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As organophosphorus pesticides become more widely used in agriculture, 
increased attention is being paid to the examination of foodstuffs and the environment 
for residues of these often highly toxic materials lp2. In 1966, for example, 23 organo- 
phosphorus pesticides were approved for agricultural use in this country by the 
Ministry of Agriculture, Fisheries and Food 3. Paper, thin-layer and gas chromato- 
graphy have all been applied to the problem of organophosphorus pesticide residue 
analysis and the developments have been reviewed by ABBOTT AND THOMSON~ up to 
the end of IgG5. During the last two years the development and improvement of 
selective phosphorus detectors for gas chromatography G-7 has considerably stimulated 
interest in this technique of residue analysis. 

The sodium thermionic detector developed by GUIFFRIDA~ has high specificity 
and sensitivity to phosphorus-containing compounds but the experience of this 
laboratory has been that it is somewhat unreliable in operation and not ideally suited 
to routine residue analysis. Recently, however, a thermionic detector has been 
developed by HARTMANN~ which largely overcomes the drawbacks previously 
associated with this type of detector. The detector described by HARTMANN consists 
of a conventional flame ionisation detector in which the flame burns on a tip containing 
caesium bromide and an inert filler moulded under high pressure. A detector of this 
type has been in use in this Laboratory for several months and has proved to be most 
satisfactory. 

When anal.ysing foodstuffs for organophosphorus pesticides the presence of 
toxic metabolites in addition to the parent compounds must be consideredO. The 
majority of organophosphorus pesticides are esters of phosphoric, phosphorothionic, 
phosphorothiolic and phosphorothiolothionic acids : 
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Hydrolysis, occurring fairly rapidly under natural conditions, results in ionic 
water-soluble derivatives which are generally considered to be non-toxic. Oxidation, 
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however, produces toxic metabolites which are ~extractaible from a.qnneonns s&ntiorn by 
solvents such as hexane, chloroform and benzene. Oxidation otF the onga.no~hos@~~xrans 
esters usually involves sulphur atoms present in the moleculle. Tlhus U&e H&~~~~~-sunl@nunr 
atom may oxidize as follows 

\,P _-_j p/O /\ >( 
ancl where a thio-ether link is present in the side chain the suilphoside and sulphorne 
may occur as additional oxidative metabolites 
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In this study the gas chromatographic behaviour ,of the approved organo~hosgsha~rus 
pesticides and a limited number of their oxidation products has been &~&gated 
using the thermionic detector. In addition simple chemical oxidations off the pesrticides 
have been carried out and gas chromatography used TV .separate and where possible 
detect oxidation products in the reaction mixtures. 

EXPERIMENTAL 

A Varian Aerograph model 205-B gas chromatso,graph, firtted wittEn Itwo aso cm 
coiled glass columns of 5 mm outer diameter was used in thi s$udy, Glass colu.mzns 
are preferable to metal columns for the gas chromato,graphy off c~rganopEn~sphorus 
compounds as they minim& on-column breakdown. One columrn was packed 
with acid washed, dimetl~yldicl~lorosilane treated Chmmosorb CV ((80 TV IW me&j 
coated with a stationary phase of IO o/o w/w SE -30 and I ‘o/O Epiko& xoox by a con- 
ventional evaporation technique. The other column w.as packed with acid \vashed 
dimetl~yldichlorosilane treated Chromosorb G (70 to 8o mesh) coaxed with &&mm L 
and Epikote 1001 using the following filtration technique: IO g of the suppo& was 
dried by heating at IZOO for 30 min. The cooled support was added to 50 mU bernz~ne 
containing 1.50 g Apiezon L and 0.10 g Epikote IOOI. The slurry was swirled ge.rnua_V 
for 5 min and filtered rapidly by suction through a sintered glass !fnlter &unnel. Mker 
drawing air through the packing for about IO min it was translferred to Une oven at x120” 
for final drying. Although Chromosorb G has the desirable characQeris&ic off being 
much less friable than Chromosorb W it was not found possible to prepare a satis- 
factory SE 30 column using the former support. The filtration technique used above is 
a good way of preparing low-loaded packings, but <cannot be used where a coating as 
high as IO y. is required. 

