MEHEBRI SRS BT REE

Environmental Pollution and Control Strategy of Microplastics

ST IRPRHEBEISRIAR
PR ESS RMHEXE

AKERT B F° BEEEKRS BWR R B TEW B A

1 FERFRER HERRA PERFRTEFESSREEERATLHRE BR 210008
2 FERFRAS EFHFMAR FENEREFFHREIRESESEBEERLRE ME 264003
3 MIRMAR HRSHRFI HIEHIESREMEEEALRIE HM 311300
4 HITWKRF IEFFT HM 310014
5 FERIZFERAE HRSIMEFRT LR 100049

HWE HBERBATREAHRTLFARL I 2R TN A, LEFNZ RN BBBHT EHRFIRTZX
o XFHAT EEFMABMGRR. BRE. BH. IBRLESTRRMENBLEREF @R,
P T AR XA A AT A R AT R UFAR S, RANMIEEA . AIICHEM . FAKER. FRRA. RAR
BABIEBRFTARA LR FREHGRR, TRFRELE—EARENFREHREFYa LEEDITA
LFNA, HTHRALEFHOREMGAELS. TH. BRALRENE, EEDTHRERLEDES.
B R, B 3T ARE R 8 RS F AL SR Z AT T M, e fTho i 2IRMAH T R g 2, Lz
Wit 5 &R, Bm, XERBEZITNLETHBHTEART, AGLESSRMERNL; R KRKE E Ak
TRMBAH M RS, RPIRE TR LIRS BANT R 5B, WOAMEH. Rt R R M~
YA LERFORE B BUALESTRAE, WEMERBRELLGFTENT LRES R, RHEA
AL BB R, 5 EMBHT R RREERGLEHARER, ALERERAS RAMBAT LEE RS
B RAEFFARIEFHA LAF

KR M, T, FRATA, AETE, ASPRWERE, BEREL

DOI 10.16418/j.issn.1000-3045.2018.10.003

OB RUEAR PSR /NT 5 mm (BB T5 ) PR Y SO R BRPE RS AR, JC AR T A
CUGWE R AF4E . 0K, S, WIRAEANRIE SR MEPR ST PR SRR . SRR BRI O B AR SN 32

* 38 Ak F
FHARB: BERARAFRELRA (41877142) , PEAHFRASHFZETEMAAAD (QYZDJ-SSW-DQCO15) , #HH & SAHLEF MR
(2016YFC1402202)

S EAGICE B 201841061

® 8452 1 1021



 ErsERE

P e B R R T, Rl IR 3 b A
ARG RN T R R A A G s R i, B
Hb A AE I TR R B T BRI TR Y 423 £, it
e v B A N P BB R A T2 A o 1) 4 R v A A
w0 Eh, B ZHIUBIE A B W, 3
FEAR Y 5 & B ROBES Y. 140, Fuller Al Gautam!
X 0 28 JE e Tl DX 3 A e, b} o it ik
#0.03%—6.7%; ARIBTEHEEINN, —LIBps g
PR DX - S R RORL % R T R IR 60%™ . AR 1Y
Pz IR A B, 90% 1Y - HERE i P AL O RH S
e, HI5YoK P 5B DB, R AT st
TIEOBRH G R STk AIRIEN Y, TR R
WRHEBOR I, AR IX, AT R HE O A 3 2
ik 132—353 i, HERcERE2RREE A", BT, e
P B SR X R T W - S TP OB R 26 T R A
PAARFFE, (R A H A R RO RS YR B0 1 i
A 2R, I, AR ISR AR b S T OB R SR
W oA RS S EWEEXR 05T, Tk E A H 1
TRBRLTS G i US4 SR TR R A0

1 HEEFHERBIRIR

1.1 TSR LA A N R

FEI R EXT5 KA i R TR A B, 24 90% FY
TORHETS KA RS R R B5 e rh ™ 736 R
23 2 R g LA [ Y — LI S PR A R T, SR P
SRR R 1500—24 000 4/kg! ™, Li 2R i A
FRHE 1144 28 M5 KAL) 79 M5 IRFER PRI, 15
e RE R & BB 1 600—56 400 4N /kg, “FHIE
£ 22 700+12 100 4~/kg, %5 FEAMEL LML HAT, #
PG I B (A KRR E . IREURREE . T4k
55 ) MELLARCE RO R, X 285 YR A
BHiliA L5 2 SR P IR AR R . AR EILSE R
WRUHS e A TG BLHEAT MG SR I, JESEH X A4 id
TR HEA L3 b RO Ry 6.3—43 T, R

