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Abstract |

p |
The official analytical method of residue pesticides in herbal medicines by KFDA cannot be applied to all
of the pesticides and herbal medicines because of various active materials in herbal medicines and various
physicochemical properties of pesticides. Moreover, liquid-liquid partition uses harmful solvents such as
methylene chloride and is consuming a lot of time and effort. In order to improve the problems, we have
studied for the availability of the analytical method applying the macroporous diatomaceous earth (MDE)
column instead of liquid-liquid partition to simultaneously analyze five pesticides in two dried herbal medicines.
The results showed that the recovery rates of acetamiprid and azoxystrobin in Astragalus root by GC/ECD
ranged from 89.6 to 94.1%, from 86.8 to 94.4%, respectively, and those of bifenthrin, chlorfenapyr, chlorpyrifos
in Cnidii Rhizoma by GC/MS ranged from 83.6 to 88.4%, from 77.4 to 83.8%, from 82.6 to 84.3%, respectively.
Also, the coefficients of variation (CV) for triplication ranged from 0.5 to 1.7%. The results satisfied the criteria
of residue pesticide analysis, setting 70~120% for the recovery rate and below 10% for the coefficient of
variation. The improved methods are safer to residue pesticide analysts, faster and less laborious than the

KFDA official method.

Key words Herbal medicine, Residue pesticides analysis method, MDE column, Methylene chloride
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solid phase extraction(SPE) #
1‘3}1 Ay B4 %%5}
> MDE Z3 #-gof ¥t
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A} 9 A2 HE butachlor 2 pencycuroniﬂ AR H
watelth.(lijima %, 1997, 2006; Kontou %, 2001; Tseng
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= 2011).

upeha] HooltoAle ohAl 2 E A9 MDE HEe
ALslo] kAl A-H(Cnidii Rhizoma, Cridium officinale)
3} 317)(Astragalus Root, Astragalus membranaceus) X &
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Acetamiprid, azoxystrobin & bifenthrin®] #F3E2- Wako
Pure Chemical Industries Ltd.(Japan) 2 3-E LYsto] AR
3.0 chlorfenapyr | chlomyrifos ) 7¥7y BASF

IO
J&.l’"ﬁ]‘_‘
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Chemical Co.{Germany) % Dow Chemical Co.(Germany)
BHE Lolsko] AMgslgle) thd A E AR(MDE column)
2 Varian Inc. AHUSA)oll A A2 5 10 mL Chem Elut™

cartridge S ARE6}9 2.0, A|59] HAj2] ol AR acetone,
methylene chloride, acetonitrile, n-hexane 3 ethyl acetate
L Burdick & JacksonAHUSA)9] oFRt 22480 A}8-5}
Aach A 29 AA A glass column(l.D 16 mm)2} Z%17|
L= flodsilo] 920 Sigma-aldrich Chemical Co.AHUSA)
9] F9127(60-100 mesh, 5 FAFE-48)& AMESH3 1L, NH,
9 florisil SPE cartridge(l g, 6 mL)¥= Varian Inc.A{USA)
ZHE 7Ql5led A58 Sodium chloride(EP) ¥ sodium
sulfate(GR)= Junsei Chemical Co.(Japan) Al&-S AHE-

A #x acetamiprid®| azoxystrobino] MRLo] A
»“@5101 9li= 81719} bifenthrin, chlorfenapyr @ chlorpyrifos
st} MRLo) 44Elo} Q)i 12-¢ Agstgion, 7
FoIA] 3t dARo] YA FHARNA AxH AL
Aste] Agstoct. ofF 1 kgol A Aas B4f7]:
g & 015 ZuEjogdl wjgdof] Wiaste Wil
A ARSI

2 2
M2 A
S

E
=
B

rd ol

Ao A Al
O R?J%é_‘ 71{5_—
NES g&
3o T‘F"@W?‘i wateirt. o] ofzhel
50 mL E344A1E%7E 7 1 L Hojo] o] §7131 70 mL
methylene chloride 2 23] Bulj &3}t #2948 5=
&tod 4 mL p-hexaneo] A&3et &, ujg] n-hexane acetone/
hexane(2/8, v/v) 0. 843 A7 florisil SPE cartridge/)
Hofl 7}t 5 mL acetone/methylene chloride/n-hexane
(1.5/48.5/50, viviv) ER-EU|E S2AA WO & 719 2
33l 2.0 mL acetone/n-hexane(2/8, v/v) of &8st 3 2}
210} ARl 1.0 uL2 GC/ECDO] 2:¢j5t0] 2R 0ks 1
Mt steka) 27| A= acetamiprid B azoxystrobin,
o] A= bifenthrin, chlorfenapyr % chlorpyrifos®] <=
22 HAstgct BA7]71= DB-5 capillary column(30 m
L. x 025 mm LD x 0.25 m film thickness)& ©]&%t
GC/ECD(Shimadzu GC-2010, Japan)d AME8LGITH

