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Research progress and prospect of soil microplastic pollution
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Agency, Ministry of Agriculture and Rural Affairs, Beijing 100125, China; 4. College of Land and Environment, Shenyang Agricultural
University, Shenyang 110866, China; 5.University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Microplastic pollution has become one of the global environmental concerns. In recent years, soil microplastic pollution has
attracted considerable attention. From the perspective of soil microplastic pollution prevention and control, this study summarized the
research progress in the definition, detection methods, distribution characteristics, sources, toxic effect on soil organisms, and pollution
prevention of microplastic in soil. Furthermore, the findings of existing studies were used to propose two research prospects: basic scientific
research on microplastics and specific research paths for the prevention and control and decision—making for soil microplastic. These
research prospects might stimulate new ideas for future research on soil microplastic.

Keywords : soil; microplastic; source; distribution; toxic effect; pollution prevention and control
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Figure 1 Statistics on research of the occurrence of microplastics medium based on Web of Science database

HN R T AT BB s X P R S R R
11K 609%™, TR ] - PR v [ A A A I 3] 3 2 Ak
V5 Yo AR XS b R ) T2 RS R R TN U
M, 0~3 em 2 1 3~6 em 1 2 B SO R 5 &
4% 51 (78.00+12.91) 4> + kg™ F1 (62.50+12.97) 4> -
kPO ] R SR A O R /N T 0.54 mg -
kg5 e [ 25 e 4 74 e TEL YT R AR AR G2 s e A
B LR LR CAR AR N R B0 RNE g, £
JEE K 7 100~42 960 4~ kg9, 3¢ B IR [ - 1 PR 8
FEFERO RN Y R I BT /0 HJC iR o
HHE YL 1) o A FRAE

3 TIEWERAKIR

- PRI v R B DA YR A 4 SR R AN
b JIEE S5 A AR A= 7 b B0 VR ARt AT
IKFTS Y i A LA B RS DTRR A
3.1 BERIERANMAR

SRR RS b S 2 L N R A LR AR LI
PRI R 2 2 5 2k, e ™ Rl 4 SRS o
TR SRR HRCE , & B0 —Fh Bk Al A=
7707 2 SR VRIS 5 Lg% P8 7 A 18 v T RE SR
BRI, T AN A b 1 5 T, X6 - 35 B T
JE AT YRR FE O SRk R B R AR L S D
Jo e T BRR R AR O3 il RN A ) e il 2 22 ik
T A R, Ak, Bk R Y
IO FHTHG R, (] 9 e PR e, R 1 el ] ot 4
Hohn, Ch E AR BT A 40 ) e it B s, FRIE 2017
AE A SRR A R ik 252.8 7 v, JH b s s
i 143.7 73 t, 55 2000 4F A5 H 43 A 3G 0T 89.31% Fil
98.92% . A HF5E R B, [ S AL b A b JES o ] £ A
VTS AN, T 1% 5 B s B AE - g e i L R

http://'www.aed.org.cn

2016 2017 2018 2019

O3 SR R R ORL , b SRR A 3k #) 72~260
kg » hm 0 B% Ay = BRI BRI
3.2 BHLERY

W E AR S G HENE R S R N B SR
Yy SRl it F B e SEBL T S R A T R M
8 B ) PR R DO — A R A g Rl A
7T SR, TEA PUIE R A ik B i, K240
FACVF— 2 B I LA A7, L anfaosbkt , 4 an
i DA A E X IR BT R E R 2 —,
FEVFRERE S R AN T 0.1% B ¥R, I HL
XFF EAR/INT 2 mm 9 ERHSUR R 25 JEAE N,
U it FH AT HLIE R AT GRS —FIOASES 200 3ot
K. BEARADEHRUEEHOT B> HE A
FH OB 58 2 B AT ML B b 5 A 188 kL. Weithmann
SRR Y R B B SR A HILAE R B AN [R) AR 7 Oy 2R Az e
I GIODRL B A i 22 0 (R AR 0 3 K I A
A B AT HLIE 5 3k 5 A7 GO R, PR AR KT
mm [ 454 14~895 4> ke HENEAE {12 1
FH L 350 10 47 R A (50 FH S AS st o, 3% [ 2 MLAE A
FERVE R AR A HLAE AR A = e FRAF (i F S 250548
112 00077 t, A W5 AR A SR EE A MU AR A
FI| HH A3 rp OB R RN 52.4~26 400 19, TR
LA UL PR
3.3 ERAK

KEBI> AAE Y 7E A K A R v X K B IR R B v
() BER TE T AR AR Ml oA o) 7 v 43 i S 1 %
U8 . SEAERIE A, HEE K A0 = BRI K
R IR AR AR S A5 K, 3R E RV FH KA 32 BRI
FUA b = AHFR 53 7K TRV B 2 1 X A7 AE A 5 B0
%o KPR ET IR & R MR O RRZ,
22 U 5% 235 B 3R W AR v B e v A O R
3



