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A Study on Analytical Methods for Determination of Pesticide
Residue in Animals, Plants, and the Environment

Hiroko KoBAYASHI

Mitsukaido Laboratory, The Institute of Envivonmental Toxicology,
Uchimoriya-cho, Mitsukaido 303, Japan

Gas chromatograph-mass spectrometric (GC-MS), high-performance liquid chromato-
graphic (HPLC) and derivatization methods for the pesticide residue analyses have been
developed. GC-MS method was applied to multi-residue analyses of organophosphorus
pesticides in crops to tentatively identify the pesticide with common fragment ions which
provides information on the elemental content and to determine by characteristic fragment
ions of each pesticide. The GC-MS method was also applied to determination of various
pesticides in river water. HPLC method was used for simultaneous analysis of thioureas in
rat plasma, which are toxic to man.
column and determination with wavelength at 240 nm, and applied to the analysis of ETU
which is a degradation product of fungicide ethylenebis(dithiocarbamate) (EBDC). ETU in
crops was able to be determined without extensive cleanup procedure. In addition, the
stability of ETU in stored samples before analysis was studied. ETU in certain crops de-
creased with storage time. When L-cysteine hydrochloride (Cys-HCl) was used as an amend-
ment, the degradation rate of ETU decreased. Cys-HCl also prevented degradation of
EBDC to ETU during storage and analysis. For the determination of a guanidino fungicide,
guazatine triacetate, a derivatization method was developed. Guazatine triacetate was
reacted with hexafluoroacetylacetone (HFAA) to form the bis(trifluoromethyl)pyrimidine
derivative.

This method was based on cleanup by an Extrelut

However, very low recoveries were obtained in the analysis of samples such as
apple and grape.
bound to fructose which is a constituent in apple and grape.
HCl was found to be the best reagent.
sidues in crops could be detected at ppb or ppt levels.

The phenomenon was due to that guazatine triacetate was strongly
To release the bound, guanidine-
Using these method described above, pesticide re-
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RRAFRPCHFET 2 REYO L T VBRI
WMEBSTENERENTWES. SO XN%EE e bR BN
DOWTHIEY, 1B, REWEHSLLHEChLD, %
7o, BEOHEECHEIEAME THS.

ATFFIL, PERD BTN TIL, BHEBREIVED
272 h, EHI ) -7y TEREE Licbaye,
BUTRLE TN RS /7 DB ST LT i
o tofbEd, £, BAEHO T TCOBRESTNA
B BIRTOWT, BY - EY - 18- BEHCER
THBRBEEL A a5 74— - BEESH (GC-
MS)™®, F@EHEKs o< 557 4 — (HPLC)"® %
ZVIRFEAMESO ko THE - EBTAMECR
DO &WoEr BIL 352 &% BE LbDTH
. 205 bARTIE, GC-MSICBELCIzEKY 2
BRED Z Ry sk H O Ik R o B3R o> R R 43 47
oW, HPLCIzBILCiZ thiourea {h&4g, &
I ETU oSHEICS>NWT, EFHEEMECELT
It guazatine @ 3HFERIC oW C KB Co BB L 2%
T DMEL AT 5.

GC-MS (L &K BB EH %
1. GC-MS [CkPHEHY VFREOSHR S BREGHIF
&
ML RERRRCISEEOBENEH L5
ENHY, LAIEHLTWAEROBENATRBOES
NEWD TEREBEO SFEL LTS, RS0 EBEL

ARHCERTELIHETHIIENEZ L. TDLS
RAMEREER TV D BED—DI, FHEY REE
BH5H. £Z T, GC-MS *BWHRE - EBDOFIET
H0, AFCEHDO 75352 b A o2 HAWTCEERT
& % SIM (selected ion monitoring) il K- THHE
U VRBIED DRI TR BE LSRR R LIS,
B VD RBEY OISO AR phosphorothio-
ates[(RO):P(S)OZ], phosphrodithioates[(RO):P(S)
SZ], phosphonothioates;CeHs(RO)P(S)OZ] Z433H
L, BOBDODDART vk s 0,75 X0 4% 0
TN—=TFZEIZHEB LA F B (common fragment
ions & RFR) & S EMC BB D E# D B 1 £ B (cha-
racteristic fragmentions & {K#F) Lo E L. 3
BN, V= CHBLIT I A0 b4 4 VBRC K
o> THEMPICEETHIENETO2RENED v —FIT
BT53DTHH0LHE L. —fl& LT phospho-
rothioate (L&D HE 1 + > D IR ER A Fig. 1R
T ZDREMDEIZL S & — i3, 2 F K TiEm/z 125,
109,93, 79,63 D 1 % VRN BEL, = FUKRTIZI m/z
153, 125,109, 97, 93, 65 D 4 & #3358 LTigd o 72,
Phosphorodithioate {t.&#73 & Uf phosphonothioate
LEYMTH Eh LR LcBEENRH S .
KT, BMEEDCEBEORERA X VBR X OCRERHE D
LYo RE - ER %177 - 7=. Table 1z phos-
phorothioate {t &% ©&H % fenthion, cyanophos,
fenitrothion, diazinon, chlorpyrifos, dichlofenthion
(COWT, FhlA 4 2 A DA F U IREA IR
oo BIR L7k S, #xFufk (R 5 CHs) ThHD
fenthion, cyanophos, fenitrothion <%, m/z 125,
109, 93, 79,63 @ 4 F L O HRBWEN A& L, TFNv
& (R 2% C:Hs) ©& % diazinon, chlorpyrifos, dichlo-
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Fig. 1 Common fragmentation pathways of phosphorothioate.
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Table 1

Chemical structures, relative intensities of common fragment ions and characteristic

fragment ions, and retention times of phosphorothioates.