1022‘2018&-%33%-%10,5}1

H 4.4—30 TS, AR O Sai & T AR
4 9.3—23.6 T MR AR, FRERAER 5k
EZYTE 3000—4 000 JII, A FIHIZE ESRAE] 10%,
EABFEZAERE N B8R, 15 7K35 Je i b A TR AR
P RO R R R IR, DI, X5 IRk R
HRE . REAMEAIY . BUAR . R B R AR A B A
AT F YU TR RGP B A E R
THELZ BT, AR RO 1375 Y IRl A ik =
FET k.
1.2 BYEKBARARRSHTIBHERISR

A HUIETEAO 2E 77 v B G AR T S i kL, 8
Bt Ol PR R, AL T I5e, A UL ik
B A s A B - b RS> B RT3 156
THYE RN E YL HE . Hor, Blasing Fll Amelung™
P T AR E I B A LR N T 3 A PUIRRE S, &
PR AT WL SR - CRiAR > 0.5 mm ) A it7E 2.38—
180 mg/kg; TMTENTIE SO WA IE A 3, AP 98
BHE TR, 355 1200 mg/kg™, Weithmann 252000 5|
Fite KT 1 mm BZAT 14—895 - /kgo ik 3 Bl iE 4R
JEAT XA UL HoRIAR 0.5 mm DL BOSR R SEEE
S 0 S/ INVKRLAR (9 O RS YR DU AR AR T, AT LA
B, AP AR < 0.5 mm B RORHEE B (i K 2 1
TRORH R0 . FREDRAHUIEA: A R,
AR A LIS R AR A= 7 f R AE 2 500 JTmE L T, St
FHEEAE 2200 J7 2472 G SR B R HLAE b i A
AR AN B, A T - rh B AR B A TR
HHAE 52.4—26 400 i, 7% EFRAE < 0.5 mm AYROBEL
i DA B A HUNE 7 R e B ARG i, OB 2
o PRI, A HLAEHE A AR P R AR R L —
NEEIRR,
1.3 WAMETL S D R AR T2

F 1 A HT SRR AT 527 2015 4F 355 260.36 J1
W, o b A 145.5 T, 24 5 SR Al
S 90%;; MR T AR S 1833 Ty AWILA B, [HARH



B HIEDEBRIS AR BEESS R MERNG _

H B TSR R B 60%> A FHHBBR 1Y) 1 2 il o R R M
(PE) , WiE&HHER LM (HDPE) | IREER LG
(LDPE) FIZMEMHER LM (LLDPE) ; RALMKE
(PVC) PP R A L H O A Bk L, h
FEL 7 A P S B Y JEE P S RO . A S5 3K [ A L
B2, A M XA P R 22 /N T 0.005 mm,
1117 435 ) 52 B R MBS B A 0.02 mm DA E o b B JRE
N1 ST N7 I B N (R S (AN Y (i
AR A I S Y OB RS e, [ L
5y RE TR KR TR S5 Y8 0 15 Y " o 5k B b B 23 43 T2 JL
SRR L 2 OB, BRI, AR R AR
TP ROBRH LA ESRE
1.4 REHEBRERRE S NI R TI1E

IERR T AT LAEANR IS TR L A HUIE RN Ak B Y
O, T DLRANE A R ORI AR BB
ST YRS T P R T O IREE TP R S B |
DURER I 5 M 2 PR AR AR, b A ORI R 3 o
AI3A 1.46%10° 4 (m’a), £F4EJSEA 1.38%10° 4~/(m’ a), A
AR TR R IR 0—6.02¢10°4/(m* d), LALF
YEAH B 5 . Dris Z5P%F 2 500 SF-J7 /3 HLAY BRI T S 4
X R R AR TR A R B, SRR 2SR | 2 S 2T
YRS, PR RO B X £F R RO R K Y
TE3—10 M, Pk, KA R LEMIBRH —A
L3/
1.5 HRFA. ERIEHBREN LTI

