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Abstract: Objective: The traditional substrate had the problems of insufficient uniformity and difficult to adapt to the
detection of pesticide residues on irregular fruit surface. This study was aimed to develop a new surface-enhanced Raman
spectroscopy (SERS) detection method to improve the sensitivity and applicability of thiram residue detection on fruit
surface. Methods: A gold nanoparticle (AuNPs)-sodium alginate (SA) composite substrate was fabricated via a
gluconolactone (GDL)-calcium carbonate (CaCO,) slow-release crosslinking system to obtain controllable substrate

shaping and improved gel homogeneity. The effects of CaCO, loading (w/v) and AuNPs concentrations on the performance
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of the substrates were optimized. Their performance was evaluated in terms of sensitivity, reproducibility, and uniformity,

followed by application to the detection of thiram residues on apple peel samples. Results: When the CaCO; loading was

0.3% (w/v) and the AuNPs solution was concentrated 2%, the substrate exhibited the strongest Raman response. A good

linear relationship (R?=0.987) was obtained between SERS signal intensity and thiram concentrations in the range of

0.005~1 mg/L. The limit of detection (LOD) for thiram residues on apple peels was reached 0.0625 pg/cm?, with a recovery

rate of 92.45% and a relative standard deviation (RSD) of 2.87%, meeting the requirements of the national standards.

Moreover, the substrate was shown excellent uniformity (RSD=3.3%) and reproducibility (RSD=2.9%). Conclusion: The

study proved that balancing gel mechanical properties with localized electromagnetic field enhancement density through

slow-release crosslinking was the key to improve the detection efficiency on complex matrices, which would provide a

regulatory principle for the design of flexible SERS substrates.

Key words: surface-enhanced raman spectroscopy (SERS); sodium alginate (SA); calcium carbonate (CaCOs,);

gluconolactone (GDL); hydrogel; thiram

ARG B 15 Y UM R 5 B 2 A iy R A,
i SE XL (44 AL PO Rk 22 ) AR ) 1% 5
AN BT, Hok B AT 51 S0 | X2 THIL RS
AL A R I A, AR TR (R il 2 4
SRR B TP AR 24 B B B iR ) (GB 2763-2021)
FLAE , A 2 BAE SR b i i R AR B8 R &= (MRL) Ny
0.5 mg/kg?, FFRH AsRAIHATINIH . AR 2h5%
BE R Uy 2 F ZEAFE S RORAH 35 kD | SOH T
RV (5 - BT SR A5, SR T X L AR ik £
TERTAL PRI Z% | AG I IS | RIS LS AL
AR A0 AR, FRIY R G (Surface-
enhanced Raman spectroscopy, SERS ) $7 A [ H. 51k
M 53 Fe SO I BE I iR i R BT, 7EIR s W) it
AU &5 el e B i i OGS WF g SR, BT
FLA B T AT A 2 T SERS KRR . 1,
Wu S5 U I K BB A A 25 1 B 1Y <8 AN KB (A
nanoparticles, AuNPs) -2 — H Bk S e 17 40 LIS 5K
BT KRR SR o s SE XA, (e 2R v
6 & AL A H B (LOD) BN % 0.024 ng/cm’; Zhang
GO SR = LA TR e B M R 4R TR - [FE AuNPs,
SRR T TR Z2 R 2451 SERS AR5, ik
i) LOD AJ A% 0.1~1 ng/ecm?, SKT, A FARAT I
AL g T 25 20 g — P A R Y SRRk, S
W29 T SERS FEARTESR A4 i R 0T v A 24 5% BE AG I
A SEBR R M, R, FF R 2R My
SERS LG #5772, X T SE B i TP A SE RLEEAR 24
R A 0 DSEURS HEAG I HAT B SR