Fenthion  Cyanophos Fenitrothion Diazinon Chlorpyrifos Dichlofenthion
RO S R: CHj; CH; CH; C.H; C.H; C.H;
N
P-0-Z CH CH cl cl
RO 2, Do i, QCH(CM o cl
Common ions (m/z) Relative intensity, percent
153 — — — 52.3 5.8 3.2
125 36.4 57.0 100.0 30.1 28.8 31.1
109 29.8 100.0 89.9 6.2 17.7 42.9
97 1.0 0.3 1.0 36.6 97.7 100.0
93 13.8 11.0 26.7 46.2 6.0 7.4
79 11.0 23.3 38.1 — — —
65 — — — 19.0 20.1 15.9
63 6.5 8.9 17.0 2.1 6.3 5.9
Characteristic ions (m/z)
281 — — — — — 32.1
279 — — — — — 85.8
251 — — — — — 40.4
225 — — — — — 32.0
223 — — — — — 82.2
201 - — — — 25.9 —
199 — — — — 93.9 —
197 — — - — 100.0 —
179 — — — 85.1 — —
169 21.3 — — — — —
162 — — — 14.2 — 52.0
152 — — — 91.7 — —
138 — — 7.5 — — —
137 — — — 100.0 — —
Mt 278 (100.0) 243 (41.2) 277 (28.2) 304 (48.9) 349 ( 5.7) 314 (2.2)
RT# (min) 5.0 2.2 4.4 2.7 5.2 3.4

2) Retention time at 150°C.

fenthion ¢iZ m/z 153, 125, 109, 97, 93, 65 D4 %
L DA RE AKX P 7. Fenthion & chlorpyrifos
o GCoOFEFEHMITER TN 504 L 5.24TGC T
KEI L3 Hwas, GC-MS Tk # Fvfke =7 VKD H
Pl iebh A F v THD A FVED mfz TI[CH:OPOH]*
BEOLFUkD mfz 97[(OH):P=S* & 153[(C:Hs-
0):P=S]* DHHIC & » THE R BA LK Lic. Fen-
thion X m/z 169[3-methyl-4-methylthio-1-thio-
phenyl 4 = >] & m/z 278 [M*] »FA UARFRE~H
L, chloropyrifos ig/ne # Y RFCEHTS 7 5 7 A
VA F v E LTKEA & AT U mfz 197 &
199 7\E U BT 52 L DlEHERT 52
LR TE.

Table 2 IT{EFICEE L7 IV A P F VT ED
24 BB L7 b HOEINERRS. Diazinon
cyanophos ® X 51 2~3 @D 75 A b4 A A
WCHIE L BaTh, 75720 b & LB ER
BOEFEFEAERDR LS. F o ENER O Bd-
- E LTI, BEDII VA MAF vEFEELT
HE LD Tr Y — 7w Taiflebind THLIEYE
DEERBFHE ETel, BRITH 12T EXDIT
bhb.

Pk, RERDZMAFHED & > CHIC, BRELH
BRC AT B 1 Crel, FOMRRSE LEML, &
KERCHEBED 75 5 A v M & & AW TR T
Witz EMTEL. DX R /s SHOEA
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Table 2 Recovery of phosphorothioates from
watermelon and tomato.

Recovery® (%)

Pesticid Folrtiﬁfd
esticide eve
(ppm) h Vn\iilts;_ Tomato

Fenthion 0.5 278 93.3  96.6

Cyanophos 0.5 109 84.9 90.8
125 87.4 92.2

Fenitrothion 0.5 125 91.1 101.7

Diazinon 0.5 137 89.9 90.1
152 91.5 93.5
179 92.9 89.5

Chlorpyrifos 0.5 197 102.8 96.9

Dichlofenthion 0.5 279 93.0 90.0

®> Values are the mean of duplicate experiments.

s KEDBREJIANFHE LSRR D BIEKO RE T
12 GC-MS-SIM #:% 5/ Lis.

2. FANKPOREDREZH®

FRBRCHERE I NS Z EDH 6 FE D KSR
(butachlor, pretilachlor, oxadiazon, CNP, simet-
ryn, thiobencarb) o J[IkKAro EBE A HlE3 2 7=
NIk Seppak Cis 7 — + J w SWIRBIL, H— btV v
DICE LicBEkAR » & 2 — VTR L, GC-MS it
Liz. €22 Y440 & UUIERRS OREY %
FoHL, BELICHAETESL A2 ThHDH mfz
REL, 1FUVEERRKEVWI S F AL M F URBIR
L7z. 3 7ad>H, butachlor, pretilachlor, oxadiazon»
CNP, simetryn, thiobencarb (Z Fi\vi= 4 # vi3Fh
Zh mlz 176, 238, 175, 319 ko 317, 213, 257 ©
HBH. COFBHELEDERHED mlz 2 FET D DT,
WELONEIBRSCANYELABRE - EB T2
ERTE Y.

