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Detection of pesticide residues in Fuding white tea and degradation of
imidacloprid and dinotefuran using ultraviolet irradiation
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Abstract To investigate the quality and safety of Fuding white tea and promote the sustainable and stable
development of the white tea industry, pesticide residues in Fuding white tea processed from Baimudan,
Shoumei, and Gongmei were analyzed. This study aimed to evaluate the degradation effect of ultraviolet
(UV) irradiation on pesticide residues. In this experiment, ultra-high-performance liquid chromatography-
mass spectrometry was used to detect the content of 65 pesticide residues in the samples. Simultaneously,
tea samples containing pesticide residues were irradiated using combinations of UV irradiation powers (8,
16, and 32 W) and wavelengths (256, 313, and 365 nm). The results showed that six pesticide residues were
detected in Baimudan sample, while 13 pesticide residues were found in both Gongmei and Shoumei samples.
The imidacloprid content in the Shoumei sample was 1.690 mg/kg, which was three times higher than the
maximum residue limit in China. The degradation effect of imidacloprid and dinotefuran residues in Shoumei
were further studied under UV irradiation at different wavelengths and powers. Imidacloprid and dinotefuran
residues were significantly degraded when the UV irradiation power was 32 W and the wavelength was in the
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medium-wave (UVB) range. The degradation rates were 67% and 65%, respectively, representing the optimal
treatment combination. Sensory evaluation results showed that, compared with untreated samples, the UV-
irradiated Shoumei exhibited an unchanged aroma, lighter soup color, and a more mellow taste. However, after
three months of storage, the aroma, soup color, and taste of the UV-treated Shoumei became similar to those
of the untreated sample, showing a phenomenon of quality recovery. The results demonstrated the differences
in the degradation effects of different wavelengths and powers of UV irradiation on pesticide residues in tea.
UV irradiation treatment is feasible for degrading pesticide residues in dried white tea. This study provides a
scientific approach and theoretical reference for improving the quality and safety of tea in China.

Keywords Fuding white tea; imidacloprid; dinotefuran; UV irradiation; pesticide residue degradation
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Table 1 Method of UV irradiation treatment on tea samples

AbBE K B5/p FF b Jii & HE P ] HE g 7 5K
Treatment Wavelength (A/nm)  Power (P/W) Sample mass (m/g) Replication  Time (t/h) Irradiation method
8
UVvC-254 16 30 &
32
AN G 8
; T B R
Ultra violet UVB-313 16 30 3 10 e L
radiation 42 Vertical irradiation
8
UVA-365 16 30 3
32
SERRE e 6 AR e PR — SO R, BURZ MR AL IR 075 8 A RES0 gl AT IR (CKD , 3ANELSL, 4.

Control sample: Under the same conditions, take 30 g of the original sample of Shoumei without degradation treatment as

the control (CK), with 3 replicates, for testing.
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i BEF5.00. 1.00. 0.10. 0.01 mg/L &5 b5 THEV
.
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21 mm, 1.8 um) ; F:if: 40 C. BEFERARH: 5.0 uL;
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(100 mm x 2.1 mm, 1.7 mm) ; #:i7: 40 C; HEFf
%: 5.0 HL; *il:%?:?ﬂ%gz 10 C; /;ﬁz?jj?i‘ﬁ A (10 mmol/
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30 min, -20 ‘C##&10 min, 14 000 g 4 ‘C&:0»20
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JR B 2% A s K LB S L ES T+, B AMRM
MsE. ESHERE S H W T 5 40 5 B <1
(Gas1) : 60; #IN#<2 (Gas2) : 60; <7<
(CUR) : 30 psi; & FIRIRE: 600 C; Wi HE
(ISVF) : £ 5 500 V CES B M) 3 —Zfifitl
RrilyuE: 60-1 000 Da; — ¥ 51 i fuf ELAS JYE
Fil: 25-1 000 Da; —Z¢ i W 49 4 R ARS [A]: 0.20 s/
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Table 2 Determination results of pesticide residue content in samples of Fuding white tea

