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Introduction

Japan’s self-sufficiency ratio of crude drugs in
2008 was only 12% and others were mainly imported
from China.” In China, approximately 60% of medici-
nal plants are cultivated, and various kinds of pesticides
are used during cultivation.?

In Japan, the Agricultural Chemicals Regulation
Law was revised on March 10, 2003, and states that a
person who uses agricultural chemicals shall not use
them contrary to the regulations determined by ministe-
rial ordinances (Article 12). In June 2003, it was re-
ported in some news papers that 4 organophosphorus
pesticides and 2 pyrethroid pesticides were detected in
Citrus Unshiu Peel, Cornus Fruit, Jujube and Perilla
Herb (Japan Family Farmers Movement). To survey
pesticide residues in crude drugs, the analysis of pesti-
cides in crude drugs were performed as a Special
Research Project by a Grant-in-Aid for Scientific
Research from the Ministry of Health, Labour and
Welfare. As a result, organochlorine pesticides in eleven
crude drugs, pyrethroid pesticides in eight crude drugs
and organophosphorus pesticides in five crude drugs
were detected.> In this project, our group were respon-
sible for analyses of organophosphorus pesticide resi-
dues.”

On the basis of the project results, the Japanese
Pharmacopoeia, Fifteenth Edition adopted the residual
pesticide limits on total BHC and total DDT each for
Astragalus Root, Polygala Root, Powdered Polygala

*To whom correspondence should be addressed.
e-mail : msat@iph.pref.hokkaido.jp

Root, Glycyrrhiza, Powdered Glycyrrhiza, Cinnamon
Bark, Powdered Cinnamon Bark, Asiasarum Root,
Cornus Fruit, Perilla Herb, Jujube, Citrus Unshiu Peel,
Loquat Leaf, Moutan Bark, Powdered Moutan Bark in
addition to Ginseng, Powdered Ginseng, Red Ginseng,
Senna Leaf and Powdered Senna Leaf. In addition, The
Japan Kampo Medicine Manufacturers Association an-
nounced self-imposed limits on organochlorine pesti-
cides (total BHC and total DDT) in the Kampo products
using the formulations containing the crude drug listed
above, pyrethroid pesticides (cypermethrin and fenvale-
rate) in Kampo products using the formulations contain-
ing Polygala Root, Perilla Herb, Citrus Unshiu Peel or
Loquat Leaf or Jujube, and organophosphorus pesticides
(malathion, methidathion, parathion and parathion-
methyl) in Kampo products using the formulations con-
taining Polygala Root, Cornus Fruit, Perilla Herb or
Citrus Unshiu Peel.9

During our successive studies on impurities of
crude drugs, we have further detected organophosphorus
pesticides in several crude drugs.>”® In Japan, about
909% of crude drugs are used as raw materials for
Kampo dry extracts prepared from industrial decoctions.
To assess human exposure, it is important to determine
the fate of the pesticides during the extraction step.
Therefore, we prepared three Kampo decoctions using
crude drugs contaminated with organophosphorus pesti-
cides and quantified the concentrations of the pesticides
in the decoctions.” Furthermore, we investigated the
fate of organophosphorus pesticides in a decoction
based on a Kampo formula during the drying process.!?
In this report, we summarize our three studies,
analysis pesticide

namely, of organophosphorus
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residues in crude drugs, migration of the pesticides to
decoctions of Kampo formula from crude drugs and fate
of the pesticides in decoction based on a Kampo for-
mula during drying.

