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SUMMARY 

A rapid and sensitive procedure is described for the quantitative determination 
of residues of organo-chlorine pesticides in a wide range of vegetables, based on an 
acetone-hexane extraction, clean-up with Nuchar At&lay or alumina and identifi- 
cation by GLC using an electron-capture detector. These pesticides include the most 
toxic and/or persistent organo-chlorine compounds and, constitute the most .likely 
hazard on commercial crops grown in this country or imported.. , 

The sensitivity of the procedure varies with different pesticides and vegetables 
but all pesticides can be determined at the 0.01 p.p.m. level and most pesticides in 
most crops at the o.002 p.pm. level. Recoveries of pesticides added to vegetables 
at the o.1-o.01 p.p.m. level averaged 90% with a spread of &IO o/O. The -procedure 
has been successfully used to identify and determine residues on. crops ‘of known 
history and is being at present used to routinely survey a range. of crops of unknown 
history. 

INTRODUCTION 

In recent years with the advent of the GLC electron-capture detector and of 
TLC it has been possible to develop rapid and’ sensitive procedures for the routine 
determination of a range of pesticides in a variety of foodstuffs. Very few such methods 
have, however, been published in the literature. The most rapid of these was developed 
by GOODWIN eE al.1 In its basic form it required 30 min per analysis but due to inter- 
ference from coextracted material the limit of sensitivity was 0.1 p.p;m. Increased 
sensitivity, in some instances to 0.01 p.pm., was claimed after clean-up of extracts 
by passage through’s column of alumina. Other methods, notably those ~~:HAMENCE~ 
and MILLS cE al.3 for multiple pesticide residue analysis in vegetables, although more 
sensitive than GOODWIN’S, take considerably longer. The MILLS’ method was adopted 
by the Association of Official Analytical Chemists* and is at present under investi- 
gation by the Federal .Drug Administrations. 

We wished to develop a rapid and sensitive procedure for the determination 
of certain organo-chlorine pesticide residues in a wide range of vegetables. The pro- 
cedure should be robust and capable of operation by assistant staff with the minimum 
of training and supervision. The investigation was confined to lindane, dieldrin, 
DDT, DDE, heptachlor, heptachlor epoxide, endosulfon A and I3 isomers, aldrin 
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and endrin. Residues of these insecticides constitute the most likely hazard in home- 
grown and imported crops. 

EXPERIhlENTAL 

ExtmcEion 
The extraction of organo-chlorine pesticide residues has been widely studied 

and many different solvent systems advocated. Acetonitrile has been widely used as 
an extracting agent in the U.S.A. 097, Less toxic and cheaper solvents are more fre- 
quently used in this country. GOODWIN and HAMENCE both used acetone as extrac- 
tant but systems composed of a mixture of a water-immiscible and a water-miscible 
solvent would appear to be most suitable for complete extractions,D. However, such 
systems are not widely used, possibly because of emulsification problems, and diffi- 
culties associated with the removal of a quantitative aliquot for analysis. C~ssr~lO 
obtained good recoveries of several organo-chlorine pesticides from vegetables 
extracting with a benzene-isopropanol mixture : using the same extractant, I<LEIN~~ 
demonstrated that macerating was more efficient than either tumbling or Soxhlet 
extraction. SERGEANT~~ used acetone-light petroleum to extract several organo- 
chlorine pesticides from certain vegetables, and MATTICK et aZ.13 used ethanol-hexane 
to extract endrin from cabbage. These mixed .solvents gave recoveries of at least 
70 y0 for the particular pesticides studied. 

SERGEANT obtained low recoveries of organo-chlorine pesticides from plant 
material using light petroleum as extractant. We have found similar low recoveries 
of DDT (45-55 o/o) from peas at the 0.05 p.p.m. level using GOODWIN’S method. This 
loss of DDT is due to absorption on to the vegetable tissue: additional extraction of 
the pea residues recovered a further 20-30 y. of pesticide. Recoveries of go-95 y. of 
DDT from peas were obtained by CASSIL’S procedure. Because of the toxicity of 
benzene we investigated mixtures of other water-miscible and -immiscible solvents 
and the, acetone-hexane system was chosen for further study. 

