J 
Hazard Mater Adv 9:100225. https:// doi. org/ 10. 1016/j. hazadv. 
2022. 100225

 8. Frias JPGL, Nash R (2019) Microplastics: finding a consensus 
on the definition. Mar Pollut Bull 138:145–147. https:// doi. org/ 
10. 1016/j. marpo lbul. 2018. 11. 022

 9. Singh S, Trushna T, Kalyanasundaram M, Tamhankar AJ, 
Diwan V (2022) Microplastics in drinking water: a macro issue. 
Water Supp 22:5650–5674. https:// doi. org/ 10. 2166/ ws. 2022. 189

 10. Gasperi J, Wright SL, Dris R, Collard F, Mandin C, Guerr-
ouache M, Langlois V, Kelly FJ, Tassin B (2018) Microplastics 
in air? Are we breathing it in? Curr Opin Environ Sci Health 
1:1–5. https:// doi. org/ 10. 1016/j. coesh. 2017. 10. 002

 11. Klien M, Fischer EK (2019) Microplastic abundance in atmos-
pheric deposition within the metropolitan area of Hamburg, 
Germany. Sci Tot Environ 685:96–103. https:// doi. org/ 10. 
1016/j. scito tenv. 2019. 05. 405

 12. Mason SA, Welch VG, Neratko J (2018) Synthetic polymer con-
tamination in bottled water. Front Chem 6:1–11. https:// doi. org/ 
10. 3389/ fchem. 2018. 00407

 13. Rillig MC, Lehmann A, Machado AAS, Yang G (2019) Micro-
plastic effects on plants. New Phytol 223:1066–1070. https:// 
doi. org/ 10. 1111/ nph. 15794

 14. Ambrosini R, Azzoni RS, Pittino F, Diolaiuti G, Franzetti A, 
Parolini M (2019) First evidence of microplastic contamination 
in the supraglacial debris of an alpine glacier. Environ Pollut 
253:297–301. https:// doi. org/ 10. 1016/j. envpol. 2019. 07. 005

 15. Bergmann M, Mutzel S, Primpke S, Tekman MB, Trachsel J, 
Gerdts G (2019) White and wonderful? Microplastics prevail in 
snow from the Alps to the Arctic. Sci Adv 5:eaax1157. https:// 
doi. org/ 10. 1126/ sciadv. aax11 57

 16. Zhang Y, Gao T, Kang S, Allen S, Luo X, Allen D (2021) 
Microplastics in glaciers of the Tibetan Plateau: Evidence 
for the long-range transport of microplastics. Sci Tot Environ 
758:143634. https:// doi. org/ 10. 1016/j. scito tenv. 2020. 143634

 17. Amobonye A, Bhagwat P, Raveendran S, Singh S, Pillai S 
(2021) Environmental impacts of microplastics and nanoplas-
tics: a current overview. Front Microbiol 12:768297. https:// doi. 
org/ 10. 3389/ fmicb. 2021. 768297

 18. Geyer R, Jambeck JR, Law KL (2017) Production, use, and fate 
of all plastics ever made. Sci Adv 3:e1700782. https:// doi. org/ 
10. 1126/ sciadv. 17007 82

 19. Mistri M, Scoponi M, Sfriso AA, Munari C, Curiotto M, Sfriso 
A, Orlando-Bonaca M, Lipej L (2021) Microplastic contami-
nation in protected areas of the Gulf of Venice. Water Air Soil 
Pollut 232:379. https:// doi. org/ 10. 1007/ s11270- 021- 05323-9

 20. Rummel CD, Jahnke A, Gorokhova E, Kuhnel D, Schmitt-
Jansen M (2017) The impacts of biofilm formation on the fate 
and potential effects of microplastic in the aquatic environment. 

