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 OE GORIDRL R AR PR 3 ik 43 A A VAR AR RS R 5 R T TR R R G S A 9K R
EATEKAES RGP RIS, (H 58 b gy K 50k R I RN 8 4 BT TS8R — A A A D i k. PRI
A SCLAR IR S A (PS) WURLAE Sy 4 3 5L 5T v 99 K 98K (NPs) BE Y, Bk T PR < €5 3% - 0T 1% (Py-GC-
MS) FiAR, $EHT R RE AR AR 1 Tk X G OK SR 1 5 R . AAAR T R 3 4R
TN K SRR 3 PR AL 4 B TR R . BT A L KA 28 R R R DB A6 SR A 10% KOH i A . ZnCl,
(p=1.6 grem™) R TP AR HUARE T, PS 9K BURHW AL U R i . ILAh, b T3S TE T8 Hh 7 ik i
AT, SRAEIFRIN T 6 SR HHERE S, DFoR A R, FEUS VR E R 100 pg-g ' 19 25 nm RIK L IR90
KIBRH 6 A2 FR RS, PS GOR IR I ZE N 77.8%—88.3%. KrillZ5 R n, 44 LIRS h
K ) PS KBk, WRBEE R 3.45—10.26 pg-g', HA 2 MMM AR B GO IR, XA H T
PS GAK SEAF 14 v o5 AU G DU B 136 B3 8 oK SR 14 A A0 5 0 2 T AT Y. R, ARG Dy - S T rh g
KSR o TR T — A 0 T k.

KR HUOREEL, K, g, RE I, NGRS O -

Detection method of nanoplastics in farmland soils by pyrolysis—gas

chromatography—mass spectrometry

LI Zhen'? ™ SUN Lina' WANG Xiaoxu' LUO Qing' WANG Hui'
(1. Key Laboratory of Regional Environment and Eco-Remediation of Ministry of Education, College of Environment, Shenyang

University, Shenyang, 110044, China; 2. College of Construction Engineering, Shenyang University, Shenyang, 110044, China)

Abstract Nanoplastics have attracted extensive attention due to ubiquitous distribution in the
environment and potential adverse impacts. Although nanoplastics have been detected in aquatic
ecosystems, their detection and quantitative analysis in soil remain an unsolved challenge. Therefore,
a sensitive, effective, and low-cost extraction procedure is put forward for identification and
quantification of nanoplastics (NPs) based on Pyrolysis-Gas Chromatography-Mass Spectrometry
(Py-GC-MS) with polystyrene (PS) particles as a model NPs in soil samples. The procedures of
extracting nanoplastics from farmland soils included density flotation, alkaline digestion, water bath
evaporation and membrane filtration. The highest extraction efficiency for PS was achieved using the

10% KOH as digestion solution and ZnCl, (p=1.6 g-cm™) as flotation solution. Furthermore, six
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actual soil samples were collected and detected to verify the feasibility of the proposed approach. The
results demonstrated that the recovery of PS was 77.8%—88.3% with 25 nm PS of 100 ng'g ' added
in six actual soil samples. The test results showed that PS were detected in four soil samples at
concentrations ranging from 3.45 pg-g'to 10.26 ug-g ', while no PS were detected in the other two
samples, due to the concentration of PS was below the detection limit. The analysis and detection
method of NPs was feasible. Therefore, this study provided an efficient method for nanoplastics
analysis in soil.

Keywords nanoplastics, detection, quantification, farmland soils, Py-GC-MS.
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L AR YRR T RBUN . R I RUR, B B B sh M, AN RENE 52 i 1 3 A0 BRI 1 B NS5 4, i
HRT DA 2 b A SR W B BT 22 TS ), i R OF AR T R F A AR S 22 GIBORD FTpg R 00
A T ANS K TS R P B4, A B R NPs (R BT RE 2 0k o 4 AR 2 2R 4 A L A )
S SRR YRR, T BE U B R E M A, BRI 2 (I 4l 8 BH PR BT 4 oK
SRR R A7 B A R i IXURS: , EL 050 2 305 24 B R I 3, AR D AFSE -39 3 Jo v (R 4 oKk S8k, B Rl
T 499 A B 4 AGI) R  F J TRIATS A7 AR R s (0510 PRt 30 D0 B ST — b AR G L T S A RS
AT RS I Y 44 K SR RO,