We found it possible to macerate a range of vegetables with acetone-hexane 
mixtures with no emulsification problems and always obtained a clean separation 
into two layers. Complete removal of acetone from the resulting upper hexane layer 
without loss of pesticide was obtained by shaking with 2 oh aqueous sodium sulphate 
solution. It was also demonstrated that after maceration pesticides were evenly 
distributed throughout the hexane, whether the hexane was present in the upper 
layer or dissolved in the lower aqueous acetone layer. DDT (0.2 p.pm.) was added to 
replicate 50 g samples of pesticide-free peas. Each sample was extracted with 50 ml 
acetone and a volume of hexane varying from 50 ml to 300 ml. Fig. I shows that the 
concentration of pesticide extracted into the hexane in the upper layer is constant 
and independent of the volume of hexane recovered after maceration. This fact is 
important. in considerably reducing the time of the extraction stage; an aliquot of 
hexane removed at this stage for subsequent clean-up is representative of the whole 
hexane extract and complete extraction of pesticide into the upper layer by time- 
consuming re-extraction of the vegetable residues is unnecessary. In order to facili- 
tate the extraction of pesticides into the, upper 
was fixed at 4 : I at which level over 90 O/~ of 
recovered.. 
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I I I I t 1 I 

1.1 2.1 3.1 4.1 5.1 6.1 
Ratio of hexane to acetone in extractant 

Fig. I. Recovery of hexane (- l - l -), o,p’-DDT (- q - •I -) and fig’-DDT (- x - x -) 
in the upper layer a%ter maceration with increasing ratios of hexane: acetone as extractant. 

The degree of clean-up necessary depends on the vegetable under examination, 
the solvent used and the final method of determination. A simple partitioning as 
used by GOODWIN is suffkient for relatively high residue levels in some crops but for 
sub-p.p.m. levels a more rigorous clean-up is required. The extract is usually chro- 
matographed on a column of adsorbent material such as florisiPp7, magnesium oxides, 
aluminium oxide1 p 2 etc., either singly or mixed. This treatment results in dilution of 
the extract, which must then be re-concentrated by evaporation. When large volumes 
are required for elution the process is time-consuming and has the added hazard that 
solvent impurities which are also concentrated may seriously interfere with subse- 
quent analysis. GOODWIN and HAMENCE considerably reduced the time required for 
adsorbent clean-up by using small columns of alumina (2-5 g) eluted with small 
volumes of solvent. CASSIL used an alternative but not widely used adsorbent, 
Nuchar Attaclay. This mixed activated carbon and attapulgus clay was shaken for 
30 set with a benzene extract of the vegetable and filtered off. The process was not 
claimed to be as efficient as, for example, a florisil clean-up but its speed and simplicity 
would make it ideally suited to a routine procedure. 

IVuchar Attaclay. We have used CASSIL’S method and obtained go-95 y0 re- 
coveries of pesticide from peas. As less toxic alternatives to benzene in this method 
we investigated toluene, chloroform, hexane, diethyl ether and ethanol but only 
from toluene were acceptable recoveries obtained. It was also shown that the presence 
of up to 50 O/o of hexane in the toluene did not adversely affect recovery. Therefore 
evaporation of hexane extracts to dryness before addition of toluene was unnecessary, 
and both the time taken and the risk of loss of volatile pesticides were reduced. 
With the exception of endosulfan B, which gave an average recovery of 75 yoS re- 
coveries of 92-107 o/o were obtained for pesticides added to green beans at the 1.0 to 
0.01 p.p.m. levels, However, for other vegetables this clean-up procedure showed 
considerable variation in efficiency. On peas, broad beans, turnips and green beans 
accurate determination of residues at the 0.01 p.p.m. level and lower was possible. 
In most of the remaining vegetable extracts however there was some residual inter- 
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ference but accurate determination at the 0.05 p.p.m. level was still possible. The 
level of this unremovable co-extracted material increased with increasing vegetable 
maturity and in carrots, parsnips, leeks and onions accurate residue analysis at the 
0.5 p.p.m. level ultimately became difficult. 