https://doi.org/10.1007/s10163-023-01805-6
https://rbidocs.rbi.org.in/rdocs/Bulletin/PDFs/02AR_170120226CD582783DB44FECB7A07AC238270E5F.PDF
https://rbidocs.rbi.org.in/rdocs/Bulletin/PDFs/02AR_170120226CD582783DB44FECB7A07AC238270E5F.PDF
https://www.ibef.org/exports/spice-industry-indias
https://www.ibef.org/exports/spice-industry-indias
https://sdgs.un.org/goals
https://doi.org/10.1039/D1RA09072K
https://doi.org/10.1016/S1002-0160(21)60060-7
https://doi.org/10.1007/978-3-031-07609-1
https://doi.org/10.1016/j.hazadv.2022.100225
https://doi.org/10.1016/j.hazadv.2022.100225
https://doi.org/10.1016/j.marpolbul.2018.11.022
https://doi.org/10.1016/j.marpolbul.2018.11.022
https://doi.org/10.2166/ws.2022.189
https://doi.org/10.1016/j.coesh.2017.10.002
https://doi.org/10.1016/j.scitotenv.2019.05.405
https://doi.org/10.1016/j.scitotenv.2019.05.405
https://doi.org/10.3389/fchem.2018.00407
https://doi.org/10.3389/fchem.2018.00407
https://doi.org/10.1111/nph.15794
https://doi.org/10.1111/nph.15794
https://doi.org/10.1016/j.envpol.2019.07.005
https://doi.org/10.1126/sciadv.aax1157
https://doi.org/10.1126/sciadv.aax1157
https://doi.org/10.1016/j.scitotenv.2020.143634
https://doi.org/10.3389/fmicb.2021.768297
https://doi.org/10.3389/fmicb.2021.768297
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1126/sciadv.1700782
https://doi.org/10.1007/s11270-021-05323-9


721Journal of Material Cycles and Waste Management (2024) 26:708–722 

1 3

Environ Sci Technol Lett 4:258–267. https:// doi. org/ 10. 1021/ 
acs. estle tt. 7b001 64

 21. Selvam S, Jesuraja K, Venkatramanan S, Roy PD, Kumari VJ 
(2021) Hazardous microplastic characteristics and its role as 
a vector of heavy metal in groundwater and surface water of 
coastal south India. J Hazard Mater 402:123786. https:// doi. 
org/ 10. 1016/j. jhazm at. 2020. 123786

 22. Mintenig SM, Loder MGJ, Primpke S, Gerdts G (2019) Low 
numbers of microplastics detected in drinking water from 
ground water sources. Sci Tot Environ 648:631–635. https:// 
doi. org/ 10. 1016/j. scito tenv. 2018. 08. 178

 23. Singh S, Bhagwat A (2022) Microplastics: a potential threat 
to groundwater resources. Groundw Sustain Dev 19:100852. 
https:// doi. org/ 10. 1016/j. gsd. 2022. 100852

 24. Murphy F, Ewins C, Carbonnier F, Quinn B (2016) Wastewa-
ter treatment works (WwTW) as a source of microplastics in 
the aquatic environment. Environ Sci Technol 50:5800–5808. 
https:// doi. org/ 10. 1021/ acs. est. 5b054 16

 25. Singh S, Kalyanasundaram M, Diwan V (2021) Removal of 
microplastics from wastewater: current practices and way for-
ward. Water Sci Technol 84:3689–3704. https:// doi. org/ 10. 
2166/ wst. 2021. 472

 26. Bolton TF, Havenhand JN (1998) Physiological versus viscos-
ity-induced effects of an acute reduction in water temperature 
on microsphere ingestion by trochophore larvae of the serpulid 
polychaete Galeolaria caespitosa. J Plankton Res 20:2153–
2164. https:// doi. org/ 10. 1093/ plankt/ 20. 11. 2153

 27. Engler RE (2012) The complex interaction between marine 
debris and toxic chemicals in the ocean. Environ Sci Technol 
46:12302–12315. https:// doi. org/ 10. 1021/ es302 7105

