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SUMMARY 

A screening method applicable to the detection of many organophosphorus 
pesticides and their metabolites in foodstuffs is described. The procedure involves the 
hydrolysis of the pesticides under alkaline conditions and gas chromatographic de- 
termination of the methylated hydrolysis products. Most pesticides hydrolyzing to 
O,O-dimethyl phosphorothionate, O,O-diethyl phosphate and O,O-diethyl phosphoro- 
thionate can be determined at residue levels. 

INTRODUCTION 

The neecl for rapid screening methods capable of detecting residues of organo- 
phosphorus pesticides in foodstuffs has attracted the attention of many analyst.+. 
Methods described in the literature involve a total pl~osphorus determination follow- 
ing clean-up to remove naturally occurring phosphorus compounds2*3, cholinesterase 
inhibition techniques4, or gas chromatography using detectors showing phosphorus 
selectivity”sa. The latter technique is currently attracting much attention as it is 
rapid, and selective detectors such as the thermionic and flame photometric detectors 
enable analyses to be made with minimal clean-up. 

In our experience the gas chromatographic technique has limitations for 
screening purposes, For example, some parent pesticides and many of their naturally 
produced oxidation products are difficult to detect gas chromatographically’ and may 
remain undetected in a sample. In addition, those pesticides which can be chromato- 
graphed vary so widely in their properties that temperature programming or iso- 
thermal runs at two or more temperatures is necessary if a complete scan of retention 
times is to be achieved. Using thermionic detectors high levels of coextractives not 
containing phosphorus can also produce chromatographic peaks, ancl in such cases 

* Permission to publish has been given by the Govcrwncnt Chclnist. Crown copyright 
reservccl. 
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recourse to two stage cletectors is necessary if a correct interpretation of the chromato- 
gram is to be made*. 

Most of the organophosphorus pesticides now in use, together with many of their 
oxidation products, can be hydrolyzed to produce dialkyl phosphates or O,O-dialkyl 
phosphorothionates, which on methylation yield products that can be separated and 
detected by gas chromatography. Such compounds are unlikely to arise in nature and 
the method provides the basis for a pesticide screening technique overcoming some 
of the weaknesses of a direct clzromatographic method. ST. JOWN AND LISI@ have 
utilised this approach to detect some five pesticides but did not produce a method 
capable of general application. This paper describes a method applicable to the 
screening of foodstuffs for resiclues of many organophosphorus pesticides and their 
metabolites. 

EXPERIMENTAL 

Sam$hJe extraction 
Wumerous procedures have appeared in the literature for the extraction of 

organophosphorus pesticides from foodstuffs l. Any of these procedures can be used 
but the extract so obtained will contain a mixture of biologically active pesticides 
and oxidation products together with their naturally produced, but non-toxic, hydrol- 
ysis products. A partition between water and a solvent such as chloroform will 
generally separate the non-active and active materials prior to characterisation of 
the latter by the described method. 

UydroZysis conditions 
By following the alkaline hydrolysis of carbophenothion, shown in a previous 

study to hydrolyze at a slower rate than most other pesticides, conditions applicable 
to general screening were found. Methanol, being miscible with 5 N sodium hydroxide, 
was selected as the solvent and a hydrolysis time of 15 min at 70’ was found adequate 
for hydrolysis of all the pesticides examined with the possible exception of schradan. 

Under the conditions used the products formed indicate that the major site of 
cleavage for most pesticides occurs .at the bond linking the phosphorus atom with 
the oxygen or sulphur atom adjoining the non-alkyl side chain. Thus two products, 
a diallcyl phosphate or O,O-dialkyl phosphorothionate are formed from the four types 
of organophosphorus pesticide commonly encountered. 

Pesticide Major hydrolysis product 

Or 
R”\p//o R”\p/B 

- x RO’ ‘S-X- RO’ ‘OW 
Phosphate Phosphorothiolate Dialkyl phosphate 

R”\p/ 
RO’. ‘OH . 

Phosphorothionate Phosphorothiolothionate 0,O -Dlalkyl phosphorothionate 
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TABLE I 

DERIVATIVE FORMATION AS A FUNCTION OP HYDROLYSIS TIME 

Hydrolysis 
lime at 70~ 

Wciglct of dcvivative (in /lg) produced by Itydrolysis of 
I pg of jxxticides 

(min) 
Phoratc Cavboplte- Menazon 

-xotltion 
C?dovfenvinj5Aos 

J: 0.19 0.22 0.20 0.19 0.27 0.28 0.24 0.24 

45 0.22 0.21 0.30 0.19 

60 0.19 0.19 0.30 0.23 

a Hydrolysis and extraction conditions were. as described in the section METHOD. 