Ahmirta. GOODWIN used a column of 5 Q alumina, Brockmann grade I-II, to 
clean-up extracts and eluted pesticides with I o/0 acetone in hexane. We have investi- 
gated aluminas of various activity and found that many pesticides, notably p,$‘- 
DDT, decomposed on the more active grades (I-III). We found a much better combi- 
nation was activity V alumina with pure hexane, which gave cleaner extracts and 
enabled us to work with smaller quantities of pesticides, The optimum conditions 
determined for clean-up on activity V alumina were 8 g adsorbent eluted with 30 ml 
hexane: endosulfan I3 required a further 30 ml 2 y. acetone in hexane for elution. 
Although numerous naturally-occurring compounds were eluted by the polar solvent 
from some vegetable extracts, no interference in the analyses of endosulfan I3 re- 
sulted. By applying pressure to the column complete elution of all pesticides was 
achieved within 7 min (14 min for endosulfan B). 

The order of elution of pesticides from the alumina column is given in Table I 
and the recoveries obtained, in Table II. At least two replicates of each pesticide were 
taken through the process at each level quoted in the table. These levels were chosen 
to correspond to likely concentrations in vegetables; for example, 0.2-0.0016 p.p.m. 
lindane and 1.o-o.02 p.p.m. DDT. Using the same procedure clean extracts were 
obtained from a wide range of vegetables permitting the determination of residues 
at the 0.01 p.p.m, level and below. 

Ahmirta + fuller’s earth. The difficulties experienced previously with some 
mature crops, viz., carrots, parsnips, leeks and onions, were reduced but not elimi- 
nated by alumina treatment. Mowever a column of activity V alumina incorporating 
a little fuller’s earth mixed in the ratio of approx. IS: I removed almost all of the 
interferences found in these vegetables: accurate determinations to the 0.01 p.p.m. 
level and lower were then possible, The mixed adsorbent was effective in retaining 
p-carotene, and colourless extracts were obtained from all vegetables studied in- 
cluding mature carrots -the presence of carotenes in some extracts eluted from 
alumina alone did not appear to interfere with GLC analysis. Endrin was only parti- 
ally eluted from the mixed column at low concentration; about 0.4 pg being irrever- 
sibly adsorbed. This caused significant errors in crops containing 0.2 p.p.m. or less of 
endrin. Endrin however could be quantitatively determined in eluates from the 
alumina column. The relative efficiencies of the three different clean-up procedures 
examined above are illustrated in Fig. 2 which shows gas-liquid chromatograms 
obtained from extracts of mature carrots after clean-up. 

Determinatio~b of $esticides 
Because of its extreme sensitivity, GLC analysis with an electron-capture 

detector is the preferred method of determination of organo-chlorine pesticides. 
Retention data obtained from a single GLC column are however inconclusive evi- 
dence of identification of pesticides and in this study we have used retention data 
derived from more than one stationary phase to confirm identification. To facilitate 
this identification a dual column Aerograph Model 1520 instrument fitted with dual 
concentric-tube detectors operated in the DC mode was used. 

J* Chromatog., 33 (1968) 435-449 
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Fig. 2. Chromatograms of carrot extracts after clean-up on (I) Nuchar Attaclay; (2) alumina 
column; (3) alumina + fuller’s earth column. 

