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Abstract

BACKGROUND: Because dried herbal medicines have
many active ingredients, it is not easy to determine the
residue amount after extraction, partition and clean up of
pesticides from them. Especially, liquid-liquid partition
method is consuming many times and solvents. Macropo-
rous diatomaceous earth(MDE) column was used to replace
the separatory funnel for liquid-liquid extraction with dichlo-
romethane to analyze the endosulfan and its metabolite.
METHODS AND RESULTS: The residue analysis method
using MDE column instead of liquid-liquid partition for
determining insecticide endosulfan and its metabolite in 4
dried herbal medicines was developed by GC/MS. As a
result, the recovery rates of the pesticides in 4 herbal medi-
cines were ranged from 80.3 to 93.5% for o -endosulfan,
from 81.0 to 100.3% for [ -endosulfan and from 80.6 to
95.6% for endosulfan sulfate, respectively. The coeffici-
ents of variation for triplicate were ranged from 1.1 to 3.4%.
CONCLUSION: The improved methods are more eco-
friendly, safer, faster and less laborious than conven-
tional method by KFDA.
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-] gteRAl= A Ao] B\l 97| wiigel A =
E(minor crop)°ll BIEE ] Al Aol AREE = Q= 55
soke] = AlgtE o] Stk #A sl skekA] Aul Al
AREBES F5 A Hol e w2 219 FEoIARE A
8001 7H4] gekAl & ke FEFHEE 167H4] FrekAfelut AR
SR FHIA Hof olrh Tt FEIA | E<F F it
TEE Fet 117 508 s A8k 7] wiel
(Korea Crop Protection Association, 2010) gHFA] Al
s7tME Ve sk ARshe A= Al dvk Teu
A 2Fo) kb o= 40714 gekAlel| sl 31714
Fobellnk 2H75]87]1F(MRL) S A48t 9len 1 9] 317}
A grekAel thstoir= A MRLS A4skar Qirk2oFy
A Aok o HE e A Ve E A ER 4)).
gtofrol] thst skl A HA BV R Ve
o] ¥7] wiite] srepAe] Fe} ko] Frel whE Aol
glEo] glojok St AAl AEejekiebd g elx= Ak &
o] Tt 29w 7 9 A2 9 1A A)2009-1365)
= JAE] ekl T ARshes woke] AT TAIE]
oh e shobdlie vkt i) 2dES 23eka o)
ujire] gepfR e ST 5, el
(Wong, et al, 2010). 55k 1A]¥ 3 FAPHS 5ok
FET o Ao Falapg oA et
chloromethane(International Agency for Research on
Cancer, 1987)& AR8-8te5 ¥o] Q17| wiite] Ihi-s2f 4]
ZFel QPE SIdskar lom FE 2 #A9 AgelA
T S A2 ol wARo] g & Stk ol
AR sidskr] flete] of-of Fufaby thalel Jed =
AS F2shs w80l Sl v iR EE AR ARGE
macroporous diatomaceous earth(MDE) column< ©]&
afo] FoRYEY] FEol ek 48-5 AEstaAt el o]g)
& ALZE Kobayashi s°] dvlE 233 1674 1k
Alze] i3l MDE column< 2}-8-319] forchlorfenuron &<F
& R 2% A} 87.6 ~ 99.5%2] 2 35S eI

(lijima ef al, 1997,2006; Tseng et al, 2002; Klein and Alder,
2003; Kobayashi et al, 2007).

whbA]  Atellal= 713 SRRl 7 Osterici Radix,
[Ostericum koreanumj Maximowicz), ¥tsiPeppermint, Men-
tha arvensis L. var. piperascens), ?5(Cnidii Rhizoma, Cni-
dium officinale) 2 <37)(Astragalus Root, Astragalus mem-
branaceus) N5E tFORE o5l 27587157 A H
o] Q&= AFAQ! endosulfan 2 7 #34HEQ] endosulfan
sulfate?] 72249 MDE columne 223814} 313t}