H AT, FR5E g0 oK SRR DL A 43 BT 2o T 5 3 T R 0 B R A L DB T A L XA AL R T Ak
SFTH R, AT O S T R OB (TEMD 202 (OO ) e BL b A8 3 21 A1 ¥ 3 (FTIR) 22 24 R & ok 3%
(Raman) #4727, H 33 26 7 s A7 A TBCRAR L AR i85 . AEAS /Dy . FERTHC S . 4 FTIR 1
Raman /175 [A] 73 HF 343 5124 20 pm A1 1 pm, AT BEAS T B AT TFE 90K SR B b i i 234, H AT, ©
ZoA — SO HR, AN oK UKL BRI 43 AT (NTA) P43, BASUR FL B 55 2 1R 005 (spICP-MS) P9, 2 ri 4
UG IR AR SE G HR, DA RCEE B R0 B 5 G 8 43 B o M b o R C H T AL g ok 280k}, SR, X 264
ARAEAE 27 B 5 4% 0 A58 56 0 RUIG VR B2 1 49 oK S 1) BRI 21 H i, SR A 8335 - S 2R (Py-GC-
MS) AJ AR g1l FH T 52 2 PR35 56 57 v 99 oK SR 438 T B A A 2 — R AR A i 55 A 43 B i ke 2197421,
Py-GC-MS ] LA 5 Ik FTIR F1 Raman S (4 6k £ 20441, 3 2 sl D FH T 300 3 i 30 7K Fn 4= 58 v i 40 0K
SRR ME . Wahl %58 i ] Py-GC-MS M AV 4= FEAE i A 7K B2 B v & 3 PE. PS Fil PVC K 8 %}
BT, Zhou 25 JEBH 1 38 1o 7 11 L B AR A Py-GC-MS 5 A I 5 7K rb 4 K 38R 7T 47 1 . Zhou Z520
HIRE T —Fh 5T Triton X-45(TX-45) 934 £ % BU(CPE) BE AR, H T 7K AR PR rh i 0 40 oK 5808 4 i
EAE, 15 PS 9K SR [ENSCR N 84.6%—96.6%. SR, T PR b 44 K S8R} BIF 58 20 0T H:
B, X B O E AT MR B K T-HAIC, = T 58 A4 I TR 4 A 1 D R0 X Y i 4 oK e
WFFE IR, ZRBIFFE AT LA A A 3 v 0 K S Ak 08 RS0 A S A T B A — o I B R S 3.

AR SC ) H AR S — R AR A SR ORI G ARk SR O k. R IR 20 (PS) 4K SR
TE R GOK BRI R M VR BRI T B BE B . TH ARV BRI B 3 AN D T AR G AR AT T Ak S
TSR R (HA) RGN K SRLRL AR X 20 K SRk 22 OB (45 s AN T Rn il 5 30k oG 286 B . o LR G
R BRI AR S R A 3 i v A 4 K B A ARG I N S AT

1 MRFIJ7 1 (Materials and methods)

1.1 BrEEAE R

S ALl (NaCl) | BLAb g (Nal) S AL EE (ZnCly) Ry B4, 1 B LA 22350 28 /) (b B )
NaCl, Nal fil ZnCl, ¥ ¥ ¥ fift 76 88 4K b, (i FE %8 B 4 A 3 1.2, 1.8, 1.6 g'mL™. 30% i & fb &
(H,0,) ¥ W W F 251043800 A BR 2 B (b B3 ). 3 Fh PS 9K BRHAY 42 25, 100, 800 nm, 11
H Phosphorex (Hopkinton, MA) 2\ F] . A< S 55 v i H 9 37 388 Tl 21 4k o D8 2% (4% 25 mm, FLA2 1 pm) 7
H Whatman (Maidstone, England) 2\ 7.



3 z=

NS

s BT IR SORH €1 - B R A X A FH 38 v 0 K S G DU 7 v 887

R R B AL T A TR BH T A A b, A PRSI b — SR A SRR AR R AR
Gy oy — R SRR, F R AR R S AR, AN I P 20 AP I AR YRR A, AR Y 10 4R, XA
b 2 F R, FEAPAE AR T SRR S AR BT TR E R B AR A SR A
0—5 cm AEBEHLICEE, JEBEHL 6 Fh VY2 HY iy A B HEA T RAE . R R 1Y AR BCFE B B b KT, 762 R
AR, BREHPIAR . 25 PR H AL SRR AR AT 1 mm BB O D AT 0 4
W75+ A0 M B oh . pH (N 7.1; FHE T 284 50 15.3 cmol kg ™'; BA HLY & 8 2.29%; o A MLk
TN 1.33%; FLBRR N 52.4%; S KK 13.5%; Zh 15 10.5%; B8 5 39.6%; b+ 15 49.9%.

