pISSN 1229-1153/eISSN 2465-9223 J. Food Hyg. Saf.
Vol. 36, No. 1, pp. 24~33 (2021)
https://doi.org/10.13103/JFHS.2021.36.1.24

Journal of Food Hygiene
and Safety

Available online at http://www.foodhygiene.or.kr

= . ) = | 1= al] o
LC-MS/MSS 083t AloF 3§ F4H20] THOISA BN U ey}
H2g* - D7 - 9gol - BUF - H2F - FM - AP - W= - W19 - /UM - MUgE
MEABASE AT
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ABSTRACT - For this study, we surveyed concentrations of 8 mycotoxins (aflatoxin B, B,, G,, G,, ochratoxin
A, fumonisin B, B, and zearalenone) in agricultural products used for food and medicine by liquid chromatography-
tandem mass spectrometry and conducted a risk assessment. Samples were collected at the Yangnyeong Market in
Seoul, Korea, between January and November 2019. Mycotoxins were extracted from these samples by adding 0.1%
formic acid in 50% acetonitrile and cleaned up by using an ISOLUTE Myco cartridge. The method was validated by
assessing its matrix effects, linearity, limit of detection (LOD), limit of quantification (LOQ), recovery and precision
using four representative matrices. Matrix-matched standard calibration was used for quantification and the calibra-
tion curves of all analytes showed good linearity (r>0.9999). LODs and LOQs were in the range of 0.02-0.11 pg/kg
and 0.06-0.26 pg/kg, respectively. Sample recoveries were from 81.2 to 118.7% and relative standard deviations lower
than 8.90%. The method developed in this study was applied to analyze a total of 187 samples, and aflatoxin B, was
detected at the range of 1.18-7.29 ng/kg (below the maximum allowable limit set by the Ministry of Food and Drug
Safety, MFDS), whereas aflatoxin B,, G, and G, were not detected. Mycotoxins that are not regulated presently in
Korea were also detected: fumonisin (0.84-14.25 pg/kg), ochratoxin A (0.76-17.42 pg/kg), and zearalenone (1.73-
15.96 pg/kg). Risk assessment was evaluated by using estimated daily intake (EDI) and specific guideline values.
These results indicate that the overall exposure level of Koreans to mycotoxins due to the intake of agricultural prod-
ucts used for food and medicine is unlikely to be a major risk factor for their health.
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Nations, JACFA)®} -5 2] %9 % (European Food Safety
Authority, EFSA)IA o] 549 HFE71FS
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shd, AlEo] B3k stekd AEES AASH] Ag A
g AFge] FashH, 7/4FZ% (Solid phase extraction,
SPE)>29, NN ==t (Liquid liquid extraction)®, A3 w]
AM|F=Z&H (Solid phase micro-extraction)’™”, WS X134 Z7H
H (Immunoaffinity columns)*'*? %  QuEChERSY (Quick,
Easy, Cheap, Effective, Rugged, Safe)*?” 5o] 3t} =1
% Bol AMEEE MYz ZEE FFol5a A7t
U] Bolido] &, A& 7k Winolu Ao HIRkAL,
frE71gke] Aok, FAIFZ0] o]g7] wiEel FAEAE ol
= Ago] A&, FHZol= QUEChERSH I THIE &+
A& SPEE &&3 AFE0] Bol o] FofA| AL Ur}tr2620,

