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1 SLIGESY

1.1 E5AH

Mini 8/NEEHE TG (55 emx24 cmx30 em, JifE 22 kg, DPPR<100 W, Lt iSRS AR A A),
BeA AR LR SEFE H (DAPL) . MR Bt/ ds . MPU 1091 2R % (358 KNF Neuberger
~H)) . HiPace 30 734 (32 [ Pfeiffer Vacuum 23 7] ) fl PmsClientPro 2.2.4.1 54 Ab ¥k (4, B.25 BE AT 3K
13107 Torr(1 Torr=133 Pa); Milli-Q #B4li/K A (35 Millipore 23] ) ; B AHARPL R PRI A BR
25Al) s Image J KHUGAL B (32 [E National Institutes of Health JF & ); Grade 3MM H {4 4% (JE
0.34 mm, JE[E Whatman 2 F]) 5 il il {8 5 46 92 (32 [E Mueller 22 F] ) o

ZWR . TR RS RRE R AR . FN KRN e (4E 1 =99% , 2 [ Dr. Ehrenstorfer
) IRPHLINV (BB 95%, 2 Sigma A F]) 5 HEE(@ ksl SE[H Fisher AF]) . SHEHA . HER .,
H RS RS A FRAKFE S 104, AR AS . MIH . SHRAESEHE 1) 25 RO S R
fn 104>, B0 H S B T s BB .
1.2 ZWHE
1.2.1 FRAERKRREH

HERFRI_ R AR Z5HRME 4% 0.010 gCRE 6 2= 0.0001 g) , JHH BRI E AR 100 mL, il iibs i
VI, T 4 CORAT (I AR 5 5 225 B S sl B TR A AR AR RGP IV AR HE S 0.010 ¢
(R % 0.001 ), FHAIKIE I EZEE 100 mL, Hil B G~ IR
1.2.2 ERNFRERAEH

FELDEAN A LIE 6 FhA 24 0 & H 34 I i F oK A A S RS SR 0ORE v s i —
SE VR BRI 254 5%, 23 BIBC ) AR 0,10, 0.50 1 5.00 mg/kg HISEBNERAE S .
1.2.3 BREABEBFLAZE

Fs Grade 3IMM H (A 3548 BY 5 = FATE 4RI (IEFP 58 0.5 cm ., 57 0.75 em, TR 30°) Ml b FE4CHE (242
0.75 cm AYIFEAC 20 BT BT 30° 4 B3 ) , 445 416 3k 0 3 0l o o 0 5 i S 2 o 2 /N R 985 5 I i [ A v
FEHLIE . X F— PR 2R, A I RS AR K 100 L AF AR AN /KR 45 S A P 4 B 2 fhotie S A
i B AEAREE o XTI e ORI A S 280 100 oL FE S T T I FE 403 | B n iy
W RFRZ R 20 pL, B IR TR [ BR 20 3 s, BET 22T R 46 . BEJSTHRIN 20 WL 50%(V/V) B %
VTR EREIN L, T S 25 B8 T4k, IR FH /N4 5 1 e MGl
1.2.4 NEUFEEXRILE SR

/N A48 T A A P T A A VRONT BT S A A o B A AR R s TE B, WSS LR
3.5kV, AUHEARNREE S DAPL HEFE I 2 1 em, — 224 BT i R A G m/z 100~800, FAUCRAE DAPI i
FEITIAE] 30 ms, KGR HLE 4.5 KV, BEKIREFAT525 6 K.

2 GRS

2.1 HEAX, REEREENESENE

YRS T A ST B . R AEARIE T 20T (DRI 529 ) L R Jumbi 55 L 85 3 A ad B . RIS
W AR 7 2R M 4RI B (01 7 B T BE LA RO AR RE 22 A BFSE R, TSR Se B i )
WA 4RI %% ] S Y E25 2B (1.5~2.0 min) FUI H 31 (11.0~11.5 min) FFP GR35 . 4R
M, 7E— YRR R B BB A, DA BOR RSB/ B 2. 3R P U sk
JRVES T 2 B M VRO AP, VR T -5 AR SE W B Ak B R I TR R, S8 S SCR R . TR, 3
ISR P2 e 04 7 =X VS I AR IR R i 78 R b AEARSE B AN BT AR R I i b A & W 2 i Stk
FTIEMT , NI SE AR R 2T B ROk

