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Quick detection of substances causing acute poisoning is often difficult. There is a need for methods that allow
rapid detection of pesticides causing acute poisoning, which is often severe and has a high mortality rate, for quick diag-
nosis and appropriate treatment. The aim of this study was therefore to develop rapid and simple analytical methods for
detecting acute poisoning—inducing substances in samples of stomach contents, returned gastric lavage solution, serum,
or urine using an analytical device that can be used in the field as well as in pharmaceutical divisions and emergency med-
ical units. We first examined the effectiveness of a screening method using TLC and then the effectiveness of HPLC e-
quipped with a photo-diode array detector (HPLC-DAD) for qualitative and quantitative measurements. In the former
technique, we were able to develop a rapid and simple screening method by adjusting the TLC plate and development
solvent. In the latter technique, we were able to establish rapid and accurate methods for qualitative and quantitative
measurements by using a column-switching technique in which a sample is injected directly into the column without
pretreatment. Results of tests using actual samples obtained from patients with acute poisoning showed that the time re-
quired for detection using these techniques (less than 1 h) was much shorter than that required using conventional tech-
niques. The use of these techniques should reduce the mortality rate in cases of acute poisoning, since physicians would
be able to receive prompt advice regarding diagnosis, prognosis, and treatment methods. We have also designed a practi-
cal system for analysis of acute poisoning-inducing pesticides.
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Table 1. Relative Rf Values of Organophosphates and Carbamates
Relative Rf X 100 values
No Compound Maker? Group? D.M.9 developing solvent system?
I 11 111 10Y
1 Vamidothion Sh P NT 3 25 68 124
2 Acephate Wa P NT 4 13 4 28
3 Benomyl Du C uv 5 9 107 127
4 Trichlorfon (DEP) Wa P NT 7 32 12 89
5 Dimethoate Su P NT 13 62 56 133
6 Methomyl Du C uv 14 88 65 141
7 Formothion Wa P NT 35 133 0 140
8 Pyridaphenthion Wa P uv 35 134 104 145
9 Carbaryl (NAC) Wa C uv 38 129 84 168
10 Dichlorvos (DDVP) Wa P NT 47 135 919 1149
11 Fenobucarb (BPMC) Ch C uv 55 138 87/ 1447
12 Methidathion (DMTP) Ci P NT 58 173 136 183
13 Cyanophos (CYAP) Su P NT 58 185 108 148
14 Edifenphos (EDDP) Wa P uv 59 159 114 168
15 Iprofenfos (IBP) Wa P uv 59 146 100/ 1189
16 Pirimicarb Ic C uv 60 94 94 147
17 Malathion Wa P NT 65 185 119 149
18 Salithion Su P NT 68 191 110 169
19 Fenitrothion (MEP) Wa P uv 71 194 134 165
20 Phenthoate (PAP) Wa P NT 76 183 1059 188
21 Isoxathion Wa P uv 77 188 122 148
22 EPN Ch P uv 80 190 123 171
23 Fenthion (MPP) Wa P uv 82 185 171 188
24 Diazinon Ch P uv 89 158 119 170
25 Chlorpyrifos methyl Wa P NT 108 185 140 188

a) Sh: SHIONOGI, Wa: WAKO, Du: DUPONT, Su: SUMITOMO, Ch: CHUGAI, Ci: CIBA, Ic: ICI. b) P: organophosphate, C: carbamate. ¢) Detection
method: NT: 4-(p-nitrobenzyl) pyridine-tetraethylenepentamin, UV: 254 nm radiation. d) Developing solvent system, I: n-hexane: acetone (4: 1), II: chlo-
roform: acetone (9: 1), III: chloroform: acetone: 28 % ammonia liq.(9: 1: 0.5), IV: chloroform: dioxane: ethylacetate: 28 % ammonia liq. (25: 60: 10: 5).
marker: methyl yellow (Rf=0.52); methyl red (Rf=0.51); malachite green (Rf=0.85); rhodamine B (Rf=0.67). Detection quantity, e): 20 ug, f): 5 ug, the

others: 1 ug.
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Table 2. Relative Rf Values of Other Pesticides
Relative Rf< 100 values

No. Compound Maker® Group®) D.M.© developing solvent system?

