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ABSTRACT: Tea, one of the world’s most popular non-alcoholic beverages, is deeply concerning to consumers
regarding its quality and safety. The quality and safety of tea are crucial for the healthy development of the tea
industry and consumer health. Research on tea quality and safety not only establishes a scientific foundation for
enhancing tea quality and ensuring its safety but also strongly supports the tea industry’s sustainable growth. Over the
past year, significant research progress has been achieved in detecting risky substances and developing origin
traceability technologies. This paper had encapsulated the advancements in research related to tea quality and safety
in the above two aspects since 2023. This included the detection of pesticides, heavy metals, mycotoxins,
environmental pollutants, processing by-products, and other potential risks in tea, as well as the exploration of

traceability technologies associated with the geographic origins of renowned teas. Additionally, the paper collated the
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findings on green prevention and control measures in tea gardens and their implementation, highlighting the future

direction for continued development. This is to provide a solid foundation for research aimed at enhancing the quality

and safety of the tea industry, as well as theoretical guidance for improving the overall standards of the tea industry.
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SEASMERE . N anka . el AE AN B A R KU R
RO, X S KRS M AR AR . R
W R . BTG5 [AmE, 28 HAT s, A 1e])™
DX HA AR R | A URIER, 2T 2 T i A
TS, VF 2 AR T D25 77 Sk R U AP
P, S PRBEN S ks 44, W IR IR AT REID Bk
PR B0 A A=, 235 I XS 49 S 00 A M i DR AR 31 T
FEAE ARSI T 2023 AE LI KU SRS Al
IR R B ST RS, JRA5 6 21 T A5 I 4 4 By 45 BL ik iF
FERNSE RN 2 HE FEIT 2308, LIYI R AR A I Jo i 2 4 o
FERZR el e QR AR ST, (R EAR 0T i i A S

1 R RSP BAS N B AR

LRAOI R WANG 55 5 b 4 A 25 ot 2 44l

KWFFEAGE, AR T2 KU 57 B AR ST 5 ST B a2,

F s T 9 KL 955 A FZEM RIS P, Ry,
HEJH . HESERAMGETS 5, XSRS Tk =Y
TSI S I J5T o 22 A 1 DG BRE DRI 3R, IO SRR DG XUy g )
HORBHFE, FEFFAIT RS BTASI AT, X St 2% - JRU s 3
Al AR AU W BT 3 B PR RS s Joit 2 4 A B
L1 RAZERMZA

A 2] 5% BE SR 5 0 2% I (gt B S Pk N2l f R A (1 R
JRMEEMEN R, Kk, GB 2763—2021 (A& %4 EHEK
PRuE B R 2 A R R B BR A ) N T s e 25k B
FRE RS, Hohxdmmtt . S e r i 24 5% B R & 00 i
INTE A I BOKR . BEE S B L L R 2R 22, st
rhA 24 5% BR 1 52 I A B oK, R BT S ik 24 4% B
RO AR A B I B A i i i A 1 1 TS,

H i 2% - rh AR 28R B ARG 5 vk AT I ik . -
BOBBCRE . Gk B MRS E S, AR
R BRM LG, SRS, AR AR s
(gas chromatography, GC). A A1 (liquid chromatography,
LC). BNk (capillary electrophoresis, CE), SAH A i%-

J5tiE7 (gas chromatography- mass spectrometry, GC-MS) ., #iAH
A3 %25 (liquid chromatography-mass spectrometry, LC-MS)
85, LA AR ARG H PR S, SR A 3 R
FeM e A AR 2 5k R AG U A DG BB AR, L e i o 4 1
SRR RWUE L VO PE A  ERY OC E