1.2 s R K 2R

ARSLIGFREL 100 g 3EFE S, B 500 mL BEpRH, InA 10% KOH ¥ 5 + R &, & Tk P
b RSB RIEE E R 60 °C, BT O 300 romin!, FFLEBEFEIN A 48 h, FRERESE T 60 C
ARG, BB 2% k. T R RN A 200 mL #) ZnCl, $hs W b1 7% B TF %, 7F 45
°C, 300 rmin' FYRESEFERS LCE 6 h Dh_L, (HEGORIEREUR 5 3853 2, BI% T ZnCl, W h, #rE bl
TE. R HFLAE A 1 um (BB 27 HE 8 B UE ZnCl, 77 RETR. 5 I8 MU 250 mL BEARH, T 60 °C 7K 155
hZE R THG M4 2 1 mL; 325 BB pR B T 25 °C, 300 r-min™' AYRE I HERS F 364K 3 min, LIAEHE4 K
SR 3451 0 . e HRER 60 WL VRIS, R 3] 80 uL (W ZLARAR R, FERCA 45 °C BLAE 1. e8P
WEE 3 K. TG Py-GC-MS % & H i TR 43 BT, SR FH 45 1 6 B LU AR 5 A AT A7 {038 s Rk
15 YA

TE NSRS, 50K PS 9K kL B T =46, BERFE AN BRI IE T, 75 KGR A
VER T #4724k, 46 60 d J5 FRERRIAR A 25 nm PS K B8RHL 100 pg-g ™' M9 B A 2 3 b IR &
By5). B EL T PR A J5T RN I A WO 9 K DR RT3 iy s e, I Ak % B2 i i #2 . NaCl. ZnCl, Fil Nal Y
BRI 1.2, 1.6, 1.8 g-em™ WA &A% EL AR XHE B AT IE A BT ZEAS N T PS 4K 3K 100 g
T IERE S, 23 RN 20 mL S[R3 BE 9 KOH(2%—15% ) Fll HyO,(5%—40%) K. Mok, A S8 8
Z 5T i) L3RI AR [E MR () DOM(S, 10, 20, 40 mg-L™") #1 PS #RPKI 42 (25, 100, 800 nm) Xif A HX
b Sy SR A N
1.3 Py-GC-MS 43 #r &A%

% fL 241 #% (EGA/PY-3030D, Frontier Laboratories, Japan) 5 it % T~ ULTRA ALLOY-5(5% 73k
T HREALE) &8 B A (30 m x 0.25 mm i.d. x 0.25 pm) (P/N: UA5(MS/HT)-30M-0.25F, Frontier
Laboratories ) ) Thermo Scientific TRACE ULTRA S AH 6% % 3% £, I 5 Thermo ISQ J5 i35 46 I #5144 .
Py-GC-MS S5 S8 B UNEE 1 iR, i T AR 5 B, Py-GC-MSS K75 2] ) B4 ] F-search %k
{4 F1 NIST 02 5 2t T AL B F-search 15 122 0] LU K 2 SERER A W 30 7= 0 19 S, ()R m] LA
HUE RN R AW 085 S Py-GC-MS 3545 BB a1 T Fu A, S BRI J5 ) PRk 43

%1 Py-GC-MS il %A
Table 1 Conditions for Py-GC-MS detection

B A b
A Frontier EGA/PY-3030D

Pyrolyzer
B AR
Carrier gas A
B e
UL 600 C
Pyrolysis temperature
S5 GCRY T RS -
320 C
Interface temperature
= s
S
Gas chromatograph Thermo TRACE GC ULTRA
BaniaEA )
Split ratio 1100
ikt —
Flow (const.) mbomin
= A A e - . - -
%Bﬂliui? Ultra ALLOY-5(30 mx0.25 mmx0.25 pm, 5% — % LB ik S bi+95% — W BL SR Rk 40kt )
GCHE Lz 320 °C

