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1

W EATRALSRRER S RA T RGKRG T EIAK, £ T &R QuEChERS-# & A2 LB &4 (porous organic
polymers, POPs) R4, BFHig - B HEWEAFREMNETGWaLL, 5. 5. 5K FAF 30MHK
BWRGEPI T ko HHBE 1% K TERIFHE, THRIKR, QUEChERS (R4 B K B) S ILE2H AR IHFER
SR, MR, MRRKES A 1 mL THHK (BRI 6+4) & & . &% %% Phenomenx Kinetex C,q &35 4E
(100 mmx2.1 mm) %%, 0.1% ¥ (A Smmol/L P %) -CHMERM, £ XEH TR, EHTFTRAEFHE
LR pEMNBEXMNE, ARECE. R KW L% A 549 10 mg POPs ## 3t 30 A% & 25 98 Mt 5 5T 3% 95% WA
L, RCTH+FR (R 3+1) BLAER F A 99%. 2 B QUEChERS-# A A2 LB R &40 3% Al 4 1L ik 4k 30 AP R
EERI T 5%~40%. 30 AR 1E 0.05~100 pgkg FCE A A BIFHEEXFE (0.990) , # B R (limits of
detection, LOD, S/N=3) # 0.05~5.0 ngkg. SA A L FERLZRHA LK, P, FEZKFTOH-FHIHES
86.4%~113.1%, A8t 4= 41 £ (relative standard deviations, RSD, n=6) # 0.36%~8.74%, 7 * & &M (limits
of quantification detection, LOQ, S/N=10) % 0.10~15.0 pg/kg. A H F KRG, ZHAE G, RBMEL %
QuEChERS #7 4 2 3f £ R AR R S BA R A C Ak, 2R T3R80 19 AL,
X $EE: 2 B QUEChERS-#7 & A8 S BE B2 Ay, S KR 25 JRAL, A8 3 20 A0 - B B w9 SAT R 75 B
(UPLC-MS/MS) , K%K 8 r
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Abstract: In order to study the pesticide residues in ginseng health food ingredients, an analysis method for determination
of 30 pesticide residues in Korean Red Ginseng, Salvia miltiorrhiza Bge, Scrophularia radix, Radix Codonopsis, and Pseu-
dostellaria radix was established by combining the modified QuUEChERS-novel porous organic polymers (POPs) purifica-
tion with ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). The samples were
soaked in 1% ice acetic acid and extracted by acetonitrile, then purified by QuEChERS method without graphitized of
carbon black. The purificated solutions were adsorbed and desorbed by novel porous organic polymers, concentrated by
nitrogen stream and dissolved in 1 mL acetonitrile solution (volume ratio 6+4). The filtrates were separated by the Phe-
nomenx Kinetex C,¢ (100 mmx2.1 mm) chromatography column, using gradient elution of 0.1% formic acid aqueous solu-
tion containing 5 mmol/L ammonium formate-acetonitrile, determined by electrospray ionization, in positive ion switching
dynamic multiple reaction monitoring mode, and quantified by the internal standard method. The results showed that the
adsorption rate of 10 mg POPs materials self-made by the chemical method for 30 kinds of pesticides could reach more than
95%, and the desorption capacity reached 99% when eluted with acetonitrile-toluene (volume ratio 3+1) solution. The
recoveries of 30 kinds of pesticides were increased to 5%~40% by modified QuEChERS-novel porous organic polymers
purification. Method validation revealed that all 30 pesticides had good linearities in the range of 0.05~100 pg/kg, with cor-
relation coefficients (r) higher than 0.990, and limits of detection (LOD, S/N=3) were 0.05~5.0 ng/kg. The average recov-
eries of 5 kinds of ginseng health food ingredients were ranged from 86.4% to 113.1%, with relative standard deviations
(RSD, n=6) of 0.36%~8.74% at low, medium and high addition levels. While the limits of quantification (LOQ, S/N=10)
were 0.10~15.0 ug/kg. This method has high recovery and high sensitivity, also can solve the issues of low pesticide
recovery and strong matrix interference in ginseng health food ingredients by conventional QUEChERS pretreatment.

Key words: modified QUEChERS-novel porous organic polymers purification; ginseng health food ingredients; ultra-high
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performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS); pesticide residues
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JLER B A OMEIIRL, T HAE S g (Fh 24547 J5t
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PR R Lo PEAR B S AR, OSSR i i
B R XA TS KERED  IRIEmEU R =
RN . B e i Y R i s A e R RE
PO EAE N R FZAT RN MOEF MAR! Y vEE—
FIVRARE"S , (HEFAE NS BRI, DI TRME R 3
WRIE PR R . A SRME P o T 48R AR B | 32
E R SRR, AFAEAN G PR 24 S A i 24 B SR N
SRISHVER) B A ARG TR R, REA0 31 22 (i Sk
B B Sy % s DRI I 2 W] B 2 s N £ 2 L P
Z XZ | SR TSR SRR AR 255 B Y
W ITEAR TG WEAE L, SR AL 4.

