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Effects of Processing and Cooking on the Levels of Pesticide Residues in Wheat Samples

Machiko Saxa*, Kazuaki Iijima, Mayumi Nisuma, Yukiko Koma,
Naomi HaSEGAWA, Kiyoshi SATO and Yasuhiro KATO

Residue Analysis Laboratory II, Chemistry Division, The Institute of Environmental Toxicology:
4321 Uchimoriya-machi, Joso-shi, Tharaki 303-0043, Japan; * Corresponding author

The effects of processing and cooking on the levels of pesticide residues in wheat samples
were investigated for 13 pesticides in pre-harvest (Pre, 9 pesticides) and post-harvest (Post, 6
pesticides) samples. In the milling process, the transfer ratios (%, total pesticide residue amount
in product/that in wheat grain) of wheat bran were greater than 70% and 809% for pre-harvest and
post-harvest samples, respectively. The transfer ratios of flour ranged from 1.7% to 23% (Pre) and
4.0% to 11% (Post). There was no significant difference in transfer ratio among the pesticides
investigated. The processing factors (Pf, the concentration (mg/kg) of pesticide in product/that in
the wheat grain) of flour ranged from 0.030 to 0.40 (Pre) and 0.069 to 0.18 (Post). The values in
pre-harvest samples were higher than those in post-harvest samples. Investigation of changes of
pesticide residues during processing and/or cooking is useful not only to establish MRLs, but also
to recognize actual levels of pesticide residues in food. .
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Table 1. Field test site list: Application of pesticides and preparation of wheat samples
Test Application
. P e}
Pesticide Species i e — Formulation GAP amount gﬁ I:, ( d;ﬂs)
ar® (kg ai®/ha) O
Disulfoton Wakwirth ND Control 0 0 —
USA 1 3
5% Di-Syston 8 3.7 1 0
Alsen ND2 Control (Bayer CropScience, B5%EC) ik 0 0 i
5X 3.73 1 30
Fenitrothion Granite wheat ND Coln;ml Sumithion EC _— ({)]30 ? ﬁ?
BX (Sumitomo chemical, 50%EC) 40 1 7
Palathion-methyl  Granite wheat ND Coin)t(:ul Methyl 4EC e g g g 1—5
p (Cheminova, 4EC, 4 1b/gal, 43.8%) 42 9 15
Malathion Nourin 61 gou JP Control Malathicn EC T 0 0 =
5% (Nihon nouyaku, 50%EC) ¥ 375 1 7
Carbofuran Aethur Company ND Control USA 0 0 =
Knudsen bXx Furadan 4F 1.39-1.41 2 21
Ernie MO Control (FMC Co., 4456) USA 0 0 —
5x 1.36-1.41 2 22
Phosphamidon Diamond NSW Control 0 0 -
1x " 041 1 10
5% Dimecron 60 SCW 20 1 10
{Shukuroglou/Premier Chemical
H45 NSW2 Control Co., Cyprus, ai 509 WSC) 0 0 =
1X b 041 1 10
65X 2.0 1 10
Dimethoate Granite wheat ~ND  Control . 0 0 =
1% L i USA 042 2 1
5 (Cheminova, 4EC, 43.5%, 4 1b/gal) 21 o 7
Mancozeb Aethur Company ND  Control Dithane DFT5% 0 0 ==
Knudsen 1x Rohm & H 75%) USA 1.51-1.60 3 26
5x Chatian, v HaRs 792-804 3 26
Ernie MO Control 2 0 0 =
1% - AD‘thg’?e el —_— USA 155161 38 27
5X o Ty 792-800 3 27
Diquat Granite wheat ND Conirol Bugions 0 0 —_
s i ¥

L% (syngenta, 37.3%, 2 b ai cation;gal pre . o i !

al JP: Japan Plant Protection Association, Ibaraki, Japan
ND: Northern Plains Ag Research, Cass Courty, Gardner, ND, USA (EPA Region V)
MO: Bernett Ag Research, Adair County, Kirsville, MO (EPA Region V)

NSW: Martin Collett, Agriasearch Services Pty Ltd., Bathurst, NSW, Aust

ralia (suburb of Barthurst)

NSW2: Martin Collett, Agriasearch Services Pty Ltd, Bathurst, NSW, Australia (suburb of Manidra)

b ar: application rate

<) ai: active ingredient
4 Application number
¢ Pre-harvest interval

*, Reference to EVALUATIONS OF SOME PESTICIDE RESIDUES IN FOOD (TMPRFAO, 1968)

¥ (3-0HCF), =v¥70oR#¥pTcHszsLrvitor

7 (ETU) &5tk & L.

2, B opWEm
(1) Pre

(2) # & bor—~<2 b AAEEE (BIF Post £884)
Table 3 IR d 6 F{LAMERREL, <t Y VR

cis A& trans REMBRE LI
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Table 2. Transfer ratio of pesticide residues for wheat product samples (pre-harvest)
Soncenkesfion Transfer ratio of residues (%)
(mg/kg) -
Pesticide fts¥ ar® Bread ) -
Wheat grain  Flour g‘“t Bran Shorts 2T (whole Udome CTneSt e
our (white) noodle?
meal) )
Disulfoton® ND 5% 0.007 16 74 84 16 = = = = 395 Y
ND2 5X 0.007 <16 B.1 64 <13 = — — —
Fenitrothion JP BX 0.830 94 3.5 B& 15 69 113 84 8.3 343
ND 1x 0.319 48 1.4 65 13 41 100 4.5 b3
ND G&X 2.45 4.1 15 64 10 3l 95 3.6 3.9
Parathion-methyl ND 1X 0.151 10 2.6 58 13 87 84 9.0 11 300 N
ND 656X 2.35 10 3.0 53 12 69 80 88 9.4
Malathion JP B 0.084 10 5.2 91 23 <h6 95 <5.0 <48 275 N
Carbofuran™ ND ©bBX 0.13 45 <04 108 11 <16 75 <6.0 <568 152 Y
MO 66X 0.18 a2 14 70 13 <47 102 3z 5.8
Phosphamidon” NW 1Xx 0.019 8.9 1.7 84 15 <16 <25 <13 <13 079 Y
NW b5BX 0.112 33 0.8 75 12 28 23 3.0 3.1
Nwz 1X 0.135 1.7 0.8 74 9.2 28 37 1.9 24
NW2 5X 0.462 2.4 09 75 13 14 36 1.8 1.7
Dimethoate ND 1x 0.308 6.8 14 69 12 a7 62 6.5 558 0704 Y
ND bBX 223 9.4 2.1 56 9.1 46 65 7.2 7.2
Mancozeb! ND 1x 0.18 16 1.8 711 8.2 16 105 18 14 026 N
ND &% 1.46 18 14 66 6.7 16 82 15 13
MO 1X 1.05 23 3.7 54 6.6 22 76 25 22
MO 6BX 1.98 15 1.1 39 5.4 14 76 15 12
Diguat ND 1X 0.30 13 48 66 12 12 96 13 B9 —460 N
ND 56X 4.73 4.7 19 79 15 4.1 82 42 3.0
Transfer ratio; %, total pesticide residue amount in product/that in wheat grain. (—): not performed

