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Research Laboratories, Star F. ood Company Ltd., Agrate Bmanza, M Llan ([ taly)
(Reccrvcd Aprxl Igth 1968)

SUMMARY _

"A compact dual—channel flame ionization-cum-thérmionic detector’ was con-
structed by duplicating the burner of a conventional flame ;omzatlon detector.

Any commercial apparatus can be modified in this way, the result belng an
increase in'the select1v1ty and the efficiency of the chromatograph ‘The new detector
has been found to be partlcularly useful in the qualitative and quantltatlve chromato—
graphic analysis of organic phosphorus halogen, and nitrogen compounds ' o

Normally interfering organic compounds not containing these hetero-atoms can
be automatically suppressed or 1dent1ﬁed by comparmg the two responses given by
the detector umts : : :

INTRODUCTION o

: The smlultaneous ‘use of more than one selectlve detector is on. the 1ncrease
partly because ' laboratories ‘and’ manufacturers have 'solved the: problem of 1n-
‘ strumenta.tlon so that the resulting multldetectors are relatively easy to operate;
-‘Multidetectors have been found uséful for the' detectlon of traces of lﬂSBCtICIdeS
in- food ‘because 'a single operation-provides all the’ requ1red information about the
phosphorus, halogen, and carbamate’ content of the sample; Most insecticides are
chlorinated :derivatives, phosphates; or carbamates ‘and are - readzly ‘analysed " gas
chromatographically with theaid of a detector system’ composed of an-electron capture
detector (ECD) and an alkali-metal thermionic. detector! (TD). The latter ‘has ‘been
improved, and new models usmg potassmm chlor1de and cesmm bromlde have
recently ‘been developed? 2. £ SRS : o
~In the analysis of 1nsect1¢1des ‘in* food the extracts prepared from the samples
contaln entrained. organic. compounds other- than insecticides. Norma]ly these have
to ‘be removed in a pre-pur1ﬁcat1on step™ (clean-up) "However, - this" may 1nvolve :
serious losses of- the insecticide" cornponents ‘High-specificity" detéctors ‘can’ ‘come to
our-aid by ignoring the entrained substances As a result t1me 1s saved by om1ttmg or
51mpl1tv1ng the pre-purification. ' R ERRUE AR
‘ .However, the entrained substances may be: present in such large amounts that
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‘they impair the selectivity of the detectors and thus give rise to spurious peaks To
avoid this, one must couple the detector with a conventional hydrogen flame ioniza-
tion detector (FID), this latter detector monitors the entrained orgamc compounds.
This is useful even when the extract has been purified, for it gives a check on the
results. It should be. noted that, when a thermionic detector is used, the s1gnal given
by a few micrograms of an interfering hydrocarbon is comparable to that given by
0.1 ng of the insecticide Parathion ;. furthermore, it is also known that when different
types of thermionic detectors are used!—4 organic carbon can always give rise to
positive or negative 1nterfer1ng peaks.

To eliminate such interference, two-stage detectors have been developed
In these systems, the sample is first burned in a normal flame-ionization detector, and
then the combustion products are analysed by a selective thermionic detector for
halogens, phosphorus, and nitrogen compounds. Orgamc compounds do not interfere,
because they have all been burned to CO,, which remains undetected. These systems
include KaARMEN's detector: ¢, with two hydrogen flames in series, and the detector of
ABEL ef al.” which differs from the former in the position of the salt reservoir and'in it
being heated by an electrical current rather than by the hydrogen flame. The select1V1ty
with which these detectors pick out phosphorus derivatives from other ‘organic
compounds  is about a hundred tunes as good as with conventional thermionic
detectors. . On ~the other hand, the two- -stage detectors are less sensitive. This is
probably due to the fact that not all the gas can be made to react in the active volume