GC inlet temperature
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Pyrolyzer Frontier EGA/PY-3030D
(B .
: 280 C
Transfer line temperature
yH
GC-MS S i 3190 C
Interface temperature
] N=|
FiE Thi 40 °C(2 min), 420 °C-min #4320 °C (13 min)
Temperature program
Bk
Mass spectrometer Thermo ISQ
ELJR L By fE
EI ionization energy 70 eV
IR i
Source temperature 230 °C
A 35—600 m/z

Scanning range

1.4 Py-GC-MS X PS 4K R i 20 B

TS Z ) AR R PS 9K IR, T SRR YR s TEAL G ). PR, S B
SE R WARIEN, HENL T PS GOK SURVEE . B A5 i B U PRI B 5 1 5 SR AR R AT AR R
HoERTE HEA NSNS Y IERRE Y&t RE &0 Fr 0 Fa bR, 3@ 1 PS FFik 2+ 1Y it
T AR o g R, T T R 0 R S AR B W X PS E AT AR HE . A B 58 48 Origin 2019b
(OriginLab Corporation) 1145 PS 4HK S} 4LLG Hh £k

2 451 5308 (Results and Discussion)

2.1 YORIBR S E SRR LA Y

KT PS HURIBRL B LA YR B8 T3 2 v, 24 @I & 1 Jios. PS A IR 45 1918 78
B, R O B R = B, E NI R S A B BRI, b ok AR B (myz 104) B9 3 B,
KO = RIR (m/z 312) RSP BARIR S AR S B, (B TR SR AR T AR5
e R R S BEOR O SR, INICANBEFH T PS B E ME 1. AL Z R, 2R L0 = SR ARXH R
O BA H A AR PR RVRR S, BT m/z 91 XIOR L0 = AR BA B0k (015 5 5 B2, R e LA
NERE T UL, RO =R R G E R E P,

R 2 PSHOKREDBHI R T Ry B i 15 R

Table 2 Pyrolytic behavior of PS nanoplastics and pyrogram information

g AL 1) N LB 15 [ /min
Peak Characteristic decomposition product Indicator ions(m/z) Retention time

P1 RGP (styrene) 51,78, 104 5.24

P2 2 L T AR (styrene dimer) 91,104, 115, 130. 193, 208 11.26

P3 7K LW =K (styrene trimer) 91.117. 194, 207 14.54

m/z = Jfifaj Fb. m/z = mass to charge ratio.

@ 5 ox10F Pl
P3
P2 l TIC
5 4>< ]02 1 1 1 L-L de pa—. i i | 1 1 J
. i Pl
l m/z 104
0 1 i 1 A 1 1 1 1 ]
> 4.8%10% P:
2 L P2
2 L l m/z 91
= ()_ ! 1 L La ! 1 ! 1 ! 1 ! ]
45%107 P2 p
I L l m/z 208
0 1 ! L 1 ! 1 L L ]
22X107[ P3
m/z 312
0 L 1 1 L L I L 1 1
0 5 10 15 20 25 30

Retention time/min
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(®) 45108 P1 - 2110 32X 10
£ 3.0x108 Z1.4x108 2
g g B16x108
3 = E-
15X 108 7.0 108
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20 40 60 80 100 120 50 100 150 200 250

m/z

m/z
1 (a)y PS (Y0 ES F UL (TIC) EIFIFE & $5 /- b 5 Wi 25 1 i 1515 (b) 2 PS RRAE 2408 7= W 1) Jo 1%

Fig.1 (a)is the total ion current (TIC) and the ion chromatogram of selected indicator compounds of PS. (b)is the mass

spectra of the characteristic pyrolysis products of PS

2.2 FEHUGRARIAL
22,1 VREIAWER

R AR AR5 i 1 I3, AR BIF 5 X6 VR S R R A HEAT T ARAE. AP T ORRI B (1.2—1.8 grom ™) [
NaCl, Nal Fil ZnCl, % H T R PS 40 K SR A A6 7. 25 3 4% 3 BT/ Nal., ZnCl, F1 NaCl ¥ %t
Hif2 A 25 nm ) PS SR IRISCR I3 51K 85.7% + 5.3%. 84.3% + 4.8% 1 63.6% +4.5%. A Nal (1.8 g-cm™)
F1 ZnCl, (1.6 grom™) AT HEHE BTET PS 44K Bk [R5 T L NaCl (1.2 grem™) 77 36 35 ot s 79 [
W, L Nal il ZnCly %5 W AE R 17 26 5 VR BT 9 Il IS0 080 A 2 22 5. DR 1 JiA R I S0 iy 255
JE, B BERE ZnCly W AR M TR VAT