 28. Hariharan G, Purvaja R, Anandavelu I, Robin RS, Ramesh R 
(2021) Accumulation and ecotoxicological risk of weathered 
polyethylene (wPE) microplastics on green mussel (Perna vir-
idis). Ecotoxicol Environ Saf 208:111765. https:// doi. org/ 10. 
1016/j. ecoenv. 2020. 111765

 29. Hariharan G, Purvaja R, Anandavelu I, Robin RS, Ramesh R 
(2022) Ingestion and toxic impacts of weathered polyethylene 
(wPE) microplastics and stress defensive responses in whiteleg 
shrimp (Penaeus vannamei). Chemosphere 300:134487. https:// 
doi. org/ 10. 1016/j. chemo sphere. 2022. 134487

 30. McCormick A, Hoellein TJ, Mason SA, Schluep J, Kelly JJ 
(2014) Microplastic is an abundant and distinct microbial habi-
tat in an urban river. Environ Sci Technol 48:11863–11871. 
https:// doi. org/ 10. 1021/ es503 610r

 31. Nizzetto L, Futter M, Langaas S (2016) Are agricultural soils 
dumps for microplastics of urban origin? Environ Sci Technol 
50:10777–10779. https:// doi. org/ 10. 1021/ acs. est. 6b041 40

 32. Rodriguez-Seijo A, Pereira R (2018) Microplastics in agricul-
tural soils. Are they a real environmental hazard? Chapter 3 In: 
Bioremediation of agricultural soils. CRC Press, Boca Raton. 
https:// doi. org/ 10. 1201/ 97813 15205 137-3

 33. Blasing M, Amelung W (2018) Plastics in soil: analytical meth-
ods and possible sources. Sci Tot Environ 612:422–435. https:// 
doi. org/ 10. 1016/j. scito tenv. 2017. 08. 086

 34. Liu M, Lu S, Song Y, Lei L, Hu J, Lv W, Zhou W, Cao C, Shi 
H, Yang X, He D (2018) Microplastic and mesoplastic pollution 
in farmland soils in suburbs of Shanghai, China. Environ Pollut 
242:855–862. https:// doi. org/ 10. 1016/j. envpol. 2018. 07. 051

 35. Sajjad M, Huang Q, Khan S, Khan MA, Liu Y, Wang J, Lian F, 
Wang Q, Guo G (2022) Microplastics in the soil environment: 
a critical review. Environ Technol Innov 27:102408. https:// doi. 
org/ 10. 1016/j. eti. 2022. 102408

 36. Rillig MC (2012) Microplastic in terrestrial ecosystems and 
the soil? Environ Sci Technol 46:6453–6454. https:// doi. org/ 
10. 1021/ es302 011r

 37. Upadhyay R, Singh S, Kaur G (2022) Sorption of pharmaceuti-
cals over microplastics’ surfaces: interaction mechanisms and 
governing factors. Environ Monit Assess 194:803. https:// doi. 
org/ 10. 1007/ s10661- 022- 10475-0

 38. Du R, Wu Y, Lin H, Sun J, Li W, Pan Z, Zeng S, Chen Q, 
Luo J, Lin H (2023) Microplastics may act as a vector for 
potentially hazardous metals in rural soils in Xiamen, China. 
J Soils Sediments 23:2494–2505. https:// doi. org/ 10. 1007/ 
s11368- 023- 03489-9

 39. Li J, Song Y, Cai Y (2020) Focus topics on microplastics in soil: 
Analytical methods, occurrence, transport, and ecological risks. 
Environ Pollut 257:113570. https:// doi. org/ 10. 1016/j. envpol. 2019. 
113570

 40. Jayasiri HB, Purushothaman CS, Vennila A (2013) Quantitative 
analysis of plastic debris on recreational beaches in Mumbai, 
India. Mar Pollut Bull 77:107–112. https:// doi. org/ 10. 1016/j. 
marpo lbul. 2013. 10. 024