IR BN E Ry —Fh AR B LSRG A i) — 44k
PILEARL, PRIHCAARE A £ R AR T S BT 45 SR M Kok
TR RS EORTESE B, W P T RS RS E
FE SR AT SN, 5352 4N (Sodium alginate,
SA) J&— T PATEE 3 T 43 B HE ORI KRB K AL & ) 5
GO, BT AR ARG . TCEEE L AR L) A
TS IR ANEE AT T 2 T8 25 A4 1T
FREERNT, BT R, BERR ER K BER AR R TE SERS
Aol i R B L S RN X R T 4R 4%
gk A B LB T S A B H AR 1, [RIa st 4

PRERBRAE R LML T AT ER, CREEAREBAN KA (1]
TE AL i) Jry Bl 0 37 1 58 DX (HD SER'S 4 X ) 3
253415 SA BE EARPRILEAAE S AuNPs il i #
YERRSESS &, b REM A SR AR I A ERE H AR

BRI B S KRR E LR T ik TR0 o ke e Tk, 22
P R 245 2 A D) D> AT S O ML 2% o P B, B P 3t
JoS A H 52 A FH v 1) 85 A S8 MR RN S E TS
SA [ 4T s e geie R EHER R IR . BRE R
SRS HHRPO, fliizzdAe R m AU | Fao N
PrrPeae S, HlUn, Vassalini 8 i@ i p-IRWIHE &
il AuNPs 58RI /KBS &, #5E T n] [E] st
S FE L A e FR IR T AR | ARSI A R 1 22
IREAR BT &, XA 7R B 1 LOD fik 2 0.01 ng/
cm?, - HAT RAFMIPT THEHE J1; Yue 552 ISR FH %
MEFARMIE T AuNPs-TF B REL K EERTER, FEME
IR BRI 00 53 F- TR RN, TCTe F2 B AR S5 RE i T Ab 34,
SR SEER T I 6-H 5 EERA 1) BRG] X LEfF
G FESTUESE, BERRER 7K BRI 5L iS AT A0 R A3
= RRsE ey SIS BRI RE S A
W, JIT R = PERE SERS K EL TS24t THe A
RISt EMA R

RN, FEAR SR 25 7k, BEmRER ATIRIA S5 — 4
BH 25 T3 BRI R B e M A 23 22 A A SC R SN, HF
AL D WU SCHR 2, T BRI G e A
PN A5 5 T X LA AN B IE A5 AU RE i, [
IR TR EAR 25 5% B ORI RABUEE . Shfigdetblng i, A%
WS T —Fh 5L T4 B 2 N S ( Gluconolactone,
GDL)-CaCO; L&A /K BEIKE 71 4% AuNPs Y587 3R
W Iz R, SA J2—Fh AW ZHER ST, T
R BAE IR 23 R A i s DT L W Y
LT, CaCO, 15 GDL 1E M 22 BB e s 2 4a: il 51,
GDL 221 7K fife A= i 457 25 W1 (595 1% ) , 7S pH &
BEARG, ZEEE CaCO; IR I B AR Ca®' ),
Ca* 5 SA #f R ILIL I & A B a4, B H b
%) Na®, TEAS [6] 43 F4l 2 [a) ¢4 57 28 1 1% 322, e
SA 43 Z AT iR A2 A B i P4 [l 5 S BRIV,
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PIHEAT, o388 A 4 R 2s RIS AR N 28 2545 . il
AuNPs TSCHM LT SA R, £E BRI F2 T g
HRAH k5 BRI LSS AH B AR, Y5150 4 TR EE IR
P2 rp, I SERS 7 PER), BT R EHE, fESS
AR A B ERSSLR AT IR | JERESETEAR, ATk fa R
AP SR I S N, SILFREE IS 241 204K

