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By e LT Ipg/ml ¢ 0.3¢ (FBRE)D Thh,
AED BXELY R BETHE, 720320 T
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Brkogsg, B 1), Zersra:<vy¥y: IN
WER=60:40: fafn (AW 2r4HoBE, HH 2).
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3.1 ERE

UFF Y UEERTIE 100 ml ORI EL S o
U AMEEE I ml L2 — vk 1 ml {§5 (0.01~0.1)
mg OFBFIZEL} ML TRAL, PAP X 10 4
1%, iz 3 s evsva S5ml AR, RWT
5% (w/v) BB 7 & =9 AVEUR 20 ml 2 nx T 5 43 LA
Wi 3 BRI T2 (L5 1 Res), HMER - E
FAKHER T DY U AXRIEIEMOBEZ A LT 25 ml OF
B7 723k Ah, NDA B Sml 2hnx, 2 vwsk
NVATERE LZRC 2R (7774 13 3f) 1K
BHRAX TS o2 e LC 527om TXOBNESR
HIEST 5 (CAMEE 2 WERK). =/ FF Y VER TR
(0.01~0.1)mg DIFFIZ ST & /) — e | ml ic
0.05% #E{t,e5 v A¥EuE 1 ml & 0.29% @2 v EE
AU AEEK 10ml 2hnx, (10~20)°C T 1 H5HRA
L, 5LNiIc s ook a G4 L, DUERERIC
BAET 5. RERE 1R, REBRE 5290m T,
O UDERLERERI VERT 5.

3.2 REBOER

£ BFK 23mg Z MO S5L, X/ —NT 100
ml L, sx—W¥Ry bTED L, 3, 5 7 R 10
ml& sy, £&—0C 25ml tEXTS. w—~1¥
Ry bTEImlE2 Ly, 3.1 it-TEE, HETs.
FEREITVTNRLE (0.35~3.5)pg/ml T~ — VO ERlIC
o7z,

3.3 ERKXEORH

3e301 RTEHE/ CFAYUER6EHEOKEAE
3:1 K-> TREIELOBRELAE LR, £
BB EVIZELI L, 527nm 23R 2HEAE L (501
~508) nm T RREW B AEEZ R Lic (Fig.l). £/ F
F Y VBT D BT B IR Eh AR 2 R 23, WEKEVE 529
nm ZH Y Zhidse5 oY a s NDA X b a4k 5 ek
Pd(NDA);Cl; o #hic—F L.

3032 MILISSTULBADHRHE  PAP o 0.094
ml/mg PEHEIC2E&E 3.1 KWRTHED S bEL 5oy
LADIREZZE X TRIE LR, 0.1%(w/v) Bl (2
T2 E)TC—E LR o DTS F4 Y B
FRTIX0.15% (Ww/V)BBEZRAVWSZ L& E L. £/ F
4 Y VERR T 0.088 mg/ml ¢ ECP iz oW TR O
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Wavelength, nm
Absorption spectra of colored solution of
pesticides and Pd(NAD),Cl, in CHCls-
ethanol-HCI

1 : Pyridaphenthion 2,z. 529nm; 2 : Mecarbam
Amax. 927nm; 3 : Pd(NAD);Cl; ipax. 529nm; 4:

Reference

Fig. 1
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W C—FOPREL T Lds, THhI EOIRE Ty
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32 m e Fv s I iy, LB Ih T
NDA X ES LWk~ DO TSR SN 2d, K
SRR EHE RO E0.2% 83 v RBRY Y v 28K
FCORSHBEDRELTE Y 5 SR HB 2B LE
BEOBKEX | HHEOL NI 5% ORDIC L &
F 572 (0.05% 1&{b,¢5 o v MIEHEAORE, Fig.2).
R, RSB OIBECEE I, Table | izRTXk5ic 1y
w2 AT 288 (10~20)°CT—EDHEZRL
f=. 45°C BT B0 L BV LB M IRE OEIL
R U ABRERCIBEXERISRHEZ &L Lics
GO bzRITIDLHEINS. ZOX 5k
B 1RERD BREEL I F XY VBT B Shiz
2, IG5 HLANTIIEE L PAP Cix 30 474 Th
BRI a0t (Fig. 3). iZHIMRCHERT €
—YABHEMZTHE L TR KoL LERT T
(w5572 T HiRBEHMETHIEBXETE 6% B
HFB) o, Yeubs VAR ANKWTHEETY &=
Y ABEEANTELCHE T LERD 5.
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Table 1 Effect of reaction temperature and time
for formation of palladium complex
(absorbance)
Reaction Reaction temperature (°C)
time
o (min) 5 10 15 20 25 45
§ 1 0.654 0.725 0.730 0.733 0.715 0.598
5 3 0.732 0.733 0.710 0.720 0.678  0.478
é 5 0.699 0.721 0.699 0.699 0.650  0.484

Pesticide was used 0.08 mg/ml ECP.