% Field trial test site

b Application rate as relative ratio of the GA? maximum rate for pre-harvest treatment

9 Lump of udon
% Lump of Chinese noodle

o The data were taken from the Pesticide Manual, 13th edition.
" ¥: systemic pesticide N: nonsystemic pesticide NY: slightly systemic pesticide

8 PSS0,+POSSO;

n Carbofuran+ 3-OH-carbofuran

il Phosphariden (eis + trans) + N-desethyl phcsphamidon (cis)
» Mancozeb+ETU ?

kA —2R b5 Y 7 OBEIEMER (GAP) HEM THRA
BERE G A (HERTEARM (PHD) 088 BLURIE
(BAEE) T L. SRBRENEERT 5 o h TR
Eir-oWTRENBIUNTETTERTIEIRERE &
Hal5 BREAGHBE (1X)6L{GT05ER
(6x) &L

(2) Post

SRS REOEBBO L WINERERY, PhECH
4+ 3 CODEX Hit (A ) BT E_o=AT b+
Y1) ghidA—2 F 3 ) TOERERE (OfthoBE)
OHERFEIENTRELLT, 7x=taFd Y, 77
FAYBLUZ ONERRRZFNEZTOMOEER (A
MUY, A RY Y, Eo=uFbEF) 02K
AT, L L Bk, [UEERER
A —2 b3 ) FTEBHShTVWAZ==boFA L
oy B kR AFAOEUMETH ZHFERERL, 23
Frv (7z=buFty) 8H w3v v (7372
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A, BT 50 mL A FRHEES (BXEANAUK
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Table 8. Transfer ratio of pesticide residues for wheat product samples (post-harvest)
Cencentration Transfer ratio of residues (%6)
Storage (mg/kg) o
Y 0 Ui
RSN . ] Rest Bread Bread Chinese Fov" :
(months}"  Wheat grain  Flour Bran Sharts % (whole Udon®
flour (white) noodle”
meal)
Permethrin® 0 1.51 96 05 91 56 9.0 93 8.9 94 61 N
1 1.45 79 086 88 b4 1.9 95 7.6 8.3
3 1.47 63 06 86 6.7 5.4 99 5.0 4.3
Piperonyl butoxide 0 241 95 06 78 73 10 101 10 10 475 N
1 2.14 84 0.7 81 T 9.3 101 B.6 10
3 243 63 07 85 8.8 5.2 95 6.2 5.7
Chlorpyrifos-methyl 0 2.73 11 0.7 82 10 10 98 10 10 424 N
1 1.60 11 32 82 13 88 109 10 10
3 1.48 11 3.0 65 16 8.5 96 89 10
Fenitrothion 0 5.15 6.7 04 88 8.1 44 81 5.3 54 343 N
1 3.03 71 18 176 82 5.3 109 6.3 71
3 2.20 89 21 176 12 88 108 7.6 7.9
Malathion 0 415 72 07 78 8.0 5.4 86 3l 1.3 276 N
1 272 10 1.9 68 1.7 8.2 109 43 1.9
3 2.21 77 21 62 12 5.8 100 4.7 1.0
Carbaryl 0 5.22 42 02 77 7.3 1.7 53 20 06 185 NY
1 4.00 47 04 s 79 17 51 24 1.1
3 3.40 40 04 75 10 21 54 3.0 1.3

Transfer ratio: %, total pesticide residue amount in product/that in wheat grain

s Storage condition: Kept under dark condition at about 30°C

% Lump of udon
¢ Lump of Chinese noodle

& The data were taken from the Pesticide Manual, 13th edition.

e Y: gsystemic pesticide N: nonsystemic pesticide NY: slightly systemic pesticide

0 cis+trans
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175°C, BIEA SIM.

6.2 GC (NPD)

(WP¥ARNME Y AT A Sz ¥4 Y RAEE
INERTCAP5 (P9 0.53 mm, && 16 m, B/E 2.0 um),
£ 5 ABE T0C 1 min—~5C/min—>260C, EADRE
950°C, s 280°C, ¥ + U ¥—# A (He) fithk 10 mL/
min, %84 60 mL/min, 7k¥ 2 mL/min, AR 2uL.

@ FAbrx—F, A FseS F 4 v, At ) Iy, &
27 7 3 ¥, CF, 3-keto-CF, 3-OHCF: £18"¢[H
3

6.3 HPLC
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3. ESMEOBRERR FERASLUFMERER

ThThoNFECE T 2RHBRE, S/NHILE
ORNEHES» SBEHLT0002~002 mg/kg TH »
r-. EEFER R, HMENRE TENE 70~120%, 1
LHER(EE (RSD) 20% LI TTH BT L ETREL, BREL
#-. TOEEE, [BUNEH 72~120%, RSD 16%LEITT
Hh, BERRHBBROWIETH -1 &5k, ER
MA® 20~100 EREFNL T, EREERDL. B
it T6~118%, RSDF 10%LITTH-f. INbiL
by, SEHONHEOESHSHER SN

4. v FAUARICHITEMEEGE

st A T AR BRI K AREASEN TE S
B, TE ASTE, METERHETKCLZREERE
Liso s, 25574 vRABRLTENESET LA 5
+3 a2 HVEETH 30 SRMoKRREEERELT
LENECETFERNUIn 1. TORFICOVTI,
T FEFRE TRROBRERE LTV 5. O
L& BT, 20%Y vEREGEICLIBRERERIEL
b s BEINRBULEORIFEEEEEBELHT
=1, rfhoarEshEc bEEESA ULk
o, COREEFRALE