KA FREMEFH-E385 -5 14

RS RIRE b B R TR ] 0 A 1) P Bt K R
3 A7 AE , 76 A 15 i DX G R v, ek
TR T E A Luo ZHSE KT = MM & &
I IRAIKAR AR RH E BE (1 800~2 4001~ +m™) 5
TFHIA] 1R 2 K AR (900 4~ ), /NI IR AR K A Hh 73
SRS Y e InT 11 R I K sl P EE ) T K Y
i KRR B A A . R A 22 Ak I e
R HE AR R VI 1T 2 K R B AR A -
41374 e m™ KT TR DB R 2 B 43 5
(2516.7+911.7) 4~ *m F1(2 933+305.5) 4~ -m>, 5 X,
U VT O BE 43308 (1 170.84953.1) 4 *m”™
(1 245.8+531.5) 4~ m™, BT AR YT 3% )2 K A 28 vk
FEr 9] H (680+284.6) 1+ m™ F1(955.6+848.7) 4>+
m™, EL A A T P i A TR I 2R 2 Kt A # o
BE, B R 483~967 4> - m 1 Fe [EH A A K
IORDEZY SR T A N W S RO e 81K D o N I R
FZG/INRUIA S5, KI5 b 2 KRR S SO R G 2
A3 400~25 800 4™+ m™, YT H T i A A PH I L S35
e IS 60 46 0 T 2R J2 K Hh OB = 2 Sl 500~3 100 4+
m Sl R K K 0 55— A R A
WEFEHRGE T H KO RH 5 Yy , rb SE R A BRI i
BRI b K AR R R Y 9 e v 3 B R 15 200 4 -
m”, 73 AT WESE R AR B AR TR T R Y
TRSARE, 25 b MR K2 B T — g AR B O R
YLt B ARG KA R R AR S B KR A O kL H
FeAk JE 075 K AT AR B R R R, H AR
st HVAS I RS SR AR R A BRI R Y
FERIE AT B TS K JEK AL 3LS K i
BB 5 A 3 160 0004 - m™ A1 125 0004 +m™,
R T O HGE B M R KR R K B R B UK
TSI 25 b R K AT AR R I O R Y i —
ANEEORYE
3.4 5k

15T i Lt 1, Hoh & S AL
ARG ER , BRI g S EIE R B e 35
AKALFRT K ke B TR K A TS K K4,
T35 7K R R A3 i S Rk 3 ¥ AR A B T R Ao AR ) S
Wk, e Je A 7R 15 e HhY, Mahon SEAG I T 2 /K
AT KA B S R TR R B, LR
4 196~15 3854 +kg™' o AT F B, K f 45
T R L 77 A2 125~850 t O k), 338 5t 15
HE A A H 3 ep™) S8 B ORI W 25 2% A Lk
EE S R @B Y I RN A S SR 7 € R SR
4 —

TEP LR Z2 U ST A5 S HE TS U8 B R R
Y8824 0 170 900 4> - kg ' FEFR [, 5 78 Fh v
LT 9 A8 28 AN ff o Li SRR 114>
A0 28 15 KA BT RAE T im e beAS , kG 25 1 B
TN, A AR AR G e v R 3 S (22 700+
12 100) 1> ke (Ti5 ) H R T REBFERAE
1.56x 10" Aol ¥ H R 8 o V5 Je E A FRSE . Fiat
L2015 3R T U8R AR 20k 4 000 7 (5 KR
80%) , Bl & 15 7K Ak PR RE J7 4 e 15 7K Ak 3T 4 o 4
s e AR WA K AR K RN 13%, 3%
T 2020 4F 5 U6 77 A 2R 6 000 J7 9, WF5ERM,
5 VRN 2 2 fin ) - R kG et
3.5 KKk

KRANE i e S A Al 228 1 [X AR ) B A AR
PR/ IN I R R U N f R e SR 2 4 XU A B
- EEEREE R FE i s M DX, 6 F5 At T R g R
T FLA 38 3 F AL | B R G B S R A A O
g DK P O R A o, KA B A T
1) {2 DX R N30 5 2 Ml DX S 1 2 R AR
AT A o 7R AR R SE L B DR SRR T Y
KAV R 2 T ROk} 2 4k 5 2 R
B LR TEDUER B 9l R IR A X T 4R 4
FREIARE X B KA T R IR T R Sk iz
e 3 LAt b DX, R NS0 2l ATl 2 1 i 3
X, BAWFSY OO SE R AT R - i R i 2
Heii 22— AH ST RADTRE i R 8 B 538 A X e
Z ik — 2 SR GO KA i ] ORI
U5 F AT 55 7 TR AT R