1 11 111 v
26 Paraquat Ic H DD 0 0 0 0
27 Diquat Ic H DD 0 0 0 0
28 Guazatine Da F DD 0 0 0 0
29 Cartap Ta I DD 1 0 839 1339
30 Asulam Sh H uv 1 20 0 0
31 Mecoprop (MCPP) Wa H uv 5 4 0 0
32 Thiophanate methyl Wa F uv 8 103 49 138
33 Bensultap Ta 1 uv 28 152 0 0
34 Warfarin Ei R uv 29 110 3 16
35 Simazine (CAT) Wa H uv 44 84 84 145
36 Pyrazolate Sa H uv 46 163 107 148
37 Propanil (DCPA) Wa H uv 51 124 80 136
38 Isoprothiolane Wa F Uuv 58 183 101 148
39 Thiocyclam Wa I uv 58 51 83/ 148/
40 Napropamide Ic H uv 58 123 94 68/
41 Dicofol (Kelthane) To 1 uv 83 1409 100 180
42 Fthalide Wa F uv 85 180 99 137
43 Toxynil Sh H uv 95 204 133 150
44 Pendimethalin Nc H uv 110 193 114 157
45 Amitraz Wa I uv 123 170 98 169
46 Quintozene (PCNB) Wa F uv 157 198 104 184

a) Ic: ICI, Da: DAINIPPON-CHEMICAL, Sh: SHIONOGI, Wa: WAKO, Ta: TAKEDA, Ei: EISAI, Sa: SANKYO, To: TOKYO-YUKIKAGAKU, Nc: NIP-
PON-CYANAMIDE, He: HOECHST, Ch: CHUGALI. b) H: herbicide, F: fungicide, I: other insecticide, R: rodenticide. ¢) Detection method: DD, dragendorff.
d) For the developing solvent system, see Table 1. Detection quantity, e): 2 ug, f): 5 ug, g): 3 ug, the others: 1 ug.
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Table 3. Relative Rf Values and Color of Pesticides

(n=3)
Relative Rf X 100 value
developing solvent
No. Compound Maker® Group? system¢® Color?
1 11
1 Glyphosate Wa H 0 0 Royal purple?
2 Glufosinate He H 0 0 Royal purple?
3 Asulam Sh H 2 21 Brown
4 Vamidothion Sh P 5 38 Pink
5 Thiophanate methyl Wa F 5 98 Purple
6 Methomyl Wa C 10 97 Strong pink
7 Warfarin Ei R 10 105 Indigo
8 Dimethoate Su P 12 80 Pale pink
9 Amitraz Wa I 24 87 Strong pink
10 Cyanophos (CYAP) Su P 32 186 Strong pink
11 Mecoprop (MCPP) Wa H 34 109 Pale purple
12 Pyridaphenthion Wa P 35 140 Indigo
13 Pyrazolate Sa H 36 147 Royal purple
14 Propanil (DCPA) Wa H 42 123 Strong pink
15 Benomyl Du C 44 31 Pink
16 EPN Ch P 47 192 Maroon
17 Edifenphos (EDDP) Wa P 48 163 Maroon
18 Napropamide Ic H 53 140 Royal purple
19 Iprofenfos (IBP) Wa P 53 152 Pale pink
20 Isoprothiolane Wa F 53 171 Indigo
21 Methidathion (DMTP) Ci P 53 184 Strong pink
22 Fenobucarb (BPMC) Ch C 54 159 Pale pink
23 Malathion Wa P 65 185 Pale pink
24 Salithion Su P 67 193 Pale purple
25 Fenitrothion (MEP) Wa P 69 187 Royal purple
26 Isoxathion Wa P 76 192 Strong pink
27 Diazinon Ch P 95 167 Strong pink
28 Chlorpyrifos methyl Wa P 108 187 Light blue
29 Pendimethalin Nc H 124 189 Greenish brown
30 Quintozene (PCNB) Wa F 149 189 Purple