of the second ﬂame
1"3";{1914:,1'211\'113_‘1@172&1. |

~ Our task was to find a rapid method for detecting nano and sub-nanogram
amounts of phosphate and carbamate insecticides in non-purified extracts from fruit,
vegetables and related food products. Our choice fell on gas chromatography with a
hydrogen flame ionization detector and a potassium chloride thermionic detector®
connected in parallel. This thermionic detector. can detect sub-nanogram amounts of
phosphorus compounds and some of the carbamates of interest here, but is insensitive
to chlormated substances, and gives a positive response to organic carbon. This
response, is- 51m11ar to, but smaller (by a factor of about 2) than, that of conventional
flame 1omzatlon detectors for the correct comparison of .the responses the amplifier
of the ﬁame 1on1zat1on detector must be adjusted to obtain the same sensitivity
toward orgamc carbon as that of the. other detector. The aim of using the FID was
to reveal’ any possible co- extracted natural products capable of upsetting the detection
,of 1nsect1c1des by the thermlomc detector When the FID gave no. peaks, the peak: of
the KCI-TD could be attr1buted to- phosphorus compounds or carbamates. FID. peaks
indicated the presence of ‘entrained substances in the extracts, .and comparison
between the peak areas obtained from the FID.and the TD. led to the correct quahta-‘
t1ve and quant1tat1ve evaluatlon of the chromatograms :
The two detectors were combmed in. a single unit, the. quartz burner (o 5 mmf

I D ) and the collectmg electrodes ‘of .one belng duphcated The new. device may be
called parallel-ﬂame thermmmc detector (PFTD), whose arrangement is shown.in
Fig. 1. The advantages offered by thls compact dual-channel detector are d1scussed '
below e L : o P .
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Cross .section of .
PFTD
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Fig. 1. Diagram of parallel-flame thermionic detector.

1. Two detector channels, FID and TD or (in the doubly thermionized case)
TD’ and TD’" with different salts, can be used in the same analysis without having to
employ stream sphtters in the oven. The air, the hydrogen and the nitrogen circuits
need not be. modlﬁed or integrated—all this results in a greater versatlllty of the
apparatus. ' ‘

2. The sample componentsreach the active volume of the two flames at the same
time, and there are minimal interchannel delays. (In the conventional dlsposmons‘
using splitters such delays can arise from asymmetric adsorptlon phenomena in the
outlet:tubes-and from the presence of dissimilar dead volumes in the column—detector
connections.) Strictly simultaneous detection is important ‘in’ ‘order 'to ‘be "able”to
compare ‘the retention times and to carry out the electrical differentiation of the
signals. This is done by combmmg the information from the two detectors ‘irito one

"signal, -in which: the para51te signals, being in-phase, are suppressed. The" resulting
signal’is-then relayed to e.g., a single-track recorder (a chromatogram obtamed by
“electrical differentiation will ‘be shown later). ‘

3. The method of selective detection with TID + TD systems (or TD' + TD"
systems with different salts) can be applied in conjunction with capillary’ columns
without any loss in the resolving power due to the use of capillary stream splitters
or other devices comphcatmg the connection between the column and the detectors.

~The new detector was attached: to'a I‘ractovap D/AI ‘chromatograph' ‘(Carlo
Erba Ltd., Milan) fitted with a glass column (length 2 m, LD:; 4 mm) having a'built~
in vaporizer. The stationary phase was 1 % SE-30-on‘a '100-120 ‘mesh" sxlamzed Gas
Chrom P support. ‘The flow rate of the nitrogen carrier gas'was 42 ‘ml/min- (a.t* 202°),
that of the“air/being 428 ml/mm -The*current : of -the KCl-thernnomc ‘detector’ was
3:10-% A (about- full scale recorder ‘deflection with attenuation’ X100’ mput X8
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output). This was obtained at total hydrogen flow rates varying between 45 and 60
ml/min according to the degree of depletion of the salt reservoir. The latter needed
replenishment when the hydrogen flow rate required for reaching a detector current
of 3:10™ A exceeded the indicated limits. Under normal cond1t1ons, one can work
for months without any servicing. The current in the flame ionization detector was
2:10-19 A, The signals of the two detectors were amplified separately with the aid of
two electrometers connected to two recordmg channels or to a single channel recorder,
according to versions A or B, respectively in Fig. 2. :

PFTD
FID TO
T +150V C/
S - +150V
Amplifier 1 Amplifier 2
Input ' - WInput .
1089 R < 08¢0

‘ _ Versions ‘
I‘ 1g 2. Dmgram showmg two d1fferent methods of connectmg the electrometers and recorders -

L The output of one of these amphﬁers could be contmuously vaned through a
varlable resistor Rg. mserted in the output circuit as shown in Fig. 2. Workmg with
version ‘A, a.I0-ug: sample of .an ‘organic compound (e.g. - methyl pentadecanoate)
contammg no phosphorus, halogen, and nitrogen was then injected, and the output .
attenuators were adjusted together. with Rg until peaks of the same height: were
obtauned in the, two detector channels, this—as mentioned before—-bemg essentlal-‘
for the correct comparison and mterpretatlon of the chromatograms o e T e