4 REERN L EEYBE RN

FURIT , BIF9E  C S AR R 0 PR E 82 M O
JET BN Z BHTE  (BR R 2 B 5E 2 2R R TE L
BREX AR LE W B R S R ) OB AT L
TIES YRR AR X LIRS A B A AR R
I BE YA A, OB A Wy i G
FUBAHXS G Z P, — el , 43 A= Wy fu 936 A= 15 7 1 3
FRCEY S AR . 2, TR
FLFERANTAE LA R A, DY) RO
HESh Y, LR RT3 19 s Rk sl (P 3l
YIREA S . HETERIERBIRE 2 L2112
SRR AE T AR A R GRS R A Y SE A K
3RS R, He T RO RIS B SCRR T A
LR TR RE R AR A B 2 i 5 ok

http://www.aed.org.cn



T, % T EMER SRR RE

2021418

SRR A B W) T IR 5 TR RSO0, IR s
) HAD TR Y BOCHE TR A R AMEA LTS e )R
LA R AE BT, O T RO RL BR800 1 T
EP RN GA SIS = €33 d S VRV AR k= 2 Y
BEAIFFER
41 BEEMRN

R, 5 T GUURL RS - S8 200 o7 1 L 1R 1) 5C B 2
1 ELARHLHI A ASIE 2 |, {2 De Tender S5 i 57 2 BH 34
SR IR AR WU RE T AT L, T ELAR BN 7E 08
B ER A Y REE S R IR b B R MR VR A
225 IR DO TR PR A AN R I . Tk
SRR - e AR TR R 2T HORTEE R R S A S )
AW ERBIWFFEUESE , §LA W RN M L R E A
AF 5 AT HE I fR A X D A 2l ) 552 W) 3 3 5 )
BT G (A L DL HAb A 3 ) i e
TP, ARG e TIEA YR A S,
S W) JC R AR JCIE T AL, F BELAG L 18
FI8 0 W e K B, I 7 A A B AR W AV o Zha
SETE LR TR SE T LA AR Bk (Folsomia
candida) . 2R %% M35 (Hypoaspis aculeifer) . ¥k H 4§
(Damaeus exspinosus ) 48 3¢ 1) 587 J1 8 1) %) 98
B AR08 R Bos =R s A o 17 o8
BHIURLAE L3RS R G Y /L, I WS R T HAT
B OB [RREAT o Ju SEF SRR SE T A
B R R TR, E— 2D fa R T SRR
FEIE AT A KRN AR SRR PR, , I RE kS Ho Il
YIGERE R A RO A Zhe SFOWFFEUESE

IR PR T 2R e b 3 B7/ v R ORI S - 9/ ) I
R Az —, HArE A 8 2 05l . Huerta
ST Bl \E 5] ( Lumbricus terrestris ) A 32 i) Pl 1 15
BRIV WO R B AT ST 1 i 5% SO R Y
B AGURBRARAE , IESE T e 50T /N A G A 11
Tzt [F Huerta 5570 BIFFE 2 B e 1R 5 1 1
B2t 2 O I i T ] ) AR HUE 0 AR T, Rodiri-
guez—Seijo JF DL L 15 % WE S| ( Eisenia andrei) 5% 18
Y, 5 B ORI B H 0~1 000 mg-kg ™', BF 5% & FHL,
R TUORL T SO 151 Y 1 18 2 50 IO T S
ARG AR H B SR 28 d 5 A WA S (R e e 5]
AT ARG AR B . BR T Mgl L
Sb HEBEDS + 5 B IR B W) (Enchytraeus crypti-
cus ) AIBEPERON AR WIS, SR A ) He A K
HREUCE T W E YRR X TR S,
A WEFEIESE T I GOk BELAG AR P AR 2R XK 43 F1 55 43

http://'www.aed.org.cn

IR SO 2 2 U R AR ) A EUT R AL AR R
PEIRFIAR R L IR PiE vE . Ul B OB R B B X
LY AT —E R FEER
42 BIHEERN

THRHE R rp iy G 15 Qe R no A o, H i
C SR IR TS I B4 A A BLTS ety (R4
HIRERZE  Z R RE 207 k%) (H &R (As,
Cu.Zn55) FUAER (TUFRER P SCPa bR RN YD 55 )
SEIREL TS YY), (]S L3 AR W 7 AR EE R
T SO R R PE RO AT I, OB B 75 e )
MR C A RIT T 2WF 28R 22K
) Z ST, I RSk SE A 35 e g HA —E 1Y
TEMERON . R, TR S B RN R H RTAIESE
oG A, JF HAFSY A TP RO Rt 3s g
YW AT o 5 AT BRI