Although each pesticide hydrolyzes at a different rate the reaction effectively 
halts at the dialkyl phosphate (or thionophosphate) stage as subsequent hydrolysis 
proceeds at a much slower rate. This is illustrated in Table I which shows that the 
yield of methylated derivative, and hence yields of dialkyl phosphate or O,O-dialkyl 
phosphorothionate, remain unchanged over a long period. 

The products normally found in practice are dimethyl and diethyl phosphates 
and the corresponding O,O-dialkyl phosphorothionates. In the course of our work, 
however, it becomes apparent that certain naturally occurring phosphorus compounds 
were also hydrolyzing to phosphoric acid under these conditions and that on subse- 
quent methylation, trimethyl phosphate was formed. This phenomenon precludes 
detection of those pesticides which hydrolyze to dimethyl phosphate as this in turn 
methyl&es to give trimethyl phosphate. 

Extraction of hydrolysis @'rodads 

The alkyl phosphates and phosphorothionates are extracted into chloroform 

O,o-dlcthylphasphate 

O,O- dlethyl phospharathionate 

O,O-dlmcthylpherphorothlonate 

-A--46 a 4 6 8 16 
ml cone, acid, dllutcd with water la IOml, added to the hydrolyrlr mlxturc rl 

Fig. I. Extraction of dialkyl phosphates and phosphorothionates from aqueous solution with ” 
chloroform as a function of acid type, concentration and salt saturation. 
sulphuric acid ; (- - - -) 

( --) conccntratcd 
concentrated hydrochloric acid ; ( l l * l l ) concentrated sulphuric 

acid and solution saturated with sodium sulphste. Hydrolysis mixture: 2 ml 5 N NaOH + 2 ml .’ 
ethanol. 
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after acidification of the aqueous hydrolysis mixture. Fig. I shows that the quantity 
extracted is dependent upon the acid usecl, its concentration and the presence of 
saturating salts. Acidification with 40% sulphuric acid was chosen as offering an 
optimum condition suitable for screening. 

Many coextractives can be effectively separated from the hydrolysis products 
by partition into hexane following acidification, the hydrolysis products being retained 
in the aqueous phase and subsequently removed with chloroform. 

Methylation and gas chromatogra$hy 
Methylation of the hydrolysis products was carried out with diazomethane 

using the procedure of SCWLENK AND GELLERMAN lo. With pesticide blanks methyl- 
ation is complete in 2-3 min but where co-extractives obscured the yellow colour 
indicating excess diazomethane, a time of 10 min was adopted, Formic acid was used 
to remove excess diazomethane prior to gas chromatography, otherwise the diazo- 
methane gives a large peak at a retention time close to that of trimethyl phosphate. 

A Versamid goo column was selected to separate the methylated derivatives, 
this giving better separation than the Ucon Polar? or Carbowax 20 Ml1 stationary 
phase used by other workers. Table II shows the relative retention times of derivatives 

TABLE II 

RELATIVE RETENTION TIME OF THE METI-IYLATED IIYDROLYSI,r C PRODUCTS DERIVED FROM ORGANO- 
PHOSPHORUS PESTICIDIZS GAS CWROMATOGRAPHED ON A VERSAMID goo COLUMN 

Chromatographic conditions: column, x50 cm glass. 3 mm O.D.: paclcing, 4% Verssmid goo on 
Chromosorb G, acid washed, dimcthylchlorosilanc trcatod 80-100 mesh: temperature, oven 
120°, irijector IGoO, clctector 180~ ; instrument, V&an Aerograph 205-B with phosphorus detec- 
tor; gns flow rates, nitrogen 25 ml/min, hydrogen 22 ml/min. air 200 ml/min. 

Pesticide derivative Relative 
retention lime 

Trimethyl phosphate (TMP) 
Dicthyl methyl phosphate (DEMP) ;f 
Trimethyl phosphorothiomb (TMPT) I00 (2.30 min) 
Diethyl methyl phosphorothionate (DEMPT) I75 
Di-2-chlorocthyl methyl phosphate 200 
Di-climetzhylamino methyl phosphate 240 

encountered in our screening work. Using a thermionic detector (Aerograph phos- 
phorus detector) the derivatives could be detected at a level down to 0.1 ng. Under 
the chromatographic conditions described only one pesticide gave a chromatographic 
peak in the range shown by the derivatives, this being dimefox (relative retention 
time 81). All other pesticides emerged much later and in general remained undetected 
if at low level. 

