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Abstract; As a new type of pollutant, microplastics have spread all over the world. Microplastic pollution was lis-
ted as the second largest scientific issue in the field of environmental and ecological science research at the Second
United Nations Environment Conference. At present, most of the relevant researches mainly focused on the marine

environment. However, the studies on microplastics pollution cycle in soil-groundwater systems are not well under-

E£TH . HKARRAEL L P I H 41772264)
BN A E0981—), 5 U5, #bz, 05307 17 8 A2 25 30 55 56 e 5 XU 1A% | + 23 R 7K 95 YL U3 [ 48 &, E-mail: pushengyan@

gmail.com; pushengyanl3 @ cdut.edu.cn



LA U

AR AR ORHTE - R K P PRI AT A B A SRR T I 45

stood. This review summaries the recent research progress of microplastics pollution sources, migration process and

eco-toxicological effects in soil-groundwater systems. In addition, this article provides comments and perspectives

to future study of microplastic pollution in soil-groundwater systems.

Keywords: microplastics; soil-groundwater; ecotoxicity; migration; environmental behavior
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Fig. 1 Conceptual schematic diagram of environmental behavior of microplastics in soil-groundwater



LA U

AR AR ORHTE - R K P PRI AT A B A SRR T I 47

2.1 REHIH

RERIRIE—E 5T, MR SO [ 2 A0 (1 3
SRR 22 [ AH B RlE SR S B 3 7E — AR T R
TERRIURL At B, fl 0k 11 3R 4 4 5 e L DL
A I R R AR R4 T B
JEL LA Joi H e S5 ) 8 i B M A o DA S R
TVR)Z . AT HE , Bl E o A I =5 1)
R B T R IR A A P OB 1) B 4R TR P
Alimi FF¥BESE T 56 TR A F 2 M DLVO #ig [
PEIE TR ATy, F2 BEACAE FH 1) S S0k
Z B AE A 5] Sy HE R T .

ANTRI SR A AR SR A 1T B AR SR R B AR EL A R AL
(REPE e P T S 25 ), (H Pl 1 0 1 s
TR ], 500 T Sl S A SR A K Hp ) 4 e O =X
VLR AE it b iz iy B SRR TR R E R 3
TOALRE R R BT I sl Pk 22, i K K s/ T ok 2 []
AE BRSO RSN PR TR (AR iR K AR I
AP sh %), A R e i b e - b i R AT
i, KT H WA R R ITIE, L=
R LB EE AR V0T R AR N S S W AR A
FHF AL, S BT J0kE 14 3 A% AN DR T b, (HAR
RFEE I H AR IRBE . Quevedo Al Tufenkii™ (1) #F
FEF I FEAR O 4+ BD v ROK 297 BURL(PS) 1) 4 A
Figinm TEA R, AR ENR, IRy
2 AV () SRS AR A o) Ak V7 T R T T e % T 9
KRS DI A VIR Y f7 e T ek
AR SR 2 A T P sl A T sh AR ) DR
s TR W 5 R A M, BB RN
Ho 5 HHERE LA SE R, Liv SEPR)Z O
~3 em)FIRIZB ~6 cm) T3 OB ETT T A
D % I 2 - e GO MRk B2 A (78.00 +£12.91) i -
ke, HIRIE 119 (62.50£12.97) i - kg™ YR BE T 5
IERT €% =N 2 NI NS AN 0K 7 €21 F S XA R Ak |
HHERE,

TR A B FRSEOCIE R TEK R, B SR DU
Y IR EURAE 3 HAFTES BN R R A,
B 3R ORI R H 2536 % g & Y R
I IR AT RE I M R K IS
2.2 FRSH%

Wi M R A A Y A NI DA RGE
INEISI G A B B R Y URECIR 1 1A ML
Bk PR Wy ik B R 0 M Ty 3 R % s AR s T
FHE P RERLY ) IR RO R AT LU i+

Beh i IS DL S R A I s A £
R, WE 1 FTR . A BRITER Y ] Y 25 3
Shh B AR I 183 2 0 0 Rk AR o ) TR 2 A
A% Y Lwanga &P ZERF I8 HHIESE T X — B
%, IR 73.5% 1 A 1 3 Tl 2 Rk i 48 51 AR
5, T8 38 33 7 T B i R )2 - 4 0
Jeig i,

