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Abstract Plastic particles (diameter < 5 mm) are defined as microplastics (MPs), which are persistent pollutants
that are widely distributed in the environment, threatening the health of humans and other organisms. This
study reviewed the hazards, pollution, constituents and sources, and occurrence of MPs in food and chemical
products and emphasized their prevention and control in chemical products and the environment. In addition to
direct harm to organisms, MPs can release plastic additives to the environment and absorb other pollutants in
the environment, resulting in compound pollution. MPs are ubiquitous in the water, atmosphere, and soil. The
migration of MPs in seas, rivers, and the atmosphere is intense. MPs can be divided into primary and secondary
MPs according to their sources. Chemical products are the primary source of MPs. According to the specific
situation, using MPs in chemical products can be controlled by forbidding, using substitutes, and adjusting the
amount added. The use of MPs can also be controlled by product substitution. According to the pollution, physical,
chemical, and biological techniques can be combined to deal with MP pollution in the environment. Bioremediation
techniques, including enzymes, microorganisms, or a combination of the two, are preferred for the treatment of
MPs dispersed in water and soil. Currently, cutinase and /deonella sakaiensis 201-F6 can degrade polyester MPs
effectively; however, microorganisms and enzymes cannot effectively degrade polyalkene and other plastics, and
the degradation mechanisms are not fully understood. Finally, this study highlighted that the detection method,
distribution characteristics, usage, and control plans of MPs in chemical products will become the research focus
to manage the use of MPs in chemical products, degrading aryl polyester plastics at normal temperatures, and
discovering new microorganisms and enzymes to effectively degrade polyalkene plastics. Moreover, elucidating
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the molecular mechanisms will be the main research focus for the biological remediation of MPs; assuring the
safety of techniques is the foundation of biological remediation techniques.

Keywords microplastic; chemical product; environmental pollution; prevention and control strategy; bioremediation
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Fig. 1 Sources and distribution of microplastics in the environment. Microplastics are categorized as primary microplatics (including plastic
microbeads added into the products of cosmetics, fertilizers, paint, etc. and microfibers released from synthetic cloth by washing) and secondary
microplastics (mainly resulting from breakdown of larger plastic items into plastic fragment). Microplastics pollution has been detected in soil,

ocean and atmosphere. Red spheres in the figure indicate microplatcis.
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Table1 Overview of regulations and policies regarding microplastics in chemical products
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Personal care products and
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personal care products and
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cosmetics and cleaning products
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Personal care products
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Cosmetics, and detergents
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Personal care products

A i

Cosmetics

YRS
Rinse-off products
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Rinse-off products
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TG TR R A

Cosmetics, toothpaste, cleaning
and maintenance products,
adhesives, and adhesives
MR A B

Rinse-off cosmetics and
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T

Rinse-off products

At b
Cosmetics

Ak i

Daily chemical products

In 2015, United Nations Environment Programme (UNEP) released a publication
recommending a phase-out and ban of microplastics in personal care products and
cosmetics.

2014467, % [ R i 1011 236 S S0 8 1t B S SRR ) At it

In June 2014, lllinois State took the lead in enacting legislation to ban sales of
cosmetics containing plastic microbeads.

201543, Wi va Nl vk 2, A5 A A YRR ok

In March 2015, New Jersey State enacted law banning use of plastic microbeads.
20154012, W R G4 84 A8 170 S BB B A0S i & Rk 1 7= .

In December 2015, President Obama signed a bill: prohibit selling and distributing
products containing plastic microbeads in USA.

201548 H JF AR Vi IR MR 2R . 201746 Sk AT AR kA6 .

Plastic microbeads were phased out in cosmetics since August 2015. In June 2017,
laws and regulations were established to prohibit use of them.

WK SR 7R 5, 30 RAE 20184 7 51 SDRH Bk B 7E A M BRI 5 = S b b B R T
PN EARVATS S At R

The Australian government promised a ban on plastic microbeads if they weren’t
voluntarily phased out from cosmetics and cleaning products by July 2018

201541, fif == BUHBA /5 AR 4 . DU I A0 3 0 3R Bk 5 75 A 44 114k F 8 el
In January 2015, Austria, Belgium, Luxembourg, the Netherlands and Sweden issued
a joint call to ban the use of microplastics in personal care products.

20154E107, BR g 1CAE 202048 i 75 JiT A ol it 4% 1A R kL

In October 2015, European Union proposed to ban use of microplastic in all
cosmetics before 2020.

20174E6 7, RR BB TR0 Beid F M B0 AR AR 2 I bR, H b (B AR e e AR T e
b A R

In June 2017, European Union revised ecolabel criteria for laundry detergents, in
which banning use of microplastics in detergents was included.

FE20174F R BT, S5 5 BUR 45 LEAE 44t ity o A PR SR 2R

Before the end of 2017, United Kingdom governments banned using plastic
microbeads in cosmetics.

20164, JI 2 R AT i J 22358 A SRR 3 3, rb L R B S AR R A A
S O

In 2016, Denmark launched ‘Beat Microbead in Denmark’, in which a national petition
asking for an EU ban of microplastics in care products was included.