Mz X AE

S A

Endosulfan®] ©]”J24 4] a-endosulfan, 3-endosulfan %
1 #34H29l endosulfan sulfate®] %% Riedel-de
HaénAH=) 258 9leto] ARgstlon Al soke] =
2]3}el4 g4 Table 17 2tk ok 2% ZH(MDE
column)< Varian Inc.AHUSA)oIA A28 10 mL Chem
Elut™ cartridges 7latel AME8ISIth ok #4&
93l acetone, acetonitrile, dichloromethane, ethyl acetate
4 nrhexane< Burdick & JacksonAHUSA)ZHE 5okt
WAG Aok ]lsto] ARESIGITE AlEe] AAIE $13 glass
column(#5& 16 mm)2] FXAI= florisile] $12H Sigma-
aldrich Chemical Co.AHUSA)<] F9127(60-100 mesh, &<k
A8 Tlste] AHESI3laL, NH. SPE cartridge(l g,
6 mL) ¥ florisil SPE cartridge(1 g, 6 mL)i= Varian Inc.
AFERE st ARSIATE Sodium sulfate(GRF) % so-
dium chloride (EP+)+% Junsei Chemical Co.(Japan)©°l|4]
TJste] ARSIt

slokal] A|8+ endosulfan®l] tsl] soFT38]27]50]
AAE o] = A, sl Ay, 3715 Ao o+

Table 1. Chemical structures and physicochemical properties of endosulfan isomers and its metabolite

a-endosulfan

3-endosulfan endosulfan sulfate

Structure
Molecular weight 406.9
log Kow 4.74
In water 0.32 mg/1 (22 C).
In ethyl acetate,
Solubility dichloromethane, toluene 200,

406.9

4.79 3.72

In water 0.33 mg/1 (22 C).
In ethyl acetate,
dichloromethane, toluene 200,

In water < 1 mg/1 (22 Q).

ethanol 65, hexane 24 (all in g/1, ethanol 65, hexane 24 (all in g/1,

20 Q).

20 Q).
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N FT YRS AT FIARIN A2E RS T
of AT oF 1 kg?] AR BAV1Z olgsle] 12

155
Eafetal o5 Eejogd vdwor Wgste] Wgalel] B

wpeA] Abgstelch

Aokdoll aAgh Aok Fo AR o= Ve E AIE
AAEIT FAY AR 5 g°ﬂ ST 40 mL
£ 9 4NZE 5438 F- 90 mL acetones 7Fsto] homog-
enizerZ. AFAIA o]}k £ 1 L] #fofrol 7]l 100
mL 5772 50 mL ¥32494E 71819 70 mL dichloro-
methane &2 23] &3 & 5= sodium sulfatezo] &5
AA &%t 4 mL n-hexane©| AE351o] florisil SPE
cartridge® JAsI3Atk 4= 6 mL nhexane?} 6 mL ace-
tone/hexane(2/8, v/v)2.Z wn|g] &3} A7l cartridge
el AgalE AlEE ekl Wil ©]o}A 5 mL acetone/
dichloromethane/ rhexane(1.5/48.5/50, v/v/v) % &%

AlA 7t 553kl acetone/rhexane(2/8, v/v) 2.0 mL

of Ag-aligt 3 242k A E9l 1.0 uLS GC/ECD] 5451

Rt chromatogramol| 4] E5= ¥4 J =5 gRIqlth

IATE ARl mE StoRA) A, ulel g W S7]el4 9

a-endosulfan, B-endosulfan ¥ endosulfan sulfate2] 3

TES gotry] st sk izr%% 1.0 mg/kge] %

= As v 7] Al FYsA dAEste] GC/MS
= At HA71719) 20 Table 29} Atk

T

MDE columnES X &%t &MY

7, vksl, A 9 7] Al 20 g°ﬂ a-endosulfan, (3-endo-
sulfan % endosulfan sulfate®] &3} 3FE9E 0.2 mg/kg
9} 1.0 mg/kgel 7o) HEF Ad F 100 mL aceto-
nitrile?} 10 mL 575 7}5}%] homogenizer® 4 s}t
%k iu]ﬁ}g AEE ofsfsto] 84 10 mL7} 2 w7HA|
%3 5 MDE column®l] 7}slal 2F 105 o4 HA|AIA
s —*T"]ﬁ‘:]' o] B §«’FEJ % column “g5-] 50
mL ethyl acetateE 23] 7}sto] - sodium sulfatel
EpAlA vhol E39ItE FAIE 10 g florisil?} 1 em 3%