R 3 AFTFEBEBAMT PS YR IR [ 5

Table 3 The recovery parameters of PS nanoplastics in different flotation solutions

{wjzii(gvﬁ Psﬁﬁﬁu(&g/ *ﬁf'ﬂ'](i?)ﬁ/( ugg") mq&ﬁ/% E,Zlg@l‘ly%;
Flotation solution (ngrg™ Detection concentration Recovery CEHIELSD) /%
types PS spike concentration 1 2 3 1 2 3 Average recovery
NaCl 100 68.4 62.7 59.6 68.4 62.7 59.6 63.6+4.5
ZnCl, 100 79.6 84.2 89.2 79.6 84.2 89.2 84.3+4.8
Nal 100 80.5 85.6 91.1 80.5 85.6 91.1 85.745.3

a: SDAARMEMI 2. a: SD is the standard deviation.

222 THAE AR

M T H,0, FIl KOH # P 5 i . % UE WA 6 A3 200 1 i 2R 85 v A9 A3 WL, B LALAF 9 1 O [R) ik B A
H,0, fll KOH ¥ 6 +1E 1 PS 9 K SR IR (G R . 45 54036 4 Firzs. 45 56, LA KOH I 14 T
SR BN B4 PS K SRR 41 24 (D35 3 LA H,O, DI A HRUINE B PS ZRoR SERL Y [ PS 40K
HAY [E1 U R B H,0, AT KOH 35 780 B 138 1 i 384 0. KOH 95 7807k B N 2% A 1) 10% B, 3] iR WA
52.6% H5NF] 81.6%. >4 KOH ¥k B Ry 15% ], PS 44 K BAEL Y A1 3258 55 (82.6% ) . 10% Fl 15% KOH #5
T AT R TG i 3 95 5. 2 H,0, WRJE N 30% IS, PS 44 K SR 5 K e 38k 76.7%. R, 45 5256 14
£ 10% KOH ¥ RAE h T A 7. 5k B 28 I 5 U A 0F 9 45 SR AR A . Thiele 2599 Hu g T BL A H A A 52
{1 FH B4 9 f B2 R, I #E 7 KOH FE Jy 2 8 KU FF 5 v B o] 47 9 3 #7735 . Karami 469 48 1, FH 10%
KOH AL B AT DU S T A6 A A L, IF BUR S5 i SRR B W 1) S 4 1.

T4 ORFEZEH ORI EE AR PS 94K SR 8 R 2 5k

Table 4 The recovery parameters of PS nanoplastics in different types and concentrations of digestion liquid

THIRRR W% SR . K/ (ng-g™) [l /% S [k %
Digestion Concentrat PS{?J%?]H(;{(E/ (ug'g' ) Detection concentration Recovery CEHHLSD®) /%
. . PS spike concentration
solution ion 1 2 3 1 2 3 Average recovery
2 100 50.5 58.9 48.4 50.5 58.9 48.4 52.6+5.6
KOH 5 100 54.9 63.7 60.6 54.9 63.7 60.6 59.7+4.5

7 100 63.7 65.9 69.2 63.7 65.9 69.2 66.3£2.8
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W W% ; KA (g ™) T S% SEo[nled
Digestion Concentrat PS{‘J“?]D@};:/ (ug'g' ) Detection concentration Recovery CEH{ELSD*)/%
. . PS spike concentration
solution ion 1 2 3 1 2 3 Average recovery
10 100 78.1 80.5 86.3 78.1 80.5 86.3 81.6+4.2
KOH
15 100 87.4 83.4 76.9 87.4 83.4 76.9 82.6+5.3
5 100 46.3 41.9 384 46.3 41.9 384 42.244.0
10 100 47.8 49.4 46.9 47.8 49.4 46.9 48.0+1.3
H,0, 20 100 68.9 65.2 60.5 68.9 65.2 60.5 64.9+4.2
30 100 77.4 76.8 75.9 77.4 76.8 75.9 76.7+0.75
40 100 78.9 73.8 74.6 78.9 73.8 74.6 75.842.7

a: SD AR ZE. a: SD is the standard deviation.

