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Abundance of microplastics in farmland soil and its distribution in soil aggregate fractions in the Liaoning area
WANG Zhan, CHEN Chunyu, SU Peiyao, XING Yunfei, ZOU Hongtao", ZHANG Yulong

(Shenyang Agricultural University, College of Land and Environment, Shenyang 110866, China)

Abstract: To clarify microplastic pollution in farmland soil in the Liaoning area, the abundance and distribution of microplastics in the soil
and aggregate fractions were determined using density separation, and oxidative decomposition combined with a microscope and Fourier
infrared spectrometer. The farmland soils from 14 regions in Liaoning were collected as tested samples. The results showed that the
abundance of microplastics in the farmland soil of the Liaoning area was 3 605 items + kg™'. There were four main shapes of microplastics in
the soil, including fibers, granules, flakes, and films. Of the microplastics analyzed, fibers were found to be the most prevalent in the soil,
with a ratio of 42.11%, followed by granules and flakes, with a ratio of 29.10% and 22.32%, respectively, while films accounted for the
smallest ratio of 6.47%. The main component of fibers was nylon, the main component of granules was polyethylene terephthalate, and the
main component of flakes and films was polyethylene. The abundance and shape composition of the microplastics in the farmland soil of the

14 regions of Liaoning were various. The abundance of microplastics in the soil of Liaoyang, Chaoyang, Benxi, and Yingkou was
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significantly higher than that of other regions. Additionally, 69.14% of the microplastics in the soil were associated with soil aggregates,

especially micro—aggregates, and 30.86% of the microplastics were dispersed. The distribution of various shapes of microplastics in the

aggregate fractions was also different. The fibers and granules were mainly in micro—aggregates, and the films were mainly in macro—

aggregates; there were no obvious differences in the distribution of flakes in the various aggregate fractions. In conclusion, microplastics

were widely present in the farmland soils of the Liaoning area, but their spatial distribution was uneven in the different areas. The

microplastics in the soil were mainly fibers, which were composed of nylon. Most of the microplastics were associated with aggregates, but

some were dispersed, exhibiting a potential risk of leaching into deeper soil and groundwater under irrigation or rainfall conditions.

Keywords : microplastic; soil aggregate; farmland soil; Liaoning area
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Figure 1 Spatial distribution of microplastics abundance in the farmland soil in Liaoning area

IR B AT (2 526~6 070 4 - kg )U {H KT
TS B 25 1+ 392 (6.9%10° />« kg™ ) 2 1th B 37
SEHh 132 (7 100~42 960 >+ kg™ ), R R AE 1 35
FRR R R L AR R, MR R A A Rl AR S R
4,

- 39 G RO R R T A A R T it A AR
P 9 Tk 2 SRUTRE Y, i T A Rk & R KT
ASTR] FhAE 7 A TR] 3 H 7 2R TRl R 2 ST R
B AN A P 5 0 e O ) o B SR s ) A
BN o AL TR ) M X A A S ) F 25 7
13 (P<0.05) , Hirid fH I BH AR VB T HLIX A& H
B A GO B 0 2 R T At X 3 47 b X
A R R FEEZ R Z R AR E . HIH E M
DX b FEE 7 55 LU ) 050 v ™) A AR v ) SR A 3
A 7 i Ak B LR O R 5 AR R
2x b AT A% 5% i JR] 10 B 28 B s e 1) - 45 . i FH
Hi X R BH 3B DX AT MR A e 2, AU & A
TR A B R A LA it P K 1) - R Y
BRI 22 AR M [X SR IS 55 HL ) A AL
NE 5 FH 3 AS R, E L P 4 8 rp O R A
Tt A ARV b DX T 4 498 rp O ) 1) 32 K Y5 T B 2
MR AHEB S L% AT BIWF5E I E— A B A 4%
i DX A FH = 398 GRS TR, DT A X AN (] ofe TR
ORI P B v R, AR ORI S e . PRAS 84 R
B HE S Uk B B X A FH - g AR R
E R T RGE X 6/ H X R H 3 iR 2
A BN L BRI G b IX A g
BEEZERARE,

