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Abstract: Microplastics have become a new global environmental pollution problem. As strong adsorbents, micro-
plastics can adsorb coexisting organic pollutants, thereby changing their environmental behavior and toxicity. They
also can enhance the migration of pollutants between different medium. Thus, the strength and mechanism of ad-
sorption interactions between microplastics and organic contaminants are necessary information for the comprehen-
sive assessment of their environmental risks and the study on toxicity mechanisms of microplastics. At present, the
research on microplastics is at the initial stage of rapid development. In addition, the complexity of composition,
particle size and surface weathered condition for micro-plastics and the diversity for coexisting organic pollutants
make their adsorption interaction very complicated. It is urgent to clarify the influencing factors and relevant mech-
anisms of adsorption and desorption. Therefore, this paper reviewed the research progress of the adsorption and de-

sorption between microplastics and organic pollutants in detail, and mainly discussed the influencing factors and
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mechanism of adsorption from the aspects of microplastic properties (type, particle size and surface weathering), or-

ganic pollutant properties and water environment media properties, so as to provide reference to the further research

on the adsorption of microplastics and its effects.

Keywords: microplastic; adsorption interaction; desorption; organic pollutants; influencing factors on adsorption;

interaction mechanisms
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Fig. 1 Equilibrium partition coefficient (K,) values of

#

trimethoprim between five microplastics and seawater/fresh water
Note: PE stands for polyethylene; PP stands for polypropylene;
PS stands for polystyrene; PA stands for polyamide; PVC stands
for polrvinyl chloride. Data from Ref. 32.
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Fig. 2 Change range and average values of K, for PE

towards typical organic pollutants in different waters
Note: Unit of K is L-kg"; data from Refs. 31-32, and 42-47. PCBs,
PAHs and PFCs stand for polychlorinated biphenyls, polycyclic

aromatic hydrocarbons and perfluorochemicals, respectively.
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Fig. 3 K, values of PP towards PCBs in seawater

Note: Data from Ref. 29.

BV, 32 BRI e 5 B T I B ) 2 AR 3 mT
AE A2 KA ER BT VE R AR T A BILTS Y0 1 i fie B i T
R LA f 0 ) 3R 1T A R BT g 4 e Al
B2 7E PE 11 PS ik: b (%)W B &2 i 5 NaCl Al CaCl,
VR A3 i 1 KB A BRI R B R R Y
P, Na" 1 Ca® AT LA ik # o A 082 B T 00 b 3%



4 4

o QA IO BRIE AT BILTS S ) S O ik WA 5 2 27

THT AR SRR 1 A 205 0 B A7 o5 85 i, [ B Na™ i 1]
A3 3o B fol 9 e} 3 T PRV B BB AT R Y HL T
Tl SR A TR B E 1T R AR S A W o o, A
(AT P MLt mT LA S 355 i ML Y e T 0
REFE I A IR B, e AN ART LA ek 38 4 1 R A o i
FRFET 3 T i 3 o 2 0 e 1 hn 3 1 A A L
REIA , S it 38 A HLTS Y4 A e B @,
IKEREEY pH A AT LA 1o 2l 28 3R A HLTS
YR %) S5 T A A R L S 0 O [ A R T
S PR IR BEAR B . 1B 1 oK pH SRR
5 PR R PiAs R Bl pH (TS A 55
A R Lt £ R 9 2 DR e HE R AV R A
BN K {E, Wang 565 & B4 9 e 5 2 7E. PE
FIA BT it Bl pH BEA TR K, 8K pH 4544 F
PE 1 i FIL 2 1E e 5 TN T B FIB A 1 &
B LERAIR . AL K IREE BT & A R R A
A BTG G 00 5 LA 5 VR o6 T i [ A0, 48 252 e
FRFBEEE 4N, WE¥HMAE PE F PS 2 1 iYW A B
TR TR I R™ . Wang S BFSE T JEFIEEAE L
SRR T B s 4 W BT, & BRI EE B4 4o B e AT LA
REARHE ) W B £, 7 A BILTS e R R 78 1 1 10
T, SN R U 114 5 s R I R R o