~
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MDE ZEHE 0|85t

37|A & 20 gof| acetamiprid®} azoxystrobin®] Z3+ #
%89 0.2 mg/kg} 1.0 mykgo] HES A3t 5 100 mL
acetonitrile @ 10 mL $5455 7}8te] FAssgch #2
5 AR ofat F 5-890] 10 mL7} 22 b 55
o MDE 74%401] 7bstodeh F 108 ol AAAA 8- W

T BN & 49 AR 50 mL ethyl acetateE 23] 7}
8lo] B4+ sodium sulfateof B4A|# ot 5231¢ic) 4

Al glass column(L.D 16 mm)o] 10 g florisil?} 1 cm =
Z725k] AME-5FSI T n-Hexane 2.2
florisil- & 243} A]7]aL 10 mL ethyl acetate/n-hexane(2/8,
viv)oll A&l AlEE column A5l 713t 3 FA7 G
100 mLE £%A|A ¥el1 100 mL acetone/n-hexane(4/6,
vIv)2.2 £&AJ7] & 5=35}o] acetone 2.0 mLof| A-&313}
o] GC/ECDE 24311 232548 LO/MS=E 314ith 12
=42 93t 7]7] 848 10 mM ammonium acetate 2 0.1%
water®} acetonitrileS o] EA &2 3}
o] YMC-pack pro C18 column(100 mm L. x 3.0 mm LD
x 3 ym particle size)-& o]-83F LC/MS(Agilent HPLC-Series
1100 with LC/MS 6410 triple quad, USA)E A&3}5itt
24%/\]3?;01]/\1 bifenthrin, chlorfenapyr % chlorpyrifos2] 3|
& AFE 5Ug o= AAETE o florisil AA| 3

= E¢% AAE 93} NH; SPE cartridge 2 3 ¢
AABIEE 5 mL n-hexane 2.2 v]g] E43}E cartridgeo
5 mL ethyl acetate/n-hexane(5/95, v/v) 2.2 &35t AR
£ 715t ojojA FUT v 15 mLE §EAA ot 55
8l & acetone 2.0 mLof| A&+t AHL3) ARE 1.0
ulL® GC/MSe| F9l3te] eyt Z2oE TWAL peak
aread EEHFAN Hwsto] FE-2 ArEeiict. 417
7]+ DB-5 capillary column(30 m L.x0.25 mm 1.Dx0.25
¢m film thickness)Z& ©]-8&3%F GC/ECD(Shimadzu GC-2010,
Japan)&} DB-5MS capillary column(30 m L.x0.25 mm
1.Dx0.25 /m film thickness)& ©]-83 GC/MS(Shimadzu
GC-2010 with GC/MS QP-2010 Plus, Japan)2 AME-3}Sic}

0]9] sodium sulfateE

= [e)
formic acidE $h-3-3}

u—o]-

AlBiEoto] XM U MM

A4 bifenthrin, chlorfenapyr @ chlorpyrifos?] =
ANEA 9 72 54 GC/MSE AA3IeH 7oA
acetamiprid ¥ azoxystrobin2] £4-& GC/ECDZ 2435}
I LC/MSE 25 A%, 5 A4 L bifenthrin,
chlorfenapyr Y chlorpyrifos £&2S acetoneo]| =4 1,000

mg/L9) & AL 2AS % 0.1 mg/L~10.0 mg/L
o] =2 a2 H45E 7 1.0 uLH GOMSe] <5t
L}E}Urh peak 9] WAL 7|&0 2 AT HAL gqs}

A 2314 (Limit of detection, LOD)& GC/MS Ao A &%
7]7@ 2AEFE of8ote] ot Ao o] AbE3)
t}. Acetamiprid®} azoxystrobin®] %5 EF-g-of HA| &
3lA 2A| & GC/ECDo| FYsto] AFA HETAE