2 TTFHXHE T IEPRERORRZEE

1077 b DX AR FH - B DR A TR AR T A HE £
Yok FIUREIR Bt R ROR (B 2) o 14> H X R H
e RO R AT AR AL RS AN R (181 3) , 48 44 3k
A« EFGEAR A FedR R, R 42.11% 5 FE VR S ORI Al
Btk , b7 o4 R 29.10% F122.32% ; R b, o5
FEAL N 6.47% (6 2) o Zhang %5"°'F Ding 551 57 74
JUTE 15 270 i - 39 0 G R 3 X AR FH 4 3 R R RS
YUt e B A 3 R R R AR 4R . X
AT RE KA TG sl FE v A2 A & DLl s Rl
T A A S R SRR R LR ), a8 TR T 7K
25 40 S PRV I K (R £ R Rl R s
IKHEMESE A IEIREE . AN KA DT At AR
S LT HEAR GO U AR

55 BLI 2D AR AR I 7 M X )2 L g
PRI B (1) PR SRR T 3R R A3 S, S5 R
B2 FR o EFAeRO b bl % e o Je e s FURLAR G008
BRI R £ g ; TR A HOR O R e 4
ENR N HFAMEEI s i H A AR
SBR[ R AR
B AL 25 20 A IEASAR R, TR AR i 5 rh B 2040
T 5 5 T ANAR AL T X B2 e T o
LA 2R

3 ITHRMETEFRENMERARERNSH
HH1E

ARSZIG DATA PH 3B DX A 3R R ), D 44 4%
R R RO (K 4) .

/N R AR P R R e L S R

www.daes.org.an




RE'S

862 ZAEISERERCE Y 43 5K 4
- - R
JEJE Nylon A { A { a. L 4EMR Fibers
w2 Y -
S e
e ? }
5 - F ~
n—— o
TN — R £ g Polyethylene terephthalate b. URLAR Granules
8 5
o .
e '
E - .
E oy G i
£ | I ) Polyethylene T, t«' c.Flakes Bk
= ' - :
M Lo AW
= )
& |
Eﬁg -, li '; g w
A . ';‘ - 'l'k, Y
B )@ Polyethylene L J A LR Films
. -
.“ x.' x . ‘
- [
4000 3500 3000 2500 2000 1500 1000 500
K Wavelength/em™
2 TEPERMER (X ER40F) REEEH OISR
Figure 2 Microplastics in soil (magnification times 40) and their FTIR spectra
R2 ERERTRERMERNFEER S
Table 2 Range and ratio of each microplastic shape at the sampling sites of the present study
AR FREI(A kg ™) I/ (A kg ™) FREU (A ke PRUERY (A -kg!)  ESERE AL
Shape Range/(items-kg™") Average/(items-kg™) Median/(items-kg™) SD/(items-kg™") CV Ratio/%
LF4EAR Fibers 997.5~2 460.5 1518.14 1463.4 351.40 0.23 42.11
WURLIR Granules 399.1~1 805.8 1048.88 709.7 379.67 0.36 29.10
Hetk Flakes 0~2593.5 804.43 731.5 672.28 0.84 22.32
TR Films 0~598.5 233.36 216.3 190.30 0.82 6.47
J i Total amount 2 128.3~5386.5 3 604.80 3291.8 969.47 0.27 —
O 2F 4tk Fibers O URCIR Granules Huik Flakes FEIOIR Films 1000 1 ¥ Abundance 150 8
%“’§§§77‘?‘§T§?3§§ 3 T A H Ratio I
2 Z 08f A0 % AN 28 £
il 7 GNAAN? 7z LE~ ¢ £
= £ N /A ) i 600 ¢ 0| {30 E
ZE 06 | mE E //E'/ K
z N =z £
Ej& ] 1 e 22 soof | BT 120 =
= 4 04 BB SES =
S £ — = =
g | =22 200 {10 I
2 = 027 - ?éﬁ T
= 5
s =
£ 0 KA hEERE NERE rHeS
]
o= i@ L’E{‘ %% JrEE E E E E £ JFHE E E E g g A R IRL ) Soil aggregate fraction
*REBEOGRILN %&» KRR X PR R A AR R 22 (R (4 22 57 8.3 (P<0.05) o 1815 [l
i‘g‘ Different letters indicate significant differences(P<0.05) among soil
KAF 1 Site