3 RPI41EE ( Adsorption mechanisms)

TR A LTS G 9 B ML 5 b, — 0
IR A B K P DR KR ELAE FH 2 GBI
., Wlhn, Lee %P Hiiffer 25" Al Velzeboer %111
RIVATHLTS Y LE TR 2 T B Y log K, {5 3L
IESE KA R B (log K ) IEAR SR, U T i K AH
HAEFREEAED ORI A LTS Y it
o [ A AR oA 22 Fh W BEEAIL AR, ELAS [ B 9 BTk
BEGSCE AR M R [R A2 4k, Wang 455 SR A &
FIRY A7 1 G008 B B PRCs 2 72 P 9 3= 2 /E H
1, & BT g B A LTS Y RN TR A R R
Z 1] (R W BT it 7K RE B A FH A i A B A P i
B TEEMEN, A EAE AT DL R PA
XPRIK R G hi A R SR EE™ - A EAEH]
&= PS W 5 B AL & W i EALHI 7 PP )
WF PCB77 fyset e p A M B AN T 0P

P B E AN 8] U AR A LTS B e
By e ST I S ) A R 3 Py A =
TR, GRE I A AL G P %) 2k 7 ] LL 43y
3ABERSL (1) ALTS GeWiE BT R G R
HNRTA ;(2) AHLTS YL )BT 2 i N 3R

(3) MBI, £ b, SRR S A LTS S W R 2
IO R AR T 2 S R 9K 3 (4 Z2 R L A7
R, AR BRI 4 TR P ROk A BILTS B Aok
MBI A R BRE

4 BNTLEYEMER LK (Desorption of
organic pollutants from microplastics)

A LTS G AT e WO ) o A 2 TR S )
R A ) e e A AL TS Y AE OB R R I
FRIIRE T et 2o SRR i 5 o 50 i 2 A Al T S O
figp I 5 R DR 5 e ) A BB [ A it ) PR R
JE SRS I LA R AT RS R AR R AR B TR
5 W B A RT3 | i A AT LS e W R e R 1) PR 2R
ARG T ol e . — BRI, 7E AR [R] 2R 358 4
vk, K VB R | B2 D) WO R R A LTS B
YA T) WAL R T i W, B, A 5 45 O R 1 25
IKME =R B YIAE 5 Fh iR T A X g i 3
H(85% £34% ), M Hi /K P PCBs JL-F- A, [A]
FE L, W B RE ) 5 5 Y SO AR ] 250 A A i
AR FEE A X B 55 5

A LTS YL TE A T 1) e WA 2 B2 AN SR
TA LTS G AR VT, 38 52 B4 B T Y
RESLW, Bakir 5557 & AL A BEAE A F A
A PTG YWITE PE F PVC 2K T 19 A W 3 2 1 7K
f49 30 A%, il 2 & M5 I pHL A A g i R LA
PRI AR B K A, Coffin 255 i BIF 58 [R) BE 26 1
0 R I T A T BRI AT LA im0 3R 2 ) SRR
SRR AT AR AT XA AT LA i 4 5 A7 Bl
15 QAR U2 1D A ik OB i i B R el A LA i
FEB XTI 4- T 361, 2% W 11 = ZEAE AL
il T AR Jin s 1A LY S5 OB R B AR T
X T o B KM 8, XA AE FH AT ARSI 28 e
FLTAT AR T R E N 2 LK AR 1] K A R 9
B

5 REZ(Prospects)

TUIBE 5 A LTS G0 114 W B e W 5 5 FAH DAL
PR A TR DPA R 28 1) A XSS R AT 9 T P e} 23
PEHLHI A BAE B, B SEPRK A h Rk A L
15 L BN AR AR T 2 o IR B RiAR
AT OLSE A HLTS Yy s K M 05 & v A s
85 DL ROR R R EL B pH A | i B 5 1 2 el i
IR B i I P B L PR 2, AT DA MCR i /KA ELAE
A EAEH R - AV A5 AE BAE HPLHIAE T