H AR 25800 H R F 24 GC-MS!'Y | GC-MS/
MSH | LC-MSHY | LC-MS/MSH® 2% QuEChERS J7
FEEPGH . B 0. ARK. RE . e 2T
ZARZGFRE S HT, AB SO S s A2 22 | BRI
I, T EERR AR S L TR HARZH P DT i e
BRI A BB S i A 25 1y IR 3R U, Gn S 22 R AP i il
HF QUEChERS J7 9% (JO/KBilREE . N-INFEZ, %
B PSA . T /\SedErbbet G RERERD C 5. AR biRE
(graphitized of carbon black, GCB) ) *F & GCB £k
W RS FRIAST, P12 T A H IS R RIS 24 XE LA s
ICRARAR, Ho R . B PR S5 A 245 ] S AL
fiit P BCENRCRAR . JE SRR A 58 & AL S
QuEChERS(JL/KHiREE . PSA. C 5. GCB. fil:Jii0)

GCB X G5 | 2Rk 4 . FF R A RT3 i bR I
eI B, Bl ZR R R EE S, P R e R e i 3R
<50.0%, fitf [ 254 245 M 25 69.0%~82.0%; F3 &
GCB J5 ) QUEChERS W Bt £k i A% H bk [Tl e 4
= & 87.2%, fith B2 Ak 2 LI R 4R 5 2 85.0%~
96.0%. XAECAFER Y IE GCB J&—Fh FRes il
FEAR AR BRI, XS 2R E Re E 16 & 0 BRI
MEVEFH, SRS 47 Bl 245 5% 88 I 72 5 & BAT
P RDBCRREAR . S oT R IE 2R, (0 HU7
5% B JL TR i (Y 3 BT3B, TCT IR B s m 22 3k
FREES B, NE TR ERES 0. A H:
{2 B QUEChERS bl SCHRFRIE >4 5] AHT
T e A A RE, AN 22 B i 9 R A RE L G E g K B
B2, G Jm-AHE 2B (Metal-organic frameworks,
MOFs) P 45, i FA ™ pliAS 157, AN KRAS M ANBE R
FE2E 773 MOFs W SR80 |« 52 B0 e M 24 A BRAR 7
Z LA PLE & (POPs), JGE BUKLRE UkE X Py &
Ha) 55 A A 1 F LR DS 17T b 2 T AU s sy 25 e WA A i
AEJ128 ., SulR T AL 58 JCH LW BRH 52 Bft 41K . MOFs
IR e 22 MBI S, D g b 11 R
A= R AR B BRI AT 5T

PRt AS SC L < IRAR S R S AR, SR &
GCB ¥ QUEChERS W[ EF ik )5 , 454 POPs
WG 56 fi A AL B, i 7 R 1 SO €33 - HR I DU AR A T
J5 (UPLC-MS/MS)MIGETRINLL S P&, KZ . %S
FERF-Zvh 30 P 28R B8 ik, LISy L o th £
SRS BECH] T AR, $&mA DL . AT HLSURIRSE S
25 RN R AR IR TR, S St i st e h
A 2G5R B AL AR kS %
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1 MR5RE*%
1.1 MRS

SAAREE SRR 47 (3 EERLTE 13 4. S
Z 1340y, X5 500, %2 7T FKTFZ= 9 0, 84y
200 g, Vg YT, YI.P8 . Jaldb. Vel FE . =Fd . AT .
I Ve LU L BEVE L OHrER . LB. Uil WL,
INARERGAE Sy TS RMEE S 6 1 TSR E
FARRSRR . Se ASTFIRAR G, . RIRHKAE RS
FLud, R PR RAETT; 30 FRAFRIB R
i (21 =99.9%, 100 ug/mL) | SRACEE 2 bR AE N
(4l =99.9%, 100 ng/mL) KR IREEA BRLF];
QuEChERS F+b% (& 900 mg Jo/KBREREE, 300 mg
N-PIHEZ 1Bl PSA, 300 mg +/\ ke Jeaitbos i & ik
JERI C g, 300 mg fiffBE) T A IRBLEAT R 2
A"l ONE . HEE. oK OBE fgikali, 58 [E Fisher 24
) R (Ordral) S5 ACS fhaAialil; i mRe . vk
28 srbral, EZGEEE AR B F]; 0.22 pm
Filter Unit JEE RN ARBHTA R H .

Q-TRAP6500+—= F PU L AT 53 B AU T i (FC AT
H 5555 B 1R (EST) A2 Analyst Softwarel.5.2 4K
LA RSE)  22E SCIEX A F]; Agilent 1290
RO = TERAH T S Agilent A H]; MSZO4S/Z
T F R 0.1 mg)  Mettler Toleo 23 Fl; Cen-
trifuge 5804 /=i 25,004l #E[E Eppendorf 23 H]; HS
501 digital BIEE XRG4 THE IKA RO
IS PBER AT RN F; D-91126 245 iR as 12
Heidolph 2 #]; KUDOS M g vess  _EigRk
SRR A BN W] s NEXUS-470 i B A8 421 b
FEREIHTAL S EFERR KRB A B2 75 Milli
Q B4k 2%  ZE[E Millipore 237 ; KD 200 & WK
UL BB H
1.2 WHE
1.2.1 ArfErE R BoH AbnEh 2 eadl  HERIRZEL 30
A ZGIR G ARUES AT S bR, e 2
H AR B U 1.0 ng/mL BSR4 W, —18 °C
PRAT o AR BGE ARG 2, FH Z G B R AR R
HER, A9 2 AR TR A 100 ng/mL, MRk
J£470.05.0.1.0.5.1.0.5.0.10.0. 50.0 FI 100 ng/mL
— RN IR T AR -
122 BB BER G (POPs) &M RHAH
Friedel-Crafts &85, BN DL 2555 T Ak &4 BAA
R F AR R a2 2 R SR G N4, =58 T4
BLAERT (715
1.2.3 FESHAbER
1.2.3.1 $2HC SrIFRBGE T = S0 BT 19 < =
2% P12 XS SR TSR 3 g E
0.01 g), ¥+ 50 mL RAELIm H B LA, A
30.0 pL PIBRTURES 25894 W (10.0 pg/mL) F1 2 J9im