BYERED 0.132 225 0.176 ~) L, U7X Y VTR
0.5N, ®/FX 9 BT 0.1N Hfsr BRIt 1/25
W™y 3 L ERRBAELE LN LEBOBRER
<5 FA T IR, i 2ERIE—E L DIE S
REORIETHELL, XE/FX) VBTRVWTH
b 30 5 CREEICE L 90 S0flE TELIZA b
LD el

1 2 3 4 5

Reaction times, min

Fig. 2 Effects of palladium complex formation
of monothiophosphates in various reaction
solutions

Pesticide was used 0.088 mg/m! ECP.
solution is a mixture of Iml each of sample and
PdCly, and 10ml of following solution. O~ 0.2%
KIOy; ~—O— H;O only; weQee 0.2% KCIOy ;
-— QO —-~ 5% NHNO;3; --— 0O —-- Buffer soln.
(pH 2.0)

The reaction

344 FHBPERTENLBERE
BREFO —FER X LY, HREZ #BER,
c.v.=(1.0~3.1)% Thoiz. O FHENE » L5

B L AREFIC R 2 Rt o = vBoefRiki: (0.69
————0 ~1.0) X 108/mol ecm & 75 -7z (Table 2).
o—0——0————O———0
Table 2 Reproducibility and molar absorptivity
10F
@'—'@“&':" e - Pesticide g/mix10-¢ =n x R c.v.(%) e(Xx105)
O--Q Q. PAP 3.74 6 1.075 0.089 3.1 0.92
] ) e Mecarbam 3.8l 6 1.187 0,052 1.7 1.0
E o-oa Q. \"\_,\ Phenkaptone 357 7 0.83 0.8 1.7 0.94
§ : \0\ 0 Dialifor 3.52 6 0.847 0.060 2.9 0.95
2 R @) Phosalone 3.39 7 068 0.038 1.9 0.74
05t ~-0 Malathion 3.79 6 0.792 0.019 1.0 0.69
ECP 3.46 8 0781 0.046 1.9 0.70
Chlorpyriphos 3.68 7 0.788 0.039 1.4 0.73
Pyridaphenthion 3.8l 9 0.905 0.054 1.9 0.73
. . 35 KRULGIDTH
5 10 20 30 ASHEOERLD D, KRU4GHicHEmLZ (10
Reaction times, min "-'20)me OIIFFLD [E“I’R%Sﬁ% ﬁof:- .—g-mb
Fig. 3 Eﬁx';:ctl off rea(?lon time for palladium b, kT (0.5~)mg %4 0gDRBZ LD, B
complex formation
x [ !
—Q~ Mecarbam; —Q— PAP; -—(Q —- Phen- @19"}1’ 20 ml ’CZ @*mtﬂ L /}%@ﬂ%?kﬁﬂj- by
kaptone; - -— O — - - Malathion; «-»Q«+ Dialifor ; AT A, v—2)—x2nNEr—4—TBEE 7k

- - Q - - Phosalone

L, BX04&BL2Y )5S AVEBI LB ECRE L,
TR EREZRG LCHEEIcXVEy 183cm REETS.

BOEIFAY UERED 0.15% Bk 5 ml OFEMN
DB &L -7 (EAKTH 150 £5). NDA o
BHIE LTHBRELY ) ~VvERVWS T EiT X D EEH
CHARBHEKRIEC LR (5 FF Tl lpg/ml D

BE 0.1%(w/v) 18{b,¢5 20 A EHT TR0 25
PRAXE, BARTCRBOBYHLOY Y 251k
RO =&/ —CiREMEL, gD £8% EHC
10ml 2L, 2 1ml 2 oT 31 CXYERTD.
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L L,
434 (0.5~ mg #&trztk 50gaE—H—ic kD
HOKBEER > Y U A 20g 2 AN THLIEAER (60~70)
°CORBICKI 10 5 RET S, HIRICHERERR 7
40 ml 2z A HMHTs (3E). 2BZEL,
O—& )~z NEL— A ~THS5mlici5FECiRIEL,
P h= pYVVE t-~"FY & 0ml 2Nz THEED
LERy bTTRERETS (2E). 7bh=btY
Bax&LTRREL, TOBRIOLBEZKOBACELE
W2 CRHAL, RARCREELCRIETS. Z0%a, &
DRIAIE 2 I5ER C i Loy & BN 1009, % KR
Wz 5. Zhi4FhoEE LA MBI RA &5 EEe
T, FELFARORGET 50 LEXLhD. Bbh
#-ELsE % Table 3 2R

