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Abstract The extensive ap;;licalion of plastic products leads to the increasingly significant harm of plastic wastes to the ecological environment, which is also a focus of global
environméntal issues. Due to the lack of a sound plastic waste management system, most plastic waste is still treated by the traditional mode or remains in the environment,
with low recycling efficiency, and the plastic life cycle has not yet formed. Plastics in the environment will age and degrade under the actions of physical (wear, waves),
chemical (ultraviolet radiation,, hydrolysis) , and biological ( fungi, bacteria) factors for a long time and generate micro (nano) plastics. Due to their small particle size, large
specific surface area, and charged characteristics, in addition to their own toxicity, they can also be used as carriers or covert carriers of pollutants (heavy metals, persistent
organic pollutants, polycyclic aromatic hydrocarbons, bacteria, etc. ) to migrate in the environment through runoff, sewage discharge, and hydrometeorology, causing
ecological environmental pollution. MPs pollution has been listed as the second largest scientific problem in the field of environmental and ecological science by the United
Nations Environment Programme. MPs are widely distributed, and there are different degrees of MPs pollution in the global water ( freshwater, ocean), soil, and atmospheric
environment. Traces of MPs have also been found in human placentas, human breastmilk, living lungs, and blood in recent years. Therefore, the formation mechanisms of
MPs under the actions of physics, chemistry, and microorganisms, as well as their abundance levels and migration characteristics in water, soil, and atmosphere environment
were comprehensively reviewed, with the hope of providing reference for monitoring the pollution levels of MPs in the environment, exploring their transport laws in the
environment, proposing the management strategy of MPs pollution, and revealing the degradation mechanisms of MPs under different effects.

Key words: microplastics( MPs) ; degradation mechanism; environment pollution; abundance level; migration characteristics
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8

S A R IE AL B IRIE o A R AT T 2

4731

Ccl Cl
m\ A

M el Mr_’—lltl M

eSS gy

3 PVCHSMSHEREWHRAR
Fig. 3 Dechlorination of PVC and formation of polyene
AR CANE 4) RSN AR A A R R
2 Ho 55 B RE A I AL & W, RAE 30 68 A B it

MEANGE SR PE R AR 2 AL 5
PRI b SR 2 AL RUK R A A 2 VR T, 3R
EYIBTEERE A AL, Az S A AN TR S B e e WL
B OHRHE | ORIEMIBERL ) AL S Y, A X S RE M
AT (48 ) oA SRR DR AR 1 P L 3 T AR 3 R, AN
— AR A B RO A A AR AR A R A
IR B 2SR ST P il () KRB BUR A fE

g rOY™ . 2O4

Ar‘ll

HrOfen
n tH0

-

A stk ¢
Ok Oyer o

" HO

h—@/h@‘( "‘“-/""0{ ~;

M@Wzﬁﬁ 19
ﬂﬁéﬂf Uk HER7)) S R R &
%Eﬁ%lﬁﬁi‘ﬂﬂ @ﬁi‘%ﬁ&iﬁcmﬂﬁﬁz%TﬂFﬁi -
%EW%E’JM@c%—IUH/H\ﬁ%jﬂ CO, . HO 0
CH, %) VAR E Y, EEAARE 4 AR IE S
(b) ] A=WiR Ak (BB B IR 2R 1 IR 32 AT ) T
ERAR) o SR A (T4 50 1 ) LA AR P
SRR o e U R Y . R AR AR S |
[P AE (A3 1 A 2 T 19 2 AR U0 I 8F AT A=
YAt ) A A /E H (4 FE I AR Co, |
CH,. N, H,0 FiHAbfb &4) ). Haj & T8k
AR E 2 P AN s (N 2) , A
AR 18 SE A HUR B e A B 4y R SR Ry
A KT R 0 A IR, KA B ATy R B 1A R AR
FHE S A e SR R T R 25 Al AR B A
At AL A, Tischler 451 iR T AR AT H R |
P ERL N BRT S R T A i R i R 2 s 1 0 e A Ak L
il BV R 206 98 Ja t R O 0 Bl . AR O
AT | 4% T ot S il R 25 A T % i g 1o 4 AL B
R R IR, G 42 = IR TR A 58 R 445 1 e
fi[ AP S (a) ). Yoshida %51 435 (¥ 5 /8 410 4
Ideonella sakaiensis T] LA43 Wb B f# PET A1 h ] 7= 4
HIME, 75 30°CF 6 JH FEA RRH IR 4SS 2 (1.9% ) 1Y