R /N SR RE 75 E A M T K ) — A~
B AN, RSE R SOk R 1T BB 2> Zead 3 g
BATE 4R s RUSE /N A 0 et LA B 490 K 2% 1) B
ol URYE Rl P A A /N B SERERE -, 1T 3 i AL BR
FEAR e A T K 35 %) 4 b oAb 4 5
T B i 125 W AR B (R R 48 > ks P ol P,
BEAN, Q38 2 TR A DURTE 8 v S B R A
RS2 TR, AT E— 25023 36 3 bR K
2. AROUREURL KN, R K2 LI
AR SBURLAS B AR 26 TR J2 S 0 4 B4 52 i £
FRHE 13 i A5, Panno S5 WSR3 7 42 1
TR RGN A S K2 A KEMIE R 4
(<15 mm), | RWE N 152 Pi-L7, Hol &k # ]
AEAT 2 > (1) M HL 3 1 4 R I, TG A T M
FKIZ ML Q) 7E - erh RV 2448 AR G AN
TR 1w 3 B AR, A /IR AR I T R A e
FEAREKETR, KT — I EA 5
WA TE AR , A RIS ] X 28 6) 3 -1 T /K s
BHT R B 500 DL SR AE RO BIFSE

TR IR TR AU I HES 1 T K
FRg B — 5 ] , 1A 1 3k R K R R A B 7 o M 5 v
FEIRSE Z BRI AERS 45 B 7E 3SR P i it
A RE S ARSI AR S RO BN R R k32 224y R
TR, A 1) 3 2% 1) O 7 ) sy, S S R G 11
WA e E PRk T 4 A AR SRR D
WIIADEATAGIN , BT 5 Bl EOERL, TSR X
AR Z N, TR R O R R AR
Rezaei %" HIFFE T K7 42 1L FE X008 6} 114 5%
550G AR L, KU OB A R R
XA BE A A TURRTE 39836 2 1 A0 R HE - e ok
PR EAVRE S WA S, 5346, Zedmi f Tl
JE K 3 18-l T K A B S S VS A A T U YT
T ARSI B v v R R R S5 YDA R R K
E78 0 s
2.3 WSk

FEAET - 7K v B O ) 23 I 22 45 Fh 45



48 £ x B

ooz 4R 15 &

FERIEEAL IR AR R o T A0 2E) , DT 52 i FL 3R 4
DU BBk A PR — FR R R &9 T3
oy Fi AR AL B AAE R A Y R AR T8
R R G R4 1 S8 4k | (SR AR 1S 4 R 55, DT
e R 46", Horton "IN Ny FERZ LY
SR} 2 57 3 25 AR A B R s T R RIS A 2 R A
SRR R, KPR AN R S8 3R & W SR A Ak
TS 350 A 7 2400 — BT R i, ol mT DA —
Bt N A AR AR, AT B — A R R A R
BT, ABERG R E AR,

SRR A B B B K X I, AR A e
(TR PT RE S WL B0 i - A R Ak, A 5T
18, e R AR OB RS IR F) 7 100 ~42 960
Wi-kg ™", EE RS LS KRR TR AR AT
1 Tl S8 AR A B R BB IUVE ), Nt 5
fift, FUA I A 0 1 L ) R A R A B A SR
H W IR o SRR, Y R AW T A B
AU R SE 2 1h, HE 2 5) 15 R AF -1
BN AR IR A A IR AR D TR ST R,
WS (o 2 PR R A8 2 52 2 ) 2 e T ok fi oo A
WSEAAAEAE T 2™ b FE R IE 1 A W R
it B B T AR I B, oK 48 Ak B 1 R N s 7
TR 12 A H URE 04% ™ AL ERE £
Herh BT BA AR YRR R R A LR T L A
FESERR 5 b IS A7 A, SR, 3 3 TUAE
FEARINR, I A OB R LT A 82 A —/)
T S W Tk — 25 [l TR 2 B R AR 25
A BB BT AR T BRI TR AR
4 X5 RilligP Y S AHRR A, — HaX gk
PR DU 3R 2 s T /K IRBE b | it 25 T8 R AT
LN, ol S R

iR, BB RESVR TS
%R S AL A BT B AT N R R, TC
WU 1 -1 T K R G, 7 S O A A IR
B R G0, Hor 5 2R R85 n) A TG AL AN TE L in=Zz
HI T 40K G RUST 1 sl S8 e 1 6 0 5 R 5 o e
B2 F AT 0 T 8 RS G 1 B0 TT B B SE PR
R

3 WERELTE-TKPRESSEIMN (Eco-
toxicological effects of microplastics in soil-ground-

water )

kL T AU o AN ], A - - R oK

() A A5 B BASON A AL B AR, B A, Ok
X LA Y52 e B AR G SE B T R, T TR
FEIR A Lok A, Hrp WL T RE I
~5 cm) R I Bl ) PR RN | GRS E A + 1AL
Bt 3l AT T A A% S RL DT 52 ) A+ 158
AR SR ZR R T

