& frontiers

@ Check for updates

OPEN ACCESS

EDITED BY
Ali Riza Kosker,
Cukurova University, Turkiye

REVIEWED BY

Gokhan Tuncelli,

Istanbul University, Turkiye
Deniz Ayas,

Mersin University, Turkiye

*CORRESPONDENCE

Yahua Chen
yahuachen@njau.edu.cn

Jinghui Yang
yjhnn32@126.com

These authors have contributed equally to
this work

RECEIVED 20 April 2024
ACCEPTED 18 June 2024
PUBLISHED 24 July 2024

CITATION

ShiL, XuY, Chen Z, Liu B, Hou Y, Li J, Dang F,
Wang Y, Shen Z, Yang J and Chen Y (2024)
Microplastics and cadmium pollution in
Chinese sweet potato fields.

Front. Sustain. Food Syst. 8:1420628.

doi: 10.3389/fsufs.2024.1420628

COPYRIGHT

© 2024 Shi, Xu, Chen, Liu, Hou, Li, Dang,
Wang, Shen, Yang and Chen. This is an
open-access article distributed under the
terms of the Creative Commons Attribution
License (CC BY). The use, distribution or
reproduction in other forums is permitted,
provided the original author(s) and the
copyright owner(s) are credited and that the
original publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or reproduction
is permitted which does not comply with
these terms.

Frontiers in Sustainable Food Systems

Frontiers in Sustainable Food Systems

TYPE Original Research
PUBLISHED 24 July 2024
pol 10.3389/fsufs.2024.1420628

Microplastics and cadmium
pollution in Chinese sweet potato
fields

Liang Shi, Yuan Xu?, Zanming Chen?, Binhao Liu?, Yanan Hou?,
Jianmin Li*, Fei Dang?, Yujun Wang?, Zhenguo Shen?,
Jinghui Yang?* and Yahua Chen'#>*

!College of Life Sciences, Nanjing Agricultural University, Nanjing, China, 2Zhenjiang Academy of
Agricultural Sciences and Jiangsu Academy of Agricultural Sciences, Jurong, China, ®Institute of Soil
Science, Chinese Academy of Sciences, Nanjing, China, “The Collaborated Lab of Plant Molecular
Ecology (Between the College of Life Sciences of Nanjing Agricultural University and the Asian
Natural Environmental Science Center of the University of Tokyo), Nanjing Agricultural University,
Nanjing, China, *National Joint Local Engineering Research Center for Rural Land Resources Use and
Consolidation, Nanjing Agricultural University, Nanjing, China

Context and background: Microplastics (MPs) and heavy metals (HMs) coexist
in the farmland of China.

Motivation: It still remains unclear the extent of their exposure and distribution
in sweet potato fields.

Hypothesis: Polyethylene (PE) or polyamide (PA) is the main MP pollutant in
contaminated sweet potato sites, and the MP abundance in low-latitude and
eastern areas is highest. Methods: In this study, saturated NaCl solution, a stereo
microscope, a Fourier transform infrared spectrometer, and an electrothermal
digester are used for the extraction, observation, identification of MPs, and
analysis of Cd elements in soil, respectively.

Methods: In this study, saturated NaCl solution, a stereo microscope, a Fourier
transform infrared spectrometer, and an electrothermal digester are used for
the extraction, observation, identification of MPs, and analysis of Cd elements
in soil, respectively.

Results: Here, we found an average MP level of 112,400 items/kg in 30 sweet
potato field sites based on the items in 5g soil and the magnification (200x), and the
maximum abundance was 197,153 items/kg in Laiyang city, Shandong province, by
field survey. The distribution characteristics of MPs are middle-latitude areas < low-
latitude areas, and eastern areas > central areas. Most MPs are of the fragment and
film shape, which account for 47.96 and 40.22%, respectively. In order to detect
MP polymers in three cities named “Liancheng,” "Huanggang,” and “Laiyang” with
different degrees of development, a laser infrared imaging system was used as a
novel instrument to explore the MPs larger than 10pm.

