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Abstract: [ Objective ] Efficient separation and extraction of polyethylene microplastics from soil is a key link
to study the behavior of polyethylene microplastics in terms of environmental pollution and toxicology, with a view to
constructing a separation method for in situ separation and efficient extraction of polyethylene microplastics from soil.

[ Method ] Polyethylene microplastics in soil were extracted by using sieve flotation method, density separation method and
Soxhlet extraction method, and the extraction rate of polyethylene microplastics in soil was calculated by the three separation
methods. Scanning electron microscopy (SEM) was used to analyze the changes of surface micromorphological features of
polyethylene microplastics; thermogravimetric (TG) was used to analyze the changes of pyrolytic characteristic parameters

of polyethylene microplastics; Fourier transform infrared spectroscopy (FT-IR) was used to analyze the changes of
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characteristic functional groups of polyethylene microplastics. [ Result ] All three separation methods can extract polyethylene
microplastics from soil, with the highest extraction rate of 95.58% by sieve flotation method, 89.60% by density separation
method and 86.10% by soxhlet extraction method. SEM analysis showed that the surface of polyethylene microplastic particles
separated by Soxhlet extraction method had fine fish scale pattern or flake structure; the surface of polyethylene microplastic
extracted by density separation method had a large amount of soil impurity particles attached; the surface of polyethylene
microplastic particles separated by sieve flotation method almost had no soil impurity and the surface microscopic morphological
features were not destroyed. Thermogravimetric (TG) and Fourier infrared spectroscopy (FT-IR) analysis showed that the main
components of polyethylene microplastics extracted by the three separation methods were all polyethylene microplastics and
did not destroy the original functional group structure of polyethylene microplastics. [ Conclusion] The extraction rates of
polyethylene microplastics in soil by the three separation methods ranked as: sieve flotation method > density separation method
> Soxhlet extraction method, and the integrity of microscopic surface characteristics showed as: sieve flotation method > density
separation method > Soxhlet extraction method, the sieve flotation method is better than the other two separation methods in
terms of extraction rate and retention of microscopic surface characteristics information of the extracts.

Key words: microplastics; polyethylene; extraction method; surface characteristics; soil; sieve flotation method; mulch
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Table 1 Basic physical and chemical properties of the three kinds of soils for test
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Soil " pH Organic matter content I'N content TP content I'K content AN content AP content AK content
D01 rope!
Property (g/ke) (g/ke) (g/ke) (glke) (' mg/ke ) (mg/kg) (mg/kg)
HE+ Loam soil 6.96 46.65 2.59 1.15 21.25 130.54 293.89 154.10
b4 Sand soil 7.58 16.72 0.84 0.80 17.99 46.53 107.33 41.44
A+ Clay soil 6.58 22.40 1.38 0.57 15.38 62.04 88.42 61.57
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Table 2 Effects of different extraction methods on extraction rate of polyethylene microplastics from soil

HRICR Extraction rate (%)

4 -
Twiiifﬁme Sﬁﬁiiy AL RIS Ik RICHGE

Sieve flotation method Density separation method Soxhlet extraction method

LDPE w4+t 74.08 + 11.27aB 58.91 +6.18abB 46.07 £ 1.39bB

Bt 78.32 + 5.46aB 67.68 + 6.60hbB 47.62 + 1.38¢C

Hhi+ 80.46 +2.16aC 62.30 + 4.86hB 41.13 £ 1.53¢B

HDPE Wt 90.40 + 4.23aA 86.88 +2.69ahA 83.01 = 2.44bA

et 94.11 = 1.65aA 88.19 +2.55bA 80.27 + 1.16¢B

Kt 91.75 = 1.32aB 82.55 +2.84bA 72.40 + 2.60cA

LLDPE Wt 91.83 + 1.74aA 89.10 + 1.76abA 86.10 = 2.05bA

1 90.74 + 4.37aA 89.60 + 1.82abA 84.06 + 2.38bA

At 95.58 = 1.54aA 85.30 +3.03bA 75.60 +2.09cA
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Note: Different lowercase letters after data in the same column represent significant differences in extraction rates of the three extraction methods under the same

soil type and polyethylene type; different capital letters after data in the same column represent significant differences in extraction rates of the three polyethylene types

under the same separation method and soil type.
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Fig. 4 Thermogravimetric comparison of extracts by three extraction methods
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Fig.5 Comparison of infrared spectra of extracts by three extraction methods
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