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Abstract

A large amount of plastic waste has been discharged into the environment worldwide, which
causes the current white pollution problem. The accumulated waste plastics in the environment can be
furtherly degraded into small pieces such microplastics and nanoplastics through weathering, which
will do more harm to the environment and humans than large plastics. Therefore, plastic production
and disposal are needed to be considered. Biodegradable plastics (BPs) have become the focus of
recent research due to their potential biodegradability and harmlessness, which would be the most
effective approach to manage the issue of plastic waste environmental acc 0. However, in the
long run, it is uncertain whether BPs can be a promising solution to INosal and global plastic
pollution. Consequently, both sides of the dispute are di ed in this paper. At present, most

conventional plastics can not be replaced by thes . degradation of BPs needs certain

velopment and application of BPs. BPs should not

environmental conditions, which are not alw, & the environment. Additionally, changes in
human behavioral awareness will also®

be considered as a technical solUgion, tis excusing our environmental responsibility, because littering
does not change wit}ﬁ ?r tigh of an effective technology. As such, the conclusion is that BPs may
be a part of the solutioMy The effectiveness in providing environmentally solutions for plastic waste
management depends on the combination of affordable waste classification technologies and
investment in organic waste treatment facilities. Therefore, there is still a long way to go to solve the
global plastic pollution through BPs.

Keywords: Biodegradable plastic; Global plastic pollution; Plastic waste disposal; Biodegradation;

Potential solution
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1. Introduction

Plastics have been widely used in production and life since the day they were invented due to their

remarkable properties in durability, lightness, stability and low cost. Global plastic production has

reached 348 million tons in 2017 (PlasticsEurope., 2018). Problematically, the durability and toughness

of plastics have two sides. These properties can not only improve the performance of plastic, but also in

turn pose a serious threat to the environment, making plastic resistant to natural degradation. This

resistance has become a great challenge in the waste management process, especially in the area of

sustainable waste management. A large amount of plastic waste has e ischarged into the
environment worldwide, which causes the current white pollution pro vergne, 2018). White
pollution is a kind of image appellation for the environment ution phenomenon of waste plastics.

It refers to the pollution of ecological environment an aused by the use of plastic products

such as packaging bags, agricultural mulch film, ble tableware, plastic bottles etc. made of

polystyrene (PE) , polypropylene (PP)@ loride (PVC) and other high molecular compounds,

which are discarded as solid te. Agcording to statistics, 280 million tons of plastic waste were
produced in 192 co‘ comalriegland regions in 2011, and about 8 million tons of the waste flowed
into oceans (Jambeck eMgl., 2015). The accumulated plastics in the environment can be decomposed
into small fragments, gradually forming microplastics or even nanoplastics (Shen et al., 2019b; Shen et
al., 2019c). The negative impacts of plastics on society have become increasingly significant, such as
causing direct landscape problems and posing potential environmental risks to living organisms and
humans, especially those deliberately formulated plastics with inexpensive and almost indestructible

properties (Shen et al., 2019a). How can we deal with these materials? Plastic waste disposal and its

environmental risks are serious problems to be considered. There are several ways to manage plastic
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wastes: recycling, incineration, sanitary landfill and others. Plastic packing is one of the most

problematic types of plastic waste because it is usually designed for single use and ubiquitous in

garbage and extremely difficult to be recycled (PlasticsEurope, 2016). The flexible increasing use and

multi-layer packing poses challenges to collection, separation and recycling. Although some plastics

can be recycled, there are many steps involved, requiring separate collection, long-distance

transportation, processing and remanufacturing. The high cost of these steps, the low commercial value

of recycled plastics and the low cost of raw materials limit the plastic recycles. Additionally, when

plastic waste is burned, the greenhouse gases (CO) and other irritant gages will be released.
Harmful chemicals contained in plastic wastes that can be released int yonment during plastic
waste disposal. Currently, some measures have been taken dress the problem of plastic waste,

including “plastic limit”, “plastic prohibition”, and im reatment efficiency of plastic waste.
However, these methods are only effective t )
much higher than the reduction by the%Qn
about responsible waste treatme@
increasingly aware oﬁ e@ental problems of plastic waste.

Nowadays, the devqopment of biodegradable plastics (BPs) from renewable biomass has become

a topic of great interest. BPs are usually made from renewable raw materials such as lignin, cellulose,

because the scale of plastic production is

ethods, and many people still need to be educated

ds. With the increasing global plastic production, people are

starch and bioethanol. At present, biodegradable and commercially available natural polymers on the

market mainly include polylactic acid (PLA), polyhydroxyalkanoate (PHA), polyhydroxybutyrate

(PHB), polyhydroxybutyrate valerate (PHBV) and polyhydroxybutyrate (PHV). BPs can be

biodegraded without any harmful effects caused by their persistence (Haider et al., 2019).

