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T#EA® E&' KAR AME kXA HEET F4
VPR SRR B S RARIIBE D TALF O AT S 52805, 7542 710127)
EB TV TS, 9% 710065) (PO MAREIZ T2, Ti% 710065)

W E BRI (MPs)VERN—FK B HGS G, HA MRS . B2/ N CGEE/NT 5 mm) | R
R RE PRI AR W A SRR A, BRI XS /K AR AR W) 10 1E 8 2E B Bl 7 A AR JFAE A8 A RTEN
YRR, PRt i T A7 K B v MIPs (PR ELVERA (4 B o3 BT 0 vk o ANBIFTEAE R E 06 45 & e/ N —
FE (Partial least squares, PLS)%HTFSFr/KEEH 3 20 (Polyethylene, PE) IR K Z M (Polystyrene, PS) R
BAER Y2 BT 5, AT 33 AN AR R IIHRE MPs (RTHUK AR R 201, HRk BT
6 FOLIE B Iy vk (H—fb . ZICHUNRIE . FRIEIESAS . —Br- 8. B S BOR /MBS ) X PLS 4%
TEAR T FSUI A BE AR 52 ) 4050 R FH B ) X 1) i e /> —- 6803 (Synergy interval partial least squares, SiPLS) |
AR B EVERGY (Variable importance in projection, VIP) FIH A5 B (Mutual information, MI) 3 FpAE i $5 %
Xf PLS A IEAR R f) iy AR B EA T e S A0AK , SR T B — YR XS PLS A IERIRY A TN BE ) HEA T4 S HIE . 18
ARSI | AR e | H A S AN A S SRR N T BT AR R 10 /N -l e /)N —5fe
(WT-PLS) A IEAEHY I 56F 52 Rk R vh PE A PS 19 & 14T T H00 (PE A1 PS A TIUINAR O R EL(RD) 530k
0.9540 F110.8472, TR 22 (Error,) 434 0.0690 F10.1126) 5 #2377 3 TR A /KFER MI-PLS B IERUR %t
SR RE BAT SR AR TR B8 (PE A1 PS 19 R; 43514 0.9776 Fi10.9755, Error, 43447 0.0360 #10.0392), 7%
TR S BRAKRE A MPs LUK B A LTS e s o e I 1R S8 B S8 vk

KA BHOBKL RFUD T BB iR

SRWE Sy — R B R HLE B o TR, BRI . ZI0RENE . BUASRG s K PSRRI RN
ekt DU R R T & it B b AR B S HE SR . IRk Ry P & QURIZE T}, RS Y
Skt . AV 2R BIROR RAE IR S TS R ORI IR, S T RN X — S
PL,FRE T 2021 4F 9 HENL T (“HIUH” RHS YR Tsh i 32 ) it — 2 odE T Iphs 28 kR
HRARZR . SR, KHm (9 SR ok B R B BR B b, o MR P L BB B AR (UV) AR
RN A R A 25 7 0 UL (MPs ) o MPs JEF5 K48 < 5 mm B BRHIURE AR A, 1 —FP 73R
BEAAHURRERR BT G, T2 0 A TR | Bl AR, MPs 15 3% 0 R R I 4 3R T AY
I, MPs 7] LUK SR MK IRE e A A DL ey . AR . PUER . . B DUORES,
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FHTR T LA B B iR JORE A B /NI A0 K G SRR , B 28 5 itE A A= AR B A B O F AR R A A0 L s g A4
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T EMB R IOE S BEES I 2 IR S E A Y22 R . L, KRB MPs (1 &
SRR I MPs B . RUSS PPl 5 R A A P A5 ) E A

H AT, K I MPs B 3RAE T2 LUE PR o 3 5 B B AL W 30 OGS A S Re e vt
MPs #47T BHEWESFITHEL, RS G L JEAS L BUEMBRECEfetr . H IS BA R B A Al
ARG E/ NFOL L, REEIE T A IR SOG2 W AUBE XS MPs $EA TR0 A0 402 SR, MPs i RT
AU /N A B RS R it o R A LB IO LA 2 R 14 T, 5850 R 1 o 0 ARG R A
I, BAEAGE SRR MPs 3 Hr OSBRI Ik o Z0AMGIE ARy —Fh SOe i b Ak 7 S B R A B Y
S FIRBIDGEHEAR , BA ST D . XA JCR R AR 7 BRS04 2 2 T MPs 95 PEAG
RSN 53HT o FEEFBRUE(GB/T 40146—2021) It LEAMIG 2k P T Ao it P OB R I8 5 ok 437, 7T
PPPRAEICT 20 wm ) MPs. 375248 07 BRE(DB21T 2751—2017) 2] FH 57 M54 AR AT Stk
XPHEZK H 0.5~5.0 mm % MPs $E47 5@ M4 , i s B8 A7 404