(a) COZZWUZ ;backings. Numerous supports and stationary phases ranging in pola- 
rity from silicone grease to polyethylene glycols have been investigated. Silanization 
of supports was found to be essential and acid-washed DMCS treated Chromosorb G 
has been used throughout. The three stationary phases found most useful for routine 
application were, those most widely used,by other workers: SE 30 methylsilicone gum 
rubber and QFI fluorosilicone gum, and the more recently introduced XE 60 cyano- 
silicone gum. Incorporation of a small amount of Epikote resin with each stationary 
phase helped to reduce the activity of the support. The SE 30 column gave the best 
resolution of pesticides (see Table III) and as it also had by far the longest useful life, 
being relatively unaffected by extraneous material present in extracts, it was used 
for primary analysis. The more polar QFI and XE 60 columns lasted for shorter 
periods and gave poorer resolution of pesticides. However both were useful as con- 
firmatory columns and in the quantitative determination of aldrin and, in some less 
clean extracts, lindane, heptachlor and heptachlor epoxide. Aldrin could not be 
determined in the SE 30 column because varying amounts of dibutyl phthalate, which 
has a similar retention time, are present in extracts. This wide-spread contaminant 
derives from polyvinyl acetate based materials and is virtually impossible to removela, 
Other compounds derived from certain vegetables and the solvents used can also 
interfere with the low-level determination of the more-volatile pesticides on the SE 
column. Elution of these compounds is more rapid from polar columns, resulting in 
less interference. The peak for dibutyl phthalate on the QFI column coincides with 
that for DDE, but on the XE 60 column this compound does not interfere with any 
of the pesticides under consideration. 

(b) Retentiort data. Retention times relative to that of aldrin of the various 

S* Ckro~aW., 33 (WW 43s~44.9 
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pesticides on the three stationary phases are given in Table III. The data were ob- 
tained using the conditions given in the analytical procedure. These conditions were 
not the optimum for column efficiencies which were between 150 and 200 plateslft. 
Considerable improvement in column efficiencies, up to 400 plates/ft. could be ob- 
t,ained at higher temperatures but breakdown of some pesticides occurred under 
these conditions. The long retention time and low sensitivity of endrin on QFI made 
this column unsuitable for coniirmation of low levels of this pesticide. 

TABLE III 

RETENTION DATA FOR THREE TYPES OF STATIONARY PHASE 

Pesticide Stationary phase 

SE 30 QFr XE 60 

Lindane o-44 0.85 
Mcptachlor 0.78 0.9 
Aldrin 1.00 (5’) 1.00 (4’) 

Heptachlor cpoxide 1.30 I.90 

Endosulfan A I.67 2.59 
Dieldrin 2.01 3.10 
$?,P’-DDE 2.15 2.oG 
Endrin (major peak) 2.27 >6 
Endosulfan I3 2.33 4.77 
o,$Y’-DDT 2.89 2.7 2 

fi,$‘-PDT 3.74 4.33 

1.32 
0.95 
I .oo (*I/,,‘) 
2.33 
2.Go 
g.Go 
2.97 
4.05 
7.65 
4.03 
7.13 

Sensitivity ad Linear dy9samic m9ge 
Because of the characteristics of the particular electron-capture detector used 

it was essential to determine the linear response range for each individual pesticide. 
As shotin in Table IV the response was only proportional to concentration for very 
small amounts of pesticide. Deviation from linearity began above concentrations 
equivalent to 0.1 p.pm. lindane and 1.0 p.p.rn. DDT in vegetables and it was im- 
portant to dilute extracts to below these concentrations for analysis. 

TABLE IV 

LINEAR DYNAMIC RANGE OF PESTICIDES 

Pesticide Detection 
limit * (ng> 

Linear response range (ng) 

min. studied max. 

Linclane 
‘Aldrin 
Heptachlor 
Heptachlor epoxide 
Dicldriu 
Endosulfan A 
Endosulfan I3 

g$-l;y 

o,$J’-DDT 
$a&‘-DDT 

0.0007 0.003 
0.0013 0.005 
0.0012 0.005 
0.0015 0.006 
0.002 0.008 
0.002 0.008 
0.0025 0.01 

0.003 0.01 

0.015 0.05 

0.01g 0.05 

0.015 0.05 

0.5 
0.75 
0.G 

0.7 
2.5 
0.7 
1.0 

I.5 
3.5 

;:: 

* Equivalent to a peak of height 2 y. fsd on attenuation setting I x 4 (I .2 x 10’~ A full scale). 
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ApbaJyticaZ $rocedure 
(a) Reagf9zts 
Hexane. Hexane fraction, laboratory reagent grade. Redistil from potassium 

hydroxide pellets (4 g/l) within a day or so of use and store in well stoppered vessels. 
This step has been found necessary due to the variable level of impurities present 
in different batches of this reagent. 