Analysis of organophosphorus pesticide residues
in crude drugs

There are a few reports'!"* for determination of
organophosphorus pesticides in multiple crude drugs.
We developed for simultaneous determination of 22
organophosphorus pesticides” in the eleven crude drugs
(Astragalus Root, Polygala Root, Glycyrrhiza, Cinnamon
Bark, Asiasarum Root, Cornus Fruit, Perilla Herb,
Jujube, Citrus Unshiu Peel, Loquat Leaf and Moutan
Bark) and 28 organophosphorus pesticides™ in the
twenty-five crude drugs (Fennel, Astragalus Root,
Pueraria Root, Magnolia Bark, Bupleurum Root,
Gardenia Fruit, Rehmannia Root, Peony Root, Ginger,
Cimicifuga Rhizome, Magnolia Flower, Senega, Cnidium
Atractylodes Lancea Rhizome, Rhubarb,
Ginseng, Mentha Herb,
Glehnia Root, Pinellia Tuber, Angelica Dahurica Root,
Atractylodes Rhizome, Poria Sclerotium, Ephedrae
Herba and Coicis Semen).

Rhizome,
Japanese Angelica Root,

The pesticides in Glycyrrhiza were extracted with
aqueous acetone and the pesticides in the other crude
drugs were extracted with aqueous acetonitrile. The ex-
tract was cleaned up on a C18 mini-column, and the
pesticide-containing fraction of the eluate was concen-
trated. In the case of Glycyrrhiza and Rhubarb, a brown
sticky insoluble material was separated from the water
solution and dissolved in methanol. After addition of so-
dium chloride to the concentrated aqueous solution, the
pesticides were re-extracted with n-hexane. In the case
of Bupleurum Root and Senega, a small quantity of
methanol was added to the n-hexane to prevent emulsi-
fication. The extract was washed with water and dried
over anhydrous sodium sulfate. The extracts of Magnolia
Bark, Atractylodes Lancea Rhizome and Atractylodes
Rhizome were further cleaned up on a Diol mini-
column and a Silica gel mini-column. The extracts of

Polygala Root, Cinnamon Bark and Rhubarb were fur-
ther cleaned up on an ENVI-Carb/LC-NH, mini-column.
The extracts of the other crude drugs, except for
Astragalus Root, Glycyrrhiza, Asiasarum Root, Cornus
Fruit, Perilla Herb, Jujube, Citrus Unshiu Peel, Loquat
Leaf and Moutan Bark were further cleaned up on a
Silica gel mini-column. The determination was per-
formed by gas chromatography with FPD detection.
The established method was applied to 283 sam-
ples of 37 kinds of crude drugs. Thirteen kinds of
organophosphorus pesticides were detected in 57 sam-
ples of 14 kinds of crude drugs in the range of trace to
1.7 ppm (Table 1). Four kinds of organophosphorus pes-
ticides regulated by the Chemicals
Regulation Law were detected in 4 samples of 2 kinds

Agricultural

of crude drugs produced in Japan.®

Migration of organophosphorus pesticides to de-
coctions of Kampo formula from crude drugs

To evaluate the migration rates from crude drugs to
decoctions, we prepared three decoctions, namely
kamishoyosan, hochuekkito and hangekobokuto from
crude drugs contaminated with organophosphorus pesti-
cides and quantitatively determined residual pesticide
concentrations in the decoctions and the crude drug resi-
dues (Table 2).” The maximum migration rate to the de-
coctions was 31% in the case of malathion in Citrus
Unshiu Peel in hochuekkito. The migration rates of the
other pesticides, except malathion, parathion and para-
thion-methyl, were less than 20%.

In order to clarify this result, we conducted recov-
ery tests of the pesticides spiked in water after the solu-
tions had been concentrated to half of the original
volume by heating. The recoveries of these pesticides
were less than 50%. It is concluded that considerable
amounts of these pesticides may remain in the crude
drug residues or be lost by decomposition or vaporiza-
tion during the decoction process. The amounts of
organophosphorus pesticides, except tolclophos-methyl,
in crude drug residues of hochuekkito were related to