FEER, T 15 mL 1% (IRFU 0 VK 2 BRI, 153
TREAAE i 78 /2 1 J5 % R P% 30 min Jo; ¥E 2 IA
15 mL 2/, I8HEIRS] 2 min J5HEARPEY 30 min,
1.2.3.2 XK QuEChERS %4k [i] 1.2.3.1 fFf8£E
i A TG K i R B 5 TG OK R AN TR A L (40 1,
7.5 g), SERIAIEEY 2 min, TUKISEH) 5 min, 9500 1/
min #.0 2 min, BE_EVER 10 mL FREAHAFRSL
B, AR SIS 3000 r/min 25,0 2 min,

1.2.3.3 POPs BB R MR A4S 0 72 B[S AH
FEEU IS W S mL F 10 mg POPs #4289 15 mL
B, IR TR S8 S 30 min {22 5T 45 W
9500 r/min Z5.0> 2 min £ 5E IR, 1) A A m A
5 mL KIRJEIRS] . B0, Bk MG, B FiREAE
1 K, &3 EEWIE N VO, B VO BT 40 C FAS
W, HOME+K(6+4) A E | mL, IRIEIR~, H
0.22 pum Filter Unit & 5533 3E, 4t UPLC-MS/MS 47
BT, B B2

1.2.3.4 POPs #EHEW T M T )= POPs B EHH D
A 10 mL ZJE+H 2R (AR LE 3+1), 500 W 7S
30 min {822 FE53# % ; 9500 r/min 5.0 2 min B3
Wi, H4r 2 KA 5 mL ZiE+H 2R (R e
3+ AR 10 min, B.OE EIEW ST, BT 40 C T
AT, HZNE+K(6+4) EZEZE 1 mL, IREIRS,
JH 0.22 pm Filter Unit 7& i85 7€, {4t UPLC-MS/MS
AT

1.2.4 A3 (A% Phenomenx Kinetex C g 1
FEEAHFE(100 mm=2.1 mm, 2.6 pm); FishHH: A 454
0.1% WM (& 5 mmol/L HiR%:), B 414 Z.)IE;
0.3 mL/min. £k 40 °C. #FFER | pL; B PE0: 0~
1 min, 30% B; 1~12 min, 30%~100% B; 12~14 min,
100% B; 14~14.01 min, 100%~30% B; 14.01~16 min,
30% B.

1.2.5 st B HBi%E (electron spray ion-
ization, ESIM) A= HLB{%5 L& 3000 V; 516 UET)
55 psi; Gl BN BER R S 50 psi; A SUE ST 25 psi;
BT URIREE 400 °C; 22 )5 Az I (Multiple Reaction-
Monitoring, MRM) A 30 Fle 5% Al AR ARSS 25
TR AT SRR 1,

1.2.6 POPs B} RRF 5 Fnfi 2 B 6E 7 11154

1.2.6.1 POPs ¥R =R AGHE
P E - LERSE
W, (%) = - 100
oo FhaR

o Wy R POPs BRI IR (%) o
1.2.6.2  POPs BRI 3R )44
R 8
FES R
A W, 3278 POPs MORMIIT R (%) ;s ARG &
J FORFRENBRELS _ LTS B0 i, me/kg.

W;(%) = x 100
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1 30 FhferRINE ) ESI-MS/MS [Tk S 5k
Table 1 ESI'-MS/MS conditions for mass spectrometry parameters of 30 pesticide residues
b= &} - BB H} ] (min) FEES T (m/z) T T (m/z) FHEREV) TlifEfE R (eV)

1 R L A 2.18 228.0 168.17,108.9 100 19,35
2 PR 12 4.95 259.1 89.0",60.9 43 30,33
3 T 7.84 363.0 227.0%,307.0 100 36,25
4 R 6.24 243.0 131.0%,97.0 51 29,41
5 AL 6.11 304.2 217.17,202.0 77 31,45
6 HRELWEI 3.67 336.0 266.1°, 188.3 60,85 28,38
7 AL 271 320.1 233.0°,292.1 60 34,21
8 IR e 5.41 312.0 270.2%,236.2 67 23,22
9 CEESE 7.98 261.1 75.0°,47.0 51,47 21,46
10 LB 5.36 293.0 247.1°,115.1 60 12,33
11 PR BN 424 277.0 97.1°,171.1 60 44,16
12 g 421 411.1 196.1°, 168.1 49 23,35
13 TRdm 7.66 271.0 159.0%,97.0 65 19, 51
14 LTNED 3.78 222.1 165.0°, 123.1 70 17,29
15 3-FRHE A B 1.61 238.0 181.0°,163.0 65 14,20
16 Hh AR 7.83 247.0 137.1%,109.1 60, 50 15,25
17 S 7.08 314.0 162.0", 120.0 70 22,40
18 SR 4.02 358.0 141.0°, 167.0 51 23,25
19 kN 2.19 256.2 140.0", 168.0 80, 65 32,22
20 HH e 3.64 382.0 167.0°,199.0 36 21,27
21 T KL 2.78 208.1 116.2",89.2 2 12,25
22 156 KSR 1.21 223.0 148.0°, 86.0 63 12,20
23 196 K B 1.04 207.0 132.07, 89.0 51 10,20
24 W 2.75 300.0 174.0°, 126.9 70 20,28
25 F R S A 7.74 332.0 231.0,273.0 40 20,9
26 S 1.00 142.0 94.0",79.0 46 19,28
27 T BRI 6.28 321.0 171.0%,265.0 50, 85 18, 12
28 FET BRI 5.39 305.0, 187.0 187.0°,159.0 52,75 17,13
29 R 1.16 224.1 127.0°,98.0 71 21,17
30 A HUPK 1.30 197.1 117.17,89.0 75 39, 61
31 MINAE St 425 221.0 178.8%,101.1 35 13

s R BT aRR AT

1.3 HiEALE

Kk FH AB SCIEX 2\ 7] /Y Analyst Softwarel.5.2
AR AL T4 BREE , SR AR IR A 708 615 SR
Excle 2021 F1 Graph Pad Prism 8 4K {4 3E47 % 47
AT VEEL. SEitor b, BARoR 8 3 D MSr AR gE R
PP R 25
2 HER57Hh
2.1 BIERILEHMK