Table 3 Recovery of (10~20)ppm malathion
from water and milk (%)

Added amount
Sample

10 ppm 20 ppm
—_— —_——
Water 92,3, 87.4, av. 89.9 93.3, 93.8, av. 93.5
Mitk 77.0, 79.3, av. 78.2 76.2, 79.8, av. 78.0
3.6 SEAOHEA

UFELY UERT 6 EBIC oW TR b X ARG
ENLE BIE LR, wind RAA: 509
(D 1:1Thh, zhizhR52, LUFELY oFR
L L7z, ZORUREIEHTERCETT 5 ERET
i NDA L 0% 2 RO IS E VI RO S
b 1:2 Ligo7c (Fig. 4).
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complex
Yig. 4 Continuous variation plots for palladium
complex of mecarbam

<1 : Pd(II) : mecarbam =1 : |;
plex : NAD=1:2

2 : Above Pd(I1) com-

Wi bt Oy AL NDAZRHLACEHERR ) vERGAOILEER 341

~

SFF Y UERREE DSy A Lo ST
WHIEL:1Th o, 8509 a(ID)RZFE4RAETH S
L, MEEXE TV O, FlXiE DDVP IR L
e bEMER2AOKEEELOND . —F, PAP
LSS U ARHKICINZ, BCEEOKEMXS &
BELBEAET L. TR FRED S 0 okV AT EE
L, BED n-~F 4% Mz BRI EFE, Kk
L7chovs mp 145°C (4548) CTroBRHHTE [CisHyr
O,PS;1PdCl; z—F L7 (caled for: G, 28.96, H,
3.44, found : C, 29.24, H, 3.70). X, = FAK
IR 2Z VX PAP O 250 v 3C=0 (1740cm-?),
R v G-O-P (1020cm-?) 2FL v P=S /@ESh
% 830, 660cm-1 ORINY WEL BHLND T LAD
W1 ResE [C-1] oEeEoL#EIns. ok
w5 F4 U bRRCEE LRI SR LT
T3 [CieHs06PS:13PdaCly iz —3 L (caled for : G,
25.43, H, 4.05, found:C, 25.59, H, 4.10), %z
OHHE L7z $htko NDA FIGHHkE 518nm i —>0
BAE 2L Fig. | LREKZZENLI v uklA
S hERCEIN DK EOMCRRALPDE
ERFHIINS.

HesEs [C-I1 & NDA xevit 1:2 CRIGTAZ
& B 2 ki 2 AR IR B & OIS
DT BELLRE. BEOHEI T D A ()
& NDA X h#4:¥% Pd(NDA),CL[C-IIT® TH 555,
COWKERAEOBER T 529nm ichbbh, XU+
v, Zuokivha, 7Tk b, Bz FURUKERK
EOBBERIC ST VTR IR iR RS & LicsERo
MAEXY D (2~8)nm REEMicHS. X, [C-I]
T HEED Lmd 0T & A Y OFBIREEICARELED, B
2 REERTEIE 2 FIRC IR E L TBOh A UK LAY
OEBBRCABECTH Y EEIEETDHS. —FHE/F
XY UERROBE, B 1R S Ol L [C-1]
LR EOAREET 5 LEEIND Y, ZOW 2K
RsHED SIXFIRORIEC X D RBERBEEZHE T,
Zhid [C-II] tmhm (224°C) BRUBRNBIRARS b
WRB—FL, OFF Y UBROBELHELNICRLD.
3, Pl NDA oR#E G X s SRchiF &
LT by shfaiils s L c BIRX D €/ FF
) UBERTRBH (FR e bS5 4-) Sh, U
FA Y URBERTIE R Xhikd ot DLEOFR XD
NDA t QRN FRPICF A Y VB TREH L, €
JFF ) URETRIRBA EOfliciR b LiEESh, T
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Reaction scheme 1

for dithiophosphates :
RO\ _ S RO s cl
P +pdrry2cl- — NP Dedd
RO” <s R0/ <s/ Nal
R : R
[c-11

RO s NDA
[C-1J+2NDA —  Sp& Spad +201-
RO <s /" "\NDA

R

for monothiophosphates
RO S RO S Gl
>P srarizcr — Sed Spad
RO o) RO o’ N
1 1
R R
[C-1Y

NDA c R s
[C-1]'+2NDA —» Npad” Ny (

o

R

+
NDAY  Nal RO/

[C-11]

O&FERER L ieid.
B2 WEBRBBNI o OBAER O &b L
L 2R DFENEZONEH, ZOBRBOREE R
B D LIODOBREDOEEI IS E, REBOTMK
VI EEFRIAR R TR R EsT 5. —, NDA &=
fevED N,OADTm b+ Abpdd b9, FAfENE 421
nm %> 5 384nm ~BET 523, (0.3~1) N EEEO RN
TREEOHRFERT T EnD, ZORBSEEERD AR
JyMvieRELTwWbZ EdEx 505 (Fig.5).

