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Advances in research on the ecological effects of microplastic pollution on soil ecosystems
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(1.College of Environmental Science and Engineering, Nankai University, Tianjin 300071, China; 2.Key Laboratory of Pollution Processes
and Environmental Criteria, Ministry of Education, Tianjin 300071, China; 3.Tianjin Key Laboratory of Environmental Remediation and Pol-
lution Control, Tianjin 300071, China )

Abstract: Microplastics are a new type of environmental pollutants characterized by their small particle size (<5 mm ), wide distribution, and
resistance to recovery. Owing to their long residue time in soil, microplastics can be accidentally ingested by soil fauna and, thereby, enter
the food chain, which can subsequently influence the growth, development, and reproduction of soil fauna by damaging the organisms’ or—
gans and DNA. The toxins released during microplastic degradation and the absorption of environmental pollutants by microplastics also
threaten soil ecosystems. Primary microplastics are derived from the raw material used for plastic production, whereas secondary microplas—
tics result from the environmental degradation of large plastic products. As microplastics come from many sources, exist in many types, and
are found in complex environments, they are difficult to be separated or detected. Recent studies have mainly focused on aquatic ecosystems
and have rarely investigated the effects of microplastics on soil ecosystems. However, the plastic materials used in production and manufac—
turing are abundant, in both quantity and form, and some of these are released into soil systems. This review summarizes the classification,
sources, sampling, and detection of microplastics, as well as related environmental problems, such as soil pollution, pollutant absorption, and
effects on soil fauna, microbial ecology, and carbon and nitrogen circulation. The discussion of the ecological effects of microplastics could
stimulate new ideas for future research.
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Figure 1 Entering modes of different classifications of microplastics into soil
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Figure 3 The effects of microplastics on terrestrial ecosystem



1052

RAIMERF 2R R AR

HTE AN T &8, s LEEY TR0
MARIRHEN AN , O RE F BRI EE ) ot S R o
HT5 B sE A S XA B S Wl 2 A
A ANV B s o AR s g 4 - Ok
7 HREE B B B AR BRI SRS 2 R A G

H H B RLAR KN L 58Sl ) 52 ey T8 A Bt
UL R AR K INKEAN TR 1288 R V3 A 0 18 52 il
TSR Z s>, RiAe 53 0 RN L, 5
Mo S R ™Y, R /T T mm (TR R
Wik g Fok LR e, HIESYEARIEES,
B R Lt 21 ] R R BT P8R A TR P Y
FH R AN H AR AW R 5 47 88 T sl
PN, T ELIR AT DL 2R g T RE | A% ) A A i) HL A 2
glrpiel - SRR S IR SRR R R
B S MR L 5 R AR A DG o KA > 1 mm A fORL
WO (R BA TE g 1 PN sl BRI HE Y, T NBORL B 5 T
A BB NN, 1X 1T BE- A M N AR I MA
125 [ PR A M, Kide A 0~80 wm (1) HDPE 5|
LW 1006 DY (Mytilus edulis ) 3R ZN ) 98 i i M, 44 K
¢ PSCRLAZ R 30 nm ) i A= 4y 4 33 08 0 1 R IR, PS
PR TE B DUA L DNA 451451, Lee 58" IF5E T
“RPRiAR 0.05.0.5 wm 1 6 wm 1) PS, FEA[FMEEE T
YR BN (T. japonicus ) I FEPERON , HF 5T 45
=W, B2 0.5 wm A1 6 wm [ PS AEFTAHE T 1Y
SR R 2T R, BB TOKR RN AN K s 8 L Bk
XTHEFEARIZE Sh A L omAE ]

TR A W) A L 5 R B A O i 51 40 A
Iz % TS Y i A Rk F AR R
fen#E  IHE AR E R PR AR 2
— o Huerta Lwanga SE7 5% T AN [a] e B T R (2R
I, <150 pm ) X885 Lumbricus terrestris L.t A: |
BRFEER,ER OB IRE] 60%} , HAtT
Rl , A RR M BAE, SXF AR AR L, Sk
JE B 2,075 (28% 1 45% ) ¥ 0} HLFE T3 Jo K 3%y A
AFIF , Cao ZEMIWFFY T AN [A) Wk FE TP B} (PS, 58
pm ) XJ M 85| (E. Foetida ) 5% 1 2 B, AR B2 Tk 20 )
[<0.5% (m/m ) 1% e = B2 MR AR /N i e e JBE (19 A0
2% ) i FE M A K TF RGN FE T3 . Rodriguez—
Seijo S FEAN [ e B f B RHSURE X Fifi b e 5] (.
Andred ) B FEMERN , SUEERLR AT PE J0URE , R A%
7 250~1000 wm, 45100 mg 8 A7 1 UKL EC
(396+52)(STDEV), IR AN [] e B SO R BIURL XS E.
Andrei BIAETE B0 DA K 28 d SEE6 R0 5 HL R nd 2

M A i, (X g 08 o B W 11 25 SR BT, Tk
SR EE>125 mg-kg™ I, 2338 AU R RO LGB, A
[F) e J3E T B R AORE U, 2538 A TR R B 1) B2 S o