T EAT P R T AR ORI GE /K e o S5 ) A o
124 0k, B B2 05 WS OB R L3 AN TR
SERVPRIE 75 Yoy HAT AN WA 70 o Hiffer 557 TRIF
FER W IR B /KA 5 i 07 1 P o ) WA R 2R 50
PIAHE , Teuten SIS % B L S h SDRL E BT HLTS
el B vy TR Bl LSRRI B RO X A LTS
el HAG B nm W B RE T o {H Gaylor 57504 iz 5]
(Eisenia fetida ) 53 77\ 2 & TS JIN 22 TR A% 1k 119 1 35
GUEEERAN)If C2E S IEATY S S EE SR s B U
R VS IR X i 1A P 22 R IB A T v AT
B, BINE S RITR MBI A (H
TR B SR PRI R XA e | i ) A P 2 il
TR AT AT HL AT, 3l DA SRR X 46 s BH 85 1~ AT
W BEEE PR, 5 BB 0 B 46 R Zn AT AR Y
W B4 T, B AR B SRR v I R L X Zn Y
%W%%ME/J\ 5 1&7%7;:[%1'5@[ (Lumbricus terrestris) E{’\]
Jigp 38 R BRI X Zn B4 A O R (40%0~60% ) 13 T -
(2%~15%) , FWCERFAT LA 25 3 B 55 Zin T M 151 1A PN 19
AR A (B SEHE— 2EBFTE T F AR R WO A F M
B4 Zn R DL B i ] B T RA BT 8 Ak S5 IE
e, PUERYZ N T BES T AE IR, s
T BE R A AR S AR TR TS K S BB A B R
Borp AR RO RHR AR T LR T, S AR
RTERL W B AT B S Bhi AR R i R IR
H AT RE S BOME W G300 o WFFE R IR R
ZALG5 A S BUMIE RN & 2R 5 A R A2
IR RS2 T R BETR K R GE b 5 R A 3R (R g W g o
SEPUAR DURRER RN VDR AR E ) 7E 5 RO R
5



KA FREMEFH-E385 -5 14

(PE.PS.PP.PA .PVC) 143 il 7 %4 (Ki) J (7.36+
0.257)~(756+48.0) L-kg ™, + 3 rbr-thy n] BE 77 76 A D)
(R AL o Shen S5 5Y 22 BSO8R AN [R] & 1k
TR X B A 2 W B RE A B (R i ke
AT DL RRARPAE R A B A R T B4R 2,
KTl 5 HAth 5 Ye o 9 52 A 50N HLEE v S B
TG LT 2 0 B ROV AL 5T .

5 TEMEBEREITRRE

S - SRR A A AN A A R AIE , 3R e
(1) B2 T Y ) B A M B R 22 55 AR B K s i 5 i
WA BT . 76 RO RH A1 45 Yedas il Jr 1, ©
AR Z N E AN RBOR S . S KRR RHS
e e KA T R QTS KA BRECAR | FEAIK 7K
Hh B R DL R T R K Hp O R A = 5 1 X
S8 BRAEAE 4 v R I (R R | ik R R
I - SO %) B R UR, BT X R A B B 5 TF
KT PR JHEFE AR 432 [HISORT Ak 27 A B4 AR
S YERE AR FRE AR AR TR s/ b TR e 1
(9 BA RO T, 2015 AR A [ A B R e
WCFE A it A B 8 i v 28 45 58 1k s A 1k 8 T
TR}, B AR L A A 2020 4 1 7 8235 111kl
At A TN T I A R UK o R X B} 5 et i
T —RYVBUK , 2007 4 & A RIS, 2018 48 AR 11
MRS E T 24 28 PR 7 . 2016 4F 5 w4 i€ 1
G YL PG T SR ) A1 2018 4F 8 H A i FhAE A
PRI 375 LB A v ) FRO A4 BRI FH AR sz 3% [eT i
EH T HLE o 2018 4F 11 H & EAB IR Al Kk
Tof SR IR A B & 1 KAk A A 5 G v B U R AT Bl it
RNFE s A AT Az 77 A 3 SRS Y TG, X 5 g
A 7= BT SE AP B, 4 2020 4R 528 90% LA F 1Y
o A 1 7 R A5 B 3 B AR I [ iRk B 80% LA I
g5 b, BAR T R E A FBCR it 18 1o (5] 2 7 =R
TR 7™ A (HR AT B 32 IO R TS G B 7 A
JEE ) R O PR PR IO

6 KRFIKMAREE

MU, - HEROER O BT 3 I TV, 5T T2 %
erp T LSRR RAF 5 20 A1 DRI LA K A B A7
BEF ROV ST T, AEAR ST ST I AN RETE 3 | I A
A& TR (R TR DGRl SBT3 1) ) JEE A
F, HHTHORRHS QB2 BRI R RS W SR A 2
MIBFTEATI N 2 F e 28 b RS T ORI ST
J— 6 J—

SEOCTELAT WOy T »

(1) Ak 22 s RO RHAE 5 70 A ORI LA K
B B 00 R 67 28 B 00 S T TR . 1R
5T A HER 12 W S AR 0 5 BRI 1 52 i 2 1R A5 i
SCREHIE BRGS0 BRI A, F2ER
FELATR J5 T s — 2 RS I )5 12 24, a5 i ik
SRS I s v 1) 2 BOBIE Y, e — A 5 1% s R AR DT
GEXT G 7T, B A 5 O A T b O - Sl Y
TUHER , AR B A )02 9 HL 3ROk B %
KR 5 = R OB E 13 R 58P 53T AL B 2 i 75 ]
R ), T A B A E B Y R R AT
P AL BT s U2 OB 33 A U i) 2 P800,
TS AN , o A B I s A A e P 2800 A s T A B
FE, T O RS AL TS e 10 52 5 15 YL R RN
LR