W IELRG ROV A RE S ek BE Y]
RESAFTEAR B A 25 B Y RO RL ik A - -1
TR IR S AR B B BT (N 2R R
fik WUy A FIRR AR — H R G 4 )t 2 B =2 BT A ok
AL WU + SRR BT S A A KRR iR 2
T A s T B A SO R
Gy ZE L )RR RS W8 AR G EON 28 P,
Lwanga 5P € 2876 38 28 A S HE 4 o D 31 1
OB AELE , B R T 35 TR O R L 2
It A B YRR R R s K

ITAE TR 15 G W) Z 18 AE B TR Oy &2
GG YR B 2 T OG0 . A WEIE SR, OBk
REAS W R PRI i 7 ey, R KON e B 2 1
ISR RGP IR SRR RS . OB RHER T
A B ERE BRI B A, BT
FUA FRTH AU | R LU SR TR RN K P SRR | B
AR Z2 45 W 0, A AT DIAE hy 244 52 S AS [ 2 0 1
1YY N 4R 2 E IR (PCBs) Y I 2 M 05 18
(PAHS)(AE (B AR )4l TR R A
B A GEIBTE K PE R A YRR B T
R 2 s T B2 R AR IR i . (BAREE T
SR B 15 P AR PR RS NT & , EXT 35
H T K B AR OCAH T EL L

1 GREL T R R R RN T AR A
PERON AYAH DA ST, b4 45 T 8 & 15 iy A 85
PRV, 30 R OB ARG | 23R ]
AR BRI A R A A 7 A — e R B Y T 5
ey, A A 1 R S e KM, Hodson
SEBNF 2017 AFEAE—IRDFFE T R 3, fili 1F 451 58 A 111 2
Zn® (ROBRHE AU A FET, R T Zn® 1)
A=Al R 3 AT BB PR O S 5 v B A G R Y
WL T B IR, BEJ5, Wang 5 (1 BF 5%
FEH TERP TS Y 458 rh | e 0| (%) B A RN B AR L0 21 AT L
A AR F A DTS B0 0T 17 T8 40 R A v 7 AR AN A
SO o H Yt ] 5 B R A G 1 OB RLE IR Y
SV R T W Sk R AT, L GO X g 4 R R T
LA R



49

OB RIE 33 T KR AR T O A ST ST E

I

:

LA U

SSAns [eIOUAT PIM PAjeIoosse sasuodsar
TeuondiIosues paoNpuI A/ M 9, () | pue

%10 J& uonensuupe ng ‘skep G¢ 10y

uoIysno Jqe[IeAL

p s¢ M/M %0 Josiquied 9[qery  AIojeloqe] NERIEl V) wl (0 L8€
[09] POAIAINS SLISALIO) SNOLIQUINT ) SN
%1070 SdN B[ G EX S I 7 b F919¢
T3 G EH ORI — 5 Y & N
A A A 0] 1 0% 1 SE T
SN 4/ 2 %01 I %10 SLISOLID) SNOLIQUIN'T
Q) MWIEV P SEY
AjQqe[reaeorq Uz asea1oul pjnod Sq
‘saunsul oY) ur sonse[doIoru ou sem 1Y) 18- 8w g0$ ¥
P 8T [10s weo| A10)EI0QET s3eq onseld
[Ls] pue ‘3Ip 10U PIp SLYSALI9) SHOLIqUINT “19T 1°9€T 1. U7 T S ST wur ¢ 4ddH
- 5 =zl i
B I Ol 07 T R ek R M/ M %GE0 SN
K RO T B D20 B T
paonpar Apuedyrudis sI xopul
9SI0IOXd o) pue ‘pakonsap sI wrl (0z<
P I> spios [einoudy  Alojeroqe SISUAWIEYOS E[[9qOT
[6$] SISUAUIEYOS E[[oQOT JO IOIABYDQ Y], 188w 000 T SdN T ., — ‘w00z~ SY Sd ——
\ AT Hu
) O * , .
e 0 1 T L b ol
(SAIN 2y JO 100dsa1 Ul JOIABYDQ QOUBPIOAR onu PREQHO
I3[0 PAMOYS) SUB[OQUIS[[0D) > YU Wik
Aioyepaxd > oy prequo pde(y “Ioiaeyeq PLSET [1os yreq K10)e10QET paserping oy K10yepaId
[Lt] (-3 TW GET~ LT1 SN w057~ 08 OAd
noy) Aq uonerdiwu 10j sJIN AL1ed e AoyJ, W7 20 el f ¥ B
(L ol g Y L) B ) W 96 < I 0 <5 ey SuB[OqIS[[0D)
PRI S TR A I g I
suonenuaouod juenjjod
uonem( 1ouj0 pue sonse[doIory adKo18y odKy Apms 201n0g sozIs Jo da3uey adAy,
soouatagey 199139 J1X0100] [ iy 22 HOW Ik e F pERAl] Wk B i3 wswedojsap
WX g RO THO ok B R
SUONIPUOD 0BIUO)) sonse[doIdry
L ALEE: T ER
S[10S JUQIPIP 0} pasodxad sonse[doIoru Jo s109fJ9 JIX0}099 U0 ApmiS [ d[qel