28 £ x B

i

Fook F14 &

BRSBTS G R A AR R B Tk, 2 T3
SEEAY TR R A i 1 o R AR B B SR R R R LA
TIEE,

(1) HETRBRHITZE M AL THRELG B, EARIE /Y
TR IRE R fife 82 45 SR A BTG A2 2 — 2D TS W B )
SRR 5K . 25 B S T 5 0 e T AR A
P, A b B R B 22 a TR B (R 28R AR AN [
IKFRIE PO ALY e ) 0 R ik IR BE 7 114 B A
B e B ASH PTG 3R (QSPRYBEIL 26 . [ it Ay
B FEAHOR T S B4 SR AT S TI0IN J7 ik (i , 2
TRTPAERIT R ITESE) , WK R 0
Mot 7 RS A LTS Y S A EAE RIBL

Q) PRI P I A R A2 0%, Z R A LTS T
Y15 Z R R R I A7 DR, 7 s 2k IR M AT 5
AN 25 [ AN [ A HILTS G A [R) — RO R R
TET ) 5 4 I B, 0 282 S TR] — A BILY S e WA (R 3t
FRER A R B

() HITRIBARLS A BTG B4 00 W B At i i e
SEANZE N RSN, T SO A R F) 52 e B 5 P o 22
PRI 5 A% At R A ) S 6 2 1 S AU S A A —
B PN B TR AN A B AN R R O, AT
Xt Tl R AR B A 52 M BF 5 AR T T RE Bl Y
B O TR R B A LTS e B R854 T A T
A NG

BIEE® A BT 7(1983-), & Wi+, £ 2R FH A5
W ERIEAT 4 Fo A PR 2 RAAUR) 84 52 B e 22305+ HAE BT 7

2 % 3Lk ( References) :

[1] Gibb B C. Plastics are forever [J]. Nature Chemistry,
2019, 11: 394-395

Rochman C M, Browne M A, Halpern B S, et al. Policy:
Classify plastic waste as hazardous [J]. Nature, 2013, 494
(7436): 169-171

Law K L, Morét-Ferguson S E, Goodwin D S, et al. Dis-

tribution of surface plastic debris in the Eastern Pacific O-

[2]

[3]

cean from an 11-year data set [J]. Environmental Science
& Technology, 2014, 48(9): 4732-4738
[4] Zhang K, Xiong X, Hu H J, et al. Occurrence and charac-
teristics of microplastic pollution in Xiangxi Bay of Three
Gorges Reservoir, China [J]. Environmental Science &
Technology, 2017, 51(7): 3794-3801
JEIf, BiE, ZEaT, . 9 R PR R O RS g S
AN ST HE R [T]. Bl 2#E R, 2015, 60(33): 3210-
3220

[5]

[6]

[71

(8]

(1]

(2]

(13]

[14]

[15]

[16]

(17]

Zhou Q, Zhang H B, Li Y, et al. Progress on microplastics
pollution and its ecological effects in the coastal environ-
ment [J]. Chinese Science Bulletin, 2015, 60(33): 3210-
3220 (in Chinese)

Wieczorek A M, Croot P L, Lombard F, et al. Microplas-
tic ingestion by gelatinous zooplankton may lower effi-
ciency of the biological pump [J]. Environmental Science
& Technology, 2019, 53(9): 5387-5395

Woodall L C, Sanchez-Vidal A, Canals M, et al. The deep
sea is a major sink for microplastic debris [J]. Royal Soci-
ety Open Science, 2014, 1(4): 140317

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

IVEH, AR, 505, 55 W R BRI
A B RS PR AT S R R [0, HETERL 2 HE R, 2016,
34(4): 449-461

Sun C J, Jiang F H, Li J X, et al. The research progress in
source, distribution, ecological and environmental effects
of marine microplastics [J]. Advances in Marine Science,
2016, 34(4): 449-461 (in Chinese)