Acetone. AR grade. 
. Tolztegze. Laboratory reagent grade, sulphur free. Shake with tap water to 

saturate before use. 
Sodiawz w&Sate. AR grade granular, anhydrous; and 2 y. w/v aqueous solution. 
Fzt2Zer’s earth. For adsorption purposes BDH. 
Nzcchar A ttaclay. Varian Aerograph. 
AZuw~in.a. Activity V grade. Activate alumina trihydrate (British Aluminium 

Company) by heating at 525-675” for a minimum of 4 h, cool and add 12 ml of water 
per IOO g of adsorbent in a stoppered flask. Shake until no visible lumps remain and 
the exothermic reaction has ceased. Equilibrate for a minimum of 24 h in the closed 
flask at ambient temperature. A convenient but more expensive alternative is neutral 
aluminium oxide (M. Woehn, Eschwegen, Germany) supplied ready activated to 
grade I. Deactivate by the addition of 15 O/o water and equilibrate as above. 

All apparatus must be scrupulously clean and rinsed with acetone and hexane 
before use. Working surfaces must be wax and polish free and the use of PVC or 
polythene avoided. Time of extraction and clean-up should be kept to a minimum. 

(b) Extraction 
Macerate a representative 50 g sample of vegetable with 50 ml acetone and 

200 ml hexane in a top-drive macerator for 2-3 min. Transfer the bulk of the macerate 
to a 250 ml centrifuge cup and centrifuge briefly at 2400 r.p.m. to pack down vege- 
table tissue and assist separation of the two phases. Transfer a 50 ml aliquot of the. 
upper hexane-acetone layer to a 1 1 separating funnel and wash once with 500 ml 
sodium sulphate solution. Run the lower aqueous acetone phase to waste with a 
little of the hexane layer. Transfer a 20 ml aliquot of the hexane layer into a Kuderna- 
Danish evaporator fitted with a IO ml graduated tube, ensuring no water is present 
in the aliquot. Add a few crystals of anhydrous sodium sulphate and evaporate the 
contents to a few ml taking care that the solution is not evaporated to dryness. 
Disconnect the graduated tube and continue the evaporation to between I and 2 ml 
on a steam bath under a stream of nitrogen. (Alternatively carry out ,the complete 
evaporation in a 25 ml tube on a steam bath under a stream of nitrogen.) 

(c) CLeawr@ fw0cedwe.s 
(i) Add at least 2.5 ml of water-saturated toluene to the concentrated hexane 

extract prepared above to bring the final volume to 5.0 ml. Add 0.5 g of Nuchar 
Attaclay, stopper the tube and shake the contents for 30 sec. Filter the extract 
through a No. 42 paper into a tube containing a little anhydrous sodium sulphate. 
Stopper the tube immediately and reserve for GLC analysis. 

(ii) Prepare a slurry of 8 g Brockmaml grade V alumina in a little hexane and 
transfer to a clean chromatographic column (30 x I: cm) with a rapid,swirling motion. 
Wash the column with 3 x 5 ml aliquots of hexane and adjust the hexane level to 
just above the surface of the adsorbent., Transfer the 1-2 ml concentrated hexane 
extract to the column with the minimum of hexane rinsing. Elute under slight pres- 

J. Chrromtitog., 33 (1968) ,435~449 
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sure with G x 5 ml aliquots of hexane at the rate of 4-5 ml/min and collect the total 
cluate. Change the receiver and elute the column with 6 x 5 ml aliquots of 2 y. v/v 

acetone in hexane, again collecting the total eluate. Evaporate each eluate in a 
Kuderna-Danish evaporator, and adjust the final volume to 5.0 ml. Stopper the tube 
immediately and reserve for GLC analysis. 