TR S sE a5 3 A B AR ATk
FEHEAR DG X Pz i TR ORI 2453 7
IZUERR, S OB R LE ) o0 A T2 S
TR, A AR B SR, AL AG i S sh ) R R
e KAl &> IR 5 TR R EE  7EK
S A S RGP R B IR R ML BYEA9)  ORAEAR
BERGEY PRSI AR T LGS Y
Pkt T SE I IR ./ NRLIXCR IE S, dne
KB W O B AR R HAR R AE LIRS
eg7/ G T GbU s e ne - RS NG W (= b A e
A=Wy lml i b AR 2 (AT AHEAR BL R | S S AR I
], (SRR SR e A PN A GO ) B R EAS (R 4)
a4 328 , DTS2 e HoA S sfi e 220, 2 i /
SRR IR R &, L0 % 550 T ARG AT 3N
1, Kiyama "3RI TEGV DB HPIRAET 0.5
pm Al 1 wm 19 PS Jik 8 5 TR BT L ( Caenorhab -
ditis elegans )N, 7E 40 T8 5 £k HUAY L) R 1:100 2%
1:10 B, #if24 0.5 wm (1) PS ki R R B T
R, X AT RE 5 2k R A LR SR G

TR RIS 1 S T % G ] ] - 3 BRI v 1) o
J& BTG G PR S A R R . ShTE B AE
G BRI OB RS 5 A i st T 20 3)
WA A R, ST AT DL R I R R R X
A S R G BB o SR A B I ) X R
PEAR —E 52, BAA , B E 2  FEE B
AEI E] 38 o, R0 e} 32 3] A Cln XUAE OB RE S8 ) A

SO, ST T 23 A U (R 75 G ) A

YRGS, IR LR I, BREE IR - X I Y
VERTE AL B B s Btk 22 g vpio =2 ik
Vs 2 NI B Yo, S0 IS e A R
A
4.2 3t T IBEREYRIF I

T} IS A IS, W T R
ME R . 15 Q) bR I R R A 3N, X
TP R AT A AR K
AR R ) B2 o 41T, T SO RL SR YA
RAE IR SR, R /0 O TR GO R Vi T G
U SRR PAH DA E B 4ED ) Foulon £ %%
IR JE V. crassostreae ,J2—9 TR ] € A T ki 4y
V. crassostreae ,J2-9 TR WO A", WEEELTA



TR, 45« L SEMOIAS e B A A ROR DR Sl JiE 1053

Zalerion maritimum 7E{KE IR 44 F rT LAFI A PE, M
Xf PE A REA#E] Al PE (BT FORAED8 N, Harrison
SRR AL U I IR UL v, Arcobacter F1 Col -
wellia P] 3 £ 5 T LDPE( Low—density polyethylene )
b X PR R EARIR KR T S AR TS Y
ARG o

4.3 X TIEYIRBEIN RN

R, A RIS LI AR T
I, EATDN Y BAE RE B fL E adm h E F A HAE
FANLBRSFEAROC )R A AR . H T IO TR, ]
DK AR T 13, — HRR 2 W, X )
A S RGINRE M A Z R 2 A R

TRCRL AT DL 45 ) 98 1) B o K ) B i
PRUST, Lin SV 53 39 ol i 2 6 B2 GO0 k(R IR
<180 wm )Xt + 3 AT A HLAKR (DOC) | 7T ¥ 1 A AL
A (DON) Al 7 A HLBE (DOP) K PO ¥ i #1 FDA
IK S T Py SR A TS P ) 52 ), T I GO R ORE FY
55 30 d, IRV FE A OB  T iEPEA ALY (DOM) h
AIAT B CHLA BB | 20T F AR A B 2R ) Jo S
& R AR N T e v BE OB B T
DOM 1) DOC .DON .DOP POy \NO; . &4 T = E
B I o e B R T AR o - S i b
A FYTT, SO SR T, AR LB EE | s A
HLAS R I Ay T S SR — 8 S5 i e A -,
X AR AR T DA A Wit 12 s A R ik
A T A R IR B R A T R AR e R
PE IR B FE R, G T Sl 35, (75 L Ah
ity o3 WA AN, X L4 C NP SEE R IT R IR
N HESDVE T, A 2538 FR e RAEAE YY) - LI 01T
RS o8l

TIPS LA S R G B PR B
SLRE R, OB R AT R 0 IR Z AR
YERT, 5200 - S a3 . AE TSRS YR
AR, BRI HEA LSRR R, BERT L
Ry LA A ) B £, L T RE R AL 0 I X - 48
WIARR A7 T3 AR LU SR IMEER 5
Mg 3)

e W51 7 3TV B | - HELE R FIIE ) Oy TG
ZLVEM . Huerta Lwanga S8 SYEMFSY o (i FH 4 i A
W5 Lumbricus terrestris L. )& T IR 2S b 5] 5 —Fp
iR OEE 1 m B 3~10 mm™, L. terrestris T 115
RIMHEE , B AR OBRZ 8 HE B RSN A
I 7OBE B A X ORI B A -HE AR

TOBRHE A NS . IR A E R R B TR RS
PBEA R W RZ By R S IS T 1 A=)
TE 3R 10 em B3 H B KB B, EARTE 2hE FlAH
XN R AT TR -SSR T Y G e s o ) -
NER R AR, A R E AR T, A N IR AL
SRRHORL , X B8 22 1) - 35 Sl W Ae) il i, i 3 5 i
T YR Z R AR T S R B i SCE SR
PEIR o XSO L AT BB XS IS5 4 7 A= 5
G TSR RARGE A, R AT B JCHLTS Gt
AR AR ] ) P 22 52 3] — s M P, T 52 ) - S 4
R G ER (] 3).0