(2) IR RS G BT P AR RN WD 1A R F
8. FET AL AR , 7 LAKIE T LR R Y
SR B A SE 45 2R, B TR A S RO A
WA AL, BT AT iz Jy T 9 DL S e il o, 3
BEEFEERAR A LR LA J7 T — 2 RGBSR
TR AR A, A B T IO ) B R AR S A X
JI AR S} 7 Ak B R x4 b 8 ST RN K R T
BLRHA PR R AR FR s TR TR - OBk Y 42 ik
55 W) IR 43 B (Material flow analysis, MFA ) , 18 12 #4
AW BT AR, € WS - OB RHE IR BT )
IC KA oTRk, JF AR TR R 45 R 5 24
1 B B PE A 7 1 (Life cycle assessment, LCA), 7 ¥
32 E AL A SRR R PR R 5 =
T UL W5 4510 PR 28 e o S B, OF J - e i o
b7 A B B S PR 2R 23 A A ERLR OC R HERT I, O -
ORI L i6 BT 5 (0 PR B 2 T 5 A PR e
PRS2

Sk

[1] Carpenter E J, Anderson S J, Harvey G R, et al. Polystyrene spherules
in coastal waters[J]. Science, 1972, 178(4062 ) : 749-750.

[2] Barnes D K A, Walters A, Gongalves L. Macroplastics at sea around
AntarcticalJ|. Marine Environmental Research, 2010, 70(2) : 250-252.

[3] Thompson R C, Olsen Y, Mitchell R P, et al. Lost at sea: Where is all
the plastic?[J] Science, 2004, 304(5672) : 838.

[4] Law K L, Thompson R C. Microplastics in the seas[]J]. Science, 2014,
345(6193) : 144-145.

[5] 9% 7Kk B, R, Tifi, 45 . S e PR e R BB A S
L)) T E R BEBE T, 2018, 33(10):1021-1030.  LUO

http://www.aed.org.cn



T, % T EMER SRR RE

2021418

Yong—ming, ZHOU Qian, ZHANG Hai-bo, et al. Attention to research
on microplastic pollution in soil for prevention of ecological and food
chain risks[J]. Bulletin of Chinese Academy of Sciences, 2018, 33(10) :
1021-1030.

[6] Cozar A, Echevarria F, Gonzalez—Gordillo J I, et al. Plastic debris in
the open ocean[]J]. Proc Natl Acad Sci USA, 2014, 111 (28) : 10239-
10244.

[7] Rillig M C. Microplastic in terrestrial ecosystems and the soil?[]]. Envi-
ronmental Science & Technology, 2012, 46(12) :6453-6454.

[8] Jambeck J R, Geyer R, Wilcox C, et al. Plastic waste inputs from land
into the ocean[J]. Science, 2015, 347(6223) :768-771.

[9] Lusher A L, Burke A, O’ Connor 1, et al. Microplastic pollution in the
northeast Atlantic Ocean: Validated and opportunistic sampling[J]. Ma-
rine pollution bulletin, 2014, 88(1/2) :325-333.

[10] Carlos E, Miguel T B, Sergio M C, et al. Occurrence and identification

of microplastics along a beach in the Biosphere Reserve of Lanzarote
[J]. Marine Pollution Bulletin, 2019, 143:220-227.

[117Li H X, Ma L S, Lin L, et al. Microplastics in oysters Saccostrea cucul-
lata along the Pearl River estuary, China[]]. Environmental Pollution,
2018, 236:619-625.

[12] Hurley R, Woodward J, Rothwell J J. Microplastic contamination of
river beds significantly reduced by catchment-wide flooding[J]. Na-
ture Geoscience, 2018, 11(4):251-257.

[13] Wang W F, Yuan W K, Chen Y L, et al. Microplastics in surface wa-
ters of Dongting Lake and Hong Lake, China[J]. Science of the Total
Environment, 2018, 633 :539-545.

[14] Mani T, Primpke S, Lorenz C, et al. Microplastic pollution in benthic
midstream sediments of the Rhine River[J]. Environmental Science &
Technology, 2019, 53( 10) :6053-6062.

[15] Cole M, Coppock R, Lindeque P K, et al. Effects of nylon microplastic
on feeding, lipid accumulation, and moulting in a coldwater copepod
[J]. Environmental Science & Technology, 2019, 53(12) :7075-7082.

[16] Carrasco A C, Pulgar J, Diego Q A, et al. The influence of microplas-
tics pollution on the feeding behavior of a prominent sandy beach am-
phipod, Orchestoidea tuberculata (Nicolet, 1849)[J]. Marine Pollution
Bulletin, 2019, 145:23-27.

[TLJRAR, B dR, T, 45 . RGO RS e b A 2500 5T ke
[J]. Ak FRIERL 7241, 2018, 37(6) : 1045-1058.  REN Xin-wei,
TANG Jing—chun, YU Chen, et al. Advances in research on the eco-
logical effects of microplastic pollution on soil ecosystems|J]. Journal
of Agro—Environment Science, 2018, 37(6) : 1045-1058.

[18] de Souza Machada A A, Lau C W, Kloas W, et al. Microplastics can
change soil properties and affect plant performancelJ]. Environmental
Science & Technology, 2019, 53(10) : 6044-6052.