$1 = 1% (Raman  spectroscopy ) 7K IE HH MPs (98 STt T5mA IR TF-Br . 5aMtis
LG 8 Y FAT B A 25 1) 43 E % (0.1~ 1.0 pum ) 1) Tl = bR il P S BORR , R 08 S e 1
EAT AR PR AL S0, 95 8 . C—H F1 C=C 8, RL8OSLREX K 0 TR BUR BEAS 1
SERBWILI T MPs B9 | BORECR: . ST JIR S BE oA S R e R K T A AN ] K BB v
() MPs Z3H7 5 TR RE & e R 5t i T MPs b A H A2 2% P2 GE 5 5 AU & B bRl
SIHRRIESS R B R IR AF RIS S | FEA IR DL S R B S T 5 B T AR ek iy s
E BTSSR S NI BT F . fe/ D 37k (Partial least squares, PLS){E b —Fh LAy
ZICKIE ik, B AR R . BB EU Ra S SRS, T B T A g BRI
ORI O AR Zhao N RIE B EOGIESE & PLS B 1 RUEIFIRAN AP IS P2 A
/7 (Active pharmaceutical ingredient, API) [E & AT /77 , HARXTR 22/ NF 4% , AXTFRiEIR 254 0.49%.
MR g0tk b S RETTSUE B . MAMAHOESE, 2N S e etk 2 k#2427 PLS
MEAER IS GE ) 1Y) —Fh B B HOR T-Be . HAT, 5 F A9 72 1 R 458 07 vk G 4% B [w) DX ) e fie /) —3fe 53012
(Synergy interval partial least squares, SiPLS) . Jof5 848 & 1HFRTE (Uninformative variable elimination, UVE)?,
ARt FE B (Variable importance in projection, VIP) . 18£8 (Genetic algorithm, GA)[ZHL\J\&E{%
B (Mutual information, MI)%, Ma AL 24 BT IR RV A G P Ak BN A i YE B R 45 A 1 SR N 1 3
TEMIGIE 4 FZIRI7HE(Phe . Flt, Flu Fll Nap) & 0479 PLS ACIEBR  ARAT 1 H4F B9 B4 .
JEI 1% ST T UVE 4545 PLS BRI S 2l BERGIN 7 2 , FL B 1) 7 #1522 (RMSE) 1T 345 0.0239 , 7
MASE R (R AT K5 0.9977, F LT L s WA R AR B Ve 2 4T PLS A IEASERY F00 B 7 1) —F
AT B

BT R 26545 G PLSTER ZR 2 1t 40 )7 T BAT RAFA S8R, SR 1 oK A2 K
H1 MPs 5 5t 40 T RIIFSEIE . ASBIETR 20 B LAZEIROK . TR L K B HR A /KA XS 42, T 1 4
THEGIEEE A PLS BSEBR/KAEH PE AT PS By PR HLHERR 09 & o i s . B56, Hil4 1 33 AR
[ HE MPs FUBTUKEE  JFRAEHRL 2O HK, F R UL B T52: (H—AK (Nor) . ZI0HURELIE
(MSC) . PR#fEIESAEH (SNV) . —Fr-FH(D1st) . B F40(D2nd) AN AR (WT) ) X PLS A2 1E AR
PEMPERERSZNA , 73 HIAH VIP, SiPLS Rl MIIX 3 F7E i e £%J7A X PLS R BRI A AT % 5
Ak, TR B —1A 5 42 PLS BOEBAY HOMGE ) . TESm ARG ALY | AR R . i AR AT AR
LT @ T H oS as & PLS M 5Ebr/K R PE A PS (195 M i ik
1 SEEER4Y
1.1 5

QEpro6500 AL 2 M1 R G5 (FE1H OceanOptics 23 Al ) 5 B F IIH VER (R IL T A (A A
FRAT]) .