» 7] A~ EL
1 EMRLAT Pesticiztif?rz){zsiEtEjI uae%ontent
75 g H MRL value (wimg kg Rl fess
Number Inspection item of China — Inspection basis
wimg kg™) FE - TUH AL
Shoumei Gongmei Baimudan
1 H &AL Paraquat <0.2 - - - SN/T 0293-2014
2 H 7 Chlorothalonil <10 - - - NY/T 761-2008
3  JKRFH IR Difenoconazole <10 - - - GB 23200.113-2018
4 Nt Sk Imidacloprid <0.5 1.690* 0.367 0.136 GB/T 20769-2008
5  ItEfEH Pymetrozine <2 - - - GB 23200.13-2016
6 N Bk T8 Pyraclostrobin <10 - - - GB 23200.113-2018
7 N Profenofos <05 - - - GB 23200.113-2018
8 B Glufosinate-ammonium <0.5 - - - SN/T 3983-2014
9  HiH /B Glyphosate <1 - - - SN/T 1923-2007
10 HU#MS Chlorfenapyr <20 - 0.203 0.210 GB/T 23204-2008
11 [% B ik Diflubenzuron <20 - - - GB/T 5009.147-2003
12 ki R Pyridaben <5 - - - GB 23200.113-2018
13 s DDT <0.2 - - - GB 23200.113-2018
14 #H HL Trichlorfon <2 - - - NY/T 761-2008
15 T fiki¥ Diafenthiuron <5 - - - GB 23200.13-2016
16 g Kk Acetamiprid <10 0.093 0.258 0.141 GB/T 20769-2008
17 #4018 Chlorpyrifos <2 0.056 - - GB 23200.113-2018
18 % R Carbendazim <5 0.016 0.027 0.069 GB/T 20769-2008
19 Ik H % Dinotefuran <20 0.277 0.507 - GB/T 20770-2008
20 R Flufenoxuron <20 - - - GB/T 23204-2008
S e A e e b
21 ?ﬁ‘f‘ﬁﬁﬂ?ﬁ“ﬂiﬁ%mn <1 - - - GB 23200.113-2018
22 FEINFLE Flufenvalerate <20 - - - GB/T 23204-2008
23 Eﬁ%ﬁfﬁfii Tﬁﬁﬁ <05 0.011 - - GB/T 20769-2008
24 H iz f#% Methamidophos <0.05 - - - GB 23200.113-2018
25 P Phorate <0.01 - - - GB 23200.113-2018
26 FILX B Methyl parathion <0.02 - - - GB 23200.113-2018
27 fﬁ%ﬁﬁ fﬁo'\gg:]hgt'e <0.03 - - - NY/T 761-2008
28  HZE@L Carbaryl <5 - - - GB 23200.13-2016
29 FE 2418 Fenpropathrin <5 - - - GB 23200.113-2018
30 7, [ )&% Carbofuran <0.05 - - - GB 23200.112-2018
31 Wik Fenazaquin <15 - - - GB/T 23204-2008
32 2R 451 Bifenthrin <5 - 0.450 - GB 23200.113-2018
33  fiif} Endosulfan <10 - - - GB/T 5009.19-2008%5 —:
34 ¥ Thiocyclophosphate <0.03 - - - GB 23200.113-2018
35  /N/57N Benzene hexachloride <0.2 = 5 - GB 23200.113-2018
36 ?y%flt)ﬁﬁiﬁﬁgigﬁiki?p%fﬁethrin <15 0.096 0.120 - GB 23200.113-2018
37 S5 lE Permethrin <20 - - - GB 23200.113-2018
I AR TG T Al A AR A G
38 ?y%pkj?rﬁgﬁEﬁ%ﬁﬁfiypermethrin <20 . ) ) GB 23200.113-2018
39 SUMEI Imidaclothiz <3 0.064 - - GB 23200.13-2016
40 Sk Isazofos <0.01 - - - GB/T 23204-2008
41 it 24 lig Etofenprox <50 - - - GB 23200.13-2016
42 K% Methomyl <0.2 - - - GB 23200.112-2018
43 K26 Metronidazole <0.05 - - - GB/T 23204-2008
44 AL fi% Demeton <0.05 - - - GB 23200.13-2016
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432 Table 2 (continued)
R FesTsi WAL valoo e e kg o Ko es
Number Inspection item of China Inspection basis
(wimg kg™) A sUE B
Shoumei Gongmei Baimudan
-=WRy; = > {1