(iii) Prepare the mixed fuller’s earth-alumina column as in section (ii) above 
with the addition of 0.5 g fuller’s earth to the 8 g of alumina slurried in hexane. The 
order of elution of pesticides from this column is the same as from the alumina column, 

(rZ> GLC unnlysis 
The operating conditions found most satisfactory for pesticide analysis on the 

Aerograph 1520 instrument were as follows: 
Columns: I/S in. x 5 ft. stainless steel with Pyrex glass insert. 
Column packings: (A) 2.5 yO SE 30; (B) 1.0 y0 QF I ; (C) 1.5 y0 XE 60. All + 

0.01 ob Epikote resin on AW-DMCS treated, So-100 mesh Chromosorb G. 
Column temperature : 185 O. 
Detector temperature: 200~. 
Injector temperature: 2oo”. 
Nitrogen flow : 40-60 ml/min. 
Sensitivity: Attenuation settings I x 4 or I x S. 
It is essential to inject a standard mixture of pesticides at intervals during a 

series of analyses to assess column and detector performance. Suitable standard 
mixtures and concentrations are conveniently prepared in hexane as follows: 

Mixture I: 0.02 p.p.m. of lindane, aldrin, endosulfan A, HEOD (dieldrin) ; 

0.1 ,p.p.m. of endrin and $,fi’-DDT. 
Mixture II: 0.02 p.p.m. of heptachlor, heptachlor epoxide, endosulfan B, $,fi’- 

DDE; 0.1 p.p.m. o,$‘-DDT. 
To identify a particular pesticide, chromatograms of an extract must be obtained 

on at least two columns and compared with the chromatogram of the standard pesti- 
cide mixture run closest in time. Positive identification can only be made if peaks 
have the correct retention times on each column, The concentration of residues is 
conveniently and accurately determined by peak height measurement. As the concen- 
tration of pesticide in the final aliquot of extract injected is approximately the same as 
that in the original vegetable, provided the same volumes of extract and standard 
are injected (5 ,ul) residue levels can be simply and readily determined by direct 
comparison of peak height measurements. If the amounts determined vary signifi- 
cantly.between columns the lowest concentration must be taken as the more accurate 
result. 

RESULTS AND DISCUSSION 

Analysis of $esticide-free cro$s 
It was necessary to determine the background levels of naturally-occurring co- 

extracted material that could be confused with pesticides on chromatographic analysis. 
For this purpose selected crops were grown in. the greenhouse in the complete ab- 
sence of pesticide and analysed by the above procedure. The results showed that no 
compounds were present which would interfere with the determination of low levels 
of most of the pesticides, but that varying interference could occur with heptachlor, 

J. C.J~omatog., 33 (1963) 433-449 
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heptachlor epoxide and particularly lindane, which have low retention times on the 
SE 30 column. The most interfering compound was present in extracts of carrot and 
parsnips in the position of lindane and gave a peak of maximum height equivalent 
to 0.008 p.p.m. On the more polar stationary phases however the two peaks were 
resolved and no significant interference was encountered in determining 0.002 p.p.m. 
lindane. Varying levels of interference from dibutyl phthalate occurred in every 
extract. These results stress the importance of confirmatory analysis on other sta- 
tionary phases for residues at low levels. Chromatograms of extracts from pesticide- 
free peas and carrots are shown in Figs. 3 and 4 (chromatograms I). 