Derivative standards 
Pure samples of the derivatives encountered in this work are not readily avail- 

able but were prepared in the course of the work by hydrolysis of the pesticides 
chlorfenvinphos, parathion, and parathion-methyl, giving on subsequent methylation 
diethyl methyl phosphate (DEMP), O,O-diethyl-O-methyl phosphorothionate 
(DEMPT) and O,O,O-trimethyl phosphorothionate (TMPT) respectively, Quantities 

.I. Ckromatog., 41 (1969) x,80-187 
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of IO mg of these pesticides were treated according to the method described later, 
After methyl&ion the solutions were streaked on silica gel thin layer plates (250 ,u 
thick) and developed in diethyl ether until the solvent front had travelled IO cm. 
The relevant portions of the plate (XP values: trimethyl phosphate (TMP) 0.15, 
DEMP 0.25, TMPT 0.50, DEMPT 0.70) were removed and the derivative eluted from 
the silica gel with chloroform. The derivatives were examined by GLC to show that 
only one component was present, the phosphorus content was determined colori- 
metrically” and an examination was made by I.R. spectroscopy to confirm the 
structure of the derivatives. Suitable sub-standards for GLC were prepared by 
dilution in acetone after removal of chloroform. 

METHOD 

Macerate zoo g of vegetable, meat or fish with 200 ml of acetone and filter the 
suspension through a cotton wool plug using vacuum if necessary. Re-extract the 
solid material with a further 200 ml of acetone. Add the combined acetone extracts 
to 600 ml of water containing 20 g of anhydrous sodium sulphate and extract with 
two 100 ml portions of chloroform. Dry the combined chloroform extract by passage 
down a column containing granular anhydrous sodium sulphate and evaporate to low 
volume using a Kuderna-Danish evaporator. Remove final traces of chloroform by 
gently blowing and redissolve the residue in methanol. Adjust the volume of the 
solution with more methanol so that each 2 ml of solution is equivalent to IO g of 
sample. 

Pipette a 2 ml aliquot of the solution into a IO ml pear-shaped flask, add 2 ml 
of 3 iV sodium hydroxide, insert a reflux condenser and heat in a water bath at 70~ 
for 15 min. Transfer the hydrolyzed extract to a IOO ml separator, wash the flask 
with IO ml of 40% sulphuric acid and add the washings to the separator. Where 
coextractives are present add 25 ml of hexane to the solution, shake vigorously for 
30 set and discard the hexane layer. Extract the aqueous phase with two 25 ml 
portions of chloroform, shaking for 30 sec. Dry the chloroform extracts by passage 
through a column containing 20 g of granular anhydrous sodium sulphate and wash 
the column with a further 25 ml of solvent. Evaporate the combined eluates to low 
volume using a Kuderna-Danish evaporator fitted with a IO ml graduated test tube. 
Insert a boiling chip into the tube and fit a micro-Snyder column12. Evaporate the 
remaining liquid to about I ml and remove the final traces of chloroform with a 
gentle stream of air. Redissolve the residue in 2 ml of diethyl ether containing 10% 

methanol. 
’ Methylate the sample with diazomethane using the procedure of SCHLENIC AND 

GELLERMAN~~, adequate ventilation and the normal safety precautions associated 
with the use of this reagent should be employed. (A charge of about 50 mg of the’ 
diazomethane intermediate N-methyl-N-nitrosotoluene-+sulphonamide was gener- 
ally used for each sample.) Allow the stream of nitrogen containing the diazomethane 
to bubble through the solution until a yellow colour persists in the sample (with 
highly coloured samples a ten minute period was routinely used), Add IO ,ul of formic 
acid to the sample using a microlitre syringe and after adjusting the solution to a 
known volume inject 3 ~1 on to the chromatographic column (see Table II). Determine 
the content of derivative by comparison with a series of standards. 

J. Chromatog., 41 (1969) 180-187 
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FIYDRoLYsIs 0P rEsTIcIJ~Es IToR 15 inin AT 70~ -YIELDS OJ’ METJ-IYLATJZD PRODUCTS DERIVED 
PROM I ,LCg QUANTITIES OP PESTICIDE 

Pesticide I 2 3n Pesticide I 2 3n 

Pesticides yielding O,O,O-tvimethyl phosphorothionute (XMPX) 
hzinphos-methyl 0.55 0.12 22 Ponitrothion 0.56 0.38 68 
Bromophos 0.43 0.21 49 Ii’ormothion 0,GI 
Dimcthoate 

0.24 40 
0.68 oq32 47 Malathion 0.47 0.04 8 

Ethoate-methyl 0.64 0.36 56 Menazon 0.55 0.30 55 
lknchlorphos 0.49 0.32 G5 Morphothion 0.55 0.40 73 

Pesticides yielding O,O-dictl~yE-0-naetltyl fi?~osphorothionate (DEMPX) 
Azinphos-ethyl 0.53 0.04 8 Parathion 0.63 0.16 25 
Carbophcnothion 0.54 0.20 37 Phcnkapton 0.49 0.18 37 
Coumaphos 0.51 o.oG 12 Phorate 0.71 0.20 28 
Diazinon 0.60 0.28 47 Phosalone 0.50 0.12 
Dichlofenthion 