 41. Karthik R, Robin RS, Purvaja R, Ganguly D, Anandavelu I, 
Raghuraman R, Hariharan G, Ramakrishna A, Ramesh R (2018) 
Microplastics along the beaches of southeast coast of India. Sci 
Total Environ 645:1388–1399. https:// doi. org/ 10. 1016/j. scito tenv. 
2018. 07. 242

 42. Ashwini SK, Verghese GK (2020) Environmental forensic analy-
sis of the microplastics pollution at “Nattika” Beach, Kerala coast, 
India. Environ Forensics 21:21–36. https:// doi. org/ 10. 1080/ 15275 
922. 2019. 16934 42

 43. Amrutha K, Warrier AK (2020) The first report on the source-
to-sink characterization of microplastic pollution from a river-
ine environment in tropical India. Sci Tot Environ 739:140377. 
https:// doi. org/ 10. 1016/j. scito tenv. 2020. 140377

 44. Robin RS, Karthik R, Purvaja R, Ganguly D, Anandavelu I, Mugi-
larasan M, Ramesh R (2020) Holistic assessment of microplas-
tics in various coastal environmental matrices, southwest coast of 
India. Sci Tot Environ 703:134947. https:// doi. org/ 10. 1016/j. scito 
tenv. 2019. 134947

 45. Narmadha VV, Jose J, Patil S, Farooqui MQ, Srimuruganandam 
B, Saravanadevi S, Krishnamurthi K (2020) Assessment of micro-
plastics in roadside suspended dust from urban and rural environ-
ment of Nagpur, India. Int J Environ Res 14:629–640. https:// doi. 
org/ 10. 1007/ s41742- 020- 00283-0

 46. Pandey D, Banerjee T, Badola N, Chauhan JS (2022) Evidences of 
microplastics in aerosols and street dust: a case study of Varanasi 
City, India. Environ Sci Pollut Res 29:82006–82013. https:// doi. 
org/ 10. 1007/ s11356- 022- 21514-1

 47. Census (2011) https:// bhopal. nic. in/ en/ demog raphy/. Accessed 22 
Jan 2023

 48. Bhopal Smart City (2021) http:// smart bhopal. city/ advan tage. html. 
Accessed 22 Jan 2023

 49. BMC (Bhopal Municipal Corporation) (2018) Swachchta Sarvek-
shan—2018. https:// cdn. csein dia. org/ docs/ photo galle ry/ slide 
shows/ 02_ 20171 212_ BHOPAL_ SBM_ PPT. pdf. Accessed 22 Jan 
2023

 50. Lusher AL, Welden NA, Sobral P, Cole M (2017) Sampling, iso-
lating, and identifying microplastics ingested by fish and inver-
tebrates. Anal Methods 9:1346–1360. https:// doi. org/ 10. 1039/ 
C6AY0 2415G

 51. Håkanson L (1980) An ecological risk index for aquatic pollution 
control. A sedimentological approach. Water Res 14:975–1001. 
https:// doi. org/ 10. 1016/ 0043- 1354(80) 90143-8

 52. Du C, Liang H, Li Z, Gong J (2020) Pollution characteristics of 
microplastics in soils in southeastern suburbs of Baoding city, 
China. Int J Environ Res Pub Heal 17:845. https:// doi. org/ 10. 
3390/ ijerp h1703 0845