YRR ESFHHET B DEEER

T2



%15 %

%69 AQ payqIyul sem

50

sueGojo SIPqRYIOudL) M/M %1 %60 sSeq Surddoyg
d4ddH
Jo uononpoidar ay, %ST0" %10 SdN RV [k
[ k1] %669 (i 25 T35 1 37
uonIqIYUI OU Sem IOy}
SoAlIppe
‘squowr ¢ Ioye pue ‘o466
Jsem
Aq panqryur sem sueSafo SHIPQEYIOUdE) MM %1 %S0 %STO IO[9[qEL
oesdIo yum JAd
Jo uononpoidar oy ‘syuow ¢ PYy syiuowt 6 ‘¢ ‘0 %10 %100 SdN K1oje1oqe] ¥ sueSoo spipqeyIousE)
[19] . [1os paaoiduy ww 7>
M 2 H N 67 %8S Hy 6 €0 o EX0hs 7L i &
LR RS A H € -
I S 2
STHUOW G JOJJE PIAIISQO Sem WL
[EAIAINS UI 9SBOIOIP OU pue
‘SYJUOW ¢ JOJB PaseAIoul M/M %1 %S0 So[N0q NuLIq
1dd
SUBF2[o SHIPGRYIOoudE) Jo ANOIX0) Ay, " %STO0" %10 'SdN LiaE)
Wl sk B [E3EMA L - 6
BRI €
TWIOMYIIED JY) U0 AJIOTX0} JOMO] B
Ul poJnsaI YoryMm ‘ejoIqoIorur ng oYy uo
SIUSSIE JO J09JJ9 A} PareIad[[e SJIN
"poseoI1oop AJueoyTugis sem BoILIO e poruIofes anydejopy
p 8z (838w op :(A)SY pueure, A10je10qE] paseyong
[8s] aIydejopy WIOMT}IES JO Snssy Apoq pue — JAd ULIOMUIRT
18- 8w 000 T SIN Y LR S
1ng 9y} UI UONBIUIOUOD JIUASIE [E10) YT, [ 2 e i
T B ISR ) bl LY B 2 10
it BE RO oo I 00" ) el T
Y 117 HE ) e TR
Suonenuaouo0d juenjjod
uonem 10130 pue sonsedoIorjy adKyo13y odKy Apmg 90In0g s9z1s Jo aduey adAL,
soouasyoY 199139 A1X0100] e Fai 7t TG ST e sk BT W3 wsmedio isag
WX 5F MRS M i el
SUONIPUOD JOBIUO)) sonse[doIoTy
LA e Tk B




51

OB RIE 33 T KR AR T O A ST ST E

I

:

LA U

‘10y30 [Auaydip pareuroiqAjod 10y spuels sgggd <sonsejdoionu 1oy spuels s ousjAyaAiod Aysuap-jydiy 1oy spuels gJqT oueyy

-omAjod 10} spuels Nd ouaifisAjod 10y spuels Sq ‘oefeyiydora) susjAyiekjod 10y spuess [qd s10quy onsejdoronu 0y spuels SN oud[Ayiokiod Ansuop-ysiy 10y spueys GJAH OpUO[Yd [Auiak[od 10} spuels DAJ @I0N
CTM U N ST kT SN 9 2 3 T ) A0 QT B B A0 O 2 5 R B St 2 0 phy T PG B LA 7 47 R O SN 2 B I B IIH Y 2 W B DA