DIbbUSSION

v F1g 3 shows the results obtamed in the chromatographlc analys1s of a reference
m1xture and two non-purlﬁed Afruit. extracts [(extracting. solvent: 50: 50 hexane-
benzene) Curve “e! resulting from: the dlrect ‘analysis of a non- purrﬁed peach extract
shows that the parallel—ﬂame thern‘nomc detector has a hlgh sensitivity.- ‘

The Parathxon peak. was given. by 0.04. ng (0.04 p.p.m.) of the, substance 2 ,ul,:
of the extract were. m]ected and only 1. ul reached the KCl-thermlomc detector. The -

reference mlxture had the compos1t10n shown in Table I, the peaks bemg listed. in
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the order in which. the substances left the column under the conditions specified above.
This analysis, carried out in the presence of chlorinated compounds: and a large
excess of methyl esters, confirmed the high selectivity of the PETD. detector. Chro-
matogram ‘‘a’, obtained with the aid of an electron capture detector (gain :x 100 X
16), shows that this device responds to both chlorine and. phosphorus. derivatives
with different. sensitivities: The distorted peaks originating from. the. two methyl
esters (peaks 3 and 6) indicate that the amount of these was so- hlgh as to override
even such a. select1ve detector as the ECD. ) T S -

Fig. 3. ' Chromatograms of the standard mixture of insecticides (see Table I) using: (a) électtoh
capture detector (tritium source), (b) KCl-thermionic detector; (c) hydrogen flame ionization
detector; (d) parallel-flame thermionic detector; (e) and (f): analy51s of fru1t Juxces with the’ PFTD

Chromatogram “b” obtamed w1th a I{Cl-therrmomc detector (gam X 100 >< 8),
md1cates only. phosphorus denvatlves (peaks 1, 4 and 5 bis), together with :excess
methyl esters:(peaks 3 and 6).,T he last two substances masquerade as: phosphorus
derivatives, and mcorrect interpretation is only-avoided by noting that.in.chromato-
gram ‘‘c”’ the flame ionization detector also gave these.two peaks, with'the same size:
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and in the same pos1t10n, which. proves that they must correspond to orgamc com-
pounds. containing no phosphorus or nitrogen..

Finally, 'the signals from the two detector channels were differentiated and
passed into a single recorder. The resultmg chromatogram “d”’ shows that the inter-
fering compounds No. 3:and 6 contammg no phosphorus have been automatically
suppressed. The arrangement shown in Fig. 2 as version B simplifies the presentation
of the analytical data and exhibits an increased detector specificity. Fine adjustment
of one of the two detector signals ensures the best automatic supression of ¢arbon

TABLE I

COMPOSITION OF REFERENCE MIXTURE

Peak Compound Con-

No. centration,
p.pan.

I Thimet 0.5

2 Lindane 0.5

3 Methyl! pentadecanoate 10,000

4 ‘Methyl Parathion I

5 Aldrin : I

5 bis Parathion I

6 Methyl heptadecanoate 10,000

Solvent 50: 50 hexane~benzene
Retention time of Aldrin = 5 min

compounds. The results show that, in the system of signal differentation, the new
multidetector has a selectivity of 3-r10® for phosphorus. In fact, as chromatograms
“b” and ““d”’ show, 10,000 ng of organic compounds contamlng no phosphorus
snnulate the presence of not more than 0.03 ng of Parathion. ‘

The detector system proposed here thus enables us to analyse correctly con-
centrated extracts without first purifying them. In version A, the record given: by the
KCl-thermionic detector is compared with that given by the flame’ 1omzat10n detector.
In version B, the chromatogram is automatlcally freed from mterfermg compounds
The sensitivity of the detector system is better than o. oo1 p.p.m. In fact, chromato-
gram ‘“f”’ shows the detection of 0.0002 p.p.m. of Malathion and Parathlon in an
apple the extract of which had been concentrated by a factor of 100.

CONCLUSION

Thermlomc detectors are suﬁic1ent1y sen51t1ve to detect traces of phosphate and '
carbamate insecticides in food. However, the results in some cases are unambiguous
only when they are compared with correspondmg chromatograms obtained with the
aid of ‘a:conventional flame ionization ' detector: ‘This fact calls for’ the combmatlon ’
of the two detectors, wh1ch has now been done in'a s1mple and efﬁcxent way, “the two;_ '
parts’ formmg a smgle compact unit, The" resultmg device- may be Called a’ parallel-.
flame thermionic'detector (PFT D) “This device: has been tested m the analy51s of fru1t'
extracts for the presence of insecticide resmlues R : =
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