Table 2. Instrumental conditions for residue analysis of endosulfan isomers and its metabolite in herbal medicines

programmed from 100C(2 min) to 180C at 10C /min and to 280C(20

programmed from 100C(2 min) to 180C at 10 /min and to 280C(20

GC/ECD
Instrument Shimadzu GC Q2010 with ECD
Column DB-5 capillary column,
[30 mL  0.25 mm i.d, 0.25 gm film thickness (J&W Scientific, USA)]
Temperature Column oven
min) at 5C /min
Injector 260C
Detector 300C
Injection Vol. 1 ulL
Injection mode Split (10:1)
Carrier gas Nz 3 mL/min
GC/MS
Instrument Shimadzu GC Q2010 with GC/MS QP-2010 Plus
Column DB-5MS capillary column,
[30 mL 025 mm i.d, 0.25 um film thickness (J&W Scientific, USA)]
Temperature Column oven
min) at 5C /min
Injector 260C
Interface 300C
Ion source 200C
Injection Vol. 1 ulL
Injection mode Splitless
Carrier gas He 1 mL/min

Ionization ElL 0.75 kV
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Table 3. Target ions of endosulfan isomers and its metabolite in herbal medicines for GC/MS analysis

Target ion (m/z)

3-Endosulfan Endosulfan sulfate

Herbal
medicine a-Endosulfan
Osterici Radix 237, 272
Peppermint 241, 277
Cnidii Rhizoma 241, 277
Astragalus Root 241, 277

237, 267 229, 272
195, 237 229, 272
237, 267 229, 272
237, 267 229, 272
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Fig. 1. Total-ion chromatogram (TIC) and electron ioniza-
tion(EI) mass spectra of endosulfan isomers and its me-
tabolite by GC/MS (A : @ -endosulfan, B: 8 -endosulfan,
C:endosulfan sulfate).

0]9] sodium sulfate® F%1¥ glass column(i.d. 16 mm)
& O G3IaL 7 wok ] A 74 e Mg Se
-LE:] st &8 vE HAskeRith WA nhexane 0%
florisile E4J3} A17]aL 10 mL ethyl acetate/n-hexane
(2/8, v/v)oll AL3l3t AlRE column Fe 713 & &
Ag gl 100 mLE 8FA17 ol FFaGI A Foll =
HoBlE =w=s AlA8] #18 NH, SPE cartridgeE ©]6-
ato] gl o] FASITE 5 mL nhexane© 2 vle] B3}
A% cartridge®ll 5 mL ethyl acetate/ +hexane(2/8, v/v)
o7 Qg N8BS st olojx] FAUsE £ 15 mLE
EEAA o} %‘jﬁﬂ’ % acetone 2.0 mLe] A &-3l3I3it.
A AEE 1.0 ul?® GC/MSell FSlate] bt Chro-
matogram’d2] peak areas ETHFAY vlaste] 3]

= AFESsit

R2=0ko| HA 9l XM

Al&o] AFEE A 714 ek Alg=
Pt Eo] HrE o] QlojA Eok A4 7&@1% B
7 gtk webs gekAle] EAlshs = dE
o] GAgt e 9 S flaA 7 AR HE
313ltk GC/MSE #4148 soldi
ion chromatogram(TIC)¥ mass spectrum®] ﬁxﬂ frag-
ment ion 12|31 A ¥ target ion> Fig. 1 4 Table 37
k.

a-Endosulfan, B-endosulfan 2 endosulfan sulfate
T2 acetone®] 0] 1,000 mg/L9 XF EFEHE
3t % 0.1 mg/L ~ 10.0 mg/L°] H%% 2= 348t
1.0 uL¥ GC/MSell F4sto] Lehh= peak®] W42
7IEo R BF ARHE Stk FAE Sls HES
(Limit of detection, LOD)x= GC/MS “Jollx 54 7153t
HAUEFS ol &3to] ol gste] AEsIGith

amET=E

target iong &

PN ==

Al
7}

LOD (mg/kg) = [717149] A273%% (ug)/ 7% (uL)]
AE8Y (mL)/AEF (9)]

a8 o
71Z A 2MH
&4, vtet, A 8l %7 | A& 27} 5 geoll endosulfan ©|

11\743}01 2loFg el A
=, o aga
“gAstod GC/ECDE A8 éﬂrf Table 49} 2t} GC/
ECD?| chromatogram+> Fig. 28} o] oF 1]=1°] #¢
7bolde AR B2 vart dyeleth 5, dekle
SOk frakeh 34 e sk ds Wol shyeta Q7] Wi
of ARHARQl AR 4]l vldl chromatogram “ollA] &
oF ]98] Fej7t o ok whbA] gtekr| o] 549 Foke]
=g)gketa] s aefste] o ddst Aol e skt
i g glrh

TAPE S o] 83t &l tigt endosulfan ©]/32A]
2 I EakEe] E5E AdS AR A A5 7o)
SGSolE E48k1 a-endosulfan®] 73-¢- 43.8%, B-endosul-
fan2] 7-%- 62.8%, endosulfan sulfate®] 73-%- 56.8%% <
3lES YehiSith o= 5, 9 9@ GAA 8802
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Table 4. Comparison of recovery rates of endosulfan isomers and its metabolite in water and herbal medicines

Recovery rate (%) =+ SD?