Fig. 213 GC-MS-SIM iZ k& » CE bR EER (=
B EwIKEE (FE) oru< s 4Ths.
ELlomlzilFhZFhe— 228 HE X hi. Pretila-
chlor & CNP 2735 x> b4t S HELTWS.
RED mlz 2 BETHZ LT L0, hELOTHEEY
pretilachlor & oxadiazon @ k 51 R DEHE L
b DLAEZTRARRE - EET D ENTE R T
ENERER DU Tid CNP & thiobencarb 23 70% &
D LEWAML 90% M EEBIFCH 72 T, BH
BRA 3 0.01~0.06 ppb & & oiz. Tk S5 CEBNME
DREZRDOSITCIE, FE - EROFE L LTERT
W5 GC-MS A WD Z EAFELTWA.

0 2 4 6 8 10 RT.
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Fig. 2 Mass chromatograms of simetryn, thio-
bencarb, butachlor, pretilachlor, oxadiazon and
CNP in river water.

SEREIOT NS 57T7 4 — (HPLC)
E&K Btk

FREEDVE <, EHEEREO LAY EC R ERLEY
12 GC = GC-MS SFAHETH 5. —BICEBEDE
BERSITEE LTEB s GCRERIRTWS 2,
BUC R ZE I b BB REMEWEE 7L 12 GC i
LA HPAERETHD. 0 LS S POMESTTC
S ULTHPLCIZ X5 ks Bat L. HPLCIC X
LathitED—F & LT, ethylenethiourea (ETU) 3
LOFF 9 VTGO IR L L, & ITREA
ethylencbis(dithiccarbamate) (EBDC) o 43 fi# 4 &,
YcHd ETU I D0 TUREBRERIC 313 5 el
DWT LR L7,

1. 59 bMDOTSXTHD ETU OB RES LT F A

DL TILEYMDZ 5Dk

ETU iz EBDC A% O EHID, <o 210 351
VKSR LpnEts 1 12 X 5 SR H 53 (LB R
MTHD, 59 MHBWT <Y R FIFED BB
EFEHEED RN H DD TAAD ENBEZ IR T3
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Table 3 Recovery of thioureas from rat plasma.
Fortified Recovery®> (%)

level (ppm) TU MeTU ETU EtTU  1,3DMTU 1,1-DMTU 1,3-DETU

100 83.6 92.0 80.7 74.4 100.3 83.6 82.2

25 87.7 89.0 90.3 88.3 89.8 84.6 95.6

10 75.5 70.1 78.7 84.1 90.2 71.1 77.5

5 93.2 94.3 78.3 89.4 98.8 79.6 85.9

2.5 92.5 93.3 79.2 85.6 97.4 74.1 91.9

1 90.8 75.8 84.1 73.4 88.9 76.6 78.1

Mean 87.2 85.7 82.0 82.5 94.2 78.3 85.2

2) Values are the mean of duplicate experiments.

EchsH. i, ETULLNODLZEOF 4T L 74k
&3 7ci>B thiourea (TU) % tetrametylthiourea
(TMTU) & 322 2%, methylthiourea (MeTU)
# X O° ethylthiourea (EtTU) I2#ZEE &SR
TWw 52, %7 1,3-dimethylthiourea(l, 3-DMTU)
LIEERBHCELYRIT L. ThHEEMANL S
EYDSHEOHILEZ B E L.

ETU ofS#EE LTE SEFLZ 75 bl LU= v
s, NEFE by 7zrvdaresiul, =vz27
P = AV 51V oF: s 9 R AV s e = i = B o a1 7 (/R DA €5
T2 HERALR TR0, L Lichihb, Thb
DFEER L THWT 2 HEIYEDEDREDIZDD
2 =Ty TOHBEMTH -, £, ETU LD+
v L7 &® (TU, MeTU, EtTU, 1,1-DMTU, 1,3-
DMTU, 1,3-DETU) & 2\WT b @i ESTiES
ot ETU &7 % v L 7 LEEI R TIN
BAEEN K 240 nm TH 5D ¢ HPLCIZ X % 43 fias
ARETH 5.