45 iﬁ/ﬁgsjtisaiﬂg?eﬁﬁvalerate <041 - - - GB 23200.113-2018
46  MEMZ Clothianidin <10 0.042 0.022 - GB 23200.39-2016
47  WBEHK Thiacloprid <10 0.061 0.039 - GB 23200.13-2016
48  MEHE Thiamethoxam <10 0.340 0.108 - GB/T 20770-2008
49  WEEEE Hexythiazox <15 - - - GB/T 20769-2008
50  WEME[H Buprofezin <10 0.017 0.234 0.100 GB/T 23376-2009
51 =S AWl Dicofol trichloride £0.2 - - - GB 23200.113-2018
52  RIEFt Cartap <20 - - - GB/T 20769-2008
53  RIEGEHE Fenitrothion <0.5 - - - GB 23200.113-2018
54 K Isocarbophos <0.05 - - - GB 23200.113-2018
55  HFT Bl Terbuthion <0.01 - - - GB 23200.113-2018
56  PH¥E Simazine <0.05 - - - GB 23200.113-2018
57  EGif# Phoxim <0.2 - - - GB/T 20769-2008
58 R %5 Deltamethrin <10 - - - GB 23200.113-2018
59  HRH Omethoate <0.05 - - - GB 23200.113-2018
60 LI Etoxazole <15 - - - GB 23200.113-2018
61 L% Acephate <041 - - - GB 23200.113-2018
62  EUFfE Azadirachtin <1 - - - GB 23200.73-2016
63  Efif A Indoxacarb <5 - 0.110 0.065 GB 23200.13-2016
64  F5 L Atrazine <01 - - - GB 23200.113-2018
65  M:Hf Tolfenpyrad <50 0.146 0.030 - GB/T 20769-2008

RARER Er E bR, * Refers to excessive pesticide residues.

K
2.2 FRIKINBEIBTHEBERELEBHRLLER
SEG IR AR FE Sl AR TR A D 5, 1B 5 AR B R A 1) AR
ST R AR BT G, St Ak B A S Wkt i R e F
BRI S R AT I, S5 AR,
221 FEREINBGLIBTORHBZAOBERE @i
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Fig. 1 Degradation effect of dinotefuran in Shoumei white tea under different UV irradiation wavelengths (A) and
irradiation powers (B). Different letters in the figure show significant differences (P < 0.05).
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Fig. 2 Degradation effect of imidacloprid in Shoumei white tea under different UV irradiation wavelengths (A) and
irradiation powers (B). Different letters in the figure show significant differences (P < 0.05).
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Table 3 Sensory evaluation results of Shoumei white tea with different UV irradiation treatments

£ 2R ; . Tt
g KBSy as 0 ik o
Number name Shape Aroma Infusion Taste leaves
[ACAEREY
AL b :
1 CK Orange-red, bright Mellow and thick, sweet after
taste
2 uvc 8w P 85% Orange-yellow, bright Al Mellow
s LyBew AEEARE, PRI, W1 LA
g%ié 4y, 4 Deep orange, bright Comparatively mellow R 228,
4 UVA B8 W 342,%5@ fifed W Yellow, bright A1 Mild R
L)iS[tTe curly Pure, s pze Leaves with a
) H SN Ju .
5 uvC 16 W grayish with Deep orange, bright FEA1 Mellow little of buds,
ithg  Sweet . == . S _ soft, and
6 UVB 16 W fi;trt(le:;e\?lléw flower P B2 Orange, bright i Comparatively mellow  comparatively
7 UVA 16 W comparati\;ely aroma  F4rEzE R AL E bright
even and clean Orange-red, bright Mellow and sweet after taste
A, W5 it [ H
8 uve 32w Deep orange, bright Mellow and sweet after taste
9 uUvB 32 W ¥, W53 Yellow, bright - Mild
10 UVA 32 W P IAZE Orange-yellow, bright 2 fI Comparatively mellow