DK HEWE . b FRAR I B0S i R I R
Mok IR AR . Zhao FFHA K, ZEACIL A/K SR
TFHOO R B 1K 4 137,342 461.5 4~ /m®; Di il Wang"™®
FEAR TR 20 1 T DR 2 B0 B T BOK PR v & B  kE F JE
BRIV 7E Gl 2z 1) P9 B AL T AR
T OBRHAEAERT AR /K T S it A5 T A 2 W T
X NGt L ¥ R G AR R SN 4 € 2E T
PSS ORI T K, BRI IS Kb B b 35 HE
T, AR T ROBRRRLAR /N, AL IR R B R B 58 4

A 470342 8160 /m’;

FAEAEA . Lares SF"GH , 15K TG RGN TS
Ve AR I B 2 i b S , JKFER & 1.0 4~ /L
0.4 A /L ITRIEEL. Gies SIS, & KR A4
RRITG KA IR, ZAbBRS 1975 K 19 97%—99% Tl
PR ERR (AR 300 124 TR A 5 K HE
ORI EREE P, A K Tl s /K i 2ol 1 s e 42
TSR Ay A I, i I OB R BUR

2 TEEBTRFEDHERBIREFERIMZ XL

21 TRESRAPREBRAIPEARIFE

TP ROBRE IR mR AL . W B R
YRR SEAE N 2 R AE R AW IS L,
FERGYI o THEWTR . Bifk . Rl & A HAEI (Anpg st
i I E i R I <iE: | N KR R Rt el 2 iR R E A ]
BERI, AFEBIEERRIANA AL . RETERE
Y4y THEW R RRIE, B R A . A B
s A, SR FH A — AR (0% R 506 340 A B
SRR T P B a-N-25 R SEVDmE | 1,1- 0K 512
[2,3]-Che-5- R HITR . AR T /\ BRI BT, Mgk
T A8 A K A= FEA [ 2 B ) i e i %8 kL ( LDPE ., PET
PVC) 1M, LSRRI AR L TR G OB R R A R, OF
LRI AR Ay B/ INRLAR A SR SRk, (R, A
X T R T A RN, ORE R i T2 EDE
it MRS IR BV L iR S5 eqk, AT
BOE KRR . R (PP) BURHE £ 5P i,
T VAFEJFAUH 0.4% HREM™, 171 PVC RHE + 5 35 4F
B R

UTAESR i A 2B W0 (R0 e e e 1 T B 5 A 1
PEJE . Yang Z VR ILEKY B ( Tenebrio molitor Linnaeus )
RERENZ 3 AL SRR EIRY I aE— 238 5k % O i
J 3 A A TR R B, A EOHS U vh o 1
B YT2 ( Exiguobacterium sp. ) HAGFEIERK LN K
HIRLRRE SN, WESS) ( Lumbricus terrestris) Wit
53 B T BRI A 30 P IR B R G IR AT, AR

® @452 7| 1023



 ErsERE

L ( Microbacterium awajiense. Rhodococcus jostii.
Mycobacterium vanbaalenii 1 Streptomyces fulvissimus) F
JEREE ( Bacillus simplex F Bacillus sp. ) 542 FBHYE4H
[P A R = R ol AN -y w7y o316 R/ N
22 HIBRESRFPHERNTESIFRNL

HEA TS, BUBRHERYIR R . AR RN
YERTF & RAER . BT YR sh ksl N o8 kTR
Wi . fim, TIPS (L. terrestris) T 60%
VLR A/ NRIEZ R FIEH E 10em LR Z,
Horp/ VB2 (710—850 um ) FlRNEE Fb IORIAR T 25 ) i
B!, Lwanga F "5 7 SO R 25 B e 15150 28 3L
TR 7, I FLA 500 GO R Y 3E A%t H A RAR I PRk
Hrkift <50 pm #9 PE /NEREE LU H A KR A2 T 25 5 i
. Bruntsish, s HRRAREE (Folsomia candida)
FNFEZSTBE (Proisotoma minuta) L fEH B i ik
(100—200 pm ) FILF4ENFR)Z TR T Z. MOk
T B 351 5K S5 7E A P 1S B8 1T BE 35 ) - 1 A R Ak 4
FFITIRE, IS 30K R is B

