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Multiresidual Pesticide Analysis in Crude Drug
—Gas Chromatographic Analysis of 16 Controlled Pesticides—
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College of Pharmacy, Seoul National University, Seoul 151-742
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Abstract—A method for the determination of 16 residual pesticides in crude deugs was exami-
ned. Crude drug was extracted with acetonitrile/water solution and the extract was partitioned
between hexane/CH,Cl, a.ad NaCl saturated water. The organic layer was passed through cleanup
column and subjected to the GC/ECD or GC/NPD analysis. Essential oil components in crude
drug interfere with the analysis, and sulfuric acid treatment was adapted to overcome this interfe-
rence.

Keywords (] Crude drug, pesticide analysis, GC/ECD, GC/NPD.
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Sample 5g

65% Acetonitrile 30 m/
overnight
vacuum filtration with Celite

residue

65% acetonitrile 10 m/
voltex mixing
vacuum filtration

filtrate

filtrate

sat. sod. chloride soln. 70 m/
extract with Hx/CH,Cl; (1:1) 20, 10 m/ twice
shake vigorously for 1 min.

]

organic

layer aqueous layer J

back washing with sat. sod. chloride soln.
dehydrate with anhyd. sod. sulfate 4g
evaporation under 40T

residue

resid

diss. in 4m/ Hx/ether (1:1)
load to Florisil column
elute with Hx/ether (1:1) 30 m/, acetone 10 m/

eluent

evaporation under 40T

e ]

diss. in 500 W of Hx/ether (1:1)

GC/ECD
GC/NPD
GC/MS

Scheme 1—Sample preparation for the residual pesticides analysis in crude drug.

7)ol &7]2 NaCl 23} =89 50 mlE 71§ &
hexane/dichloromethane(1:1) 20m/ ¥ 10 m/2 7t
7b 137 7hstAl AlgEle] 23] Ao Fuwl F
3tk #7] &l NaCl %3} 2422 13

[]
A F F4 B EF 4go 8 EFAA 40T
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R

o}kl A 7kt &5 3 vHScheme ).

& Y2 oj28 HE -9 75 ME FF
Ay S ol gste] AA sich ojw F2 AHEL F
214 23 Florisil, silica gel % alumina& A& ®l%
A& 3keic). 22145 hexaneo| ¥HAIA 12cm idx
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Table I—Correlation coefficients of pesticides calculated from fortified Hoelen.

Organochlorine Pesticides  Correlation Coefficient

Organophosphorous Pesticides

Correlation Coefficient

v-BHC 0.976
3-BHC 0.973
Aldrin 0.981
Captan 0.978
Dieldrin 0.933
Endrin 0.983
DDD 0.976
DDT 0.965
Captafol 0.989

MIPC 0.986
Dimethoate 0.975
Diazinon 0.953
Carbaryl 0.992
Fenitrothiob 0.598
Malathion 0.997
Fenthion 0.998
Parathion 0.998
Phenthoate 0.990
EPN 0.996

a Pesticide standards solution: 0.5~5 ppm for org. chlorine, 1~12 ppm for org.phosphorus & carbamate pesticides.

1

—

L] IIO 20 ;!0 (min)
Fig. 1 —GC-ECD chromatogram of 11 organochlorine
pesticides.

peak number; 1: a-BHC, 2: 8-BHC, 3: y-BHC,
4: 8-BHC, 5: aldrin, 6: captan, 7: dieldrin, 8:
endrin, 9: DDD, 10: DDT, 11: captaiol.

0 10 20 (min)

Fig. 2 —~GC-NPD chromatogram of 8 organophospho-
rus and 2 carbamate pesticides.
peak number; 1: M1PC, 2: dimethoate, 3: dia-
zinon, 4: carbaryl, 5: fenitrothion, 6: mala-
thion, 7: fenthion, 8: parathion, 9: phenthoate,
10: EPN.
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Table I1—Detection limits (S/N=23) of pesticides cal-
culated from fortified Hoelen.