Today, BPs have been successfully applied in some industrial and environmental protection
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programs. Although some BPs have shown excellent physicochemical, mechanical and degradable

properties in many industrial applications, it is well known that BPs are currently not a substitute for

conventional plastics (Rujni¢sokele and Pilipovi¢, 2017). In the view growth of BPs, there is an impact

of knowledge gap to seek attention in this area. Consequently, there is still a question whether BPs can

be a promising solution to solve the waste disposal problem and global plastic pollution in the long run.

Herein, the both sides of the dispute about BPs are discussed in this paper. The application of BPs and

the challenge of solving environmental plastic pollution, and some perspectives are also raised.

2. What are BPs?

Degradable plastic refers to a kind of plastic whose properties ca use requirements and
remain unchanged during the storage period, but can be degragagato environmentally sound substances
under natural environment conditions after use. BPs ar, of plastics that can be biodegraded

and disappeared in the natural environment (Pj &Qlo, 2019). Its degradation principle is that it

can be decomposed by microbes (bac@ Igae, etc.) existing in the nature to materials (COx,
H»0, CH4 and biomass), which @n be @tegrated into the natural ecosystem without ecotoxic effect or
residual by—productﬁ i@is a kind of polymer material, which has excellent performance and
can be slowly biodegradgd, and finally it exists in nature as a part of carbon cycle. According to the
degree and nature of biodegradation, BPs can be divided into two types: completely biodegradable
plastics and destructive biodegradable plastics. The first type is fully degradable, which is made of
natural polymers such as starch, cellulose and chitin or agricultural and sideline products through
microbial fermentation or synthesis into degradable polymers (lannotti et al., 2018). According to the
source of new materials, BPs can be roughly divided into three categories: microbial synthetic plastics,

natural polymer plastics and synthetic biodegradable plastics. Microbial synthetic plastics are a kind of
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polyester with aliphatic structure and ester group as the main chain (such as PHB), which is produced

by special microbes with sugar and organic acid as raw materials through fermentation and synthesis

(Belal and Farid, 2016). The natural polymer plastics are some polymers existing in nature, among

which the most representative is all starch plastics. Starch is a polysaccharide produced by plants to

store energy. Starch based BP is thermoplastic starch (TPS), which is a material made by heating and

mixing starch with plasticizer. Starch based biosynthetic plastics are more excellent degradable

materials based on starch (Gere and Czigany, 2019). The second type is destructive biodegradable

plastics, which are not completely degraded (Pico and Barcelo, 2019). It isgat ural polymer such

as starch is combined with a synthetic polymer to achieve the purpose ing the structure of the

copolymer by biodegradation of natural components, such a -biodegradable polymers (Thomas et

., 2012). Through the addition of additives, the mo in the polymer will be destroyed,

which will lead to its biodegradability (Nap, mpson 2019). The combination of natural
ingredients and synthetic ingredients |® ing in molten or solution state, copolymerization of
monomers in mixed dispersiorggsystes, etc. The difference between the two is that the natural
component in the r@d into the formed ordinary plastics as an additive, and does not
establish a chemical boRg with the polymer structure of the plastics; the latter is connected into the
chain by chemical bond as a monomer of the plastics.

Due to its good biodegradability, BPs are mainly used as soft and hard food packing materials.
Packing is the largest application filed of BPs at present (European Bioplastics, 2019). The best-selling
products are garbage bags, soft packaging, rigid packaging and disposable ceramics. In the future, the

main market of BPs is plastic packing film, agricultural film, disposable plastic bag and disposable

plastic tableware. Compared with conventional oil-based plastic materials, the cost of BPs is slightly
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higher (Rujni¢sokele and Pilipovi¢, 2017), but people are willing to choose new BPs with higher price

to protect the ecological environment. Therefore, the BP industry has a huge development prospect and

broad application market.

3. Can BPs solve the problem of plastic environmental accumulation?

With the rapid development of petrochemical industry, plastics have gradually penetrated into

every aspect of daily life, followed by the problem of “white pollution” which can not be ignored.

These most incorruptible waste plastics not only do harm to human health, but also to the ecological

environment (Shen et al., 2019c; Shen et al., 2019d). At present, the com¥go ment methods for

waste plastics are incineration, landfill and recycling. As we all know, yon and landfill are the

most negative treatment methods, which cause great polluti the environment such as release of

stimulate gas and leakage of leachate, and are very u wrecycling is another relatively good

way, however, actually, only a small percen &Clable” plastic wastes are recycled into the
original products, even the most e% d plastics (Ellen MacArthur Foundation, 2016).