WOBEER T Z B 5 e AR NI RS, el =
b L RAR I AFIE A RSN KA, it
TR HEAEEFR ), Nizzetto 2RSSO I -3 5K
N, P INCA- 75 Y BRI RO B YA sl 1 i ad 75
AR HEA S 13 OB R R 2K R L B, R
BR A RSP I ROBRL L R 16%—38%, HARKAR
PR R 22 PR RS A KA, O K IR B
BHE YRR . Bk, HEACURHIER 0, W
T LURK IR R IR .

3 IRETARAPHMERNENNRESES
N RYIHEX S
R A AR G O R B 1 A RR R
BRSCRINIERSS . ARG LI, W5 (L. rerrestris) WL
BEARHE I BOBRE, JUHEh RO A RS S
1< 50 pm 19/ IR OB R 25 S RcHE ™Y s IR, )

1024‘2018&-%33%-%10,5}1

e B (>28% ) PERUBRERER S, HAKZFIH]
A, BOURM BRI, (AR 20 W
X —Fh S —— AT A B, A2 PVC RUIEE
TR (80—250 pm ) RS, HARANIGIE R AL,
(I A AN EE A sz B W i, JF Ll 8PN A1 8 C {E
BRI AR Y, HAREAT N R A BUES R iy
IR ONES?/L i Y 2y SV SIS /i3 3N s
Lwanga 55" 5 UCHIE T 08B 2 Be 1 35—tz 5] 1
XS EYEE P AL, R BRI L B M A5
AR ARBOTIA 12,7, TN SRR X Y A R BCE R
K105, BEAh, TS IR o LI 03 R4 rh oAy ol 28
B AR, WERECA S, TR R AR AT,
PG, 5 BEOG T 1% 2 B IR AR T SOBRE A A A fed B 4 5
Wi o % S P OB RE A E B W UK AL I o8 R A I
Qi WY TR R L (LDPE ) Fin] AE W)W fift 48
THHL IR X N AR IR, R 2 A DRI 2 T
£ e S S S TR SR 7716 TR R NSO T e S AT
K. Bandmann S E R 6 G AN RO BE FRIFSCR DT, A
K SRR ] 10 1o 20 0 N A VR T E AR AR . X
B /IVREAR B AR G SR AT RE T 1o A AR P W Wk A
Pk, R B A A A IR S

4 RFKARFZ RS KT R

15 2015 A AT “RMBRG EFRE R 1, R
VRN —MoB RIS 15 gely, HIs Qi) ABREE 5 A= 251
SARTFEAI N IR A R, O A R AL
R AR I A R BRINE R, RN, BHE
TE2016 4FJR 3l T “WEAE OB W RN A 53R O A
FRDITE” WL, M THRRAS RS, HHEK
il b A 25 AR G P O ORGSR A ZS L B A R
RS [ LA A A2 B R B e 3R R A kR
JEAZS R G W) A I RE 4 ) S BB UL AR
A1, HARARPHFR R G B RIRRNG G LR ) 5 R 5L
AR DT A R A AR N, mAHE R -



B HIEDEBRIS AR BEESS R MERNG _

HEAE B RGP ORGP, R SRR T
P S E AR, R A S RGO RS Y
TR PR SRR A S A%
4.1 BUMTETBEPHERNSBRORAE

M T2 50 R . A BT R R AR S AL (5
PRI 17T DA~ 48 v 4 B R 68 ARl AR LU AR AR g v B
PRIMERS 2, 3 RO R Y 43 B8 R A ST
Yyrhoy B ORI AE G i, BRI 4 BB R
FRUTAE T B, AT RS B SR N S A4 A B
(PFE) M5 iEHAT b OB 43 87 O iR
REAS e it oA A S e B B P OB R B i, BB
TRARURE S ROBRL R AR IR . R SRR
S E o A WS ] W —im 2SS ok
TR R i % A b O R A T DR Y
MRS, HCE A B SRR, A % 3
B . WA m AR, Fi, %F R 28
PR EE | A VBT S ek, A W BT XA ]
PR BT ST A ] S B GO R Y 73 18 5 M 1Y 5 5 0F
5%, FFESTHARME.
4.2 THEREER AR RN TEIRIE R R,