A RA MR 25 5% B 3 5 3 - B A I i 1 — 4k
1 E BRI 1 iR b, SR Sl AU AR
TR PEE 3 T iR A I A TR, 8] A0 R R T R T
REALREPE £ T8 A ML B R4 KR ] A 25 B v P 2 B AR
FRHA, 456 m 8o Gk g g | ik, %
IR MV 5E(2.5~500 pg/L 38 5~500 pg/L), ks EIR N
83.3%~95.1%, Kt FRH 0.3~1.0 ng/L® . | FIFLIE -0 e
¢ (emulsion-liquid microextraction, ELLME)# R %% &# 5
RO 833 15 (ultra performance liquid chromatography,
UPLC) a0 245 - o =1 S A e e B FLAX 4, A iR R Dy
0.003 mg/LU" . RN AL ARG A s R A i 6
T - BTG e, ORI 4% I e 24 5 B A ARAR DG IXURS:
AR TR o 0 4n, R S TR 2 - A 2 1% - DU AR A TR
B8] J57 3% 7% (solid phase extraction-liquid chromatography-
quadrupole time-of-flight mass spectrometry, LC-QTOF-MS)
XPEgAE T 479 P 2iET R E R A i, BRI R
B, FFRIFZEXT 95 3 E T3 E2S M i X 479 Fh
ALIEATAIN, S5 I R hRE . WEVRER . A R 5k R
I g8 P, T B HHZE L (solid phase extraction, SPE)HY#
150 A5V €6 1% - R IO BT 1 AR 5 I e o 245 B R0 e B 2
4 H: 18 (alkylphenol ethoxylates, APEOs)ZS 36 Fp PR, BRra
FLT IR A 2 Js Bk (octylphenol ethoxylate, OPEQ,) A3k
I %A Z ¥ ¥ (nonylphenol ethoxylate, NPEO,g) %), H 4%
APEOs SUARYMAR A 70.3%~110.7%, AHXT 7 1 i
22/INF 16.9%, OPEOs I NPEOs 14 2 1t FiL 4331 47 0.024~6.27
pgkg M 0.16~5.01 pe/kg, 7E 50 3T EEASMHRE S HRI )
OPEOs 1 NPEOs, & H¢JE 510 0.057~12.94 pg/kg F
0.30~215.89 pg/kg, NPEOSs 1 BLIACKS H 2 FIAG I 710 1K 38 15
F OPEOs!™, AR RS I - Jo i FH VA I Aen e 2455k
VA R I e 22 0 5 i, (HGE W R B R YIGA R0y A A
YEALER, HIEFE Z /b2, BRI B, Bk
Ik 2, ANIE AT I PG

HiG k. LA Y R R AR A A 2 5 B
PGy I B RTRE, X A B AR A i s b,
ST BRI, JFBUS T — R R (R 2).
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Table 1 Pesticide residues detection in tea by chromatography and chromatography-mass spectrometry methods

5%
ha=2 s 5 HIARFRE AR VAR IWIRES A6 5 SR j/c it
, " ¥ R M 16.7 ng/g, bR AR Sy
: k. Ig ! T T 4 A 1
1 e Eﬂﬁfﬂﬁ\ e %@gﬁﬁﬁ'};* A FESS-CE (84.5%3.2)%~(99.2%1.6)%, HIXHHR [7]
Z/NTF 5.5%
5 SFORHBEIRAS A R ORI BRI Re AL 4 IR HPLC B 0.3~1.0 png/L, Jibs IR Ky 8]
7l IR P S A 83.3%~95.1%
3 479 FhA 24 [T AHAE IR LC-QTOF-MS RN 5~57 50 ;gN/ ll‘gbjﬂﬁml&%ﬁ [9]
16 FAHLBEAZE R LA H-ZSM-5 1 g W Fff 551 N .
4 Tfl2K 5 ks 43 B A HPLC-MS/MS 5t BR 2 0.05~0.1 ng/mL [10]
R 0.003 mg/L, kR EICEKy
5 JERC B R e K LA i NS ER UPLC 82.4%~101.6%, HIXTARfER 2R [11]
0.7%~5.2%
T BEIAR TR 98.69%~106.26%,
A p . - HIXTARUER 27 0.91%~1.18%; 4 H 3k
E[I57 [ 4 2% 5
6 AR o T AC LC-MS BRI IR IR Y 79.95%-83 74%, 112
AHXS PR AR 227 6.40%~7.45%
Thermo Scientific Dionex
S . On Guard II RP #f | Thermo . - .
7 " " - j & Sientific Dionex On Guard IC-MS frth R 0.11~0.39 pg/L, brlalfies oy [13]
T 11 Ag/H FEA0.22 pm /KA 80.40%~107.00%
=t uE g
4 EL B S
8 MRS ) Rt ﬁ%;figﬁ&ﬁﬁ HPLC B 0.02~0.03 pg/L [14]
&% OPEOy (61.8%)#1 NPEO2 (62.9%)5k,
36 B Bk 2 A 5 " BERZL R NI Ik N EIN &S}
[31 A 2 T UPLC-MS/MS 15
i B4 - 70.3%~110.7%, MIXFRiEN 22/ N T s