Challenges lie in the use of col ditives and fillers in the plastic production process, pollution
from consumer ussﬁd @ production during recycling. Low-grade plastic waste, such as
multi-layer plastic packig and plastic film, is particularly difficult to separate and dispose. The plastic
can only be recycled about 2-3 times before its quality drops to the point where it can no longer be used
(Sedaghat, 2018). Each cycle of the recycling process shortens the length of the polymer chain, thus
causing mass loss and requiring further material treatment. As such, the best way to deal with waste
plastics is to make them decompose into harmless CO, and H,O in natural state to return to nature.
Plastic is a kind of high molecular compound which is polymerized by monomers. The long chain

of carbon molecule in its structure is very firm and not easy to break, which is the main reason why
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conventional oil-based plastics are difficult to decompose. The principle of BPs is to reduce the

difficulty of breaking the long chain of carbon molecule, so that it is easy to decompose from polymer

into small pieces, and then further degrade into CO2, H,0, and biomass. Unfortunately, however, there

are still questions whether BPs can be a promising solution to solve the waste disposal problem and

global plastic pollution. Accordingly, three scientific evidences are discussed here.

Firstly, it is well known that BPs are currently not a substitute for most conventional plastics. At

present, only PP and PE are the most common petroleum based plastics in the world (Geyer et al.,

2017). Global plastic production has reached 335 million tons in 2016 and g3 rigdgn tons in 2017 and
is growing (PlasticsEurope., 2018). BPs only accounted for 0.5% o 5 million tons of the
annual plastic production, and are expected to increase to a .62 million tons in 2023 (European

Bioplastics, 2019). Although the production of BPs is@r Ing, it is no more than a drop in the

bucker to solve the global problem of plastig en ntal accumulation. The key reason is cost.
QO mature, and the use is too large in the world.

Plastic is too cheap, the production@

According to the analysis, the prge of @Ps produced by the current process is about several times (3 —

10 times) that of co io@nd PE (Luyt and Malik, 2019). Moreover, some BPs are not as good
as conventional plastics §shahlari and Lee, 2012). For example, PHB has better barrier properties than
PP, which makes PHB superior to commercial plastics in the packaging of oxygen-sensitive products
such as food and beverages. However, its application is still limited due to its low plasticity and impact
strength, which results in many difficulties in polymer processing. The above two factors greatly limit
the popularization and application of BPs and hinder the substitution of BPs for petroleum based
plastics.

Secondly, the production of BPs seems to be much easier than their treatment. Degrading a
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polymer, especially conventional plastics, requires more energy and exertions, which may also occur

on BPs. Biodegradability is related to the chemical properties of polymers and the environmental

conditions. Biodegradation is the processing of using living organisms (bacteria, fungi, etc.) to degrade

BPs into oligomers, monomers or CO, and H;O, and eventually entering the ecosphere. The

biodegradation mechanism of BPs is illustrated in Fig.1. Biodegradation usually involves three phases:

biodeterioration, biofragmentation, and bioassimilation (Emadian et al., 2017). BPs have long chain,

high molecular weight and complex chemical structure, which means that they can neither be ingested

by microorganisms nor further degraded via cell membranes. In biodeteorai living organisms
aggregate on the surface or inside of environmental BPs to form biofi \Cbial colonization), and
the properties of BPs would be changed due to the jauous growth and reproduction of

microorganisms. In biofragmentation, BPs are graduall@er Into oligomers and monomers in the
presence of depolymerase produced by micrggrga inally, these substances are assimilated by
microorganisms to provide carbon al Qrces and then converted into CO,, H,O and other
materials. When these metaboli@leased back into the environment, the whole biodegradation

process of BPs is co@vm, biodegradation of BPs needs certain environmental conditions,

which is controlled by oRygen content, ambient temperature, pH, water content, polymer characteristics,

etc. (Fig.1). Afact is that BPs can be biodegraded but the degradation process needs specific conditions

that are not always reliable under the natural conditions (Nazareth et al., 2019). For example, the slow

degradation of BPs in marine environment has been noted (Morohoshi et al., 2018; Sashiwa et al.,

2018), and the non-degradability of BPs has also been observed ins some cases (Napper and Thompson,