Foent

e, ;9.0

(22

LOD (mgkg) = [717149] HEHET (ug)/FUF (ul)]
x [AEEY (mLyAR (9)]

I GCMS IFo2 FEskoH, AH 5o Eﬂlﬂ“x—‘]
AZL. Table 13} 7t} g A= bifenthrin, chlorfenapyr
9 chlorpyrifos &3+ #2289 1.0 mg/kg, 37]9] acetamiprid
3 5289 10 mgkgE A2t F 4oF
HolX AR b % ARmol BAves Bag A7
& Table 29} 7t} GC/ECDY] A ZnFE 1YL Fig. 1914

9} Zro| wre. 7H maER Q8 woF 59 Bejrt ofgH

9 azoxystrobin

o} &, Eokul SR8 A 9] FlelEAS wo) $hesl= 3t
] ks Belalt A Gl saEely Bt
o ofgekn ¥ 4 girk mEbA AU AAAES sl
Bebyiel 54 9 orel Bsleta 4AS FH3 18T
227}k ek

ﬂ*l% Hwon grokg glo] B2 A|H3} 7+ 20k

& Ao A] acetamiprid®} azoxystrobin®] -2 0.0%,
blfenthrm.J 3% 47.7%, chlorfenapyr®] 7-%- 68.1%, chlor-
pyrifos®] Z$- 53.0%2 Ueht AR 1HdS wiAIEHS

o $7a e Bi4gol Lhebitek. ol sore) 445
e 54 2oidl % G LAY Agos
87} o] & wokell AEskA] o] HEd A

wjeb 74 sofe) Zelsiaby 4 7t A2
] 2ol St 52 50 428001
Aoz ArgEth
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Sl Qolut FEelo] olHeE 2o AR A2g 7
AT 74 o0 AEaA A AgaR ARl ool HE



Table 1. Chemical structures and physicochemical properties of pesticides
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GC/ECD group

CH; CN
N A~
- l
CHy—~N /J\)\
Structure - z \CH O x 0
3
/ CN CH;0 .z
N 3 CO,CHs
Cl
Name Acetamiprid Azoxystrobin
MW 222.7 4034
log Kow 0.80 2.5
In water 6 mg/L (20°C}.
In water 4250 mg/L (25°C). n water 6 mg/L (20°C)
. . In bexane 0.057, n-octanol 1.4, methanol 20, toluene
Solubility Soluble in acetone, methanol, ethanol, methylene L -
horide. chlorof: tonitrile and tetrahvdrofur 55, acetone 86, ethyl acetate 130, acetonitrile 340,
ctonde, chiorotorm, acetonitriie and tetrahydrofuran. methylene chloride 400 (all in g/L, 20°C).
GC/MS group
% 9 i
C=CH C—0
Structure el H%H th, O Cl | N\ OP{OCH,CHg),
cH
o O 2l
CHZOCHZCHg, Cl
Name Bifenthrin Chlorfenapyr Chlorpyrifos
MW 4229 407.6 350.6
log Ko > 6 4.83 4.7
In water <1 pg/l In water ¢. 1.4 mg/L (25°C).
wate . be/L Practically insoluble in water. In benzene 7900, acetone 6500,
Soluble in acetone, chloroform, Soluble in acetone, diethyl ether. chloroform 6300, carbon disulfide
Solubility methylene chloride, diethyl ether, Lol i ac ’ Y ’ )

and toluene. Slightly soluble in
heptane and methanol.

dimethyl sulfoxide, tetrahydrofuran,
acetonitrile, and alcohols.

5900, diethyl ether 5100, xylene

5000, isooctanol 790, methanol
450 (all in g/kg, 25°C).