5. Pre B 3BEEMIR/RDOBITE

EEINTE~OBTENY, HRERE (EF) PeEET
ZEERE 100 & LT, HRERE»ERSNAEMT
BrUBESEDOREREROLE (%) ERDL O
TH B,

Table 2 ic SEROBTRLIRIUET & MEROMSE
bEOEELTRLE. S5, Fig 1 cBTRORRE
757 Ta L. TEPSRETHIRMIE (RF v
Fe457) ERNMERCTERLAE Y (B35
7Y % _FBr (Fig. l-a)ic, 60%8MEZMOTHEB LAY
v, 3XATEBLOhENATE (5 7) £ TE(Fig
1-b) IR L7z

wmTEToRST, /M1, 60%EEIUFRE
~OBITROSHER, v ¥ 70— HOBERE 7T~
120% ORERIICH 0, MHTRETOBTROAERRIF
ThH-1C EARLTVES, EEEHOERECKRERD
BTORE ESRSETEBLUNET L LTigEsh,
GONH~DOIBITEIL 1.7~23% LEVETH - 7=, EFIH
THBIROMICKELERTL -1z, KLSY @, MED

KEBEHLTWA= 374 YORRIBC L 2EHLHE
L, 87%A5T2 L LTHREEN, SERIIE AT U
S+ 2 EE) BT LCEEMELTVS, ESYE JL
W L RA/NERE SRR Y REROBRRHEE TR
HahfwsFdvEromt )22 FLoRBTERC
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Fig. 2. Corrected transfer ratio (%) of pesticide residues for wheat primary product samples (post-harvest)

The corrected transfer ratios were corrected for the absolute amount of each pesticide in wheat grain at 0 month.

Storage period (months): 0, 1, and 3

Storage condition: as shown in the footnote of Table 3
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Fig. 3.

Transfer ratio (36) of pesticide residues for wheat secondary product samples (post-harvest)

Transfer ratio: 34, total pesticide residue amount in product/that in flour

Storage period (months): 0, 1, and 3

Storage condition: as shown in the footnote of Table 3
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Table 4. Processing factors (Pf) of wheat product samples (pre-harvest)
Concentration P
(mg/kg)
Pesticide fts¥ ar® - ) Bread ;
Wheat grain Whe‘at Flour Rt Bran Shorts Bread (whole Udon® Cliing
grain flour (white) . noodle®
g meal)
Disulfoton® ND ©&X 0.007 1.00 _0.25 067 5.00 1.70 - — —_ i
ND2 5% 0.007 1.00 <0218 0.71 400 <086 — e — =

Fenitrothion Jp 8% 0.830 1.00 0.17 042 3.54 284 0073 072 010 0.10
ND 1x 0.319 1.00 0085 015 354 1.37 0044 065 0053  0.066
ND 56X 245 1.00 0.073 016 346 107 0033 062 0043 0.049

Parathion-methyl ND 1X 0.151 1.00 0.18 028 3.15 135 0093 054 011 0.13

ND BX 2.35 1.00 0.19 032 283 127 0073 051 0.10 0.12
Malathion JP 56X 0.084 1.00 0.18 063 382 421 <0080 061 <0060 <0.060
Carbofuran” ND 6% 0.13 1.00 0.077 <0.069 5862 077 <0069 048 <0069 <D0.069

MO 6X 0.18 1.00 0.085 0256 4.68 3.31 <0.050 0.97 0.11 2.11

Phosphamidon® NW 1x 0.019 1.00 0.18 0.16 5.16 147 <0168 <016 <0.186 <0.16
NW &X 0.112 1.00 0.067 0.075 4.43 109 0028 015 0028 0.038
NW2 1% 0.135 1.00 0.030 0.081 376 108 0030 024 0022 0030
NW2 56X 0.482 1.00 0.041 0.089 385 149 0015 023 0022 0.022
Dimethoate ND 1X 0.308 1.00 0.12 0.15 322 1.24 0.039 0.35 0.066 0.038
ND &% 223 1.00 0.17 0.22 3.03 0.97 0.049 0.40 0.086 0.090

Mancozeb™ ND 1X 0.18 1.00 D.28 0.33 3.72 0.66 0.17 0.67 0.22 0.17

ND 65X 1.46 1.00 0.30 035 288 044 016 053 018 0.16

MO 1X 1.056 1.00 0.40 0.42 2.38 1.09 0.23 0.49 0.30 0.27

MO 65X 1.08 1.00 0.26 0.19 1.68 0.71 0.14 0.47 0.17 0.16

Digquat ND 1% 0.30 1.00 0.23 0.43 3.70 1.33 0.12 0.61 0.156 0.11
ND 6&6X 473 1.00 0.082 017 452 1.67 0042 052 0.050 0.038

Pf: residue concentration in a product (mg/kg)/residue concentration in wheat grain (mg/kg)

% Field trial test site

W Aplication rate as relative ratio of the

o Lump of udon

4 Lump of Chinese noodle

@ PSSO;+POSSO:z

GAP maximum rate for pre-harvest treatment

0 Carbofuran+ 3-OH-carbofuran

® Phosphamidon (cis+trans) +N- desethyl phosphamidon (cis).

W Mancozeb+ETU.

6. Pre lc8i3 3 MI R (Processing factor; Pf)
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Table 5. Processing factors (Pf) of wheat product samples (post-harvest)
Concentration
Pf
Storage (mg/kg)
Pesticide period Bread )
{months)? Wheat Wheat Flour Rest s ‘SHAHS Bread (whole Udon® Chinese
grain grain flour (white) iy noodle®
Permethrin® 0 151 100 016 012 346 069 0.094 069 010 012
1 145 1.00 014 011 347 0.69 0.085 0.60 0.09 0.10
3 1.47 1.00 011 014 329 0.88 0.057 0.63 0.0569 0.053
Piperonyl butoxide 0 241 100 016 012 297 0.91 0.11 0.64 0.12 0.13
1 214 1.00 015 013 321 0.99 0.10 0.64 0.10 0.12
3 2.43 100 011 015 3.28 1.16 0.056 0.60 0.073 0.071
Chlorpyrifos-methyl 0 2.73 1.00 019 020 3.07 1.10 0.10 0.62 0.11 0.13
1 1.60 100 020 050 328 213 0.094 068 012 0.13
3 1.48 1.00 018 045 261 2.34 0.090 0.61 0.10 0.12
Fenitrothion 0 5.15 100 012 012 3.30 0.94 0.046 D.62 0.061 0.066
1 3.03 1.00 013 028 301 1.37 0.057 0.69 0.075 0.089
3 2.20 1.00 016 0.32 3.06 1.72 0.093 0.69 0.089 0.10
Malathion 0 4.15 1.00 012 0.11 2.80 0.92 0.056 0.54 0.036 0.015
1 272 1.00 018 030 2.70 1.29 0.088 0.68 0.051 0.024
3 221 1.00 013 032 2.50 1.75 0.062 0.63 0.056 0.013
Carbaryl 0 5.22 1.00 0074 0.052 293 090 0018 033 0.023 0.0077
1 4,00 1.00 0082 0.078 303 101 0.019 032 0.029 0.018
3 3.40 1.00 0069 0.089 289 1.27 0.022 0.34 0.036 0.016