T, Sy bTFS X2 (1~2ml) i/ —-vE
ik, #|& 5 HH L, 3000 [EE:C 20 43 R0 08 L
%, bix oV arras il 10% 227 —
V- rouklaE S TU, MeTU, EtTU 235 H
L, fiosrd o975 Piz3% x4/ -0+ umn
AN LAESICER L. 5y PO TS5 X<l 7
MoF+ v 1L 7aws 1 ppm 25 100 ppm (6 EXEE)
DPEIT /0D X S5 WCin LEIREZ KD, 1,1-DMTU
D 78% » 5 1,3-DMTU @ 949% Z CTOEWENEMRN
Bk (Table 3), A yac X A HHEHZ 1,3-DETU
@ 0.05ppm % &< &3XT 0.02 ppm & EEETH
sl. 0L, ETU ko Fxvur7riawyr
GCT2HBE50 L5 FEEKMT D Ll HE
MO EFE CRINANTERT S Z LR 7n - 729,

[Sample 50g] + [Cys-HCI 20]
—KF 15g
F—MeOH/H50(3+1v/v) 150ml
shake for 30 min atrt.
Filtrate

evaporate
—Ho0 100ml

wash with hexane(50ml)
Aqueous phase
evaporate

NH40H (adjust to pH8)

Extrelut® column

elute with CH,Cl (100ml)

evaporate
dissolve in MeOH/Hy0 (5+95v/v)

HPLC
Fig. 3 Analytical procedure for ETU residue in
crops.
* Cys-HCl was added to the samples immediate-
ly before storage.

2. ETU OEMEESR

ETU {3 EBDC st L7 o Fas T o 2oy g
BELTHHEIBRTWAN, hdpz, EBDC
#o ETU OB EEEY FC BT 5 0ERH 5. #E
SEDFHEETIIE sV — Ty TEBRELTD
o, ETU oScF 4+ v L 7{eBYOHFEY LT
TH 2 FLov— ba S AHIH O FEY 2 Ay, HEE
ft+ 3z & HPLC bt 5 5ka L Lic. o
wa Fig. 3WwRd. =32 bbv— A5 aC#T2
RpHE R NHOH © pH 8 iR T 22 LT LD
BIFREEAE DN, S EYBRET D DTHRMNT
57 wfbd v s (KF) 2y s o 2EATE DIXE
EEHIH RIS N2 5125 23Ry H V EIRFE AL L.
* . v yoEaT, ETU ofmEREI» 5 LHEE
@ KF 27 & 20y 2 55 90% TH- 7. L
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U730, ETURIEMC Lo CRBRERIC RIS

TEMENEL, HOBEEYIEETLZ EHXRETHo

. 2T, HEREMIZETS ETU o&mE#™ 1
DWW THRES L7z,

3. BREHHPD ETU OREM

RECFAXI LI FavUELOFy 50g 1 ETU
0.4ppm Z&HL —20°C © 105~196 HEEE L%
& &, ETU 3WEED 3~8% oA Liz. Webster
& Reimer®® (34 5 EoREAO B2 —20°C 2
FLTHHBTHEREL TS, ZORFITMOEI
THALIY. BESMCHETH: Iz T oy
BT RS TERVWI EREBL, BEAEDESR,
DT HETHRBRE L CHL. Thdz, FHEHDE
WOLZEMNEELMEIT /s Tnh. —BICEED S
BERIGE LTI ®, ks, BIERIGHREZ DR
505, REFROSFCE L@, v 7k —20°C
DEEFNZRE LTV 2 O THRSBRIIE 2T v, ks
BRBOrZERCES L TwWs EBbhs. ik
FHNEZNELYEFT S ETU CSWTIrBLAR TR
KBS T2ERD—2EE2bRS. 22T, HEHRIC
H1F % ETU oZ@ic T 3TERE X CREFELZEFIC
DLW TRRE L.

1) ETU oZEiic &izd pH o g%

(A L7z pHIZ/EYho pH 2 ZE L 7 U T °R
B L7 BRIV, pH 238 (pH 3.4 DIF)
DM’ ETU REEE BHhhns2 pH 0.74~7 OKE
HACiE 120°C T 30 SEER LT ETU IZEEM
CEIR &Rtz T n ETU 2 pH I REE Lighs -
#=. Ankumah & Marshall & pH 71323 ETU 4
DEBRTIHZVERE LTW5H.

2) ETU o @fELEECRITT RN SR

WINFI & UCTHRE Lo b D%, BRAEHIEFICH S 7 =
ANEVEF YT AR IO URT A CIEHBRE (Cys-
HCl) ¢t#%. Cys-HCl BXU72are Br Y
TLDFEIETEHEEF FO ETU 0ZEEHTOWT
Fig. 4 9. Rk mm#lx x4 —20°C 2 100
HREGHE LBEIL ETU I 1.1% @B L. —5,
Cys-HCl XU 72ar B MY o a%ilz o5
Boixzhth 81.5% LT 44.3% BFE LTV,
Znk3iz, Cys-HCliz ETU o fERER & LTT
AANECVBFINITAIDFHGREIDDHT Lo
oo EACBENEADORE LKL, Cys-HCl iz s &
LULAENERTAELE. £2 THRMAE LTS Cys-
HClzHwasZ & & L.

Fig bicxavbronRERELDIu~ &5 A

100

80

40

REMAINING ETU (%)

20

Y 20 40 60 80 100

—3 |

STORAGE TIME (days)

Fig. 4 Effect of amendment on storage stability
of ETU in Japanese pear.

®, Cys-HCI; A, sodium ascorbate; W, none.