MRUKF AR A 0.1 pg/mL 14 30 Fhe 2| 7RACEE
AR AR MR DA TR Bl S 00 U 24 AR R,
T8 EST'HI EST A HEAT 424940, 23 BST AT 1
VA = P PN E S = ) = 7 i ) & == e o = K Wit e =
FEARXT R . THAEXT /N 2 X843 5
REH . EPEETFPI(ER 1); 30 FARZHAE 1~10 min N
HESE A, WG XTRR, BiffS JoiH i 4 i T4,

ARPEET TR ATEHAF IR LU R 225 rh e AR 3
FE 245 2020 Jig ORI WU 2341 )25 kPO 80
FH £ 1% - 52 86 BT 3 v, SR Phenomenx Kinetex Cig

(100 mmx2.1 mm, 2.6 um) (O 3EHELEAH[E i B 5%
PR, B Rems . 36 O A IS5 SIAE 0.99 . 1.00 min H
%, H. 0.80~0.90 min &b B Ag % 71 B 4% B T4
WETEXTFR R4S [RIEHFSE i & B 0.1% H R/K -2
TBAEIR R AT IE RO T 0.1% FF iRk - i sl
AR ZR A I, 7E 0.1% F R /K- 20 i sh A A 32
RS INZE phER REAT OGS L IBIX AR, [RIR 22
MR AR R IR T R AR E M. EbESET S 10
20 mmol/L FIFREEI 0.1% H IR /K- N5 i shAHik &
K 3 PRSI IR TSR R 30 k&
M A 2R LR BE B TR) E TR RS R 2= 51, {2 5 mmol/
L I B ) B K il A | AR s 1M
i L DA R )4 I R ) A5, (e SeAstA] 0~0.5 min.
9.01~16 min YIHe 2 WA IEA BT, FEAKPUZAT Y
V5 YL R S SR A Y

2.2 HmATIETERNEERAITE

2.2.1 POPs MR HEMHE LA RILAIE
2 #2020 AR PUHER 0212 2584 F0 5 PRA i 180 J) Y10 )
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KSR 30 P2 KPR 50 ng/kg FyFEHE, %<
AN[FE R POPs MRHEARTRIIS R] P9 R 56, 1455
A SR . W BRHRE 7 SR ZEE TR A P I
Y5 POPs 5 AR SRS . 30 Flk 252 LIEZIE
K AEAE, AT o A U i & 2R AU
POPs A HA7 K 1.3 nm K] ROiALg5 AR,
TE R ) TR, WA A 24 T

4 5 mL 30.0 ng/mL [ BH: =5 TN 21 S 36 0TI W
(KPR 3 g BEMED S35 AZE] 2. 5, 10, 15, 20 mg
POPs #1Kl, #2 1.2.3.3 2L IRERAE, Ml VO _LiEW
FREAACL S i, WnE 1. HHIE 1 AT, 10 mg POPs #4
BERTIRE] 95% LA L, B R EEH 2 BH A H 2K,
X FEE POPs MR K HLER AR LA A4, L
B B R S r-r HERUWE A B,

120+
110
100+
90+
80

MR R (%)

70
60

50 T T T T 1
0 5 10 15 20 25
POPsHl# (mg)
K1 POPs ABHHIEEXS B IHELS: 30 Rl 241 Fff 2 52w
Fig.1 Effect of POPs material usage on the adsorption of 30

kinds of pesticide resticides in Korean Red Ginseng

2.2.2 fEWLISFIMODERE  DERRIE B A A 7R
PEE ISR BN R Z —. R ) 3220
FREMYE RS POPs G5FAH B AE S . 30 gk
259 21 P MU 2y | 3 PR Zh | 5 Fhad 3k
FRIRIRS A S 1 P HLAEAR 25 (R o Horh, AL
ARG LETRME S5 N EE, TEmE SR N A S B 7
SYEAZ AT TR B (T M S 4 ) vh s 7, R b~
WIS, SERE AT WL T8l o s i A4
(TCA HOys M) R/ /N o3 (TCAR 250 M) 5 T2
RZGTEFRVERBR IS T AT S, TRV ESA L
BT R A K, B SR A S SRR B T O Sk 2
A=K A, BRI A B R R AN SRR e P ek, =
% GB/T 20769-2008 . GB/T 20770-2008. GB 23200.
39-2016 b, EEA IR T O & 1% BERRIN NG .
CIEHHZRG+D) . FHEE, & 1% ZOKPHEEXT 10 mg
POPs B4 8HZFff 5 mL. 30.0 ng/mL Y BHPE S INLT =
LR (KT 3 g FESE) BRI EE ST, 2 1.2.3.4
HREAE IS AL LI . AR T e o
7€, UPLC-MS/MS 3 #re 24 & i, 45 R WLk 2; 45
WoR N HH 2R (3+1) £ W BE ) A, i R R IR
99% .,

2 RREEIETIX R AL S 30 R 2 R (n=6)
Table 2 Desorption rates of 30 pesticide residues in Korean red
ginseng using different types of desorption solvents (n=6)

i 551 IR
¥ifd brifEE
2 85.12 6.31
%R 2N 30.06 20.04
ZIE+HZR(3+1) 99.02 4.55
FH e 79.25 9.20
1% E K 23.10 19.27