PF residue concentration in a product (mg/kg)/res:due concentration in wheat grain (mg/kg)
u Siorage condition: Kept in the dark at about 30°C
% Lump of udon

¢ Lump of Chinese noodle

A ofs+trans
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Effects of Processing and Cooking cn the Levels of Pesticide Residues in Soybean Samples

Machiko Saxa* Kazuaki I1jima, Mayumi Nisema, Yukiko KoMma,
Naomi Hasecawa, Kiyoshi SaTo and Yasuhiro KaTo

Résidue Analysis Laboratory II, Chemistry Division, The Institute Ervironmental Toxicology:
4321 Uchimoriya-machi, Joso-shi, Ibaraki 303-0043, Japan; * Corresponding author

The effects of processing and cooking on the levels of pesticide residues in soybean samples
were investigated for 14 pesticides in pre-harvest samples. On soaking, the transfer ratios (%, total
pesticide residue amount in product/that in soybean) of soaked soybean were greater than 602
for most of the pesticides investigated. The transfer ratio of soymilk ranged from 37% to 92%,
and that of fofu ranged from 7% to 63%. The processing factor (Pf, the concentration (mg/kg) of
pesticide in product/that in soybean) of tofu ranged from 0.026 to 0.28. These values varied
among pesticides. There was a high correlation between the log Poy and the transfer ratio of tofu.
The test described here should be useful to obtain the transfer ratios of pesticide residues in
processing and/or cooking steps.

(Received January 28, 2008)

Eey words: 1T processing; #§FE cooking; M LTFHREL processing factor; ZREEIE pesticide resi-
due; KE soybean: S tofu; TF soymilk
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Table 1. Field test site list: Application of pesticides and preparation of soybean samples
Test Application .
Pesticide Species fts® Formulation GAP -amount ‘;I:JF:,‘, (gams)

art (kg ai%ha) = X
Esfenvalerate Asgrow 4403 BR ARZ Control = 0 0 —_
Gt Asana XL 0.66EC 14 4 20
Pioneer 93B87 1A Control (Dupont, 8.4%6) 0 0 —
5% USA 14 4 24
Disulfoton Pioneer 93B68 1A Control Di-Syston 8 0 0 ==
5X (Bayer, 8%) USA 1.0 1 82
Fenitrothion Pioneer 93B87 . 1A Control 0 0 —_
1x Sumithion EC a 0.54 3 21
5x (Sumitomo Chemical, 50%EC) pan 270 3 21
Procymidone Tachinagaha JP Control Sumilex WP 0 4] —
X  (Sumitomo Chemical, 50%WE) 2P2" 80 4 21
Parathion-methy! Pioneer 93B87 IA Control 0 0 -
1% Methyl 4EC TSA 11 2 20

65X  Cheminova, 4EC, 4 1b/gal, 43.8%) 6.6 2 20
Carbaryl Picneer §3B82 1A Cantrol Sevin 4F —_— 0 0 —
Bx (Bayer C. S., 43.0%, 4 lb/gal) 7.3 5 14
Clethodim Asgrow 4403 BR AR Control 0 0 —
1% 0.28 1 1]

5x Usa 43 1 69
Pioneer 93B87 1A Caontrol Select 2EC 0 0 =
1% (Valent USA Crop., 26.4%) - 0.28 1 62

5% U 1.40 1 82

Pioneer 93B82 1A2 Control 0 0 o
5x USA g 2 60
Carbofuran Asgrow 4403 BR AR Contral USA 0 0 =
ik Furadan 4F L 4 20

Pioneer 93B&7 1A Control (FMC Co., 44%) 0 0 ==

5% USA 14 2 24

Phosphamidon  Pioneer 93B86 1A Control Dimecron 60 SCW " 0 0 —
% (Shukuroglou/PREMIER 496503 4 %

Pioneer 93B68 1A2 Control CHEMICAL Cao,, : 0 0 —
(Indica) 5X Cyprus, ai 50%WSC) 4.88-5.03 4 6

Oxadixy! Tachinagaha 1P Contral Sandofan C 0 0 e
5% usa  go 4 14

{Syngenta, 10%, copper 40%) 2

Dimethoate Pioneer 93B&7 1A Control Dimethoate 4EC " 0 0 =
6x (Herena, 4 1b/gal) U 2.8 2 21

Glyphosate Pioneer $2B01 [A2 Control Roundup PRO 0 0 =
(Roundup ready) 5x (Monsanto Co. 41%, 4.0 1b/gal) TSA 2.46 2 186
Paraquat Pioneer 93B87 1A Control HiEk 0 0 -
B Gramoxone Max 14 1 iG
Pioneer 33MB0 1A2 Control (Syngenta, 43.8%) 0 0 =

B USA 14 1 15
Diguat Pioneer 93B87 1A Control 0 0 -
5% USA  op 1 7

Reglone

Pioneer 93MB80 1A2 Control (Syngenta, 37.3%, 2 Ib ai cation/gal) 0 0 =

5X USA 2.8 1 7

® JP: Japan Plant Protection Association, Ibaraki, Japan

AR: Mid-South Ag Research, Crittenden County, Proctor, AR, USA (EFPA Region IV)

IA: Bennett Ag Research, Jefferson County, Richland, Iowa, USA (EPA Region V)

Y ar: application rate © ai active ingredient ® Application number ¢ Pre-harvest interval

* Reference to EVALUATIONS OF SOME PESTICIDE RESIDUES IN FOOD (JMPRFAO, 1968}
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Table 2. Transfer ratio of pesticide residues for soybean product samples
CD?;Z’;ZZ?OH Transfer ratio of residues (%)