CPETHBEMRE [ B
> Figs 4 -Deg;adatlon pathways of PET

0 0
O, SO
0 HO A
\[ C oo 0. § C
O (0} n l’O

a2

O—H_UJ:HQ;H. :I\ ( ) ,0—\_0
o O L o O
of @ L no’

!

4 )~ v
v

PET # ik 5% F%@ 24 PET E’Jfﬂif%?bﬂﬁ/a

g 75°C i}, PET %@E?L TSI PEEAG | AT 55 [ At 1) v o

AT (B IR Rl £ & AR AR PR T 2R TS, T Then
fr“”Fﬁim%mﬁ%ﬁﬁmﬁ%@@f(}ua) i Cat 4
B, SRR K A T O R v i T 69. 8°C i &
94.7°C , HiZ W Ab ¥ PET % 48 h &, i &t i />
(25.0+0.8) % [ X HBZ] TfCut2: (0.3 +0.1)% ], i
FARE TR,

LEAE , SRk Bk ] oS A S ERBE I 16, SR
R PR AR A G SR 0 E R Ak
Rt MO RS . SRTTT , AN 2 T 114 A Y e fee S0 LT i
TE SR T o6 Wi, MR E AT 0T 6 23 T e
fifth MPs 34 INEREE o MPs (R 53 m] fig 23 i
PRFAE MPs 764 BB P R e FE . HiiseaEy
WA SRR 5 1o ELRR S/ AT BE e SE 0 B B, 30
N JC S BRI AL A 7= RN, . IR, SRR T I &
AL RE I S8 AR W A SR BR T AT LA T 3 1
A= YR SR A B A1 | 38 A R I8 ] MPs X
IR RFSETS Y A R T A SR A AR R IA,
T IR Sk L A e SR G R)

m&&r@wﬁ@%m?amm@ﬂm&tm\ e
SHLFN S AIC 2 A 3 RIS 45 T T 2 AT L R A 1 FH i
5, bR TR S YIRS, B RTE XA



4732 78 8=}

Boo% 44 %

e ik SRR B 5 2 A P 7 B 08 35 £ TR A LK
TR T o R o 3l A 0 i SR 4 L ) 25 400K
BT AV MR MR R P R 2 | R

ML 2 A2 FNIRAG A A O e e 38R A T B v ELME DL
[ 512 300 22 o 9 e v 00 o fe 2 D A B T 6=
TE R YRR AT A 2 2.