2.2.3 Wikt Eietife  EFXFEEA A R AR (REEE)
TR ERAFAE R ZE TR 2 . SRR TR B, DLS N4l Z
SR, 3T QuEChERS (JU/KARLEREE 900 mg. PSA
300 mg. C;g3 300 mg. fi£JiX 300 mg. GCB 90 mg) .
2 B2 QUEChERS( A & GCB) . POPs #1 ¥} . ot B
QuEChERS (A ¥ GCB)+POPs Bt JH 4 Fhig b b4 ¥}
S5 B 7% QUEChERS ABHJSRE BRI (A B IR, (Bl
HEAR T2 K QuUEChERS (BREME@E . H ks ),
It POPs MR R i 255 2R QUEChERS O3
GCB 1) +POPs It FH W Fe 4, 30 Fhfe 24 [ml i 2 44515
BT HE S, RO T BSCRAR A TA] 8, JH i BRI
SRR . P A R 19 IR 3R £ QUEChERS 1L 119
82.8%. 64.5%. 91.5%, M E QuEChERSCA~E GCB)
HLE 85.3%. 97.1%. 90.2%, F-3 B QuEChERS
(A GCB)+POPs BEFH Y 93.1%. 98.3%. 94.5%,
SRR T 11.7%. 41.5%. 3.22%(.5QuEChERS H,
), 30 P 24 ISR B 5%~40%, AN 3 Frs.
R Bt L AT TR 4500 BT HAF ST Y QUEChERS J77k,
30 PR EIKCRIRET T 15% Aidv o NEaRadfle . &
il MNRCR PR T =, 2R P pH MABE Rk
PR ENEUT | AN BT, 3 R RIS A 25 45
FA R ER . RN 2 ¥R B0 25 5 POPs g5 5
FEEAE . SN - HERRAE FH B Ak 24 W BT,
FH T B s K (27 mg/L) A 7K AR fif IR T B A
(50 mg/L) FIERHHEIE (27.9 g/L), I VR RAg [T Ar =3 4%
PSR ALy I
23 FEFER
2.3.1 FFESON S5 WNEREIIE  FECREARILR
FEIZ5 L 2020 RRPUFER 2341 Y26 Fik e BoaMr 21 M Ak
F A2 FE BT, IR e T B, T2
FC L BTt 2 A 7T B, RO N CAE == A PRIt
SRFH B IU” H g PIBRIE T B IR H 30 TRk
BT, LTRSS 258 YA
ARRYE: DA ST R a2 = 1) 5 P S I i
Bl BN S FES . XS SR TS0, 3
I i SRR A I I BBR F/E ME &8 KT
SR PRSI . XS0 S REIL TR0 /N, ME=1;
220 FR A . G, 5 N 2T S 0 RS e . R
i . SRR RL BRI SR A i, ME 7£ 1.03~1.66 2Z[d];



- 268 - B Tk B 2026 4 9 H
3 ARG RS R S8 b5 30 Fhg 25 5 IR
Table 3 Recoveries rate of 30 kinds of pesticide residues in Korean Red Ginseng with different sorbents
o QuEChERS 4 L QUEChERS (A GCB) POPsH1 £} QuEChERS (A& GCB)+POPs
} (%) RSD(%)  FHEEHR(%)  RSD(%) M%) RSD(%)  FHIM(%) RSD(%)

FH B 81.7 2.36 85.8 1.45 67.2 1.66 98.0 1.62
P R Al 84.8 4.19 92.6 2.88 60.2 4.82 94.1 4.56
MR 88.6 1.76 938 3.49 67.6 1.89 98.3 2.84
R 89.5 2.15 93.8 5.08 58.7 229 97.3 278
RLL 915 0.744 100.8 3.12 726 2.66 100.7 2.61
ARLE BRI 80.1 1.63 84.1 4.10 65.8 7.52 96.9 1.48
AL 87.9 3.10 88.2 8.07 58.2 4.67 96.5 6.44
IR IR 77.6 6.28 78.6 3.64 50.6 5.07 92.2 3.06
PR 81.6 2.55 86.9 3.57 56.6 3.41 98.5 1.56
LB 81.5 0.580 81.8 2.94 43.0 5.84 9.5 2.51
EES T 21 69.6 5.25 742 5.72 36.4 15.0 92.1 1.45
i S 82.8 2.99 85.3 1.90 41.0 15.1 93.1 424
Lk 75.4 2.81 80.1 1.27 65.8 7.91 91.6 2.46
LIAEY: 88.6 2.99 9.1 3.26 69.6 7.78 96.1 3.25
3-FRIETOE W 95.3 3.15 100.7 5.64 84.4 4.69 107.5 5.22
b R 90.6 3.09 97.1 2.55 74.8 5.05 101.9 3.25
AL 932 2.54 91.7 2.38 64.6 9.21 102.2 5.73
ERi {3 64.5 7.16 97.1 4.64 59.5 6.10 98.3 1.02
RN 81.1 424 85.0 459 64.4 9.68 1053 9.60
FH ik e 91.5 2.75 90.2 1.71 71.8 4.89 94.5 4.68
1o Kk 92.3 2.36 93.2 1.78 82.2 3.57 94.8 2.13
6 K SN 84.3 6.78 99.6 5.72 70.6 3.64 91.7 1.36
RS IR 91.3 1.49 99.6 231 80.0 1.39 94.3 3.87
R 85.3 3.58 87.3 2.01 75.3 5.52 96.3 2.65
FH L S M 86.4 443 91.0 2.89 66.7 6.77 97.4 1.93
e 74.7 4.90 83.8 242 453 7.97 97.6 438
FET BT 80.6 1.51 84.4 3.48 56.5 8.47 93.8 223
T BB 80.1 1.19 80.9 3.32 62.5 9.70 93.6 1.27
AR 81.0 1.64 85.0 2.83 72.8 421 95.4 3.62
A MK 84.3 2.47 84.7 1.37 55.6 4.67 945 2.08