W B TRk B 15 e ) SR B B 7 A A
BYTIEA RN G, g R s A B AR
UMY A0 V-V A (I ra0p A IR RE L7k P2
P, DTS2 A 40 A6 R - S Y B 2R (18] 3) . Ath—
mann S8R5 681 |, L. terrestris W] DL P ZE AR YA
FIT SRR L AEYFLBE, SNt Py A e K T
PR, 3800 C REFmni A i YAk B 22 ] |
MVE SR P, ISR A S TS G 3R
11— ELX A G B e B A HIAY -3 sh A I
KBz BFE T 2 -1 e, A R] A LAIE B S

RESR Bl 22 BB , FEMTZ IR B A S R S
5 RE

M TR F P AR b AR 7 AT SRl
TR RS IR ANE AT ) 2 Sl A} B U
TICERLE N Bl AR 25 R ST, R Rl b A= 25 R Ge R A
PR RE R sl 2 HE R SN o (ST, ORI
TS RGN AR D o BOBRIFZEZ |
IO S 2%, FORT LSBT L S B R - ) o
RET2E J e I 52 3] 1 22 A5 D R A 24« ZEARSR Y
WFFEHR, LR L Tl e R e

(1) LA R B2 2%, 3 b i GO RHIUR R
VE)Z HAR oy RBUSRE A0 2 0o S B v i 2 £
FJG i /NS 3ELL A 85, R IR S R G
(iP5 W=7 Y SN e w4 €2 R <0 ey oI P B R T
TR DR AL AR B ieeE  CER ) B TR i I e
KL H ATE A 920 B R 5 vk 2Ot S R R R
RT3 B MISERE

(2) AR TR AN [R) S0 R R BURE ) PR S5 280
AT o BRI X0 1 SR A Bl T AU A X L AL B
JE Rk B A, — BB SR A 5, 283 05
WEf) , B S b 2B A BRI, X RS RS



1054

RAIMERF 2R R AR

Ha B o DR, ZEDFFE ORI R PR ERON I, 5 2403
25 SEAN TR IR R BB B PR RN . AT, AN )
SN I RUORE 1 T HIEA G R AN TR, X5 Qe
B AN TR , 6 L S AN [a] , [RLIHG , 7E 5258 R e FHAS
(RIS [ g i Sk, B PRI 800

(3) AR RAR IR B PR SON AR o i
AN TRDREAR T R HRIURL X 1 3 A= W I B) 2 58007 7 AN
B, 5 S A TR MRS, R A I bRic ik, DL e
TP AT R A R R B
SRR HE AR T T AR AR o3 it A
SR /N IR, 336 S8/ INIDRE S5 A0S E ) SR ELAE TR R
T ARR BB T RE LA, [RLIMG , X6f A= A F) £t B A
JSAR R B o 5, AR AORL A BRI A T R AR B T IRA
AIBEE , i T AR B —E R Z Ak, IR, K
E A AR 7 12 AU PR FH T A K R R A0RE Fr) B
FE A BT A T IR T

(4) BRI RR IR iz, A =ik, A 5 A HL
RET AR B o Y HiT— LB SRS Y
i J S A P PR AR A IS 2 i A AR
i A XS K SRR A T AR, T
LRI v o st DS O B AP R R i E 9, DRt
AT LCA PR F0 BRG] i A TR TAR o

(5) PRI RUORE (175 J8UiL i 55 1 22 HAB N 3 AH
K, AN L SEESHAFNRL Y U0 S PRI TR 3R 55 o AN [ U
S (ISR ST MR SE) IR 26 (AN TR 6 Y
f18 48 )Xo Dol SR 3R P SR ) R A A AN TR ST, A
TS 5 YA SR A T] PRV, AR5 L5 Ak
I, 575 AN AL PR 25 0 5 G0 R R

T ARHURL X - 3842 25 R GERY 15 Qe300 - 24
FELUT JUANT5 T - 7] e - S FL BRI , W Fff 4
VR TS Y, e RS A , X S SR e e A R
MR ST T R 2 T A DR 95 e P RER 35 8
Yy SAEMIRES MR . H TR 1A
I EBFTEAR A AR, AT LA GO Xt =R B 2
XA 1) e ) TR A 3R A 50 LA B OB 0 525 15
ROV T LA T3 TS SO AR BORE A4 75 800

S 3Lk

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

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

[3] 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.

[4] Cole M, Lindeque P, Halsband C, et al. Microplastics as contaminants in
the marine environment: A review[J]. Marine Pollution Bulletin, 2011,
62(12).2588-2597.

[5] Pago A, Duarte K, da Costa J P, et al. Biodegradation of polyethylene
microplastics by the marine fungus Zalerion maritimum[J]. Science of
the Total Environment, 2017, 586.:10-15.

[6] Salvador Cesa F, Turra A, Baruque —Ramos J. Synthetic fibers as mi-
croplastics in the marine environment: A review from textile perspective
with a focus on domestic washings[J]. Science of the Total Environment,
2017,598.1116-1129.

[7] Santana M F M, Moreira F T, Turra A. Trophic transference of mi-
croplastics under a low exposure scenario: Insights on the likelihood of
particle cascading along marine food—webs[J]. Marine Pollution Bul-
letin, 2017, 121(1/2) : 154-159.

[8] Wang J D, Tan Z, Peng J J, et al. The behaviors of microplastics in the
marine environment[J]. Marine Environmental Research, 2016, 113.7-
17.

[9] Zhang W W, Zhang S F, Wang J Y, et al. Microplastic pollution in the
surface waters of the Bohai Sea, China[J]. Environmental Pollution, 2017,
231:541-548.