wstjoqelow A310u

ur sa3ueyo pue

SSOIS OAEPIXO P 8¢ 1-8-8w 000 [°00S  [10s [eroynIE ADAO
[+9] wr 000 [~0ST  dddT
asned ued ansodxd sgN *0ST STI 29 sdN #F 1LY dddo
WY E R T
TIN5 Y o 8 sk
K10ye10QET paseyoIng BpIojJ BIuoSI
SN 10 PHIOsOrq = S [EE s
SuIUIRIUOD [10S SINOAJDP
Mp | 3Y-Sw ¢
18y} ppay eruasig Ay Jo Apoq [10s [eloynre
P8TVI'L sHAdd X
[€9l] o} Ul srg[numode ues syadd prjosorg wrl ¢/> nd
e M/ M 000 C: 1
&by W o saadd AN T W e
M Gk T YE S W T
ot AR B s
s1oqiy onsejdororu Jo uonisodwrodap
o} 9JBID[OO0R UL BIINJ
P 8T ¥I 1848 120 [10s pajeAnn) K101210QRT paseyoIng voIIy BURRYOY
[zo] punjeljoyy Jo sseooid uonseSip oyl wu ¢ | 14d
“PI0 FI0°0 SN A =R 2l f7 MR £ 7
LG Y - V
SR T S - g
suonenuaouod juenjjod
uonem(q 10U30 pue sonse[doIdry adKyo13y odKy Apmg 20IN0S s9z1s Jo a3uey odAL
s00u01JOY 199130 O1X0}095 el Faily HORIGREL s s e Wk BT [E7 wstuesio 1501
WxEg N B TPH 3 ek Ee = YLt
SUONIPUOD JOBIUO)) sonse[doIory
R e Tk B




52 tx #F

PLINN O P15 %

SCYHEAT R FEAEAAAE R R, I AN RE LS S LSRR
AR RENE . FURIA (1) 3256 R0 e (MO LR 2L
NAUZETAREME R EYIR BT R ; Q)58
= HORLU Y L TS e W) L B — | TS B ke S ER R
HRTS Qe S O 2 0% 228 5 (3) S B i AR P A Ak
K5 gy, S PR A DU S PR 15 KAR T R
RETAE, PRI, ST RUBRHERR ST 9 A2 A5 TR 12K
AN BE— MR I , 5 Jim IO o i A ] Bl 28 ek 5 B A
Yok s B 32 40 BOBE T ok R B E O SRk
Yo, AISRANTH BR BB X - S 5% A | sEA RE S 56 M
HEERBDRLXT 12 598 25 | b SR AT g AN At R 0
TEE

4 £t 5 (Conclusion and prospect)

25 A -89 1R K b B RO R 32 BRI T
TR ARSI, N A F A A
IRIERSPEAERE T, RIS YL SE i & — N Jo E 3t
FIAREE )R ASSURI A 52 4 S N B | i 95 S
5 YLt LR T Al | 25 [l 28 48 ] R [ B b [
TR ERAE ) s AH SC I 5T AT S R AE PRk
V5 G [n] @A T Y S SRS TE AR AL oY A S
HARZHE,

MR, T IOERHE L -1 R K R b i E
AN A 25 B JASUN B SR ATD SR VA | R A 1Y)
P REIRAT TR R Y A A B M P B A 55 i
FD ORI G TS G AR B ALEE, DL
XA 2 e BT S50 AR S R G D RE Y52 I
LG = AMEGY . AR 5T H R B A DL LA
J7 1

(L) FE ARG R X6 A Al W] 4 S e TR A 53t e XL
S R AT, LRI I AR DL AT X AN A ) 5T 1Y B
PRI AL, ) 52500 ¢ RAATERE  H AR5 XU
PEA L e = J2 605 0% B8 S A5 AR SCBIF 9 I0 hy f o
AR B PR 5 L AR A BORH DG A M 1) i o 42 At R Al
B

@)msR R S A s R s
YR Z RIOCHPE 5T . DMEAE R K2
BOTE S0 2 DL, N B S0 2 S B B S 1Y 1 SRR
FETUARR W] A BLSE 37 Ml T JR A DG S5 3 3 ) -
AR G 2R I 7 i RIS it A Tl B R A A - T Kk rh
P A AT AR

G TSRS Je oA )1z, A Bk i PR

RV, B2 sie FE BTl 7S 1 . HE e 2 BRIE N
HES G — B TR it R A A0 3 e, I S oy
P PRI RN RN T i, I O R R 1Y
FRIT I ISR RO R s B A8 SRS S5 ORI
PHEAEAT TR

WREER—N . F A2 (1981—), B, E(6), #k, Fix ¥
HONETATUNHERER, LM AT A ELSHA
f 5 R ik | LT KRG L RS A,

£ 2 30k ( References) :

[1] Van Cauwenberghe L, Devriese L, Galgani F, et al. Mi-
croplastics in sediments: A review of techniques, occur-
rence and effects [J]. Marine Environmental Research,
2015, 111: 5-17

[2] Peng G, Xu P, Zhu B, et al. Microplastics in freshwater
river sediments in Shanghai, China: A case study of risk
assessment in mega-cities [J]. Environmental Pollution,
2018, 234: 448-456