3 LC-MS/MSZ
F+a4de 453t
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Materials and Methods

1=

2019 1€l 11€71A] A& Ao fE=
Ae A FE FAE T L2, FEEA), 241
), FA157), 2ek107), F7167), A7F167), A
97), A5(87), Ark8), T71AH1074), BEEAH974),
FH(107), LH=F(127), A =FE7), AAS(87) E 4k
°ol(77) 17EE 18712 AEE FYste] 2]-oF F&3
A JSHAARAZ w719, FER9] 58 244
H, FFol5AaE AU AEE £471(DA338-G
Hanil, Seoul, Korea)= #3f3te] Zelodal vjdgo] &
B zAste] WE(-20°0)EAeHA] AR
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FFE4 of=gt=4l B, B, G, ¥ G,& Sigma-Aldrich
Inc. (St. Louis, MO, USA)°|A, F244l B,, B, 23}
E41 A 2 AZY =L Biopure (Tulln, Austria)ollA
stth =5 2 717146 AHEE oM EVEE, wEhE
9 E(Fisher Scientific Co, Pittsburgh, PA, USA)2 HPLC
F7 LOMSTES AH-38k 3L, 7R 2HF R 5 (Sigma-Aldrich,
St. Louis, MO, USA)3} 7lu]4ik(Fisher Scientific Co,
Pittsburgh, PA, USA)2 LCMSHS AM&3lth A 82
A#et7] sl 24 o) A (Whatman  GF/A, GE
Healthcare, Buckinghamshire, UK)E AF&-3}3o, A2X]
ZE = 02 ume] 13 mm A A tJ2= HE(Minisart RC,
Germany)E AME-3I91AL, #AEF AAE 272 Isolute
Myco (60 mg/3 mL, Biotage, Cardiff, UK)S A}&-3}3itT}.
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A58 FZ A% %33}7|= Bransonsonic (Branson F 2mLeF 10% oHHEUEE 2mLE FEA71Z, 7}
Ultrasonic Co. Ltd., USA)°]aL, YAEE] 7= TOMY MX-  Eg A Ho}l e §4e = E 01%3}04 A A7
301 (TOMY SEIKO Co. Ltd., Japan)o]Z, &w& A AE 3 0.1% A72t g oM EYER 2mL 2 WE-S 4mL
u] AFE3 AAEE7]= N-EVAPTM 112 (Organomation, & X2 &8 &&A7It} o] &5 9 50°ColA A4
MA, USA)3iTH. AR - ZAF=oll 0.1% 7HvAE 3 50% e 1 mL
2 59 %, 02um AHRA] EE oFste] 7]7]EA

Al AHE-sEA T

HE 9| XH| 717184
o}F&Z+E4l B, B, G, ¥ G,&= WEEe] 59 50 ng/mL FBolE4 #A4E $18] LC= Vanquish Horizon UHPLC
o2, FFUAl B BE 50% cHIEUEER, 2 A8E (Thermo Fisher, MA, USA)S Al&3l9 o, AGEA7]
Al A A= oA HE"JE 200 ng/mLoZ WS = TSQ Altis (Thermo Fisher, MA, USA)E ©|&3}] &
o] 20°CollA WERAstAAN EFAYOE ARSI Attt 48 Z7e 94 ZE< Hypersil GOLD,,,
EaFEgNe 7F U 50 uLE A F53 0.1% C (2.1 %100 mm, 1.9 uym Thermo Fisher, USA)S AME-3}%)

Ml E % 50% uﬂ%% I mLE Agafg 5 oFZebE4al 3, 0.1 mM ZHRARIEE 0.1% 7HR)ste] e =3
B, B,, G, 2 G,& 005, 0.1, 025, 0.5, 1, 25ng/mL, F2  HEES ALY 7]27] S ARSI, 271
Yzl B, B,, 2352 A B A= 02, 04, 1,2, F7189E 1E7HA 30%= FA8EE 6 Bbel 20%=
4, 10 ng/mLo] == th¥EAF 37|(Astragali Radix), 2  AFHo=z WA F 20%0A T7E7HA] A&7t

AT AFFEAR IS AF 5 AE
3] 20mL=E 3} ZZC’“E 6&4 18 7tEGAE vl W vk EF AR #3 7to] =21 8 CODEX 71e]
g oMHEYEZ 2mL, = 2mLE X2 FASHA Z=Z1¥e] w2} vfA g F(Matrix effects), 2414 (Linearity),
Nt F=2Y 5mLE F 3]"34 % 121t} olojX F &3 (Limit of detection), d % 3H (Limit of quantification),