®4 HEINARTREN BB EHABEFIFAR

Table 4 Sensory evaluation results of Shoumei white tea with different UV irradiation treatments after 3 months

of storage
e S
g fEEEH 44 w4 e vk e
Number nampe Shape Aroma Infusion Taste Infused leaves
1 CK P& 4B 5 Orange-red, brightness
2 uvc 8w . AL, W7 Light orange-red, bright
3 UVB8W gﬁﬁgﬁﬁ s, 4egt  URRSZL. WI5E Deep orange-red, bright Wa LR, 1
4 UVASBW iﬁ/;[%jggﬁ R £ 1% #1112 Orange-yellow, bright wpE e KM
5 UVC 16 W Little curly, \?v?t;]e’ B4, B2 Light orange-red, bright Mellow and hﬁ;"gfst;’:’;éz a
6 UVB 16 W grayishgreen . kM4, B35% Light orange-red, bright thick, sweet _ o' - 4
7 UVA 16 W ‘évétgsej;:{ﬁlgslow’ flower P& £ % Orange-red, bright after taste comparatively
8 UVC 32W gvenandclean 2&roMa  REZLHI5E Orange-red, bright bright
9 UVB 32 W P& 5 7% Orange-yellow, bright
10 UVA 32 W A, B Deep orange-yellow, bright
1 347U, B FENR P2 3461, RN LE 252691,
AHLAIAZE1294, KREIPI2074, ZKIAHE1144, WL
0.4 Vays 1044, AHLERIIN, i F2440, £V 223
© N N N
= 2 A AHVR K220, RIFERFA4MFIA PR R4 3
o o CK
§ . mUVA16W PRI BR M B2 O 32, 23 o0 o 5 AR P 1Y
= 0.0 @ UVA32W 0 0
S & UVB 16 W 26%1120%. . ‘
O o A 2 UVB32W HEISFIA, it —20 TR SMRUN A 2T A7 JE A
0.4 Ve i AR AR G L, LIVIP > 1, FC 2 18kFC <
° ‘ 0.9. P < 0.05 Gl P i e ik 4, ELX CKS AR5
A4 BN A JE R ) 22 AR BT L. &b

-0.300 -0.275 -0.250 -0.225

PCA1 (99.25%)
E3 FRIEKIMNRFLIETEERSHIAIPCALR.

Fig. 3 Result of PCA for metabolites of Shoumei white
tea with different UV irradiation treatments.

REH, ££1 34T, AA66M A R ZE R
P, Hrp A28 i, 28T, AR R AP U
Wb R T, CK vs UVB 16 WHLH 94N 35 72
AU, e =R T, 31 EiF; CK vs
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El4 FEEIMRELETERBREIEIN M SEE.

fEFRZE Lipids

P2 Phenylpropanoids and polyketides
FKH Unknow

HHLA4¥FZE Organoheterocyclic compounds
ZK¥FZE Benzenoids

HHLELZE Organic acids

HHLEZ Organic oxygen compounds
2% Nucleosides

EVIBRSE Alkaloids

HHLEZ Organic nitrogen compounds
AfEZZ Lignans

HHEZE Organosulfur compounds

Fig. 4 The proportion of metabolites in Shoumei white tea with different UV irradiation treatments.
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Fig. 5 Changes of metabolites in Shoumei white tea under different UV irradiation treatments.
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