5 PR TORR T A 1 A G A A B 1 R T D 25
R, HASEI BT, AR IR 4L A 3 B st Ae e B
2 5 PR IL BT TP £ SE i B 2 A3 AT 4
SR, BARR AT SeEY QUEChERSs &bk, HHL AN
HE 78 4 71 99 3 o A4 B, PR e As SR A P9 s 72
5 FhS A E s 30 Bl skt T i
GRS PIAS % &

2.3.2 JFIEMIZREYER . MR E BRR #E 0.05~
100 pg/kg YL, 30 P2 HAT R 4FAVERIEC R (>
0.995) . #H— UMY 5 FhBATE A S5 FORE
FLTOIARA, 76 IR . B sad FIlE, MBI
S/N=3 {1 HKH R . S/N=10 I EER L 4,
2.3.3 JFIEMENBCRANG R F13k 4 rhasezye
R 1.0, 2.0, 10.0 fFAKFAE 5 FRAMES ISR R
it SRR SN 30 FRAR AR UE S . PR BT R
100 pg/kg, $% “1.2.3” ATALESPA FIAE 6 1y, ZHEASTT
FR ISR S EI: . S50 R 12 o EeR
TE 86.4%~113.1% LI, FHXITARAEIR 25 7E 0.36%~
8.74% Z[al(F 5).

2.4 SERRHESRINE R AR

SR PARIETTRE 16 M T R 5 PP 225
PRAE T 5 JEORRE 47 0 B S EA T A I, BHPEARE Sl A
G IR 6. 8 My FE LA AR 2GR B, 7 4 FESh
FEAEFR A3 A 25 88t (b AR N R H R [ 24 i 2020 R
PUB 0212 25 A4 F1 R KRS o 30 00 ) BR (. AN A 4%
3 14.9%, FWIATA RN RILFTE 258 2020
JR DU 2341 )55 HL AR, Horppk2 3757 HH f
FNARE s S (B B ARE o, L B 53501028 16.03 . 14.58.,
15.02 ng/mL, MiNAR FEIBCRIRMR . AT AR
FESFZ: 35T HIPEREN G 1 91.44. 87.29. 87.72 g/
kg, MARENRCRIR 95% LU I, £75 GB/T 27404-2008
2By B R P RIRIE YF. 1 A AR 60%~120% J5
LB AR BESREEIPY, A g8 I i S (R . TR
HEo FFH LI 13 PSRRI S 4 BHME, AHXTH
S 28A, FESK AR LB, 13 4yl
LISRESKEH 2 Oy E e BEE . A T T L HAth
LRAEES,, AN TSR AR IR TR L e NS IR ARG
RIPRUCIAB R i S R S BN AAG HH o



AR, 45 L TR QuEChER SR SEIRZR A W FL 1B e S50 ROH- ER 6 DU B ST R 0
5474 45 1840 5 P SAMd a iR 30 Rl 2sk B - 269 -

K4 30 PRGN [FIHT7 R AR KL KR R R R R B P PR

Table 4 Linear ranges, regression equations, correlation coefficients, LOD, LOQ and residue limiys (MRL) of 30 pesticides

1 FRLERA®E  0.05~100  y=3.67E-01x+6.99E-03  0.9990 0.10 0.30 20

2 P 0.05~100 y=4.80E-03x+2.02E-04  0.9988 5.0 15 20

3 MR 0.05~100 y=1.12E-01x+7.27E-04  0.9993 0.50 1.5 50

4 R 0.05~100 y=1.21E-01x+4.49E-03  0.9997 0.10 0.30 20

5 IR 0.05~100 y=3.45E-01x+4.22E-03  0.9992 0.025 0.10

6 LR 0.05~100  y=1.10E-01x+9.92E-03  0.9995 0.20 1.0 LR R (B, AR Z /N T20
7 LB 0.05~100  y=9.28E-02x+1.07E-03  0.9997 0.10 0.30

8 VIR 0.05~100  y=4.72E-03x+3.46E-04  0.9981 4.0 15 50

9 SR 0.05~100  y=5.02E-03x+4.78E-04  0.9983 0.25 1.0

10 FH B 0.05~100  y=1.25E-02x+2.28E-03  0.9990 0.50 15 FR P S LI (R AR Z R/ F20
11 P 0.05~100  y=8.12E-02x+5.20E-03  0.9992 0.20 1.0

12 WAt e 0.05~100  y=2.45E-01x+5.06E-03  0.9982 0.015 0.10 50

13 Lk 0.05~100  y=2.25E-01x+4.77E-03  0.9996 0.050 0.15 20

14 \rﬁﬁ)ﬁﬁ 0.05~100  y=6.11E-01x+7.05E-02  0.9995 0.020 0.10 TR R e RS0

15 3-FREESEE 0.05~100  y=8.24E-02x+5.14E-03  0.9993 0.20 1.0

16 Hb AR 0.05~100  y=2.03E-02x+5.27E-04  0.9994 0.50 1.5 20

17 ML 0.05~100  y=9.02E-02x+2.19E-03  0.9997 0.30 1.0 10

18 SRR 0.05~100  y=6.66E-02x+4.20E-04  0.9992 0.075 0.50 50

19 RN 0.05~100  y=3.02E-01x+1.21E-02  0.9998 0.050 0.15 30

20 FH A 0.05~100  y=1.56E-01x+1.77E-03  0.9999 0.030 0.10 50

21 o K I 0.05~100  y=1.98E-02x+2.50E-04  0.9990 0.20 1.0

22 6 KR 0.05~100  y=4.13E-02x+2.04E-03  0.9995 0.40 1.5 R A (I, AR Z AT 10
23 TRKBAH  0.05~100  y=7.09E-02x+3.02E-03  0.9992 0.50 1.5

