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SUMMARY 

A system for the detection of radioactive effluents from a, gas chromatograph 
is described. The effluents are continuously dissolved in a stream of scintillator solution. 
After most of the carrier gas has been split off, the solution is led at a constant rate 
through a helical flow cell inserted in a liquid scintillation counter. The main advan- 
tages of the system are its expediency for all radioactive compounds, the absence of 
tailing or memory effects, good resolution and high sensitivity (less than 0,s nCi). 
Peak fractions can be collected after they have passed through the flow cell for 
accurate activity measurements. The method is also suitable for distinguishing 
between compounds labelled with two different radioactive isotopes. 

INTRODUCTION 

. . Methods for the detection of radioactive effluents from a gas chromatograph 
have been extensively reviewed by KARMAN~. As yet, no generally applicable method 
has been found. 

I?ractions can be collected in cooled traps, on solid supports or in solvents, and 
then subjected to homogeneousas 3 or heterogeneousl~s~ 4 scintillation counting, but 
these methods are neither direct nor continuous. Moreover, with high-boiling com- 
pounds there is a risk of premature condensation or aerosol formation, while volatile 
compounds may be incompletely absorbed on the solid support. Continuous integrated 
counting% s can be applied to effluents trapped in a scintillation solution. The sensi- 
tivity, however, decreases as the number of radioactive materials dissolved increases, 
while the risk of premature condensation is still present. Condensation is also the 
major drawback when the effluent is continuously monitored with a proportional 
gas-flow counter 0. Oxidation of the effluent before it is led through a proportional 
counter’** diminishes the risk of contamination, but this approach is only applicable 
for W-active organic compounds that contain hydrogen and oxygen. Destructive 
hydrogenation’*e is the most widely applicable method of detection of radioactive 
effluents, as it excludes the possibility of gas quenching by halogens or nitrogen and 
sulphur oxides, and enables tritium-labelled compounds to be accurately monitored 
as well. A major disadvantage, however, is that not all radioactive materials are 
hydrogenated instantaneously, Moreover, adsorption on the catalyst sometimes 
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becon~es poisoned during use. Furthermore, minor disadvantages are that the radio- 
activity cannot be recovered once the materials have been passed through the counter, 
that 3% activity cannot be assayed because sulplmr-containing compounds become 
bound to the catalyst, and that 14C and 31-I activities cannot be distinguished. 

\Ve have developed a system in which the effluents from a gas chromatograplr 
are dissolved continuously in a stream of scintillator solution. A recently patented 
apparatusu, designed for similar operations, was considered to have too large a mixing 
chamber, \vhicll reduces the resolution and increases the risk of premature condensa- 
tion. In our system, premature condensation is prevented by maintaining the tem- 
perature of the gas stream at 250” until it actually reaches the liquid. The radio- 
activity of the resulting solution is sulxequcntly assayed in a liquid scintillation flow 
cell. 

The system is shown in Fig. I. A Hcwlctt-Packard 57~0 gas cl~romatograpl~,. 
with an all-glass injection liner, column , splitter and effluent linerlo, is fitted with a 
specially designed detachable effluent liner cstension, made of glass and Kovar metal 
(Fig, 2), through which the major part (90%) of the column effluent is led.The metal 
part of the effluent-liner extension, which is silanized before use, is maintained at 250” 
by means of an aluminih heating l~locls. Tile effluent gas (flow-rate r8 ml/min) is 
brougllt into close contact with a strcani of counting solution in a glass mising tube 
fused to tllc liner esit. The counting solution (toluene containing 5 g/l of PI?0 and 
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Fig. I. Schomntic roprescntatio~l of the continuous dctcction of raclioactivc gas chromatographic 
cfllucnts. I = Gas chrornntogrq~h; ‘L = splitter; 3 = tlanic ionkttioii clotcctor: 4 = contxiner 
with scintillator solution ; 5 = pcristxrltic pump ; 0 = liquid scintillation spcctronictcr: 7 = t\Vo- 

pm recorclcr: 8 a frnction collector. 

To splitter 
‘and flow cell 

I?ig, 2. Dctuhablc mixing tube nncl olllucnt-liner cstcnsicm, I = Gas chromatograph with glnss 
efllucnt liner; a = nitwow-bore (0,s inin) liner cstcnsiun of Kovar nictal, fused to glass inising 
tube nncl to stilinless-steel Ml-joint: 3 = glass lnising ttlbc; 4 = aluminium hcntiny block : 5 = 
lwating clemcnts (113 V each) I 0 = iron-constnntin thcriiiocouplc: 7 = O-ring, 



RADIOACTIVE GC EFBLUENTSBY LIQUID SCINTILLATION 15 

0.3 g/l of POPOP) is introduced into the lower end of the mixing tube with a peri- 
staltic pump (LKB 12000) at a flow-rate of 1.5 ml/min. All of the interconnecting 
tubing is made of toluene-resistant Acidflex (Technicon, Rotterdam), Just before the 
solution enters the liquid scintillation flow cell, the major part of the carrier gas is 
split off. The solution, together with a few gas bubbles to prevent mixing, is pumped 
by means of a second peristaltic pump (flow-rrtte z ml/min) through the helical flow 
cell (Fig. 3), which is made of borosilicate glass and has an effective volume of zr.,4 ml, 
The liquid scintillation counter is a Tracerlab Coruflow Model SCE-542 with twin 
spectrometer and lin/log ratemeters. A two-pen recorder (Servogot 2, RE 520) is 
connected to the spectronletcr and to the flame ionization detector of the gas chroma- 
tograph. 