 53. Lithner D, Larsson A, Dave G (2011) Environmental and health 
hazard ranking and assessment of plastic polymers based on 

https://doi.org/10.1021/acs.estlett.7b00164
https://doi.org/10.1021/acs.estlett.7b00164
https://doi.org/10.1016/j.jhazmat.2020.123786
https://doi.org/10.1016/j.jhazmat.2020.123786
https://doi.org/10.1016/j.scitotenv.2018.08.178
https://doi.org/10.1016/j.scitotenv.2018.08.178
https://doi.org/10.1016/j.gsd.2022.100852
https://doi.org/10.1021/acs.est.5b05416
https://doi.org/10.2166/wst.2021.472
https://doi.org/10.2166/wst.2021.472
https://doi.org/10.1093/plankt/20.11.2153
https://doi.org/10.1021/es3027105
https://doi.org/10.1016/j.ecoenv.2020.111765
https://doi.org/10.1016/j.ecoenv.2020.111765
https://doi.org/10.1016/j.chemosphere.2022.134487
https://doi.org/10.1016/j.chemosphere.2022.134487
https://doi.org/10.1021/es503610r
https://doi.org/10.1021/acs.est.6b04140
https://doi.org/10.1201/9781315205137-3
https://doi.org/10.1016/j.scitotenv.2017.08.086
https://doi.org/10.1016/j.scitotenv.2017.08.086
https://doi.org/10.1016/j.envpol.2018.07.051
https://doi.org/10.1016/j.eti.2022.102408
https://doi.org/10.1016/j.eti.2022.102408
https://doi.org/10.1021/es302011r
https://doi.org/10.1021/es302011r
https://doi.org/10.1007/s10661-022-10475-0
https://doi.org/10.1007/s10661-022-10475-0
https://doi.org/10.1007/s11368-023-03489-9
https://doi.org/10.1007/s11368-023-03489-9
https://doi.org/10.1016/j.envpol.2019.113570
https://doi.org/10.1016/j.envpol.2019.113570
https://doi.org/10.1016/j.marpolbul.2013.10.024
https://doi.org/10.1016/j.marpolbul.2013.10.024
https://doi.org/10.1016/j.scitotenv.2018.07.242
https://doi.org/10.1016/j.scitotenv.2018.07.242
https://doi.org/10.1080/15275922.2019.1693442
https://doi.org/10.1080/15275922.2019.1693442
https://doi.org/10.1016/j.scitotenv.2020.140377
https://doi.org/10.1016/j.scitotenv.2019.134947
https://doi.org/10.1016/j.scitotenv.2019.134947
https://doi.org/10.1007/s41742-020-00283-0
https://doi.org/10.1007/s41742-020-00283-0
https://doi.org/10.1007/s11356-022-21514-1
https://doi.org/10.1007/s11356-022-21514-1
https://bhopal.nic.in/en/demography/
http://smartbhopal.city/advantage.html
https://cdn.cseindia.org/docs/photogallery/slideshows/02_20171212_BHOPAL_SBM_PPT.pdf
https://cdn.cseindia.org/docs/photogallery/slideshows/02_20171212_BHOPAL_SBM_PPT.pdf
https://doi.org/10.1039/C6AY02415G
https://doi.org/10.1039/C6AY02415G
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.3390/ijerph17030845
https://doi.org/10.3390/ijerph17030845


722 Journal of Material Cycles and Waste Management (2024) 26:708–722

1 3

chemical composition. Sci Tot Environ 409:3309–3324. https:// 
doi. org/ 10. 1016/j. scito tenv. 2011. 04. 038

 54. Formela K, Wolosiak M, Klein M, Wang S (2016) Characteri-
zation of volatile compounds, structural, thermal, and physic-
mechanical properties of cross-linked polyethylene foams 
degraded thermo-mechanically at variable times. Polym Degrad 
Stab 134:383–393. https:// doi. org/ 10. 1016/j. polym degra dstab. 
2016. 11. 011

 55. Defeyt C, Langenbacher J, Rivenc R (2017) Polyurethane coat-
ings used in twentieth century outdoor painted sculptures: part 
I: comparative study of various systems by means of ATR-
FTIR spectroscopy. Heritage Sci 5:11. https:// doi. org/ 10. 1186/ 
s40494- 017- 0124-7