2019). Consequently, these factors in the biodegradation process must be considered. The time of

biodegradation controlled by polymer characteristics is critical for determining the applicability of BPs
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to end-of-life management technologies or their possible fate in the environment. If the biodegradation
rate is not significantly different from that of conventional plastics of the same kind even in the
presence of microorganisms and key enzymes, limited biodegradability ill not benefit the environment
or the management of BP wastes. Biodegradation depends on the complexity, the chemical structure
and the crystallinity of the polymers. BPs with functional groups (-COO-, -OH, and —COQH) and
with flexible active sites have higher degradation rates because these active groups can bind to enzyme
sites much faster than those on rigid BPs. Shorter polymer chains lead to faster degradation, and
complex chemical structures (e.g., PHB) require additional enzymes or corgole nzymes (Narancic
and O'Connor, 2019). Ambient temperature and pH will affect the bio n rate because surface

cracking of BPs caused by temperature and pH changes wil lerate the degradation. The presence

of plastic additives in BPs may also interfere with the on process. Additionally, large-scale

disposal of BPs must be also considered. Theoro and consumption of large quantities of BPs
mean that a promising solution for Iar@Qment is needed. Large-scale plastic waste is usually
disposed of by landfill, incineraon, bglogical treatment (composting and anaerobic digestion), and
recycling. Currentlvﬁ, us@ﬂposting is the main concern in the management of end-of-life of
BPs (Narancic and O'(gnnor, 2019). Before composting, BPs suitable for composting should be
collected and separated through separate collection schemes and transported to industrial composting
facilities.

Thirdly, change of human behavioral awareness is important. The solution to the problem of
global plastic pollution needs a change in human behavioral awareness combined with viable

promising approaches, and the latter will be largely ineffective without the former. We should not

consider BPs as a technical solution, thereby excusing our environmental responsibility, because



210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

littering does not change with the promotion of an effective technology. There are several possibilities
for unmanaged plastics, including littering, open dumping and open burning, which are more prevalent
in rural areas or where waste management infrastructure is less developed. BPs must be managed by
society rather than being randomly released into the environment. In addition, the use of greenwashing
practices affects the purchase of so-called biodegradable products by buyers who believe in
sustainability or environmental privilege, and may cause people to improperly discard these materials
into the environment (Nazareth et al., 2019). To some extent, these strategies can also have a positive
impact on purchase decisions, which is very unfavorable to the global publ g to control plastic
pollution (Choice, 2010). Given the technologies currently availableN=N Wy polymers, products
claiming to be biodegradable should be strictly controlled an strategies should be adopted before

such environmental damage leads to a loss of consum i e. Accordingly, BPs cannot provide

up in the environment, but provide a new waste

an approach for society to continue to thr &ecause it is also a kind of environmental
pollution that BPs are thrown at ran@

management option for human b@ngs. he accumulation of plastic waste on the earth is still a problem
and the managemen Ia@mon requires global efforts.
4. What are the potentz risks of using BPs to the environment?

BP is also a kind of plastic, which inevitably has a potential impact on the environment during its
application. When BPs are disposed in an uncontrolled manner, there are two fates in the environment:
accumulate and break up. Like conventional plastics (PE and PP), BPs can also fragment into
microplastics and nanoplastics. Recently, scientists have begun to study the impacts of biodegradable
microplastics (BMPs) with the gradual understanding of BPs. Shruti and Kutralam-Muniasamy (2019)

thoroughly discussed the potential effects of BMPs on the environment. The potential effects of limited
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types of BMPs on aquatic organisms have been characterized. Studies performed by Green et al. (2015)
and Green et al. (2016) have demonstrated the adverse effects of BMPs (PLA) on diversity and benthic
community growth richness. Similar results of respiratory rate of Arenicola marina L. in sandy
sediment have also proved by the high concentration stress and the increase of respiratory rate caused
by PLA in flat oyster and the high dose response of PLA in sandy sediments (Green, 2016). Straub et al.
(2017) studied the adsorption and function of BMPs (PHB) and polymethylmethacrylate microplastics
(PMMA) in the freshwater amphipod Gammarus fossarum. The results showed that both microplastic
treatments different particle sizes (32 — 250 um) significantly affected th&assigmgation efficiency of
amphipod Gammarus fossarum and reduced the increase of wet weig z-Pleiter et al. (2019)
studied the potential ecotoxicological effects of secondary P noplastics (25 — 100 mg 1.1, 200 nm)

on three representative aquatic organisms (Daphni nay T Anabaena sp. and Chlamydomonas

reinhardtii). The results showed that secondar; &Iastics induced a significant decline in cell
growth changes in related physicolog@ rs in all three aquatic organisms. The authors also

pointed out that the PHB nan released as a consequence of abiotic degradation of PHB
microplastics were | e(]’ the tested aquatic organisms. The above studies have shown that
biological exposure to Ypnventional and biodegradable microplastics and nanoplastics also shows
similar ecotoxicological effects to test organisms. Consequently, induced changes can indicate that BPs
are not completely safe to the environment.

