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Ecological Effects of Microplastics on Soil-Plant Systems

FENG Xueying, SUN Yuhuan, ZHANG Shuwu, WANG Fayuan'
(College of Environment and Safety Engineering, Qingdao University of Science and Technology, Qingdao, Shandong 266042, China)

Abstract: In recent years, plastic pollution has become an environmental issue of global concern. The pollution of microplastic
(MPs) in the terrestrial ecosystems, especially in agroecosystems, has attracted increasing attention. Due to their low degradability,
MPs accumulate in soil and render damages to soil ecosystems, thus posing health risks for human and animals through food
chains. The present paper first introduces sources of MPs in soils, including plastic film mulching, application of sewage sludge
and organic manure, irrigation with wastewater, atmospheric deposition, and surface runoff. Then it goes on to elaborate
distribution and abundance of MPs in soil environments, particularly in agricultural soils, and discuss migration of MPs in
terrestrial environments, with focuses on direct and indirect ecological effects of MPs on soil-plant systems. Current available
evidence shows that MPs can directly change soil physio-chemical properties, and affect microorganisms and enzyme activities,
soil fauna, seed germination, and root uptake of water and nutrients, and moreover they can be accumulated and translocated

upwards, thus causing toxic effects on the plants. MPs can also indirectly affect plants via changing soil properties and interacting
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with other soil pollutants such as heavy metals. In the end, the paper discusses directions of the research on MPs in soil-plant

systems in future. Moreover, this paper is expected to be able to provide a theoretical basis and scientific guidance for better

understanding the ecological effects of soil MPs and controlling their potential risks.
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Table 1 Distribution of microplastics in the soil relative to land use

£ Hbss HURE T {8k Microplastics S 3k
Type Location  Sampling depth /cm F ¥ Abundance/ ind-kg ' * Fpk Type® Reference
PE. PP, PES. PA. &b, A%, N
£ H Wi 0~10 263~571 ) [23]
] 0~10 1430~3 410 PS. PE. PP, HDPE, PVC. PET [22]
=M 0~30 900~40 800 / [30]
80.3+49.3 (K 5 4F )
[EHN 194 0~40 308+138.1 (M 15 4F) PE [17]
1 075.6+346.8 ( ZHJi 24 4F)
N 0~10 0.008+0.025 g-kg™
o+ PE [31]
10~30 0.368+0.740 g-kg ™'
BRI 0~25 600~10 400 LDPE. PES. PVC, JBft. NHifR [16]
| 0~5 81477 PP, PE. PET [32]
T 0~5 0.34+0.36 PE. PS [24]
4 H PS. PP, RLMGEE, M.
= xR 0~20 9 45049 520 L [33]
(HFIEWIEY) LI -BEIR LR AL R Y
A H /AR =M 0~10 7 100~42 960 PE [34]
i H ity 0~10 10.3+2.2 PE. PP [35]
HhE 0~5 160+93 PE. PP. PET [32]
. i 0~3 78.00+£12.91
B ity PP. PE [36]
3~6 62.50+12.97
AL EIL 0~5 320~12 560 PA. PP, PS, PE. PVC [37]
AL I 0~5 43 000~620 000 PE. PP, PS. PA. PVC [26]
N 0~10 0.540+0.603 g-kg™'
R B A PE [31]
10~30 0.460+0.735 g'kg ™!
o o 0~10 0.130+£0.307 g'kg™'
B A PE [31]
10~30 0.024+0.051 g-kg™
L 0~5 1 8801 563 PE. PET. PP [32]
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ESI! Hi IR R 8k Microplastics Sk
Type Location  Sampling depth /cm ¥ Abundance/ ind-kg ' © ik Type® Reference
M AL EIL 0~5 96 000~ 690 000 PE. PA. PP, PS, PVC [26]
piraiih IR 0~2 136~2 060 PET. ®ikMLAg [27]
<593
&M+ Bt 0~5 PE. PS. PVC. TR, PP, PA  [28]
(<55.5mgkg™")
LDPE. PP, PA, PS, W, PET,
7 ] 0~200 0.37+6.06 [38]
HDPE, B2
0~10
Aebe 1 ARV R 0.87+1.9 PE. PS [10]
10~20
L BORVE
T b/ AR b/ 0~10 1360~4 960 PS. PE, PP, PVC, PET [39]
(Berg )
M 160
M/ /2S5 / £ 500 PE. PP, PS. PET. T,
i il [ 0~5 - [25]
a4 A H -4 664 ROIHILRY)
it 1108
Tl 4% WRF) / 300~675 000 mg-kg ' PE. PS, PVC [29]