Two Varian Aerograph phosphorus detectors, as described by KO~RP&MX@. were 
used in these experiments, the amplified signals being fed simu&aneousIy into a 
Westronics dual-channel recorder. Brass collars were constructed which fitied over 
the detector-base raising the detector housing so that a gap of 4 mm between the 
bottom of the igniter coil and top of the caesium bromide tip was obkained. The 

. 
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TABLE I 

RELATIVE RETENTION TIMES AND Sl3NSITIVITIE3 OF ORGANOPHOSPHORlJS PESTICIDES 

Pesticide Col!awnlz Relenlio*z time relative lo Sensilivily * * 
tenape~~atzcre fiarathion at tlce teni.$wrature (6 X Io-D) 

PC) s7towlz * 
-- 

SE 30 Rpiceola SE 30 Rpiezogz 
codwwart coltcvzn~ co Z~unala colatwwa 

Rzinphos methyl 
Demeton-O-methyl 
Demeton-S-methyl 
Diazinon 
Dichlorvos 
Dimefos 
Dimethoate 
Disulfoton 
Ethion 
Eormothion 
Malathion 
Mecarbam 
Menazon 
Mevinphos 
Morphothion 
Oxydemeton-mcth.yl 
Parathion 
Phenkapton 
Phorate 

Phosphamidon IG5 
S chraclan IG5 
Trichlorphon 125 
Vamiclothion 190 

I90 

165 

IG5 
I*5 
I25 
IG5 
IG5 
I90 
IG5 
IG5 
IG5 
Igo 
IG5 
190 
Igo 
IG5 
190 
IG5 

II90 1160 65 
No sample available 

33 21 I.0 

35 3 2 0.5 
4.5 2.6 1.0 
2.9 1.6 1.0 

75 50 I.5 
4I 42 0.5 

244 =G5 1.0 
91 G7 I.5 
91 G7 I.5 

142 T22 2.5 
Not detected Not detected - 

I4 5.5 
325 285 ::: 

Not detected Not detected - 
100 100 1.0 
510 825 4.0 

25 25 o-5 
(One peak) (Two peaks) 
I21 46.66 - 
Not detected IOG - 

Not detected Not detected - 
Not detected 3 I 8 - 

55 

0.5 
0.5 
0.5 
0.5 
1.0 
0.5 
1.0 
I.5 
1.0 
2.0 
- 

0.5 
3.5 
- 
1.0 
4.0 
0.5 

5.0 
- 

G5 

* The retention times for parathion at the various temperatures wcrc as follows: 
SE 30 column : xgo”--_3,25 min; IG~~---S.SO min; 125O-43 min. 
Apiezon column: rgo”-2.25 min; IGg”--G.3~. min; 125°-30 min. 

** Weight of pesticide producing a peak with a hei~ht’equivalent to IO oh of full scale deflection. 
The noise Ievel at the amplification used corresponding to approximately 5 y0 of full scale deflection. 

hydrogen and air supplies to the detectors were from cylinder sources. The hydrogen 
stream was split and the flow to each flame controlled by means of a flow restrictor. 
Flow control was achieved by adjusting the cylinder regulator-a flow rate of about 
20 ml/mm to each detector being obtained with. a regulator-pressure of 14 lb./sq.in. 
The air flow rate to each detector was adjusted by a needle valve and measured with 
a floating-ball flowmeter. The gas flow rates to the two detectors were maintained at 
the following constant levels : 

Detector I (SE30column) : I-I, 20 ml/min; N, (carrier-gas) 25 ml/min; air zoo ml/ 
min. 
Detector 2 (Apiezon column) : II, 20 ml/min; Nz (carrier-gas) 22 ml/min ; air 300 
ml/min. 

The air flow rate was arrived at by selecting the minimum flow rate at which the flame 
remained alight after injection of a 5 ,ul sample of hexane. Unless adequate air is 
supplied the flame blows out on injection. 
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GAS CHROMATOGRAPHY OF THE APPROVED PESTICIDES 

Pesticide solutions were prepared in hexan.e or a mixture of hexane and acetone, 
5 ,~l injections were made into the glass liner of the independently heated injection 
block, which was maintained at a temperature of 165”. The column temperature was 
varied to suit the particular compound injected. The detector, also heated independ- 
ently of the column, was maintained at a temperature of 200~. 