B3 AEMEX SRR AL
Figure 3 Ratio of various shapes microplastics in soil of

different areas

P 1%) WHARTY

aggregate fractions. The same as figure 5.
B4 REMEEAREPBERNFEER S
Figure 4 Abundance and ratio of microplastic in soil

aggregate fractions



R AT AP RO E B A DR 53 A 863

27.42% , KA R ROIERE 5 H o 21.97%, TR
AR R 19.75% , 43 B8 3 b i s k)
B R 30.86% . - 3EH 69.14% B RIS AR
REEG 17 AETE (R R ROk ) T8
1o R S T ) R AEAS . T SRR G B B
Bl FEAFAET/NA R AR AR SEI W 5E 45 2L 5 Zhang
SEUTVRD X S PR A 5 2 SR A — 3K

T3 225 W8 3R WY, 9845 G A SR AR i Y
F 2 5 0 2 (P<0.05) , Horp 43 s - g v iy okt
FE 2 TS A R AR P IR F B2 /N A SR A
R = R S T B SRR R R 1A R AR g
SRR B i R P SR AR R A R A e 1 =
ZRAREE4L).,
24 TTHX#H#E T IEFRE P RERPRRK

AN [T AR TR TE 25 9 1A TR AR v B 53 A A AE 3
Kz (ES) . LF4RE R =2 T/ R K
W AETE TN R AR R I £F AR R B3 TR
A R AN A R R B 2T 4IR30k (8] 5a) . Zhang
SRR S E W 5 it A Y AR A SO RS
Yert i 2 BT 2 ZE R . Edwards 2k + 1
PRl A SR A R A R R Pk, — T R Ay L
/N(<0.25 mm) , 5 — 5 1A PR fA R AR A 5 Z2 A

BOT () LF4eIR Fibers

= a
= 360t f
-~ =
=R b b
L5 mof f I
®E I

=]

g

=}
E: o

<

PNZIE I SR UNEIE

PR R 53 Soil aggregate fraction

250 1 (o) WERLHR Films

o2 i a
wE o 200 i
<'_ SN
= 27y 1501 [
®E
# S £
2 &£ 100F

=}

< |—| b

0
PNCIEIIN R VNGEEN

A AR5y Soil aggregate fraction

JEEAE R, X TR 2 A /N £F GEAR RO R AR
PSR R b A BB A8 43R5 E W TR ] SR A, T
AN F A5 BRI R R b . BOR OB RHE 3 Rk
PR B F R 22 A B2, D AE A S i
BEE AT R LA FORLAR KN B BUIR TR ER A7
e, K AT B8 2 15 A [k A2 W SR A 1 T8 A 72 (1]
5b) . WEBCR OB 2 2 A TR MR AP e T
R PSR A v ) (RO 2 B 25 1 v LSRR /N A
SR ) T BOIR TR 2R (18] S, JHETBOIR AR 8t R
FRRT AR (I 1), S 78 R P SR A B T 1l v 4 £
JENT MUREAR TR A S A SR A TR Y S B
PSR RO Y AR T 2 25 48 (&1 5d) , TR 7E AR 52
B A ORISR T URCR IR A E /N
(R BEA T4 A 1) Rl R, LA A 0 P 3R (A v 23 A
VUSRS 2N €L S e VS

3 #ie

(1)L 7 Ml X AR A 38 op ffc 30 oRE 3 B2 Y0 L
2128~5387 4> -kg ', PR FEEN 3 605 kg FHE
TEAR LT ARARGIB R, (5 R 42.11% ; FLUOZ Rk
R, & H 251K 29.10% Fl 22.32% ; W BOIR e /D,
07 AN 6.47% . LR AR RHE F 202 e Je

200 (h)Bufk Flakes

~£
[ g a
=2 150F I
LEn
Siz |
S k100 i -
=z 88 E
2=
£5°
B g 50 F
£2

-

PNZIEEN AR A INATERAR
AR IRLL4) Soil aggregate fraction
3501 () FREIR Granules

wZ 280 N
> 2
<: g::" 210
mE
#g g
£ L 1of 2
=
2% 0f [

= 1

0
PANZIE LS RAZIEEEN ANEIE IS

AR ) Soil aggregate fraction

5 ERT ARG HHARRRAKBER

Figure 5 Different shape of microplastics in soil aggregate fractions
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