ABFTEWG A EE AuNPs-SA 7K EE e 54 BLiS, 38
i GDL-CaCO; Z2BAC AR 22 S L RL IS AR 19 mT 4%
PR FIEE kg £ 50 4k, 525 ok b CaCO, %S i 3
(0.20%. 0.25%. 0.30% FI 0.35%, w/v) Fl AuNPs &
BE (Hedn 1x. 2x. 3xF 4x) DAL R AY SERS M
HE, T2 FLR Y B 45 4514 0.30% 1Y CaCO; s
N (wiv) 5 2xfJ AuNPs ¥ B, TEIIERE F, 5056
FEPPAEILICAY SERS PEREF bR (R AL | SEBLPEFNY
S ), AAI AR S SRS 114 7 e S TSR, I oY HAE
SPEIR N SRR fh HR AR 25 R B A B9E M . IR ST
B TESRMAL G /K BE BRI SR H AR, I & HAT
o R | LA e P A Rl N P B E R SERS
R 72, AR AR 245 5% B AP | RS HEARSIN H2 L6
BT 2, s &M e W H AR A |
1 MREREE
1.1 MRS

PHEEIR — 4. &R Hbrall, JI&K BleEA R
H; MR AN . BRTRES . FIBERR INEE S HTAl, BT
TAFI P E ) ; w3 4rHrali, Sigma Aldrich
ON AL SEEG T FHIE SRR S A g bR T VA S e

JEM-2100F i 4 B8 F & i 8% (TEM) H K
JOEL %\ 7 ; Evolution 220 %% #b —7] Ul S 3% 1% |
Nicolet DXR BFLR AR ZHEHHY  3EE Thermo
Fisher Scientific 2\ 7] ; PC-4200 #% S ¥t £ H
Corning 23 7] ; Centrifuge5810R =73 &0 &
Eppendorf 23 #l; GZX-9076MBE Mi4f T S A
FRAFI BT IS s A /KR B sk ok B Milli-
Q 182 MQ-cm #R4li/K RSE  JEE Millipore 23 F] o
1.2 ZXWHE
1.2.1 AuNPs [JHlIE MFTRAE  AuNPs #1328 Ly
PRI N34 Ik PO 5 il W S A R /K 45 K (100 mL,
0.01%, w/v) FEIMVAE T INFAENEE . 2805, FF 1 mL A7
IR = AN7K IR (0.01%, w/v) TSI AW Sk v,
LI 15 min. fm, B FIRIR ARG 20K
WA ED, DAL, W EI Sl 44 ] WAy
BETT7E 400~1800 nm 23R BeXT & B 1 AuNPs
PRI TERAE, B2 B 5T T A R A 200 kV,
WL AuNPs KT HITES
1.2.2 AuNPs-SA /KEE I G LI MG a4 4%
itk

1.2.2.1 AuNPs-SA /K&K E GRIRAMEGR T
B AR EEALIERY 45 AuNPs-SA /KEEIRE 5L,

4 0.2500 g SA SEEEHAE 10 mL AuNPs i85,
A CaCOy, Fe4 P AR oA 45, s
JITA 0.1600 g GDL $ii 345, 15 2 /K EE I T SR IA %
W A 1 mL RS (AR AR 2505 pL) LAAEFL
2~3 I HIEAPASL EARZ 6 mm 1Y 48 FLAR T, B
BIOEETE R 5£0.5 mm JEREEKE . FHE, R ACHR
I 2 h 5 FHEEFRK BRI A LRI, R4l
KR ZIEVE 10 YR LA RBRA I 58 1SR4, SR J5 4 I
FEAFAE 4 °C #Baikb, £,

1.2.2.2 AuNPs-SA 7K EERE 5 & L il £ £ 1 a0k
b BRI R, ARBFSE ST CaCO;,
TERLAR GV ROT I TR B A o L, I 4 R
[5] b1 (0.20%. 0.25%. 0.30% Fl1 0.35%) ., [FIA), i@
i 5000 r/min, 30 min B0, XFEL 4 FlAS R E
Y AuNPs A (He4E 1<, 2x . 3xF 4x) LI IER
M SERS Mhfig. BRALHIEHIAE =S, i HE
[ 1.2.2.1, Hrp, ZE%48 CaCO; VR IIEL Y AR 5L
4, AuNPs ¥ B 256 FH R e B (1<) 1T EE NS & ko
LA 0.1 mg/L ## 38 B bR HE ¥ W& o B 7 3£ 17 SERS
A, EEEE 1372 om™' AbARAEIEESE AR AL, Aiffi o i fd:
1) CaCO; ¥ 5 AuNPs ¥R,