BASEIF 5 XU

FRRHEE A PRI T B rh 23 I AR A, e
QAR . BEARA . UL SeRE . Xkl
S GE R YR A AR R A& WSk, P
AR H 25 5 AR IR RIS A BT IS Yok R . Zhang 5
B 25 B DI TR R A ity v B2 B 22 oy 2% BELIA ) 1
RARREE, Hrh#k RBAR R = (RN ) B
BRWE ( TCPP ) W] ik 84.4 ug/g. Jang"S5ti7E K 2 M
K EDR R I B S IR+ % (HBCDs ) A, &
AT A 5220 ng/g. VEZS BRI RIS R AR EAT
BEFEAEN, 0. SRR ZWIERER KRR A BA N4 T
PEAEHT, T2 SR R B BT B0 AE s HBCDs
THAFRAEMZENE . LT RS2/
BFEAEE NG YY), XA SE SRSk i Sk}

AR 2 SO ST L B L U R R HERR B S n]
VA DL S R T 2 BRI BREE ) FE PRI
T, BRI R BRI M KR 2R i HBCDs 2R
BE, JFAETR DR Y L, AE 3R R
FEAE R OB 2 BN A A AR RIS e i) — > 22
KU, A HRTROERHS B S 5 15 R ) L
A AN ARG HRE A IXUBS: 1 A ITEAl . R At
SO L R TEAN ] L EPRE 25 T SO R 27 S 7] 1)
RO, IFTASENT S OB A 15 R0 33
RGE . EYBEERI A R A I 200
4.3 ZGINRHER SR TIBINER M, KRRKE

MR EREERAR

S — B F SR W R L b R d ] | kR A
BAT#FMEM, JFET e skt ieid . wak.
{H FRTET TS B A DR SGRARAT B, BRI % A= )
B B AR 2 B MBI A B R . I, WA
SIS RGOS LI OB R QT TP L
P ORI EDOK T T 22 2 RUERBESE, .
@ gy L sErh sy . RV R Y R RO B —0
KA, AL T IRIBRL AR AL 7 i AR S f {1
SERVEE s @ a7 H SRR AR T 5 A A s
YAE LSRG . B YRR YN P L iE S e (e
L TS YRR, ST A A KUY O B KU
AR BB R O RUIBUER R R e B, fb
AR VR BRSNS AT X LE 2 R R SR 5y
A5 G A= Wy R A IR R A AR Y TR, LATPAR L
FRLXS A P DI RE PSS L I BE I, @ BT 1
ATVURIPEAL W A O8RS e ik 2 ) 5 P i 2
HOFY P SN R P IE 7 NMIE v et w4 €k SRR AN ol = € RS
IRBIEAR SR R

SEXHER
1 Jambeck J R, Geyer R, Wilcox C, et al. Plastic waste inputs from

land into the ocean. Science, 2015, 347: 768-771.

® FB45% 71| 1025



o B

2

10

11

14

Rocha-Santos T, Duarte A C. A critical overview of the analytical
approaches to the occurrence, the fate and the behavior of
microplastics in the environment. TrAC Trends in Analytical
Chemistry, 2015, 65: 47-53.

Syberg K, Khan F R, Selck H, et al. Microplastics: Addressing
ecological risk through lessons learned. Environmental Toxicology
and Chemistry, 2015, 34: 945-953.

P, TR, FR&, F. BRI YOP RBAT RS
B oL H#EE. AR5 aE AR, 2015, 60: 3210-3220.

Rillig M C. Microplastic in terrestrial ecosystems and the soil?
Environmental Science and Technology, 2012, 46: 6453-6454.
Nizzetto L, Futter M, Langaas S. Are agricultural soils dumps
for microplastics of urban origin? Environmental Science &
Technology, 2016, 50: 10777-10779.