Org.chlorine Detlimits Org.phosphorus Det.limits
(pg) (pg)

v-BHC 0.06 MIPC 30
8-BHC 0.06  Dimethoate 13
Aldrin 0.06  Diazinon 6
Captan 050  Carbaryl 12
Dieldrin 0.06  Fenitrothion 12
Endrin 0.06  Malathion 14
DDD 0.06  Fenthion 13
DDT 0.06  Parathion 12
captafol .0.50  Phenthoate 7

EPN 60

25 cme| AL FAAFL T Y] F5 FAGEF
2g2 231x9) & A 8E hexane £+ hexane/ethyl
ether (1:1) Aol o] loadingAlZch FEFHAZ
Florisil2 #}-8-§ 7% hexane/ethyl acetate (1:1)
20 mi, acetone 10miE zFHZ EFAIFHI silica
gel®] 73, hexane/ethyl acetate (1:1) 30 m/, ethyl
acetate 10 m/ 2, alumina®] 7J-$- hexane/ethyl ether
(1:1) 30m/, ethyl ether 10m/& £&A]7# 40T
olstell 4 et FEHsle] GCE F-Askdrt

TiEt fARE O3 HA— A A8 &3 Ao w
HAE7) o Alge) A$ 27 HgakE o)&F
ﬂc}tﬁm Mo T Zgz-]]é—]-fﬁt}-. /K]
methane(l : )22 o4& Fuf FFsto] 553 At
% hexane 10 m/ol] 3o wprf A Fel] F7]z A7
g4 1mlE 718led 3027 voltex mixingdh ¥ he-

% hexane/dichloro-
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Fig. 3 —GC-ECD chromatogram of Angelicae gigantis
Radix(dangghui)
A: crude drug, B: fortified crude drug, 1g of
crude drug was fortified with mixed pesticide
standards (0.510 ppm for Eluent is hexane/
ethyl ether (1:1) 50 mi. peak number 1: a-
BHC, 2: 8-BHC, 3: y-BHC, 4: 8-BHC, 5: ald-
rin, 6: captan, 7: dieldrin, 8: endrin, 9: DDD,
10: DDT, 11: captafol.

xaned& F3dled 40T
GC/EDCE F-A st}

348 HE - 279 daA 5o $27F 05~5
ppmQl GAA gof s} Zh7he] <Al 9 shule)
o|EA Fote] ¥x7} 1~12ppma] H710A 2 7}
Hir o] E A Fof EA-E Ao A5 54, 2o, A5,
T, W), Ag, Aol 247t 500 WA A7RRE F
Scheme Io wa} A8 FZ&sle] Florisil % 24k
Hel2 HAAAHE AR F GC FAlste] 7 Fofe
&S AR
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Fig. 4 —GC-ECD chromatogram of Anglicae Dahuricae
Radix (bakji)
A: crude drug, B: fortified crude drug
1g of crude drug was fortified with mixed pe-
sticide standards (0.5~10ppm for COs,
Eluent is hexane/ethyl ether (1:1) 50 ml.
peak number 1: a-BHC, 3: y-BHC, 4: §-BHC,
5: aldrin, 6: captan, 7: dieldrin, 8: endrin, 9:
DDD, 10: DDT, 11: captafol.

T F719aA T EY93} 1~12ppmel H7)
AA FoF £ 500 WE #FH3ke] Scheme I3 22
o e AHelsld fr19ad 4 GC/ECDE
f71alA oS GC/NPDE  BAisbgickFig 1, 2).
Aok AlEQl Bel EF 5o EAL o8 7A ¥
=2 3AMsiri] Hrlsle] Scheme [9] A8 g
o] wel 2elste] GCE #A§ ¥ 3of ¥ xsl
Hz HA e HAdE AAdsteck 2 2= Table
Tel] viebd vhe} gho] Hafxie] A AlS 0.99 o4t
G5 A4S epigdcl ol 4 EF 3R
A& PAS/N=3)x= Table IIo] eyl nie} 7o)
7194419 2% 006~05pg, F71AA2 AS 6~
60 pg, 7iulele] EAlS] 7§ 12~30pgeldic) o] &
AEFY 54 FEZ A 4% 194049 A
1073~10"* ppm, H-71al#4 9] 7% 107! ppm, 7}u}w)
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Fig. 5§ —GC-ECD chromatogram of Cnidii Rhizoma
(chungoong)

A: crude drug, B: fortified crude drug

1g of crude drug was fortified with mixed pe-
sticide standards (0.5~10 ppm for OCs, 1~12
ppm for OPs and carbarmate)

Eluent is hexane/ethyl ether (1:1) 50 m/.
peak number 1: a-BHC, 2: 8-BHC, 3: y-BHC,
4: §-BHC, 5: aldrin, 6: captan, 7. dieldrin, 8:
endrin, 9: DDD, 10: DDT, 11: captafol.