Cucumber .Japanese Pear
‘unfortified!  'fortified | 'unfortified:  fortified, |
: 104ppm ;| . . 04ppm |
' ETU . ' ETU !
AETEEE S
» b Do
w Lo Lo
=] ' ) ) ,
< ' ) .
0 . ; H
o ' ' ' '
Q t ] v '
S . Vo
- b ' :
e e
r 1T 1T 1 -
0 8 0 8 0 8 0 8
TIME (min) TIME (min)

Fig. 5 HPLC chromatograms of ETU-fortified
and -unfortified cucumber and Japanese pear
with Cys-HCl as an amendment.

#ad. Cys-HCl #inx T hE b RFLHERE
87z,

ETU ofRELZEHCRET Cys-HCl oR e <
DYEYIT >V TR L (Fig. 6). +v 3ix> (BA)
DA D 2RENT, Cys-HCl TN X » TEET a- 72.
FoEZENV AL L aBIOF Vit A 30HEDS ETU
DEERITITNTH 13.8% k10 224% ThH, &
Eo ethyleneurea (EU) 234K L7z, Lo L7ghih,
Cys-HCl# @i L7z & %12 ETU i3 90% LI EEIRX
A, EURDIRLREIR A7 £, ETU Off
BRI D R EMEIC RIET Cys-HCl 0&FI
Cys-HCloFno B (& FF Lz, 100 HEGRE Lo
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CROPS/FORTIFIED/STORAGE
LEVEL  PERIOD
(ppm)  (days)

Cucumber/0. 4/100 B

ZB ETU Cys-HCL (-)
= ETU Cys-HCL (+)

0.4/200 &=

D EU Cys-HC1 (-)

¥elon/0. 4/102¢F

=3 LU Cys-HC1 (+)

0.4/250 =

Potato/0. 4/30&

0. 4/60EE

Japanese pear,2.0/10 ==

Peanut, 0. 4,204

J.S. orange(£)/0. 4,222

(p)/1.0/60

(p)/1.0,/100

(p)/1.0/222

0 20 40

60 80 100

REMAINING ETU AND FORMATION OF EU (%)

Fig. 6 Cys-HCl effect on storage stability of ETU in crops.

J.S. orange (f), (p):

v 3k (BE) ICOWT Cys-HCl O BB I LT
2380 BRE Lie., SR LR SFERNC Cys-
HCl 2T L= HawiE, ETURINET Cys-HCl &
WINRED 42.0% £ D 6~8% B ic?idTH SH. —H,
RAEHEFRNIC Cys-HClL 2%l s xix, ETU i
81.9% EIREhic. ZThHLD#FERLH ETUBELT
12, Cys-HCliz SH#fEdicsids ETU oo@4 i
FT2EVS KDL LARERICET 53 @A IS
HEWSZENPEATHS. £, ETU oLElIZIE
DR TRAEDPRBEITEF LN LR LE. K
W ETU o#E&mTthH 5 EBDC #ldD—> mancozeb
oW T Cys-HCl o 3h 8 a et L.

3) Mancozeb ®» ETU Z#aiZ Fig3 Cys-HCl o

EIES

Mancozeb 4E L7 Bkt ETU oE&IiZ
DWW TIIEYHICE S % mancozeb 234347 ETU
WEBETLINES BHBEETHSD. 202 EEPELMNMC
T57DIC CyssHCl DFETH 5 WILFFEFET T
ETU gkl AF&HEF (50°C MEZE) THXUZD
KA BECHRE LT 120°C &4 T 28 O C G
L7=. Fig. 7R T L5 Cys-HCL 7¢ LCi%, man-
cozeb [Z&HC ETU oM L7z, —J%, Cys-HCl#
ETF TR OSML 1% LTz bht. FAEOKER
2% mancozeb IO BIEA B LU F v 3 47 v (BRE)IC
BT Ebhiz. Thwx Cys-HCl oFE LW &
¥, mEIh7 ETURKRER X DT LASAITER

Japanese Summer Orange (flesh), (peel).

L7ETU Ch Bz EMBEATH S, EEE, EBDCHULE
L7ctetrhd ETU I MET 2 S22 Er@mES
NTN B9, = o 50 ERIE mancozeb & &1 &R
Eloainiciz s Cys-HCl 2R3 X ThHH T
LRRBLTWS. b, BESTHRELY RIEE
LT gt LT S ic B35 mancozeb D53
Ik B 7oz Cys-HCl 2z 72ig 5> 28 kv & 25
HIEA U7-. Lesage'® 2 EBDC 0 #r iz X % ETU @
HERBLOKEBERHD CS: O FAZFHA & RIS
2 ETHALRD EFELTHS. Cys-HCl d %
FFHH LT HEERICETS ETU o 4#E< man-
cozeb 7 H ETU ADAREZHIELTWAZ EAREBE
nha.