[10] Abayomi O A, Range P, Al-Ghouti M A, et al. Microplastics in coastal
environments of the Arabian Gulf[J]. Marine Pollution Bulletin, 2017,
124(1).181-188.

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

[12] Hinata H, Mori K, Ohno K, et al. An estimation of the average resi—
dence times and onshore—offshore diffusivities of beached microplastics
based on the population decay of tagged meso— and macrolitter[]]. Ma—
rine Pollution Bulletin, 2017, 122(1/2):17-26.

[13] Ling S D, Sinclair M, Levi C J, et al. Ubiquity of microplastics in
coastal seafloor sediments[J]. Marine Pollution Bulletin, 2017, 121(1/
2):104-110.

[14] Massos A, Turner A. Cadmium, lead and bromine in beached mi-
croplastics|]J]. Environmental Pollution, 2017, 227 :139-145.

[15] Mohamed Nor N H, Obbard J P. Microplastics in Singapore’s coastal
mangrove ecosystems[J]. Marine Pollution Bulletin, 2014, 79(1/2) .
278-283.

[16] Nel H A, Hean ] W, Noundou X S, et al. Do microplastic loads reflect
the population demographics along the southern African coastline?[J].
Marine Pollution Bulletin, 2017, 115(1/2):115-119.

[17] Qiu Q X, Peng J P, Yu X B, et al. Occurrence of microplastics in the
coastal marine environment ; First observation on sediment of China[J].
Marine Pollution Bulletin, 2015, 98(1/2):274-280.

[18] Yu X B, Peng J P, Wang J D, et al. Occurrence of microplastics in the
beach sand of the Chinese inner sea: The Bohai Sea[J]. Environmen—
tal Pollution, 2016, 214.722-730.

[19] Peng G Y, Zhu B S, Yang D Q, et al. Microplastics in sediments of the
Changjiang Estuary, ChinalJ]. Environmental Pollution, 2017, 225:283—



FEJ R, %5 - SEROIRHS e K A A5 B

P

9%

i 1055

290.

[20] Vendel A L, Bessa F, Alves V E N, et al. Widespread microplastic in—
gestion by fish assemblages in tropical estuaries subjected to anthro—
pogenic pressures|J]. Marine Pollution Bulletin, 2017, 117(1/2) .448—
455.

[21] Zhao SY, Zhu L X, Li D J. Microplastic in three urban estuaries, China
[J]. Environmenial Pollution, 2015, 206 : 597-604.

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

[23] Anderson P J, Warrack S, Langen V, et al. Microplastic contamination
in Lake Winnipeg, Canada[J]. Environmental Pollution, 2017, 225.:223-
231.

[24] Horton A A, Svendsen C, Williams R J, et al. Large microplastic parti—
cles in sediments of tributaries of the River Thames, UK -Abundance,
sources and methods for effective quantification|[]J]. Marine Pollution
Bulletin, 2017, 114(1):218-226.

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

[26] Leslie H A, Brandsma S H, van Velzen M ] M, et al. Microplastics en
route: Field measurements in the Dutch river delta and Amsterdam
canals, wastewater treatment plants, North Sea sediments and biota[J].
Environment International, 2017, 101 :133-142.

[27] Nel H A, Dalu T, Wasserman R J. Sinks and sources: Assessing mi—
croplastic abundance in river sediment and deposit feeders in an Aus—
tral temperate urban river system[]]. Science of the Total Environment,
2018, 612:950-956.

[28] Sruthy S, Ramasamy E V. Microplastic pollution in Vembanad Lake,
Kerala, India:The first report of microplastics in lake and estuarine
sediments in India[J]. Environmental Pollution, 2017, 222:315-322.

[29] Vaughan R, Turner S D, Rose N L. Microplastics in the sediments of a
UK urban lake[J]. Environmental Pollution, 2017, 229:10-18.

[30] Wang J D, Peng J P, Tan Z, et al. Microplastics in the surface sedi—
ments from the Beijiang River littoral zone:Composition, abundance,
surface textures and interaction with heavy metals[J]. Chemosphere,
2017, 171:248-258.

[31] Zhang K, Su J, Xiong X, et al. Microplastic pollution of lakeshore sedi—
ments from remote lakes in Tibet plateau, China[J]. Environmental Pol—
lution, 2016, 219 :450-455.

[32] Holland E R, Mallory M L, Shutler D. Plastics and other anthropogenic
debris in freshwater birds from Canada[J]. Science of the Total Envi—
ronment, 2016, 571:251-258.

[33] Sanchez W, Bender C, Porcher J-M. Wild gudgeons( Gobio gobio) from
French rivers are contaminated by microplastics: Preliminary study and
first evidence[J]. Environmental Research, 2014, 128 :98-100.

[34] Wright S L, Thompson R C, Galloway T S. The physical impacts of mi—
croplastics on marine organisms: A review[]]. Environmental Pollution,

2013, 178:483-492.

[35] Beckingham B, Ghosh U. Differential bioavailability of polychlorinated
biphenyls associated with environmental particles : Microplastic in com—
parison to wood, coal and biochar[J]. Environmental Pollution, 2017,
220.150-158.

[36] 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]. Environmental Science & Technology, 2017,51(8):4714-4721.

[37] Huerta Lwanga E, Gertsen H, Gooren H, et al. Incorporation of mi-
croplastics from litter into burrows of Lumbricus terrestris|J]. Environ—
mental Pollution, 2017,220.:523-531.