é*éﬁ#ﬁi‘ 65‘(&*&%#&?“ éiéﬁmﬂﬁ éiﬁﬁzw&ﬁﬂ é

LA

feELH
nh}

ARG AT AR

B, BRI

4R H‘H’.‘ff H W {kEm
s =
. f ﬁ @sl# mmﬁ?&ﬁ%mmwaxmw@ﬁw&mt T; o)
.‘,-"' ’rI.Fig. 5 énqgmetaboh(‘ palhway via xl!h -" oxygenation and schematic illstration of m*‘rob al degradation of p},astlcs - f.—‘;Jf
“a | " = | ,l' § 1 s
SN ! i & @ .
'l A7t < “w%Z %ﬁéﬂmaﬁﬂmEW' & )~ ) - ;ﬂ
I | .
J I I . |“ ,n‘faﬂ“ #Iayghc degradlng fungi and b,a(‘le'fla J] ! !I J
= A - .
'%% @w”%ﬁgﬁ ) stk e L i
|' LD EI ‘,ﬁllenpn ﬂt'rll,'rmmum ﬁ 56'?"7 +y 14d 7/ [49]
i PE Bactll!;s cereus strain A5, a 35.72 16 & BRWHNPWESIB R L [43]
i ﬁDPE Rhizopus oryzae NS5 8.4+3 1A T E AR [24]
B PP Phanerochaete chrysosporium PP YUK E EF K .5. 8 28 d A E M RLERER R [50]
Aspergillus niger, PP.0.62,
PP Paecilomyces variotii PP/PBAT/#IBIERHE A :2. 32 30d/ [30]
PVC  Pseudomonas citronellolis 18.58 +0. 01 30d WK [51]
LDPE  Alcanivorax borkumensis 3.5+0.34 80 d BG5BT REAS [52]
LDPE  Aspergillus oryzae strain A5, 1 36.4 £5.53 16 il HRENZEMBRLHY L5 [43]
MHE  LDPE Brevibacillus borstelensis strain B2,2  20. 28 +2. 30 16 & HREHNPED LG EE  [43]
PS Exiguobacterium sp. strain YT2 7.4 +0.4 60 d T IE [53]
pPvC 0.26 +0.02
LDPE  Bacillus sp. 0.96 0. 02 90 d RS BIE G YL 1K [54]
HDPE 1.0+0.01
PET  Thermobifida fusca 50 3 [55]

1) /7 FoR51 RISCHR AR BEZ R B

2 IREETR MPs B9 4T

FET MPs Z5HRGE F5R G K VE S ReiE , HRES
15K HEC AR A5 22 Bl 05 20T A%, 3R 58 i LR ]
REZs RIALSE TR VA TR T MPs JF N #5717 207 s et
WA 21857 A AR OB | R 233t
PEASIRIETS Ye AT REIE 215 5 N B R e (d
Pl 6) . Tl LSRR A AR AR | R K

FIAK S GO0 A5 R 2 £l MPs (1438 B 1A 58
Z%, IR, 2738 MPs 78 PR P (9 430 A RRAIE , X 42 THT
FAR AR 5 JoKCE fis A A 2R
S, g MARAR LA bk MPs 15 32 (R} 360
2.1 JKIREREEH MPs [53 A FEAE
IREE ) MPs 2Ll 5K HERL . RAIRUTRE
L2 1 b 55 38 42 F A0, 0 U A T
Andrady"* BFFE R A B P 24 40% ~ 80% ¥



8 1] ke A BRI L S IREE 0 A AT 2 4733

Koz

L = (
. ,
1
~ -
.
o). 2~

W

I-‘i‘ Tt

\ i
6 MPs ZEREE R EOEBIFE R o g

Fig. 6 Migration characteristics of MPs in the environment I : ;—rp—ﬁr’: / i"

U B4 O 0%, KRS B ALk /

B SEOR v E = %F“ﬁ?*#“]ﬂﬁﬂm
A SR D2 2506 Y B T, 2000 ﬁéﬁe@f@ﬁ
b T i 40. 5% nﬁww*ﬂﬂ
gt MPs ﬂﬁﬁﬁhﬁﬁ MPs 15 4405 @#ﬁ”
7J<ﬁ%tcé§i€ﬁ%
214 KSR T MPs 951 ﬁl 18U
2141, i,J, rmﬂ«a}zﬁ?ﬂq: VP WA 4
R AR Fﬂﬂﬁiﬁﬂiﬁw
5 KHEME . NPT O B A 2% A B
MPs 5 Jliip i %2 4 22, R ] b B 19 MPs
B KPR 2 A FE 2 5 (W95 3) . Wang 45 3 o
[ I TN MPs 434 45 (BRI % B0, 030
JE2AKAARE MPs T2 182 7K ST 1R 7l b 9 5 5 22 60 A
K(P<0.001), NJEiE = MPs 15 44ilTA 1 s 2
2 BRI B I PO A B IR 96 5
Yuan %515 5B BRI A M MPs 415
TERYB 28— 50 B T AKIR BN, KOS AT 2
Rt 2 52w i1 9A h MPs 9 =F BE K 5F, Fischer
25106) e KA PR/ S 299 1 AL P39 P MPs 1 4
IKFEHEATIIE , 536 55775 T SRR i i K DA e
SR AR ST MPs T B K R, 7 S A
2 (V) k8 O 389 AT A T8 11 5 b, il B DA VT 1 [X 35,
f1) MPs = 2K T HEATIFSE ), 45 5 4] MPs (95
AT > P > k0 B | GG
Tk SR G AT 58 2 X MPs 32 B 80H 0 70
BRGEABA FE 4 K SR G 0 2 T 5, R IR X
(10 I S M L S 7 68 437 , PRt B A T R
[ 5 8 AL T B 2 00K R 5, 2 PR MPs 76