Conclusion: The results showed that PA is the main MP pollutantin contaminated
sweet potato sites, and soil texture, planting time, and urbanization processes
may be the main factors affecting MP distribution. The average cadmium
(Cd) concentration in 215 field sites is 0.15mg/kg, and the local Cd pollution
is existing, but the overall pollution is low. In addition, Cd concentration was
negatively correlated with MP abundance. This study reveals the status of MP
and also Cd pollution in sweet potato fields, which provides a theoretical basis
for the safe production and utilization of sweet potato fields.
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1 Introduction

Microplastic (MP) pollution in the terrestrial system is serious
due to poor degradation, and the accumulation of MPs in the soil
may adversely affect soil ecosystems and threaten human and animal
health through the food chain (Rillig et al., 2019). Because of their
low surface area, 0.1% high-density polyethylene (HDPE), 0.1%
polylactic acid (PLA), and 0.001% synthetic fibers have adverse
effects on the growth of plants and soil protozoa (such as
earthworms), as well as the quality and moisture of soil (Boots et al.,
2019; Mbachu et al., 2021). The effect of MPs on biomass and the
physiology of plants, as well as the physicochemical properties of soil,
depends on the MP species, size and shape (Rillig et al., 2019;
Pflugmacher et al., 2020). For example, soil aggregation was reduced
due to the potential for all mixed fragments, foams, films, and fiber
MPs to destroy the internal structure of soil aggregates and have a
potentially negative impact on soil organisms (Lozano et al., 2021).
MPs can also be weathered under the conditions of hydrolysis, photo-
oxidation, thermal oxidation, biodegradation, mechanical
fragmentation, etc. During weathering, along with the reduction of
particle size, the surface becomes rough, and functional groups are
produced (Jahnke et al., 2017; Ding et al., 2020). Since little is known
about the toxicity of MPs in soil over time, it is necessary to analyze
the contamination status of MPs in farmland.

As a globally important food crop, sweet potatoes rank third in
yield among all crops in the world and fifth in their contribution to
calories in the human body (Wang et al., 2021a). China is the world’s
largest sweet potato grower, with a sweet potato production area of
approximately 6.6 million hectares, accounting for 70% of the world’s
sweet potato cultivation area. In addition, China’s sweet potato
production is approximately 100 million tons, accounting for 84.4%
of the world’s total production (Gao et al., 2000; Wang et al., 2021a).
In addition, sweet potatoes, as a major source of starch, can be used as
a staple food or as a raw material for the production of alcohol.
Therefore, relevant food safety issues cannot be ignored (Bovell-
Benjamin, 2007; Ma et al., 2012; Xie et al., 2018). However, very few
studies have reported on MP pollution in sweet potato fields, and their
abundance, shapes, sizes, and species in fields remain unclear (Chai
et al., 2020).

Cadmium (Cd) is the most contaminated heavy metal (HM) in
China’s soil, accounting for 33.54 and 44.65% of soil pollution in
farmland and cities, respectively (Yuan et al., 2021). Although HM
contamination in sweet potato production areas has not been
reported, there are few reports of the influence of Cd on sweet potato
growth (Huang et al., 2020a). In these studies, sweet potato tubers
grow mainly in farmland environments, and their storage roots act as
the main food organs and are more likely to accumulate HMs (Lai
etal, 2021). For example, some edible-type varieties can accumulate
more Cd and lead (Pb) than starch-based varieties (Huang et al.,
2020a). In addition, sweet potatoes with large underground biomass
have higher accumulations of Cd (0.78-2.02 mgkg™") (Lai et al., 2021).
Shi et al. (2022) found that PE MPs were only found in the cortex of
roots and stems, and PE MPs caused oxidative stress. Therefore, single
Cd or PE treatment may pose a health risk if consumed. On the other
hand, MPs exhibit great potential to increase the inhibitory effect on
the growth of wheat roots for low concentrations of Cd, and the
synergistic effect of MP and Cd may be attributed to the fact that aged
MPs can increase the bioaccumulation of Cd in wheat (Gu et al.,
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2021). For example, PE MPs increase Cd uptake in lettuce by altering
soil properties such as pH and dissolved organic carbon. This results
in higher Cd bioaccumulation and toxicity in plants (Wang et al.,
2021b). In addition, the combined pollution of MPs and Cd alters the
microbial community structure and function in Pennisetum hydridum
rhizosphere soil. This combination increases microbial stress and
changes gene abundance related to metabolism and energy conversion
(Duan et al, 2023). Another study showed that both polyester
microfibers (PMFs) and co-PMFs/Cd treatments adversely affected
plant growth and photosynthesis. Co-PMFs/Cd also increased the
activity of antioxidant enzymes (Zeb et al., 2021). Shi et al. (2023)
found that both 5% of the original PE MPs and weathered PE MPs can
significantly reduce the concentration of Olsen phosphorus (P) and
Olsen potassium (K) in soil, inhibit the growth of sweet potatoes, but
significantly increase the Cd accumulation and glutathione (GSH)
levels in the tissues of sweet potatoes, and also induce membrane lipid
peroxidation, which poses a serious threat to the safe production and
food safety of sweet potatoes. Therefore, Cd and MPs are our primary
contaminants in this study.