ABIFFE Rt — U AT R 0 0 B 28 7 2 LA S = FE IS TR AR BRI A T 1 0 58, 22 A
FAMLFAERE , SR FHLL IV GRS AR AR I 2 AT & AR RS L AN KT 1 IR o BB A — U i 1y 28 1 =04
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B TRPHL IV BB E AR Y JE AT s A 00 (A)TE = M40k b LIRS AR 00T 2R (TPS) 5
(B)TE =ML 4RIE L B % I FE (Dropwise-TPS) 3 (C)7E RS 483, [ BRI IN#FE (Dropwise-FPS)
Fig.1 Migration and enrichment of Sudan Red IV dyestuff at the tip of the paper substrates: (A) Pouring the
sample onto the triangle-shaped paper substrate using a pipette (TPS); (B) Loading the sample onto the triangle-
shaped paper substrate drop by drop (Dropwise-TPS); (C) Loading the sample onto the fan-shaped paper
substrate drop by drop (Dropwise-FPS)

A At A B G A , R 5 AR A RH LA I (AR L, PR RIS T 2 M e SRACR (B 1A) o X T8
TR I B 287 3 SRAMEGE I = AR AREERT | ol T 3 Dm0 4 i R e, Yo bsii i) — SRR 4R
FL0 3 I A ET (B 1B) o iy TR AR A AR 37 B ) Rl ) A BEE A/ N 5 2B (A T A
I, R 2 B R AR K o AR R A = AT ' SR RO, SR B AR A T T A8 , AR T O Ao
B AL ORI R S e E R A T AR B Y [ 5 55 ARy [l A TR T, S e AN
BEAE I AR % (1] 1C) o gt — 2B AU AN R B8R 7 SR ARIEI AR il AR 40 LR AT’ 32
Wi , ABIEFER H Tmage J HAEXE IRV el Z AT & 55 R AR um AT T (3 70 A (181 2)  Z52R3R I,
P FE AR L % T I ) A 5 2K TR A e M 5 v 14 e R ' R AECR

250

200

150

Gray scale

100

50

TPS Dropwise-TPS Dropwise-FPS

K2 FRHLLIV U E AR R 4R 5 I K (E
Fig.2 Grayscale values of Sudan Red IV dyestuff enriched at the tip of the paper substrates

2.2 MEEEXFESITER

ANT) T3 RIS RAE A B A% 11 AR /N A 5 OB (e 78 )2 DAPT, 2525 7 A 1Y
FrPy g5 e DAPLITIR BRI (30 ms) BEA TR REEN o NI, 7R 4RI S BRI (4 20T e SR A
—UPEM S HLE, XA IR 155 . PRI RO %

U T AR B D7 sURAREA PO/ N R 5 S5 5 L A2 . SR A 0.5 me/kg Z IR
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TEH SR I SR AN Ry BE BT IARAE i i AT 5 58 AN R 7 s AR BT ARG 8] ) — G s e an 5] 3 e
7, AN FISEEG 25T I S I AT TE miz 192 A0SR [ M+H ] g . i = MIBAUEE L IRt 2%
FEDT AR B0 T ] (& 3A) T, AR SC I R 4 1) 2 AT s SRR, S v Kk, 8 B AR 43 B A
MBSO 2% . 1 = AR ARSE i 2oty =45 B 0 i ] (18] 3B) T AL, o A I A5 SR A
W (BAEAE I B SE T 7R R T AL v e =0 2 04 B I (181 3C) v, {50
JE A I ELS S W SRR | 28 W7 B TS 4R el a0 o A 2Rt 0y e mT LA S A 7
It ()2 AT 4R | T A5CHE e AN 25 - B 2 KA R 4 O /N QB () e AP BE . 6 A 24 1) Jo i
OISR 1, T DL 4.,

A 20 B 35 € 355
S 15¢ S 25) S 25
X X
~ ~ 20 L ~ 20 L
> >
S £ 15} 2 1sf |
S5 5 1.0} 8 10f 3
= = osl = 05l i
00l=" s - 0.0 ‘ - 0.0 bl
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m/z m/z m/z