. OJCIE bR I B 8 R B 4 G Y (. The abundance of microplastics without ranges marked is expressed by mean value; @
PE, I 2/ Polyethylene; HDPE, =% % & 2/ High-density polyethylene; LDPE, {&% & % Z /i Low-density polyethylene; PP, ¥
N4 Polypropylene; PS, R Z M Polystyrene; PVC, WG LM Polyvinyl chloride; PES, [ Polyester; PET, XK —H#RL —

WLfE Polyethylene terephthalate; PA, HEERZ Polyamide.
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Fig. 1 Migration of microplastics in terrestrial environments
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Table 2 Effects of microplastics on soil physical properties

Y88} Microplastics

H A ey /B 4 275 3k
S AR KN W
Location  Soil type Physical effect Reference
Type Shape Size " Concentration
L: 3756 um
GBI L e P s 3 Ak Rk
) PP D: 18 um 0.25%. 0.5%.
fEEmM EARE L ER PG DEAEMCA AL ke [42]
PES L: 5000 um  1.0%., 2.0% (w/w)
BEH B LT T R
D: 8 um
TEEmR
HHME L PES i3 5 mm 0.2% (w/w) T 5.5 W) AT SR ARG ek K R [51]
[ Hh R
D: 5um 0.1%. 0.3%. 3.0% +IEAEBEAT DAk ; FLEARRHE K
nMRE Bt PES a3 [54]
L: 2.65 um (wiw) SECRFKRE ST T B s MR KR IERE R
MR BR A 1 ZERARBE S T M e R s T
v PE TR 2mm, 5mm  0.5%. 1.0% (w/w) [55]
VR R A+ S TT R DU FE

H. VERhFER LACERE WIREEE . DICEER, RirFHE kii2, FlA. Note: ' In this table, the capital letter “L” stands

for length, “W” for width, “D” for diameter, and values without being marked with a letter are particle sizes. The same below.

L2y NI = BTN €228 SR E B G EOL Y g dvass-A i o
HEZER A AR DY, SR AR <S um AR AR
BREF4E (0.3%, w/w) BE] L3 g F T 1 A
RORMIE R, R HEILBUR, FRAE Rk aE
FI ok 475 &Y, EEE AR 18 um YR

IETHE (0.4%, wiw) FPFHEAE 8 um AR BRET 4k
(0.4%, wiw) YJHE 0 F AL HoKRR R R, &
BT ALY M T A AR 2 X A R
CEHZHTR . B JRAE S R A A Y ) 77 A ek
AR, E— R A L Al ) R 4000
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F3 WMENNIIEREYNEZIE
Table 3 Effects of microplastics on soil microorganisms
¥kl Microplastics Sk
RN Effect
i Type KN Size e Concentration Reference
LDPE 2 mmx2 mmx0.01 mm 0.076 g'kg™ PR SN BTV A A R AR RN [57]
T KRG . A AR P X R REE R
LDPE 2 mmx2 mmx0.01 mm 0.076 g-kg™! WIS, ZRRHETC W SRR A TR R SRR B [59]
GE S
D: 678 um ( LDPE) 2 = R TR 7K firp BT 4 5 R U g R R A W I
LDPE, PVC 1%, 5% (w/w) [66]
D: 18 um (PVC) P FRARANRE A B E W R 2 A 40 R m
SRR R A R SR PR e AR RS S ) 6 T R I 45 HPoi sk
PE — — [58]
AT A 5 & 4R
NG REVE 1) Z PR M T BTG B 5 5 XA s R B T
PVC D: <0.9 mm 0.1%. 1% (w/w) [63]
FRW 5 A AR BE BRI
TR SRR S B B 25 5 ARl 40 B 1] (9 AH
PLA D: 20~50 pm 2% (w/w) HAEHA W X eI G R I S A [50]
TR C/N AR I A /N
TS AR S I et S Ml A e G S ) 5 e A O OB T SR o
PP D: <250 um 7%, 28% (wiw) [49]
TSR G R RN P-4 28 W L A S R s ORI VG 4 25 AN K
TUCDRL T DRI . 150 S AN B 1 il 4 S I Y Ay - 2T 4
JEAR . 2 mmx2 mm
2mgg’, PP>[E4R PE>ERIR PP, JELIK PE>BRAR PP>£T4ER PP, T4k
PP. PE 4 L: 3 mm [60]
20 mg-g! PP>ERIR PP>JECIR PE; JBUIR PE FIAFZENR PP 38N 4 et