Pesticide fts¥  ar® o o o log Pow® g4

oybean oake . cile
(dry) " Soymilk Okara Tofu sorbean
Esfenvalerate AR BX 0.042 106 <82 <27 <26 = 6.22 - N

1A BX 0.043 119 <73 <25 <27 —

Disulfoton® 1A 5% 0.027 61 <25 <16 <17 = 3.95 i 1
Fenitrothion IA 1X 0.018 126 <182 <64 <69 = 3.43 N
IA bXx 0.244 90 952 48 63 28
Procymidone JP 5% 1.29 91 58 43 48 77 314 Y
Parathion-methyl 1A . 1X 0.039 82 <84 <29 38 o 3.0 N
1A 5% 0.415 79 59 29 50 25
Carbaryl e BX 0.03 96 <39 <108 <51 ] 1.85 NY
Clethodim® AR 1% 0.183 82 53 17 18 — 1.6° Y
AR BX 0.893 95 71 21 23 1.3
IA 1X 0.653 135 78 26 28 =
1A 5x 312 146 87 24 23 6.1
1A2 55X 0.044 119 89 26 34 <23
Carbofuran™ AR 65X 0.099 62 <64 <20 29 <23 1.52 ¥
1A 5% 0.182 86 37 16 11 <11
Phosphamidon” 1A X 0.084 19 <16 13 12 — 0.79 X
1A 5x 0.064 i <22 <97 <12 =
Ozxadixyl JP 5X 0.16 90 67 26 29 63 0.65-0.8 b 4
Dimethoate 1A Bx 0.185 54 28 <b.6 <59 3.9 0.704 Y
Glyphosate? AR 1% 72 62 47 12 6.8 38 <-32 N
Paraquat 1A 5X 0.060 72 ‘65 87 29 21 —-45 N
1A2 5% 0.094 66 50 43 33 =
Diquat 1A 5X 0.045 88 89 b3 23 = —4.60 N
A2 65X 0.077 72 61 48 25 =

Transfer ratio: %, total pesticide residue amount in product/that in soybean. (—): not performed.

al Field trial test site. ® Application rate as relative ratio of the GAP maximum rate.

< The data were taken from the Pesticide Manual, 13th edition

4 ¥, systemic pesticide N: nonsystemic pesticide NY: slightly systemic pesticide.

® The data were taken from EXTOXNET. ? ®S50;+P0S0; ® CLSO; "Carbofuran+3-OH-cabofuran
Il Phosphamidon (cis +trans) +N-desethyl phosphamidon (eis) ? Glyphosate+AMPA

3. SirEA

*g, KiBMKE, Bk . B0, GF, R
Bk, BEBLUEHOHIREE (7 ER 5
e Lk

4 BET L

— R UESAR SRR It The BT EE
Bobo, FRIEEEESRE BR{EFEEIGLLR
FIERETEGR O bOEERL 1.

ik, BERI VX7 -V 37 FRIO MIN-QBikEIE
HECHEM L BB ER VR

mEES YR MG b v (HE920%), PSSO (BEEE
99.0%), PSSO, (Hfi B 95.0%), POS (H Bf 90.0%),
POSSO (3B 83.0%) # & UF POSSO, (99.0%) it Dr. Eh-
renstorfer 2184, ¥ 27 7 v b i AccuStandard #t8), &=
7 7 31 ¥, N-DEP, CF, 3-keto-CF, 3-OH-CF, CL, CLSO;
BHEETEGOBEIBALTER L. SRoando
HfEMET RGP OBALL i, HEOLEOL
wioRVwINnb BREETH - 1-.

fhih: #Ek 100% (B0, (F)RE HiD)

PIC A Low UV EHZE: Waters 8l 4 4 » 27 HE,
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ERHEME ARER.

7o) I, YYAFNBLIETNMIFN ¥ S HFLE
Waters 1 Sep-Pak (737 A)

Cis 3 =435 4 Varian #£8{ Bond Elut Cis (1 g) &
SHhUBHTEF=FIAESMLEITAKEML T ¥
Fava=»yLTERALE

ZHAMES A ¥ vtHh 5 4 Varian #3 CE1020

e # vAsHulie 3 = # 5 4 Bio-Rad %% Poly-Prep
AG 1-X 8, formate form 200 ~ 400 mesh, ~< v k &
) 2 —4 2mL % 20%FEBRAR 20 mL TI YT 4 ¥ a2 =
vZLTERLL.

184 & vASHEE $ =4 5 4 Bio-Rad $t8! Poly-Prep
AG-50 W-X8, hydrogen form 200~400 mesh, < v b
HY2—A2mLEAKIOMLTaYF4¥a=VILT
R LT

5. ks =8

+E U+ 4 ¥ — Polytren (KINEMATICA #28)

GHA—H— 24 VvEFEHA—H— (VA vi-
b T3HED

EHEE: 74A5—3=004T7K25 0y b (74
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A7 —HEBD

#R2 o= k&35 7 (GC): 6890/ChemStation (ZEHE
1) v#HE, NPD) ¥27 & (Agilent Technologies #t
#), BiE14A (BFHEREE ECD) (B BERRUE
PrED

HAL o=t 737 /ARSI (GC/MS). HPE890 I
(GC)/HPE9T1 AMS) MS-Windows 7 —7 A7 — ¥ a ¥
f+v 25 & (Agilent Technologies 189

EEmiks vw + /5 7 (HPLC): BEL0A Vp (UV
HIHEE (UVD), EeiHiss FLD)] ¥ ) — X ((B) Rl
{ERFED

6. RIE &

6.1 GC (NPD)

() =7 =z¥siLlb— k. #J A Restek #8 Rix-
200 (E 053 mm, E=30m, BE15xm), 474
ERF 265°C, HEADGAE 280°C, #ihssRE 300°C, # R
B %+ !+ — (He) 20 mL/min, ZH 60 mL/min,
7K% 3 mL/min.

(2) YA PT—F, AFARESFLY, Jz=LOF
F B LAY L BT A Restek #18 Rtx-50 (A
#0653 mm E&530m BEEL0 m), &5 LHEE
100°C 1 min—>5C/min—270°C 1 min, HEADRE
250°C, W HEREME 280°C, ¥ A ME: ++ U ¥ — (He)
10 mL/min, 225 60 mL/min, 7kK¥% 2 mL/min.