°K(Dioscoreae Rhizoma), 7-7]1AH(Lycii Fructus), A& o549 #4203 mL/min% 2, 30°CollA FUHE 5L
(Nelumbinis Semen)2] F*]2] F& & (matrix)Z &4 3} Aot AHE S st LC-MS/MSe] AAEFo] 23}
matrix’} FA7HE BEFE&NS ZA AT (Electrospray ionization, ES))¥ ¢] 2-©]-23} 1% (Negative
mode)} o]} (Positive mode) 22 collision energy
A=el =& 2 HH| (CEYE 43, HA o HgFol2 HAolS st
AR AAYE AFTH T oFEFHE2AB, B, G, RaAL, 7171 21 o3 2tk positive spray voltage
G,), 2AHEA A, AZE =, FEUA(B, B, EA]H“ + 3500V, negative spray Voltagc% 2500V, vaporizer <
Holl ujg} AAISATD, AAE E sl %LZ]ﬁ]-ﬂ A= =+ 450°C, sheath gas 50 Arb ¥ aux gase 10 ArbZ
oF 2.5 ¢S AL3] Dot 0.1% 7RVt 3 50% obAlEY AR5, MRM w415 913 o] 252 Table 13} 72t
EE 20mLE 7FeFaL 3087 2295 o]8dte FE35}
3L 3700 xgoll A 10%-7F Al s &, o] FEldid 2MY 18 45
A2 o3ttt g 4 mLE 48}04 SHF 16 mLE 7t a4
RIRS

olN

Table 1. MRM transition and LC-MS/MS conditions for analysis of mycotoxins

Compound Polarity Precursor ion (m/z) Product ion" (m/z) Collision energy (eV) RF? Lens (eV)

AFB,? + 313 285/241 24/39 92

AFB,” + 315 287/259 26/31 103

AFG,” + 329 243/200 28/36 99

MRM AFG,” + 331 313/245 25/31 112
FB» + 722 334/352 32/32 121

FB,” + 706 336/318 38/40 136

OTA'"” + 404 239/221 61/61 72

ZEA'™ - 317 175/131 24/30 96

UNumerical values are given in the order quantitative/qualitative ion, ?Collision energy for quantitative/qualitative ion, *RF: Radio frequency,
Y Aflatoxin B,, *Aflatoxin B,, ®Aflatoxin G,, "Aflatoxin G,, ®Fumonisin B,, “Fumonisin B,, 'Ochratoxin A, '"Zearalenone.



A2 (Accuracy) 2 8 E /4 (Precision) O 2 7}ttt u)
Aade= ) A% matrix-matched B8N o] A

A 71&71e] WMEEE A, HHA8LS dE ANEE
AXe 3 F EFEFLY 50 uLE FHal davtrg2 '

=3 5 0.1% NEAE 3 50% WES 1 mLE A)]-83) st
A ste] mjERA A #H (Matrix matched calibration)
o= A, 7t Aede] AFBA (P, Coefficients of
correlation)& *3IA . HAESHAIL} AFHAE UBEAE
o 6@ EFEFEAS H7ltete] s ke ZA3 F
EFHAH o) AR 71871(S)E T3t AETA=
o/S x 3.3, A= o/S x 1022 Attt A
I AEAEE HEA S 394 F=(eHEESEAl B, B,
G ¥ G= 0.1, 05 2 pg/kg, *ULV\] B, B, &3ZE

F

O

£
Al A E AZE =L 04, 2, 8ugke)’t ﬂ¢ EguE
£H4g H7lsto 3§] HHE Ay ste] 34E i EEd
Z}(Relative standard deviation, RSD)Z %‘7}0}%‘\5}.

HEE2t

Aok 38wk AFE A wgolEae AsEt
= AoFA SR 7E XA wet AP EA FaEA
(Deterministicapproach)$! 737 (Point estimation)2. 2 =
ZH7NE £t 2ok T8 AR JUHF TS

FRUFFEAL] AFAAHTF AET}E glo] Aok 19 58
FE VTR AESALY, FFolsA BASHESS A
oko] 1Y B34S = Ha AT 65.82kg 02 U
o] 19 QA =% (Estimated daily intake, EDI)S 3}
ot o} 23} 7o) ofFetEAlS 54 71E34(0.170 pg/kg
bw./day)3} Bl dtE =F9HH 9 (Margine of exposure,
MOE) WO R ARSI, 1 9 FRoRAE UAx