 56. Nolasco ME, Lemos VAS, Lopez G, Soares SA, Feitosa JPM, 
Araujo BS, Ayala AP, Azevedo MMF, Santos FEP, Cavalcante 
RM (2022) Morphology, chemical characterization, and sources of 
microplastics in a coastal city in the equatorial zone with diverse 
anthropogenic activities (Fortaleza city, Brazil). J Polymers Envi-
ron 30:2862–2874. https:// doi. org/ 10. 1007/ s10924- 022- 02405-5

 57. Toxics Link (2022) Plastic mulching: microplastics in agricul-
tural soils. http:// toxic slink. org/ docs/ Plast ic% 20Mul ching. pdf. 
Accessed 28 Feb 2023

 58. Zhang L, Xie Y, Liu J, Zhing S, Qian Y, Gao P (2020) An over-
looked entry pathway of microplastics into agricultural soils 
from application of sludge-based fertilizers. Environ Sci Technol 
54:4248–4255. https:// doi. org/ 10. 1021/ acs. est. 9b079 05

 59. Huang Y, Liu Q, Jia W, Yan C, Wang J (2020) Agricultural plas-
tic mulching as a source of microplastics in the terrestrial envi-
ronment. Environ Pollut 260:114096. https:// doi. org/ 10. 1016/j. 
envpol. 2020. 114096

 60. Feng S, Lu H, Liu Y (2021) The occurrence of microplastics in 
farmland and grassland soils in the Qinghai-Tibet plateau: differ-
ent land use and mulching time in facility agriculture. Environ 
Pollut 279:116939. https:// doi. org/ 10. 1016/j. envpol. 2021. 116939

 61. Li W, Wufuer R, Duo J, Wang S, Luo Y, Zhang D, Pan X (2020) 
Microplastics in agricultural soils: extraction and characteriza-
tion after different periods of polythene film mulching in an arid 
region. Sci Tot Environ 749:141420. https:// doi. org/ 10. 1016/j. 
scito tenv. 2020. 141420

 62. Zhou B, Wang J, Zhang H, Shi H, Fei Y, Huang S, Tong Y, Wen 
D, Luo Y, Barcelo D (2020) Microplastics in agricultural soils on 
the coastal plain of Hangzhou Bay, east China: multiple sources 

other than plastic mulching film. J Hazard Mater 388:121814. 
https:// doi. org/ 10. 1016/j. jhazm at. 2019. 121814

 63. Xu P, Peng G, Su L, Gao Y, Gao L, Li D (2018) Microplastic 
risk assessment in surface waters: a case study in the Changjiang 
Estuary, China. Mar Pollut Bull 133:647–654. https:// doi. org/ 10. 
1016/j. marpo lbul. 2018. 06. 020

 64. Pan Z, Liu Q, Jian, R, Li W, Sun X, Lin H, Jiang S, Huang S 
(2021) Microplastic pollution and ecological risk assessment in an 
estuarine environment: the Dongshan Bay of China. Chemosphere 
262:127876. https:// doi. org/ 10. 1016/j. chemo sphere. 2020. 127876

 65. Zhao T, Lozano YM, Rillig MC (2021) Microplastics increase soil 
pH and decrease microbial activities as a function of microplas-
tics shape, polymer type, and exposure time. Front Environ Sci. 
https:// doi. org/ 10. 3389/ fenvs. 2021. 675803

 66. Machado AAS, Lau CW, Kloas W, Bergmann J, Bachelier JB, 
Faltin E, Becker R, Gorlich AS, Rillig MC (2019) Microplastics 
can change soil properties and affect plant performance. Environ 
Sci Technol 53:6044–6052. https:// doi. org/ 10. 1021/ acs. est. 9b013 
39

 67. Kublik S, Gschwendtner S, Magritsch T, Radl V, Rillig MC, 
Schloter M (2022) Microplastics in soil induce a new microbial 
habitat, with consequences for bulk soil microbiomes. Front Envi-
ron Sci. https:// doi. org/ 10. 3389/ fenvs. 2022. 989267