Therefore, Cd and MPs coexist in farmland, and Cd could
be absorbed by sweet potato from farmland soil. However, the degree
of MPs and Cd pollution in sweet potato fields is unknown, and
whether it poses a potential threat to the production of sweet potatoes
and food safety is vital. To explore the exposure levels of MPs and Cd
in sweet potato production fields in China and study their distribution
and influencing factors, we explored (1) the shapes, sizes, species, and
abundance of MPs in 30 sweet potato fields assessed by a stereo
microscope and Fourier transform infrared (FTIR) spectrometer; (2)
the sizes, numbers, and polymers of MPs in ‘Laiyang, ‘Huanggang),
and ‘Liancheng’ assisted by a laser infrared imaging system; (3) the
Cd concentration in 215 sampling sites; and also evaluated the Cd
pollution status in sweet potato fields assisted by inductively coupled
plasma-optical emission spectroscopy (ICP-OES).

2 Methods
2.1 Sample sites

MP and Cd pollution were investigated in 30 fields from four
major sweet potato regions (northern regions, Southern regions,
regions in the middle and lower reaches of the Yangtze River, and
Southwest region) in China, and the size of 30 fields is between 100
and 500 m”. The 30 fields were distributed across 14 provinces, most
of which were located in the central and eastern parts of China
(Table 1).

2.2 Soil sample collection

For each sweet potato field, three points (two of the four corners
of the rectangular field and their midpoint) were selected to collect
1 kg of surface soil samples (0-20 cm deep), which were transferred to
the lab and stored in plastic bags in a 4°C refrigerator as three
repetitions to prevent MP and Cd contamination. Oven-dried soil
(70°C, 24 h) was sieved with a 5 mm mesh to remove stones, residues,
and the roots of plants, and uniformized by mixing well before MP
extraction. For each Cd pollution site, 2kg of surface soil (0-20cm
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TABLE 1 Information on the sweet potato field sites in this study.

10.3389/fsufs.2024.1420628

Number Province Longitude (E) Latitude (N)
1 Baoding Hebei 116.25 39.02
2 Linfen Shanxi 111.50 36.07
3 Sishui Shandong 117.23 35.67
4 Muping Shandong 121.48 37.30
5 Haiyang Shandong 120.97 36.97
6 Laiyang Shandong 120.75 36.72
7 Qishan Shanxi 107.62 34.42
8 Yuanyang Henan 113.92 35.08
9 Luoyang Henan 112.75 34.61
10 Shuangba Henan 115.68 34.48
11 Minquan Henan 115.15 34.65
12 Dafeng Jiangsu 120.50 33.20
13 Zhuzhen Jiangsu 118.67 33.50
14 Jiangpu Jiangsu 118.90 31.32
15 Wuxi Jiangsu 120.52 31.50
16 Huanggang Hubei 114.52 31.03
17 Ezhou Hubei 114.05 30.57
18 Mingguang Anhui 117.80 32.87
19 Yingquan Anhui 115.80 32.92
20 Ganning Chongqing 108.23 30.63
21 Wuxi Chongqing 109.55 31.40
22 Pengshui Chongqing 108.30 29.22
23 Yunyang Chongqing 108.68 30.97
24 Yichang Hunan 112.95 25.40
25 Anyi Jiangxi 115.62 28.85
26 Gaoan Jiangxi 115.12 28.25
27 Tuanjie Guizhou 106.53 27.80
28 Yuping Guizhou 116.75 25.70
29 Liancheng Fujian 108.80 24.48
30 Luoxi Guangxi 108.93 27.35