HAZIES HE e, FEUAG Adyee 19
’S—.—]ﬁhﬂ & (Tolerable daily intake, TDI, FX2 U4l 1.65 g/

Matrix effect (%0)
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kg b.w./day, AlZ#E = 0.4 pg/kg b.w./day)s}t ¥ 3G,
LIHEN AE T =& F7F 433 F(Tolerable
weekly intake, TWI, 0.11 pg/kg b.w./day)S H]Z3le] =
=% H&(%)E =St

BMDL,,(Benchmark Dose Lower Confidence Limit,
pregkg b.w./day)

MOE= ; o
Estimated daily intake (EDI, ng/kg b.w./day)
o4 TDI = Estimated da.lly }ntake (EDI, pg/kg b.w./day) <100
Tolerable daily intake (TDI, pg/kg b.w./day)
Procisional Tolerable Weekly Intake
PTWI b.w./da
W TWI= ( shgkg y)

Tolerable daily intake (TWI, png/kg b.w. /day)

Results and Discussion

LC-MS/MS _’F_?j CAp |

wFolEL BN AAEAL 1 pgmLe = ZA T
ETZEFE 10 ub/min FHS %“3}04 ESI ol 2F =29}
SOl 2R =04 full scandte] AHFAHEHS AL & F
A o] o] (Precursor ion)yS &SI AElE Mol
2o CExbg WZstiA A HL = F2 Aol
(Product ion)S RHEo] B4 o] A€o MRM
(Multiple reaction monitoring)'H o2 22313t} A2

=S MHH]], 2 9] FFo|EA 75 [MHH]0] Aol

oz AgEglon, Aygel2E Tl A=t 7HE 2
0] 2-& % %ol 2(Quantification ion) 22, X5 A7]¢] o]
£2 FRlo]&(Confirmation ion)> = 1S ST
(Table 1). B Fgol5a £48 o]gdez S58AH
pat, 23 Sy A7kt MS =g ST E R,

o
HZE 0.1 mM NP EET 0.1% u|ite] E4E 3

T :I
!

O Astragali Radix
HLycii Fructus
B Dioscoreae Rhizoma

B Nelumbinis Semen

OTA

Fig. 1. Signal suppression/enhancement (SSE) effect of 8 mycotoxins in representative matrices.
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eSS ARg-skel
Mg fu88F

A g3= LC-MS/MS 5
2 et Aoz, ot A8 matrixZt 4 &

Table 2. Linear equations, correlation coefficients, limit of detections (LODs), limit of quantifications (LOQs), recovery and precision

of mycotoxins in representative matrices

Linearity RecoveryRSD" (%)
Compound Repﬁsa:?iftwe Regression S;rglc?zgg (::go/l?g) (::g?l?g) L0w2) Mediu}r)n High@
equations ®) level level level

Astragali Radix Y=156880x-152 1.0000 0.02 0.07 116.6£2.16 101.2+2.70  102.6+1.08

AFB, Dioscoreae Rhizoma ~ Y=445788x+7839 0.9999 0.06 0.16 100.3+5.11  86.9+3.52  88.0+1.23
Lycii Fructus Y=293300x-253 0.9999 0.03 0.10 92.3+5.00  94.2+4.54  92.3+2.38

Nelumbinis Semen Y=610273x-602 0.9999 0.03 0.09 98.0+2.04  97.3+0.83  97.6x1.09
Astragali Radix Y=49906x+1354 0.9999 0.04 0.13 96.7£5.10  88.243.29  104.1+1.40

Dioscoreae Rhizoma ~ Y=215001+18455 1.0000 0.06 0.17 114.7£2.01  97.5+4.86  97.7+0.85

AFB; Lycii Fructus Y=124612x+23127 1.0000 0.03 0.08 95.748.12  92.6+4.17  91.3+1.32
Nelumbinis Semen Y=243502x-407 0.9999 0.04 0.11 106.7+£1.45  97.842.84  94.2+2.34
Astragali Radix Y=106623x-214 1.0000 0.04 0.11 96.3+4.20  91.1+£3.29  103.3%1.38