@B ®=XF7riIVFy, AaNEISYCRELU I
keto-# M F 7 5 ¥ (3-keto-CF), 3-OH-# VH27 F5 v (3-
OH-CF): 18 L[ L.

4 vzrNFv B2EILEL.

6.2 GC/MS

FoviFy, FF4TVFL E1HEFL.

6.3 HPLC

(1) 2 vt Y4 (CLSOy): # % & (B LY 54 &
o MR | -column (5 pm, A 4.6 mm, &= 250 mm),
BB A &/ — N—7k-Y B (600:400:1), K 1.0
mL/min, # 5 AIBE 40°C, EIE#E 2564 nm (UVD),

(2) #UsH—, AMPA: # 5 & REEE CAP-
CELL PAK MGC;s (6pum, R# 4.6 mm, & 75 mm),
#5E&aE 5 mmol/L PICA lowUV 7k—# # / — L (65: 45),
1.0 mL/min, # 7 & B 407, i EHEREhE 254
nm, EJ 315 nm (FLD),

(3 53—1F, Yy b BIHDII Ty bO
TN T T — b bERKRIE

7. EERNISZOMEAE

A E 200gik1,000mLE=MA, EBE (EEEH
23°C) T KEE, KEBEAT GRTIRELLREOX
T) LRk EBL, KBEAS 290 g BBRAEELD
#130g) BLUOAKWNOmMLEFTHA—A—icEv b L,
WRHETREEEMEL, STHRCHIRLTER LB LI
HBELR. SE.700mL OBRE%E T0CIL, NAEHEED
mLic=#110mLZ2ERBLIcbtDE 2~3EKNSTT
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A, 109MBEELEL. Ch2EEEBEKEL, 300g@
ERZ20ET200MkaRHL, SR EERERES
fz. FKBEAT 300 g &7k 300 mL XA AL T
Kich i, EAdSr-THo 129ME A XTERER,
kEPHTHREBEL, BTl 8T8k
BFOTEHLAEEOERS L BEREREL 72

8 Hiomi, HESLUER

Bl == &I~ P

WoDOAEYH-T, Sl 2L, BlIE I,
GC (NPD) 2\ iz,

82 UAPI—F, AFNASFFY, SOOI Ky,

FErHULl, Fz=boFFy, ANSUIN

FEIMIUA L=, AFNNTFE V] ODHFE
HUICHEL 1z, 750, FoviFrELUTEy ULy
NOBIEWX GC/MS, YA rx—F, AFNMI5FF Y,
= boOFdvBLEUEANSY VG GC (NPD) TRERE
e Lt

83 Y UsmH—b, AMPA

H—{L LSRR SRk THHEL AR 20%F ) 7o ok
M B L, 28% T vE=TEETHOLT,
Cisi=hSablWTHRLE BLELCEAL VR
BElE: —h SLTHMBLUY ) k¥ — L AMPAD
AEETV, TOREFATHOESZEA & »35HE 3
—HS5ATHERL 005mol/LM+ M P U LK
#-0.1 mol/L HMEIARE (85:15) & 9-7 va L =X FIb
soo&wT—F/TEbY(1mg/L)EEVT, ERT
BRBRE(EL, BRNHEL Yz FL-FALERNWT
L. SEAKEs L £ HPLC kiEALERL
AMPA IK2\W\WTid, TRECBRERE152%2FLT, 7
)y — AEEEREHLA

84 JLFIVA

L LEEREEA §/ -k (1:1) THH LD 5,
EHMr A v thsaciEL, BBz T -~d3 (L
DETFLTEELE AHoBEEKREL, Y200
A% v 25 mL THEMEL, 3mol/LE 1% m-7 oo
TEERM/ Vs ooy VIBEENA, S0COKERICK
BL, CLEXUCLSO% CLSO, k&#LE T0%
10% 7 AT S F o akigEni, REzEFELE
Srood s Vi DB-HESE YIAFNI=ATA
BLUTWMIFTNIZHSARLIBREBEERLL &
BREEIZ T2 b= b ) iEREE LT, 10pLl & HPLC K
EALERLE.

85. U RJR b v (PSSO POSO.)

HmagreRmL.

86. RZ 7 7 I F & & U N-DEP, CF, 3-keto-CF,

3-0H-CF

gFi1giEEL.

87 53— F, V4D b

B1HOVI 7y POFETNII— b bERERL
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Transfer ratio (%) of pesticide residues for soybean product samples

Transfer ratio: as shown in the footnote of Table 2
Es: esfenvalerate; Di: disulfoton; Fe: fenitrothion; Pr: procy

Dm: dimethoate; Gp: glyphosate; Pq: paraquat; Dq: diguat
Sample names consist of the abbreviated name of the test compound
rate as relative ratio of the GAP maximum application rate (1%, 5X)
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il
Im
i
DRSS __
o (=] (=] [=1 o (=} (=) o o
(7} ~ N o (] [+ = o
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Fig. 1.
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EREBLUER

1. SFRBEREORE
AT~OEEOEFVL O, EEREA—HENE
(TMDI) »i—EENHFSRE (ADD) 2B A 50D H 5 &
OEEEE LGEELR S0, ME{CEAMRKCER
L, $EOEBLEWSOEBATHERL .

2. HHFEHE

RITHERNE (1X) LisBalr, BEALOERTAE
ERcEREEDLAUL

3. FEENISOBEM

AHETIR, GRMEREL LTEES @HA -1 -
#EE) tEohrgHic=4 ) EmABERE (KEE
BE,okSoLRL) TAAERRALL SR a0
SR=vpy s EICEDREAL, FHAUIN#LEITS
CERAESCHHEIVOETELL, Ok, BERE
7754 FEOHIEEIRENT Y. AR TIHEE
FRONGHA —H—EFALTVD L5, Bk
AR FHoumBsEonsd EEA, HERIRE
Lisds- 7.

KE 200 g o7k 1,000 mL #iA kBELETOFEY
R, JKIEEAT 462 g SBEAK 730 mL Th - .
KIBEAT 290 g CRKE# 130 gi82) L7k 900 mL ©

ODEABATETIR, GO MLEEHE 284 g T
Hot, EHAT00mLEZRVE-ERMEETECOLRE
i3, 240 g SFEBREK 442 mL TH - 72, LHEAR
Bicb i 2 &85 0ERRBOEBFE (CV) 3 2.~78%
Thy, SREOERcE I aFREEREDL - ..