20164E10/7, 2 [E 32 1 3-20184 LLHG £ it e 38 7= il Fh 4% 1A P SRL A 2R

October 2016, France proposed to ban microbeads in rinse-off products before 2018.
20174E 7, Bl PR AT VR R L G 48 LA g 28 7 i v A PR SRR 2R

In July 2017, Sweden published a draft regulation to prohibit the use of plastic
microbeads in rinse-off cosmetic products.

20174F10H , 7 WK 12 04 2 38 % 42 T A5 LA A B kL

In October 2017, Belgium has informed the European Commission of a total ban on
microbeads.

*2,?18&16}%, KRR Y AE 202044 1732 25 R UK AE i e R A0 e ot R 246 70w £k Al 22

Iﬁ .June 2018, Italy proposed to phase out plastic microbeads in rinse-off cosmetics
and detergents by January 2020.

20174FE8H, T 22 R AR 0 IUA L A b i A SRR FR e B 2 7 .

In August 2017, New Zealand enacted a regulation to ban sale and manufacture
rinse-off products that contain plastic microbeads.

HHHE M 20174E7 1R T 4h 45 1A At it A T 2R ol 2k

South Korea banned use of plastic microbeads in cosmetics since July 1, 2017.

20194F10, H A ML - & TR A F A6 i, £120204E12 3 31H A8 14277, 3]
2022412 H 31 H 4% 45

In October 2019, China enacted a regulation: daily chemical products containing
plastic microbeads would be banned to manufacture by December 31 2020 and
banned to sale by December 31 2022.

el o B L A TIORL . SRR R S O %
Microplastics in the table include microplastics, plastic beads, plastic particles, etc.

ERAREURE, DLAL T I8k SR R PR IN LA 55 7 0 — R 7

BIRCREL, EATE PR TS Je S RS BRRHT R, FRA

H
JE T, BV AR A s AR i T G5 A, TSl L S BRI B VE R M RAT S R BN IR R R

I s
4.2 SREERR

421 TR REHHEBRSRNEERR BABUFET Horh, FIRIZEDDRE AR 55

ALK HIAS [ 42 2 77 sQUAME 3R A5 BAR K AL B 5 3, AN [ 3R
BRI B R 7 R K 2.
A B A SRR BE T A=)

&
BRITE BRI WO RE NS, BRSO EaA KE SURETS R 3 AT R AR R, REUE AR R RS G
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Table 2 The remediation plan of microplastics in different environments

545 Environment Kh¥E 7 % Treatment

P E R IR 5kl Reasons for selection

BRI AR ) B oy O YT AR O v SRR B 4 S
Marine or river
sediments used to separate microplastics from sediments

WA TR UL
Sediments of freshwater
lakes and river

SR DR
Refer to marine sediment

TR K 85 K AL BT
Drinking water or
sewage treatment plant
i b b398 VR K i K
Land soil, fresh water
and seawater

Bioremediation !

St e S RSSO R B K R K 2 A e
Removing most of microplastics " in water by targeted Design and optimization of water treatment

membrane reactor " and Electro-Fenton method "

A ER O T TR e A 7 T TG SR B AR A RO R BRI M AN B B A KA LT 3R A K

7% or photocatalysis "’ for the The microplastics were widely distributed and difficult
remediation of dispersed microplastics in the environment

A TT90% LA (1 S ML A2 TR PE A YT AR v o

Density separation "’ and precipitation air flotation "” were It was estimated that more than 90% of microplastics

were present in marine sediments """

SRR
Refer to marine sediment

B AR AL BT i

to be enriched, and the conventional methods for water
treatment were costly

LV
422 WMEBRSEEMEERENHRRNABRIR #
BEEA Ms AR e T, BRI BE PR ME AT AR R R BE KL
FRRT 2R iR 32 Eh BB 40 T [RD I B L A4S R o0 R S G A
YeE. Bk UL, LLC— CHlE B2 M I 2 AL (PE. PP,
PSHIPVCEE) 1b 2 5 g 4 e %, M dbAT AL e it DATR 1
(ester) B & A AT 418 (urethane) 1 G IS ¥k],
WPETHMPLABL S % g (polyurethane, PU) J$ ¥k} 46 0] DUk
VG K AR, RO S LE R . RIS, Bk oA 2R R 2
e EL 3 AR R e SOREAE B e, EL G Pl T 2R IR W s, PET 3
BB A AR B (Tg) B (80 CA 4D , MIPLAXEEHY
TolE 640 CA A, & FEE Tl LA L4y iz sh ", FlF
Bt Ny THA DN S S, PETHR TR BEA ST TeME
BT A e A AR B i B e, BT DA AR b R b 1) g
A LAREARPET, T PLANN RS DATE i 5% 1445k g B g 5K A2 B R
o A