In addition, BMPs can also act as vectors for microorganisms and chemical pollutants. Some
studies have evidenced that microplastics are important vectors of microorganisms (Frere et al., 2018;
Shen et al., 2019d) and chemical pollutants (Hartmann et al., 2017; Koelmans et al., 2016; Pittura et al.,

2018; Ziccardi et al., 2016). Due to the similar characteristics of particle size, good fluidity and good
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stability, BMPs also have a strong adsorption and enrichment tread for chemical pollutants and
microorganisms. Recently, Zuo et al. (2019) investigated the adsorption and desorption of
poly(butylene adipate co-terephtalate) (PBAT, 2338 +486 um), PS (250 um) and PE (2628 + 623 pm)
for traditional organic pollutants (phenanthrene). The results showed that the adsorption and desorption
capacity of PBAT BMPs was significantly higher than that of PS and PE microplastics. The authors
further reported that BMPs were a strong vector of phenanthrene compared with the conventional
microplastics.

Unfortunately, however, it is too early to assert the threat state (with i t threat) of BMPs
due to the lack of data in this respect. Few studies have found the MPs on very limited
aquatic organisms. The potential effects of BMPs have not performed in many cases, and it is

unclear for a series of animals used as human food. c™t is difficult to determine the more

specific threat that BMPs may pose to t &organisms, ecosystems and humans. The
® be a concern issue in the future. It is necessary to

evaluate and integrate the eﬁec@van food safety and health by testing the potential effects of

BMPs on different o 'sn@cosystems.

5. What is the function§f BPs in solving plastic pollution?

coecological effect of BMPs on ecos

Although the current level of substitution is very low, BPs can replace most of the conventional

plastics currently in use and consumption. Shen et al. (2009) investigated the potential technology

substitution of BPs for conventional oil based plastics. The authors reported that the largest substitution

rate could reach up 94%, of which 31% were BPs and 63% were biobased plastics but not

biodegradable plastics. However, the actual level of production and substitution is still far from the

theoretical maximum. Because of economic factors, difficulties in rapid scale and the availability of BP
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raw materials, and slow adoption of new BPs in the plastic industry, this potential may not be exploited

in the short and medium term. Although BPs are still in the development stage, and the market is not

fully formed as a whole, it has shown the substitution effect on conventional plastics in some fields.

a) Disposable plastic products

There are a large number of disposable plastic products in daily life, such as plastic bags, garbage

bags, disposal plastic lunch boxes and tableware, product packing bags. This kind of these products is

widely distributed in our daily life, with a large amount of consumption, but as the same time, they

produce a series of problems such as white pollution. For BPs, disposable pRgstj ducts are the most

potential application areas in the future strategy of realizing low-c omy and sustainable

development of industry. BPs used for disposable products n have a faster degradation speed, and

their mechanical properties should be able to meet the reguirements of daily use.

b) Agricultural application (biodegrad

oduction is a kind of high molecular hydrocarbon

abl &h film)
At present, most of the mulch fI%Q

transparent film, which is made{gf PP@low molding. Conventional high polymer plastics have good
strength, and it will ‘Eu@}f years for the residual film to become harmless material to the soil.
The residual plastic filn§in the soil has a bad effect on the arable and aeration of the soil, and even
leads to the decreases of crop yield. The harm of plastic mulch film pollution is mainly manifested in
the following aspects: (1) reducing the level of soil fertility; (2) affecting the fertilizer efficiency; and
(3) making the crop malnutrition. The treatment of residual mulch film is mainly driven by
administrative forces, mechanical recovery and manual pickup. Unfortunately, however, no matter
mechanical or manual, the accumulation of residual mulch film cannot completely remove for a long

time, and the cost of recovery of residual mulch film is also gradually rising. The most feasible way to
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solve the problem of residual film is to use agricultural degradable mulch films. On the one hand, the
degradable film has the same effect as the conventional film (PBAT vs PP), and at the same time solves
the inevitable residual film pollution caused by the conventional film. On the other hand, large-scale
promotion of degradable mulch film can play a role in resolving traditional excess capacity.

¢) High-end market

The application of BPs in high-end market includes medical supplies, drug release materials, 3D
printing materials, etc. PLA, PHA, polycaprolactone (PCL) and other BPs have good biocompatibility,
which can be controlled by molecular design synthesis, so they have devel tential in high-end
market. PLA is one of the most commonly used 3D printing wires. d with other used 3D
printing materials such as acrylonitrile butadiene styrene, P as many advantages: it not only has
rich colors and good transparency, but also can achj printing speed and better printing;

B

ec & biocompatibility, PHAs are widely used in
Q)Q!

cartilage repair stent, etc. PCL @d thermoplasticity and molding processability, which can be

moreover it is environmentally friendly.

medical fields, such as medical sutur e, orthopedic needle, guided tissue repair, articular

made into fibers, fl sr@. Due to their special properties, BPs will play more irreplaceable

role in the high-end filed§and have broad development spaces.
6. What are the opportunities and challenges of using BPs?