ZRIBAKFNTCK (T AR A IR AT 5 PE F PSCRZEMT B R BR A F] ) o 52
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BRaK AR AL GBI PH 48 7 28 T P b K2R A X FUAS X B RRIZK L BV 48 7 8 T 7 48 3 TR v A X
(IR 7K LA S VG A8 PREETRT L 386 T AT ST (R K
1.2 XWH*E

A3 R AR BV A48 VY 22 T P b KA 2 DXORIR PR X DA B 1Y 22 BT R 2 i VLA DX A R KR o 7
SRAETR KIS, I F RS ARUS AR I KRR i | P i BE U JE T3 , S5 R AR I A D SR I PR 20 I /KB AR frg v
TE T, DT A8 R K REAS B 2l e B A e o T /KRR i 0 SR A St kil S e 6 28 PN T L 39T LA R 7
) KRR R AR AR R AR LA K24 1 m SRR TR S, T BR 2 IR AT WLAY B 2B 2 i, L3RR K
FI KA A3 SR FH B PR B4R 0.45 pom JERRH 8 75

R T BN SRR AR PE A PS (8 S50 BT ik, 2Ll T 33 NS A AR EE PE I PS ALK RE
(N1 PR) . BRGSO FREGE =AY PE M PS(10 pwm) FHAEH, IIA 7.00 mL TGk L
F13.00 mL ZEIH7K #7720 min, FRUE MPs J50Ri5) 0, Horr ) 1#~24#FF SR ZEIRK . T RTRE 7K 1Y)
PA—BEFRKAE N, 25#~33#RE N2 AR IEK . KRR K A AT 38 2 FPal 4l 3 A b — L FRK RRIR & ifi
R T A R KRR SR 2 T SR FH RS TR - MR (CN-CA ) TR A 21 4k R BR /K P U8 X KRR i R4 T2 08
AR R

#1  KEEPRZIGPEMBEZKP)W S HEE

Table 1 Reference values of concentrations of polyethylene (PE) and polystyrene (PS) in water samples

K5 R PE/ pPs/ K5 R PE/ pPs/
No. Matrix (mg/mL) (mg/mL) No. Matrix (mg/mL) (mg/mL)
1#* H 0.15 0.23 18# 7z 0.52 0.64
24f* Y 0.18 0.25 194+ H 0.58 0.67
3# 7z 0.20 0.28 204+ Y 0.63 0.72
4 H 0.22 0.30 214# Z 0.69 0.77
S#pk Y 0.24 0.31 224+ H 0.73 0.83
O Z 0.27 0.36 234+ Y 0.76 0.88
T H 0.29 0.42 244# Z 0.84 0.90
8#+ Y 0.34 0.43 25# Y+Z 0.14 0.15
o# Z 0.37 0.47 26# H+Y+Z 0.20 0.24
10#+* H 0.38 0.49 27# H+Z 0.24 0.33
11#* Y 0.39 0.50 28# Y+7Z 0.31 0.39
12# Z 0.42 0.51 20# H+Y+Z 0.34 0.46
13#* H 0.44 0.52 30# H+Z 0.40 0.48
144+ Y 0.45 0.54 314# Y+Z 0.44 0.54
15# Z 0.46 0.56 32# H+Y+Z 0.47 0.57
16#* H 0.49 0.57 33# H+Z 0.56 0.69
174+ Y 0.50 0.58

H(Note): *, MIIKHE (Prediction set); Z, Z%{8/K (Distilled water); Y, Fi7K(Rainwater); H, {i[7K(River water),