RESULTS 

Table I shows the retention times relative to parathion on the two columns, the 
column temperature used and the sensitivity for most of the pesticides on the approved 
list. No sample of demeton-O-methyl was available and a commercial sample of 
demeton methyl believed to contain a mixture of the 0- and S-isomers gave only a 
single peak corresponding to demeton-S-methyl. The sensitivities attained are not as 
good as those reported by WARTMANN 8, but flame noise, which in part determines the 
detection limit, requires high quality flow control to be reduced to a minimum and the 
control used in this study was not of comparable quality to that used by the previous 
author. The sensitivity reached for most of the pesticides, however, is quite adequate 
for residue work. The sensitivity to azinphos methyl could probably be increased by 
using a shorter column but menazon, oxy demeton-methyl and trichlorphon did not 
give any detectable chromatographic peaks. 

Linearity and specificity were found to be much as previously reported*. 

PREPARATION AND GAS CNROMATOGRAPHY OF OSIDATION PRODUCTS 

Pesticides containing an oxidizable thiono-sulphur atom and those containing 
an oxidizable side chain are listed in Table II. 

In order to supplement the limited number of oxidation products obtainable 
from pesticide manufacturers, recourse was made to carrying out chemical oxidations 
on the pure pesticides listed below, Three oxidizing solutions were used: 

1. Peracetic acid, prepared by adding I ml of IOO volume hydrogen peroxide 
to 5 ml of glacial acetic acid immediately before use. 

II. A saturated aqueous solution of bromine. 
III. A saturated solution of potassium permanganate in acetone, prepared daily. 
Approximately IOO ,ug of pesticide was deposited in a IO ml test tube by 

TABLE II 

Pesticides contain.i?tg a Pesticides with an 
thiono-sacljh~v atom ozidizablc side-c?Jaiga 

Azinphos methyl, Dcmcton-O-methyl Dcmcton-O-methyl 
Diazinon, Dimethoate Dcmeton-S-methyl 
Disulfoton, Ethion Disulfoton 
Formothion, Malathion Phenlcapton 
Mccarbam, Mcnazon Phoratc 
Morphothion, Parathion Vamiclothion 
Phenlcapton, Phorate 
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evaporating a solution of the pesticide to dryness. To the tube was added 6 ml of 
oxidant I or 5 ml of either oxidant II or III. Oxidation was allowed to proceed for up 
to 15 min at room temperature or 50”. After the requisite time, the contents of the 
tube were poured into a 250 ml separator containing 25 ml of a saturated solution of 
sodium sulphite. For oxidations carried out with oxidants II and III, 5 ml glacial 
acetic acid was also added to the separator. After mixing, excess acid was neutralised 

Fig. I. 
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Fig. I. Typical chromatograms of the oxiclaLion of parathion with bromine water for r 5 min at 50~. 
Numbers refer to retention times relative to parathion (= 100). 

Fig. 2. Typical chromatogrnms of the oxidation of phorate with potassium pcrmanganate in 
acetone for 5 min at 20~. Numbers refer to retention times relative to parathion (= 100). 

by addition of 25 ml of a saturated solution of sodium bicarbonate. The solution was 
extracted with 25 ml hexane and the hexane extract dried by passage through a 
column containing 10 g anhydrous sodium sulphate. The solution was evaporated to 
low volume in a Danish Kuderna flask, transferred to a graduated test tube and the 
volume adjusted to I ml. 5 ,ul aliquots of the solution were injected on the gas chroma- 
tographic columns previously described. The chromatograms obtained were used to 
deduce information about the oxidation products. Figs. I and 2 shows typical chro- 
matograms obtained for parathion and phorate using bromine water and potassium 
permanganate as their respective oxidizing solutions. 

RESULTS OF OSIDATION 

Listed in Table III are the relative retention times and sensitivities of standard 
samples of pesticide oxidation products. In Table IV the relative retention times of 

J. Ckvomalog., 30 (19’37) 92-99 
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RELhTIVl3 RETENTION TIMES OF STANDARD OXIDATION l?RODUCTS 

Oxidation pvoduct Co Zumn Retention time relative to Se?asitivity 
tempfzvatuve paratltiovt al tem$evatzcve (g x 10-O) 
(“C) shown 

SE 30 d!lpil320?t SE 30 Rpiezon 
column column colacmn colacmn 

Dcmeton-S-methyl 
sulphonc 

Dimcthoate-0-analogue 

Malathion-0-analogue 
(Malaoxon) 

Parathion-0-analogue 
(ParsLoxon) 

Phorate-O-analogue 
Phoratc-O-analogue 

sulphone 

500 ng 500 ng - - 
Not clctectccl Not clctectccl 
200 ng 48 - 20 

Not cletectcd 
102 62 24 3.5 

I.20 89 II 3.5 

24 19 0.5 0.5 
200 ng 93 - 24 
Not dctcctxxl 

oxiclation proclucts produced by the above oxidation procedure are recorded. The 
most suitable oxidant and oxidizing conditions are also listed. 