1.2.3 WEXNRHEE R MHI 4 FREL 0.0100 g tm3E
BLEAAG A, DA B R 75575, S 2 45 %5 100 mL
ZEIMT, 53] 0.10 g/L & E AR ER R . LIl
IR RREREEE N, P B i — 2 R, 15 8] — R SANH]
we BE By 3R B AR fE % Wk (. 0.005. 0.010. 0.100,
0.500. 1.000 F1 5.000 mg/L), #EICILET 4 °C F,
M.

1.2.4 AuNPs-SA JKEEKIE GHIIRAT SERS PEREVEAY
1.2.4.1 FEEHIE ARHEIL S5 S SERS S R4
S0 BTSSR Hil45 19 AuNPs-SA 7KEE KL
JREAF] 5 mL 0.1 mg/L 4% 38 BPRHEZE T, 12
W BFF 30 min J&, BUE, FHIEAOK R IS RIE T, & T
60 °C JnHp FRET, FR . 25 (B E S 500 pl
0.1 mg/L 17 3& XR HEVS TR BLEM INE 83 v -, &
T 60 °C hnFHR T ITAS; AuNPs 75 B2 2515 I LA
AuNPs 5 I, B 0.5 mg/L 1635 SR AEIS
B 5 A5, 155 0.1 mg/L W3 RBUA W, B 500 pL 3%
WD A L, BT 60 °C InFuk P11
FRLABEE 3 AT, SERS MGl R4AERK H He-Ne #%
688 (1=633 nm, % 2.00+0.05 mW), 20x¥)45, e
SEVEE 50 cm™, BRESGATIE] 5 s, BRYGIREL 2 WK,

1.2.4.2 RGPULETFH R AuNPs-SA /KEEB LK
XT 0.1 mg/L & S XPRUER WA TR, LL2s LIS
FIl AuNPs I SLIFEAE Xt FELH, 434748 38 XURRAE 1%
VAR, F b B LHAEAH R 4544 1 SERS 55983
25 LIPS RL R ) R AU

1.2.43 H5PEPEM AER—3t AuNPs-SA /KEERE
FLE EREPLIEE 80 -4, LA 0.1 mg/L 453 RUARUESE
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WA AR #E1T SERS &), FH 1372 em™' AbRIEIE
S AEAY RSD RFRILEI SN,
1.2.4.4 FEIMHEITH  LAAHIE & 48R3 24 3 it
AuNPs-SA /KEEIE, 43 HRAF B[R 2 ds T 4 -
LL 0.1 mg/L @ IEXWRUMER A HARP)i3E1T SERS K
], FHFE N FIHEDE] 1372 em™! &b (4R 15 5 38
i RSD >kFFRILNCEIM:
1.2.5 AuNPs-SA /KEEEE G L JiE X 4@ 35 AR HERS
WK B AuNPs-SA ZKEEKE M SlizK dr B,
FHUEACK K B R AR AR AT, SR 5 PR
AF] 5 mL AR B B2 1 R %% (0.005 . 0.010,
0.100. 0.500 F1 1.000 mg/L) H, {2230 min 5,
L, FHuE 40K R s 25, BT 60 °C Jin#tb I
BET, FFl . SERS KrilZ=%G1c W] 1.2.4.1. sy
RE AT TSR, STIG AR 58 BUPR E 7 WA R R
(mg/L) MAEARER (x), 1372 cm™' AL FFAE 04 47 2 5
BERYNAER (y ), R B/ N i G (55 m
FrofEph 2, 520 [R5 L, il a1 e s R AR B
Ak PRZSORH G
1.2.6 AuNPs-SA 7KEEEIZ A I X HE 28U bR 5
JERESR RTINS S IR B IR B ) LR
IKIGVE T, Z )5, Sy Z RGN 250 pL (ARl
B (0.500. 1.000 Fi 5.000 mg/L) B & & XS W T2 R
AT (2 emx2 em), FRKIEINZ 50 pL, R
TE 45 °C #b b TEE, R a5 wamE i
SERE, IR R S w5 . RIR R s X IR
ZH. B#JE A 20 mL ZJETEE SR B 2L, 37 R K B
Jisg 4 5% B8 ), e Je K BRI v 8T 60 °C i
PR HE A o SR T S XUBR B T B 4 R 2(
SR S43 52k 0.03125 pg/em?. 0.0625 pg/cm? Fl
0.3125 pg/cm?, SERS KIS &R 1.2.4.1,