deep) was also randomly selected from three points, and 1 kg of it was
dried to constant weight in an oven at 60°C three times, while the
remaining soils were air dried in nature for future analysis.

2.3 MP extraction

Sodium iodide (Nal) is highly efficient in extraction and recovery
for MPs, but it is toxic to both the environment and humans, as well
as expensive. Saturated sodium chloride (NaCl) is non-toxic and
inexpensive. However, it is only suitable for the extraction of
low-density MPs, and the recycling efficiency is low. The mixed
extraction of Nal and NaCl is more efficient than that of NaCl
solution, but the cost is also higher. In addition, because the MPs in
fields are mostly low-density PE and polypropylene MPs, and in
combination with the cost, we consider the use of saturated NaCl for
MP extraction (Chen et al., 2022). According to Liu et al. (2018), a
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saturated NaCl (1.19gcm ~*) solution was used for the density
separation of MPs from soil samples. Overall, 5g of the above soil
samples, which had been dried, sieved, and well mixed, were
transferred to a clean glass beaker. Next, 100 mL of saturated NaCl
solution was added to the beaker and mixed with each soil sample.
After 2 min of ultrasonication, the soil samples were stirred evenly for
30 min, and the MPs were floated out and precipitated for 24 h.
Finally, the MPs in the supernatant were collected in an Erlenmeyer
flask, and the process above was repeated three times. The supernatants
were filtered by a 20-pm nylon net filter and the precipitates
were collected.

The precipitates on the nylon net filter were carefully transferred
to an Erlenmeyer flask, mixed with 50 mL of 30% H,0,, and chemically
degraded at 50°C for 72h to completely digest the organic matter in
the precipitates. The digested solution was filtered by a 20-pum nylon
net filter, and then the MPs attached to filters were kept in a glass Petri
dish to be stored and dried at 25+ 2°C for observation and analysis.
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The MP items in 1 kg of soil were calculated based on the MP items in
5g of soil and a magnification of 200x.

2.4 MP observation

Suspected MPs were first identified and recorded based on
their shapes, surface texture, color, and luster under the stereo
microscope (Stemi 2000C, Zeiss) following the methods of Liu
etal. (2018) and Kor et al. (2020). After that, these plastics were
picked out with tweezers for further confirmation by a FTIR
(Antaris II, Thermo Fisher, Shanghai, China), which includes an
ATR accessory (ATR-FTIR). Analyzing each sample by ATR-FTIR
and operating the instrument in single-reflection mode provides
40 scans per particle at a resolution of 4cm™ in the mid-infrared
range of 400 to 4,000 cm™'. When all spectra were compared to a
‘HR Hummel Polymer and Additives’ database, there were at least
70% of spectrum matches for the identification of polymer
compositions. In addition, images were captured with a high-
resolution camera, which allowed the counting and calculation of
the abundance of MPs in each field of view after excluding
non-plastic items verified by ATR-FTIR. Under the same
magnification, three replicates of each sample were randomly
moved to obtain 20 images, and the abundance of MPs (items/kg)
was consequently calculated according to the magnification and
the dry weight of the soil samples. MPs are divided into films,
fragments, reticulations, and fibers based on shapes. The sizes of
MPs were further grouped into class 1 (< 100um), class 2
(100-500 pm), class 3 (500-1,000 pm), and class 4 (> 1,000 pm)
based on the longest dimension.