16.9%

o 3 B 5R AR 5L HE B B 4048 1 3k 3% (field-enhanced sample stacking-capillary electrophoresis, FESS-CE); /& &% ¥ AH & 1% 1
(high-performance liquid chromatography, HPLC); %50 AH €4 %% - & )k i 1% 2% (high  performance liquid chromatography- tandem mass
spectrometry, HPLC-MS/MS); i F & 1i%-# B 5T 1 (ion chromatography-tandem mass spectrometry, IC-MS); #8 =1 28080 €6 1% - 52 R B
(ultra performance liquid chromatography- tandem mass spectrometry, HPLC-MS/MS),

I A — P R DU B ORI 28Ok ok i
(fluorescence spectrum, FS)Fl % T 3 55 $i7 %2 Y611 (surface
enhanced Raman spectroscopy, SERS)J& 2% M4 24 5% ¥ & F
HIGTERINFE A o FS AT X A4S A& 245 5% BA 04 70 1 R k3
BT, SR A 4 8 A LB X SR AR 5 R 25 vh 1) R NG
TFHECHM, (YR BE(0.24 mmol/L)F6, M i T i g K et
5, BAN B2 min). R AEEN S . B
PRAEK(4.4 nmol/L). ZRHETEREIFE(0~0.15 mmol/L)Z5EA) "%,
# Ru(bpy);Cl, HTE Uio-66 WIEAZS RS, fEHFERA
£ MnO, 49K, 153 Ru@UiO-66@MnO, NSs, ZBEIHmH
T e Ak £ TR B2 S R S B AR, T #E MnO, NSs,
MIRE Ru@UiO-66 %, A LIS A 24 0 B il i 1o
PA S MnO, NSs S#ife 2 2 [0 i 5 AR I N, AR E
FEHAFTER o R 7, R A RE S8 M E A 2k i
R, KBRS 9.99x107° pg/mL #19.99x107° pg/mLI",
AL AT, FEFiE s A etk . RS | PR

A, BHTPeRe Sy 22 BRI T I8 .

SERS J&: 3 T4 T 5 HURE B 9 oK 5t 4 J8 2R A /R
S H R S L, LR P S B2 6T 10°~100 6%, )
KA T @ h S hikm s . REEIGBLE, 5t
A 2 R Gy DU R PR R O A e R AR RV Ty RN T A
Cu,0 HARTIA Au-Ag NIEAZS O, @GR Z D
R B = TR A a7 N A LY T s e A U E A=
159, NFGRIRZILE | it N IRl B2y ) B kT
VI T 2 FNIL AT T e Ar N, A5 o 2 o 24 X g oy 2R Atk
SO ARSI S R e A, AHOGAEL S0 0.995 il 0.977, FithiFR
(limit of detection, LOD)/351 4 0.286 png/mL F1 29 ug/mLP,
SERS 345 FIT 1Y F & 2 5 i LA I SR S i) oG i, o 2
AR TEHFIE A5

