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Research Progress in Environmental Behavior of Biodegradable Plastic Mulches in
Soils
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(School of Ecological and Environmental Sciences, Shanghai Engineering Research Center of Biotransformation of Organic Solid Waste,
East China Normal University, Shanghai 200241, China)

Abstract: Agricultural plastic mulch films, while enhancing crop yields, also cause severe “white pollution.” As an
environmentally friendly alternative, biodegradable mulches (BDMs) have attracted significant attention in recent years. This
paper systematically reviews research progress on the environmental behavior of BDMs in soil, with a focus on analyzing their
degradation mechanisms, the release characteristics of microplastics and additives, and their associated environmental risks.
BDMs can be degraded through the synergistic action of chemical hydrolysis, photo-oxidation, and microbial enzymatic
breakdown. However, the degradation rate is influenced by environmental factors such as soil temperature, moisture, and
microbial communities. The degradation process of BDMs typically leads to a short-term, concentrated release of microplastics,
with abundances considerably exceeding those from traditional plastic films. These microplastic fragments can further adsorb

other pollutants. BDMs additives are characterized by their diverse types and high actual leaching potential in soil, yet their actual
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toxicity risks remain unclear. Current research on degradation mechanism, pollutant release and environmental risks of BDMs is
still insufficient. Future efforts require material innovation, in-depth analysis of environmental behavior, and policy coordination

to optimize the degradability of BDMs and reduce ecological risks.

Key words: Biodegradable mulches; Microplastics; Soil contamination; Degradation mechanism; Plastic additives;

Environmental behavior
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Table 1 The comprehensive characteristics of common biodegradable mulches
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Fig. 1 Schematic diagram of the degradation path of BDMs
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Table 2 Microplastic release of biodegradable mulches
FEEAHK ) N TR R T
iR (k) LioRIIWIRES TR EZ DU
BDMs 2% Exposure . Microplastic
Application region Detection method Y/ (indkg") References
duration size/pum

PBAT/PLA #&i%  FOKH, HUE (pEITT 25a ESIRTAT SR e 525 + 206 100~5 000 [53]
H it Ji TR )

PBAT/PLA 32 FOKH, #iE (hET T 25a ENINTXTE e 350 + 58 100~5 000 [53]
o3 i 4% )

PLA L3 fIE LU, BAULE R 3d S NTAT N e 18 120 T 429.90 [57]

PBAT ey, B UV AR 70d P + R 475 20~100 [63]

FTIR $33E particles-cm 2
PBAT JB AN FOKH, ZMBE/ME (p 3a NI NTXTG R Y 1820 <250 (25 70% ) [54]
EE =) + FTIR %6:31F
PBAT LB FOKH, FERMEE (h 3a ESIRTAT R e 1560 <250 (25 70% ) [54]
[ 3% ) + FTIR BiF
PLA JEMbfE (R FOKRM, MR (FEH# 2a e 70 229 / [55]
0.016 mm ) i) ~86 829
PLA LB (R FORH, MR (o EH R 2a B TA T N 119 712~134 / [55]
0.010 mm ) i) 912
B EARCE AEH, M (P ERE) 180 d N RTAT Gina s 2103 item-g™ 50~500 [51]
(PPDO ) H:Hbfi (=50 pm ) +HREESGHEIIE plastic
PBAT H:HbfiE S, M 180 d WFTIR Aif% B +Hlas &M 5.695%10° <10 [52]

(DSoil microplastic abundance.
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Fig. 2 The main types of additive composition in biodegradable
mulches
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Table 3 Additives released from biodegradable mulches

BDMs AR AY b2 2 U iy =X e 5%
P Additive Chemical name Extraction method Analytical method (&) SCHk®
T ) A
DnBP UPLC-MS/MS ~49.25 png-kg! [66]
(ASE)
oo Ethyl hydrogen . .
HE R i GC-MS 9.7 mg'm 2 [65]
sebacate
i R AL B
BPA UPLC-MS/MS ~13.4 mg'kg [66]
PBAT/ (ASE)
PLA iR Irgafos® 168 TIBE ol B 2K B GC-MS 1.06 + 0.06 mg'm2 [65]
A Bk i i SR A B
Irganox 1076 UPLC-MS/MS ~131.1 mg-kg [66]
(ASE)
YA = Irgafos® 1680x WBZ GC-MS 0.40 £ 0.19 mg-m2 [65]
T 51 Erucamide FlCI %l B 2 GC-MS 5.24 +4.08 mgm? [65]
TEHLAS N 5 IRA S5 TR fife TXRF 31.4+25mgm? [65]
GiRd RN il B K TXRF 0.23 £0.14 mg'm 2 [65]
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BDMs by 1Bl s 22 B By 5 Iy =X e BV R e =1
Fhk® Additive Chemical name Extraction method Analytical method (i) SCHRC
PBAT/ »

] o s 7R 26 B
PLA i St UVAs UPLC-MS/MS ~69 pgkg [66]
» (ASE)
G
(1.120.4) x107
ATBC PRI/ 56 A H GC-MS [75]
mgkg !
(3.6£1.5) x107>
DBP PRI/ 56 A B GC-MS [75]
mgkg !
PAEs PR/ e 2 B GC-MS 47.19+4.28 mgkg™' [69]
PBAT B ATBC PRI/ 2 J 26 L GC-MS 2.03+0.18 mg-kg ' [69]
SAY DBS PRI/ 2 Jo 26 L GC-MS 16.14+3.12 mg'kg! [69]
W fi i 5.01x107+7.73x
PAEs K GC-MS [69]
iR 10 mg-kg '
i 3.66x107+8.47x
ATBC K GC-MS [69]
10* mg-kg '
UV-234, UV-326,
) . 0.1989 mg-kg !
ek UV-328, UV-360, 5 H e/ H A L HPLC-MS N [76]
(EE)

OoMC

£ : OType of BDMs, @Leaching concentration, @References. DNBP, 42K " HIfg —T'fig; Ethyl hydrogen sebacate Z FE& %% —
f2lii; BPA, XMW A; Irgafos® 168, = (2, 4-T MU THIRIL) WHEMRE; Irganox 1076, B- (3, S-TRUT JE-4-3555L ) R A
WKERNE ; Erucamide, JYMREEME; UVAs, S5MRICHI; ATBC, ZWEArEm = THls; DBP, 48K W@ " THi; PAEs, 42K " HRMER
255 ATBC, ZBEHFF B R =T fig; DBS, %8 iR T, Note: DNBP, dibutyl phthalate; Ethyl hydrogen sebacate, ethyl hydrogen sebacate;
BPA, bisphenol A; Irgafos® 168, tris (2, 4-di-tert-butylphenyl ) phosphite; Irganox 1076, B- (3, 5-di-tert-butyl-4-hydroxyphenyl )
propionate octadecyl ester; Erucamide, erucamide; UVAs, Ultraviolet absorbents; ATBC, tributyl acetyl citrate; DBP, dibutyl phthalate;
PAEs, phthalates; ATBC, tributyl acetyl citrate; DBS, dibutyl sebacate.
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