BPs are of great significance for global environmental protection. The emergence of BPs is an
inevitable requirement for the sustainable development of the environment in the 21st century.
Therefore, it is common goal for all countries in the world to strengthen the research on BPs and
promote the product development of BPs. The challenge comes from promoting this alternative

potential. There are four important factors: technical aspects, financial, management and consumers
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(Fig.2).

Firstly, the development of technology plays a big role in the acceptance rate of BPs. In the
existing technology, there are methods to improve the thermal stability and mechanical strength of BPs
by compounding with inorganic materials. It will also cause the increase of degradation products and
the decrease of degradation rate. The biodegradation performance of BPs is realized by degradation of
macromolecules into micromolecules by environmental microorganisms, and this degradation process
is very slow, especially the resin molecular materials. It is difficult to recycle the waste plastics, and
whether the degradation products will not pollute the environment remaips® b ied. Additionally,
large-scale disposal of BPs must be also considered. Improvement mpost infrastructure,
including compost classification and BP recycle, will allg r the treatment of BPs in compost
facilities (Andrade et al., 2016). Therefore, waste man public behavioral awareness are the

important factors in solving the problem of plasti lation in the environment, but they are not

fundamental. The progress of technol

the future. Q
Secondly, fma@reaﬂy inhibit the development of BPs. Compared with conventional

plastics, the material priQ for producing BPs is relatively high, and the technical process is complex,

evelopment of new materials are also considered in

so the final product price is far high than that of conventional plastics. Cost has always been an

important indicator of whether a product can be applied to the market on a large scale. Therefore, the

price of agricultural raw materials should be monitored to ensure that they are competitive with fossil

fuels, so as to promote the transfer of conventional materials to biodegradable materials. Moreover,

new equipment and synthesis process should be optimized to reduce the production cost of BPs.

Improve the function of synthesis BP materials, such as cellulose, starch and shell, and widen the use of
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materials, which is also an important measure to reduce costs.

Thirdly, the BP industry lacks a favorable management system. There are three ways to manage

plastic wastes: recycling, incineration, and sanitary landfill. Due to the chaotic collection system of

conventional plastic and BP, the disposal of plastic wastes has become difficult. BPs can be burned like

conventional plastic, and the energy of BPs is similar to that of conventional plastics (Dilkes-Hoffman

et al.,, 2019). However, in terms of landfill, conventional plastics and BPs are quite different.

Conventional plastics are difficult to decompose in landfill. During degradation of BPs in landfill,

methane, a higher global warming potential gas than CO, can be producedg§ln lal composting and

anaerobic digestion are also concerns in the management of end-of-li However, before that,

BPs suitable for composting and anaerobic digestion shg e collected and separated through

separate collection schemes and transported to industri oStMIg and digestion facilities.

a major concern of the public, but also a problem to

Finally, raising the environmental aware &ublic is also an essential part of promoting
BPs. How to identify and deal with BP%Q

be solved. It is recommended %4 devegop identification codes for BPs (bags, containers, and other
materials) to help swe @m other recyclable materials. This needs to be combined with local
education on how iderNfy and deal with BPs. BPs may not have an adverse impact on waste
management if appropriate labelling and differentiated waste collection systems are developed.
7. Conclusion

The accumulation of plastics on the planet is a severe problem in this time. The severity of this
problem will exponentially increase with the increase of global plastic production and consumption. As
such, measures should be taken to reduce the rate of plastic accumulation and the ecological effects

caused by the inevitable accumulation. BPs can effectively protect and improve the environment, and
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greatly promote the development of environmental protection. However, the production of BPs seems

to be much easier than their treatment. The performances of BPs are greatly questioned. There is no

answer whether BPs can be a promising solution to solve the waste disposal problem and global plastic

pollution. Many aspects of BPs are still in their infancy. There is no single solution to solve the

problem of plastic accumulation in the environment, it is important to determine the effective

combination of solutions. Just for now, BPs should be a part of the solution, albeit a very small part.

The effect of BPs on plastic accumulation should not be underestimated. In addition, under the severe

situation of energy conservation and emission reduction, the developm§t Ps is of strategic
significance. Therefore, we still have a long way to go to solve the gl & pollution until (a) all
non-biodegradable plastic products can be replaced by BPs the same or similar performance; (b)

everyone in the world can dispose of BP waste ac gulations and laws and should be

responsible for our environment; (c) theses cgllect an be biodegraded on a large-scale, and the
biodegradation byproducts can be ret@ ecosystem; and (d) raw materials for BPs can be

continuously and inexpensively qgtaineg from the environment.

Acknowledgement
The study is financRylly supported by the Program for the National Natural Science Foundation of

China (51521006), the Program for Changjiang Scholars and Innovative Research Team in University

(IRT-13R17), and the Three Gorges Follow-up Research Project (2017HXXY-05).

Declaration of interest

The authors have no conflict of interest to declare regarding this article.