a) Wa: Wako, He: Hoechst, Sh: Shionogi, Ei: Eisai, Su: Sumitomo: Sa: Sankyo, Ch: Chugai, Du: DuPont, Ic: ICI, Ci: Cibe, Nc: Nippon-Cyanamide. ) H:
herbicide, P: organophosphate, F: fungicide, C: carbamate, R: rodenticide, I: other insecticide. ¢) Developing solvent system, I: n-hexane-acetone (4: 1), II:
chloroform-acetone (9: 1). Marker: methyl yellow (Rf=0.60), methyl red (Rf=0.51). d) Detection method: UV (254—600 nm). e) Ninhydrin reaction.
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Fig. 1.

Chromatogram of 26 Standard Pesticides by HPLC-DAD

Twenty ul methanol containing 38 ug/ml of each pesticide was injected. Peak: 1: asulam (tR. 1.5+0.08 min), 2: vamidothion (tR. 1.9+0.06 min), methomyl
(tR. 2.1£+0.02 min), benomyl (tR. 2.2+0.02 min), dimethoate (tR.2.3+0.01 min), 3: amitraz (tR. 2.9+0.02 min), 4: thiophanate methyl (tR. 3.1+0.03 min),
5: dichlorvos (DDVP) (tR. 3.3+0.01 min), 6: propanil (DCPA) (tR. 6.0+0.11 min), 7: cyanophos (CYAP) (tR. 6.6+0.04 min), fenobucarb (BPMC) (tR. 6.6
+0.05 min), salithion (tR. 6.8+0.05 min), 8: methidathion (DMTP) (tR. 6.9+0.14 min), 9: pyridaphenthion (tR. 8.8+0.40 min), 10: napropamide (tR. 9.5+
0.03 min), 11: iprofenfos (IBP) (tR. 10.5+0.13 min), isoprothiolane (tR. 10.9+0.04 min), malathion (tR. 10.940.30 min), 12: fenitrothion (MEP) (tR.11.5+
0.21 min), 13: edifenfos (EDDP) (tR. 13.6+0.34 min), 14: diazinon (tR. 20.3+0.42 min), 15: pyrazolate (tR. 24.1+0.34 min), chlorpyrifos methyl (tR. 25.1+
0.22 min) , quintozene (PCNB) (tR. 26.4+0.20 min), 16: isoxathion (tR. 29.1+0.56 min), 17: EPN (tR. 32.6 £0.60 min) . HPLC conditions: column: Shim Pack
CLC-ODS (M) 150 mm X4.6 mm i.d., column temp.: 40°C, mobile phase: acetonitrile—water (50 : 50, v/v), flow —rate: 1.0 ml/min, detection wavelength: 220

nm.
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Fig. 2. UV Spectra of 12 Pesticides (Abbreviated Other Pesticides)

——: standard spectrum, ————: magnified spectrum.
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Fig. 3. Chromatogram of 3 Standard Derivatives by HPLC-
DAD

Twenty ul of derivatized solution containing 19.6 ug/ml of each pesti-
cide was injected. Peak: 0: p-toluenesulfoyl chloride, 1: derivative of glypho-
sate, 2: derivative of glufosinate, 3: derivative of bialaphos. HPLC condi-
tions: column: Shim Pack CLC-ODS (M) 150 mmm X 4.6 mm i.d., column
temp.: 50°C, mobile phase: 0.2 M phosphate buffer (pH 2.30): acetonitrile-
water (85 : 15, v/v), flow-rate: 1.0 ml/min, detection wavelength: 230 nm .
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Fig. 5. Chromatogram of Standard Solutions of Important Pesticides by Column—-Switching HPLC-DAD