X T C— CHt HEH IR SR SR R B R}, 184 i ik 3] — 28 m] D)
ORI B SR E. E1NABUA AR A, BE
DR UNF10%) (ORI & SR AT DUEEAT AR P B AT 7550 )
I A= 40 i 7 ) D 508 04 0 28 TR ) B AL R TE S8 e ik = . WF 98 N IR
FE20154F R BT 4, AT LLAE N T2 F BAPS R4 Y. 54k
WEFE R INAE6 dN, AL U] LK 47.7 % 1 PSHR AL, TR TIPS
FEAR LN ZAE 2N HE R O R, AT A H b S B AT
B YT2 (Exiguobacterium sp. YT2) u] LAEARAME 724610 R
Iy RPS, UF B H AR TH AL U L PSH R FE B ZA/ER . HYT24)
fRPSHIZR (53760 dik 37.2%M fif %) ik F1f 60, HE
T 100 T PSR Tl Ak 3 DL R A P g 3 ) B 5 A5 PR 3 0 Y T2
FAPSIAI AT BRI Y, 23 253 R T B fif & C-CHE Y
FRZREAREME GEEAMT A EES) , 456 miR.
AN TR BT VR RIS IR SR, 45 IR R I BAR T IG R
SR 53 7 B PR A, (H BR AR 2R IR AR T® %%, ok
U, E AT DA i e i 1 3R 0 058 218 DRI AR ) B3 TG ) %
fREBCRA AR &, M@ 2R A 2P EEI& B T m
VB R R A, AR R SR R 28 BRI FL AR A AT (L
T SR g T8 AR P B DR FH PEZE R LD 5 pl o SR
A v 2R3 iR SR R SR T IR ) O

5RIG KRBT, DUIE B B B R O
[ ¥E RE A S AT AR W . 20194E, Gan Zhigiang%%
N SL T AN BERL ) B A ) B AR V) TE 42 B B (Plastics
Microbial Biodegradation Database, PMBD) , H.1ij % 4
T TORN] LA R & Fh BERL R, 4 O A2 B R SR T 2R 0B
BRI, 124, KILTT BLK 7 58 e 25 22001 B 1) T 6 465 i

filf (carboxylesterases EC 3.1.1.1) . JIElifi# (lipases EC
3.1.1.3) FIffi Fi i (cutinases EC 3.1.1.74) 1% {H &7 5 i
KRR, A AR THIPETYR M F AR BENTgHE
MRCHE . ILAE R I, RA KBRS E)E (genera
Thermobifida) I ff i i F1 3k 5 L8 55 b )@ Ideonella
sakaiensisi# [{IPETasel#f (EC 3.1.1.101) CH IR FIA N
FNEE K AL AL R R A4 7 21 < 1 45 D7 T HE R, PETase M.
ZET R, WA ROKRPETIERL Bk R:

20164E, HAR R N—ANPETERIE Y L) ) LI
Iy E R — AR 4 i Ideonella sakaiensis 201-F6T] LA5E 421
FLPETY R}, %40 5438 i i 2% (appendage) Wi {E PET ¥k}
FAM, FTRE I I XA 45 B PE TR i i PE Tase 2| PET ¥ k|
T, M3 RPET, 45 (PET A (AN 24— H iR 2
TR, MHET) fEMHETaseli# it 1 T g g 24, Kl
B IR HER (TPA) B4 (TG HIt, &t /a TPAYIZ i
$201-FO R 114 4 58 4 2 AR #E30 CF, it 6/
[, 201-F6 7] LASE 42 73 fR AR U # PET SR AR, % TAER
B3 A (05 PR 5 NGB W J7 ] AR i 2 k). o,
PET/K iR B /K AR PET Ny 4k, PET B4R i H e 4 155 o LAt )
T A R AR M AR T AT — Rl AE IS R R

1E4¥ 5 %1, sakaiensis/f{IPETaseZ i, £l % % 1£2005
SRR R I PR B Thermobifida fusca >R B 1t ) i B
AT LA R R PETYERL Y. JE ok, B2 FATT XIE F X AT
i J& (genera Thermobifida) 438 T m % 1] A& R PET 4k}
PR A R 3K G, AR I A 2% I v ) i 2 R AL 1
VLY BRI ELCC (leaf-branch compost cutinase,
LCC) AT i R0 1 e A i M RN AR 4 1 s s 1 %), 3 i 1
IR Tl 55 A ) g Sy R PE T S8} [l i A 1) A5 5 2 # Carbios 24
A] (www.carbios.fr) AL, 20204, fE4 0 8 H B L
FEOE UG B R S it — 2B 32 5 1 LCCREE i #4444,
TEPETIH B B8 AL 54 AR Bl (72 C) , RABEMRLCCIHE LK
fRPETZ110 hLLJ5, 90%MPET (200 g/kg) 1 B4 il B4k 7y
TP Ak, B B 50K PE Tase B )5 i i A\ 31 i35 Ok
HIEPREH I 2R TPETHRAEMEE. HiEed N
b, BT 58550 A 11 e A5 B i R ) () i A B A PET ¥R 1) A1
RS, FFH m iR R N A AR T e E R R W e
WIRAEN, WA RPETIER 2 AW B PETHIB RIS
PP S8

5 BRESRE
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