XV

SRR BRI (g fom?) = CT

. C RIRHE L RBUF WA B, mg/L; V RN
IINERRAART, mL; A FoRR R, cm’,
1.3 BEAE

563 E4 4 SR FH OMNIC 4K 4 ( Thermo Nicolet
Corp, Madison, W1, USA) A THANFE, F54RE Sk
LE R, BEVLTE RS R 10 AN [F] i 25 3R A5
10 2535 &, TEAS [ AL & al iy B2 I8 | 2 R 4R
SERS %A 2 Uk, 23R8 20 &k KBS (3R T
ST . LI 25 s FH Origin 2021 %4 (Origin Lab
Corporation, Natick, MA, USA) #4722 K I3 T pREL
E.
2 BREZ
2.1 AuNPs B & RRAE

8 AL G AT R R — AN A SRk ] 45 AuNPs,
TS R B R LR 4T (5 . AuNPs 5 BUA R AE
530 nm AR T —PIH G4, IX & AuNPs YR THI 55

B ARIE, 5 Chen 45P% il Zhao 55° (OB FE 4, 2R
HA—F, UL AuNPs DGl B9 T i
(TEM) KR 7R, 15219 AuNPs S 3RIEHORL, F
Y, S RLAFRRRIE AR, aniE 1 Bk

-

100 nm

1.0+ 530 nm

W (Abs)

0 1 L 1 1 L L ]
400 450 500 550 600 650 700 750
P (nm)
1 AuNPs f) TEM &5 5 S5O %
Fig.1 TEM image and ultraviolet absorption spectrum

of AuNPs

2.2 AuNPs-SA /KERE & ERMMLK

2.2.1 CaCO; %S il X} 7K B A 35 55 1 i 18 5% il
SRS T CaCO; BN AR KA 0.20%. 0.25%.
0.30% 5 0.35%(w/v) B 7K EERLFL N Y SERS P RE,
JHGLE R AN 2 Fros o AE G R Al A
CaCO; HYES N i 35 52 A B 55 PERER . 24
CaCO; BN IR, TCIETEMAR 2R NTE R A2 1 52
PEGEH, SRR R ST tEA 2, S0k
JES B W B PR BB B 25 %5 [RI I, ad /DBy Ca® Je ik AT 2K
1755 AuNPs BE1 730 B2 SR AL, vl T Ry Sl i g 7 4
SR X I (B SERS #A X4) , MATTA5 ENELAIKY SERS
g G, 2 CaCO; W INEE 2 2P B T2 0.3% W,
SERS 58 B3] | T}, X EEIHE T CaCO,
TURLAA I S 53U T BEIRE 25 454G, B8 T BLICHL
MRS E s B Ca” R BE T AuNPs fiy3d B2 R 4R,
JER T Z “SERS #S X4, ) THoLife s 5K
BRI B . TASHF SR GDL-
CaCO, LZREAC AR R, 1244 FRid i GDL 7K fiff 22 il
Ca” BB, yilllk 1A GUKEERE BRI 32 S 2
S 2L ARAS AT A OGRS, SR, E— 2541
in CaCO, W I Ji, b 3t i) CaCO; 3155 AuNPs
HY B B AT SR ISR, TERREN BRI i, F1 5 v s, 2
TREIREEA ISR, 24 CaCO, WnEIAE] 0.35%
B, id i CaCoO, 55 AuNPs i B H 8, JE Al L )
A v PR S5 A 24 5 PP, S0 A IR 2% Rk A 5
BHAS O S, G50 SERS VEAE F . LG rtrk
B, CaCO; #INEE A 0.30% (w/v) i, LIRS R B H e
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It SERS TERE . X AAF T, BEE W 2% S5 R R E 1
AuNPs 7 HCIRAS 5 MU BE IR B e APy, WA &5
SLEG R L2 %0