K3 ZHAMEmIERE TLRIERE . (A)TPS; (B)Dropwise-TPS; (C)Dropwise-FPS
Fig.3 Mass spectra of carbendazim obtained using paper spray ionization: (A) TPS; (B) Dropwise-TPS;
(C) Dropwise-FPS

Rl ORMRARIL AN S . T E T, R T BT R A

Table 1 ~ CAS number, molecular formula, adduct formation, precursor ion, fragment ion, and collision energy for analysis of six
kinds of pesticides

S 2 L7 o A L
K% feEans  ATR mes AT BT HEAHE
Pesticide CAS No Molecular formula Adduct Precursor ion Fragment ion Collision energy/
’ (m/z) (m/z) (Relative abundance, %) (<107, eV)
L2
. f [i' di , 10605-21-7 CoHoN;0, [M+HT* 192.2 160.2 (100)/132.2 (2) 1.20
arbendazim
S bk
F = _J/H\ h 67306-03-0 CoH33sNO [M+H]* 304.3 130.3 (100)/147.2 (58) 2.05
enpropimorp|
5 [ 451 ' :
FTI%E &?ﬁiﬁ_%l 79241-46-6 CioHyF3NO, [M+H]* 384.4 328.3 (100)/282.3 (65) 1.86
uazifop-p-buty
M k%ﬁfﬁh 2157-98-4 C;H14,NOsP [M+Na]* 246.0 149.0 (100)/120.0 (68) 1.45
onocrotophos
PH‘)E& 139-40-2 CoH6CIN; [M+H]* 230.0 188.0 (100)/146.0 (33) 1.55
ropazine
BN .
Trid b 81412-43-3 CoH3NO [M+H] 298.1 130.0 (100)/116.0 (31) 2.14
ridemorp

T 3 T2 TR N ) B X TEAR IR BE TR © e 2438 ) B T RS 55 2 1AL AN = R 4Rmi 25 25 1k
B T B T PSS R LU LI 5. S5 RRWT B B ARk B FEAK, B TR AR 1Y 2 M s SRR 5
W14 7E 0.02 me/kg WRET, 6 FR G BTEE ST T 6~32 1%
2.3 HEFER

B AN R BE A TR B PR VA MR ERE AT, DA B VR B AR A A () o 8 o B 1 i 5 i S A
B () A TERAE R8T, 1551 6 P 25 LR R ANZRPEAHC R B (r) o 6 PR 257845 H ML BBl N £k
PERRRAF, r R T 0.98, 435HILL 3 A5H 10 f5(5 M Ui e J7 vk pyke 0 BRFNE fE BR, 6 Fhefe 24 A th BR
4 0.02~0.05 mg/kg, EREFR A 0.05~0.10 mgrkg, Fiksr % 8iah Bl 2,
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Fig.4 MS/MS spectra of six kinds of pesticides of carbendazim (A), fenpropimorph (B), fluazifop-p-butyl (C),
monocrotophos (D), propazine (E) and tridemorph (F)

40 - —@— Carbendazim
35| —o— Fenpropimorph
- —A— Fluazifop-p-butyl
30 ——%—— Monocrotophos
% 25 L ——&— Propazine
g . ——»— Tridemorph
=
Sm 20
& 5
215t
ARRT "
5
ol ———
. . e L L
7/
0.5 04 01 0.0
Concentration/(mg/kg)

K5 ARFEWET 6 Rk 2% F B AR5 2 1AM = ML AR5 B 1 Ui B i BT 5 5 9m L
Fig.5 MS signal intensity ratio of different concentrations of six kinds of pesticides obtained using fan-shaped

paper spray ionization and triangle-shaped paper spray ionization

TELMEANTA Lib 6 P4 25 05 H AR B B9 J K A S NS BU RG AR T00RE & H 43 51
ATE R RFNY), S A 0.10, 0.50 F15.00 mg/kg BYFEE B INARAEE S BEA TR , 45 R a0 3 fiis . 6 ek
A [RDR (n=6) 75 82.6%~101.8%2 [] , 6 YR H & I 2 AYAH X Fr il 22 K 8.3%~16.5%.