13 HEKBRE

FIF QEpro6500 RIS S ik R 48 (2 [E OceanOptics 28 A ) RAELFRKFER Raman Y6 . % &R
GE 2 RARBOEER (785 nm) . JGEF (RPBY) . JEiE{X (QEpro6500) KOG A B/ (OceanView ) 4L,
Raman JGHERAEE 0~2000 em™, SEHHMUIHEAN 4 em™, BOLARIH A 0~1500 mWHEFEIA AT, 76
RAENLECIEIT KR A MPs (9 CN-CA IR S LM ER WK MEIE IR E TR & b o8 TR7 Ik 280X i 8
JEIE RN, HE SRR AR TP T . OGN 2R BEE Ty 0.900 W, FRIMBE R Y 10.8 mm, ]
SIS 20 s0 g 1 Is/DSER IR S BRI FEARBEALLERE 6 AN RO B RAER SO0 FRE I S % i, DA
2 O SR IR HATER .
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SRRy 2 A IE AR FIIAAR . (1) DL 8 D ZEIRI/KAEACH AL IEAR | 8 AMAZK N 8 AN FRKFEAN
ML , BRI T 2RI IR R Y PLS AL IEAL RIS SEFRoK AR TN EE 5 (2)7E 8 Z&1R/K i 3k ah L
T 9 MR A KFEVE AR IESE , 8 ANRIZKFEASFN 8 ANFRKFEAMIRLE , B ER B KFEIR R T PLS /I
BEHINT SEBR AR (1) 0 e
1.4 {RER/NIHRERIEER A E LR IFH)

PLS J&—Fh 80 22 50 [ 5 43 B J ik, 38 DL 2 U BOG IS sl RRIE 1S e i T A B s5VE o B AR & 1840
M2l 53 B A Ry RS 1 g8 N7 i ot B R ZH 0 vk BE 2 [RIAAH DG OC R | BBRSAE — i R I v IRAG S s
BRI BG4 B2 RELE A PLS BT SEbR/KRE R PE I PS BT & 1 s , BAR RN T
(1)2R4E 33 MKEERIRLE G | IR RS 43HT (Principal  component analysis, PCA) SIBR 55 G
(2)FZ B 1.2 TR A PR R R E RIS s (3) LAl B SO /E i A 7S i @ r ) ah ik
() PLS MEIERE AL ; (4) 0 T 8, TR REOL S A PLS A IERHY %8 T OGS WiAbFE . Asf ke . #Hil%
HAEXT PLS A IERLRI UM RE A RZ M o X TR T 281K 19 PLS M IEBEARIRFY T Nor, MSC. SNV,
Dlst. D2nd F1 WT 6 FiGiE i ab B 7 v %0 K RE Raman YGIE A FAL PR ;. X TR TIRAS /KEER PLS &%
IERIRD E S ERGY T MI Y PLS AIERI RV A AR e B S50 k. R — 3 XRHIF ik %48 T fradt
ST PLS B IE A A T A o PLS A IEASE R B DA 48 bl 3 A 35tk i R B (RY) . ¥R 22 (RMSE) |
AT R 2E (MRE ) FIPE B 4656 R 22 (MAE) o R® B, B6H PLS B AR RY (4 T 14 E A &4f 5 RMSE
MRE Fll MAE A EER /)N | X6 1 A% 1E A8 () P 14 RE A o SR0MT, % T fefE PLS BEIE XS R PN P8 b AN —
HIEN , 5IAT — ARG Error, TP PLS A8 IERR 18R TR |l 5 AR, Error /)N | [1]
PSRRI RS . Ervror IOTFRLA AN

Portable Raman spectral data acquisition

Outlier spectrum removal

|
v Y
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Pretreatment: normalization, 3 5 .
.. . . Variable selection: cooperative
multivariate scattering correction o :
interval partial least squares

standard normal transform, first . . .
2 I:> algorithm,variable importance

derivative, second derivative, 2 : -
projection, mutual information
wavelet transform

Prediction set

|

[ The PLS correction model ]

of microplastics in water
was established

Concentrations of
microplastics in

O
e actual water samples

The minimum Error?