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

Dias B F S. Marine Debris: Understanding, Preventing
and Mitigating the Significant Adverse Impacts on Marine
and Coastal Biodiversity [M]. Montreal: Secretariat of the
Convention on Biological Diversity, 2016: 78

Zhao S J, Wang H Y, Liu J. Influence of microplastics
pollution on marine environment [J].
2009, 33: 84-86

Kaposi K L, Mos B, Kelaher B P, et al. Ingestion of mi-

Marine Science,

croplastic has limited impact on a marine larva [J]. Envi-
ronmental Science & Technology, 2014, 48(3): 1638-1645
Wegner A, Besseling E, Foekema E M, et al. Effects of
nanopolystyrene on the feeding behavior of the blue mus-
sel (Mytilus edulis L) [J]. Environmental Toxicology &
Chemistry, 2012, 31(11): 2490-2497

Provencher J F, Gaston A J, Mallory M L, et al. Ingested
plastic in a diving seabird, the thick-billed murre (Uria
lomvia), in the eastern Canadian Arctic [J]. Marine Pollu-
tion Bulletin, 2010, 60(9): 1406-1411

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

Tanaka K, Takada H, Yamashita R, et al. Accumulation of
plastic-derived chemicals in tissues of seabirds ingesting
marine plastics [J]. Marine Pollution Bulletin, 2013, 69(1-
2): 219-222



4 4

o QA IO BRIE AT BILTS S ) S O ik WA 5 2 29

[18]

[19]

(20]

[21]

(22]

(25]

(28]

(29]

[30]

Wright S L, Thompson R C, Galloway T S. The physical
impacts of microplastics on marine organisms: A review
[J]. Environmental Pollution, 2013, 178(1): 483-492
Llorca M, Schirinzi G, Martinez M, et al. Adsorption of
perfluoroalkyl substances on microplastics under environ-
mental conditions [J]. Environmental Pollution, 2018, 235:
680-691

Ma Y N, Huang A, Cao S Q, et al. Effects of nanoplastics
and microplastics on toxicity, bioaccumulation, and envi-
ronmental fate of phenanthrene in fresh water [J]. Envi-
ronmental Pollution, 2016, 219: 166-173

Avio C G, Gorbi S, Milan M, et al. Pollutants bioavail-
ability and toxicological risk from microplastics to marine
mussels [J]. Environmental Pollution, 2015, 198: 211-222
Chen Q, Yin D, Jia Y, et al. Enhanced uptake of BPA in
the presence of nanoplastics can lead to neurotoxic effects
in adult zebrafish [J]. Science of the Total Environment,
2017, 609: 1312-1321

Wei X X, Li M, Wang Y F, et al. Developing predictive
models for carrying ability of micro-plastics towards or-
ganic pollutants [J]. Molecules, 2019, 24(9): 1784

Wang Z, Chen M L, Zhang L W, et al. Sorption behaviors
of phenanthrene on the microplastics identified in a mari-
culture farm in Xiangshan Bay, southeastern China [J].
Science of the Total Environment, 2018, 628-629: 1617-
1626

Zhang X J, Zheng M G, Yin X C, et al. Sorption of 3,6-
dibromocarbazole and 1,3,6,8-tetrabromocarbazole by mi-
croplastics [J]. Marine Pollution Bulletin, 2019, 138: 458-
463

Li Y D, Li M, Li Z, et al. Effects of particle size and so-
lution chemistry on triclosan sorption on polystyrene mi-
croplastic [J]. Chemosphere, 2019, 231: 308-314

Xu B, Liu F, Brookes P C, et al. The sorption kinetics and
isotherms of sulfamethoxazole with polyethylene micro-
plastics [J]. Marine Pollution Bulletin, 2018, 131: 191-196
Mizukawa K, Takada H, Ito M, et al. Monitoring of a
wide range of organic micropollutants on the Portuguese
coast using plastic resin pellets [J]. Marine Pollution Bul-
letin, 2013, 70: 296-302