G A3 BT IEAE S — R B AR B A AR, RERSAE
5 SE AR S P ERR AU B AR BT, AR 25k
e vz N o RS R B v R A L R Tk S i 2
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Table 2 Rapid detection methods for pesticide residues in tea
e e H Eyii) Akt K H BR S 3k
1 FES D7 i34 IR A L 2 (Eu-TFPA-MOF) 4.4 nmol/L [16]
e ST Yigefb e E - HLE AR iR 9.99x10°° pg/mL; FFEAE
2 AR A (Ru@UiO-66@MnO, NSs) 1#:9.99x10° pg/mL [17]
3 LH o —HERIE S IR ATBLIER 2D 17.95 ng/mL (18]
Tb-MOF)
e B 0.0186 pg/L; W}
N - X i
4 ﬁm%b% 4 DSIR7S Wi R 2, TR B B R A0 T 2T/ 2.20 pg/L; d3AEMS: 12.3 pg/L; R [19]
[liEs -
fewh 13.6 ug/L
R R SE AR DA T A
s N T ARG P L REE T/ 2T TBRZFH14 1.13x107° ng/mL Fl
S AR Ik LA 0 086 ngmL, YA TRy 20
5129 1.01 ng/mL Fl 1.02 ng/mL
. s HF A A BIR(GO)YR ZrO, 44K
S o7 Bk 133
6 FH X B ETA=D N a7N WkL(GO/Z0,) 0.12 pmol/L [21]
7 LR i Bk Cu@rGO@AgNPs 4.51 ng/mL [22]
e . . . BETE R : 0.286 ng/mL;
WE T - i 2R -
8 ETH 7 . LI R EVA=D 7S Au-Ag OHCs LA 29 ng/mL. [23]
9 g H fpk ETASD 727N Ag@ZIF-8@Au 9.027x10 """ mol/L [24]
10 =R hrg ik Au@AgNPs/PDMS 0.32 ng/kg [25]
L o L F LTI YUK IORL 1) 5 fage
11 ek Gk - 0.21 pg/L [26]
12 XA g ek UG TR PR B T BB 10.0 ng/mL [27]
HA Fe fll Co XG5 1 Z 4L
= f =
13 HHLAL CERERE2STS FeCo-MOF i 0.16 nmol/L [28]
N . . LR R DNA IE BRI 1Y
14 BE HLUBK U P 1.2 nmol/L [29]
15 G TR A% Au@BN 0.05~0.20 pg/L [30]

T W4 B AT HLE 244 Bl (europium-based metal organic framework, Eu-TEFPA-MOF); UiO-66 i 7 47 FlJF A7 AR K — S Ak 4R 40 K
(university of 0slo-66 encapsulate ruthenium and in situ-grown manganese dioxide nanosheets, Ru@UiO-66@MnO, NSs); 4434 J& A L
‘B2 (two-dimensional terbium-based metal-organic framework, 2D Tb-MOF); 3&F & ik A 884 w7 RTAY ZrO, 40K Biki (based on
graphene oxide and quantum-sized ZrO, nanoparticles, GO/ZrQ,); 2R FIE JF & AL A 280 1Y R 44 K UL (cuprum@reduced  graphene
oxide@ argentum nanoparticles, Cu@rGO@AgNPs); 44 /\1fi{&%5.0> %8 (aurum and argentum octahedral hollow cages, Au-Ag OHCs); i@
WA BK Wk R B 2R -8@ 4 (argentum@zeolitic Imidazolate framework-8@aurum, Ag@ZIF-8@Au); 4 @ 4R /8 — B 3 6k & 5
(aurum@argentum/polydimethylsiloxane, Au@AgNPs/PDMS); 4k 4l - 4 J& A HL ‘B 22 # %} (ferrum, cobaltum-metal-organic framework,
FeCo-Mof); 7~ &ZALTANK F 61 2% 4 90 K Bk (hexagonal boron nitride nanosheets-supported gold nanoparticles, Au@BN).

