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Abstract: The large-scale use of plastic products has caused the increasing content of microplastics (MPs) in

soils, which has attracted extensive attention. At present, the main factor that obstructs the assessment of soil
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environmental ecological risk is the lack of standardized testing and quantitative methods. However, the
detection methods of MPs in complex soil media were still not homogeneous, which seriously affected the
comparability and reliability of the previous studies. In this study, the microwave digestion method was used to
extract MPs at once from complex soil media by optimizing the microwave digestion conditions (acid system,
the heating procedure and the amount of acid added). The results showed that 0.1 g soil could be completely
microwave digested by 15 mLL HCI + 5 mLL. HNO; + 3 mL. HF, and MPs could be completely extracted from
the soil. Besides, the extraction efficiencies of polystyrene (PS), polyethylene (PE), polyethylene terephthalate
(PET), polyvinyl chloride (PVC), polymethyl methacrylate (PMMA) and polypropylene (PP) in the scaling
experiment were 126%, 146%, 51%, 85%, 96% and 162%, respectively. The weight of plastics (PS, PE
and PP) was increased after digestion, possibly because the physical and chemical reaction between acids and
MPs could change the surface properties of MPs, resulting in the higher porosity of MPs. The adsorption
capacity of metals and organic matters were increased. However, the extraction efficiency of PMMA and PVC
was above 80% under the condition. All plastic particles showed the degradation in the microwave digestion
through the analysis of plastic surface morphology, but the results of Fourier infrared conversion spectroscopy
(FTIR) showed that microwave digestion did not affect the identification of plastic types. However, the current

method is only be applicable to qualitative and preliminary quantitative analysis, standardized quantitative

analysis needs to be further explored.

Keywords: microplastics; soil pollution; microwave digestion; extraction ration

SRR PR AR S 1 P B RGBSR AR TG Tz R
Az H R AR RN Al B 2050 AR A
33042 t #HORE, o BUAT N 4 60 R (620~
26%0) B e, FE Ay oy e & S iE AR R L AR
M, A3 6 38 v (8 RE A 0F 5 o b 20 A /N AR
0 SRRL I ) B O VR b Y B E AT Ik 7 £
o g kI T =W E R 8 R (microplastics,
MPs) . 58 o 9 RE 5 R R AL HE 1) W) 9 8
BRI Tl 8 L Aot & L Bz FLRT Y & K 48 ) i ik
15 K HEWE HERE XU 1 B A 3E AR L 2) Ik R B
SRR ALK L Sk R b 2 B A e
F Cn g LRSS B R4S i T 45 )R AR L X st
I RE— H gk AR - k2 7E g b R AR ME
PEFR . Mk — 5 W () MPs 23 % £ 38 A B v i ™=
HAGH o A0 IR 2 W B S P R R AT L
T gy, SR 5 A BB TR AR R oy RBUHCK | i
I 3 N g ™o Al 1T, W A b 58 (4 4k H 4
AEFR 2 841 63 000~430 000 t,44 000~300 000 t iy
TSR B A A IE B 2RI T A S RS
B T B SR e LR A T AR R
149 52 2% 1 R0 HC At 75 % ) 0% A7 A8 5 15 /N SR 98 R 1Y)
PRUUIE 240 A g b f S R 1 TR 5 2 BRI I 1
R T YRR AR

SR, % T 4 48 vh MPs % 32 ORI 8 &2, H BT I8
BA — B AR U, iR 7 — R A 8 T vk R R AR

S A b SO R Y A DT A o
T R 1) R o BIF 58 % 6 T oK AR DR Y, e
DL S o R G S 1 Ok B UG AR R
Hy T AR 2 [ AL B A BLY ik 9900, A B
2R AL W A SR AR W) B AFAE | 3 B 7 0 XA il
PRI 43 BT O0F AN 223000 324 b, X A R
RO R 23 BT T AR P R LR AR OCEOR b
I WK AE TS B0 A 45 G GC-MIS™ 1 ek $4 4k
Ty AR R TR L TR B o B (BRI
R HAN A . HRT, 8 b MPs 42 BURI % 58
T FRELIL I, B Z ORL 3 BT B b v AL T R