[38] Huerta Lwanga E, Gertsen H, Gooren H, et al. Microplastics in the ter—
restrial ecosystem : Implications for Lumbricus terrestris ( Oligochaeta,
Lumbricidae )[J]. Environmental Science & Technology, 2016, 50(5):
2685-2691.

[39] Zubris K A V, Richards B K. Synthetic fibers as an indicator of land
application of sludge[J]. Environmental Pollution, 2005, 138(2):201-
211.

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

[41] Ziajahromi S, Neale P A, Rintoul L, et al. Wastewater treatment plants
as a pathway for microplastics: Development of a new approach to sam—
ple wastewater—based microplastics[J]. Water Research, 2017, 112:93—
99.

[42] Roy P K, Hakkarainen M, Varma I K, et al. Degradable polyethylene:
Fantasy or reality[J]. Environmental Science & Technology, 2011, 45
(10):4217-4227.

[43] Steinmetz Z, Wollmann C, Schaefer M, et al. Plastic mulching in agri—
culture. Trading short—term agronomic benefits for long—term soil degra—
dation?[]]. Science of the Total Environment, 2016, 550:690-705.

[44] Cao D D, Wang X, Luo X X, et al. Effects of polystyrene microplastics
on the fitness of earthworms in an agricultural soil[C]. IOP Conference
Series : Earth and Environmental Science, 2017, 61:012148.

[45] Maal3 S, Daphi D, Lehmann A, et al. Transport of microplastics by two
collembolan species[J]. Environmental Pollution, 2017, 225 : 456-459.

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

[47] Kogel-Knaber K-K, Amelung W. Dynamics, chemistry, and preserva—
tion of organic matter in soils|[M]. Treatise on Geochemistry, 2nd Edi—
tion, Oxford : Elsevier, 2014 . 157-215.

[48] Lehmann J, Kleber M. The contentious nature of soil organic matter|[J].
Nature, 2015, 528(7580 ) : 60-68.

[49] Christensen B T. Carbon in primary and secondary organo —mineral
complexes[M]. Structure and Organic Matter Storage in Agricultural
Soils, Lewis Publishers, CRC Press, Boca raton, Florida, 1996:97-165.

[50] Kaiser M, Asefaw Berhe A. How does sonication affect the mineral and
organic constituents of soil aggregates? : A review[]]. Journal of Plant
Nutrition and Soil Science, 2014, 177(4) :479-495.

[51] Hidalgo—Ruz V, Gutow L, Thompson R C, et al. Microplastics in the
marine environment:A review of the methods used for identification

and quantification[]]. Environmental Science & Technology, 2012, 46



1056

RAIMERF 2R R AR

(6):3060-3075.

[52] Avio C G, Gorbi S, Regoli F. Experimental development of a new proto—
col for extraction and characterization of microplastics in fish tissues:
First observations in commercial species from Adriatic Sea[J]. Marine
Environmental Research, 2015, 111.18-26.

[53] Dehaut A, Cassone A-L, Frere L, et al. Microplastics in seafood :
Benchmark protocol for their extraction and characterization[J]. Envi—
ronmental Pollution, 2016, 215.223-233.

[54] Cole M, Webb H, Lindeque P K, et al. Isolation of microplastics in bio—
ta—rich seawater samples and marine organisms[J]. Scientific Reports,
2015, 4.4528.

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

[56] Nuelle M-T, Dekiff ] H, Remy D, et al. A new analytical approach for
monitoring microplastics in marine sediments[J]. Environmental Pollu—
tion, 2014, 184.161-169.

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

[58] Loder M G ], Gerdts G. Methodology used for the detection and identi—
fication of microplastics: A critical appraisal[M]//Bergmann M, Gutow
L, Klages M. Marine Anthropogenic Litter, Springer, Cham, 2015:201-
227.

[59] Vianello A, Boldrin A, Guerriero P, et al. Microplastic particles in sed—
iments of Lagoon of Venice, Italy:First observations on occurrence,
spatial patterns and identification[]J]. Estuarine, Coastal and Shelf Sci—
ence, 2013, 130:54-61.

[60] Corcoran P L, Biesinger M C, Grifi M. Plastics and beaches: A degrad—
ing relationship[J]. Marine Pollution Bulletin, 2009, 58(1):80-84.

[61] Van Cauwenberghe L, Vanreusel A, Mees J, et al. Microplastic pollu—
tion in deep—sea sediments[J]. Environmental Pollution, 2013, 182:495-
499.

[62] von Sperber C, Lewandowski H, Tamburini F, et al. Kinetics of en—
zyme—catalysed oxygen isotope exchange between phosphate and water
revealed by Raman spectroscopy : Kinetics of enzyme—catalysed oxygen
isotope exchange[J]. Journal of Raman Spectroscopy, 2017,48(3) :368—
373.

[63] Qiu Q X, Tan Z, Wang J D, et al. Extraction, enumeration and identifi—
cation methods for monitoring microplastics in the environment[J]. Es—
tuarine, Coastal and Shelf Science, 2016, 176:102-109.

[64] Loder M G J, Kuczera M, Mintenig S, et al. Focal plane array detector—
based micro—Fourier—transform infrared imaging for the analysis of mi—
croplastics in environmental samples|J]. Environmenial Chemistry, 2015,
12(5):563-581.