One hundred ul saline containing 10 ug/ml of each pesticide was injected. Peak: 1: propanil (tR. 6.1+0.11 min), 2: fenobucarb (tR. 6.8+0.33 min), 3:
pyridaphenthion (tR. 8.9+0.04 min), 4: napropamide (tR. 10.1£0.18 min), 5: isoprothiolane (tR. 11.3+0.09 min) and malathion (tR. 11.34+0.07 min), 6:
fenitrothion (tR. 11.9+0.09 min), 7: edifenfos (tR. 13.7+0.06 min), 8: diazinon (tR. 22.0+0.18 min), 9: isoxathion (tR. 29.4+0.81 min), HPLC pretreatment
conditions: column: Sumi Bio Trap 500 C18 (13 mm X 4.0 mm i.d.), mobile phase: 4% 2-propanol in 20 mM sodium phosphate buffer (pH 6.0), flow rate: 2.5 ml/
min, pretreatment time: 4 min, wash: acetonitrile-water (50 : 50, v/v) . HPLC analytical conditions: column: Shim Pack CLC-ODS (M) (150 mm X 4.6 mm i.d.),
column temp.: 40°C, mobile phase: acetonitrile-water (50 : 50, v/v), flow rate: 1.0 ml/min, detection wavelength: 235 nm.

7 HEN B REREMEZR UERICII I EN N5 100.4%, 90.6% & B TH > 7=
7o, Fiz, BEBEEMESARMUAZATLERKR, ME, AiEaEBEOFRERE 3 FlOBRAK (FHPEIR - M

ROFTLEIZ BT 5 EINRIZZN TN 87.9%, BeR) WEALEEZA, THEREKDORT K
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DEBZRKICITD T EMTE/- (Table 4).

KE B 3 13RBERF DEERN S FHEY > RE A & i)
BLEIENHEDODNZEEFETHS. kFEL TH 30
S DBV, MK NRERNTHTEiT->
. EhEno o NI AEMEROE—2
BS @ UV IRINA XY bV &R (Fig. 6). Bk
W, MR RIZBNT, RIFRERE UV RITZ AN
7 NIV OREEORELIEN S, IR A isox-
athion Th 5 Z EN[EE TE /-, Isoxathion T3 1Z
W, BT U RFTLAITTAFIL OSAL®) 0
REFNELTHEN TH D20, TOREBEHRGZE
FCY ENA AL EZ A, 5%, SITERDN
wEL .

NIGLAA Y F o THEEHWS I ETRRD
HPLC-DAD - 1EIZEER, 1 MAKD 5 Hr A ERE R
RBEAICEML, 50—55% &7 > /~. HPLC-
DAD - 1 {k1Z, ®iALEEEIZODS Hi—hU w2 aH
WTWS7=0, FONEEKREABLEIE, £0
%, HEMIELILENDD I L6 KRz 2
. OAREL, TNHAEIETE RN EHE L 27
W, MRERISG TORRENERICEE > .

5. Fenitrothion X V' Z DRI DEEEE

HPLC-DAD - IV {18 AiE, BOETERD
AR HEOREMEEDBmNEREY O R0 T
& 5 fenitrothion (LLF, FNT), KUZOIEMHA
#Wy fenitrooxon (LAF, FN-OX), U JEEE ML
N7-f#W 3-Methyl-4-nitrophenol (UL'F, MNP)
DI3EDFRGERIETDHS.

@A)
‘K— AR
™ % ® 3
(B)
JLM—- ji
10 20 30 40
C)
cu
. R RE
7 ® 7y Py

(D)

...........

R D A L fromereenes

----- S SN ASSNUONS SO S
% H !

c ] . . .

200 220 240 260 280 300

Wavelength (nm)

Fig. 6 HPLC Chromatograms of Case 3 and UV Spectra of
Isoxathion and Peak BS
(A): returned gastric lavage solution, (B): serum, (C): urine, (D):
Spectra of isoxathion (-—--) and peak BS (—).
(A) (B) (C) HPLC conditions: see Fig. 5. Peaks AR, BS and CU coin-
cided with isoxathion on retention time and UV spectrum. Detection
wavelength: 235 nm .