386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

Reference

Andrade, M.F.C.D., Souza, P.M.S., Cavalett, O., Morales, A.R., 2016. Life Cycle Assessment of
Poly(Lactic Acid) (PLA): Comparison Between Chemical Recycling, Mechanical Recycling and
Composting. J.Polym. Environ. 24, 1-13.

Belal, E.B., Farid, M.A., 2016. Production of Poly-B-hydroxybutyric acid (PHB) by Bacillus cereus. Int.
J. Curr. Microbiol. Appl. Sci 5, 442-460.

Choice, T., 2010. The Sins of Greenwashing: home and family edition. TerraChoice Group, Inc. Ottawa,
Ontario, Canada.

Dauvergne, P., 2018. Why is the global governance of plastic failing the oceans? Global Environ.
Change 51, 22-31.

Dilkes-Hoffman, L., Pratt, S., Lant, P., Laycock, B., 2019. The role of bi dabl@plastic in solving

plastic solid waste accumulation, Plastics to Energy. Elsevier, pp. 469-5

Ellen MacArthur Foundation, 2016. The New Plastics Econo Rethinking the Future of Plastics.

Emadian, S.M., Onay, T.T., Demirel, B., 2017. Biodegr
Waste Manage. 59, 526-536.

European Bioplastics, 2019. Bioplastics mateg &

Frere, L., Maignien, L., Chalopin, M%QRinnert E., Morrison, H., Kerninon, S., Cassone,

bplastics in natural environments.

A.L., Lambert, C., Reveillaud, J. I ., 2018. Microplastic bacterial communities in the Bay of
Brest: Influence of polymer, g. Environ. Pollut. 242, 614-625.

Gere, D., Czigany, ge trends of plastic bottle recycling: Compatibilization of PET and
PLA. Polymer Test. 106460.

Geyer, R., Jambeck, J.R., Law, K.L., 2017. Production, use, and fate of all plastics ever made. Sci. Adv.
3,e1700782.

Gonzdez-Pleiter, M., Tamayo-Belda, M., Pulido-Reyes, G., Amariei, G., Legané&, F., Rosal, R.,
Fernandez-Pifss, F., 2019. Secondary nanoplastics released from a biodegradable microplastic severely
impact freshwater environments. Environ. Sci-Nano. 6, 1382-1392.

Green, D.S., 2016. Effects of microplastics on European flat oysters, Ostrea edulis and their associated
benthic communities. Environ. Pollut. 216, 95-103.

Green, D.S., Boots, B., Blockley, D.J., Rocha, C., Thompson, R., 2015. Impacts of Discarded Plastic

Bags on Marine Assemblages and Ecosystem Functioning. Environ. Sci. Technol. 49, 5380-5389.



416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

Green, D.S., Boots, B., Sigwart, J., Jiang, S., Rocha, C., 2016. Effects of conventional and
biodegradable microplastics on a marine ecosystem engineer ( Arenicola marina ) and sediment
nutrient cycling. Environ. Pollut. 208, 426-434.

Haider, T.P., Vdker, C., Kramm, J., Landfester, K., Wurm, F.R., 2019. Plastics of the future? The
impact of biodegradable polymers on the environment and on society. Angew. Chem. Int. Edit. 58,
50-62.

Hartmann, N.B., Rist, S., Bodin, J., Jensen, L.H., Schmidt, S.N., Mayer, P., Meibom, A., Baun, A,
2017. Microplastics as vectors for environmental contaminants: Exploring sorption, desorption, and
transfer to biota. Integr. Environ. Asses. 13, 488-493.

lannotti, G., Fair, N., Tempesta, M., Neibling, H., Hsieh, F.H., Mueller, 4 2018. Studies on the

environmental degradation of starch-based plastics, Degradable Material res@ pp. 425-446.

Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andr arayan, R., Law, K.L.,

2015. Plastic waste inputs from land into the ocean. Science 328,768-771.

Koelmans, A.A., Bakir, A., Burton, G.A., Janssen, C.R. plastic as a Vector for Chemicals
in the Aquatic Environment. Critical Review pported Re-interpretation of Empirical

Studies. Environ. Sci. Technol. 50, 3315.

Luyt, A.S., Malik, S.S., 2019. Can Bi lastics Solve Plastic Solid Waste Accumulation?,
Plastics to Energy. Elsevier, pp. 4 Q

Morohoshi, T., Ogata, K. Qsmo, S., 2018. Molecular characterization of the bacterial
community in biofil gtion of poly (3-Hydroxybutyrate-co-3-Hydroxyhexanoate) films in

seawater. Microbes and {avironments, ME17052.