[65] Rocha—Santos T, Duarte A C. A critical overview of the analytical ap—
proaches to the occurrence, the fate and the behavior of microplastics
in the environment[J]. Trends in Analytical Chemistry, 2015, 65:47—-
53.

[66] Diimichen E, Barthel A-K, Braun U, et al. Analysis of polyethylene mi—

croplastics in environmental samples, using a thermal decomposition
method[J]. Water Research, 2015, 85.451-457.

[67] Diimichen E, Eisentraut P, Bannick C G, et al. Fast identification of mi—
croplastics in complex environmental samples by a thermal degradation
method[J]. Chemosphere, 2017, 174.572-584.

[68] Zubris K A V, Richards B K. Synthetic fibers as an indicator of land
application of sludge[J]. Environmental Pollution, 2005, 138(2):201-
211.

[69] Barnes D K A, Galgani F, Thompson R C, et al. Accumulation and frag—
mentation of plastic debris in global environments|[J]. Philosophical
Transactions of the Royal Society B:Biological Sciences, 2009, 364
(1526):1985-1998.

[70] Hohenblum P, Liebmann B, Liedermann M. Austrian federal ministry
of agriculture, forestry, environment and water management, plastic and
microplastic in the environment[R]. Vienna: Umweltbundesamt GmbH,
2015.

[71] Steinmetz Z, Wollmann C, Schaefer M, et al. Plastic mulching in agri—
culture. Trading short —term agronomic benefits for long —term soil
degradation? [J]. Science of the Total Environment, 2016, 550.690 —
705.

[72] I E R Ge iR . ARl —4& F B RS S ] £ [DB/OL].[2015]. http:
/lwww. stats. gov. cn/.

National Bureau of Statistics of the People’s Republic of China. Agri—
culture—total use of agriculture film[DB/OL].[2015]. http://www. stats.
gov. cn/.

[73] Kasirajan S, Ngouajio M. Polyethylene and biodegradable mulches for
agricultural applications: A review|J]. A gronomy for Sustainable Devel—
opment, 2012, 32(2):501-529.

[74] Teuten E L, Saquing ] M, Knappe D R U, et al. Transport and release of
chemicals from plastics to the environment and to wildlife[J]. Philo—
sophical Transactions of the Royal Society B:Biological Sciences, 2009,
364(1526):2027-2045.

[75] Xu S Y, Zhang H, He P ], et al. Leaching behaviour of bisphenol A
from municipal solid waste under landfill environment[J]. Environmen—
tal Technology, 2011, 32(11):1269-1277.

[76] Rochman C M, Manzano C, Hentschel B T, et al. Polystyrene plastic: A
source and sink for polycyclic aromatic hydrocarbons in the marine en—
vironment[J]. Environmental Science & Technology, 2013, 47(24) .
13976-13984.

[77] Erkekoglu P, Kocer—Gumusel B. Genotoxicity of phthalates[J]. Toxi—
cology Mechanisms and Methods, 2014, 24(9) :616-626.

[78] Wang J, Lv S H, Zhang M Y, et al. Effects of plastic film residues on
occurrence of phthalates and microbial activity in soils[J]. Chemosphere,
2016, 151:171-177.

[79] Sun J Q, Wu X Q, Gan J. Uptake and metabolism of phthalate esters by
edible plants[J]. Environmental Science & Technology, 2015,49(14):
8471-8478.

[80] Cai Q Y, Mo C H, Wu Q T, et al. The status of soil contamination by
semivolatile organic chemicals(SVOCs ) in China: A review[]]. Science
of the Total Environment, 2008, 389(2/3):209-224.

[81] Gomez—Hens A, Aguilar—Caballos M. Social and economic interest in



TR 4« LS ROIRS e B A SRR RS

J& 1057

the control of phthalic acid esters[J]. Trends in Analytical Chemistry,
2003,22(11).847-857.

[82] van Wezel A P, van Vlaardingen P, Posthumus R, et al. Environmental
risk limits for two phthalates, with special emphasis on endocrine dis—
ruptive properties|J]. Ecotoxicology and Environmental Safety, 2000, 46
(3):305-321.

[83] Xia X H, Yang L Y, Bu Q W, et al. Levels, distribution, and health risk
of phthalate esters in urban soils of Beijing, China[J]. Journal of Envi—
ronment Quality, 2011, 40(5).1643-1651.

[84] Kong S F, Ji Y Q, Liu L L, et al. Diversities of phthalate esters in sub—
urban agricultural soils and wasteland soil appeared with urbanization
in China[J]. Environmental Pollution, 2012, 170;161-168.

[85] Wang J, Luo Y M, Teng Y, et al. Soil contamination by phthalate esters
in Chinese intensive vegetable production systems with different modes
of use of plastic film[]J]. Environmental Pollution, 2013, 180:265-273.

[86] Besseling E, Wegner A, Foekema E M, et al. Effects of microplastic on
fitness and PCB bioaccumulation by the lugworm A renicola marina(L.)
[J]. Environmental Science & Technology, 2013, 47(1):593-600.

[87] Agnello A C, Bagard M, van Hullebusch E D, et al. Comparative biore—
mediation of heavy metals and petroleum hydrocarbons co—contaminat—
ed soil by natural attenuation, phytoremediation, bioaugmentation and
bioaugmentation—assisted phytoremediation[J]. Science of the Total En—
vironment, 2016, 563/564 .693-703.

[88] Chandra S, Sharma R, Singh K, et al. Application of bioremediation
technology in the environment contaminated with petroleum hydrocar—
bon[J]. Annals of Microbiology, 2013, 63(2):417-431.