log Kow, not to water solubility.>!¥
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Table 1 Pesticide residues in crude drugs
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Crude drug Pesticide D/T*! Residue (ppm)
Fennel Isocarbofos 6/16 trace
Parathion-methyl 7/16 trace~0.22
Polygala Root*? Parathion 1/11 0.05
Malathion 3/11 0.12~0.14
Glycyrrhiza*? Dichlorvos 1/11 trace
Fenitrothion 1/11 0.60
Bupleurum Root Parathion 179 trace
Cornus Fruit*? Parathion 5/11 0.03~0.19
Cnidium Rhizome EPN*3 2/11 0.07, 0.54
Phenthoate (PAP)* 2/11 trace, 0.40
Szechwan Lovage Rhizome Isocarbofos 3/ 4 trace~0.16
Parathion-methyl 2/ 4 0.04, 0.18
Perilla Herb*? Parathion 4/11 0.09~0.17
Parathion-methyl 9/11 0.09~1.7
Citrus Unshiu Peel*? Quinalphos 4/11 0.10~0.31
Chlorpyrifos 4/11 0.05~0.15
Parathion-methyl 3/11 0.05~0.23
Fenitrothion 6/11 0.04~0.92
Malathion 3/11 0.04~0.09
Methidathion 8/11 trace~1.1
Ginseng Chlorpyrifos 175 trace
Tolclophos-methyl 175 0.17
Mentha Herb Chlorpyrifos 35 0.03~0.06
Parathion /5 0.11
Parathion-methyl /5 0.02
Poria Sclerotium Dichlorvos (DDVP) 1/ 2 trace
Japanese Angelica Root (Hokkai)*? Fenitrothion (MEP) /9 trace
Japanese Angelica Root (Yamato)*4 Fenitrothion (MEP)*3 4/ 7 0.01~0.39
Diazinon*> 177 0.11
Phenthoate (PAP) 17 0.20

*1 Number of detections per that of analysed samples

*2 performed in Special Research Project by a Grant-in-Aid for Scientific Research from

the Ministry of Health, Labour and Welfare.
*3 prepared from Angelica acutiloba var. sugiyamae

27

*4 prepared from Angelica acutiloba

*5 regulated by the Agricultural Chemicals Regulation Law in Japan

Fate of residual orgamophosphorus pesticides in
decoction based on a Kampo formula during dry-
ing

To investigate the fate of organophosphorus pesti-
cides in a decoction based on a Kampo formula during

the drying process, we first prepared a decoction of
hangekobokuto by utilizing Perilla Herb contaminated
with parathion and parathion-methyl, and then freeze-
dried or spray-dried the supernatant after centrifugation.
The pesticide residues in the dried extract and the re-
moved herbal residue were determined (Table 3).
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Table 2 Migration of organophosphorus pesticides to decoctions based on Kampo formula

n=3
. Decoction .
Pesticide Crude drugs*! Bef:re (?:eé?zc)tlon Supemnatant Precipitate Total™ Residue
¢ ng (CV) ng (CV) ng %" ng (CV) %*s

Kamishoyosan A

Fenitrothion Glycyrrhiza No.1 690 (12) 49(25.4) 16(30.7) 65 9 220(16.3) 32

Parathion Mentha Herb No.1 80(17.6) less than 10 less than 10 less than 20 less than 25 less than 50 less than 63
Kamishoyosan B

Fenitrothion Japanese Angelica R."6 No.1 360(21.4) 14(39.7) 7(36.5) 21 6 99(31.8) 28

Phenthoate Japanese Angelica R. No.1 450(29.7) 25(23.5) 19(26.4) 44 10 360(36.9) - 30
Hochuekkito A

Chlorpyrifos Citrus Unshiu Peel No.1 100(18.1) ND*7:8 ND*8 ND - 100(19.1) 100

Fenitrothion Citrus Unshiu Peel No.1 120(34.1) 11(27.8) ND*i0 11 9 less than 60 less than 50

Methidathion Citrus Unshiu Peel No.1 1100 (7.3) less than 50 ND*! less than 50 less than 5 less than 120 less than 11

Quinalphos Citrus Unshiu Peel No.1 280(11.8) 35(28.7) ND*10 35 13 290(21.9) 104
Hochuekkito B