ARG, Dioscoreae Rhizoma Y=343833x+450 0.9999 0.04 0.11 99.3+0.58 89.0+1.80 87.7+3.25
Lycii Fructus Y=311906x-2656 1.0000 0.02 0.06 97.3£2.59  94.7+5.19  90.3+3.02

Nelumbinis Semen Y=498027x-3977 0.9999 0.05 0.14 104.3£0.55 96.2+1.36  95.1+1.71

Astragali Radix Y=49923x-39 0.9999 0.05 0.15 100.741.52  98.740.71  97.6+0.34
Dioscoreae Rhizoma Y=230067x-1450 1.0000 0.04 0.14 111.0£1.80  100.6+4.04 101.1+£2.79

AFG, Lycii Fructus Y=131568x+1028 1.0000 0.03 0.08 95.3+596  87.1+0.58  87.6+2.89
Nelumbinis Semen Y=237590x+4175 1.0000 0.05 0.16 95.3+3.37  95.840.55  88.4+2.87
Astragali Radix Y=25117x-911 1.0000 0.06 0.19 108.3£7.22  110.1£6.57 105.5+1.05

Dioscoreae Rhizoma Y=28141x+1076 1.0000 0.11 0.18 93.8+6.00 88.9+1.68 90.3+2.55

By Lycii Fructus Y=28033x+898 1.0000 0.04 0.14 93.2+2.61 95.6+1.61  93.0+1.08
Nelumbinis Semen Y=28618x-385 1.0000 0.06 0.19 87.6+0.33 81.743.58  81.2+0.40

Astragali Radix Y=52224x-2085 0.9999 0.06 0.18 111.3£2.37  98.8+t1.45  95.1£1.79

Dioscoreae Rhizoma Y=60359x-2122 0.9999 0.04 0.14 118.1£0.65  91.4+1.08  93.3+2.59

B, Lycii Fructus Y=63266x-1380 1.0000 0.04 0.13 94.3+6.24  88.7+1.35  89.2+4.44
Nelumbinis Semen Y=58879x-4545 0.9999 0.07 0.23 98.5+2.93 86.5+£0.40  82.242.79

Astragali Radix Y=10924x-549 0.9998 0.06 0.18 112.3£5.93 110.1+6.57  97.6+0.34
Dioscoreae Rhizoma Y=114483x-5914 0.9999 0.05 0.15 118.7£1.55 97.9+3.16 101.1£2.49

OTA Lycii Fructus Y=83411x-1276 0.9999 0.07 0.23 92.746.14  942+1.30  96.8+8.90
Nelumbinis Semen Y=131341x-9859 0.9999 0.03 0.10 109.3£3.00  99.9+0.41  96.0+2.67
Astragali Radix Y=8821x-48 0.9999 0.06 0.19 106.5£3.54  112.7+4.73  107.8£2.08

Dioscoreae Rhizoma Y=19978x+352 1.0000 0.05 0.15 117.4£2.66  112.7£2.11  97.7+1.80

ZEA Lycii Fructus Y=7908x-156 1.0000 0.09 0.26 97.7£6.51  112.7£7.32 111.244.61
Nelumbinis Semen Y=19012x-678 0.9999 0.03 0.10 106.242.47  96.842.42  101.6+1.56

YRecovery (n=3), RSD=Relative standard deviation, ?AFB,, AFB,, AFG,, AFG,: 0.1 ug/kg, FB,, FB,, OTA, ZEA:0.4 ug/kg, *AFB,,
AFB,, AFG,, AFG,: 0.5 ug/kg, FB,, FB,, OTA, ZEA:2 ng/kg, “AFB,, AFB,, AFG,, AFG,: 2 pg/kg, FB,, FB,, OTA, ZEA:8 pg/kg.