4) ETU oZEic Rkiz3 Cys-HCL o #&E]

ETU 3 s X Udmhilsyw T EU o #H Y
HHERT BP0, Fi, BREEHRO M PY —-20R
-2 FERBWTS EUICHBLE®. Thdx #EF
REFICHEWTE ETU R EUS BB $5 & b
5. ER, Fig. 6 IR LICE S, F27Y, FUvEX
NV A4 v ailBNT 0.6~9.8% o ETU »&EEHR
W EURERLE. 2ok, BuIERERD ETU
DHRERD—D>THDS. LaLiksb, BEER ETU
DR L2 b bT EURADE LrBE Shigho
fo. ZOZ X ETUIRIKS#E L OHEMERTC L -
T EU USADLEMC T 50y, AR L7 EU 2K
HEBCHEA LcEERE TR BRI AT 5 LN
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MANCOZEB/ppm/CONDITIONS
Cys-HC1 (-)

Yater/0.2/50°C, 1h s Cys-HCL (+)
2/50°C, hy
2/120C, 1hf

20/120°C, 0. 5h}
20/120°C, 1h
20/120°C, 2h

Peanut/2/ETU method a&’&%’%ﬁ

J. S. orange/2/ETU method ﬂ». !

0 20 ) 60 80 100
CONVERSION OF MANCOZEB TO ETU (%)
Fig. 7 Cys-HCI effect on mancozeb conversion to ETU.

Conditions: 50°C: evaporation at 50°C under vacuum (similar to conditions of ETU analysis);
120°C: reacted at 120°C at atmospheric pressure; ETU method: analytical method of ETU.

+ CF3
Ha N”j_
+ ,(CH2)8NH-C—NH2 (CHACOO™) ,(CH2)8NH-"\N CF3
—
\(CH2)8NH—ﬁ—NH2 3 3 CF3COCH,COCF3 » (CH2)8NH-&( CFa

NHo 100°C, 2h
+ CF3

Fig. 8 Derivatization of guazatine triacetate into 8,8’-bis[4,6-bis(trifluoromethyl)pyrimi-
dinyl-2-amino]dioctylamine with hexafluoroacetylacetone.

gIhs., Zok5%35% Cys-HCLIZMHIET 2.

FAFELCKDIEESINE

BHHAEMOMEY T L MBI CHE b 707
» GC = HPLC & X 52 BB » HE{ED b H
5. DR feBaPooitES LTS, EERIGIT X
o TEWCEECHREOEWHEKICEH W%, GCIZ
T r5ERHD. TOL S kBRI LT, F7
= U U RKRHEA] guazatine triacetate (guazatine & Fi
) OoREE RS LI R EYT L

1. Guazatine QY IV FHE(L

77 o bBEYOSHEE LT, BEERGICID
WAL= e FY U, HAWIXHERIGIC &
5 910-7 27 b5 v ERRUVIA VENRD D
A, WTEROBELBRENEL, BEOWEE LTUIR
WY ThD. T, 7SR KSR L TE
UA7 i/ fe&yr v vvtuor e LT GCIT
Lo TERTAHHEGLH DY, Guazatine L F-EHFE
Tz 130°C T30 ARG Lctk, £ UBH 7 3 /LBy

A hUovgdue7eFoul LT GC TH LTnwie (K
HAA & T ERRIEHE: BME). LaLl, 20K
HECIEEEDEY O LTwinwo T, REAcREE
RHVE L Baid, BeamEoXpRTE T, B
E&YERD B0 BBEY BT HZ LR thHo
foo BT, U7/ ERTeFLT e P ERIGL
Ty s DU FEEYART LI LICKERL, GC T
REXED LD ~FHFIVF o7 2F LT b
(HFAA) » fI\C guazatine #5325 ) 3 OV
MkL LT GC et 2 MR Sk L L (Fig.
8)9. HFAA 281, EHH Debrisoquin D FFEMK
{240 AV DR IR R A 570 B EERE TH S.
A% L7c guazatine v 3 o U EEMAT mp 105~
106°C of@iEHch v, BomEEES, NMR,
IR T%* D&% 8,8-bis(4, 6-bis(trifluoromethyl)
pyrimidinyl-2-amino]dioctylamine R L. =
7, TORED 3 L-urToORBEENEIT pHS,
HFAA o & 0.5ml, KRGHM 2 &KHE, IGEE 100°C
TH - 7.
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2. Guazatine OBRESINCHIIPERITT=0
RIMOTHFR

Guazatine # 1) 3 £ FHEMIZ LT GC CTHFTT
HHEY LB B X OVEYA b guazatine DERESR
BIZISH Lz, Fig. 9 W ro SiRlEL Ry, 20440
W ClEB Y 7 = o VERIND & i3 Fig. 10 1T/R$ X
51, AEOEBEIC L - TENEIZE D o 7o, THET
12 guazatine D REINFEIT 57% THotchs, VoI
FOT Ry ClzthEhn 1.3% X 0.3% TH- 7.
Z DIKENED KR % 72T 5 72 *C-guazatine %
Buwicy v IHBIOEBRE TV, SRIED SofTE

Sample (10-50g)
Guanidine-HCI (1g)
2N NaOH in MeOH (100ml)
I-shake for 30 min
Extract

Residue
[-2N NaOH in MeOH
(50ml)

—Guanidine—HCl
(05g)

~HoO (150ml)
extract with CHCI3
(150mix2)
Organic phase

—2N HoSO4 (1ml)
—Hy0 (50ml)
concentrate
~Hy0 (50ml)
wash with CHCl3
(50ml)
evaporate

HFAA derivatization
pS— —
GC (NPD)

Extract

Fig. 9 Analytical procedure for guazatine tri-
acetate residue in crops.