Prisk 4R A%, 3 MRIR S g DR AG I PR R

o AR 6 )7

R T ARG DN SR AURE (113,85 wA nmol L™ cm ) FIYR fH 6

%, LOD 9 10.0 ng/mLP7 LB G0 KBk — 44 i —
Pl B AR IS B, ST — e ) SR U 1 5 G 5 4y B
vk, MR 0.21 pg/L, FE50EE S B 55 5 [ 1k i
3.5 £5P00, mbAh, HARARIE A S — Rl BRI ik, A
T B L ARG AR LRI BB S, R AR 24 58 BRI v A
R . T A 4R RN T ML IR R SR TR T HAT Fe AN
Co XUEMENI S £ L FeO-MOF 1k, JH T Ak e
AZE R, A A RO I BE Y5 ] (1.00~5.00 mmol/L)N HA

FR(0.16 nmol/L)*¥1,

UTAER, KL B O AR I/ H B BT IR 12 (matrix
assisted laser desorption/ionization mass spectrometry
imaging, MALDI-MS)T A —Fl il /N o+ A Rl R,
[vi) P12 BE 6 A2 el B R I 5K, iT T2k R 25k B Y
PREATI . SR, SIS R A PLERL, AT RE S 8025 R M
i, HEAh, BDIATHURTRL A 4 1 e B AR 1 A R A
JE o AR — R, TEHUAA R BB AR I H - BT
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REES RN LR, 49 K BURL R 350 i W/ v B % 1R 5 2% e - RN AT I B A R AGIN, T & U R B DA,

(laser desorption/ionization mass spectrometry imaging,
LDI-MS)#s: % 5348 70 B 1 ) — ol FHOCHLRE L, R
NI RATAA F (h-BNNs)E N A5 8 Au@BN, Al H]

TG R S0 LDI-MS &, A M, Rt
FEE, ELAEMS IS HAE ZEM I Fr ep i 23 8] 23 A B0
1.2 EERZHBEEMFTAR

o 4 ke Tl pek & B S B B 58 , f#15

et T2 B SR A B Y5 . HU 5P i) umﬂ?ﬁﬁﬂ:
I M AR b R TS P LR, M 6
FIEAJEM . . 8. W, RIS & 510 0.21,

0.14, 1.17. 14.6, 0.04 1 1.09 mg/ke, HPE 4R G REN
HoIX - EAE PR P R I IX | AERER 0 AP S L X A B
B, M ESENAESUE S E R 2 E N 2ETY
fiEF8 % (hazard index, HI)M 0.04, HATUEE HI {Hix S, N

AR A
HETESM s ESEAES . M. 5. K.
b g% ERSE, W RRORIIN A A ROk . 584
A A YOREETS | BUBHR A S TR L RSO . Bk
2 RMBERN S EPR AR . 2 3 PAIR T RN ES
JERTINT — 42 A 5T AR, R e B A 45 A T
FEZRUT TG | AL BRANAS, ISl 86%~118%, XA
W22 R 1.2%~8.9%, HABUF IR AR DY, 567
ZIF- 67@AMNFS YRS AT R b 1 s i [ et
MPEZHrf Cu™ | PO™ R He™', LG Cu*" | Pb* Al Hg™"
W BRHRE S, M HIBRAM1 0.01, 0.042 F110.031 pmol/LP,
 Au@Ag HOKFIRLVE R SRR, RIS ek
ERM R Cr, R B Y Au@AgNPs 3T 5 Crt Y4
AR S5 B o BE e 4k, (45 595 om™! Ab P S 5