Fuller S, Gautam A. A procedure for measuring microplastics
using pressurized fluid extraction. Environmental Science and
Technology, 2016, 50: 5774-5780.

Lwanga E H, Gertsen H, Gooren H, et al. Incorporation of
microplastics from litter into burrows of Lumbricus terrestris.
Environmental Pollution, 2017, 220: 523-531.

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

Scheurer M, Bigalke M. Microplastics in Swiss floodplain soils.
Environmental Science and Technology, 2018, 52(6): 3591-3598.
SR, T, R, L O R o A R 69 R d AL A
B A. FH5EAR, 2018, 63: 214-223.

Zhou Q, Zhang H B, Fu C C, et al. The distribution and
morphology of microplastics in coastal soils adjacent to the Bohai
Sea and the Yellow Sea. Geoderma, 2018, 322: 201-208.

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

Zhang G S, Liu Y F. The distribution of microplastics in soil

1026120184 - % 33% - 510

15

18

19

20

21

22

23

24

aggregate fractions in southwestern China. Science of the Total
Environment, 2018, 642: 12-20.

Mason S A, Garneau D, Sutton R, et al. Microplastic pollution
is widely detected in US municipal wastewater treatment plant
effluent. Environmental Pollution, 2016, 218: 1045-1054.

Zubris K A 'V, Richards B K. Synthetic fibers as an indicator of
land application of sludge. Environmental Pollution, 2005, 138:
201-211.

Mahon A M, O’Connell B, Healy M G, et al. Microplastics in
sewage sludge: Effects of treatment. Environmental Science and
Technology, 2017, 51: 810-818.

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

Li X, Chen L, Mei Q, et al. Microplastics in sewage sludge from
the wastewater treatment plants in China. Water Research, 2018,
142: 75.

Yang G, Zhang G, Wang H. Current state of sludge production,
management, treatment and disposal in China. Water Research,
2015, 78: 60-73.

A, BTT, RER, £ FRRAERDFTRAE F G RA
AT H7. 4 7KHEK, 2010, 36(S1): 113-115.

Wu L, Cheng M, Li Z, et al. Major nutrients, heavy metals and
PBDEs in soils after long-term sewage sludge application. Journal
of Soils and Sediments, 2012, 12(4): 531-541.

Luo K, Ma T, Liu H, et al. Efficiency of repeated phytoextraction
of cadmium and zinc from an agricultural soil contaminated with
sewage sludge. International Journal of Phytoremediation, 2015,
17(6): 575-582.

Liu X, Liu W, Wang Q, et al. Soil properties and microbial ecology
of a paddy field after repeated applications of domestic and
industrial sewage sludges. Environmental Science and Pollution

Research, 2017, 24(9): 8619-8628.



B HIEDEBRIS AR BEESS R MERNG _

25

26

27

28

29

30

31

32

33

34

35

36

Blasing M, Amelung W. Plastics in soil: Analytical methods and
possible sources. Science of the Total Environment, 2018, 612:
422-435.

Gajst T. Analysis of Plastic Residues in Commercial Compost.
Nova Gorica: University of Nova Gorica, 2016.

Weithmann N, Moller J N, Loder M, et al. Organic fertilizer as a
vehicle for the entry of microplastic into the environment. Science
Advances, 2018, 4(4): eaap8060.

i, Fa, £ F, F REA AR FRA R IR S ZRIE
B P B 3 5 Res 2010, (4): 77-82.

R, R R, BEE, FORW BT R BERARIKE
Je . RAL AU AR, 2017, 48(6): 1-14.

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

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

Ramos L, Berenstein G, Hughes E A, et al. Polyethylene film
incorporation into the horticultural soil of small periurban
production units in Argentina. Science of the Total Environment,
2015, 523: 74-81.

Sk, |ER, B, EERT KA T LIS AR H
B JLIU MR # £ . AR AR, 2017, 62: 3902-3909.

Dris R, Gasperi J, Saad M, et al. Synthetic fibers in atmospheric
fallout: a source of microplastics in the environment? Marine
Pollution Bulletin, 2016, 104(1-2): 290-293.