2.5 ldentification of MP by a laser infrared
imaging system

Soil samples from ‘Liancheng, ‘Huanggang) and ‘Laiyang’ cities,
ordered from lowest to highest agricultural development degree, were
selected for MP identification by a laser infrared imaging system
(Agilent 8,700 LDIR, Beijing, China). One kilogram of air-dried soil
samples were crushed and lightly ground before passing through a 5
mm and then 1 mm sieve. Fifty grams of sieved soil were digested
with 30% H,O, for 2-3 days until the upper liquid was clear. The
precipitation was dried in an oven below 35°C. Gravity flotation was
carried out with a saturated NaCl solution. Supernatants were
siphoned and filtered with a 10pm metal filter membrane. The
particles on the filter membrane were rinsed with 30% H,O, and
continuously digested for several hours. Samples were filtered again
with a 10 pm metal filter membrane. The membrane was placed in a
thick glass tube with an aqueous ethanol solution. The tube was
sonicated for 1-2h, the ultrasonic frequency was set to the lowest,
and the temperature was lower than 35°C. The concentrated samples
were placed into a 2 mL glass bottle and kept at 4°C in the refrigerator.
Before sampling, the liquid in the glass vials was sonicated for
10-20 min. A microdropper was used to remove approximately 20 pL
of the sample and drop it on the Kevley window plate. After ethanol
evaporation, the Kevley window plate with the MP sample was placed
on the sample base, and the base was inserted into the sample table.
Clarity software MP detection module was started, and the sample
table automatically ran to the detection position and completed
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automatic focusing. The detection area of MPs on Kevley plate were
selected, and 1800 cm™" was set to scan the selected area quickly and
accurately. The instrument automatically completed the identification
positioning and photographing of the MPs in the detection area, and
the identification accuracy was 1 pm. The software automatically
selected the blank area without particles, collected the background
spectrum, and then collected the infrared spectrum of all the
identified particles in turn, completing the qualitative retrieval of the
spectrum. The output results include qualitative information such as
photos, sizes, and areas of all particles. Mainali et al. (2019) provided
quantitative information on the number and percentage of each MP,
as well as statistical information on the species distribution of MPs in
different particle size ranges.

2.6 Determination of Cd in soil

For the determination of Cd in soil samples, 0.2000+0.0050 g of
the dried sample was sieved by a 0.15mm stainless steel sieve,
weighed, and placed in a digestion tube, mixed with 10 mL mixed
acids (HNO;: HCIO,=4:1, v/v). After digestion, the samples were
resuspended in 2.5% dilute nitric acids for more than 6h. The
supernatant was filtered by a 0.45-pm microporous membrane, and
the Cd concentration in the filtrate was determined by ICP-OES.

2.7 Quality control

For quality control and quality assurance (QA/QC) in MP
extraction experiments, all glassware was thoroughly cleaned, washed
with diluted hydrochloric acid, and rinsed with deionized water
before use. The laboratory equipment and work surface were
thoroughly cleaned with 70% ethanol and wiped with paper wipes
before performing the analysis. Cotton lab coats were worn to prevent
MP contamination, and items made of plastics (e.g., plasticware,
suits, and fabrics) were avoided during this study. All the analytical
instruments were calibrated prior to chemical analysis. Analyses were
performed using four experimental replicates, and the results are
reported as the mean+standard deviation. Blank samples and
analytical-grade reagents were used for all the analyses. The values of
the blank samples were either low or below the detection limits of the
corresponding method (Palansooriya et al., 2023).

For QA/QC in the Cd digestion experiment, before weighing and
loading the soil samples into digestion tubes, the tubes are cleaned
with dilute nitric acid (2.5%). In addition, after digestion, the digestion
liquid is also filled with 2.5% nitric acid. During digestion, based on
blank control (without soil samples) and a standard control
(GBWO07542 (GSS-51), a standard soil sample with a known Cd
concentration), the recovery of Cd in the samples was 89.58%.

2.8 Statistical analysis

The data were arranged by Microsoft Excel 2010, and the figures
were drawn by GraphPad Prism software 8.0. Descriptive statistics of
Cd and the quantitative relationship between Cd concentration and
MP abundance in sweet potato fields were performed by SPSS software
21.0, which included minimum, maximum, and average of Cd,
coeflicient of variation, and variance of Cd concentrations in 215 soil
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TABLE 2 Descriptive statistics of Cd in the sweet potato fields in China.