REAGENT ADDED (mmol)
None
EDTA-2Na i

Thiourea

13)

Guanidine-HC1

(10
Methylguanidine-HC1E
€)]

Glycocyamine

(8.5)
Dicyanodianide §

a2

Dicyanodiamidine-sulfate

PEE Th B RE L. ToO/RR, VoI R
guazatine (27 v h Y ¥4 & 7 — VIEBICIEE &R
HXNB2, 7okl s~OERT 24% 273,

629% 1,0 guazatine HUKEHEHE LFEE LT, KEC
BRBELTWALZ ERPELMI s 72, ZhiX guazatine
EE DT AE, Tyaux s -V EEHRL
TWB DT, EFfEA & hERE L7: guazatine 25 77 =
O EOEMETH D T o b U EEED 2l FERIA O R
HEoFWERSEMEL, BRERLZETT 2RRAEL- T
WH LR L. BT, OGRS D\ WIZ TN
L, BRRA A ET5REOHREE® L. Fig. 1130
> o 50 g IT guazatine 1000 ug ZBA L, WAl 1g
% VT guazatine OENNELZ RO LHERTHD. &

Guanidine-liCl (-
Guanidine-HCl ()

100

80

60

40

20

RECOVERY OF GUAZATINE TRIACETATE (%)

Apple Grépe Cucumber Soil
SAMPLE

Fig. 10 Recovery of guazatine triacetate from
samples added with or without guanidine hydro-
chloride.

0 20

10 60 80 100

RECOVERY OF GUAZATINE TRIACETATE (%)

Fig. 11

Effect of releasing reagents on extraction of guazatine triacetate from apple sample.
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LWEIRRD o 72D, HBRI 7 = v LIERA F v
FoUrTE I 88% DRINERH D, THERES
MTGETE 2 ERIEB LY. T2 TRHRERIZI,
W7 U RMFE LCTERT S i L.
BIIRED EORBETHR Y 7 = O U EIRINT 501
BLTY, 7ok VvaRBEIIIO 7 v )X/
— VI BRT IR Z 7212 5 N 5 ISR N S - 7242,
Fig. 10 R L X5, HBRY 7= o v ERNT
BEINERD ED o o+, Vv THEORECHER S 7 =
VEBRINT S &3 XT 80~90% & FEINERAERIND &
0 1.5 (+88)~2608 (FrFrv) @b L. —&Z,
TECEVWTUI I F A VIIKEEERCHmIREL, 2R
DHFF DTN L » TA F VAN HEET 5. £
¥ b guazatine D EUNENEER S 7 = O ERN
TlE 57% LEBbinho onlX, HEBEOHREI LS

Table 4 Recovery of guazatine triacetate from
guazatine triacetate-fortified samples.

Sample Fortifica-

Sample size tion Reczao;e):ry v
(g) (ppm) ¢
Apple 50 0.4 90.8
Grape 50 04 89.0
Rice grain 20 1.0 81.0
Rice straw 10 1.0 93.7
Barley grain 10 2.0 89.7
Green barley 10 2.0 78.4
Soil 20 0.5 88.1
Soil 20 2.0 89.3

2) Values are the mean of duplicate experiments.

COMPOUND/ (mmol)

Control FEEEEEE

Citric acid/(4. 2)EH

L-Tartaric acid/(6.7)
L-Malic acid/(T.5)f
D-Glucose/(5. 6)
D-Fructose/(5. 6) Fie s
Sucrose/(2. 9)f
D-Galactose/(5. 6)f
L-Sorbose/ (5. 6) Ffrn
D-Fru-6-P(Na)/(3. 3)f
D-Fru-6-P(Ba)/(2.5)F
D-Fru-1-P(Ba)/(2.5) ¢
D-Fru-1, 6-P(Na)/(2. 5)}

Pectinef
i

TWwhid LRSS, HEBY 7 = O U IRIMAZIRD
HBHDIE, TuHVHEERPICEN T 7= rDIED
M7V F VIO BV guazatine [CHANT, kD =
bR RS, RO RS LA LY TWICD,
FER L LT guazatine O FINEL FH D HEA L 7eo o
LHEE L7, AP X 2 BHRAILLZEX 0.04 ppm,
ftbix 0.02 ppm TH O +AERE SIS A D KR