Table 4. Cases in which this Method was Applied (Analyzed Data)
Suspected . N Concentra- .
. . Retention Similarity? of Confirmed : Analyzing
Case Patient poison and Sample . : - tion . .
dose time (min) UV spectrum poison (ug/ml) time (min)
1 72 ? Sumithion® R.g.19 12.0 1.000 Fenitrothion 638 50
Suicide  (fenitrothion) gy 12.0 1.000 Fenitrothion ~ 15.1 55
unclear
Urine — — — — 50
2 61 ¢ Malatho'n® R.g.l. 11.3 1.000 Malathion 110.9 50
Suicide  (malathion)  gory 11.4 0.999 Malathion 0.5 55
unclear
Urine — — — — 50
3 62 Q Organo'phos—. R.g.l. 29.2 0.991 Isoxathion 201.49 50
Sulcide - phorus insecti- gery 29.3 0.997 Isoxathion 9.1 55
unclear Urine 29.6 0.972 Isoxathion 2.6 50

a) Returned gastric lavage solution. b) Similarity of the UV spectrum was calculated by the method described in our previous paper?. ¢,d) The concentrations
of these pesticides were obtained from solutions diluted three (c¢) or ten (d) times with artificial gastric juice. Therefore, the resultant concentration was multi-
plied three (¢) or ten (d) times to obtain the final concentration. —: not detected.
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FE BRI B 13 A17E O HPLC-DAD - 111 i &M T
HO, WESRMEL TIRILER OB EHD, B
TpH % 4.5 ALY CBEEEIKRT, 2HHO
BEMHEATE R=bUJL kK (40 1 60), FEIZ
WrBRIA® 7 0 £ TIX 1.0ml/4%y, ZNLAKEZ 2.0 ml/
ELHIEZRTo 2. BPREKEL T, MmO
RERWKRFLEZ., Z0O/EE, FNT, FN-OX KU
MNP @ 3 f DR AR % Mg XIIRITHEML 7z &
X, FNFNOE—271F 25 BLANICIEH L, A&
Ry DEEEZTTENS DY — 7B RITEEL
7z (Fig. 7). AEOBHERE 10 ng DUF & &gz
Tholk., MEHT, MmiE IR CRICEERZHRML
EHBEIT, Wi H 25ug/ml L FIZBWTEE &
Y — V7 EAED RIS EAREZ R L, ERICIESED
ino . iz, WINU RO MG & OUR O i
WIRIZ BT 5 EINRITEN TN 91.4%, 101.8
% ERBIFTHo .

A% FNT R 8E 3 plommik (g - R) I
WHLEEZA, RERRIE UV AR LD
F=IMMEERDDFEETE, FFICERNAET
Hole. 3B, 1 REO AT ERMIZ 35 7 &8
Mmolze. TOHD1H1EL T, FNT A % H &
B TH FHREICEE L 72 B E O IMiEH @ FNT i

& &R D MNP Rt & OHERS K VR R i 2 7~ 9
(Fig. 8). RERFMRBIERRICED, PROHEEDN
TEROMDTERATH 2. A%, MNP D
53HiHY HPLC-DAD - 1 111 £ TIEAR ] BE7R 7=,
HPLC-DAD - I £ O fi L A& 84 D pH % 5.0
DI OBEHICEZ S Z & T, MNP O Z rTHEIC
L7z, 233 MNP Ot K EE H Y 2 B
2T, pHS55 LA ETIEA F ML Z 0 KEEE
o T, RILEA T AR ELRVWEEZ SN
%. R @ MNP L, IfiiEH O FNT 23555 L 722
e LI <BEORMSHMEINS., 20D
%, REFRHIRELE U ORBE L 7ERNIT LT, #i
AMEHIC FNT "FEEL < TH, JRHIZ MNP
MBOOLNINUITFNTHETH S ENZHTE
%, 5T, /EkoMmEIY > TAT T —EEDOH
EREET AR, RETHESNET —F 2k
UL, KO EEEDOHWSTROHER ZHEHERD
DIZTHIEMTES,