Zhao S, Zhu L, Wang T, et al. Suspended microplastics in
the surface water of the Yangtze estuary system, China: first
observations on occurrence, distribution. Marine Pollution
Bulletin, 2014, 86(1-2): 562-568.

Di M, Wang J. Microplastics in surface waters and sediments

37

38

39

40

4

—_

42

43

44

45

of the Three Gorges Reservoir, China. Science of the Total
Environment, 2018, 616: 1620-1627.

Free C M, Jensen O P, Mason S A, et al. High-levels of
microplastic pollution in a large, remote, mountain lake. Marine
Pollution Bulletin, 2014, 85(1): 156-163.

Zhang K, Su J, Xiong X, et al. Microplastic pollution of
lakeshore sediments from remote lakes in Tibet plateau, China.
Environmental Pollution, 2016, 219: 450-455.

Murphy F, Ewins C, Carbonnier F, et al. Wastewater treatment
works (WwTW) as a source of microplastics in the aquatic
environment. Environmental Science and Technology, 2016,
50(11): 5800-5808.

Lares M, Ncibi M C, Sillanpdéd M, et al. Occurrence, identification
and removal of microplastic particles and fibers in conventional
activated sludge process and advanced MBR technology. Water
Research, 2018, 133: 236.

Gies E A, LeNoble J L, Noél M, et al. Retention of microplastics
in a major secondary wastewater treatment plant in Vancouver,
Canada. Marine Pollution Bulletin, 2018, 133, 553-561.
Fotopoulou K N, Karapanagioti H K. Surface properties of
beached plastics. Environmental Science and Pollution Research,
2015, 22(14): 11022-11032.

Arkatkar A, Arutchelvi J, Bhaduri S, et al. Degradation of
unpretreated and thermally pretreated polypropylene by soil
consortia. International Biodeterioration and Biodegradation,
2009, 63(1): 106-111.

Ali M I, Ahmed S, Robson G, et al. Isolation and molecular
characterization of polyvinyl chloride (PVC) plastic degrading
fungal isolates. Journal of Basic Microbiology, 2014, 54(1): 18-
27.

Yang Y, Yang J, Wu W M, et al. Biodegradation and mineralization
of polystyrene by plastic-eating mealworms: Part 1. Chemical and
physical characterization and isotopic tests. Environmental Science

and Technology, 2015, 49(20): 12080-12086.

FEOM3 % sl 1027



o B

46

47

48

49

50

5

—

52

53

Yang Y, Yang J, Wu W M, et al. Biodegradation and mineralization
of polystyrene by plastic-eating mealworms: Part 2. Role of gut
microorganisms. Environmental Science and Technology, 2015,
49(20): 12087-12093.

Lwanga E H, Thapa B, Yang X, et al. Decay of low-density
polyethylene by bacteria extracted from earthworm’s guts: A
potential for soil restoration. Science of the Total Environment,
2018, 624: 753-757.

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

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. Science of the Total Environment, 2017, 586: 127-141.
Nizzetto L, Bussi G, Futter M N, et al. A theoretical assessment of
microplastic transport in river catchments and their retention by
soils and river sediments. Environmental Science: Processes and
Impacts, 2016, 18(8): 1050-1059.

Lwanga E H, Gertsen H, Gooren H, et al. Microplastics in the
terrestrial ecosystem: implications for Lumbricus terrestris
(Oligochaeta, Lumbricidae). Environmental Science and
Technology, 2016, 50(5): 2685-2691.

Zhu D, Chen Q L, An X L, et al. Exposure of soil collembolans to
microplastics perturbs their gut microbiota and alters their isotopic
composition. Soil Biology and Biochemistry, 2018, 116: 302-310.
Qi Y, Yang X, Pelacz A M, et al. Macro-and micro-plastics in soil-
plant system: Effects of plastic mulch film residues on wheat
(Triticum aestivum) growth. Science of the Total Environment,

2018, 645: 1048-1056.