24 WL 0.05~100  y=4.82E-01x+8.08E-03  0.9995 0.040 0.15 50

25 FUEESMIDE  0.05~100  y=8.51E-02x+2.17E-03  0.9996 0.25 1.0 20

26 P il 0.05~100  y=1.32E-01x+8.52E-03  0.9996 0.50 1.5 50

27 FETBRBEN  0.05~100  y=4.58E-02x+2.23E-03  0.9992 0.20 1.0 20

28 FRTERBATEAL  0.05~100 y=1.85E-01x+1.24E-03  0.9998 0.08 0.30 20

29 U 0.05~100  y=1.37E-01x+4.83E-03  0.9997 0.10 0.30 30

30 A 0.05~100  y=5.75E-02x+9.12E-04  0.9985 0.50 1.5 20

55 FSBUE R RN 30 R sk ik Y ISR FIER B (n=6)

Table 5 Recoveries rate and relative standard deviations (RSDs) of 30 pesticide residues in 5 kinds of ginseng health food ingredients (n=6)

S LS 15 %% %5 KF5
\‘J“ 7] 7.

K2 (ugkg) THEICE  RsD  PHENGE  RSD  CPHBIeR  RsD  PHENCE  RSD  CPHEIMCR  RsD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.3 96.8 1.06 99.6 2.23 99.8 6.85 97.7 6.10 97.5 2.41
FH LB Al 0.6 99.8 1.76 99.1 3.47 95.6 3.91 96.8 2.39 101.2 2.45
3.0 97.4 4.69 93.9 2.74 95.7 4.38 97.7 2.65 99.2 3.89
15.0 90.2 1.80 94.9 5.19 91.5 221 97.6 2.61 96.7 1.65
PN R Tl 30.0 98.7 1.55 95.5 2.17 98.2 6.16 100.9 1.39 99.2 1.48
150.0 93.4 2.67 105.0 4.33 94.3 3.19 974 5.12 93.7 3.14
1.5 95.8 1.82 93.5 1.45 103.2 1.56 99.6 2.00 96.9 1.76
R 3.0 101.3 2.53 103.4 3.94 103.3 345 101.5 2.18 103.1 6.85
15.0 97.7 4.89 98.3 4.09 99.2 3.50 98.4 4.32 97.9 3.75
0.3 99.9 3.40 95.8 3.28 96.8 1.53 102.8 3.68 98.3 1.95
KL 0.6 94.5 7.19 98.0 4.09 101.9 2.44 101.5 2.52 100.4 2.25
3.0 97.4 5.26 95.5 6.64 97.9 4.70 98.2 4.76 97.0 5.47
0.1 100.2 3.22 90.6 2.15 94.3 5.83 90.5 5.74 94.2 5.32
IR 0.2 103.5 5.33 96.2 2.11 96.9 4.03 98.2 2.41 95.3 6.01
1.0 98.3 7.52 90.4 541 101.2 7.71 100.8 2.66 97.5 7.12
1.0 95.8 4.62 91.4 1.82 87.6 1.65 90.2 1.80 86.4 3.98
ARLR BN 2.0 96.3 3.99 99.5 1.18 99.2 1.48 98.7 1.55 915 6.20