i

‘l'

HTEE%J\*E:K maxﬂm’
RS, qﬂ@ﬁm i@ﬂﬁﬂaﬁwﬁm%ﬂ
rr MPs“{ﬁZ)% a4 ﬁ*ﬁ%%ﬁfﬁﬁwﬁ
zaﬂ%unnmﬁﬁ“ BT b A
755& jiﬁfﬂ?ﬁ*lﬁﬁ’] MPs 22723, IR ARG
W A L WP 1940 A 47 645 T8 40

' f;;cm@ﬁmém ety HL A Y AR XU

XTI 7K BT 2 4 K A= A 0 00 A K R 1 1 A e
.
2.1 1.2 VIREE T MPs B4 A FEE

TA[ AL S PR BT MPs (1% 25 22T 44 J2E R0 1) T 7 A
AR BN B AR, Schmidt 25127 J% T 45 3R 36 1 9 8}
JE SR Ak | 45 ) A 3R R AT 38 2k T g iE A
@ﬁ%@ﬂ%AEWQMxm~Zmetah

ai 25 R B (R =0.9) M A
2010 ~2050 4F 4= BREFAEE 1 518 4% E 2 il A
TFVER SR B 2 6.24 x 10" ~2.9 x 10°t-a ™",
FETTNTE 2028 AR IR BE(E. AR RIS i T4,
AFE G A N2 P 25 AP R R 22 57 (HAE—
FEFRE _F AT AT A7c IR YA A A MPs 1#E A TR Y
BLRAR.

T MPs 543 A0 FEAE S50 K SCRE . A
(i) ERS K HE S R A O, i E s A
VLB ) H MPs 1Y~ 34 = JE 7K P 4301 2 (2 933
+305.5)n-m > f1(2516.7 +911.7)n-m KT
Xof T A A WA A A 5T (i 3) X AT fig
B T TR S R A AR B D) 25 A B T MPs 45 G
YW L, I599A I B AR X B ], MPs 3 B KF 4



4734 7S

Moo 44 %

PRl 9 Rk U R SRR A i R R T v 5 ELR VT (i
B Y MPs 3 B 7K AR T T 0 H Y T2 B K
V- (4137.3 £2461.5) n-m ). JA] KR 22 AR
Ao o BHLARR BH A O TR v MPs 1 3 K
ST Yuan 2500k 5 BH W TR v B BF 5 45

(W36 3) , LSRRI R AL AW (1) I, %
B (i) K B THAE, S BCIRTD A MPs 25 50K 15
WAL TTRER R, T MPs F) 3= BE 7K SF- A X A8 5
AL — AR ST 2 W AR A BRI R MPs )
TR

R3  RKIRBAFHR MPs B3 EHFED

Table 3  Abundance characteristics of MPs in freshwater environmental media
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o E K 3.4~25.8n-L"" 100 ~ 1 000 PET ZR[EEFI PP [68]
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Table 4 Abundance characteristics of MPs in different marine environmental media
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