Tl T A e — TP P T RS R B 9 0 B 5
BE A AL BT %, HRTE T ORAUBURLY) R OK
PEOK s B REROK IR LR 35 K
W A BRI AR o DT O B T AR T AR O 12
fih i sy, DR A B R R T BRI A0 T A R R B
T A B e B BE R DR AR BB A o S b fE AR
G AR g oo A v L B R 3 B R AT,
it 22— B E (0 IR 18] R £ 3 48, 00 f300 I8 T ik ik )
[RDRER: S IFA S S E N 1IN R N R VA E
T DB R i DL R % il O £ A 1 R
{14 20 2 b S Rl BB o ol i Bl 2 DO i P —
i g @A 22 J7 %, R8T fE 3 A ) i A
(U0 R 77 £ ) Jie K R B i /2 BT ), A2 177
(7 Fsf Ak 380 22 A A i, O o P o AT 09 405 R



136 A5 TR TR

FAmOF % L)

% 45 B

A Y AU

2 T8 b N RO T A R B AT — RO 4R ORI
FE i 5 MPs 1A 805 o 8 3 A 0 T A
A AR O (PS) (R 5 (PE) (R XK
3 fg (PET) (R 4 (PVC) (B LT 1 B2 R
(PMMA) RN (PP)iX 6 F H A48 2 M 19 i 0 At
HEATIR I, B A8 TF & SR o R A AL AE A
rh R I SRR Y T 1

1 RS

1.1 RUEHBA RN

T 218 Al 75 58 B B SE NS T TEAG - DAk
T 4% 23 Bk i ek 20 - EBT ) 5 R A RO % T 55 2)
51 18k D7 58 6T B R S R BORE B9 52 0 23 ) 0 Ji
fige T 5 SO R BE AT I, [R] I AT R R S L LR
2 T AL A AR B R IR A SRR B AR . Rl
7 S A LA i AR A 1R R o

[pea) s nia
y v I v v
THfi B  slafy  RHEE
piized ik il B
A4
kit J7 XIS
v l v

TR S SR Hetkdsi

FEmE SRR VE i

B HH 1

( I \ i
SRH IR
AN S WK
Y4 L4 L £°

Bl UK R R B £

Fig. 1 Optimization route of microwave digestion scheme
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Table 1 Four acid digestion schemes
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Fig. 2 The digestion rate of four acid digestion systems
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Fig.5 Effect of HF acid content on soil digestion efficiency
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Table.4 Soil digestion efficiency of different digestion

systems

T AR TH AR

ES RIKZ /mL
” PR /m T/g  Hit ®/%

1 4 HNO,+5 HF 41 H,0, 0.2 Ff 56. 00
1 59.00
3 6 HNO,+2 HF 42 H,0, 0.2 M 61.00

2 5 HNO,+3 HF +2 H,0, 0.2

4 6 HNO,+4 HF+2 H,0, 0.2 M 66. 66
5 SHNO,+2 HF +2 H,0, 0.2 SR 64.95

6 10 HNO;+5 HF +2 H,0, 0.2 SR 70. 34

7 5 HNO,+5 HF +2 H,0, 0.2 k¥ 73.00
8  5HNO,+2. 5HF+2.5HClI 0.2 #{ o 68.07
9 5 HNO;+3 HCI4-2 HF 0.2 k®EE  70.05
10 5 HNO;+2 HCI+3 HF 0.2 pigl 63.08
11 6 HNO,+2 HCI+2 HF 0.2 i, 65.00
12 6 HNO,+3 HCI+3 HF 0.2 M 69. 40
13 6 HNO,+4 HCI+2 HF 0.2 H 0, 68. 70
14 8 HNO,+3 HCI+1 HF 0.2 #{ 66.80
15 9 HNO,+2 HCI+3 HF 0.2 # 67.57

16 10 HNO;+5 HCl+5 HF 0.2 A 70. 34

17 12 HNO,+6 HCl+4 HF 0.2 pigul 79. 40

18 15 HNO,+5 HCl+3 HF 0.2 SR 74.50
19 6 HCI+2 HNO,+2 HF 0.2 M@ 76.00
20 9 HCI+3 HNO,+2 HF 0.2 SR 77.14
21 9 HC1+3 HNO,+3 HF 0.2 JR¥{  80.51

22 12 HCI+4 HNO,+3 HF 0.2 Fif 90.52
23 12 HCI+4 HNO,+4 HF 0.2 # 91.33
24 12 HCI+4 HNO,+7 HF 0.2 M 92.10
25 15 HCI1+5 HNO,+ 3 HF 0.2 F 94.50

26 15 HCI+5 HNO,+4 HF 0.2 M@ 91.08
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Fig.7 Effects of digestion of four acid systems

on quality of MPs
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