(a) 6000

— 0.35%
5000
MM — 0.30%

4000 | — 0.25%
— 0.20%
3000 |

2000 -

1000 MW
0 _Mw_

QS O N O N I SN IO DRS D
S S S S

P25 (cps)

NTON
P2 (cm™)
(b) 1800
1600 | .
1400 -
1200 -
2 1000 |

i
& 800f

B (cps)

600 - &

00—
Q-\OO Q('\'Q bﬁ’q’ Q,}v Qr}b Q'-fo &Q Q’:‘;\) Q"bb‘ Q(-L’b
CaCO, 7RI (%)

Kl 2 AR CaCO; B INEERT 0.1 mg/L 8 S AR ER
SERS Yt (a) & 1372 cm™" FFAFUIESREFE Y520 (b)
Fig.2 SERS spectra (a) and 1372 cm ™' peak intensity (b)
of 0.1 mg/L thiram under different CaCO, loading

2.2.2 AuNPs WREEXTILEPERERYSZ  SCIORY T
AuNPs ¥R EEAR IR 1x, 2% 3x15 4x< i 7K BE I AL e
fY SERS P:RE, SERS KMz S unE 3 frrs. 1E/KEE
el gt AR, AuNPs PO EEXT /K EE I SERS
WEPEA 25 R . 24 AuNPs Y SRR, XELLAE
IR EE S N B IE B FE JE 1Y ¢ SERS 4 X 37, S5
SERS {5 MANA255, S HTHME LASRASAT RO HE iRy
S S AuNPs ¥R BE N 1x<TH3I] 2xi, $7 42 5 3
S TS X R AT AuNPs B =2, 15
“SERS #5 X B AH R0, [R5 211 AuNPs AT
ABIS S A B R A RRAE, T BRARLEH, Gk o
SERS &MY “SERS #45 X7, AIT$2F T SERS
SREDA SR, it — 2B AuNPs ¥, SERS 78
BRI AR, X T AuNPs #E S —F 8
B, AuNPs 33 B P8, iR /KEERE P FRES R i 40 5 1
ke e, S EONTREE A = ELET O GE 5 AR R
FFB4 JET 8 SERS {55 B 5055, S LS8 T IS
XA HTIIRIIPERE . SCIG AR R W], AuNPs e 4f
2xZ5F T, FES R EH Bt SERS MhRE. MK E A
AFAE T AL “SERS #2515, [RIH G T 40K
BT BE RS S M S5 F IR, 528 T 15 54 5m 544
bR R P 1 e S, PRI b sk 72 SR i S S 5 AR A

(a) 6000 r — 400% AuNPs — 200% AuNPs

5000 300% AuNPs — 100% AuNPs
Q

i 3000 F
bl
o 20 M\J\f/L,A
=
1000

500 1000 1500 2000
P2 (cm™)

1600 -

2

21400 - :
£

s 1200 !
i

= 10000

160 2(I)0 360 4(I)0
AuNPsYREE (%)

Bl 3 ANE] AuNPs #BEXT 0.1 mg/L 4 32 SUPRAE T
SERS i (a) & 1372 em™ FRFIESR BE AT 52 (b)
Fig.3 SERS spectra (a) and 1372 cm™' peak intensity (b)
of 0.1 mg/L thiram at different AuNPs concentrations