[89] Chen F, Tan M, Ma J, et al. Efficient remediation of PAH-metal co—
contaminated soil using microbial —plant combination: A greenhouse
studylJ]. Journal of Hazardous Materials, 2016, 302:250-261.

[90] Ding C, Chang W-J, Zeng H, et al. Field and modeling study of PBDEs
uptake by three tree species|]J]. Science of the Total Environment, 2014,
472:923-928.

[91] Fan G, Cang L J, Fang G, et al. Electrokinetic delivery of persulfate to
remediate PCBs polluted soils: Effect of injection spot[J]. Chemosphere,
2014, 117:410-418.

[92] Robertson S J, McGill W B, Massicotte H B, et al. Petroleum hydrocar—
bon contamination in boreal forest soils: A mycorrhizal ecosystems per—
spective[J]. Biological Reviews, 2007, 82(2):213-240.

[93] Sun T R, Cang L, Wang Q Y, et al. Roles of abiotic losses, microbes,
plant roots, and root exudates on phytoremediation of PAHs in a barren
soil[J]. Journal of Hazardous Materials, 2010, 176(1/2/3):919-925.

[94] 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.

[95] Andrady A L. The plastic in microplastics: A review[]]. Marine Pollu—
tion Bulletin, 2017, 119(1):12-22.

[96] Ivar do Sul J A, Costa M F. The present and future of microplastic pol—
lution in the marine environment[J]. Environmental Pollution,2014, 185 .
352-364.

[97] Velzeboer I, Kwadijk C J A F, Koelmans A A. Strong sorption of PCBs

to nanoplastics, microplastics, carbon nanotubes, and fullerenes[J]. En—

vironmental Science & Technology,2014,48(9):4869-4876.

[98] Rochman C M, Manzano C, Hentschel B T, et al. Polystyrene plastic: A
source and sink for polycyclic aromatic hydrocarbons in the marine en—
vironment[J]. Environmental Science & Technology, 2013, 47(24) .
13976-13984.

[99] Pascall M A, Zabik M E, Zabik M ], et al. Uptake of polychlorinated
biphenyls (PCBs) from an aqueous medium by polyethylene, polyvinyl
chloride, and polystyrene films[J]. Journal of Agriculiural and Food
Chemisiry, 2005, 53(1) : 164-169.

[100] Ashton K, Holmes L, Turner A. Association of metals with plastic pro—
duction pellets in the marine environment|J]. Marine Pollution Bul-
letin, 2010, 60( 11) :2050-2055.

[101] Kim D, Chae Y, An Y-J. Mixture toxicity of nickel and microplastics
with different functional groups on Daphnia magna[J]. Environmental
Science & Technology,2017,51(21).12852-12858.

[102] Hodson M E, Duffus—Hodson C A, Clark A, et al. Plastic bag derived—
microplastics as a vector for metal exposure in terrestrial invertebrates
[J1. Environmental Science & Technology, 2017, 51(8).4714—
4721.

[103] Holmes L A, Turner A, Thompson R C. Adsorption of trace metals to
plastic resin pellets in the marine environment[J]. Environmental Pol—
lution, 2012, 160:42-48.

[104] Holmes L A, Turner A, Thompson R C. Interactions between trace
metals and plastic production pellets under estuarine conditions[J].
Marine Chemistry, 2014, 167 :25-32.

[105] Syberg K, Khan F R, Selck H, et al. Microplastics : addressing ecologi—
cal risk through lessons learned : Microplastics ecological risk[J]. En—
vironmental Toxicology and Chemistry, 2015, 34(5):945-953.

[106] Foulon V, Le Roux F, Lambert C, et al. Colonization of polystyrene
microparticles by Vibrio crassostreae?: Light and electron microscop—
ic investigation[]J]. Environmental Science & Technology, 2016, 50
(20):10988-10996.

[107] Rodriguez—Seijo A, Lourengo J, Rocha—Santos T A P, et al. Histopatho—
logical and molecular effects of microplastics in Eisenia andret Bouché
[J1. Environmental Pollution, 2017, 220:495-503.

[108] Rillig M C, Ziersch L, Hempel S. Microplastic transport in soil by
earthworms[J]. Scientific Reports, 2017, 7(1):1362-1368.

[109] Kiyama Y, Miyahara K, Ohshima Y. Active uptake of artificial parti—
cles in the nematode Caenorhabdiiis elegans[]]. Journal of Experi—
mental Biology,2012,215(7):1178-1183.

[110] von Moos N, Burkhardt—Holm P, Kéhler A. Uptake and effects of mi—
croplastics on cells and tissue of the blue mussel Mytilus edulis L. af-
ter an experimental exposure[J]. Environmenial Science & Technol—
ogy, 2012, 46(20):11327-11335.

[111] Wright S L, Thompson R C, Galloway T S. The physical impacts of
microplastics on marine organisms: A review[J]. Environmental Pollu—
tion, 2013, 178:483-492.

[112] Besseling E, Wang B, Liirling M, et al. Nanoplastic affects growth of S.
obliquus and reproduction of D. magnalJ]. Environmental Science &
Technology, 2014, 48(20) : 12336-12343.

[113] Lee K W, Shim W J, Kwon O Y, et al. Size-dependent effects of micro



1058

RAIMERF 2R R AR

polystyrene particles in the marine copepod Tigriopus japonicus [J].
Environmental Science & Technology, 2013,47(19):11278-11283.