PLS optimal correction model for microplastics in water

K1 BT as & i/ — L (PLS)RY/K i MPs & f 734 5 s 2K
Fig.1 Schematic diagram of quantitative analysis method of microplastics in water based on Raman

spectroscopy combined with partial least squares (PLS)
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[1 —R2]+RMSE+MRE+MAE
Error= 7

Horr, RMSE Al MAE #9K/NEGR TRE S AU 1 R® A MRE 3@ % /NT 1, 8%, Ervor #/, R K,
RMSE. MRE Fl MAE /)N, 2% B,
2 GRS
2.1 HSHIEREHT

& PS I PE (SEFR/KRERSTL G 1E AN K] 2A Fi , PS I PE FOAFAEIEEIE Q2B s, PS Ay £ 5
FRAEPLE AT 620, 792, 998, 1029, 1179 11600 cm™ b, Hidr, 620 F1792 em™ Ab Ky C—C—C 4
PR 998 em ™! ibhy C—C AEFRIFIEARS), 1029 em ™ 4by C—H BEAIEEIRSNY ) 1179 em ™ &b R 53E
RS, 1600 em™ 4bhy C—C MR sl >, PE B £ B @ 4E 064 T 1061, 1128, 1293, 1416,
1437 F1 1460 ecm™ &b, Hirfr, 1061 F1 1128 em™ 4b 2k C—C BEHIZEIR SN, 1293 em™ 42K CH, 25 #i 4R 3],
1416 F1 1437 em ™ &b CH, ZFAIARS), 1460 cm™ 40 KA~ CH, AYTH N FEIEIR S, AN, FHASRISE K BE
T (1B 2A) T UL, o TR Sl 22 (B B 22 /N b @S R & . Rt TRk 4k iy
AR B R AT TR GRS EK b PE AT PS (R 2 B T

A 70000 B /a
PS 0.15~0.9 mg/mL 40000 F %
60000 F PE 0.14~0.84 mg/mL 5 g < —.
R S 5 =]
[=)) = fore U
50000 £ e S &
§ 40000 L \i 30000 | £ = @
230000 fq | ]
20000 =t 20000 %
10000 %
0 1 L 1 L 1 1 1 1 10000 1 1 1 ,/, 1
200 600 1000 1400 1800 975 1000 1025 1050 1125 1150
Raman shift/cm Raman shift/cm!

K2 (A) & PSHIPE AR AR NL SO EIE AT (B) PS Fl PE ARSI A
Fig.2 (A) Raman spectra of actual water samples containing PS and PE; (B) PS and PE characteristic peak

spectra

2.2 ETF#HIEKEINET - R/ ZR(WT-PLS)KR E 55!

PL 8 MNZRIB/KBEA I IEAE . 8 MK AEASFN 8 AT KRR A 4 | 4R 50 L F 2R IR IR R T 10
PLS M IR SE R KRR TN AR F1 . F S %% T Nor, MSC. SNV, Dlst, D2nd FI WT 3X 6 iy kXt
IKEERLE GG A FRAL BRASCR , IR HE 1T 6 A AL Ry 29 PLS M IEACAL Y F M B (14 3 Fige 2) .
L R* Fl Error fE R PP 145, i i B — 38 XCIE I % S EOGA L WT %507 ik S 86T Ak, DA 3RAS 3 o
B E TR . PLS BB S-S i 2L HI O 1~20, D1st F1 D2nd fY-F-3 3G 1~25(FF
B, WTH/NEEEREL db2~db14, coifl~coif5 , 70 i#)ZEL 1~15. LA Error fi/N A JEU R PLS A2 1 EAR 1Y i
Fiflfl, Vet i e Bsk 77k

HI &1 3 AT, S8 T IR IR OEHE Y PLS AERTAUAR L , B2 T 6 PR RDGIE AL #LAY PLS A5 IEARAY Fiti 14
REXAS 2 74T, Horb BT WT 1) PLS BOEBABI U E S L5 . X5 T PE 203 (€ 3A) , 24/ INp B R
Bk db10. SMRIZHCN 5. PLS BRITEAR R AR 14 BF, PLS A% IE AR B £ 57 10 T 4 fE (R, =
0.9540, TH-F- By AH X522 (MRE,) = 0.1310, P-4y 46 %) 1% 22 (MAE, ) = 0.0404, RMSE, = 0.0587, Fitill
B2 (Error,) = 0.0690); XJ T PS 4153 (& 3B) , /NI ELRR BN coif 5. 3FZECH 1. PLS BB AR 54
14 1, PLS AL IEAARIFRI O S (1 004 R (R;=0.8472, MRE,=0.1262, MAE,=0.0672, RMSE,=0.1041,
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10.1

0.2 0.2
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Raw Dlst D2nd MSC Nor SNV WT Raw Dlst D2nd MSC Nor SNV WT