6. HHYIC

AT BT 2 o REER, YEKRO2ET
MHEORAFENS N OREELLLTVED, X
FHEMEEDZNDONGERLE, INH5TIANRT
DEIMPFITHINT B & TERND, EEALE

200 200
(A) 1 (B)
270nm 3t4nm
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:
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Fig. 7. Chromatograms of Mixed Standard Solutions of Fenitrothion and its Metabolites by Column—Switching HPLC-DAD

One hundred ul saline containing 10 ug/ml of each pesticide was injected. Peak: 1: 3-methyl-4-nitrophenol (tR. 5.540.02 min), 2: fenitrooxon (tR. 6.4+0.03
min), 3: fenitrothion (tR.21.7+0.32 min), HPLC extraction conditions: column: Sumi Bio Trap 500 C18 (13 mm X 4.0 mm i.d.), mobile phase: 20 mM sodium
phosphate buffer (pH 4.5 regulated by acetic acid) , flow rate: 2.5 ml/min, extraction time: 4 min, wash: acetonitrile —water (50 : 50, v/v) . HPLC analytical condi-
tions: column: Shim Pack VP-ODS (150 mm X 4.6 mm i.d.), column temp.: 40°C, mobile phase: acetonitrile-water (40 : 60, v/v), flow rate: 1.0 ml/min until 7
min, 2.0 ml/min from 7.01 min, detection wavelength: 270 nm (A) and 314 nm (B).
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Fig. 8. Clinical Course and FNT and MNP Concentration of Intravenous Injected Case
CL: consciousness level (Japan Coma Scale: I—III), PAM: pralidoxime iodide, HD +DHP: hemodialysis and direct hemoperfusion, FD: forced diuresis,
Cholinesterase Activity in serum: normal value (300—7101U/1).

FERFIIT IR TE S DN . BEGRIEDI S BEORK
E72, OHHEERICOVNTIE, BEEEBISS R S S 5
Bt DEFNERIE LT H L HPHANT, HHETL 7 BEE arew| [ax| [ R
RhEBEREERDZ 7 ) —Z TR OERE - EE H it
ORI E HIITHEZITo /2. TORR, Hx D
I — 2G5 o T2 T Uy b fE 7 o Wik 2 L S G G S U
HTEMTER. £, BENSEWMLUZBE (8 TLC-Ii# HPLC-DAD-H#
o T . 308 | Paws (1088)
WA - BUEHIKE - G - [R) OWTNnzZzHNT
B, BRI & O AT R 5 72 xﬂ bess oo
FRIT BRI E GO D BF AL U 7RI
HATE2ELD, AMETHRE L 6 DDHIEZE R GSU s
I A SO EZRRAERICB T 2 hH LR EED TLC-13j HPLC-DAD-I#
I FIEERT (Fig. 9). £7, R HER s A R O
BENEAHOEEITE, TLC - 1 I N EZE A ) (38)
WT, AV V=T %FD. LD H5HE '
B, h"EERBRENKDVDAENZS, HPLC- S "
DAD * 1#—IVEZEZHWTERT 5. —F, &) IHPLc—DAn-wasI
75 B AT DR HBI L T HAITI, , 1
HPLC-DAD - 1 {#i—IV k&, &k - EB 2 - -
RRICITOD AT L TH A, ZOFEEFAHAT AL &
12k, WETHRELS DN TESL DI~ Fig. 9. A Practical System for Detection of Acute Poisoning—

Inducing Pesticides in Emergency Medicine
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L7z, £LT, TOFEALENERRERITHNE
H D EFMED HPLC-DAD TH 5. L7=A> T,
BWFEDNETD, %< ORREFEBY; T/A<IEH S
N5 EZFE>TNDS,

BEE ARORTICHLD, KRIEBELRDHE
B8 - HHEZT D XU IR R H
=« KBEASCBAZA T I B IEFLR S - VBRI
BRI ER L HEERLEXT.

o, AMRZFTORREGEATHEEL/LKHE
mEERE  PEEHEIRRICE<ELHA L T RT.

THIT, RIGARGEEEE SR OZIREELE
R T R B SE AR« Ll oK T 3 TN SR A ER AL
OEDEHNZLXT.
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