oleAle ZA¢ 4 ppm ol HIch

HHE Fa gl b MY - 2EF &
2 By ZZ o Hrisle] Florisil, silica gel, alu-
minag FAAZ & HA APL 77 TR F
GCE #4373 ZAz= Table 1134 3ch

ofzuli}e] e FrlaA Fgdd F H5EL
80~142%2 k3 st o}t S71gdaA ot oidt
H5ge 61~87%% Hzslgdr) Silica geld fen-
thione #A|9staE 77~119% 2 3)5&L F335k9]
o} AF ok @A FEse A8 e 23
Eo] g zZA A7} BerAdste] Bl AR Halsirh
Florisil-& silica gel®} aluminael| ®]3 90~110%%
vlad #Axrt He FEg A5EE Rde ¥
olzl AF Fofdt A FEE AtEe] W
245 9ag FeHo AAS: AR et
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) m = X totein
Fig. 6 —GC-ECD chromatogram of Cyperi Rhizoma
(hwyangbuza)
A: crude drug, B: fortified crude drug.
1g of crude drug was fortified with mixed pe-
sticide standards (0.5~10ppm for OCs,
Eluent if hexane/ethyl ether (1:1) 50 ml.
peak is hexane/ethyl ether (1:1) 50 m/.
peak number 1: a-BHC, 2: f-BHC, 3: y-BHC,
4: 8-BHC, 5: aldrin, 6: captan, 7: dieldrin, 8:
endrin, 9: DDD, 10L DDT, 11: captafol.

A
) “’ v 1
?/1
|
3 6
B L] Uﬂ
LL "
.‘l/\\ 1 I} J
0 10 20 30(win)

Fig. 7 —GC-NPD chromatogram of Angelicae gigantis
Radix(dangghui)
A: crude drug, B: fortified crude drug.
1g of crude drug was fortified with mixed pe-
sicide standards (0.5~ 10 ppm for OCs, Eluent
is hexane/ethyl ether (1:1) 50 ml.
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Fig. 8 —GC-NPD chromatogram of Angelicae Dahuri-
cae Radix(bakji)
A: crude drug, B: fortified crude drug
1g of crude drug was fortified with mixed pe-
sticide standards (0.5~ 10 ppm for OCs, 1~12
ppm for OPs and carbarmate)
Eluent is hexane/ethyl ether (1:1) 50 m/.
peak: 1: MIPC, 2: dimethoate, 3: diazinon, 4:
carbaryl, 5: fenitrothion, 65: malathion, 7: fen-
thion, 8: parathion, 9: phenthoate, 10: EPN.

A
B
i0 55 I;O(lln)
Fig. 9 —GC-NPD chromatogram of Cnidii Rhizoma
(chungoong)
A: crude drug, B: fortified crude drug.
1g of crude drug was fortified with mixed pe-
sticide standards (0.5~10 ppm for Eluent is
hexane/ethyl ether (1:1) 50 m/.
deh Wb @ AdgeldE f5e R 44 Ev)
B5 7% Florisil& A4 Zgel FAAZ A}

30(ain)
Fig. 10 —GC-NPD chromatogram of Cyperi Rhizoma
(hwyangbuza)
A: crude drug, B: fortified crude drug
1g of crude drug was fortified with mixed
pesticide standards (0.5~10 ppm for Eluent
is hexane/ethyl ether (1:1) 50 m/.
peak; 1: MIPC, 2: dimethoate, 3: diazinon,
4: carbaryl, 5: fenitrothion, 6: malathion, 7:
fenthion, 8: parathion, 9: phenthoate, 10:
EPN.

£3}9dc}. A& 1gol] &) Florisil 3go. & 835 A
AHE dglov] £%92 hexane/ethyl ether#7}
2} §+s}g 2, dimethoate®} -8 #-7)QA| x2S ace-
tone3} & SA frlR SF Al IFgo] Fgk
o}

&5 HYE 0|28 AR HA—-2A YL =
78 AA Ao Agel AL 27, #A] F&
Scheme Io| w2} A8 #]2)de] GC-ECD % GC-
NPDE £4, ztzte] m38wnle 7308 o3¢l 7 (Fig. 3—
10.A) °]& A8e EF 5o E9L 500 wH AL
gt} A3 AR Az WHeg Hel ¥ GC-ECD
2 GC-NPDE £4, 7}7te] mgntE1d& Atk
(Fig. 3—10.B) 919} 72-& who & 43] =] 53] 4
goted 7 Foke] 344 F HAE st cKTable
IV, v, VI, VID.