0.5¢

Absorbance

700 700

Wavelength, nm

. "
200 300

Fig. 5 Absorption spectra of reddish mixed ligand
complex and NDA in various acidified
solution

The solution is composcd with a mixture of 5ml
ethanol, added 0.2ml Jof following solution, and
CHCI3 (total vol. 25ml), only except of No. 4, 1~

4 : Complex solution of malathion; 5~6: NDA solu-
tion; 1:0.5N HCl; 2:2N HCl; 3:conc. HCl;
4 : Mecasured in only gra-acetic acid; 5:0.2N HCI;
6:0.3NHCl; 7:05NHCl; 8:1NHCI; 9:2N

HCI
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NDA ofifr#iz= r o VEONIZZODWTFhr
xhy, 509 AAD ROoOWTREEW LIS
H, NDA RERBERTIEX /4 FEEOFENLKEW
EEZLNY, 70U A1) LORKERA A AENH
WETHIEOMNEfI L HEEI NS,

AEOFIHDIEREM S D, T/ FF ) VEROK
BIC oW TR LcR, /95 F 4 URTIREEE (o-
=bhw 7=/ =) RERL, VUL DT
DY MEERATZR LT 2 v v kb AhE X P AR EF]
HATe&Ehwvwo E83ELL,

AR EOBIEHE VWAEEVWELETET I REEERE
FIR BR, DESEMRCERCEHARLET, EZR
KHHhvkRwhkRAREaFEEDNT, RETRIWT

ZHYINFRAEBBIN Y 2 —ARBITEEICE
HMELET.
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Colorimetric determination of organothiophos-
phorous pesticides with palladium chloride and
p-nitroso-N, N-diethylaniline. Masatoshi Syovama
and Yuzo Mivacur (Criminology Laboratory, Aichi
Prefectural Police H.Q., 2-1-1, Sanno-maru, Naka-
ku, Nagoya-shi, Aichi)

Palladium complexes of organothiophosphorous pesti-
cides react quantitatively with p-nitroso N, N-diethyl-
aniline (NDA) to yield reddish mixed ligand com-
plexes. By using this reaction, the colorimetric method
for various organothiophosphorous pesticides was es-
tablished. The procedure is as follows : One ml of
the sample solution {(0.01~0.1)mg of pesticide in
ethanol} is added to 1ml of PdCl, solution and for
monothiophosphates, 10ml of 0.29;, KIO, solution is
further added. PdCl, solution is prepared by dis-
solving PdCl; in 1ml of 1 N HCl (0.5N for mono-
thiophosphates) and diluting to 10ml with ethanol,
and the concentration is 0.15%(w/v) for dithio-
phosphates, 0.05%, for monothiophosphates. After 3
minutes (one minute for monothiophosphates), the
complex is extracted by CHCI, (three to four times),
the extract is transfered into a 25 ml volumetric flask,
and mixed with 5ml of 0.159; (w/v) NDA solution
{prepared by dissolving NDA in 0.2ml of 0.5 N HCl
(0.1 N for monothiophosphates) and diluting to 5ml

Can. J. Chem., 47,
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with ethanol} and diluted to 25ml with CHCIL,.
After standing it for 2 hours (one hour for mono-
thiophosphates), the absorbance of the solution is
measured at 527 nm (529 nm for monothiophosphates)
against the reagent blank. The apparent molar ab-
sorptivities of pesticides were 6.9X104~1.0x105. In
the case of dithiophosphates, the molar ratio of pesti-
cide and palladium in complex was found to be
1:1 by the continuous variation method, and one
mole of this complex reacted with 2 moles of NDA
to form the reddish mixed ligand complex. The
composition of the complex was 1 : 1 : 2 for pesticides :
Pd(II) : NDA. But monothiophosphates in the pal-
ladium complex exchanged with NDA to produce
Pd(NDA),Cl, finally, so the amount of pesticide was
determined indirectly by the absorbance of Pd (NDA),-

JE, B Lot v Ak NDA ZFIALACSHBERR) vRARAFOLKEER 343

Cl,. Malathion added to water and milk was ex-
tracted with ethyl acetate and determined by the
above procedure. In the case of milk. interfering
substances were separated by nr-hexane-acetonitrile
distribution and TLC (solvent; CHCI, : benzene :
I N HC1=60 : 40 : saturated). Recoveries were (87.4~
93.8)9 from water and (76.2~79.8)% from milk.
(Received Nov. 2, 1976)

Keywords
Colorimetric determination
p-Nitroso N, N-diethylaniline
Organothiophosphorous pesticides

Palladium chloride
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