[114] Nasser F, Lynch 1. Secreted protein eco—corona mediates uptake and
impacts of polystyrene nanoparticles on Daphnia magnalJ]. Journal of
Proteomics, 2016, 137.45-51.

[115] Browne M A, Dissanayake A, Galloway T S, et al. Ingested microscop—
ic plastic translocates to the circulatory system of the mussel, Myzilus
edulis (L. )[J). Environmental Science & Technology, 2008, 42(13).
5026-5031.

[116] Farrell P, Nelson K. Trophic level transfer of microplastic: Mytilus
edulis(L.) to Carcinus maenas (L.)[J]. Environmental Pollution, 2013,
177(Suppl C): 1-3.

[117] Browne M A, Dissanayake A, Galloway T S, et al. Ingested microscop—
ic plastic translocates to the circulatory system of the mussel, Myzilus
edulis (L. )[J). Environmental Science & Technology, 2008, 42(13).
5026-5031.

[118] Wegner A, Besseling E, Foekema E, et al. Effects of nanopolystyrene
on the feeding behavior of the blue mussel( Mytilus edulis 1.)[J]. En—
vironmental Toxicology and Chemistry, 2012,31(11).:2490-2497.

[119] Mamaca E, Bechmann R K, Torgrimsen S, et al. The neutral red lyso—
somal retention assay and comet assay on haemolymph cells from
mussels ( Mytilus edulis ) and fish (Symphodus melops) exposed to
styrene[J]. A quatic Toxicology, 2005, 75(3):191-201.

[120] Van Cauwenberghe L, Janssen C R. Microplastics in bivalves cultured
for human consumption[]J]. Environmental Pollution, 2014, 193 :65-
70.

[121] Watts A J R, Lewis C, Goodhead R M, et al. Uptake and retention of
microplastics by the shore crab Carcinus maenas|J]. Environmental
Science & Technology, 2014, 48(15) : 8823-8830.

[122] Schultz C, Powell K, Crossley A, et al. Analytical approaches to sup—
port current understanding of exposure, uptake and distributions of
engineered nanoparticles by aquatic and terrestrial organisms[J]. Eco—
toxicology, 2015, 24(2):239-261.

[123] Harrison J P, Schratzberger M, Sapp M, et al. Rapid bacterial colo—
nization of low—density polyethylene microplastics in coastal sediment
microcosms[J]. BMC Microbiology, 2014, 14:232.

[124] Lemire A, Goudenége D, Versigny T, et al. Populations, not clones,
are the unit of vibrio pathogenesis in naturally infected oysters[J]. The
ISME Journal, 2015, 9(7) :1523-1531.

[125] Liu H F, Yang X M, Liu G B, et al. Response of soil dissolved organic

matter to microplastic addition in Chinese loess soil[]J]. Chemosphere,
2017, 185:907-917.

[126] Arthur E, Moldrup P, Holmstrup M, et al. Soil microbial and physical
properties and their relations along a steep copper gradient[J]. A gri—
culture, Ecosystems & Environment, 2012, 159 .9-18.

[127] Naveed M, Herath L, Moldrup P, et al. Spatial variability of microbial
richness and diversity and relationships with soil organic carbon, tex—
ture and structure across an agricultural field[J]. Applied Soil Ecolo—
gy, 2016, 103.44-55.

[128] Burns R G, DeForest J L, Marxsen ], et al. Soil enzymes in a changing
environment ;: Current knowledge and future directions|[J]. Soil Biology
and Biochemusiry, 2013, 58.:216-234.

[129] Sampedro L, Jeannotte R, Whalen J K. Trophic transfer of fatty acids
from gut microbiota to the earthworm Lumbricus terrestris L.[J]. Soil
Biology and Biochemistry, 2006, 38(8).:2188-2198.

[130] Auta H S, Emenike C U, Fauziah S H. Screening of Bacillus strains
isolated from mangrove ecosystems in Peninsular Malaysia for mi-
croplastic degradation[J]. Environmental Pollution, 2017, 231.1552—
1559.

[131] Edwards W M, Shipitalo M, Owens L, et al. Effect of Lumbricus ter—
restris L. burrows on hydrology of continuous no-till corn fields|[J].
Geoderma, 1990, 46(1):73-84.

[132] Edwards W M, Shipitalo M, Traina S J. Role of Lumbricus terrestris
(L.) burrows on quality of infiltrating water[J]. Soil Biology and Bio-
chemistry, 1992, 24(12):1555-1561.

[133] Iribarne O, Botto F. The role of burrows of the SW atlantic intertidal
crab Chasmagnathus granulata in trapping debris[J]. Marine Pollution
Bulletin, 2000, 40(11):1057-1062.

[134] Hopkin S P. A key to the collembola(springtails ) of Britain and Ire-
land[M]. Field Studies Council, Taunton, Shrewsbury : FSC, 2007 :
111.

[135] Widenfalk L. A, Bengtsson J, Berggren A, et al. Spatially structured
environmental filtering of collembolan traits in late successional salt
marsh vegetation[J]. Oecologia, 2015, 179(2) :537-549.

[136] Rillig M C, Ziersch L, Hempel S. Microplastic transport in soil by
earthworms[J]. Scientific Reports, 2017, 7(1):1362-1368.

[137] Athmann M, Kautz T, Banfield C, et al. Six months of L. terrestris L.
activity in root—formed biopores increases nutrient availability, mi -
crobial biomass and enzyme activity[J]. Applied Soil Ecology, 2017,
120:135-142.