Frold A Fokel A% 3ese 7tz B9 87~
108%, 2keF 81~106%, A5 78~ 107%, %3] 80~ 106
%, WA 91~117%, HF 72~111%, 2} 70~101

°1‘3d_T’_, Fr1AAl 2 shapeo] 2] kel A9 3

& 72t %3 88~111%, o} 88~105%, A%
64~112%, FF 75~97%, WA 74~99%, HF 86~
99%, A} 75~102%0) ek,

gt FAZ 012 AR HA-FF Aok AS

Florisii 43 A #4& A4 GC-ECDZ e
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Table III—Recoveries(%) of pesticides processed with

different

adsorption column®,

Florisil® silica gel® alumina®

{Organochlorine
pesticides)

v-BHC

5-BHC

aLDRIN

Captan

Dieldrin

Endrin

DDD

DDT

Captafol

{Organophosphorus
pesticides)

MIPC

Dimethoate

Diazinon

Carbaryl

Fenitrothiob

Malathiob

Fenthion

Parathion

Phenthoate

EPN

106.3 96.7 71.0
108.6 98.0 61.6
99.7 1044 759
86.9 85.7 85.7
94.3 105.1 69.8
1023 96.9 62.2
97.0 106.7 77.8
89.7 90.9 74.3
89.3 875 87.0
1111 774 90.5
91.5 113.0 1144
99.7 77.7 109.0
100.3 88.1 142.6
94.2 119.1 96.5
88.7 88.6 77.0
95.5 545 83.3
98.3 108.6 93.9
103.3 1149 91.6
107.8 84.1 80.2

@ fortified Hoelen was treated as the sample prepara-

tion procedure.

Y eluted with hexane/ethyl ether(1:1) 30 m/, aceton

10 ml.

9eluted with hexane/ethyl ether(l:1) 30 mJ, ethyl

ether 15 ml.

9 eluted with hexane/ethyl acetate(l:1) 30 ml, ethyl

acetate 10 m/

A L A )
10 20 R 40{sin}

Fig. 11 —GC-ECD chromatogram of Cnidii Rhizoma

(chungoong).

A: after cleaned up with sulfuric acid. B:
after cleaned up with sulfuric acid in fortified
with mixed stadard pesi—ticides (0.5~10
ppm for org. chlorine pesticides). Eluent is
hexane/ethyl ether (1:1) 507m/. peak num-
ber 1: o-BHC, 2: B-BHC, 3: y-BHC, 4: §-
BHC, 5: aldrin, 6: captan, 7: dieldrin, 8: end-
rin, 9: DDD, 10: DDT, 11: captafol.

A%, 7194491 BHC 2 Aldring] 33 H-Zof 4]

A

Sopt @A 2E5E Aok 4ol wart AA

Table 1V—Recoveries(%) of organochlorine pesticides from fortified crude drug sample.

Hoelen Paeoniae Radix Bupleuri Radix
(bokryung) (akyak) (siho)

mean S.D. mean S.D. mean S.D.
y-BHC 106.3 32 103.3 12.6 106.7 7.3
5-BHC 108.6 5.6 81.3 33 99.7 8.8
Aldrin 99.7 2.8 816 0.5 93.0 5.0
Captan 86.9 10.0 979 3.7 90.2 4.6
Dieldrin 94.3 6.5 834 238 97.4 6.5
Endrin 102.3 109 106.4 54 90.1 49
DDD 97.0 6.1 101.2 85 82.6 7.6
DDT 89.7 94 95.8 1.3 96.7 85
Captafol 89.3 7.0 91.2 0.9 78.1 0.8

# 5g of each crude drug was fortified with 500 W of pesticide standard mixture

b n=6

Vol. 37, No. 1, 1993
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Table V—Recoveries(%) of organochlorine pesticides from fortified crude drug sample.

Angelicae gigantis

Angelicae Dahuicae

Cnidli Rhizoma Cyperi Rhizoma

(dangghui) (bakji) (chungoong) (hwyangbuza)
mean S.D. mean SD. mean SD. mean S.D.
o-BHC 97.0 4.0 94.5 20 102.3 4.9 74.5 10.2
B-BHC * % * % * % * %
v-BHC 99.8 4.7 98.7 0.6 75.1 35 101.5 10.3
8-BHC 98.1 4.1 949 2.7 72.2 4.3 92.8 3.6
Aldrin 80.2 4.6 934 3.0 89.9 44 81.1 54
Captan 94.2 7.8 944 1.0 82.7 5.7 776 1.0
Dieldrin 91.5 35 108.6 29 102.6 44 69.6 31
Endrin 106.5 7.3 117.3 0.5 * % * %
DDD 95.9 4.8 1174 4.3 111.8 33 91.2 9.2
DDT 93.3 5.0 90.8 24 93.2 29 82.8 45
Captafol 944 5.5 102.7 0.5 88.8 5.1 944 1.0

* % recovery is less than 5%

1g of each crude drug was fortified with 100 W pesticide standard mixture.

eluted with hexane/ethvl ether (1:1) 50 mi.