Table 2. Comparison of recovery rates of pesticides in water
and herbal medicines by conventional method

Recovery rate (%) + SD”

Pesticide )
In water In herbal medicines
Acetamiprid 0.0+0.7
Azoxystrobin 0.0+1.1 separation of
Bifenthrin 47.7+23 pesticide peak
Chlorfenapyr 68.1£3.5 is impossible
Chlorpyrifos 53.0+14

“SD, Standard Deviation
Y0sterici Radix, Peppermint, Cnidii Rhizoma, Astragalus Root

o] MRL®] 1/10~1/2
of AIRY e F7HAH &

38 e oftjgol

327} 43}

7] o

Mo

MDE & B M

AR 10 mL Chem Elut™ cartridget= 7+% &9} hydro-
material 2 o]FolA oA FRE Ao dFo|n, oF 10
mL 7150} £5-2 E50k0] Bedhe 59 et o
34 T2 E(macroporous diatomaceous earth)= 25 EAH)
o] g7k s Aol ElFE o] vhEoll T Ak )9 4%
o8 279 Axo] Aok thsl B4 353 o
Fo] qFAtdol IR ot 9l Aol BAoItK(FhA) %J}

US 083t B4

Lo S S

ZAVARA

3], 2004). o|efdt EAS ol8ate] olRaAL FoA
2 ol A8l 9lon], 1 Aol U4y Bae 4
oF ey B 32 9ste] oo B S halshl
Agslc. wepd of el w3 §uhE SeFH 24
A o] | 4 G A BEL F4A7|T 0 4
Be TR a%4 BADS Hol, 239 5 9lof %o
IS AT 5 9e Ao AR
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Cnidii Rhizoma

Astragalus Root

Fig. 1. GC/ECD chromatograms of herbal medicines by the conventional residue analysis method of pesticides.

Table 3. Recoveries and detection limits of pesticides in herbal medicines after MDE column application

Herbal Pesticide Fortification Recovery rate (%) MDA LOD”
medicine level (mg/kg) 1 2 3 Mean + SD”  (ng) (mg/kg)
L 0.2 922 90.0 89.6 90.6 + 1.4
Acetamiprid 0.1 0.01
Astragalus 1.0 92.8 93.9 94.1 93.6 + 0.7
Root . 0.2 91.7 92.6 94.4 929 + 14
Azoxystrobin 0.1 0.01
1.0 87.6 86.8 87.1 872 £ 04
. . 0.2 86.5 85.0 83.6 850 £ 1.5
Bifenthrin 0.1 0.01
1.0 87.9 86.1 88.4 875+ 12
idii 0.2 83.8 83.2 81.1 827 + 14
Chidii Chlorfenapyr 0.1 0.01
Rhizoma 1.0 78.2 774 79.3 783 + 0.9
) 0.2 84.3 834 82.6 834 £ 0.9
Chlorpyrifos 0.1 0.01
1.0 83.1 82.6 84.0 832 £ 0.7

a)SD, Standard Deviation ; b)MDA, Minimum detectable amount ;

Wk £4 A ARERE 5o 232 ¥
&0 At dFgL vAE T8 FRojHs %
_Q.uH_J Aefo] QFHE T Ul e) B ok H X

Sz A

43 85
it 23
o A4

£ FE&4 2= n-hexane, methylene chloride, acetone,
acetonitrile, methanol ¥ ethyl acetate 5-©| 3}.°.%(Stajnbaher
9} Zupancic-Kralj, 2003), Al 7o £X5H= AR} Hoko)
=2|3keha] EAof ot 1 A9E desteiof itk MDE
AY A8 A 2 AM-EHEe 2287 methylene chloride,
ethyl acetate 7121 n-hexane 50| /.00 o] E3} ko)
SAEE Aste] &80 HEs Feste] & Zart gl
ok lijima 5o ofs) 9% vlof 2w MDE %8S ol%
3 B9 222 98] log P 310] 1.1 0|4l Aljzl oz of
A&

gt =749} 8o tstei Al n-hexane s, 1.1 w[THQl
o2 52 S49 BH tisloiAl= ethyl acetateS

= =
= 'T‘E‘g‘

2 AFSEE 511 Qckljima 5, 1997). & Ao
ethyl acetateE o]-8slo] MDE ZHOZHE acetamiprid 2
3R azoxystrobin, bifenthrin, chlorfenapyr @ chlorpyrifos

“LOD, Limit of detection

=3
MDE Z#8& o|§sto] 7} ghofAjo] gt 559 2oeg
3t A= Table 3 ¥ Fig. 29} 2t GC/ECDZE 5
Al BAH acetamiprid®} azoxystrobin®] H4AHETFS 0.1
ng, 7&‘%?3}74]5 0.01 mg/kgi’E "}E}‘;@—Ui 7] A= "415}