Mato Y, Isobe T, Takada H, et al. Plastic resin pellets as a
transport medium for toxic chemicals in the marine envi-
ronment [J]. Environmental Science & Technology, 2001,
35(2): 318-324

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

(31]

(32]

(33]

(36]

(371

(38]

(39]

(40]

(42]

Lee H, Shim W J, Kwon J H. Sorption capacity of plastic
debris for hydrophobic organic chemicals [J]. Science of
the Total Environment, 2014, 470-471(2): 1545-1552

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

BT, MR, BEHRAE, L LA LTS B i 8
BHOK 3 BE R BN LNE R A REOC R[], A= Ry
1R, 2016, 12(3): 225-233

Li G Y, ChenJ W, Li X H, et al. LSER Models for sever-
al classes of organic pollutants partitioning between mi-
croplastics and water [J]. Asian Journal of Ecotoxicology,
2016, 12(3): 225-233 (in Chinese)

Wang F, Shih K M, Li X Y. The partition behavior of per-
fluorooctanesulfonate (PFOS) and perfluorooctanesulfon-
amide (FOSA) on microplastics [J]. Chemosphere, 2015,
119: 841-847

Rochman C M, Hoh E, Hentschel B T, et al. Long-term
field measurement of sorption of organic contaminants to
five types of plastic pellets: Implications for plastic ma-
rine debris [J].
2013, 47(3): 1646-1654

Fotopoulou K N, Karapanagioti H K. Surface properties

Environmental Science & Technology,

of beached plastic pellets [J]. Marine Environmental Re-
search, 2012, 81(3): 70-77

Zhang X, Zheng M, Wang L, et al. Sorption of three syn-
thetic musks by microplastics [J]. Marine Pollution Bulle-
tin, 2018, 126: 606-609

Wang J, Liu X H, Liu G N, et al. Size effect of polysty-
rene microplastics on sorption of phenanthrene and nitro-
benzene [J]. Ecotoxicology and Environmental Safety,
2019, 173: 331-338

Jelfis, wEiEI, SR BH, A T 0 R O R R R
T XA R A 25 AR [T]. Bl23E R, 2018, 69(2): 214-223
Zhou Q, Zhang H B, Zhou Y, et al. Surface weathering
and changes in components of microplastics from estuar-
ine beaches [J]. Chinese Science Bulletin, 2018, 69 (2):
214-223 (in Chinese)

Hiiffer T, Weniger A K, Hofmann T. Sorption of organic
compounds by aged polystyrene microplastic particles [J].
Environmental Pollution, 2018, 236:218-225

Zhang H B, Wang J Q, Zhou B Y, et al. Enhanced adsorp-
tion of oxytetracycline to weathered microplastic polysty-
rene: Kinetics, isotherms and influencing factors [J]. Envi-
ronmental Pollution, 2018, 243: 1550-1557

Pascall M A, Zabik M E, Zabik M J, et al. Uptake of
polychlorinated biphenyls (PCBs) from an aqueous medi-
um by polyethylene, polyvinyl chloride, and polystyrene



30 BOEOF OB ¥ F14 &
films [J]. Journal of Agricultural & Food Chemistry, 2005, propylene [J]. Marine Pollution Bulletin, 2016, 110 (1):
53(1): 164-169 559-563