[3] Thompson R C, Swan S H, Moore C J, et al. Our plastic
age [J]. Philosophical Transactions of the Royal Society
B: Biological Sciences, 2009, 364(1526): 1973

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

[5]1 Eriksen M, Lebreton L C M, Carson H S, et al. Plastic
pollution in the world’ s oceans: More than 5 trillion plas-
tic pieces weighing over 250,000 tons afloat at sea [J].
PLoS ONE, 2014, 9(12): 11913

[6] Blasing M, Amelung W. Plastics in soil: Analytical meth-
ods and possible sources [J]. Science of the Total Envi-
ronment, 2018, 612: 422-435

[7]1 Nizzetto L, Futter M, Langaas S. Are agricultural soils
dumps for microplastics of urban origin? [J]. Environmen-
tal Science & Technology, 2016, 50(20): 10777-10779

[8] Alimi O S, Budarz J F, Hernandez L M, et al. Microplas-
tics and nanoplastics in aquatic environments: Aggrega-
tion, deposition, and enhanced contaminant transport [J].
Environmental Science & Technology, 2018, 52(4): 1704-
1724

[9] Auta H S, Emenike C U, Fauziah S H. Distribution and
importance of microplastics in the marine environment: A
review of the sources, fate, effects, and potential solutions
[J]. Environment International, 2017, 102: 165-176

[10]1 ESE, BN, J&JE 2. 5P OB E R o A



LA U

AR AR ORHTE - R K P PRI AT A B A SRR T I 53

(1]

[12]

[13]

[14]

[15]

[16]

7]

(18]

[20]

(21]

WIS, K ST T B AT SEE T [0]. Bkeyidfiz, 2018, 63
(4): 385-395

Wang T, Hu X G, Zhou Q X. The research progress in
migration, distribution, biological effects and analytical
methods of microplastics [J]. Chinese Science Bulletin,
2018, 63(4): 385-395 (in Chinese)

Mintenig S M, Int-Veen I, Loder M G J, et al. Identifica-
tion of microplastic in effluents of waste water treatment
plants using focal plane array-based micro-Fourier-trans-
form infrared imaging [J]. Water Research, 2017, 108:
365-372

Barnes D K, Galgani F, Thompson R C, et al. Accumula-
tion and fragmentation of plastic debris in global environ-
ments [J]. Philosophical Transactions of the Royal Society
B: Biological Sciences, 2009, 364(1526): 1985-1998
Kogel-Knabner I, Amelung W. Dynamics, chemistry, and
preservation of organic matter in soils [J]. Treatise on Ge-
ochemistry, 2014, 13(8): 157-215

Chae Y, An Y J. Current research trends on plastic pollu-
tion and ecological impacts on the soil ecosystem: A re-
view [J]. Environmental Pollution, 2018, 240: 387-395
Thompson R C, Olsen Y, Mitchell R P, et al. Lost at sea:
Where is all the plastic? [J]. Science, 2004, 304 (5672):
838

Dris R, Imhof H, Sanchez W, et al. Beyond the ocean:
Contamination of freshwater ecosystems with (micro-)
plastic particles [J]. Environmental Chemistry, 2015, 12
(5): 539-550

Horton A A, Walton A, Spurgeon D J, et al. Microplastics
in freshwater and terrestrial environments: Evaluating the
current understanding to identify the knowledge gaps and
future research priorities [J]. Science of the Total Environ-
ment, 2017, 586: 127-141

Dris R, Gasperi J, Saad M, et al. Synthetic fibers in at-
mospheric fallout: A source of microplastics in the envi-
ronment? [J]. Marine Pollution Bulletin, 2016, 104 (1-2):
290-293

Panno S V, Kelly W R, Scott J, et al. Microplastic con-
tamination in Karst groundwater systems [J]. Groundwa-
ter, 2019, 57(2): 189-196

Blair R M, Waldron S, Gauchotte-Lindsay C. Average
daily flow of microplastics through a tertiary wastewater
treatment plant over a ten-month period [J]. Water Re-
search, 2019, 163: 114909

He P J, Chen LY, Shao L M, et al. Municipal solid waste

(22]

[25]

[26]

[27]

(28]

[29]

(30]

31]

(32]

(MSW) landfill: A source of microplastics? -Evidence of
microplastics in landfill leachate [J]. Water Research,
2019, 159: 38-45

Eriksen M, Mason S, Wilson S, et al. Microplastic pollu-
tion in the surface waters of the Laurentian Great Lakes
[J]. Marine Pollution Bulletin, 2013, 77(1-2): 177-182
Lechner A, Keckeis H, Lumesberger-Loisl F, et al. The
Danube so colourful: A potpourri of plastic litter outnum-
bers fish larvae in Europe’ s second largest river [J]. En-
vironmental Pollution, 2014, 188: 177-181