 68. Samitthiwetcharong S, Kullavanijaya P, Suwanteep K, Chavalparit 
O (2023) Towards sustainability through the circular economy of 
plastic packaging waste management in Rayong Province, Thai-
land. J Mater Cycles Waste Manag 25:1824–1840. https:// doi. org/ 
10. 1007/ s10163- 023- 01657-0

 69. Lee A, Liew MS (2020) Ecologically derived waste management 
of conventional plastics. J Mater Cycles Waste Manag 22:1–10. 
https:// doi. org/ 10. 1007/ s10163- 019- 00931-4

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Surya Singh1  · Sankar Chakma2  · Bablu Alawa2  · Madhanraj Kalyanasundaram3 · Vishal Diwan1 

 * Surya Singh 
 suryasingh.nireh@icmr.gov.in

 Sankar Chakma 
 schakma@iiserb.ac.in

 Bablu Alawa 
 bablu17@iiserb.ac.in

 Madhanraj Kalyanasundaram 
 madhanraj.k@icmr.gov.in

 Vishal Diwan 
 vishal.diwan@icmr.gov.in

1 Division of Environmental Monitoring and Exposure 
Assessment (Water & Soil), ICMR—National Institute 
for Research in Environmental Health, Bhopal 462 030, 
India

2 Department of Chemical Engineering, Indian Institute 
of Science Education and Research Bhopal, Bhopal 462 066, 
India

3 ICMR—National Institute of Epidemiology, 
Chennai 600 077, India

https://doi.org/10.1016/j.scitotenv.2011.04.038
https://doi.org/10.1016/j.scitotenv.2011.04.038
https://doi.org/10.1016/j.polymdegradstab.2016.11.011
https://doi.org/10.1016/j.polymdegradstab.2016.11.011
https://doi.org/10.1186/s40494-017-0124-7
https://doi.org/10.1186/s40494-017-0124-7
https://doi.org/10.1007/s10924-022-02405-5
http://toxicslink.org/docs/Plastic%20Mulching.pdf
https://doi.org/10.1021/acs.est.9b07905
https://doi.org/10.1016/j.envpol.2020.114096
https://doi.org/10.1016/j.envpol.2020.114096
https://doi.org/10.1016/j.envpol.2021.116939
https://doi.org/10.1016/j.scitotenv.2020.141420
https://doi.org/10.1016/j.scitotenv.2020.141420
https://doi.org/10.1016/j.jhazmat.2019.121814
https://doi.org/10.1016/j.marpolbul.2018.06.020
https://doi.org/10.1016/j.marpolbul.2018.06.020
https://doi.org/10.1016/j.chemosphere.2020.127876
https://doi.org/10.3389/fenvs.2021.675803
https://doi.org/10.1021/acs.est.9b01339
https://doi.org/10.1021/acs.est.9b01339
https://doi.org/10.3389/fenvs.2022.989267
https://doi.org/10.1007/s10163-023-01657-0
https://doi.org/10.1007/s10163-023-01657-0
https://doi.org/10.1007/s10163-019-00931-4
http://orcid.org/0000-0001-5981-2343
http://orcid.org/0000-0002-8227-0455
http://orcid.org/0000-0002-9807-2592
http://orcid.org/0000-0001-7948-8579

	Assessment of microplastic pollution in agricultural soil of Bhopal, Central India
	Abstract
	Graphical abstract

	Introduction
	Materials and methods
	Study site
	Sampling
	Experimental procedure
	Risk assessment

	Results
	Identification and quantitative estimation of microplastic particles
	Qualitative characteristics of microplastic particles
	Ecological risk estimation

	Discussion
	Presence of microplastics and probable sources in the agricultural soil
	Comparison with other studies
	Ecological risk assessment

	Conclusion
	Acknowledgements 
	References