[19] Nizzetto L, Martyn F, Langaas S. Are agricultural soils dumps for mi-
croplastics of urban origin?[J]. Environmental Science & Technology,
2016, 50(20) : 10777-10779.

[20] Liu M T, Lu S B, Song Y, et al. Microplastic and mesoplastic pollution
in farmland soils in suburbs of Shanghai, China[J]. Environmental Pol-
lution, 2018, 242:855-862.

[21] Zhang M ], Zhao Y R, Qin X, et al. Microplastics from mulching film

http://'www.aed.org.cn

is a distinct habitat for bacteria in farmland soil[J]. Science of the To-
tal Environment, 2019, 688 :470-478.

[22] Li J Y, Liu H H, Chen ] P. Microplastics in freshwater systems: A re-
view on occurrence, environmental effects, and methods for microplas-
tics detection[J]. Water Research, 2018, 137:362-374.

[23] Shahabaldin R, Junboum P, Mohd F M D, et al. Microplastics pollu-
tion in different aquatic environments and biota: A review of recent
studies[J]. Marine Pollution Bulletin, 2018, 133:191-208.

[24] Chae Y, An Y J. Current research trends on plastic pollution and eco-
logical impacts on the soil ecosystem: A review[J]. Environmental Pol-
lution, 2018, 240:387-395.

[25] Wang J, Liu X H, Li Y, et al. Microplastics as contaminants in the soil
environment: A mini-review[]]. Science of the Total Environment,
2019, 691:848-857.

[26] Wl 4, AR5, Bl ZeAE, 55 BREE AR (4K SEURLAY R 5 S 7 212
WF5E U] #RBE4k%, 2018, 37(3) :383-396.  YANG Jing-jing,
XU Li, LU An—xiang, et al. Research progress on the sources and toxi-
cology of micro (nano) plastics in environment[J]. Environmental
Chemistry, 2018, 37(3) : 383-396.

[27] Hoogenboom L. A P. Presence of microplastics and nanoplastics in
food, with particular focus on seafood[J]. EFSA Journal, 2016, 14(6) :
€04501.

[28] Geyer R, Jambeck J, Law K L. Production, use, and fate of all plastics
ever made[J]. Science Advances, 2017, 3(7) :e1700782.

[29] Duis K, Coors A. Microplastics in the aquatic and terrestrial environ-
ment: Sources (with a specific focus on personal care products), fate
and effects[]]. Environmental Sciences Europe, 2016, 28(1):2.

[30] Fuller S G, Gautam A. A procedure for measuring microplastics using
pressurized fluid extraction[J]. Environmental Science & Technology,
2016, 50(11) :5774-5780.

[31] Scheurer M, Bigalke M. Microplastics in Swiss floodplain soils[J]. En-
vironmental Science & Technology, 2018, 52(6) :3591-3598.

[32] Lwanga E H, Vega ] M, Quej V k, et al. Field evidence for transfer of
plastic debris along a terrestrial food chain[J]. Scientific Reports,
2017,7(1):14071.

[33] Zhang S L, Yang X M, Gertsen H, et al. A simple method for the ex-
traction and identification of light density microplastics from soil[J].
Science of the Total Environment, 2018, 616:1056-1065.

[34] Zhang G S, Liu Y F. The distribution of microplastics in soil aggregate
fractions in southwestern Chinal]]. Science of the Total Environment,
2018, 642:12-20.

[35] Ng E L, Esperanza H L, Eldridge S M, et al. An overview of microplas-
tic and nanoplastic pollution in agroecosystems|J]. Science of the Total
Environment, 2018, 627:1377-1388.

[36] fER 5%, WK, 1T, 4. HUBEAR B 35 T B P BOR BUR b % e
I AN FR B RE 2 27 4R 2017, 36(8) £ 1595-1600.  XUE
Ying—hao, CAO Si-lin, XU Zhi-yu, et al. Status and trends in applica-
tion of technology to prevent plastic film residual pollution[J]. Journal
of Agro—Environment Science, 2017, 36(8) : 1595-1600.

(371" 2 5, AT SO, BERISE, A5 . A e A b RS 07 P 5 1 JE B B 4
B (0], 2 TR 2E4I, 2016, 32(6) : 748-760.  YAN Chang—rong,

_7_



KA FREMEFH-E385 -5 14

HE Wen-qing, XUE Ying-hao, et al. Application of biodegradable
plastic film to reduce plastic film residual pollution in Chinese agri-
culture[J]. Chin J Biotech, 2016, 32(6) : 748-760.

[38] Liu E K, He W Q, Yan C R. ‘White revolution’ to ‘white pollution” :
Agricultural plastic film mulch in ChinalJ]. Environmental Research
Letters, 2014, 9(9) :091001.

[39] Kehres B, Aktuell H K. Anderung der diingemittelordnung[C]. Germa-
ny:BGK eV, 2015.

[40] Weithmann N, Méller J N, Loder M G J, et al. Organic fertilizer as a
vehicle for the entry of microplastic into the environment[J]. Science
Advances, 2018, 4(4) : 8060.