100%ET FSFE o] 243 0], 100%ET =S5
ol 73t a3/ e, BE 80-120%Y ] viEe] 4
s WA Ferh?. FEFol540 AR E 51.83-
123.80% 22 (Fig. 1), oFZ2t541e 7], 7717}, AFefd
A, A=z 2385 As 37, F7IAA] o]
Aldsdo]l vebgon, 1o vl FRULS T F%3
o] w3 MiEadrt @ el dAEE Ay
2 wjdo] ks @ ugtth hEAF WE

gk o] 294 9 AFsldde]l e wERA AR
AEgstAh B g vidEA Adgez
ZFek A3, Table 29 7Fo] i A5l thet #3o]s
8] BAATF()E 09999017 3 S B3
3, AETAE 0.02-0.11 pg/kg, B HFIAE 0.06-0.26 pg/
kgith 2 Ao AEeHAS} AFAE= 71 LC-MS/
MSE H ¥ Han 5°7¢ HZ3H1(0.01-0.36 pg/kg) B
3HA1(0.01-0.43 pg/kg) 2 Li 5400] AAIS HE3H4](0.02-
0.15 pg/kg), 3 #F3H4(0.06-0.50 pg/ke)et FAHEEATH 3
3 2 AUA APe EAEE 394 TR 35
I O EFHAE ASEAL, 35E-2 Table 29 7ol
o}lZTEAl B, 86.9-116.6%, oF=EtE4l B, 88.2-114.7%,

o>
[o
B o KU o o S 19
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o}ZetEAl G, 89.0-104.3%, oFEEEAl G, 87.1-111.0%,

FEU2 B, 81.2-110.1%, FEUAl B, 82.2-118.1%, 23

=2 A 92.7-118.7%, AZE= 96.8-117.4%R 3L, &

THAE 0.33-8.9%3At # A2 35 80% o7

2 A0 8.9% olate] AEZHUAES Uehlo], §HA

3+ A3 93] (Buropean Commission, EC)*" #| 3 2] 3|4
i=1}

Wy RIS BESAT,

o =
i

o

fl

= Table 33} 7+
o)A HFol &
EE 7 FES AE, 3,8 A

2
-
F, 8RR, onlA) B pxgon, I $EE ofEeEal
B

2 M

kg, IABTEA A 0.76-1742 pgkg, AZE= 1.73-
15.96 pg/kgA 3L, 12254l B, G, 2 G, AEHA &
AUTE 2-oF F& FAERIEA Y8)d g FFo) 5L
38715 F oFZEEAIB, B, G, 2 G2 F 15.0 pny
kgolsha}t olZeHEA1 B, (10.0 pgkgelshate] A o] )
3L, ARz 37(1.6%)l AT obEetE4l Bol 1.18-7.29 pg/

Table 3. Range of levels and incidence of 8 mycotoxins contamination in a various agricultural products used for food and medicine

Range of mycotoxin levels (ug/kg)

Incidence ©6) (No of samples detected)
Classification (Detection Total AFs
/Sample)  (AFB,+AFB,+ AFB, FB,+FB, OTA ZEA
AFG,+AFG,)
Puerariae Radix 0(0/8) N.D. N.D. N.D. N.D. N.D.
Glycyrrhizae Radix 35.0(7/20) N.D. N.D. N.D. N.D. 1.73-4.07(7)
Radix Platycodonis Radix 0(0/13) N.D. N.D. N.D. N.D. N.D.
(82) Angelicae Gigantis Radix ~ 0(0/15) N.D. N.D. N.D. N.D. N.D.
Paeoniae Radix 0(0/10) N.D. N.D. N.D. N.D. N.D.
Astragali Radix 6.3(1/16) N.D. N.D. N.D. 17.42(1) N.D.
Zingiberis Rhizoma 25.0(4/16) N.D. N.D. N.D. N.D. 3.89-15.96(4)
Rhizoma Dioscoreae Rhizoma 0(0/9) N.D. N.D. N.D. N.D. N.D.
(41) Cnidii Rhizoma 12.5(1/8) N.D. N.D. N.D. N.D. 1.71(1)
Gastrodiae Rhizoma 0(0/8) N.D. N.D. N.D. N.D. N.D.
Lycii Fructus 0(0/10) N.D. N.D. N.D. N.D. N.D.
Rubi Fructus 44.4(4/9) N.D. N.D. 0.84-2.53(2) N.D. 2.40-8.53(2)
Fr(j;t)“s Corni Fructus 0(0/10) N.D. N.D. N.D. N.D. N.D.
Schisandrae Fructus 50.0(6/12) N.D. N.D. 1.48-14.25(5) N.D. 2.21(1)
Gardeniae Fructus 0(0/8) N.D. N.D. N.D. N.D. N.D.
Semen Nelumbinis Semen 0(0/8) N.D. N.D. N.D. N.D. N.D.
(15) Zizyphi Semen 85.7(6/7) 1.18-7.29(3)  1.18-7.29(3)  1.38-2.52(3)  0.76-1.62(5) 1.76(1)
Total 15.5(29/187) 1.18-7.29(3)  1.18-7.29(3) 0.84-14.25(10) 0.76-17.42(6) 1.73-15.96(16)