K3 BT ARRDEIE AL B5 0 PLS BOEALRXT PE IR (A) AN PS Ji4E (B) A Tt 2

Fig.3 Prediction results of (A) PE test set and (B) PS test set by PLS correction model based on different
spectral preprocessing methods

Rlz,, THMIAH I R 4L (Predictive correlation coefficient); Error,: HIiR2E (Prediction error); Raw, JEIAEHE (Raw data); D1st, —Fr- 541
(The first derivative); D2nd, —Fr5%(The second derivative); MSC, gﬁﬁ%&E(Muhiplicaﬁve scatter correction); Nor, JH4—1k
(Normalization); SNV, ﬁ??ﬁﬂi?&ﬁ}ﬁ(smndard normal variate), WT, /]\?Biir)ﬂ}ﬁ%(Wavelet transform)

2 FETARDEIETAL T ) PLS MOIEARI I GE

Table 2 Predictive performance of PLS calibration model based on different spectral preprocessing methods

Uk i PE PS
Preprocessing methods R}% Error, Rﬁ Error,
Raw 0.9479 0.0727 0.7823 0.1481
Nor 0.9480 0.0727 0.7823 0.1481
MSC 0.9403 0.0817 0.7014 0.2056
SNV 0.9414 0.0794 0.7400 0.1703
D1st 0.8893 0.0759 0.8332 0.1111
D2nd 0.4066 0.2622 0.1215 0.3573
WT 0.9540 0.0690 0.8472 0.1126

Error,=0.1126) . WT 7£5 247K FE il i /0B 5 13RI 64, RIS A 0 IR 221 3 Z IR A AH B mm . JE T
FENIK M ZAER 1 WT-PLS A EA R A] SEER R S2BR/K AL PE FPS (RS0 2 B 04T
2.3 EFRAKENERER-RER/NZRMI-PLS)K IR

T ST R A PLS A IEAREL 23 LA 8 N ZEIBKEEATN 9 MR A /KFEARVE NS IESE . 8 /M
TKEEAFN 8 A FIZKFEA R NALR , IR A /K AR R T PLS BRI SE PRk BE R TN e ) o AR ik
SRR Z U IE BRI RE ) (4 B B R NE 2 — | BB SRR 5 S 2 > A 55 JC G s e R AR 1 IO AR R
fiE, P FHARAAE FE ZAPE DA PR AR RS, SR I RS RIE T o 51X A9 IR R MPs Fr 80t
T 10 5 0 R 6 4 A SRR, SR MIT BRI 5 A TR AR 64 28 0 e S5 TR A A R AR AT PLS
B, MISEAF ARG S, vl LUR WU IE AR i 2 ARG R A B T i i

FER T M TR SR PERT , S5 LI AR REECh 50 4 R] B8 U8 Ak R BGE B, P43 5 LA 52550k 10 R0 1 41E]
B 1A R A o, 5% A A B PLS A IEASE AL T 1 BB (4 52 i (181 4) , DA Error S/ N A HENIE AL MI
AR LA B AE T BOE N, JE R Ry I KR BRI 3, Ervory 2 BRI/ NG 1 K A%
AR 1010 B, MI-PLS A2 IERBTRLXT PE BT T RS M B MERE (R, = 0.9776, Error, = 0.0360)
(F4A); SAREHON 351 B, MI-PLS A2 IEBRUG PS KB T it R A HIITERE (RS = 0.9755, Error, =
0.0392) (E14B), A T i — LT MI-PLS K IEBIR B FUNRE /7 , LR T 5T SiPLS 1 VIP (1) PLS %
IEBRY T M RE (35 3) o SRAR Y PLS KL IERIRIAE LY, JEF R[] AR S BE PR PLS BCIEAAY Y RI AL
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e NN R N R N RSN N NN e
Number of selected variables

B4 HAFB(MD-PLS AL IERBRDGT SCERAE i (A)PE F1(B)PS F FLIZ: 5
Fig.4 The prediction results of mutual information (MI)-PLS calibration model for (A) PE and (B) PS in real samples

3 BTAR[EZS RS %0 PLS A E B0 M e
Table 3  Prediction results of PLS calibration model based on different variable selection methods
PE PS
ik S B B
Method Number of variable Ry forrory Number of variable Ry Error,
PLS 1044 0.9408 0.0529 1044 0.7810 0.1424
MI-PLS 1010 0.9776 0.0360 351 0.9755 0.0392
SiPLS-PLS 448 0.9678 0.0436 597 0.8639 0.1019
VIP-PLS 432 0.9661 0.0431 677 0.8810 0.0910

7 (Note): SiPLS, Ba] X 18] {5 /N~ 5E 1k (Synergy interval partial least squares); VIP, A8 & B Z 445 (Variable importance in projection).