IT&. 3, Liquid scintillatiorl flow ccl1 with probe. .r 3 Stainlcna-steel pipes: a = Viton rubber O- 
rings: 3 = intcrch:mpx~blu lmrosiliciltc glass cell; .i = 
agdnst the O-rings. 

wmi-circular collar cliscs to press the cdl 

After it has passed through flow cell and pump, the scintillator solution can he 
collected in fractions and the total radioactivity of a peak fraction can be determined. 
This measurement is carried out in a Packard Tri-Carb Model 33So liquid scintillation 
counter. The counting efficiency 6( “h) of the flow-cell is calculated from the equation 

where c is the integrated count after elution of the peak, tE’ (disintegrc\tions/min) is 
the absolute activity detcrnlined after collection, I7 (ml/min) is the flow-rate of the 
second peristaltic pump and V (ml) is the effective volume of the flow cell. 
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Fig. 5 shows the FID and SFD signals for two identical injections of methyl 
benzoate in propanol, separated by a z-min interval. The goocl resolution of the system 
and the absence of significant peak broadening are evident. 

A mixture of methyl [I-Wlbenzoate and [r,z-W]hexadecane in propanol was 
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Fig, 5. Dctcction of two successive injections of WZ-labcllcd methyl bcnzoato (6 Ki). Oven tern s 
pcrnture mnintninccl at 250~. 

Fig, 6. Dud-channel detection of lnbdecl compounds, I, Methyl [I-%]benzoatc (6 nCi) ; z., [I,~-VI] 
hexaclecane (IO nCi) . 



18 L. SCWU-ITE, E. B. KOENDERS 

separated and the activity of the effluent was measured in two different spectrometer 
channels (Fig. 6). The counting efliciency for lJC was 85 YO (in the sH-channel, 17 %), 
and for 3H 27 “,/o (in the 1%~channel, 17 %). The background was 150 counts/min in 
the W-channel and 40 counts/min in the 3H-cllannel, 

Fig. 7 shows the recorder response for the mixture of trifluoroacetylated ethyl 
esters of sixteen W-labclled amino acids. There was no evidence of peak broadening 
or tailing in the SPD signal. No effort was made to optimize the esterification of the 
amino acids or the gas cbromatogrsphic separation or to identify the inactive materials 
or the impurities with lligh specific activities. 

The recorder response enables the specific activity of a labelled compound, 
expressed as the ratio between the SID and PID peaks, to be cakulated. This was 
carried out several times for both the rK-lal~elled and 3H-labelled cholesterol. For 
each of these compounds, the variation in the calculated specific activity was less 
t11nn 2 y/o 1 
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Fig. 7* lktcction of tritluon)acct~li~tctl ethyl cstcrs of sistccn l~lC-lalxllecl amino wick. 

The system described facilitates the reliable detection of radioactive compounds 
in a vapour stream, particularly in the effluent of a gas cl~roniatograpli. Even com- 
pounds with a very high vapour pressure, such as cholesterol or amino acid derivatives, 
were monitored with no loss of resolution. As the contact between the vapour and 
the scintillator solution lasts for several seconds, hardly any material is lost as a 
result of aerosol formation. Even at very high temperatures of the trapping tube (up 
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to zgo”), this loss was not more than a few per cent. A plume of aerosol, which ap- 
parently originated from the toluene in the scintillator solution, was sometimes 
observed at the gas exit, and was prevented by local heating of the exit pipe with a 
small thcrmo-element at about So”. 

The main advantages of the system can be summarized as follows: 
(I) Detection is eflicient and the resolution equals that of the PID signal. 
(2) Compounds are monitored directly without the need for catalytic destruction. 
(3) 14C- and 3H-labels can be distinguished with the aid of two spectrometer 
channels. 
(4) After det ec ion, the compounds can be collected in scintillation vials for t’ 
accurate counting. 

COMBINATION OF DETECTION SYSTEMS FOR GAS AND LIQUID CHRO&IATOGRAFHY ’ 

A major drawback to the method is that a liquid scintillation counter is ex- 
pensive for use as a gas chromatographic detector. Sucll an instrument, however, 
may have other applications: it can, for instance, be used for the continuous moni- 
toring of radioactive effluents in liquid-liquid chromatography, as described in a 
previous paper13. The monitoring systems for both gaseous and liquid radioactive 
effluents can conecnientlfl be con;bined in an apparatus of the type shown in Pig. S. 
The circuit for the morntoring of gas chromatographic effluents is r&presented by 
continuous lines, while the broken lines show the circuit for liquid chromatography. 
The choice of system is determinccl by the three sclcction switches, which are simply 
clamps on the Acidfles tubing. The pump for both systems is a Ccnco twelve-channel 
model, 

Flow cell 

Fraction 
collector 

pi&. Y. Colllbillation of monitoring svstclns for gas chromatogrnphy (contilluous lines) nnd liquicl 
chrornatogmphy (broken lines) , I = ‘SCi~~tilliLtOr solution for @S cl~romntoyraphy ; 2 = SCtTltilliltO~ 

aolutioll for liquicl clirolllntoyri~~~li)~: 3 = @l+lic~tlitl splitter; 4 = misitig spirnl: 5 = wlcction 
switcl1cs; G = punlp~ 
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