1028120184 - #33% - 5104

54

55

56

57

58

59

60

61

62

Bandmann V, Miiller J D, Kéhler T, et al. Uptake of fluorescent
nano beads into BY?2 - cells involves clathrin - dependent and
clathrin-independent endocytosis. FEBS Letters, 2012, 586(20):
3626-3632.

de Souza Machado A A, Kloas W, Zarfl C, et al. Microplastics
as an emerging threat to terrestrial ecosystems. Global Change
Biology, 2018, 24(4): 1405-1416.

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 and
Technology, 2012, 46(6): 3060-3075.

R4k, Sk, R, 5 R R A S B R A
A ILAFAE. A58 4R, 2016, 61(14): 1604-1611.

Corradini F, Bartholomeus H, Lwanga E H, et al. Predicting
soil microplastic concentration using vis-NIR spectroscopy.
Science of the Total Environment, 2018, doi: 10.1016/
j-scitotenv.2018.09.101.

Shan J, Zhao J, Liu L, et al. A novel way to rapidly monitor
microplastics in soil by hyperspectral imaging technology and
chemometrics. Environmental Pollution, 2018, 238:121-129.
Zhang H, Zhou Q, Xie Z, et al. Occurrences of organophosphorus
esters and phthalates in the microplastics from the coastal beaches
in north China. Science of the Total Environment, 2018, 616:
1505-1512.

Jang M, Shim W J, Han G M, et al. Styrofoam debris as a source
of hazardous additives for marine organisms. Environmental
Science and Technology, 2016, 50(10): 4951-4960.

BB, B A, TR, 5. L3RBT ERES A Rt

J. RALER A 5 4R, 2018, 37(6): 1045-1058.



B HIEDEBRIS AR BEESS R MERNG _

Pay Attention to Research on Microplastic Pollution in Soil for Prevention of
Ecological and Food Chain Risks

LUO Yongming">" ZHOU Qian> ZHANG Haibo’ PAN Xiangliang' TU Chen® LI Lianzhen>® YANG Jie"’
(1 CAS Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences,
Nanjing 210008, China;
2 CAS Key Laboratory of Coastal Zone Environmental Processes and Ecological Remediation, Yantai Institute of Coastal Zone
Research, Chinese Academy of Sciences, Yantai 264003, China;
3 Zhejiang Key Laboratory of Soil Contamination Bioremediation, School of Environmental and Resource Sciences,
Zhejiang Agricultural and Forest University, Hangzhou 311300, China;
4 College of Environment, Zhejiang University of Technology, Hangzhou 310014, China;
5 College of Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China )

Abstract  Marine microplastic pollution considered as an emerging environmental problem has been highly recognized worldwide.
Comparatively, no such attention has been paid on soil microplastic pollution especially in agricultural land. This paper reviews research
progress in sources, accumulation, degradation, transport, and potential risks in eco-environment and food chain, and suggests relevant
countermeasures in governance and research. It is also pointed out that microplastics may enter into the agricultural soils through various
sources and pathways, including agricultural film breaking, organic manure application, water irrigation, sewage sludge utilization, atmospheric
deposition, and surface runoff, and then accumulate in surface layer, while animal and possibly edible plants grown in soils, likely posing
risks on ecosystem and food chain. However, the accumulation, forms, movement, degradation of microplastics in soil-animal-plant systems
and their risks on eco-environment, food chain, and human health have been poorly understood. It is also lack of study and awareness in good
measures for prevention, control, and remediation of microplastic pollution in soil. Therefore, the study also put forward to attach importance
of research in microplastic pollution and treatment in soil for prevention of ecological and food chain risks. It is suggested that China should
speed up the establishment of analytical methodology for soil microplastic study and accelerate deployment strategy for systematic research in
soil microplastic pollution and treatment, aiming at understanding accumulation, release, transformation, and their eco-environmental effects
of microplastics and corresponding additives and metabolites in soil, evaluating potential impacts of microplastics and its attached pollutants
on risks to soil biotas, ecosystem, and food chain, and constructing technology systems for source control and remediation of microplastic
pollution in soil. Thus, both scientific basis and technological support can be well provided for governance and treatment of microplastics in
soil and terrestrial ecosystems in China.

Keywords microplastics, soil, environmental behavior, combination pollution, ecological and food chain risks, governance and remediation
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