2.3 AuNPs-SA KERRE &EER SERS MEEEIFN

2.3.1 REJEIFH FH 0.1 mg/L #8526 XSUbR HE S Wk
XT Tl Y SERS PEREMEATIRAE, FE/KEEREIL)RE
AT RAREE B R T AR I YRR IS, X BRI 5=
THET C-S-S IIEAEIRSN (446 cm™) | S-S MUfH4E
PR3 (551 em™) . Hy;C-N BIZEIRZ(934 cm™) | C-
N B9 8 4% $8 3 (1140 ecm™) 1 C-N B4 i 45 #8 3
(1372 em ™) B, IG5 R 4 pras, Tk EE
JI 1 = & ) 245 235 44 m] 5 R T Z2 4 96 X4y TP, L
AuNPs 7E/KEEIE H 4341 Y50 HARGE PR, G T 3%
Jige A SR S E G BRI DB, [FIRT SA FUFRIE T E
T8 3 AR S AR SE XN (CH,) , 454y, vE—240
T T 5 AuNPs BUIEES), B058 T LRI RR S350 M,
M AuNPs-SA 7K EEREILICLH A M EFIEIEE 5

3000 1372 cm™
2500 | — AuNPs-SA/KBEIZ
_ — AuNPsI#F I
2 2000 - 2%
\S: 551 cm! ‘ 1]]40cm‘ I'J__I
%i( 1500 + 934 cm
o

P2 (cm™)
K4 0.1 mg/L HESEXUBRIER WY %S LR . AuNPs
L& AuNPs-SA JKEEZHELNE SERS 114
Fig.4 SERS spectra of blank substrate, AuNPs and AuNPs-SA
hydrogel for thiram standard solution at 0.1 mg/L
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Fig.5 SERS spectra at 80 different positions on the same
substrate
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Fig.6 Characteristic peak intensities of thiram at 1372 cm™"
detected by three batches of substrates
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Fig.7 SERS spectra of thiram standard solutions at different
concentration gradients (a) and power function fitting
relationship between the characteristic peak intensity
at 1372 cm™" and concentration (b)
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Fig.8 SERS spectra of apple peels with different thiram residue
concentrations detected by AuNPs-SA hydrogel
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ATPES

F 1 SERS IEKRINSEA B AR IO iR
Table 1 Recovery rates of thiram detected by SERS
on apple peels
Rt JimdRik E (ng/em?) (%) RSD(%)
0.03125 71.29 5.42
SR 0.06250 92.45 2.87
0.31250 96.22 4.87
3 g

AIFFTAE SERS FePEILJRAY T il T 2
ZEM, G HT P >R ] GDL-CaCO, 28 15 32 BX 5 %,
TE CaCO; WS IN&E R 0.3%(w/v), AuNPs # 45 2<Hf
PG AEPEBE, FE 5 LOD=0.0625 pg/cm?, [A] i 3
92.45%. ST R TR . uE A ol fe GooK e
JE AT IR AR LY, AS D IR R v R UE ket I, W
FERT T 155 09 I B M (RSD=2.9%) Fll 4 &) 14
(RSD=3.3%) . iXFhPEREHE T FE LT T 22 BEACHK
AR ZR X HEE RS P 265 25 K TE S AuNPs 53 A RAS 19 P
FIVEFEEAEH . al s RSaRdaEH Ca> Reik 3 11 2%, flidE
JEETE s st 1] di 28 B, REAA) 2 T A 18 — 4E R i ]
24, NSZHLT AuNPs I 5ERERAE , X —HoR
12 R va i T AL ek BER R S8 e a8 iy 3 A 2
FIEARAN I 5 S5 SRR, S 1 AT Iy A e i st
SRS H 436 IR, SR 23 e SEB RS S A I 5
SRAEEREZEPE SERS JLICHR AL T K .
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