Pesticide
In water In herbal medicines”
a-Endosulfan 43821
-Endosulfan 62.8+1.8 Resolution of pesticide peak is impossible
Endosulfan sulfate 56.8 +2.3

9D, Standard Deviation

POsterici Radix, Peppermint, Cnidii Rhizoma, Astragalus Root

L

un;h i
m

“ # i ) )

Peppermint

Osterici Radix

Cnidii Rhizoma Astragalus Root

Fig. 2. GC/ECD chromatograms of herbal medicines by
the conventional residue analysis method of pesticides.

’Jo] endosulfan®] A3l k7] Wit AR Alg
o} 7} soke] Elsieta] g 7h stebA AlRe] s
glsto] &8 v1E HA gl & 27t ek

TSt ofl-olf Hufj el A what A|m2] Aol e S
dichloromethane %-9] Jd@Ato] doju} SE-2l oz
& T B AR disteis]= emulsion @7de] AsH
doju} A|52] Aol ofH-S Tk HESH GAl A=
5 g& ©]83loiAl= MRLY 1/10 ~ 1/2 558 957 ol
+ Aol 7] wiEel Al5E] S st & It

5tk

B BN

b3

MDE columnZ X%t MY J{M

73 3% (macroporous diatomaceous earth)= Z5+
(EER) O Fell7F s Aol E2 5 o] Rheolxl WM (ki) 9
dFow 7ol AlxHel EAske tefetal St =53
o] grabdo] e ot 9lom 11 SAE of8ste] o3t
BHxA 9 FrAlE wo] ARE-skal SlthKorean Society of
Food and Technology, 2004). °}-9 2ulj3}7d-S tiAlsto] A
/3 o3 FEE Y (MDE column) % 391l Chem
Elut™ cartridget= 10 mL §%9] & F3l0] Bfa =
Qom FEE 9 hydro-material £ ©]F01%] glo] 74

Osterici Radix

Cnidii Rhizoma

Fig. 3. Chromatograms of recovery tests for endosulfan iso-
mers and its metabolite in herbal medicines by GC/MS
after MDE column application.

A% FAers 442 Rk webd o] A w2
U oleh a4 BARE Fo)s

i=]

=
S )=} o = H = 5 I~ (e}
o 4 gl Ao FHjES Fs] glalE 4 9ls A
A

Acetone, acetonitrile, dichloromethane X ethyl ace-
tate 57 2> ol TR Sul7t skl FE= Sl
ARGE]3L Q1O (Stajnbaher and Zupancic-Kralj, 2003)
AL FE28u9 dule A & slegds dys A7t
71 W] g Ftolztal 3 4 gtk MDE column
oA & FEof| AM-EH= FE81E nhexane, dichloro-
methane 12|31 ethyl acetate 5©] 10 &eke] /40|
w2} &&8ue] HEs dEste] & a7t otk lijima 52
Ao 2™ MDE columnold F&&0j2] Aele &
st 49 log P atol 1.1 o3l v]=A4 9 ofst 5449
3 7% nhexanes o435kl 1.1 kel £& IA4J 9]
5132 79 ethyl acetateE ©]83HES skal lth(lijima
et al, 1997). ¥ A7°|A= MDE column® 2 %-E| endo-
sulfan ¥ 7 #3JAHE<l endosulfan sulfateE F=317]
?J8to] ethyl acetate® FE8= ARG

MDE columng 4g-5}o] ekl 5 endosulfan®] 2|4
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Table 5. Recoveries and detection limit of endosulfan isomers and its metabolite in herbal medicines after MDE column

application

N N Fortification Recovery rate (%) MDA?  LOD?