BN T, Uy ITEIKRELYIGH L. Table 41T
T LS, HMKRED 78%, ko 819% LiSNidT

~T 90% Ll Lo FERA B,

3. Guazatine DEINICR ZITERMHE
YEME L 08 1D guazatine DEREHESTITH N T,
HEE /e BRVEAFRET 5 7201, FRERZE LL
Erorz) v TE 7 RYDEERSTONT, BREIN
B AW T EEER FT 75V, guazatine O BN A
HL7e®., BT, BRROCOVWTHB S 7= VO
i ZHER LT~ BE L ks Fig 12 wWRT.
BERBO_IFUoEBICHyn -2 RMLTH
guazatine {3# 90% EIX S hu7c. BEEH TH L 7
FaF Vv —2&yr b~F U — 2 TRERICE L0EN
Bole. FUVEANFIY—RTHDBINVI—ABIOHTS
7 b= 22 E BT 78% oEINENRE LR, &b
~FY—RTHDHTINT b —RBLONVIE—-RX, £
hEh 31% BXL O 18% LFHEFIT Ersle., ZDZ &
b, FEh~FUu—2, LYV yIRICT FUHIC
WH~8% SENTWD 70y b— 2 RENEETD
FERFTHHEHEE L. ThLDEIERY 7=
YEEIMT A EWThOES 80% Ll ED BEINEIED
h, HERZ7 = UBINO ZR \EFC BEbhil. %

Guanidine-HC1 (-)
Guanidine-HC1 (%)

0 20 40

60 80 100

RECOVERY OF GUAZATINE TRIACETATE (%)

Fig. 12 Interaction between guazatine triacetate and constituents of apple.
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7z, guazatine L DFESICBEK L THWAE IV F— 2D
ROGEHAIZ2WT, 707 b—=20D CI-fiLk LU Co6-f7
DY UBIAXFNVTHD D-7 7 b—2-6-1) VB (D-
Fru-6-P), p-7 v # b—x-1-9y v B (p-Fru-1-P),
D-7 )7 b—2-1,6-2) B (D-Fru-1,6-P) % Hw\ T
Bt L7z, R D-Fru-6-P »' guazatinz (i<
HEELTWABZ b, guazatinap 7= o/ HED
KW B8535 #A: 7 v 2 b— 20 Co-fITix7e<,
Cl-fIDKEEHED C2-(ID A NVAR = WETH D & ML
7=

— e BB ST o eEEX T R TV
H)FETTHMETLEAIEFT—FEHEKEEL
B4, Thwx, guazatine & 7v 2 b — 2 EDRGE
guazatine O F7 =S/ EMN TNy =20 C2-fID
HEZVEERIGEL, RTCl-NokERE L KIGL
T AIET— VAR TERIND DL RIS
5.

E3 &< &

BT, AKY CREEKO—FSIC GC-MSIc L 5
FiEx e Lic. {EOHFKY REHELIED 7 5 7
XA F T Lo TRARICHEL, 2L, &be
MOEEA X 0 DEGE - ERET2HEEHEL L. £
fo, WIIKAD ZEEZ O BIED FRSITIC GC-MS-
SIM & jGH L.

iz, Re#K EBDC Rugyof@y<chH s ETU
BIUOFF v L 7{E YD HPLC I X 5 ke fET
Lic. Ebic, EESMC 4T BREZRHM BT 5
ETU oz iz Z Nz Cys-HCl # & i+ 5% 2 &5
RSB H D &% G Lic. Cys-HCl (24 #1 #fEric
3135 EBDC @ ETU ~D % & E 5 2 & 23]
Bl

BHRICHFERMEC X B0k E LT,
% HFAA CHHIET 5 ¥ 3 U FEAC LT GC 47
WTBHEERREL L. EBIC, Y UyIBIOTFoD
FHIHTITH VT guazatine O EYLE S RV RE,
INLOREOEFERITHSE 707 b—2TEHELT
WBZ EERBELMNI LAz, IO guazatine & 704 b
— 2DREEERAMED D VIZUM T 2RI LT, HB Y
TZUOUNR¥SHZ E LB L. Fi, guaza-
tine & 7V 7 b — 2D KN RIEHERA RS, K
INRE B EL b EHE L #T L. Licdis T,
guazatine O EINE X (] E X &5 DO NN 5 1H8B 7
7o U, ARRCEERINT 2008 MNTH D LI

&L

guazatine

b b

AT TIIBRHEBEIME) - 720, BTHRLTH
S, BEEFRMED 2D, EROSHSFETE ppm B
BT ppb F — & — D BREED i RS BIER X
UFD RBERMCHOWT, GC-MS, HPLC %% it
BEACIRIC L - CHEY, BB X ORERICET 5
BEN S EE CEDO BRI R COE R 5 CH#
VLcbDTHD. BIEREIITEDOHFETEICH -
T EYO YL FEEE Y EA L, KRR
T 5 KM O BB B2 08 L GERN CHE
I BER DI LTED, 4% LC/MS, =
VHA LA LT o4 FEORIALED TR LTNnE
o

ARFEDRITICHIc> THZRDZHEE WICREZEZL
A BREUIER - BFEREL, REBESRE, £<
DZHREHB Y E LeAHBRRY: - SEB=8E, £<
DITHEE T W& € LR BRI - F
HRERESFAB G L, (EBRBTRE=ZEMER
L, RO FAFEO B b @l e L E
T.oE, BROSHIEE D E LICEEERPEIE
AL DWW KEER A v F BT ERINSELIXT
DEBEZHOBERI @I LET.
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