Hernandez E, Nowack B, Mitrano D M, et al. Polyester
textiles as a source of microplastics from households: A
mechanistic study to understand microfiber release during
washing [J]. Environmental Science & Technology, 2017,
51(12): 7036-7046

Steinmetz Z, Wollmann C, Schaefer M, et al. Plastic
mulching in agriculture. Trading short-term agronomic
benefits for long-term soil degradation? [J]. Science of the
Total Environment, 2016, 550: 690-705

Majewsky M, Bitter H, Eiche E, et al. Determination of
microplastic polyethylene (PE) and polypropylene (PP) in
environmental samples using thermal analysis ( TGA-
DSC) [J]. Science of the Total Environment, 2016, 568:
507-511

Mercier A, Gravouil K, Aucher W, et al. Fate of eight dif-
ferent polymers under uncontrolled composting condi-
tions: Relationships between deterioration, biofilm forma-
tion, and the material surface properties [J]. Environmen-
tal Science & Technology, 2017, 51(4): 1988-1997

Dris R, Gasperi J, Rocher V, et al. Microplastic contami-
nation in an urban area: A case study in Greater Paris [J].
Environmental Chemistry, 2015, 12(5): 592-599

Prata J C. Airborne microplastics: Consequences to hu-
man health? [J]. Environmental Pollution, 2018, 234: 115-
126

Michels J, Stippkugel A, Lenz M, et al. Rapid aggregation
of biofilm-covered microplastics with marine biogenic
particles [J]. Proceedings of the Royal Society B: Biologi-
cal Sciences, 2018, 285(1885): 20181203

Zylstra E R. Accumulation of wind-dispersed trash in des-
ert environments [J]. Journal of Arid Environments, 2013,
89:13-15

Quevedo I R, Tufenkji N. Mobility of functionalized
quantum dots and a model polystyrene nanoparticle in sat-