ST ERE  TINAE A8 23T, A LG SiPLS A1 VIP B85 71, 5T MI Y PLS K IE BRI BoAA B
PSR T P BE

2.4 AREREEBTNHEREREE

HE— L BT BT A K TR A /K RE B T Fh PLS ¢ TE A58 80 Xl 4 [0 3% 42 (04 T 8 7, % 1 R2 .
MRE. MAE. RMSE il Error iX 5 PNPFEA 8 FR 437 HLAs T PP PLS A IEAR AL (%) Fi 25 5L (5% 4 FEl 5) o
X} FIEF 280K B PLS AL IERLRY AL T B AL B 77 T WT 19 PLS A 1E AR F B P 5 %) P
PERE, SR M T 5L BRK e PE A PS B8 i W I FARRAF S AN B I AT a5 R . L, B X6 52 2 S Bk
FEH PE F1PS W& 30T, ASWF 98 LUR A /KA R IE SR | il 3 5N 2 2456 ke i 1) PLS REERE ARSI 25
Ak, BE—EFH M J5 2847 PLS A% IR A g A ARt A e 265 00k, e th AR SC A RRAF AR 1. AR T
HE ik, 3T MI-PLS K IERBRIT SEBR K EEH PE A PS (B ESE A, % T PE A2 04T, R, iK%

4 BTARMEEEFRY PLS BOEA AT REXS [

Table 4 Comparison of prediction performance of PLS calibration model based on different matrices

- 7 TFASL I 2H 4
ST . AR Ly R RMSE, MAE, MRE, Error,
Matrix Calibration model Constituent
Sk PE 0.9540 0.0587 0.0404 0.1310 0.0690
o WT-PLS
Distilled water PS 0.8472 0.1041 0.0672 0.1262 0.1126
Bk RE S PE 0.9776 0.0314 0.0231 0.0671 0.0360
) MI-PL
Mixed water sample PS 0.9755 0.0365 0.0304 0.0654 0.0392

‘H?(Note): RMSEE,, fﬁiﬂ!ﬂi@ﬁ*ﬁiﬁ%(ﬁoot mean square error of prediction); MAE,, mfﬂu%ﬁ?ﬁx@iﬁE(Mean absolute error of prediction); MRE,, TR SF-
YIHIXT 2% (Average relative error of prediction)o



1588 o M Ak 2 %52 &

A 00 0.2 0.4 0.6 0.8 B ] 00.0 02 0.4 0.6 0.8 10
—~ PE in actual samples —~ PS in actual samples
= 0.8 {08 2 .
eh en Y- 10.8
g g
- Jo6 &
2 = 06|
5 < 10.6
= =
54 04} @ Calibration set 54 04}t o Calibration set
g R2=09966 104 §VY R2=0.9995
51 c S 4104
— Error,=0.0091 B Error =0.0041
% 0.2 @ Prediction set 8 02t o Prediction set
'qg R=0.9776 102 'q'é R;:0-97554 o2
Ay Error,=0.0360 ~ Error,=0.0392

0.0 x L . 1 0.0 . . 1 .