Oxidation of azinphos methyl, demeton-S-methyl, dimethoate, formothion, 
morphothion and vamidothion, although judged to be occurring by disappearance of 
the chromatographic peak corresponding to the parent compound, did not give rise to 
any detectable oxidation products. 

A comparison of Tables III and IV indicates that the oxid.ation products 
produced from malathion and parathion are the expected oxygen analogues. By 

TABLE IV 

RELATIVE RETENTION TIMES Ol? PREPARED OXIDATION PRODUCTS OF ORGANOPHOSPHORUS 

PESTICIDES 

Pawnt conzpoa61ad CoEa6mla Retelation time ojoxidatiolc Oxidagat * Oxidising 
tempevatuve pvoda6cts relative to co?aditions 
(“C) pavathion (reaction time 

altd 
SE 30 ApiCZO?L 
col?um~a colatmn 

tempevat66re) 

Diaeinon 165 
Disulfoton 165 

Ethion 190 
Malathion 165 
Mecarbam 165 
Parathion 165 
Phcnlcapton 1go 

Phorate 165 

46 33 II 15 min 
25 I9 III 5 min 

2so 207 III 5 min 
Not cletectccl 2go III 5 min 
Not detected 200 I and II 15 min 5o” 
Not detected 62 II 5 min 
I74 108 I 15 min 50” 
120 89 I ancl II 15 min 50’ 
Not clctcctecl Go0 I 5 min 5o” 

IIGO 1500 I 15 min 50” 
12G 97 III 5 min 
164 120 III 5 min 

* Oxidant: I = Peracetic acid; II = aqueous bromine; III = potassium permanganatc in 
acetone. 
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analogy the oxidation products of diazinon and mecarbam are probably also the 
oxygen analogues. Where side chain oxidation can occur in addition to thionosulphur 
oxidation there are five possible oxidation products, and characterisation of a peak 
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corresponding to a particular oxidation product is difficult. This is the case with the 
oxidation products of disulfoton, phenkapton and phorate. However, in the case of 
phorate pure samples of the oxygen analogue and oxygen analogue sulphone were 
available and the two oxidation products listed in Table IV corresponded to neither of 
these compounds. Oxidation of the phorate oxygen analogue failed to produce de- 
tectable oxidation products and it can be assumed that the two compounds producing 
chromatographic peaks were the sulphoxide and sulphone of the parent compound. 
BACHE AND LISI@O reported that they could not find a column suitable for the gas 
chromatography of phorate-oxygen analogue sulphoxide and sulphone although they 
were able to separate and detect the other oxidation products. The similarity between 
the molecular structure of phorate and disulfoton renders it likely that the two long 
retention time peaks produced by oxidation of the latter compound are also the 
sulphoxide and sulphone. In the case of phenkapton and ethion it is not possible to 
deduce by analogy the structures of those oxidation products giving peaks. 

It is apparent from the results of this study that greater sensitivity for organo- 
phosphorus pesticides is obtained with the Apiezon column in most cases. However, 
an Apiezon column does not adequately resolve oxygen analogues from their parent 
compounds, although the former compounds generally have a slightly shorter retention 
time, probably by virtue of their lower molecular weight. The silicone column usually 
provides a good separation of oxygen analogue and parent compound, presumably 
with the substitution of the I?=0 for the P=S inducing a greater polarity in the 
molecule. 

The study of the organophosphorus pesticides and their oxidation products is 
the first part of a programme covering hydrolysis products, efFect of cooking, irradi- 
ation effects and thermal decomposition of this very interesting and useful group of 
pesticides. 

SUMMARY 

A considerable num’ber of organophosphorus pesticides have been approved for 
use in agriculture and increasing attention is being paid to the examination of 
foodstuffs and the environment for residues of those often highly toxic materials. This 

J. Ckronzalng., 30 (1967) gz-gg 
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paper deals with the gas-liquid chromatographic separation of some organophosphorus 
pesticides and their metabolites using a thermionic detection system. Many of the 
oxidation products were prepared and optimum conditions for oxidation of the 
pesticides are reported. 
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