10.0 98.5 3.63 96.3 1.95 93.7 3.14 93.4 2.67 104.4 3.08
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— LIS & z5 e K¥%
NI
R (ngkg) ~THEMCE  RSD  THEMiE  RSD  PHEMeE  RSD  PHENCE  RSD  THEMLR  RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
0.3 923 8.42 89.8 2.46 89.3 5.67 91.9 2.60 91.1 6.79
TR R 0.6 102.1 5.92 103.3 2.05 943 2.02 98.0 1.23 93.4 6.43
3.0 97.5 2.17 96.1 2.79 95.1 3.04 96.0 2.92 99.4 475
15.0 90.0 2.20 929 4.13 90.2 5.55 93.5 2.30 94.8 4.62
TR e 30.0 91.3 1.40 101.2 7.04 98.8 6.01 99.8 1.59 90.3 3.99
150.0 95.4 2.80 104.3 4.01 104.7 4.88 98.2 2.39 98.5 3.63
1.0 96.8 238 91.3 2.83 90.9 2.82 91.2 2.83 93.4 5.11
LR 2.0 98.9 2.09 97.1 2.75 98.3 2.85 96.7 2.40 90.2 2.00
10.0 99.8 1.47 90.6 3.02 99.3 2.60 99.2 2.98 99.5 227
15 99.3 2.01 95.4 2.04 99.7 2.10 93.2 2.88 96.2 3.34
SEERETHT) 3.0 95.0 278 90.6 2.85 98.5 2.06 92.2 1.79 98.3 1.87
15.0 95.2 331 93.1 1.54 100.3 1.66 99.6 2.02 94.6 1.22
1.0 92.4 7.23 91.0 437 93.9 291 88.5 436 92.0 2.41
GERR R 2.0 932 1.98 92.8 6.04 96.5 1.35 96.0 1.34 93.2 1.34
10.0 90.6 3.18 98.3 3.03 96.5 277 96.4 2.94 97.7 2.73
0.1 93.1 8.62 90.2 2.46 91.3 5.67 91.9 2.60 90.8 6.79
&R 0.2 92.1 5.92 93.3 2.05 943 2.02 98.0 1.23 93.4 6.43
1.0 97.5 217 96.1 2.79 95.1 3.04 96.0 2.92 99.4 475
0.15 93.0 7.23 102.8 437 93.9 291 923 436 92.0 241
TRk 0.3 92.8 1.98 102.8 6.04 96.5 1.35 96.0 1.34 99.2 1.34
15 102.6 3.18 98.3 3.03 96.5 2.77 96.4 2.94 97.7 2.73
0.1 95.3 3.00 89.5 2.28 96.0 1.88 90.8 3.80 100.7 2.55
TR 0.2 93.4 3.99 88.9 3.38 97.1 235 97.6 6.46 93.8 4.65
1.0 99.5 1.04 91.1 4.18 94.0 3.09 99.2 3.98 94.1 0.36
1.0 101.0 1.85 101.1 231 98.5 2.83 101.3 2.56 97.2 1.61
3R A 2.0 110.4 3.72 100.5 2.39 100.8 6.08 98.9 3.20 107.2 2.56
10.0 111.0 6.01 99.5 2.20 97.3 2.75 99.8 1.34 97.5 6.88
15 102.2 1.54 99.6 3.12 92.5 0.84 96.3 1.64 102.2 1.07
i TR 3.0 98.4 1.87 99.7 3.53 97.1 3.93 101.0 1.74 98.3 248
15.0 105.0 5.13 98.2 1.75 97.1 3.04 99.0 485 96.1 2.94
1.0 108.9 291 100.8 2.99 95.8 2.12 99.5 3.66 102.5 3.35
Sk 2.0 98.3 7.06 100.5 2.76 103.8 5.37 101.8 274 99.7 1.49
i 10.0 99.3 1.69 96.8 0.88 98.6 5.72 100.5 0.90 96.6 1.40
0.5 98.3 478 90.6 4.15 96.7 4.87 100.1 6.66 96.8 4.16
S 1.0 96.9 4.09 108.1 2.36 95.2 5.68 97.5 1.48 93.0 3.94
5.0 101.7 1.46 93.4 1.98 102.1 3.15 103.4 0.88 100.4 3.70
0.15 93.9 5.60 101.9 2.19 102.8 3.04 104.5 5.39 91.1 2.53
TRIREE 0.3 109.0 3.30 99.9 1.49 99.8 1.57 90.8 1.76 99.9 1.89
15 113.1 6.50 94.5 1.64 94.0 0.85 99.5 221 102.3 3.51
0.1 94.5 6.56 92.8 437 93.9 291 90.5 436 90.5 411
PR R 0.2 93.1 1.41 91.0 6.04 96.5 1.35 96.0 1.34 92.7 0.95
1.0 99.5 2.53 98.3 3.03 96.5 277 93.4 2.94 95.3 2.76
1.0 97.0 7.07 98.7 8.52 102.3 3.82 100.7 2.35 96.0 3.12
5 R, 2.0 93.0 6.76 99.2 1.48 91.1 1.68 98.0 5.63 90.2 2.44
10.0 94.5 5.97 93.5 1.98 94.0 0.65 100.1 5.30 101.4 234
15 90.4 8.33 94.0 7.33 93.3 7.71 90.2 7.45 94.5 6.16
156 I 3.0 92.9 6.05 95.7 6.73 96.4 7.32 96.8 5.53 95.0 6.47
15.0 91.7 5.76 97.9 5.97 97.9 6.38 100.8 4.56 93.6 5.53
15 95.3 6.86 91.5 5.61 94.5 731 90.9 7.06 91.1 6.53
90 R I AR, 3.0 90.3 5.58 93.0 6.69 91.4 5.72 93.1 6.35 98.2 6.45
15.0 97.4 5.18 101.2 5.47 93.0 6.16 98.7 5.71 94.2 4.60
0.15 95.5 7.29 94.6 472 92.0 5.08 90.6 5.74 90.9 6.57
Wi 0.3 99.2 6.29 923 5.74 93.4 6.28 943 5.10 92.2 6.39
15 943 5.84 94.9 5.28 94.6 5.00 97.1 5.53 98.2 7.06
1.0 97.0 2.03 96.0 3.33 91.5 2.07 99.0 3.10 95.0 4.09
FH 3 S A 2.0 95.7 1.05 94.7 2.02 98.2 1.88 101.0 2.11 97.8 411
10.0 99.4 3.11 96.1 1.06 96.3 2.62 97.8 2.08 97.0 217
15 95.9 233 91.6 3.14 953 3.83 90.5 4.11 95.7 7.78
FH e 3.0 102.5 222 96.4 1.58 97.2 1.03 96.7 0.95 92.5 3.87
15.0 94.5 4.80 96.7 3.60 91.4 6.71 95.3 2.76 92.0 8.03
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(S ‘ngﬁf FHEfGE  RSD  PHENCR  RSD  PHEMCE  RSD  PHEMGE  RsD PR RSD
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1.0 96.2 3.02 94.4 3.10 96.8 6.70 95.3 8.74 93.0 3.15
T T BRI 2.0 92.4 1.91 93.8 1.96 97.5 1.92 98.8 1.95 92.4 1.59
10.0 92.8 3.45 93.7 4.75 99.3 3.18 99.7 3.95 95.1 5.14
0.3 93.0 0.39 92.9 2.08 96.9 5.36 95.1 0.88 94.3 6.13
T BRI 0.6 95.0 1.02 97.7 1.97 96.8 3.74 96.3 2.63 98.0 3.42
3.0 92.9 2.05 93.2 3.05 94.3 3.90 98.5 1.06 91.5 341
0.3 98.9 5.08 96.8 2.20 97.5 1.34 95.1 3.52 96.5 5.09
/& 0.6 92.0 1.93 98.5 0.99 96.6 3.32 94.4 5.02 97.2 1.49
3.0 95.4 2.08 97.3 1.47 90.2 1.17 95.6 5.82 94.9 3.38
1.5 93.4 4.86 97.2 1.65 96.3 6.35 98.1 4.21 96.2 5.50
% Hupk 3.0 96.8 1.39 94.6 323 95.7 3.66 98.3 4.02 105.0 2.40
15.0 93.4 2.04 97.2 2.68 99.2 2.85 93.6 3.17 96.5 3.17
H6 S FBRIRMLLTHII 30 Fskik oo Itk SEXM
4 1 2 L (1] Fa&2, i, s, F. &mahTHRIELS RE M
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