Fenitrothion Glycyrrhiza No.1 690 (1.2) 52(9.4) less than 30 Iess than 82 less than 12 290(18.9) 42

Malathion Citrus Unshiu Peel No.2 170(12.4) 45 (9.4) ND"12 45 26 less than 83 less than 49

Parathion-methyl  Citrus Unshiu Peel No.2 240(23.1) less than 39 ND*!1 less than 39 less than 16 less than 110 less than 46
Hochuekkito C

Fenitrothion Citrus Unshiu Peel No.3 1200 (0.8) 130(15.7) 34 (6.3) 164 14 390(21.5) 33

Methidathion Citrus Unshiu Peel No.3 1200 (9.5) less than 50 ND™!! less than 50 less than 4 less than 120 less than 10

Tolclophos-methyl  Ginseng No.1 650 (7.1) ND*® ND*® ND - 160(43.7) 25
Hochuekkito D

Fenitrothion Japanese Angelica R. No.1 360(21.4) 47(25.0) 3(19.5) 60 17 180(5.3) 50

Malathion Citrus Unshiu Peel No.2 170(12.4) 52(9.2) ND*12 52 31 less than 83 less than 49

Parathion-methyl  Citrus Unshiu Peel No.2 240(23.1) less than 39 ND* less than 39 less than 16 less than 110 less than 46

Phenthoate Japanese Angelica R. No.1 450(29.7) less than 27 ND*13 less than 27 less than 6 330(32.3) 73

Tolclophos-methyl  Ginseng No.1 650 (7.1) ND*™ ND* ND - 370(18.2) 57
Hangekobokuto A

Parathion Perilla Herb No.1 240 (7.5) 29(17.8) 17(21.7) 46 19 100(11.6) 42
Hangekobokuto B

Parathion-methyl  Perilla Herb No.2 3400 (9.1) 790(18.4) 170(15.8) 960 28 770(11.1) 23

*! Crude drugs in which pesticides were detected; *2 Coefficient of variation; *3 Sum of the detected amount; *# Migration rate; *S Residual rate; *6 Japanese Angelica Root pre-
pared from Angelica acutiloba Kitagawa, Yamato; *7 not detected; "8 less than 2 ng; *9 less than 10 ng; *10 less than 3 ng; *!! less than 12 ng; *12 less than 11 ng; *13 less than

9 ng.

Table 3 Amount of organophosphorus pesticides in hangekobokuto decoctions, dry extracts and their herbal residues

n=3
D . Extract” Herbal residues
ecoction - - L
Pesticide Crude drugs*! Freeze-dried Spray-dried (Precipitates)
ng (CV*2) ng (CV)  %*4 ng (CV) ng (CV) %
Hangekobokuto A
Parathion Perilla Herb No.1 92 (17.2) 40 (10.6) 43 62 (15.7) 6.7 33 (17.2) 36
Hangekobokuto B
Parathion-methyl Perilla Herb No.2 1,920 (17.6) 830 ( 7.9) 43 170 (11.4) 8.9 310 (10.5) 16

*1 Crude drugs in which pesticides were detected; *2 Coefficient of variation; *? The extract after the whole supernatants were dried;
*4 The ratios of the amounts of pesticides to those in the decoctions
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The organophosphorus pesticide contents in the
freeze-dried and spray-dried extracts were 43% (for
both parathion and parathion-methyl) and less than 10%
(parathion: 6.7%, parathion-methyl: 8.9%) of those in
the decoction, respectively. On the other hand, 3626 of
parathion and 16% of parathion-methyl remained in the
herbal residue obtained by centrifugation. These data
suggest that substantial amounts of pesticides in the de-
coction were decomposed or vaporized during the dry-
ing process. It was calculated that more than 85% of
residual organophosphorus pesticides contained in the
original crude drug, Perilla Herb, is removed during the
decoction and drying process. The final pesticide resi-
due levels in the freeze-dried and spray-dried extracts
were 10-14% and 2-3% of those in Perilla Herb, re-
spectively.
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