4. EHWENBERER, TRERS JURMENER
FhthogirEc s 2BHBRIE, S/NE3ELE
OR/NEHESSEH L T0.001~0.005 mg/kg Th >
fo. YU Fy—t REFBRESEL -2, 0.02~08
mg/kg & Lz, EBERE, #HNENNEER THIEE 70~
120%, #HxE%ERZE (RSD) 204 LI TTH 2 T &2 HER
L, BELA ORI, BEINELET0~116%, RSD
%R TTH D, MEFRHBROWE~4ETH- I,
Z5ic, ERBRO 10~50 £BEHRML T, EIRAER
Wiz, [EUERIZ 7T1~113%, RSD R 10%EITFTH - 7.
chbicky, SEROMTEORLESTHER s i,

5 HENIRZR\OBTE
FEENTS~OBTHRE, HERE (E8AR) FiBE
HET2ERERE100 & LT, HEEEbOERINLE
MTH L UFEEREDOEREERBRONEE RO L DT
H3.

Table 2 {2 ZBIEOHITREFHUGH LWEROH S S

Table 3. Processing factors (Pf) of soybean prodaict samples

Concer.tration

(mg/kg) =
Pesticide fs2 ar® -
Sc&?;an Soybean 5?:?::::11 Soymilk Okara Tofu SE;E::U
Esfenvalerate AR 5X 0.042 1.00 0.45 <0.12 <0.12 <0.12 —=
1A 5% 0.043 1.00 0.56 <0.12 <0.12 <0.12 -
Disulfoton® 1A 65X 0.027 1.00 0.22 <0.037 <0.074 <0.074 ==
Fenitrothion 1A 1X 0.018 1.00 0.56 <0.27 <0.27 <0.27 o
1A 58X 0.244 1.00 041 0.14 0.18 0.28 0.20
Procymidone JP bXx 1.29 1.00 0.39 0.90 0.16 0.22 0.32
Parathion-methyl 1A 1X 0.039 1.00 0.36 <0.13 <013 0.18 =
IA 55X 0415 1.00 0.35 0.08% 0.14 0.22 0.10
Carbaryl JP B 0.03 1.00 0.43 <0.17 <017 0.14 =
Clethodim? AR2Z 1X 0.183 1.00 0.35 0.077 0.071 0.082 -
AR2 B¥ 0.8393 1.00 041 0.10 0.10 0.10 0.043
IA 1x 0.653 1.00 0.63 012 0:12 0.13 =
1A X 3.12 1.00 0.69 0.14 0.11 0.12 0.028
1A2 5¥% 0.044 1.00 052 0.14 0.11 0.14 <0.11
Carbofuran® AR 5X 0.099 1.00 0.26 <0.091 <0.091 0.11 <0.091
1A BX 0.182 1.00 0.40 0.038 0.033 0.049 <0.048
Phosphamidon® 1A 5x 0.084 1.00 0.083 <0.024 0.060 0.048 =
1A 5X 0.064 1.00 0.047 <0.031 <0.047 <0.047 =
Oxadixyl JP Bx Q.16 1.00 0.36 0.094 0.10 0.12 0.21
Dimethoate 1A 5X 0.185 1.00 0.24 0.086 <0.027 <0.027 0.016
Glyphosate® AR 1x 72 1.00 0.26 0.056 0.069 0.026 0.083
Paraquat IA 65X 0.050 1.00 0.29 0.074 0.21 0.14 =
I1A2 65X 0.094 1.00 0.32 0.10 0.42 0.12 =
Diguat 1A 5% 0.045 1.00 0.31 0.091 0.23 0.10 =
IA2 BX 0.077 1.00 0.40 0.13 0.24 0.049 =

Pf: residue concentration in a product (mg/kg)/residue concentration in soybean (mg/kg)
* Field trial test site ® Application rate as relative ratio of the GAP maximum rate
¢ PSS0,+P0OS0O; ¥ CLSQ;  Carbofuran-+3-OH-cabofuran
% Phosphamidon (cis+trans)+N-desethyl phosphamidon (cis) ® Glyphosate+ AMPA
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DEOFEELTRLEL 54T, Fig ]| KBITROER%
#LI KEEIE THERTE, SRUSETETOMm
THEG~OHTEE LR, TRLE, KBRERATOH
737, BREEBEHORS 7 - ¥ 5 7%F L1
BELEBEALOER TAETOEZREROY
0% LI EASRE@EAGHICERE LT, BEKIIES
FNBEITLAEb -k FHHETOZR DL o7
L, ®27 7 3 FvDERK~OBTRIIMOIER] & Ly
LTEd-1. CThid, ®27 7 3 FrOREHBEXNEL
CEDB—HATHIEREENS, hITYKEREDT WV
77y P BLUNS - DBEEK~OBITRIL, Bk
pofz, TOZEWR, P70 bBIUSSIa—-RHES
K7 v E=v ATHY, ABREZ L OWHEICE  BE
ENE0T, InNHERO1-EELh3 KBEAS
Lo T R~0B{TERE, EHMToENKER 1.
Tibb, BHFESER SBLTELHWAEA~OKREH
T o oREREORTRIR, 37~02%THb, B
5T 12~63%TH-rfc. FHIK=H U N2 EE & &
FEREH DB L AR P H S EE~OBITEIT 68
~B83%TH-f. BELTROEOAEETLI~TINT
Hoi.