Napper, I.E., Thompson, R.C., 2019. Environmental deterioration of biodegradable, oxo-biodegradable,
compostable, and conventional plastic carrier bags in the sea, soil, and open-air over a 3-year period.
Environ. Sci. Technol. 53, 4775-4783.

Narancic, T., O'Connor, K.E., 2019. Plastic waste as a global challenge: are biodegradable plastics the
answer to the plastic waste problem? Microbiol-Sgm. 165, 129-137.

Nazareth, M., Marques, M.R., Leite, M.C., Castro, §B., 2019. Commercial plastics claiming
biodegradable status: Is this also accurate for marine environments? J. Hazard. Mater. 366, 714-722.
Picq Y., Barcelg D., 2019. Analysis and Prevention of Microplastics Pollution in Water: Current

Perspectives and Future Directions. ACS Omega 4, 6709-6719.



446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

Pittura, L., Avio, C.G., Giuliani, M.E., d’Errico, G., Keiter, S.H., Cormier, B., Gorbi, S., Regoli, F.,
2018. Microplastics as Vehicles of Environmental PAHs to Marine Organisms: Combined Chemical
and Physical Hazards to the Mediterranean Mussels, Mytilus galloprovincialis. Front. Mar. Sci. 5.103.
PlasticsEurope, 2016. Plastics - The Facts 2016.

PlasticsEurope., 2018. Plastics-The facts 2018.

Rujniésokele, M., Pilipovi¢, A., 2017. Challenges and opportunities of biodegradable plastics: A mini
review. Waste Manag. Res. 35, 132-140.

Sashiwa, H., Fukuda, R., Okura, T., Sato, S., Nakayama, A., 2018. Microbial degradation behavior in
seawater of polyester blends containing poly (3-hydroxybutyrate-co-3-hydroxyhexanoate)(PHBHHX).
Mar. Drugs 16, 34-44,

Sedaghat, L., 2018. Things You Didn't Know About Plastic (and Recyclin 1ongl)Geographic.
Shahlari, M., Lee, S., 2012. Mechanical and morphological r¥es of poly(butylene

adipate-co-terephthalate) and poly (lactic acid) blended wiMyorganically modified silicate layers.

Polym. Eng. Sci. 52, 1420-1428.

Shen, L., Haufe, J., Patel, M.K., 2009. Product ie@narket projection of emerging bio-based
plastics PRO-BIP 2009. Report for Europ &aride network of excellence (EPNOE) and
European bioplastics 243.

Shen, M., Ye, S., Zeng, G., Zha %L Tang, W., Wen, X., Liu, S., 2019a. Can microplastics
pose a threat to ocean carbq, n? Mar. Polluti. Bull., 110712-110712.

Shen, M., Zeng, G., G/en, X., Song, B., Tang, W., 2019b. Can biotechnology strategies
effectively manage envifgnmental (micro)plastics? Sci. Total Environ. 697, 134200-134200.

Shen, M., Zhang, Y., Zhu, Y., Song, B., Zeng, G., Hu, D., Wen, X., Ren, X., 2019c. Recent advances in
toxicological research of nanoplastics in the environment: A review. Environ. Pollut. 252, 511-521.
Shen, M., Zhu, Y., Zhang, Y., Zeng, G., Wen, X,, Vi, H., Ye, S, Ren, X., Song, B., 2019d.
Micro(nano)plastics: Unignorable vectors for organisms. Mar. Pollut. Bull. 139, 328-331.

Shruti, V., Kutralam-Muniasamy, G., 2019. Bioplastics: Missing link in the era of Microplastics. Sci.
Total Environ. 697, 134139.

Straub, S., Hirsch, P.E., Burkhardt-Holm, P., 2017. Biodegradable and Petroleum-Based Microplastics

Do Not Differ in Their Ingestion and Excretion but in Their Biological Effects in a Freshwater

Invertebrate Gammarus fossarum. Int. J. Environ. Res. Pub.He. 14, 774.



476

477

478

479

480

481

482

483

484

Thomas, N.L., Clarke, J., McLauchlin, A.R., Patrick, S.G., 2012. Oxo-degradable plastics: degradation,
environmental impact and recycling. Waste Resource Manage. 163, 133-140

Ziccardi, L.M., Edgington, A., Hentz, K., Kulacki, K.J., Kane Driscoll, S., 2016. Microplastics as
vectors for bioaccumulation of hydrophobic organic chemicals in the marine environment: A state -
of - the - science review. Environ. Toxicol. Chem. 35, 1667-1676.

Zuo, L.-Z., Li, H.-X,, Lin, L., Sun, Y.-X., Diao, Z.-H., Liu, S., Zhang, Z.-Y., Xu, X.-R., 2019. Sorption
and desorption of phenanthrene on biodegradable poly (butylene adipate co-terephtalate) microplastics.

Chemosphere 215, 25-32.

<
N
()Q