0.18. SR, TERRVUA | ZeBE Al [ P g X, 46 A 20

DB T2 E I, SR E M. R, Bk

®3 FMPEEBRUKRAR

Table 3 Heavy metal detection technology in tea

JE REAR, Cr® ik B g 3 5 5 2
HBR K 0.945 mg/kg! ),

RIS I R AMEC R, K

5 i B 257 K i P Z:75 Sk
) TR B IR IR T s
1 Pb? Wl ;;Emg/; MnFe,0, 43 # 8 AH #£ B3k (MF-DSPE) 14.2 pg/L [32]
2 Pb** KM EF O AR AN KA S T A A 6.1 ug/L [33]
3 Pb** b5 T A AL A5 4 5 9.2x107 pmol/L [34]
TR B OB T X
2+ 7 I o 551 BEiES .
4 Pb O T I B S0 0 23 T A 2 1 53 ng/L [35]
5 Pb* EHN-1] WA e R TR FLAES U I T T A B 1.53 pg/L [36]
6 PO 5 TIOR3 NiCo,0,@ZnCoy0s 4 [ A A T Mn™" i ﬁgi; Pb”" [37]
GRS Nl o o Se: 0.5 ng/g; Cd: 0.3 ng/g;
7 Se. Cd. As. Pb ek SRR AT TR As: 0.3 ng/g: Pb: 0.6 g/ [38]
Cu®*: 0.01 pmol/L; Pb*":
8 Cu*' \Pb*> fll Hg*" G 7R ZIF- 67@AMNFs Hifb24 15 I8 0.042 pmol/L; Hg*": [39]
0.031 pmol/L
9 Cu®* ST v AR - AR B S v 5 0.9992 pg/kg [40]
10 cu? A SETF OGRS 5% 25 210 YL ¥k V0 A Fl 4 i 6.0 ng/kg [41]
1 He' H (2 ok AT GCE RIR & I AL ek 0.033 pmol/L [42]
(PCro/GCE)
12 Cu* KA SETF WO MR NELS 14.7 ng/mL [43]
13 Mn** KM SETF WO TR i 70 SRR A ik 1.7 pglkg [44]
14 Cr* FME P S OEIEk R LB Au@AgNPs 0.945 mg/kg [45]

TR LT Bk SR 1Y 401 A 2K BUE (manganese ferrite-based dispersive solid phase extraction, MF-DSPE); 4 B2 @4 R ¥ (nickel cobalt
oxide@nickel cobalt oxide, NiC0,04@ZnCo0,0,); il BB 1 4 B A HLE 2R L& W -67 (zeolitic imidazolate framework-67@antimonene,
ZIF-67T@AMNFs); Tk 2148 Z A& 1 8% ik B A2 (poly crocin electropolymerization on the glassy carbon electrode, PCro/GCE); 4x4R7e#% 48K

25} (aurum@argentum nanoparticles, Au@AgNPs).
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1.3 His R BN E A

B AR 24 F1EE 42 J@ A1, A ZE R BN 13k AR PR By
2 HA RS P s, BB EER . MR W5
15 Y RO T R4

LA 6 DNEBATEIX Y 88 Fh A5l b it A1 gy
W A MG RN 76%, SRR 1.1~90.5 pg/kgt*®l,
13 AFBRTE XY 747 By AR S v YA 2 v SR
SEXIHE S 163 pglkg, MBI 1.2~3132 pg/kg, M2
(534 A, N[ R A I v e SRR v i 25 S 2, P
X 75 AR EL TR (409 pg/kg)Eh T4 HIX (90.7 pg/kg)
PG HLIX (140 pg/ke)o Witk R R BRER AR &C 4
BIELLT, SR RS A IR S ik, malmExt &
T S B A e XU th 75 6 117

SRS XA 129 A 2 R T5 & (polycyclic
aromatic hydrocarbons, PAHs) /¥ &Lk 4 16.6~781.6 ng/kg,
SEIE A 211.7 pg/kg, FEZASFRPAHs TS, 5K
BRI R BEZSAR EL, 42 R BEASHY PAHS 15 Y XU f iy 19

R Z ARG S i fE R A iR A BE
i R PEAL, 2RSS WM R R, Ed
WAE A T A BRTE B PG B, 25 SRR LT 10 RE
I, WM BEHFRELERMLN 2.94%, HMETE A N
63.65% o B 4% BRI B0 A, TH P E 1Y fE F R B (hazard
quotient, HQs)MMIK T 1.0, JoARE0m KUK, J56UF FH & &
PEM RS PPk 85 A B 2 0 2 i B KUl v, 3 vy 2% ST
LY L2 s 2