24 
0.63 0,2G 42 Pyrimithatc 0.55 0.14 25 

Disulfoton 0.G7 0.36 54 Sulphotep I,14 o.G4 5G 
Ethion 0.96 0.16 17 Thionazin 0.74 0.23 32 
Mecarbam 0.5G 0.18 32 

Pesticides yielding diethy! methyl phosphate (DEMPX) 
Chlorfcnvinphos 0.47 0.22 47 Phorntc o.a. sulphonc 0.61 o.3G 59 
Demeton S 0.66 0.30 45 *mm 1.16 0.68 52 
Paraoxon 0.61 0.26 43 Thionazin-0-analoguc 0.68 0.36 53 
Phorato-0-analogue 0.69 0.35 51 

a I = Theoretical weight of clcrivativc (in 1~s) if hydrolysis and mcthylation proccecl to 
yiclcl a single procluct; 2 - weight of clcrivativc founcl after hydrolysis, extraction ancl mcthyla- 
tion; 3 = y0 of theory rccovcrecl. 

MIN 

Fig. 2. Chromatograms of triallcyl phosphates and thiophosphates. (I) = TMI’, (2) =, DEMP, 
(3) = TMPT, (4) = DEMPT. (A) Mixture of clcrivatiivcs. Each peak = 0~25 ng material. ,(B) 
Fish extract (= 
bean extract 

IO g) spiltccl with I j(gMcnazon, hyclrolyzccl, cxtractccl and mcthylatecl. (C) RJ.inncr 
(= IO gk spilcccl with I ,tlg Mcnazon, hydrolyzed, cxtractccl and methylatccl. I 
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RESULTS 

Table III shows the yields of derivative produced when the described method 
was applied to I pg quantities of pesticides. The pesticides haloxon and dimefox gave 
derivative peaks of relative retention time zoo and 240; these derivatives were 
believed to be di-(2-chloroethyl)methyl phosphate and di-(dimetl~ylamino)methyl 
phosphate respectively. The pesticides schradan and crufomate failed to give de- 
tectable derivatives. 

The derivatives gave linear standard curves over the range studied (O--I ng) 
and the weight of derivative produced by the method was directly proportional to 
the weight of pesticide hydrolyzed. Extracts from vegetable, fish and meat samples 
before hydrolysis gave no chromatographic peaks over the range of interest with 
the exception of cabbage extracts in which a compound was detected with relative 
retention time 52. After hydrolysis and methylation all these samples gave a single 
large peak corresponding in retention time to TMP. Samples spiked with pesticides 
gave the anticipated derivatives in yields similar to that obtained from the corre- 
sponding pesticide controls (values of 8o-1oo~/~ of the blank valve were encountered 
in all the samples). The analysis time for an individual sample was about 45 min. 
Pig. 2 shows typical chromatograms encountered with spiked samples. 

DISCUSSION 

The results in Table III indicate that the method is widely applicable. However, 
the yield of derivative from each pesticide when expressed as a percentage of that 
theoretically predicted vary somewhat widely-TMPT 40-70%, DEMPT zo-so%, 
DEMP 40-60% -but this spread is at least partly explicable by the variations in 
the purity of the pesticide standards used. Where yields well below the ranges indi- 
cated were encountered, samples were examined under gas chromatographic conditions 
capable of detecting the parent compounds and their absence was taken as confir- 
mation that hydrolysis had occurred. It seems probable that in these cases the hydrol- 
ysis paths are differing from that normally encountered because of the nature of the 
side chains. Thus malathion is probably cleaving on the ester grouping of the side 
chain and in the case of azinphos-methyl where two derivative peaks were en- 
countered (relative retention time ZOO = TMPT, 80 E O,O,S-trimethyl phosphoro- 
dithionate) it is apparent that the side chain is influencing the point of hydrolytic 
attack, leading to low yields of the expected derivative. 

With few exceptions therefore the method appears to be applicable to most 
pesticides and oxidation products which yield TMPT, DEMPT or DEMP including a 
number of compounds which we have not as yet been able to detect by gas chromato- 
graphy (e.g. menazon and phorate-0-analogue sulphone). The detection limit using 
extractives from IO g of sample falls in the range of 0.01 to 0.1 p.p,m. 

The method does not provide a complete screening test however, as the im- 
portant group of pesticides and metabolites which break down to form TMP cannot 
be differentiated from the derivatives produced from naturally occurring phosphorus 
compounds. Pesticides which give TMP on hydrolysis include demeton-S-methyl, 
dichlorvos, mevinphos, oxydemeton-methyl, phosphamidon, trichlorphon and vami- 
dothion. It is possible that this group of pesticides could be detected by ethylatioa 

: 
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following hydrolysis (ethanol as solvent could replace the methanol used in the current 
procedure) to give ethyl dimethyl phosphate, whereas the natural material would be 
expected to yield Methyl phosphate. 
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