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Advances in biodegradation of polyolefin plastics
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Abstract: Polyolefin plastics are a group of polymers with C—C backbone that have been
widely used in various areas of daily life. Due to their stable chemical properties and poor
biodegradability, polyolefin plastic waste continues to accumulate worldwide, causing serious
environmental pollution and ecological crises. In recent years, biological degradation of
polyolefin plastics has attracted considerable attention. The abundant microbial resources in the
nature offer the possibility of biodegradation of polyolefin plastic waste, and microorganisms
capable of degrading polyolefin have been reported. This review summarizes the research
progress on the biodegradation microbial resources and the biodegradation mechanisms of
polyolefin plastics, presents the current challenges in the biodegradation of polyolefin plastics,
and provides an outlook on future research directions.
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Table 1 Fungal degradation of polyolefin plastics
Plastic type Fungi Source Pretreatment method Reaction condition Degradation result References
PE Aspergillus clavatus Landfill soil Unpretreated Shaken flasks Weight loss: 35.0% [14]
JASK1 LDPE films (bags) incubated for
90 days

Collectotrichum fructicolaCulture

LDPE microplastic

90 days at 25 °C  Weight loss: 48.8% [15]

collection of the granules made of LDPE

Institute of film
Excellence in

Fungal Research
(CEFR)

Penicillium citrinum Plastic waste Unpretreated 90 days at 28 °C  Weight loss: 38.8% [16]
dump yard LDPE films

Cephalosporium National Nitric acid treated HDPE 20 days at 28 °C ~ Weight loss: 7.2% [17]
Collection of  film
Industrial
Microorganism
(NCIM)

Aspergillus terreus

Rhizosphere soil PE films

60 days at room  Weight loss: 58.5% [18]

BAYF5 temperature

Trichoderma viride RHO3 Landfill soil LDPE films 45 days at 28 °C~ Weight loss: 5.1% [19]

Alternaria alternata FB1 Sea Unpretreated 28 days at 28 °C  Molecular weight: [20]
LDPE film decreased 95.0%

Aspergillus flavus PEDX3 Galleria

mellonella gut

Meyerozyma Larvae of Plodia Unpretreated PE film
guilliermondii interpunctella
ZJC1

Aspergillus tubingensis

VRKPT1 and 4. flavus  India
VRKPT2
PVC Chaetomium globosum  André Tosello
Culture
Collection
(ATCC)
Phanerochaete Soil

chrysosporium PV1

Unpretreated LDPE film 28 days at 25 °C

Unpretreated PVC film 28 days at 28 °C

Reduction in the  [21]
molecular weight

60 days at 30 °C  Weight loss: 13.9% [22]

Coastal area of Unpretreated HDPE film 12 weeks at 30 °C Weight loss: 6.0% [23]

and 8.5%,
respectively
Weight loss: 9.0% [24]

Unpretreated PVC film 7 weeks at 28 °C  Molecular weight [25]

reduction

R 22 B A SR JE SR AR TR 2 I L 3
SrEAR R, JUH R A A e B A S
Yo 0 Qi AE B 3% S 2 3 03 2545 2 ) A% il
(Aspergillus clavatus) JASK1 5 K 2 4k ¥ 1
LDPE il 55 3 4~ A5 Al i LDPE Bk
35.0% 4, Zlﬁl‘ﬁjﬁij%(fourier transform infrared
spectrometer, FTIR)AG: I 25 i) B AL FL AT, 34
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H, %% (scanning electron microscope, SEM) W% %]
LDPE BB Bacdht, W5 4 FSRNE] 2.3 /L
WAL= CO,; [AFER A BLIRIHI I RS 5 5
(Penicillium citrinum), TEARRIZZETEE 3 1
J1J5 LDPE i it 12k ik 38.8% 110 B PE
Hb, N IE o3 B B /NER 43 ) LARE AR PVC
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xR2 BEBRHBRELBHNMAE
Table 2 Bacterial degradation of polyolefin plastics
Plastic type Bacteria Source Pretreatment method ~ Reaction conditionDegradation result ~ References
PE Rhodococcus ruber C208 PE agricultural Unpretreated LDPE 8 weeks at 37 °CWeight loss: 7.5%  [31]
waste in soil film
Rhodococcus sp. Three forest soils  Preoxidized LDPE film 30 days at 30 °C Confirmation of [32]
adherence
Spingobacterium Plastic dump soil ~ UV-irradiated LDPE 4 weeks at 30 °CWeight loss: [33]
moltivorum IRN19 film 26.8%=+3.04%
Stentrophomonas sp. Plastic debris in Unpretreated LDPE 30 days at 28 °C Change in chemical [34]
soil film properties
Stentrophomonas Solid waste dump Modified LDPE 56 days at 30 °C Confirmed by FTIR [35]
pavanii site
S. marcescens Soil LLDPE powder 70 days at 30 °C Weight loss: 36.0% [36]
made of LLDPE film
Bacillus gottheilii and  Soil UV-pretreated PE 40 days at 30 °C Weight loss: 6.2% and [37]
Bacillus cereus powder 1.6%, respectively