[41] Blising M, Amelung W. Plastics in soil : Analytical methods and possi-
ble sources|]J]. Science of the Total Environment, 2018, 612:422-435.

[42] Galloway T S, Cole M, Lewis C. Interactions of microplastic debris
throughout the marine ecosystem[J]. Nature Ecology & Evolution,
2017, 1(5):0116.

[43] Saley A M, Smart A C, Bezerra M F, et al. Microplastic accumulation
and biomagnification in a coastal marine reserve situated in a sparsely
populated area[J]. Marine Pollution Bulletin, 2019, 146 :54-59.

[44] Zhang K, Shi H H, Peng J P, et al. Microplastic pollution in China’s
inland water systems: A review of findings, methods, characteristics,
effects, and management|[J]. Science of the Total Environment, 2018,
630:1641-1653.

[45] Luo WY, Su L, Nicholas C, et al. Comparison of microplastic pollu-
tion in different water bodies from urban creeks to coastal waters|]].
Environmental Pollution, 2019, 246:174—182.

[46] Zhao S Y, Zhu L. X, Wang T, et al. Suspended microplastics in the sur-
face water of the Yangize estuary system, China: First observations on
occurrence, distribution[J]. Marine Pollution Bulletin, 2014, 86(1/2) :
562-568.

[47] Wang W F, Anne W N, Li Z, et al. Microplastics pollution in inland
freshwaters of China: A case study in urban surface waters of Wuhan,
China[J]. Science of the Total Environment, 2017, 575:1369-1374.

[48] Zhao S Y, Zhu L X, Li D J. Microplastic in three urban estuaries, Chi-
nalJ]. Environmental Pollution, 2015, 206:597-604.

[49] Jiang C B, Yin L' S, Li Z W, et al. Microplastic pollution in the rivers
of the Tibet Plateau[J]. Environmental Pollution, 2019, 249:91-98.

[50] Su L, Xue Y G, Li L'Y, et al. Microplastics in Taihu Lake, ChinalJ].
Environmental Pollution, 2016, 216: 711-719.

[51] Su L, Cai H W, Prabhu K, et al. Using the Asian clam as an indicator
of microplastic pollution in freshwater ecosystems|J]. Environmental
Pollution, 2018, 234 :347-355.

[52] Panno S V, Kelly W R, Scott J, et al. Microplastic contamination in
karst groundwater systems[J]. Groundwater, 2019, 57(2) : 189-196.

[53] Gatidou G, Arvaniti O S, Stasinakis A S. Review on the occurrence
and fate of microplastics in sewage treatment plants[J]. Journal of Haz-
ardous Materials, 2019, 367 :504-512.

[54] Mahon A M, Connell B, Healy M G, et al. Microplastics in sewage
sludge: Effects of treatment[J]. Environmental Science & Technology,
2017,51(2):810-818.

[55] Nizzetto L, Futter M, Langaas S. Are agricultural soils dumps for mi-

_8_

croplastics of urban origin?[J]. Environmental Science and Technolo-
gy, 2016, 50(20): 10777-10779.

[56] Corradini F, Meza P, Eguiluz R, et al. Evidence of microplastic accu-
mulation in agricultural soils from sewage sludge disposal[]]. Science
of the Total Environment, 2019, 671:411-420.

[57] Browne M A, Crump P, Niven S ], et al. Accumulation of microplastic
on shorelines woldwide: Sources and sinks[J]. Environmental Science
& Technology, 2011, 45(21) :9175-9179.

[58] Li X W, Chen L B, Mei Q Q, et al. Microplastics in sewage sludge
from the wastewater treatment plants in ChinalJ]. Water Research,
2018, 142:75-85.

[59] Horton A A, Walton A, Spurgeon D ], et al. Microplastics in freshwa-
ter and terrestrial environments : Evaluating the current understanding
to identify the knowledge gaps and future research priorities[J]. Sci-
ence of the Total Environment, 2017, 586:127-141.

[60] Peeken I, Primpke S, Beyer B, et al. Arctic sea ice is an important
temporal sink and means of transport for microplastic[J]. Nature Com-
munications, 2018, 9:1505.

[61] Klein M, Fischer E K. Microplastic abundance in atmospheric deposi-
tion within the Metropolitan area of Hamburg, Germany[J]. Science of
the Total Environment, 2019, 685:96-103.

[62] Liu C G, Li J, Zhang Y L, et al. Widespread distribution of PET and
PC microplastics in dust in urban China and their estimated human
exposure[J]. Environment International, 2019, 128 :116-124.

[63] BEZEAE, FISUIN, AREL, 55 . L HERRAE b IOt it i e IR K H 52
Wi AF 5 3 R )], FREE T AR, 2020, 38(2) : 16-27, 15, HOU Jun—
hua, TAN Wen—bing, YU Hong, et al. Microplastics in soil ecosystem :
A review on sources fate, and ecological[]]. Environmental Engineer-
ing, 2020, 38(2):16-27, 15.

[64] Rillig M C, Bonkowski M. Microplastic and soil protists: A call for re-
search[J]. Environmental Pollution, 2018, 241:1128-1131.