Herbal medicine Pesticide level
(ng/ke) 1 2 3 MeanssD? ~ (°8)  (1e/k)
e
W e RS W Mmoo,
endosulfan sulfate (1)3 gég g;i ggg 23149;?2 0.2 0.02
iU Emomma
o 02 B Em e,
endosulfan sulfate (1)3 SZ; 23; 24912 S§Zi§3 0.2 0.02
ot B B2 m o mmz
S e 02 MM momwn g,
endosulfan sulfate (1]3 Zg? Z?i 2(2)2 S?giﬁ; 0.2 0.02
ot 2R
SR R R T
endosulfan sulfate (1)3 Sgg Zzg Zgg z;l?iég 0.2 0.02

38D, Standard Deviation ; b)MDA, Minimum detectable amount ;

& A19E AAE A= Table 5 2 Fig. 33 2tk GC/MS
Z A 4% a-endosulfan, B-endosulfan 2 endosul-
fan sulfate®] HAHE% 0.2 ng, HEI= 0.02 mg/kg
oF yepsth 7t sopdEe stobAl Alsel tish sga
Table 59 7o) 7}& = a-endosulfan< 80.3 ~ 93.5%, 3
-endosulfan< 86.5 ~ 95.1%, endosulfan sulfate:= 81.1
~ 95.6%°|31 01 B} & g-endosulfans 81.9 ~ 87.2%,
B-endosulfan= 83.4 ~ 88.6%, endosulfan sulfate:= 84.1
~ 949%% YERGTE T3 a2 a-endosulfan 81.3 ~
87.9%, B-endosulfan 81.0 ~ 95.0%, endosulfan sulfate
80.6 ~ 88.4%°]%1 21 #7]= a-endosulfan 88.0 ~ 92.4%,

9LOD, Limit of detection

3-endosulfan 88.6 ~ 100.3%, endosulfan sulfate 83.4 ~

88.9%= UER} ZHR-59F 22497152l 70 ~ 120% ©|ul2] 3]
TS WEEILh FAE AR Y AE EAEHA]

°}°‘°D% 39k AJE A3t FEQAHSD) e +11 ~ £29,
HOVARCY) Fhe& 11 ~ 34% FF07 Ul ARt

L*ﬂ*ﬂL 10% "eks 23] w3k ofost AddS
ERALE E3F endosulfan®] #A g% v]&e £E8vE F

AgreEH chromatogramel] Lebd E=0] Fig. 3049}
ol A EolEtlee AAT 5 A3l wek vA o
A R RElEe EAE ¢ Sdslth

durz oz of-of Fuf ©Al| A o] AR-¥:= dichloro-
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methane> =41 AT2(IARC) oA 294 group 2BE
ek glom QA ek Vs =ARE golsta vk & A
TollA e of-of Fulf S tjalste] MDE columng AHE-
gto g2x) wolyls 5291 dichloromethane?] A2 HjjA)|
afo] EAARS] QPE IAA F SIEE Rk ofue, ool
Al e R she wEddt AAY AR AgEda F
Al A 7F5S emulsion @g0] dojuiA] ol E0)
Solatgint. wulf el sk A% £ 5 Qlof &
HspAlolet & 4= Qltk Tseng & 2 7HA 34 W A4 Al
7 TolA 1367 sk & EA sk -l MDE col-
umne A3 2R emulsion A2 |42 MDE col-
umn AHES] Wl 52 71E8ka Slth(ijima ef al, 1997;
Sicbaldi et al, 1997; Tseng et al, 2002; Tseng ef al,, 2007;
Watanabe et al, 2007).

2 Qio] Aske gobd] B sop e 542 welst
A el E8s T dok 3 ARk QK
o 27 /12487t 9 Ao A o7} oo )
spgo] s} slo] Q= FAE F Ao AL 5
gl A7 xH Algel téle] MDE columns 2|
ST BN 9 B A7 Gstel ARBeE 2%
S

HY Fr) B oHE AL 4 9e Aow Az,

ol

o

2 o
AR AFoloREMIAN DB S BOH F R
5ok AN wet 3, wsl, 43 9 7] AR F endo-
i=]
o

| e
sulfan¥} 71 #3491 endosulfan sulfates #2443t A3}
B e T W g 5o EARE gRlet
Ak ool TAJE Al e] oH-of Fuf 375 thalste] MDE
column< 44314 a-endosulfan 80.3 ~ 93.5%, B-endosul-
fan 81.0 ~ 100.3%, endosulfan sulfate 80.6 ~ 95.6%2]
3789 1.1 ~ 34%8] BoJARHCV)E 23lom olHst A}
= AFEeE AV WSStk MDE column®] ARS-
o o Ful) IS tfalshEA B7ts 542 dichlo-
romethane AH-5 WiAIE = Qlof FA4Ake] FAA 3,
oy W AR AR ARt A Ho gk, oo
HIA] emulsion @742 34, AR @AY dz 59

oHE A& ATk
il 2
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