http://journals.im.ac.cn/cjben
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(Zi#£ 2)
Plastic type Bacteria Source Pretreatment method ~ Reaction conditionDegradation result ~ References
Alcanivorax Mediterranean Sea Unpretreated 7 days at 30 °C  Weight loss: 3.5%  [38]
borkumensis LDPE film
Pseudomonas ATCC Unpretreated 120  days atWeight loss: 20.0% [39]
aeruginosa PAO1 LDPE film 37°C
Enterobacter sp. D1 Guts of wax moth  Unpretreated PE film 31 days at 37 °C Morphology changes [40]
Galleria mellonella
Enterobacter Guts of plastic- Unpretreated LLDPE 60 days at 30 °C Weight losses of [41]
asburiae YT1 and Eating waxworms  film 6.1% and 10.7%
Bacillus sp. YP1 after incubation
with E. asburiae YT1
and Bacillus sp.
YP1, respectively
Raoultella ornithinolytica Solid waste dump  Unpretreated 30 days at 28 °C Weight loss: 4.4%  [42]
MP-1 site PE film
PS Pseudomonas sp. Soil Unpretreated 30 days at 30 °C Weight loss: more  [43]
high-impact PS than 10.0%
films
Bacillus sp. Soil Unpretreated 30 days at 30 °C Weight loss: 23.7%  [43]
high-impact PS
films
Exiguobacterium sp. Guts of the larvae  Unpretreated 60 days Weight loss: 7.4%  [44]
strain YT2 of Tenebrio molitor styrofoam PS films Mw decrease:
Linnaeus 11.0%
Exiguobacterium Degraded plastic ~ High-impact PS 30 days at 30 °C Weight loss: 12.4% [45]
sp. strain YT2 waste
R. ruber C208 Unpretreated 8 weeks at 28 °CWeight loss: 0.8%  [46]
styrofoam PS films
PP Stenotrophomonas Soil Unpretreated PP 90 days at 37 °C Mw decreased [47]
panacihumi PA3-2 powder
R. rhodochrous ATCC PP film with 180 days Changes in  ATP[48]
ATCC 29672 pro-oxidant additives levels
Bacillus flexus Plastic dumping ~ UV-pretreated PP 1 year Weight loss: 2.5%  [49]
site film
Pseudomonas sp. WZH-4 Guts of insect larvaeUnpretreated PP 30 days at 37 °C Weight loss: 4.57% [50]
Bacillus cereus Mangrove UV-pretreated PP 40 days at 30 °C Weight loss: 3.6%  [37]
sediments granules
Sporosarcina Mangrove UV-pretreated PP 40 days at 30 °C Weight loss: 11.0%  [37]
globispora sediments granules
Bacillus sp. Municipal compost Unpretreated PP 15 days at 37 °C Weight loss: [51]
waste powder 10.0%—-12.0%
Psychrobacillus sp. Plastic dumping ~ Unpretreated PP 60 days at 30 °C Weight loss: 6.0%  [52]
site
Pseudomonas sp. Plastic dumping ~ Unpretreated PP 60 days at 37 °C Weight loss: 4.6%  [53]
site
Staphylococcus sp. Plastic dumping  Unpretreated PP 60 days at 37 °C Weight loss: 5.0%  [54]
Site
PVC P. citronellolis Collection of PVC film with 30% 30 days at 30 °C Weight loss: 19.0% [55]
microorganisms additives
and cell cultures
Alteromonas sp. BP-4.3  Marine Unpretreated PVC film 60 days at 30 °C Weight loss: 1.8%  [56]
Achromobacter Compost Thermo-oxidative 30 days at 30 °C Weight loss: 12.3% [57]

denitrificans Ebl13 pretreated LDPE film
Klebsiella sp. EMBL-1  Guts of insect larvaeUnpretreated PVC film 90 days at 30 °C Weight loss: 19.6%  [58-59]

&B: 010-64807509 B: cjb@im.ac.cn
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Figure 3 The biodegradation process of polyolefin plastics™ .
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Table 3 Enzymes capable of degrading polyolefin plastics

Enzyme Isolated source Plastic type Incubation time Degradation effect References

Manganese peroxidase P. chrysosporium PE film 12 days Molecular weight decreased [74]

Soybean peroxidase Soybean HDPE film 2 hours - [75]

Laccase R. ruber C208 LDPE film 30 days Weight loss: 2.5% [76]

Alkane hydroxylase Pseudomonas sp. E4 LDPE film 80 days Weight loss: 19.3% [77]

Demetra The saliva of Galleria  PE film 90 min Detect 2-ketones [78]
mellonella larvae

Ceres The saliva of Galleria  PE film 90 min Detect 2-ketones [78]
mellonella larvae

Hydroquinone peroxidase Azotobacter beijerinckii PS film 20 min Molecular weight decreased [79]
HMI121

Alkane hydroxylase A. johnsonii INUO1 PS powder 7 days Confirmed by SEM and FTIR [80]

Laccase Botrytis aclada and UVPE film 24 hours Detect oxygen-containing [73]
Bacillus subtilis products

Lignin peroxidase P. chrysosporium PVC film 4 weeks Weight loss: 31% [81]
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Figure 4 The oxidation reaction pathway of
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