I FEBORE 0033 - T 4 9 I i 10 ) e (] A 28 2 X1
570 IASUAE SR EAT T 4-FESERRME TS YL IS, B E A5 4-
FH LR () 2 5 (136 pg/ke) T T HUAB A 2%, Jf4
FAGYACE R (= 200 S g, 1SRy 2 4-H 0L
BRI H 4B AR (0.04~1.16 pg/d), EIAGELKIHREA 4-
FH SRR mR A 1) et R XU, AR XA, AR LAt B 4-F Lk
4 4 AR A KR 25 200

P B % I H OB TS e B JB UG X AS [ X A%
AT XU PEAS 4R S A I BT i e e R R, AT R R
ARG I 5 AR 2 T JXUIRSE A3t 0 £ s 255 ot o 2 4 ) S,
IS T — RIS R (GR 4) o RIS ) 3 s i 4R R
FEEE BN A 28 1 e i HE R B A A2, Gl R
AL PR, RS s, AT o8 AT BRI R ALON, R
i SRR B A ik ny R, R R R
0.05 png/mLP . 3 3 78 42 J A AL AR 1w e AR KA A
HLBZE, #4555 MIL-88-NH,@COF & &4k, 4565H
O3 - SR B T AL E SRS LI h 23005 12, S
SR 51.70%~103.64%7F1 68.56%~103.64%°,

2 R RER
M BEAR RGP 7 X DR b R 4 A 25 PR AL

AR, SEE I TN RIS, X Se 2% LLHOMRR i)
B TUREAG A, RO FER S . R
IR 14 il B HCRE 6% AR IR I AR 0 8 o SR, X o fie
i — BN VR R WOH 7 i B SRR AE, DIARIBCE i 6%
Mo TG, 97 ORI 9 & LS L, A SR BRI OC T
B AT R, DA @ A T R . N
I 1, R B XA AN [ DX I R E A 2R,
BangesE MO R ARG B FOTER . AR L Al S F
AR I A S . PR R B T A DG Y AR AR A,
R S DG a A FBOA TR E, FEEE) SPSS
SIMICA . MATLAB. Minitab. Bruker OPUS Z&4k {4, =
J%4353# (principal component analysis, PCA)., JZ2IRK IS4
(hierarchical cluster analysis, HCA) . £k % 3 % (linear
discriminant analysis, LDA). 7% [ & #L (support vector
machine, SVM). BEHLZEM (random forest, RF). fhif/ —3f
A 4> B (partial least squares discriminant analysis,
PLS-DA). K fixit 4R (K-nearest neighbors algorithm). Hij
T 22 ) 2% (feedforward neural network, FNN)ZEAk 24152
D5 A AR AT, BT AR R A LS B RS v e

55028 1A MU IR AR DGR ST UR, AR E [F)
PLRAN . B BCRAR . A A R L A AL
A WL BT SEBRTAR T TEL 25 07 MU . P 2R I3 5
EEED N A I S e g e S e I Rk W AR N i
XF 555, 644, 731, 1240, 1321 Ml 1539 cm™' AbA4R 4K
RLFHE R 1 T 28 22 UBCRL B O6 1 3 BEEA T AL 2 T i 2
LDA K FHF 515 86.3%, 38 LHEFR N 84.3%, FNN,
RF I KNN 3 Rl > 5 xR 1T £0 2% 0 50 325350 A
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ZTAS 7 M R T A,

Ak I 2L A IG5 45 G W B 27 T LR A B ) 40 390 AT A
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A R%("H nuclear magnetic resonance, 'H NMR)FITHiZS [& 4
A€ UM £ 33 - 5 3% 3% 452 R (headspace solid-phase
microextraction gas chromatography-mass spectrometry,
HS-SPME-GC-MS) ., L2 4840&13E . Bollamt & Fifh it &t
PR WA SR IR, VT IR RAE L R A E A
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Table 4 Detection techniques for other risky substances in tea

s K mi B M LioaUlpIR7S i P S:75 Sk
1 ﬁﬂﬂﬁ?ﬂi;ggi i&;{ G QUEChERS UPLC-MS/MS  LOQ: 0.5 ng/mL [51]
2 %ﬁh%i%f By ﬁiﬁhg% ? B ﬁ%u{\i\ﬁ F.e/Ni'MIL&%M(;f:*‘ % HPLC 0.01~0.05 ng/mL [52]