2.3 GOKREBIAC I 5200 R 2R
23.1 kR RSE

PURIAZ R 25, 100, 800 nm (¥ PS 4K BN BFGE X 42, 2558 T RARXT PS 4K SRR ISR 11 52
SEIR UL 5. G5 R, KiAE S 25, 100, 800 nm A PS 444 B} IR 4351 87.58% + 6.5%. 88.88% =+
7.7% F1 88.94% + 5.02%. AN [FPRLALIS XS PS 42K Y Ml AR5 i A 8.3, T BFDREAR XS B2 M0 125 A 52 i
A LAZ AN

x5 AFRAEZMT PS YRREEH EICE(n=5)
Table 5 The recovery of PS nanoplastics with different particle sizes (n=5)

AT = x

REER Dom PSEMEEGEE)  Daoton soseation Reeonens i

Particle sizes PS spike concentration 1 5 3 4 5 1 5 3 4 5 Averagé recovery
25 100 885 943 926 782 843 885 943 926 782 843 87.58+6.5
100 100 923 846 775 938 962 923 846 775 938 962 88.88+7.7
800 100 943 879 814 927 834 943 879 814 927 884 88.94+5.02

a. SD AR ZE. a. SD is the standard deviation.

232 DOM My i

R T WEFEAS [ BE %) DOM X} PS 4K 3k} T iy s i, ASBIF5E R AT 5. 10, 20, 40 mg-L™' /Y
DOM ¥ WS I3 - 58 rh EA 75250 2554032 6 FiR. ZEANUR I DOM RS 6L T, PS 44 K BRL Y [Tl R
J9 87.1% + 6.3%. 7E 343 HANA 5. 10, 20, 40 mg-L™' DOM ¥ 5, PS 44 4 B8R} 81 i 5 43 1] g
86.8% + 6.8%. 84.0% + 7.0%. 86.0% + 6.9% F1 88.7% + 3.8%. 5 XK, 7£ HIEF 71 DOM %I PS 44
SR R AN K, 8 ] DOM ¥ B2 X6 A = 18 v 41 B DK S0} Dy 32 (%) 5% 1) P LA 220 W AN T 3k ik —
AR T G K SR} 2 BT 12 (%) AT S RS

£ 6 AR DOM W T PS KSR M H (n=5)
Table 6 The recovery of PS nanoplastics at different DOM concentrations (1 =5)

SN ol =

DOMIEIE/(mgrL") PSIHIEIE/UEE")  Doton eonaton Renorens i
DOM Concentration PS spike concentration 1 5 3 4 5 1 N 3 4 5 Average recovery

0 100 856 789 904 849 958 856 789 904 849 958 87.146.3

5 100 846 764 879 936 916 846 764 879 936 916 86.8+6.8

10 100 91.5 827 804 749 903 915 827 804 749 903 84.0+7.0

20 100 781 904 935 793 886 781 904 935 793 886 86.0+6.9

40 100 844 903 915 858 916 844 903 915 858 916 88.7+3.8

a. SDMFRUEIR 2. a. SD is the standard deviation.
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2.4 VERESHT

e T AEXS R 25 (RSD) L AHC R EL(R?) | K PR (LOD) Al 1 FR (LOQ) %5 24k, ¥t Mok fg i
15 T VM. PS 9K SR 20 BT B T 2 7 B 7. Py-GC-MS T K1 5 Yk PS 449K B RE A A5 AR &, Il
PRGN 7.04%. %455 Steinmetz 2550 R FT 45 e — B, AT R B E R RZ N 3.2%—7.2%. I
2 7R, PS K SEBHE 0.110 mg 76 [ N, Ao il 48 pR B ME R4, R? T 0.9995. LA, PS (14 i FR
J3AEEME L (SN =3), K 0.012 pg, &R K 10 515 M L (SN = 10), 5E =R 4 0.04 pug. LOD Al
LOQ M HHE 2 B2 AN A% 1 SR SR FNAE FA A, v F T 40K SR R . X 625 8 5 Duemichen %505 [
FEL4E AL, PS AL ER KGR &y 3—200 ng, PE., PP 1 PET AR 4 0.5—50 g.