10.3389/fsufs.2024.1420628

HM N Min Max Average Standard Coefficient Variance Partial Kurtosis Background
(mg/kg) (mg/kg) (mg/kg) deviation of variation degrees (mg/kg)
cd 215 0.004 0.89 0.15 0.13 0.93 0.02 231 7.41 0.097
Legends
Cd concentration (mg/kg)

©  0.000-0.048
©  0.049-0.091
©  0.092-0.148
©  0.149-0.225
©  0226-0.336
°  0.337-0.553
®  0.554-0.887

MP distribution

MPs abundance (Items’kg)

Percentage of MP shapes (%
& ¢ pes (%)

| Film
Fragment
- Reticulation
B i

1,300 Miles

FIGURE 1

A1
119786 :

Spatial distribution map of Cd concentration (mg/kg), MP abundance (items/kg), and percentage of MP shapes (%) in sweet potato fields in China.

S

samples. The LSD test was used to explain the significant differences
between various treatments at a p-value of <0.05.

3 Results

3.1 Exposure levels of MPs and Cd in field
survey

After extracting MPs from 30 sweet potato fields and determining
their amounts, a preliminary statistical result on MP pollution in sweet
potato fields in China was obtained. In addition, 215 Cd-contaminated
sites located above the sweet potato fields were investigated (Table 2),
and a spatial distribution map of Cd-contaminated sites in sweet
potato fields in China was created by ArcGIS Map 10.5 (Figure 1).

As shown in Figure 1, MPs were identified in 30 sweet potato
fields, with an average level of 112,404 items/kg. MP abundance in 17
sites reached up to 120,000-200,000 items/kg. The highest MP
abundance was found in Shandong province, followed by Anhui and
Henan province. The abundance of MPs in the soil of Laiyang (No. 6)

Frontiers in Sustainable Food Systems

in Shandong province was the highest (197,153 items/kg), which was
4.99 times higher than the lowest level in the soil of Yingquan, Anhui
province (No. 19; 39,533 items/kg). The average MP abundance in
middle-latitude soils (30N-60N) was 109,280 items/kg, which was
close to the average abundance of all 30 field sites and a little lower
than that of low-latitude soils (0N-30N), where the average MP
abundance was 120,995 items/kg. The average MP abundance in
eastern area soils (longitude >115° E) was 116,325 items/kg, which
was higher than that of central area soils (107,922 items/kg).

The average concentration of Cd in 215 soil samples was
0.15 mg/kg, which was higher than the Cd background value of
Chinese soil (0.097mg/kg) but lower than the risk screening
threshold (0.3 mg/kg) of Cd in Chinese contaminated agricultural
soil (GB 15618-2018, Soil environmental quality Risk control
standard for soil contamination of agricultural land, Ministry of
Ecology and Environment and the State Administration for Market
Regulation of the People’s Republic of China, 2018). The spatial
distribution map of Cd in sweet potato fields showed that the Cd
pollution in central China was more serious than that in eastern
China (Figure 1).
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3.2 MP shapes

We categorized the MPs that were extracted from the 30 sites
into four categories based on their shapes: film, fragment, fiber, or
reticulation. The photos of MP shapes are shown in
Supplementary Figure S1. In all MP samples, the proportion of MP
shapes  was  fragment (47.96%)>film  (40.22%) > fiber
(11.02%) > reticulation (0.80%). Filmy and fragmented MPs were
the two most commonly shapes, and the proportion of fibrous and
reticulated MPs were relatively rarely. Especially, reticular MPs,
which were only found in eight field sites (Figure 1).