Table VI—Recoveries of organophosphorus pesticides from fortified crude drug sample.

Hoelen Paeoniae Radix Bupleuri Radix
(bokryung) (jakyak) (stho)

mean SE® mean SE. mean SE.

MIPC 111.2 5.7 1054 32 95.6 8.0

Dimethoate 91.6 6.8 99.1 5.7 102.3 79

Diazinon 99.8 46 92.1 1.1 110.0 115

Carbaryl 100.4 13.1 100.5 19 88.3 7.1

Fenitrothion 94.3 11.3 90.0 44 112.2 6.0

Malathion 88.8 12.6 101.5 36 94.6 9.7

Fenthion 95.5 84 104.1 © 86 87.6 7.1

Parathion 98.3 7.7 90.6 12.7 100.7 7.2

Phenthoate 1034 6.3 93.1 32 63.6 7.7

B EPN 107.9 114 88.1 6.9 89.5 42
sk BAdell whalzl Helok o)k #e Aiks 53 19919747 f2ivetell A 4F & RS A
His &3 Aokl epue dew olgl A sa 9l 16717 Fo o) 4 A E Aokl A4, Ao
B2 ol AlRel HE PHANE Florisil A% A4 5 WF eobe] vlek 54 B49) AL AEalo]

Fig. 11~120]4] H& upe} o] 433 maB2njE7
@& gl ow BHC, aldrin, DDD, DDT 59 34
$& 83~107%% stk vl #Hab Hef4]
captan, captafol, endrin-& 3}¥ =] 20% vlule] 3]
48 29ich(Table VIID)

4 £
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Table VII—Recoveries of organophosphorus pesticides from fortified crude drug sample.

Angelicae gigantis

Angelicae Dahuicae

Cnidli Rhizoma Cyperi Rhizoma

(dangghui) (bakji) (chungoong) (hwyangbuza)

mean S.D. mean S.D. mean S.D. mean S.D.
MIPC 78.9 8.4 822 7.8 86.0 9.6 78.1 9.2
Dimethoate * * * *
Diazinon 94.4 33 854 52 89.8 19 1002.5 3.0
Carbaryl 74.6 83 * * *
Fenitrothion 93.2 55 914 6.2 98.6 6.2 89.3 6.2
Malathion 93.9 3.7 822 5.0 94.8 1.3 974 95
Fenthion 95.4 7.0 99.1 53 94.8 6.2 913 88
Parathion 96.9 29 93.1 3.7 97.3 6.8 86.4 131
Phenthoate 96.0 2.6 774 1.7 934 38 96.8 42
EPN 87.8 10.6 74.2 2.3 87.1 1.6 75.0 1.0

* recovery is less than 15%

1g of each crude drug was fortified with 100 w pesticide standard mixture.

eluted with hexane/ethyl ether(l:1) 50 m/.

T
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t L

[} (14 20

Fig. 12 —GC-ECD chromatogram of fortified Cypen
Rhizoma (hwyangbuza).
A: after cleaned up with sulfuric acid. B:
after cleaned up with sulfuric acid in fortified
with mixed standard pesticides (0.5~ 10 ppm
for org. chlorine pesticides).
Eluent is hexane/ethyl ether (1:1) 50 ml.
peak number 1: a-BHC, 2: -BHC, 3: y-BHC,
4: 8-BHC, 5: aldrin, 6: captan, 7: dieldrin,
8: endrin, 9: DDD, 10: DDT, 11: captafol.

40(sin}

8

Vol. 37, No. 1, 1993

Table VIII—Recoveries(%) of organochlorine pestici-
des from fortified crude drug sample as
cleaned up with sulfuric acid.

Cnidii Rhizoma

Cyperi Rhizoma

(chungoong) (hwyangbuza)
mean S.D. mean S.D.
o-BHC 94.4 6.3 76.7 11.2
B-BHC 1074 11.2 77.0 125
v-BHC 86.2 9.0 1015 10.2
8-BHC 935 3.2 93.6 4.0
Aldrin 92.7 04 83.0 48
Captan * *
Dieldrin 78.1 3.2 78.7 83
Endrin * *
DD7D 102.8 74 85.3 3.3
DDT 88.4 2.6 82.8 45
Captafol * *

a) 1g of each crude drug was fortified with 1000 w/
pesticide standards mixture.
b) recovery is less than 20%.
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