6.8~94.4%= ‘%EM Aok 14%*71%‘{1 70~120% o] 9]
S8 REESIYIT)E E3 GOMSE FA| 244 bifenthrin,
chlorfenapyr 9 chlorpyrifos®] #AHAEH2 0.1 ng, H&
A= 001 mgkgo 2 UEEOH, A3 Aol thdt 2 &
OFAE O] 3482 bifenthrin 83.6~88.4%, chlorfenapyr
77.4~83.8%, chlorpyrifos 82.6~843%% Ut} A=ns
ok BA71291 70~120% o] 9 3488 wE3|sich 3ut
2 AF 23 A AR0|H EELAHSD) ZhE H04~21.5,
HOACV) & 0.5~1.7% #3222 Yeht Aieef
RA7E 10% wihs F83] wEstglom, AT AR
X dm = QA EAsHA] FTE B3 YA A 28
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Fig. 2. Chromatograms of recovery tests for acetamiprid and azoxystrobin in Astragalus Root (a) by GC/ECD and for bifenthrin,
chlorfenapyr and chlorpyrifos in Cnidii Rhizoma (b) by GC/MS after MDE column application.
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Fig. 3. Total ion chromatogram (TIC) and electron ionization (EI) mass spectra of bifenthrin, chlorfenapyr and chlorpyrifos in GC/MS

(A : bifenthrin, B : chlorfenapyr, C: chlorpyrifos).
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Zoj %4‘:—%9] HaE FAHA 2Y 5 AL v 92 o Zbol whet ] A4S o 11 total ion chromatogram(TIC)
Al SFRlskA 282 4= Uitk 3} mass spectrum 12]31 A= target ion2 Fig. 3 ¥ Table
ANgo] A AT B7) Aaes AR o JEe) 3} 4of Vrehdigitt. E3F 37]0f| A acetamiprid 3 azoxystrobin
S950] BhHo] ol ok B4 A 4L e 497 o BAL ofF ool GOMS AEA W] s
Wt webs ghefAel EAske MIEA SN o Ee GC/ECDE ¥43l3 LOMSE 725 F43819th LOMS
shASE Hal o 2L oA 77 BARAL AusH 2 By 3710 A acetamiprid?} azoxystrobin®] total ion
A2 Bar} et Mg A bifenthrin, chlorfenapyr Y chromatogram(TIC)Z} mass spectrum-2 Fig. 49} 2T}

Table 4. Target ions of bifenthrin, chlorfenapyr and chlorpyrifos
in Cnidii Rhizoma for GC/MS analysis

o2 Fig. 20] Yeht 3 2nE0d7}

Methylene chloride+=

oM FEEuz Fol AH-Es,
Aol o =2 A t7] o8 SUE7] dvh BT A

chlorpyrifos2) GC/MS target ion 7} FFAEL] HEE Al

A 2leok B A] ool Hluj 74

ol ¢

2

40C= 1 3

Herbal Target ion (m/z) AT A(ARC)S] A ATfo] e WorEA group 2BE
dici . . - .

mg ]Zme Bifenthrin Chlorfenapyr  Chlorpyrifos BErlo] ol duvbsA BAE Aouly 917 i Z
“nidii

Rhizoma 166, 181 59, 247 197, 314 20k B 2] k&5 3)9E methylene chloride -4
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Fig. 4. Electrospray ionization (ESI) mass spectra and total ion chromatogram (TIC) of pesticides in LC/MS (A :

azoxystrobin).

acetamiprid, B :



Ak} oFe) $lelE 7Het o
74Z 45t MDE Hg 9]
ARgo HiA| = A EAAY ol 1=
o} BlFAtolE ol &gk Hufjo] Ba Aol §lojA methylene
chloride & A 9| ¢t vhoFet %”Hw% }"’*01 7Fs At et
HAEA] LAEE =
Atz %«{M o oleigg e
AsH= wole] ofi: 7}
wang ¢ MDE &
& A4 24 s 21 W 3] @eb Al % endosulfan
5oke] AR ATOA o-of Bale] o] )3 ks
2 A2 24743 5615t methylene chloride2] AR ] Ao]
94“2‘} w42 ?l"%i"é B 5ol dell 71&ska lrk(lijima
997; Sicbaldi &, 1997; Tseng %, 2002; Tseng %
2007; Watanabe %, 2007; Hwang 11).
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