3.3 MP size

The size distribution of different shapes of MPs was obtained
based on their longest dimension (Figure 2). The size of 97.92% of
MPs was almost smaller than 1,000 pm, and 42.35% of the MPs were
less than 100pm in size, followed by 500-1,000pm (32.07%),
100-500 pm (23.50%), and > 1,000 pm (2.08%). A total of 77.28% of
the fragmented MPs were less than 100 um in size, followed by
100-500 pm (21.94%), 500-1,000 pm (0.78%), and > 1,000 pm (0%)
MPs. For filmy MPs, 59.15% of MPs were 500-1,000 um in size,
followed by 100-500 pm (24.20%), <100 pm (13.13%), and >1,000 pm
(3.52%). Compared with filmy and fragmented MPs, reticular and
fibrous MPs were larger but accounted for a small proportion.

10.3389/fsufs.2024.1420628

3.4 MP polymers

A novel research method of investigating the polymers of MPs
was undertaken using a laser infrared imaging system (8,700 LDIR).
The soil samples from ‘Liancheng, ‘Huanggang, and ‘Laiyang’ were
selected for MP identification, and the degree of agricultural
development was ‘Laiyang’ >‘Huanggang’ > ‘Liancheng. Both
‘Liancheng’ and ‘Laiyang’ have 11 polymers of MPs, 10 of which are
the same. Compared with ‘Liancheng’ and ‘Laiyang, polyvinyl
chloride (PVC), polyacetal, polyurethane (PU), polycarbonate (PC),
and polystyrene (PS) were not checked in ‘Huanggang’ The main
polymers of MPs in ‘Liancheng; ‘Huanggang, and ‘Laiyang’ were
polyamide (PA), acrylonitrile butadiene (AB), and natural PA (NP);
PA and NP; and PA, PU, NP, and AB, respectively. PA was the main
MP pollutant in the contaminated sweet potato field sites, accounting
for 31.1, 69.6, and 32.5% of total polymers.

3.5 Linear regression analysis of Cd
concentration and MP abundance

The results of the quantitative relationship between Cd
concentration and MP abundance in sweet potato fields showed that
Cd concentration was negatively correlated with MP abundance, and
the regression equation is y=168943.791-98038.942 * x (y: MP
abundance; x: Cd concentration, R>=0.949) (Table 3).

0>1 mm 0500-1000 um 0100-500 um B< 100 pm
100 -
-~ 80 1
g
&
p"_: 60 -
-
=
o
(-]
& 40 A
o
-]
g
3 20 A
[
0
Shape of MPs
FIGURE 2
Proportion of MP sizes in 30 sweet potato field sites.

TABLE 3 Linear regression analysis of Cd concentration and MP abundance?.

Unstandardized Standardization Significance Confidence interval
coefficient factor
Standard Beta Lower Upper
error limit limit
‘1 (Constant) 168943.791 6724.107 25.125 0.000 161,578 176309.7 ‘
Cd concentration —98038.942 13163.284 —0.974 —7.448 0.005 —112,459 —83619.3 ‘

“Dependent variable: MP abundance.
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4 Discussion

The average concentration and coefficient of variation can be used
to analyze whether the source of HMs is associated with human
activities, and high values of both indicate that the source of HMs is
closely associated with human activities (Zhou et al., 2020). In our
study, the variation coefficient of Cd was large, and the maximum
value exceeded the risk screening value of Cd in agricultural soil
(0.3mg/kg; GB 15618-2018), which indicated the existence of local
pollution (Table 2).

The rapid increase in plastic fragments in terrestrial and marine
environments has attracted increasing attention globally (Li et al.,
2021). The abundance of MPs in 30 sweet potato field sites in China
has been studied in this study. Compared to previous findings, MP
abundance in our study was higher. It may be due to the large amount
of plastic waste, plastic film, or plastic fragments that exist in our soil
samples (Manta et al., 2002; Hou et al., 2019). In addition, the method
of filtration through a 10 pm metal filter to obtain MP samples may
also be another important factor contributing to differences in MP
abundance (Manta et al., 2002). According to the statistical results
from Figure 1, the average abundance of MPs in the eastern region
was higher than that of the central region of China. This phenomenon
was caused by the high population density and intensive human
activities in the eastern region. In addition, population density,
industrialization, and urbanization are all factors that affect MP
abundance, and the higher the degree of urbanization, the more
abundant the production and pollution channels of plastic products
and the possibility of higher MP abundance (Shim and Thomposon,
2015; Fuller and Gautam, 2016; Zhou et al,, 2019). We also found that
the mean MP abundance in soils in middle latitudes was lower than
that in soils at low latitudes (Figure 1), which due to the stronger
ultraviolet radiation derived higher MPs weathering degree in low
latitude areas (Yonkos et al., 2014). In addition, with the increase in