0.0 0.2 0.4 0.6 0.8 0.0 0.2 0.4 0.6 0.8 1.0
Reference concentration/(mg/mL) Reference concentration/(mg/mL)

K5 MI-PLS £ IEARANGH SERRAEA 1 (A)PE HI(B)PS Y BT A
Fig.5 Predictive performance of MI-PLS calibration model for (A) PE and (B) PS in actual samples

0.9776, Error, FEMRZE 0.0360 (1 5A); X F PS [1E & 447, Ry i5%) 0.9755, Error, FEKE 0.0392
(EI5B). 2 b, TEig R ROE AR MRS , MI-PLS R IERIAIXS T PE H1 PS 95 5 73 B 1 26 B B0 110
PSSR BOE S S A S B AR SCE . SRR TP /K PRI BN 2 A8 B PR T A 5 LA
TR AT FEBRTCAVS &k 1T LT LABR T AR it 5 ek A A TR

3 #it

PAZEMRK . BRI K AR PR R ZON ISR 42 r 1 R @0Lis 4 & PLS I T S2Prok ke PE Al
PS BYTE I T ik  RAETFHIE T 33 D EA R FWEE MPs BIKEES , 73 BIEESL 1T 28K iR 5K
BEPRISLT Y PLS BCIERAL, 7E R, RMSE. MRE #ll MAE 4 4~ S— PP F8 AR 36AE 1, 5IA T 240
WrAEHR Error, X T3 T 28 00/K i PLS 85 | WT-PLS A% IEAS IR BL A 5 (14 B4 B (PE F1 PS 19 R 4%
5124 0.9540 F10.8472, Error, 43314 0.0690 F10.1126) . SR, 414} 52 242 BR /KA PE 1 PS Y& 4y
#r, MI-PLS B IEASTAL 2Bk AL PE R PS ELAT BN S 09 BT MERE (PE F1 PS (9 R; 4351k 0.9776 I
0.9755, Error, 53124 0.0360 10.0392) . P, fiZ2 G456 PLS GBS S I/K B ST H MPs PR H fEHf
(Y E BT
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Raman Spectroscopy Combined with Partial Least Squares for
Quantitative Analysis of Two Kinds of Microplastics in Water Samples

DING Jian-Ming'?, WANG Xin', ZHANG Rong-Ling', ZHOU Li-Yuan', ZHANG Tian-Long',
TANG Hong-Sheng', LI Hua™”
(Key Laboratory of Synthetic and Natural Functional Molecular Chemistry, Ministry of Education, College of
Chemistry & Materials Science, Northwest University, Xi'an 710127, China)
NInstitute for Hygiene of Ordnance Industry, Xi'an 710065, China)
3(College of Chemistry and Chemical Engineering, Xi'an Shiyou University, Xi'an 710065, China)

Abstract Microplastics (MPs) are emerging contaminants in aquatic environments characterized by their polar
structure, small particle size (Typically less than 5 mm), large surface area, good stability, and resistance to
biodegradation. They pose adverse effects on the normal physiological activities of aquatic organisms and can
accumulate in biota, including humans. Therefore, there is an urgent need for rapid and accurate quantitative
analysis of MPs in water environments. In this study, Raman spectroscopy combined with partial least squares
(PLS) was employed for rapid and accurate quantitative analysis of polyethylene (PE) and polystyrene (PS) MPs in
real water samples. Initially, 33 simulated water samples containing different concentrations of MPs were prepared,
and their Raman spectra were collected. Six spectral preprocessing methods (Normalization, multiplicative scatter
correction, standard normal variate transformation, first derivative, second derivative, and wavelet transform) were

investigated for their impact on the predictive performance of PLS calibration models. Subsequently, three variable
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selection methods including synergy interval partial least squares (SiPLS), variable importance in projection (VIP)
and mutual information (MI) were employed to optimize the input variables of the PLS calibration model. The
predictive capability of the PLS calibration model was evaluated and validated using leave-one-out cross-
validation. Under the optimal conditions of spectral preprocessing, variable selection, input variables and latent
variables, the wavelet transform-partial least squares (WT-PLS) calibration model based on distilled water was
established, and the contents of PE and PS in real water samples were predicted with prediction correlation
coefficients (Rﬁ) of 0.9540 and 0.8472 for PE and PS, respectively, and prediction errors (Error,) of 0.0690 and
0.1126, respectively. Furthermore, a mixed sample MI-PLS calibration model was developed, demonstrating the
best predictive performance in real water samples (With Ri values of 0.9776 and 0.9755 for PE and PS,
respectively, and Error, values of 0.0360 and 0.0392, respectively). This method provided a novel approach and
new methodology for quantitative analysis of MPs and other organic pollutants in real water samples.

Keywords Microplastics; Partial least squares; Raman spectroscopy; Chemometrics
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