[43] Fernandez L A, Macfarlane J K, Tcaciuc A P. Measure- [52] BRSF2S, BRaFPE, PERCC. TRl %) 28 5 T K A W B 3
ment of freely dissolved PAH concentrations in sediment TSI A2 0] P ERIE R 2E, 2018, 38(5): 1905-
beds using passive sampling with low-density polyethy- 1912
lene strips [J]. Environmental Science & Technology, Chen S'Y, Guo X T, Pang J W. Sorption kinetics and ther-
2009, 43: 1430-1436 modynamics study of tylosin by microplastics [J]. China
[44] Hiiffer T, Hofmann T. Sorption of non-polar organic com- Environmental Science, 2018, 38(5): 1905-1912 (in Chi-
pounds by micro-sized plastic particles in aqueous solu- nese)
tion [J]. Environmental Pollution, 2016, 214: 194-201 [53] Guo X, Wang X, Zhou X, et al. Sorption of four hydro-
[45] SREIL, 255, FWEaR, 45, BB R £ 5 A - phobic organic compounds by three chemically distinct
MR HLE 5 o J2Ed #R [T]. k2%, 2017, 36 (12): polymers: Role of chemical and physical composition [J].
2531-2540 Environmental Science & Technology, 2012, 46 (13):
Zhang K N, Li J, Li X Q,et al. Mechanisms and kinetics 7252-7259
of oxytetracycline adsorption-desorption onto microplas- [54] Mohamed Nor N H, Koelmans A A. Transfer of PCBs
tics [J]. Environmental Chemistry, 2017, 36 (12): 2531- from microplastics under simulated gut fluid conditions is
2540 (in Chinese) biphasic and reversible [J]. Environmental Science &
[46] Velzeboer I, Kwadijk C J, Koelmans A A. Strong sorption Technology, 2019, 53(4): 1874-1883
of PCBs to nanoplastics, microplastics, carbon nanotubes, [55] Liu J, Ma Y, Zhu D, et al. Polystyrene nanoplastics-en-
and fullerenes [J]. Environmental Science & Technology, hanced contaminant transport: Role of irreversible adsorp-
2014, 48(9): 4869-4876 tion in glassy polymeric domain [J]. Environmental Sci-
[47] Karapanagioti H K, Klontza I. Testing phenanthrene dis- ence & Technology, 2018, 52(5): 2677-2685
tribution properties of virgin plastic pellets and plastic e- [56] Leon V M, Garcia-Agiiera I, Molto V, et al. PAHs, pesti-
roded pellets found on Lesvos Island beaches (Greece) cides, personal care products and plastic additives in plas-
[J]. Marine Environmental Research, 2008, 65(4): 283-290 tic debris from Spanish Mediterranean beaches [J]. Sci-
[48] Bakir A, Rowland S J, Thompson R C. Transport of per- ence of the Total Environment, 2019, 670: 672-684
sistent organic pollutants by microplastics in estuarine [57] Bakir A, Rowland S J, Thompson R C. Enhanced desorp-
conditions [J]. Estuarine Coastal & Shelf Science, 2014, tion of persistent organic pollutants from microplastics
140(3): 14-21 under simulated physiological conditions [J]. Environmen-
[49] HulJ Q, Yang S Z, Guo L, et al. Microscopic investigation tal Pollution, 2014, 185: 16-23
on the adsorption of lubrication oil on microplastics [J]. [58] Coffin S, Huang G H, Lee I, et al. Fish and seabird gut
Journal of Molecular Liquids, 2017, 227: 351-355 conditions enhance desorption of estrogenic chemicals
[50] Wang W, Wang J. Different partition of polycyclic aro- from commonly-ingested plastic items [J]. Environmental
matic hydrocarbon on environmental particulates in fresh- Science & Technology, 2019, 53(8): 4588-4599
water: Microplastics in comparison to natural sediment [59] LiuJ, Zhang T, Tian L L, et al. Aging significantly affects

[51]

[J]. Ecotoxicology & Environmental Safety, 2017, 147:
648-655

Zhan Z, Wang J, Peng J, et al. Sorption of 3,3’ 4,4 -tet-
rachlorobiphenyl by microplastics: A case study of poly-

mobility and contaminant-mobilizing ability of nanoplas-
tics in saturated loamy sand [J]. Environmental Science &
Technology, 2019, 53(10): 5805-5815 L 2