A 

6 3 

A2 

Fig. 3. Extracts of pesticide-free ‘(I) and sprayed peas (2) analysed on an SE 30 (A) and a QF I 
(13) column. Peak I =. lindane (0.003 p.pm.); peak 2 = 

peak 3 = p&‘-DDE (0.005 p.p.m.); peak 4 = 
major impurity peak (dibutyl phthalate) ; 

peak 5 = 
combined @@‘-DDE 

o,p’-DDT (O,OI p.p,m.) ; peak 6 = fi,$‘-DDT (0.02 p.p.m.). 
+ major impurity peak; 

Known quantities of pesticides were added to minced vegetables which were 
then macerated and taken through the analytical procedure. The typical recoveries 
given in Table V demonstrate the satisfactory and reproducible recovery of low levels 
of pesticides from vegetables after clean-up by the recommended procedures. With 
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A 

A2 

Al 

B 

Fig. 4. Extracts of pesticide-free (I) and sprayed carrots (2) analysed on an SE 30 (A) and a XE 60 
(B) column. Peak I = heptachlor (0.01 p.p.m.) ; peak 2 = major impurity peak ; peak 3 = hepta- 
chlor epoxide (0.002 p.p,m.); peak 4 = dieldrin (0.01 p.p.m.). 

two exceptions the average recoveries of pesticides were 90 yO or better with a maxi- 
mum spread of & IO “/o. The exceptions were aldrin through the alumina column, 
when recoveries ranged from 70-110 y0 with a mean recovery of 88 %, and endosulfan 
I3 after treatment with Nuchar Attaclay when recoveries ranged from 68-85 y. with 
a mean recovery of 75 o/O. The ability of fuller’s earth to remove significant levels of 
interference from certain vegetable extracts permitting the low-level determination 
of lindane, and the consequent losses of endrin are clearly shown. Even after .this 
treatment interference in the determination of ,lindane at the 0.002. p.p.m..level was 
sometimes encountered in parsnips, but was always insignificant at the 0.01 p.p.m. 
level. 
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Analysis of crows oj'huown. and ~zknown history 
A wide range of crops including peas, green beans, broad beans; cabbage, 

Brussels sprouts, cauliflower ; potatoes, carrots, turnips, parsnips; leeks, onions, 
spring onions ; spinach, lettuce ; celery, asparagus, sweetcorn, tomatoes, rice and also 
several different fruits has been analysed using the proposed procedure. No difficulty 
was experienced in analysing frozen and dehydrated products, and in many instances 
the processed products gave cleaner extracts than the parent fresh vegetables, 
Spanish onions have been the only vegetable that was not adequately cleaned up, 
interference occurring on all three stationary phases. A limited study of the extraction 
of residues from vegetables has shown that the acetone-hexane system is as efficient 
an extractant as the acetonitrile system, used by MILLS et aZ.3, and shown by BURKE 
AND PORTER~~ to be superior to many other procedures and comparable to exhaustive 
extraction. Typical chromatograms of extracts of sprayed peas and carrots are shown 
in Figs. 3 and 4 (chromatograms 2). 

General 
While using the procedure for routine pesticide surveys of different crops we 

have been able to determine the rate of analysis, The time required to analyse a single 
sample is about 50 min using a Nuchar Attaclay clean-up and 75 min using a column 
clean-up procedure. Of this time the GLC stage takes 15 to 20 min and is the rate 
determining factor. Using the dual column instrument a team of three assistants can 
serially extract and analyse between 75 and IOO samples a week depending on the 
clean-up required. Storage of extracts overnight for analysis the following morning 
when the instrument is normally idle for the first I--II/~ h can still further increase the 
overall rate of analysis. No sigmficant loss of pesticide results if extracts are stored 
overnight in a refrigerator. 

Recently we have investigated Aeropak 30, a support material specially 
prepared from Chromosorb W by Varian Aerograph, as an alternative to Chromosorb 
G. With a loading of 5 y0 QF I the column efliciency increased to over 450 plates/ft. 
and pesticide peaks were six times higher than were obtained on the Chromosorb G 
column under identical conditions. If similar increases in sensitivity can be obtained 
with other stationary phases on this support then the final concentration stage in the 
method could be avoided with a saving of time and no loss of sensitivity. 
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