6. INIRE (Processing factor; Pf)
ARELBWTPIEHLAbOE, BNTE & UHE
HE O RERECRE (mg/kg) £HARN (EHRAE)
FOREEE (mg/kg) THRL TRV ALDDTH B, -h
2, EFEHERPHCRTIM TR E LTERShTWEH0
LEAETH S,

¥R % Table 3icRY., KBREKE®Pfid, 0.047~
069 TH-7o, EABLU B LD PIIE, 0.038~0.90
BLU0033~042ThH - 1=, B @ Pfid, 0.026 ~
028 Toh -7z, BEDPI3, 0016~032Th -7, B
THROERELEHK, BHEToEMNAE, -1,

7. PEFEMMEREOBE
SRUETECOGR~ORTELHEE L/ABED g
Pow & OB %E Fig. 2R Lz (72771, log Pow DfEH
BOETHB VY —k, 50— BLFVI 70 +
DF— i, BALKERTHZ). ER~0BTHEL T
BHOBEDog P, L DHicEEMAREY A<
001). ERREEEN:y v HoEBRECSHD
IRAGTERDAAEEE LTV, BERHE LcElb-
TR ANETHE=H ) E2ERATLHEE, w73 vy
LAZF YRS NI EAEOA VEF O VEREELTY
WEBKLTWAEDRE oL nHEMEIBETRIBROR
TRECEEST 2 E@EPSEEET LEA0NE, S0EB
SR (LEMOBIKIEE OREERE L TWE,
L, B LEBEDIlog Pow OFEE W (0704~
3.95) ke, SHINVZ{DEBEL>VWTORNHMKETS
5,

526

70

L I¢}
60

¥ =14.162x + 5.708
r =0.9034

o
(=]
T

-
o

Transfer ratio (%)

log Pow

Fig. 2. Relationship between the transfer ratios of

pesticide residues for soybean product samples
and log P, of pesticides

Transfer ratio: %, total pesticide residue
amount in fofu/that in soybean.

A: Oxadixyl, B: Phosphamidon, C: Carbofuran,
D: Cletaodim, E: Parathion-methyl, F: Procymi-
done, G: Fenitrothion,

Data are the means of the transfer ratios in
trials. The correlation coefficient was significant
{»<0.01).

xF & B

AeFERoKEEARICEVWT, BEAMckdaBTR
ICARENERDDL S, LALENE, GREBOERT
Bick 38T, ESMToskkEbo1. BB~
OBITELBHED log Py, & ORICHEMHMTED S,
PfikoWLWTl, 1@V ch<id b, BED0IED
ERENBRRCEEEAT L TELL, LaLuH
5 NMIGCERES*MEcED2 ECEHPIREET
b, roBECHETCEE T LIFETH S,
FHRETR, ARRHEAAVCEENTLcEY 28¥%0
BREREOEtAEFABRICL OB ELL. Chid, B
ENcERT 2 BENARCBT T 2ROBEE T ET
EENFRTHE COTFLAREE ERCETS+TIE
ROZREREELERICERSNIHTETHELLEEL 5,

] E
FRRGEENBEARAERERNTRESOSBRRES &
VEESBEEHERMISc L0 EB L BB
BOWTIBHO LWk (B) B R FEREs L0 o
2t CRE) oFRicESw LT

X i
1) Saka, M, lijima, K, Nishida, M., Koma, Y. Hasegawa,
N, Sato, K, Kato, Y. Effect of processing and cooking
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2)

3)

on the levels of pesticide residue in rice samples. Shoku-
hin Eiseigaku Zassshi (J. Food Hyg. Soc. Japan), 49,
141-149 (2008).

Saka, M., lijima, K., Nishida, M,, Koma, Y., Hasegawa,
N., Sato, K. Kato, Y. Effects of processing and cooking
on the levels of pesticide residue in wheat samples. Sho-
kuhin Eiseigaku Zassshi (J. Food Hyg. Soc. Japan), 49,
150-159 (2008).

Saka, M., Lijima, K., Koma, Y, Fujita, M, Odanaka, Y.,
Kato, Y. Effects of water-soaking on the extraction of
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pesticide residue from powdered brown rice and
wheat samples. Nihon Nouyaku Gakkaishi (J. Pesticide
Sci.), 34, 431-434 (2006).

4) B B TERSHECBE. SRMERHRE N F

5)

6)

7y 4 2001 F4R. b —3 —F#H, 2001, p.29-81
Murata, Y. Tofu Tsukuri No Kagaku (Chemistry of
the Tofu making). Kagaku To Seibutu, 43, 101-102
(1995).

s LWEHORY ¥ITE EIR_EE 7-F
24—+ gk 1987, p. 74, p. 163 (IBN 4-902602-02-4).
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AMENOBREEEOREEHICDNT
(B 7R B BT ERT  mE R 18
Bz

ERRISESH29H N SRIT SN BEZOARTRERAEOR DT+ VA MHEDTT
i ES B EEREENSEIN TV ELARBLUBEIZDNTIE. —H#E%E (0.01 ppm)
REAIH., ChEBATEZSBRENRHEINZBAIE. YZERORE. REIRA.
= -a D, FSIEORFIZEIS, FRPEEE, FERERE 7206 CICEREESFERZ
2 HTHREEMAREL TS, BEET—y QRIS B LHOB o 7KE, EURE
SHEORREEEZSZI LT, BELEROEN > BEBIUAHREFHRELIGH
BEEARICEELENREI NS, LML, KBRENLULFEBRRNRBTICE>TELS
SNEPOBZREI OV, BEEESBESTHAAREATHOE -HOBE K
) TRSNTHED. ThoakRIFELTORRII OV TRANMEICEN ORBELEEZR
FTBZERL, BRET4 7)) A MEERTERA .

AHEOT. BRESETLOINS —FEELRA TREMREIN, HATEILEEIR
Shic. TOERIIEEINTORND, IKERE, BEOERNEYICEREINTNHD
BAI BT HEEAN L TEERMICAMEICEENSBITL, BATHIZLNHLHLOR
HOFT. BENHEIIEENSEETREE LTEBL TWEEESEHRERRRMADE &
Ol RO EEFAESE, ARPICRETAEESIIBT 2 ) AV EEFHEOFELT
B4 BP9 DERIVEENKO—B] (HEWE. TAMEORGEEORTRE ) &L
. FREMENSZIMERERT, FERNWICREEZN L TANRCRENRET S
SORMEDMOBBERERZIZONT, TOHDEL. BEOHE, BRECLERT—FFIT
B ABEET. BEICMDD LI KRDI.

H EREGE (BEEMREAS) . EERET GOSITBGEARERSLIRTEN |
S#mMER (EREFAY) . PHEZ WERBHBEMALVF—) |
AR (BREEBMAFREREHAN . WELE (BRAF)

MR E

NI AEIR D SIEOPREER T FREBT LT 2RMERZHRESE (EHB
IO EED, 6H L HORERMMASRSAE BARESBSICREL., TRERL.
FREEITRINEFEICENTINET 0AK) kIO & ATF/=NITDNT
ATETREREESRESN SAIHOXSEARBEERSAREESHRTOREERT,
SH2IAIEREINTVD,

REFOHT
1. (bKEES S BEOHEAAENET SN THAHAICEV TOREET L TRNMEK
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