MAIMITT TR . Al FERREERT . AR . R s BR LA R AT I S5 T ST e T 4R 5% i
-/ NS48 5 1 S A R i A S5 A DG SOk I AT T B S5 R LR 40 SRS (A - T
I AR B SR - BRI BRI AR DT ik ek TR e . A I 8 25 A b B B , 20
B AN 58 T 100 min J8/0 % 1 min, [FIE5 48 TR &, BAFGERE T R R ZR . A5
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K2 RS
Table 2 Results of method validation

P 2k - .
Lo by Pl HIERE Kol S
o R . Linear range/ Correlation coefficient LOD/ LOQ/
Pesticide Linear equation
(mg/kg) () (mg/kg) (mg/kg)
glﬂi‘ y=23x+108 0.06~10 0.9887 0.03 0.06
Carbendazim
e
T _JWH( y=26x+207 0.05~10 0.9912 0.02 0.05
Fenpropimorph
Al T NS
ol H:ﬁﬁ R y=35x+226 0.05~10 0.9837 0.02 0.05
Fluazifop-p-butyl
Sl y=32x+253 0.06~10 0.9883 0.04 0.06
Monocrotophos
H\IE y=18x+285 0.10~10 0.9920 0.05 0.10
Propazine
. Eﬂﬂt@ y=21x+309 0.08~10 0.9938 0.04 0.08
Tridemorph
3 R E A
Table 3 Results of recovery test (%, n=6)
IAR7KF Added
2k R AR SRR K NS
Pesticide Toner containing chamomile extract Essence containing ginseng extract
0.10 mg/kg 0.50 mg/kg 5.00 mg/kg 0.10 mg/kg 0.50 mg/kg 5.00 mg/kg
gﬁi 83.6 82.6 91.5 88.4 91.8 91.5
Carbendazim
s
1% EWH\ 88.3 92.7 94.2 89.8 97.9 98.3
Fenpropimorph
FENE AR
ﬁ H:ﬁ*?i 98.7 91.6 89.4 91.0 99.6 87.6
Fluazifop-p-butyl
Sl 94.3 87.3 93.1 101.8 95.6 86.6
M()n()(?r()t()ph()S
?FJ{@ 88.9 86.2 92.5 100.4 94.7 98.7
Propazine
.ﬁﬂﬁ([ﬁ 85.3 89.3 96.1 89.2 89.8 92.3
Tridemorph

JOT PRSI R AR 5 4 e (i - I i S FH 5 VA A LA A 2580 (R PR 8 280 DA J2 SE BRI A 755K o Ak,
5 R AR5 - 5 ST P TR H, AR T R P /N P B B A GHEA T A A ), A8 TR i A M e R
25 R GE R/ NBIAR KRS IR BB B T — 2 A5, (B JE RIS 55 1) )2 A1 e 2R D Be ml gk — 2D 4 e 4R 25 1Y 25
FACRCE X A B b R 2 A I ) RS 5 KB B OB AU o 25 B rid B T2 0 s 5 i T 4UE
Z5 45 /NS 4 X i A 5 5 A A B U IS Aot it v 6 oA 24 ) 37 MRS 5 , 6 S ATk A
R 7 T AL e 7 v BAA W e 3 IR A R 805 7 s B 1 SR G EAR IR K AT A
AT R R i e SR R
2.4 ZBRERSH

N FHASTIE ST S BT AT v 6 10 S e H 2 . SRE, HR . USSR U i 3K AR, LA
K10MNEANS . HIE, SIS0 25 YISO AR S b T i Ak I, 25 R BH , rill e 8k
Kt iR 6 Ry,
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Table 4 Comparison of this study with other reported methods