Bk D: 800 nm

YR o ZHEH:

2.3 R T ES PR

+HESh Y B RS IIEE, A LSS
B FECEIGIRRNBE L T 317, DA B3 A ] 22 R i
WK . OB S RIS, 75 AR N A7

Xt A LU AR, i TR %
A THE Y, SREIRMBERE . £ 4 B
N, WOBR s AL RS Y B —E R, £
KOs DU OB R A i 0 B R AR SET AT
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Table 4 Effects of microplastics on soil fauna
¥ ¥ Microplastics Sk
Py
TR Toxic effect SCHR
Specie 2 Type KN Size ¢ Concentration
Reference
<50 um (40%).  7%. 28%. 45%. MHs|AEY) e B T R wE sl R R I R T
A 5] LDPE [68]
63~150 um ( 60% ) 60% (wiw)  TOBRHEEHGIN ;1 3EA LB A RN
Lumbricus ) )
PS. PP, PET, 2.5%. 5%,  MEEIREREF, SERAEMY AL, JB
terrestris 250 um [70]
LDPE 7% (wiw)  JEBEEREEACTF N X RO E SR BT
0.25%. 0.5%.  0.25%F1 0.5% % Me W5l 25 Yy 1t JC W 5200 5 1%
PS D: 58 um [71]
1% 2% (wiw) 2% BEs| A= KA 5 58T Al 3oy L 7
iz ] Jie e ML A P e 4 A U L o SR T P TR
Eisenia foetida <300 pm (LDPE).  1%. 5%. 10%. U4 kKT $00ihil 8 et s £l A4 e ik
LDPE, PS [75]
250 ym (PS) 20% (wiw)  S-FEREBET ; N LIRS B K A HLP R |
Wi AT G2 Sy ] R P
A 2 | 0.0048% . 0.024% .
Enchytraeus B iR AL 13~1 400 pm 0.12%. 0.6%. FEARFATRRA IR | BUE B A Y AL [72]
crypticus 3% (wiw)

PP. PS. HDPE, <250 pm. 250~630 pm. 0.01%. 0.1%.
75 T B ATk i ] Wi A1 7 [73]
RN . PET 630~1 000 um 1% (wiw)
Caenorhabditis
PS 42 nm, 530 nm 10 mg'kg ! JEARFE TR B0 [76]
elegans
HDPE ., PVC,PET <2 mm 0.5% (w/w)  JCHERMm [74]

o ISR T OBRHE 13 s Y,

BT YRR BT R aES, HERE (1%
2%, wiw ) 1) PS Xl i A KA BB I EIER , I
388 o ke ] ) 2 T L U O BE TR U g A R
REARR - 39 2 0l A A7 15 2, X S g 3R ) 0 i £
VR BE BN, R O T H R R L g
AV BRI AL X TR AR, R
FEAR S A, (gl dBom s/, (AR5 ol A 2k
FIe B B AR 574
24 HERIFEYERMm

BRI HHEEZ Y, IESF TR, i
YA R SRR A A A T A A T
FE ) A L BE AL 249 5~50 nm, A>T IHRAR B 09k
B2 5 WL BFEE o 3% B SR R A0 B RE AL, b S b
FREPIFL, B4R, B LR TR,
UL T A BAR R XS K A3 IR R IE R EGE
NI B0 A A2 400 R L R 9 K B R
— BT B AR, SRR e B AR )

PRI B, DT il A il o 2 3 o )
P ehric 5Ot I R A B 45 A R AR
SRIERLY IR N B A Fis i, R RUK 9 PS
TR T A 3E 2o 5 SIMAR 3 i 2 o 440 o ) R SR SE A /N A2
HR AR S A R 2 A 2 A A RE |- SR A AR
J& . BRI LIRSS Z5 s VE - A 0 L Rs 8, it
ZEN Sl FLAR 2 B ZEF 0, il B AMA IR 1R
R B PRIKAE o BRI AT AR AR Y i,
R A=A IR B — s s (3% 05), FERRAE
Wy FIAR 25K B8 1 PR A i B R RO, TRHAY
NI 25 AR /INAZ B Wt 0 o AR A (09 81821
E 218 e il 1o TSR B AR R A 8 g F
FEEI PA (2.0%, wiw ) BEfH 252510 & /K &5