urated quartz sand and loamy sand [J]. Environmental



54 CHE T T 515
Science & Technology, 2012, 46(8): 4449-4457 [46] Ali M I, Ahmed S, Robson G, et al. Isolation and molecu-
[33] Liu M T, Lu S B, Song Y, et al. Microplastic and meso- lar characterization of polyvinyl chloride (PVC) plastic
plastic pollution in farmland soils in suburbs of Shanghai, degrading fungal isolates [J]. Journal of Basic Microbiolo-
China [J]. Environmental Pollution, 2018, 242: 855-862 gy, 2014, 54(1): 18-27
[34] Rillig M C. Microplastic in terrestrial ecosystems and the [47] Zhu D, Bi Q F, Xiang Q, et al. Trophic predator-prey re-
so0il? [J]. Environmental Science & Technology, 2012, 46 lationships promote transport of microplastics compared
(12): 6453-6454 with the single Hypoaspis aculeifer and Folsomia candida
[35] Lwanga E H, Gertsen H, Gooren H, et al. Incorporation of [J]. Environmental Pollution, 2018, 235: 150-154
microplastics from litter into burrows of Lumbricus ter- [48] Sun J, Wu X, Gan J. Uptake and metabolism of phthalate
restris [J]. Environmental Pollution, 2017, 220: 523-531 esters by edible plants [J]. Environmental Science &
[36] Hoppe M, Mikutta R, Utermann J, et al. Remobilization of Technology, 2015, 49(14): 8471-8478
sterically stabilized silver nanoparticles from farmland [49] Erkekoglu P, Kocer-Gumusel B. Genotoxicity of
soils determined by column leaching [J]. European Jour- phthalates [J]. Toxicology Methods, 2014, 24(9): 616-626
nal of Soil Science, 2015, 66(5): 898-909 [50] Engler R E. The complex interaction between marine deb-
[37] Bol R, Julich D, Brodlin D, et al. Dissolved and colloidal ris and toxic chemicals in the ocean [J]. Environmental
phosphorus fluxes in forest ecosystems—An almost blind Science& Technology, 2012, 46(22): 12302-12315
spot in ecosystem research [J]. Journal of Plant Nutrition [51] Hauser R, Calafat A M. Phthalates and human health [J].
and Soil Science, 2016, 179(4): 425-438 Occupation & Environmental Medicine, 2005, 62 (11):
[38] Pachapur V L, Larios A D, Cledon M, et al. Behavior and 806-818
characterization of titanium dioxide and silver nanoparti- [52] Lwanga E H, Vega J M, Quej V K, et al. Field evidence
cles in soils [J]. Science of the Total Environment, 2016, for transfer of plastic debris along a terrestrial food chain
563:933-943 [J]. Scientific Reports, 2017, 7(1): 14071
[39] Zhang K, Su J, Xiong X, et al. Microplastic pollution of [53] Mato Y, Isobe T, Takada H, et al. Plastic resin pellets as a
lakeshore sediments from remote lakes in Tibet Plateau, transport medium for toxic chemicals in the marine envi-
China [J]. Environmental Pollution, 2016, 219: 450-455 ronment [J]. Environmental Science & Technology, 2001,
[40] Rezaei M, Riksen M J P M, Sirjani E, et al. Wind erosion 35(2): 318-324
as a driver for transport of light density microplastics [J]. [54] Ashton K, Holmes L, Turner A. Association of metals
Science of the Total Environment, 2019, 669: 273-281 with plastic production pellets in the marine environment
[41] McCormick A, Hoellein T J, London M G, et al. Micro- [J]. Marine Pollution Bulletin, 2010, 60(11): 2050-2055
plastic in surface waters of urban rivers: Concentration, [55] Bouhroum R, Boulkamh A, Asia L, et al. Concentrations
sources, and associated bacterial assemblages [J]. Eco- and fingerprints of PAHs and PCBs adsorbed onto marine
sphere, 2016, 7(11): e01556 plastic debris from the Indonesian Cilacap coast and the
[42] Andrady A L. Microplastics in the marine environment North Atlantic gyre [J]. Regional Studies in Marine Sci-
[J]. Marine Pollution Bulletin, 2011, 62(8): 1596-1605 ence, 2019, 29: 100611
[43] Zhang G S, Liu Y F. The distribution of microplastics in [56] Rodriguez-Seijo A, Lourenco J, Rocha-Santos T A P, et
soil aggregate fractions in southwestern China [J]. Science al. Histopathological and molecular effects of microplas-
of the Total Environment, 2018, 642: 12-20 tics in Eisenia andrei Bouché [J]. Environmental Pollu-
[44] Restrepo-Florez J M, Bassi A, Thompson M R. Microbial tion, 2017, 220(Part A): 495-503
degradation and deterioration of polyethylene—A review [571] Hodson M E, Duffus-Hodson C A, Clark A, et al. Plastic
[J]. International Biodeterioration & Biodegradation, 2014, bag derived-microplastics as a vector for metal exposure
88: 83-90 in terrestrial invertebrates [J]. Environmental Science &
[45] Arkatkar A, Arutchelvi J, Bhaduri S, et al. Degradation of Technology, 2017, 51(8): 4714-4721
unpretreated and thermally pretreated polypropylene by [58] Wang H T, Ding J, Xiong C, et al. Exposure to microplas-

soil consortia [J]. International Biodeterioration & Biodeg-
radation, 2009, 63(1): 106-111

tics lowers arsenic accumulation and alters gut bacterial

communities of earthworm Metaphire californica [J]. En-



LA U

AR AR ORHTE - R K P PRI AT A B A SRR T I 55

[59]

[61]

[62]

vironmental Pollution, 2019, 251: 110-116

Kim S W, An Y J. Soil microplastics inhibit the move-
ment of springtail species [J]. Environment International,
2019, 126: 699-706

Prendergast-Miller M T, Katsiamides A, Abbass M, et al.
Polyester-derived microfibre impacts on the soil-dwelling
earthworm Lumbricus terrestris [J]. Environmental Pollu-
tion, 2019, 251: 453-459

Judy J D, Williams M, Gregg A, et al. Microplastics in
municipal mixed-waste organic outputs induce minimal
short to long-term toxicity in key terrestrial biota [J]. En-
vironmental Pollution, 2019, 252(Part A): 522-531

Song Y, Cao C, Qiu R, et al. Uptake and adverse effects

(63]

[64]

of polyethylene terephthalate microplastics fibers on ter-
restrial snails (Achatina fulica) after soil exposure [J]. En-
vironmental Pollution, 2019, 250: 447-455

Gaylor M O, Harvey E, Hale R C. Polybrominated di-
phenyl ether (PBDE) accumulation by earthworms (Eise-
nia fetida) exposed to biosolids-, polyurethane foam mi-
croparticle-, and penta-BDE-amended soils [J]. Environ-
mental Science & Technology, 2013, 47(23): 13831-13839
Rodriguez-Seijo A, da Costa J P, Rocha-Santos T, et al.
Oxidative stress, energy metabolism and molecular re-
sponses of earthworms ( Eisenia fetida) exposed to low-
density polyethylene microplastics [J]. Environmental Sci-
ence Pollution Research, 2018, 25(33): 33599-33610 @