R G, Fll Hﬂgﬁi G, BRI Fe; O 4K BRL
3 WM EEGER B, ARSIl RRERTS 0.05 ng/mL [53]
4 MMETER A 2 SR BN BRI A EL - UPLC-MS/MS 0.001 ng/g [54]
5 MMERER A IS-FaMEx ESI-MS/MS 0.2 ng/g [55]
6 ZHT5H MIL-88-NH,@COF GC-FID 0.019~0.023 ng/mL [56]
7 PATS NP AT S PSA. PVPP. GCB GC-MS/MS 0.2~1.5 pg/kg [57]
8 Z AWK PFC-1 GC-MS 0.030~0.084 ng/L [58]
9 =2 YIRS YGRS ISk 3.6 nmol/L [59]
10 RIZTE] 8N LR HREUY . PABA oy MR 0.017 mg/L [60]
11 4-F FE R s CI-LLE LC-MS 0.3 pg/kg [50]

e 2 A shi S Py P 55 18 7 & HE B (in-syringe-based fast mycotoxin extraction, IS-FaMEX); 4 J& A HLH 223 1 I A4 K I A AL A 4
(metal-organic framework@covalent organic framework, MIL-88-NH,@COF); & Z. % JE it & Bifil (polyvinylpolypyrrolidone, PVPP); (1%
(primary secondary amine, PSA); f1 %1k /i 2 (graphitized carbon black, GCB); 1,3,6,8-PU(4-3RILAHE)E B 43 41 Bl [self-assembled by
1,3,6,8-tetra(4-carboxylphenyl)pyrene, PFC-1]; %} 4 7% H FR (p-aminobenzoic acid, PABA); ¥ 5 I i 2% B (cold-induced liquid-liquid
extraction, CI-LLE); A0 1%- K I B F AL A H AR (gas chromatography-flame ionization detection, GC-FID),

RS FEMHEHBHIRR

Table 5 Research on the traceability of tea origins

e USiIPoE S it H Y F 1% E = DU
1 FRES MG P 2 IS B RF. FNN 93.50 [62]
2 IR A sk IHNMR, HS-SPME-GC-MS RBF-SVM 93.33 [63]
3 T e WHER. TEHERET PCA-SVM 100.00 [64]
4 LTSRS WELLAMEIEE B KNN 97.96 [65]

BRI R E0E (1H nuclear magnetic resonance, 1H NMR); Tii=s [& A {4 ZE B SAH 33 - 1% s (headspace solid-phase microextraction
coupled with gas chromatography-mass spectrometry, HS-SPME-GC-MS); 4% (i) 3 pFi % (radial basis function, RBF),
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Fo ABITEZ . BBUMHEE S E e St i 45 TAE(E R
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PR, Jmag bl B A R, SATR A LA, G R TR
G B A TR 2 A 2 % BR A4 2%, 2023 AF 1 RAE, AR
FTE 18 NS 111 AN TBUR T A5 A 43 5 URURS: W,
HORHEE 290 4, RIAGHREEA 7 4, O 4FRFA7 KU AL
B JE— REN GBI R B T, AR TL0AS AR 25 5%
B [ RLAS AT S5A D

BFBE At o 2% Pl 2 0 7 P i BRI T A ) S B,
PEHAIS T LA BRSO i e VR B 2 ) 5 AR 42
PRAMNERFRICES | Bl oA BRI 35 A 5 A AR 25 6y Uy ik
T TPH-YOLOV5 Bk 255 2 /)y B AR s i s 8y, i
e T — R TE B B AL B (0)- 3R ILAS R -3-O- B ME AR iR
[(-)-epicatechin-3-O-caffeoate, EC-CA], {A/Mif254% B,
FEIL N WE 4% #2 i (hy droxycinnamoy] transferase, CsHCTs)
WEHE AT A EC-CA YA L, CsHCTs 7E4 M HhigEt it
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