IIMTT s i At BRI ST 275 3k
Method Analyte Matrix LOD and LOQ Analysis time/min Ref.
M SRR 52 52 45 20 Fofe 24 EL e A
Ui Hﬁﬂﬁﬁkﬁ ( Tzl a*ﬁ%i&:ﬁl@%ﬂé&un 0.0005~0.005 mgkg
UHPLC-MS/MS Twenty pesticides Cosmetics containing plant >58 [12]
. . 0.001~0.010 mg/kg
including glyphosate extracts
X TR 35 ek 2y ALt
N L . . - 0.02~0.10 mg/kg;
GC-MS Thirty five pesticides including  Cosmetics containing plant >100 [24]
. 0.05~0.25 mg/kg
dichlorobenzene extracts
WETE R A 5 ARy -
KA B 5 mg/k
PS-MS Five pesticides including . S me/ke ~1 [25]
. Fruits and vegetables /
thiamethoxazole
= 4t 3 e 2t
FRALI 3 FIARES 44y 0.01 mg/kg;:
PS-MS Three pesticides . ~5 [26]
. . . Milk 0.03 mg/kg
including chlorpyrifos
R il 10 ng/mL
PS-MS ?Ek*ﬁ %' i 0 ng/m 1 1271
Cyazofamid Tomato 25 ng/mL
ZHT 5 -FPS-MS L R 6 Fhofe 2 & 7 i ]
AR A-TPS-A FIAE 6 HIRE LD BERD Lk 0.02~0.05 mg/kg; Ak
Chromatographic Six pesticides Cosmetics containing plant ~1 .
0.05~0.10 mg/kg This work

enrichment-FPS-MS

including carbendazim

extracts

FE: UHPLC, B R0RAMI (1% s GC-MS, UM %-FRil i ; PS-MS, 4UBE%5 -Filiik ; FPS-MS, i R4S /N Bl ik .
Note: UHPLC, ultra-high performance liquid chromatography; GC-MS, gas chromatography-mass spectrometry; PS-MS, paper spray-mass spectrometry;

FPS-MS, fan-shaped paper spray-miniature mass spectrometry.
4 A
3 ZFie

58 T AR A7 20 (IR 25 2 R N 280 ) DL SN R AR AR (= MIE MBI ) A5 0F T Fr il
TEARHE FRYZ BTS00 0 AR CE B I 4R E AT S B E AT R ARACR . SR T sy 1R A
ViR B I il i 6 T 245 B ) B T2 AR 55 88 1/ N R 85 i ;7 PR i A5 05 0% | R 07
AP PEBR, Al AE 1 min WSS TR . AT AT . REE . R & T35 R 3R B 2 et dh
PG5 B I PR T A
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Rapid On-Site Screening of Six Kinds of Pesticide Residues
in Cosmetics Containing Plant Extracts by Fan-shaped
Paper Spray Ionization and Miniature Mass Spectrometry

LYU Yue-Guang', ZHAO Jia-Yu'?, XUE Hong-Yu?, MA Qiang"'
'(Chinese Academy of Inspection and Quarantine, Beijing 100176, China)

%(School of Chemical Engineering, Ocean and Life Sciences, Dalian University of Technology,
Panjin 124221, China)

Abstract Cosmetics containing plant extracts may pose health risks to consumers due to inadequate control over
the quality of plant raw materials, which may lead to residues of pesticides such as carbendazim in cosmetics.
Developing rapid detection methods is of paramount importance for regulating product quality and safeguarding
human health. A rapid on-site analytical method was developed for the screening of six kinds of pesticide residues
in plant extract-based cosmetics using fan-shaped paper spray ionization with chromatographic enrichment
functionality coupled with a miniature mass spectrometer. Cosmetic samples were directly loaded onto the fan-
shaped paper substrate drop by drop, followed by chromatographic enrichment, paper spray ionization, and the
miniature mass spectrometry analysis. The entire analysis time for a single run was less than 1 min. By loading
samples in a dropwise manner, significantly improved chromatographic enrichment on the tip and 6 to 32-fold
signal enhancement were achieved on the fan-shaped paper substrate compared to traditional triangle-shaped
paper substrate. The limits of detection (LODs) and quantitation (LOQs) for the six kinds of pesticides were
0.02-0.05 mg/kg and 0.05-0.10 mg/kg, respectively. The recoveries were 82.6%—101.8% with relative standard
deviations of 8.3%—-16.5%. The established method was convenient, sensitive, and suitable for rapid, on-site
screening of pesticide residues in plant extract-based cosmetics.
Keywords Chromatographic enrichment; Fan-shaped paper spray ionization; Miniature mass spectrometry;
Pesticide residues; Rapid on-site screening
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