[65] De Tender C A, Devriese L I, Haegeman A, et al. Bacterial communi-
ty profiling of plastic litter in the Belgian part of the North Sea[J]. En-
vironmental Science & Technology, 2015, 49(16) :9629-9638.

[66] Peng J P, Wang ] D, Cai L. Q. Current understanding of microplastics
in the environment: Occurrence, fate, risks, and what we should do[J].
Integrated Environmental Assessment and Management, 2017, 13 (3):
476-482.

[67] Zhu D, Bi Q F, Xiang Q, et al. Trophic predator—prey relationships
promote transport of microplastics compared with the single Hypoaspis
aculeifer and Folsomia candidal]]. Environmental Pollution, 2018,
235:150-154.

[68] Ju H, Zhu D, Qiao M. Effects of polyethylene microplastics on the gut
microbial community, reproduction and avoidance behaviors of the
soil springtail, Folsomia candidal]]. Environmental Pollution, 2019,
247:890-897.

[69] Zhu D, Chen Q L, An X L, et al. Exposure of soil collembolans to mi-
croplastics perturbs their gut microbiota and alters their isotopic com-
position[J]. Soil Biology and Biochemistry, 2018, 116:302-310.

[70] Huerta L E, Gertsen H, Gooren H, et al. Incorporation of microplas-

tics from litter into burrows of Lumbricus terrestris[J]. Environmental

http://www.aed.org.cn



T, % T EMER SRR RE

2021418

Pollution, 2017, 220:523-531.

[71] Huerta L. E, Gertsen H, Gooren H, et al. Microplastics in the terrestri-
al ecosystem: Implications for Lumbricus terrestris (Oligochaeta, Lum-
bricidae) [J]. Environmental Science & Technology, 2016, 50 (5) :
2685-2691.

[72] Rodriguez—Seijo A, Lourengoet J, Rocha=Santos T A P, et al. Histo-
pathological and molecular effects of microplastics in Eisenia andrei
Bouché[J]. Environmental Pollution, 2017, 220:495-503.

[73] Zhu B K, Fang Y M, Zhu D, et al. Exposure to nanoplastics disturbs
the gut microbiome in the soil oligochaete Enchytraeus crypticus|J].
Environmental Pollution, 2018, 239 :408-415.

[74] Liu F F, Liu G Z, Zhu Z L, et al. Interactions between microplastics
and phthalate esters as affected by microplastics characteristics and
solution chemistry[J]. Chemosphere, 2019, 214 :688-694.

[75] Wang J, Coffin S, Sun C L, et al. Negligible effects of microplastics on
animal fitness and HOC bioaccumulation in earthworm Eisenia fetida
in soil[J]. Environmental Pollution, 2019, 249:776-784.

[76] Hiiffer T, Hofmann T. Sorption of non—polar organic compounds by
micro-sized plastic particles in aqueous solution[]J]. Environmental
Pollution, 2016, 214 :194-201.

[77] Teuten E L, Rowland S J, Galloway T S, et al. Potential for plastics to
transport hydrophobic contaminants[J]. Environmental Science & Tech-
nology, 2007, 41(22) : 7759-7764.

[78] Gaylor M O, Harvey E, Hale R C. Polybrominated diphenyl ether

(PBDE) accumulation by earthworms ( Eisenia fetida) exposed to bio-

http://'www.aed.org.cn

solids—, polyurethane foam microparticle—, and penta-BDE-amended
soils[J]. Environmental Science & Technology, 2013, 47(23) : 13831—
13839.

[79] Bandow N, Will V, Wachtendorf V, et al. Contaminant release from
aged microplastic[]]. Environmental Chemistry, 2017, 14(6) :394.

[80] Hodson M E, Duffus—Hodson C A, Clark A, et al. Plastic bag derived—
microplastics as a vector for metal exposure in terrestrial invertebrates
[J]. Enwvironmental Science & Technology, 2017, 51(8) :4714-4721.

[81] Li J, Zhang K N, Zhang H. Adsorption of antibiotics on microplastics
[J]. Environmental Pollution, 2018, 237 :460-467.

[82] Shen X C, Li D C, Sima X F, et al. The effects of environmental condi-
tions on the enrichment of antibiotics on microplastics in simulated
natural water column[J]. Environmental Research, 2018, 166: 377—
383.

[83] Sun M M, Ye M, Jiao W T, et al. Changes in tetracycline partitioning
and bacteria/phage—comediated ARGs in microplastic—contaminated
greenhouse soil facilitated by sophorolipid[J]. Journal of Hazardous
Materials, 2018, 345:131-139.

[84] Talvitie J , Mikola A , Koistinen A, et al. Solutions to microplastic pol-
lution — removal of microplastics from wastewater effluent with ad-
vanced wastewater treatment technologies|J]. Water Research, 2017,
123:401-407.

[85] Sun J, Dai X H, Wang Q L, et al. Microplastics in wastewater treat-
ment plants: Detection, occurrence and removall]]. Water Research,

2019, 152:21-37.