, 1M PES (0.2%, w/w). PET (2.0%, w/w).
PH2M@WM>AVﬁ£ KPS, Bk PP A
ER A A Y B A, RO RI A — R
HER . IR 5 Fili, HRETHERLAE A Lefod s
TR R, AORTEE S WA B, EPHE
IS FE AT Y .
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Table 5 Effects of microplastics on plants
¥ #L Microplastics R st
Py BEPERLN EEDUN
FLIES JEAR KN e Culture
Specie Toxic effect Reference
Type  Shape Size Concentration condition
e D: 0.23+0.04 pm BOK 20 T 3 2o 2 A A A i B 2R
PS BRIE 10 mg-mL " \ K% [71
Lachca sativa D: 0.98+0.09 um Mk ke R G
AN A R A s AR PRAT AR TR
LDPE Wi L. 4~10mm 1% (w/w)
2H Bl AR
~ b [69]
R BRE & AL BTRE  RER
MR WK L. 50 pm~1 mm 1% (w/w)
20 A TR 7 4
L: 6.92+1.47 mm A BRI 25 SR R
LDPE  #f 1% (w/w)
W: 6.10£1.37 mm HR e LU AR
+ 5% [82]
L: 6.98+1.61 mm IR A s NS SR
AEU7/P220 I A 1% (w/w) .
W: 6.01£1.31 mm Mo ARG R A
N IKIEIE I MBIER R T L5 1K
Triticum P PSR HEA G ESEN; 10 um
aestivum PS BJE D: 5pm. 10 pm 1% (wiw) i A RS AR S R &k [80]
5um b ACYIRE ., o ARG
B A AL S SR S T
RFRBEAMG KAFH . RS
BORITE F1 36 H kv BE L (I fE
LDPE ¥JE  D: 11.3um 100, 500, 1000 mg-L' KK [86]
WRE”; REFKSNEAY
G S
KEERICEM ; ARG R2EH
PS EJE  D: 100 nm 5% (wiv) KK [81]
FEAG; A n
Sy BN 5 AR/ A Y R
fiK; BARK AP EARR I, B25
PA WE D: 15~20 um 2% (w/w)
EK I v A SRR ON
" AR
- B BOR R A R AR
Allium + 55 [85]
\ L: 5mm ARG BRI A3
Sfistulosum PES 24 0.2% (w/w)
D: 8 um Y /NG MR YTE
R R RAEY RN
MR R A N s AR/ T AR
PS WKL 547~555 um 2% (wiw)
TG BRI EAR R
FIMTT3
50, 500, AHGT 2B 2 SR b e 5 1 i B 41K 5 N
Lepidium PS kL 10°~1074i-mL"' K Ex [77]
4 800 nm 4 800 nm X AR £ 1 FH U (5.
sativum
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Y%} Microplastics R4k
YrFh BEPERION E BTN
s Uolp ke R Culture
Specie lES AR = (3 Toxic effect - Reference
Type Shape Size Concentration condition
R S A A 0 A N o 4 T e T
- K495 5 mm KbFAR K FNAR fif o i
- PS 2§ D: 5um 50, 100 mg-L™  FR(%, SR ARETE R E R, K [79]
Vicia faba
N %A B4k ; 100 nm AbBE
A 225 ZAHR B B AR
Hby 1 ERFIAR AR AR A T S
e LDPE WKL 53~1000 pm  0.5%~2.5% (wiw ) 2.5%AKCFRARKIE I ; MR Lo ) 2
e
Phaseolus T35 [87]
1.5% . 2.0%H1 2.5%4b Hi i} 25 (AR AR
vulgaris ~ PLA+ERC
WK 53~1000 pm  0.5%~2.5% (wiw) AL EFAEYE; 2.5% 8 F g
fiz T R
ARG &
W
L: 1.28+0.03 mm RAY RN, B KRS 2L
Calamagrostis PES T4k 0.4% (w/w) T4 [84]
D: 30 um BAE AR bR K . A
epigejos
A 0.1gL" A N
PS A 50 nm REFFICHEM ; MR Z K [88]
Allium cepa 1.0gL"!
0.1%. 1%. FEY A B A, N
HDPE R A 100~154 um
10% (wiw) EER I
5 [45]
0.1%. 1%.
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