DUN.D.: Not detected.
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kgl 2 7] o= AZHIAT}. 710
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Table 4. Risk assessment of mycotoxins in agricultural products used for food and medicine

i AFB, OTA FB(FB,+FB,) ZEA
aily
. EDP PTWI® EDI EDI
Sample name intake
P (@lday)” (Mge/i“) (ngkg MOE (M;li“) (ngkg %TWI (Ngli“) (ngkg %TDI® (ng;‘“) (ngkg  %TDI
HEXE) , w./day) HERE) 1, wday) HERE) y, widay) HEEE) b wi/day)
Astragali
ot 30 - - - 109 348 316 - - - - - -
Glyeyrrhizae - . - - - - - - - 093 016  0.04
Radix
Cnidii
R 10 - - - - - - - - - 021 003 001
Zingiberis 14 - - : - - - - - - 183 039  0.10
Rhizoma
Schisandrae 14 - - - : : ; 202 043 003 0.8 004 001
Fructus
Rubi Fructus 14 - - - - - - 037 008 0005 121 026  0.06
Zizyphi Semen 19 179 052 32900 087 176 160 070 020 001 025 007 002
Total 179 052 32900 196 524 476 309 071 004 461 094 024

"Daily intake: Daily herb intake, ?EDI (Estimated daily intake, ng/kg b.w./day)=Average concentration (ug/kg)xdaily intake (g/day)/average
body weight of KOREA adults (65.82 kg), YMOE (Margin of exporure)=0.170(BMDL,,, Benchmark Dose Lower Confidence Limit, pg/kg
b.w./day)/EDI (ug/kg b.w./day), YPTWI (Provisional Tolerable Weekly Intake, ng/kg b.w./week)=Average concentration (ug/kg)xdaily intake (g/
day)x7/average body weight of KOREA adults (65.82 kg), Y% TWI=PTWIx100/TWI{(Tolerable weekly Intake, pg/kg b.w./day): OTA 0.11},
994 TDI=EDI*100/TDI{(Tolerable daily Intake, pg/kg b.w./day): FB 1.65 pg/kg b.w./day, ZEA 0.4 pg/kg b.w./day}.
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At LC-MS/MSE ©] 83 sA Ay e fa4d A
Agwt, 244, AT, B, Agd 2 A
o2 st A A A=) A

deol 4% AMAe BN, HESAIE 0.02-0.11 pg/
kg3, AHIAE 0.06-026 pgkegd L, IF&L 81.2-
118.7%%A 3L, ZJHEZHA= 0.33-8.90%= 55 Ajd4
S UERith SRE FARMOE AR A3 el A
H olZetEAle B°] 1.18-7.29 ugkeg (715 & ob=e}
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o] ] AAY FFo|EirE FRUA(0.84-14.25 ng/
kg) @ATEAL A (0.76-17.42 pg/kg) 2 AlZd=(1.73-
15.96 pg/kg)el AE= ATt a3 7 A3} o}l Z2tE41 B,
o] 1Y AA=ZTFE 0.00052 pugkg b.w./day$l ., FEU
21 9 AP =] dIHHAF tu] 22 0.04%, 0.24%
AL, AT Al FHEFAAF Y] 4.76%= -
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