10.3389/fsufs.2024.1420628

agricultural development degree, the total percentage of MPs
increased (Figure 3), which may be due to the difference in soil
texture and planting age. Because MP abundance in sandy loam soils
was significantly higher than in silty loams, facility agricultural soils
may receive more MP as planting age increases (Amrutha and
Warrier, 2020).

In this study, the size of 97.92% of MPs investigated was smaller
than 1,000 pm, and the proportion of MPs whose size was less than
100 pm was the highest, accounting for 42.35% (Figure 2). In a study
by Yuan et al. (2021), the number of MPs smaller than 1 mm in the
soil near the electronic dismantling area was also close to 90%. Rios
et al. (2020) detected MPs in some waters of northern Europe and
analyzed their size. They found that small MPs (100-500 pm)
accounted for 48.1%, which may be due to the abundance of sunlight
and ultraviolet rays. In addition, film and fragment MPs as dominant
shapes in experimental field sites may mainly originate from mulch
and covering plastics (Liu et al., 2018; Huang et al., 2020b; Jiang et al.,
2020; Yu et al,, 2021). However, even though filmy and fragmented
MPs also the main shapes in our experiment, the synthetic fibers PA
was the main MP pollutant in the sweet potato fields (Figure 3). Jiang
etal. (2020) found that PA and PP were two major MP polymers in
Wuhan soils, with percentages of 32.5 and 28.8%, respectively. Tan
et al. (2019) also found that PA and PP constitute the majority of
polymers in soils, while PVC and PET contribute less, which is
similar to our results (Figure 3). Irrigation can cause synthetic fibers
from sewage and sludge to enter farmland systems and is the primary
way synthetic fibers enter the soil (KKor et al., 2020). Therefore,
irrigation was supposed to be a major pathway for the PA into the
agricultural soils. Based on the results of Table 3, the negative
correlation between Cd concentration and MP abundance in soil may
be due to the Cd adsorption capacity of MPs, and the adsorption
depends upon the aging of MPs, soil pH, and salinity of the media
(Yuan et al,, 2019). In addition, MPs can reduce soil pH, which may
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be the main driver of Cd uptake by plants and lead to a Cd reduction
in soil (Huang et al., 2023). Based on these results, MPs in soil are
likely to be carriers of HM transfer, and the synergistic contamination
of MPs and HMs may pose ecological risks and potentially adversely
affect soil organisms (Manta et al., 2002).

5 Conclusion

The average MP abundance in 30 sweet potato field sites was
112,400 items/kg. The highest MP abundance was found in Shandong
province, followed by Anhui and Henan province. The characteristics
of MP distribution are mainly affected by ultraviolet rays and soil
texture, and middle latitude areas (30N - 60N) (109,280 items/
kg) <low latitude areas (ON - 30N) (120,995 items/kg); eastern areas
(Longitude >115° E) (116,325 items/kg) > central areas (107,922
items/kg). Film and fragment MPs were the two main MP shapes that
existed in fields, and the proportion of MPs less than 100 um was
42.35%, followed by 500-1,000 pm (32.07%), 100-500 pm (23.50%),
and > 1,000 pm (2.08%). PA as the main MP pollutant in sweet potato
fields was found by a laser infrared imaging system (8,700 LDIR). Cd
pollution existed in the sweet potato area, but the overall pollution
level was low, and the Cd pollution in the central region was more
serious than that in the eastern region of China. In addition, Cd
concentration was negatively correlated with MP abundance. In
future, although the degree of Cd contamination is low, the presence
of MPs may exacerbate the absorption of Cd by sweet potatoes,
increasing the risk of the edible safety of sweet potatoes. Therefore, it
is necessary to pay attention to the effect and mechanism of MP
abundance in soil on the Cd absorption in sweet potatoes.
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