F T PS PUORIERH SR R
Table 7 Calibration related data for the PS nanoplastics
C e

Polymer type PS
il A= -
Indicator compound styrene trimer
8 IR [R] /min
Retention time 14.54
BT o
Indicator ion m/z
-
e 0.1—10
Sampling range
PRy i )
Calibration functions Y=4.35x10"X-3.69x10
K 0.9995
RSD/%,(n=5) o0
LOD/pg 0.012
LOQ/g 0.04

e R =HIC R4, RSD% =X R 2%, LOD =#6 i B, LOQ =72 &= fi, X=PSHYfi e, Y= ik e i L.

4X108 -

3X108

2X108

Peak area intensity

1X108

0 1 1 1 1 J
0 2 4 6 8 10

PS nanoplastics mass/mg
B 2 PS ZRuEa AL e £
Fig.2 Calibration curve of PS nanoplastics
M ST AL PS A K BEORE 7 1 B PEBR A3 BT, MESS 5 100 g B RIRERE AL, DAL pg g RN
25 nm PS oK BB}, 4 B8 3R A9 A B VL3R U PS AR SBRE, T 5 AN AR i () [l 25 SR an 5k
8 7, i 115744 2 RSD K 3.25%, B 7 ¥ i B 2 1% R4, J7 ik n A i BR (MDL) 2 0.086 pg-g™', 75
P IR AT IA 0.34 pgg™, RUIZ 700 AT S8 Fn R bk R 4r
R 8 UL PS KRk TERES HL

Table 8 Performance parameters of extraction methods for PS nanoplastics

i PSUS IR/ (ng-g™) KR B/ (ng-g™) TSR /%
Sample No. PS spike concentration Detection concentration Recovery
1 1 0.843 84.3

2 1 0.862 86.2




892 7 A A 4345
5k 8

FEMm S PSESIMERE/ (ng-g ™) R B/ (ug-g™) [ETICR /%

Sample No. PS spike concentration Detection concentration Recovery
3 1 0.811 81.1
4 1 0.823 82.3
5 1 0.865 86.5

SEREISCR CEI{E£SD) /% 84.02 £2.73

RSD/% 3.25

2.5 VR BAE S PR A SRR S 0

Ryt I B T AEE, 7R 6 A R IERE S I 100 pg-g ! KiAE A 25 nm PS ZK BRI &
Wi 4. B3R 9 AT, 25 nm PS 44K SHREFE 6 A4~ - 3384 i v i RT3 43 531 R 87.5% + 3.5%. 82.4% +
5.7%. 79.6% £ 6.3%. 88.3% + 4.6%. 77.8% + 5.2% Fl 82.6% + 6.8%. K 1tt, T HFFT M\ 1 33 5L 5 v B2 HiC
AR IRL T B AT AT, SERIRAR T 6 N SEBR A S b AT 0 AT, AR VRS Ol L3R 9, R AE 4 M
mn HORE I 1) PS BERL, W B 3.45—10.26 pg-g !, BB H Bk BE e KON 10.26 pg-g !, T AE B oK AT
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A 7R, UERIAE RIS A B T KR, SRR T 3 Rl R DL B SR, RO L RO L AE
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F 9 LHERES AT E S

Table 9 Determination results of soil samples

, . _ PSSk B alll7i35 3
Fedh 4 SRR BT e s %
Sample name Sampling coordinates fngg™) Mngg™) Recovery
P ping PS spike concentration Detection concentration
0 3.45
£V SN 41°46' N 123°52' E
100 87.5 87.5+3.5
. 0 5.72
PHLL A I 41°48' N, 123°45'E
100 82.4 82.4+5.7
N 0 10.26
BRAR AN 42°6'N, 123°32'E
100 79.6 79.6+6.3
0 N.D.
FoK b 41°46' N, 123°52'E
100 88.3 88.3+4.6
. 0 9.71
P 42°7'N, 123°30' E
100 77.8 77.8+52
. 0 N.D.
M 41°33'N, 123°21'E
100 82.6 82.6+6.8

N.D. Z/RAK . N.D. means not detected.

3 4518 (Conclusions)
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UE SR AL P R, PR Py-GC-MS #EA TN, K Tl b Xof 835 i b A oK SRHIEA T T e MR AN 2 1 4y
BT 38 3 X PS AR o & A 20 B, DU 5E T A ME R 7.04% RSDs, LOD 4 0.012 pg. XiF A€ BT v 7 fig 17
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SRR, G ERPRAR B K/ NF DOM B AFAE XS 1 38 v gy K SR 4 [ S 38 T L A 52
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