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LIST OF ABBREVIATIONS

AA Arachidonic acid

ECD Electron-capture detection

FID Flame 1onmization detection

GC Gas chromatography

HPLC High-performance hquid chromatography
2-ME 2-Methoxyethanol

MS Mass spectrometry

RAD Radiocactivity detection

RGC Radio-gas chromatography

RHPLC Radio-high-performance liguid chromatography
RT Residence time

SARD Synchronized accumulating radioisotope detection
S/N Signal-to-noise ratio

TCD Thermal conductivity detection

TCSF Total counts of successive fractions

TLC Thin-layer chromatography

1 INTRODUCTION

Radio-gas chromatography (RGC) has been an important analytical tool
for many years, the main developments being actively carried out between the
early 1960s and mid-1970s However, few papers have been published during
the last decade The history and performance of RGC and a discussion of the
choice of methods in RGC were well summarized by Roberts [1] Matucha and
Smolkova [2] surveyed comprehensively original papers published on RGC up
to 1976. However, after 1976, only one review [3] has been published In the
annual fundamental reviews published in Analytical Chemistry, RGC was dealt
with 1n the subtitle of ‘Radiochemical Detectors’, which has been missing since
1982 The main reason for this may be attributable to the tendency since the
mid-1970s for high-performance hiqud chromatography (HPLC) to be used
instead of gas chromatography (GC)

In this paper, recent developments in RGC are described, and a method based
on a new detector assembly, named synchronized accumulating radimisotope
detector (SARD), 1s presented with emphasis on the analysis of weak f-
emitters in organic and biochemical applications

2 RADIO-GAS CHROMATOGRAPHY
2 1 Description of the method

RGC consists of three processes, separation of radioactive components by a
GC column, mass detection and radioactivity detection Although RGC was
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initially carned out on packed columns, systems equipped with capillary col-
umns have been developed recently.

Mass detection 1s usually performed by thermal conductivity detection
(TCD) or flame 10mzation detection (FID), electron-capture detection (ECD)
and mass spectrometry (MS) can also be exploited because of their higher
sensitivities. The instruments for mass detection and radioactivity detection
(RAD) are usually arranged 1n parallel. The effluents from a GC column are
split 1n a suitable ratio, the minor portion passes through the mass detector,
and the major 1s transferred for RAD. However, with tritiated compounds with
a high specific radioactivity, the splitting ratio should be reversed

Methods for the detection of radioactivity 1n the effluents from a GC column
fall into two categories, namely ‘continuous methods’, in which the racdioactiv-
1ty 18 monitored continuously, and ‘discontinuous methods’, in which the com-
ponents 1n the effluents are trapped as they emerge from the column for sep-
arate radioassay Continuous methods have the advantage that the RAD trace
18 produced simultaneously with the mass detector trace The major criticism
of continuous methods 1s that they are inherently less sensitive than discon-
tinuous methods because of the relatively short counting time. Although the
discontinuous methods are laborious and time-consuming, they have higher
sensitivity Moreover, trapping techniques can be simple and inexpensive, and
a hiquid seintillation counter can be used for the radioactivity determination
In most situations, however, continuous methods for RGC are used and hence
trapping techniques are less frequently utilized.

In the early stages of development of RGC, all techniques for radioactivity
detection, including Geiger-Muller counters, gas flow proportional counters,
1onization chambers and scintillation counters, were used Most RGC systems
reported 1n the current literature use gas flow proportional counters for RAD,
although a few systems use an anthracene flow cell

Based on the chemical form in which the effluents from a GC column are
radioassayed, RGC can be classified into two types, those with and those with-
out decomposition of the effluent The techniques 1n which the effluents are
directly transferred for RAD have not been generally accepted, however, be-
cause the radioactive components often condense on the inside wall of the
transfer line and detector, resulting 1n high background counts In addition,
RAD 1s particularly sensitive to high temperature The decomposition step 1s
now almost invariably carried out by a combustion technique although hydro-
cracking [4] was examined 1n the early days

Fig 1 illustrates the typical arrangement of an RGC system which 18 most
commonly used today

The oxidation-reduction (or combustion) tube 1s a quartz tube packed with
copper oxide and 1ron fillings, placed 1n an electric furnace The inner volumes
of most combustion tubes used in RGC are several millilitres The temperature
of the inside of the furnace 1s between 700 and 800°C The extent of deterio-
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Fig 1 Schematic diagram of RGC system of the most common type

ration of the copper oxide can be followed by 1ts colour change (from black to
red) A tube packed with 10 g of copper oxide retains a sufficient capability for
combustion until the volume of the imection solvent amounts to 200 gl [5]
Labelled compounds 1n the effluents are oxidized to carbon dioxide and water
If °H 1s present, the tritiated water produced 1s then reduced to 3H, The ef-
fluent containing **CO, and/or *H, 1s mixed with counting gas (methane, pro-
pane or carbon dioxide) and then passed through a gas flow proportional
counter

The counter tube 1s a metal tube with an inner volume usually between 10
and 30 ml The optimum voltage applied to the counter tube can be found by
use of external radiation sources

The flow-rates of the carrier and counting gases should be strictly regulated,
because the detection sensitivity 1s severely influenced by the composition and
flow-rate of gas passing through RAD

The radioactivity in RGC can be recorded by two methods analogue record-
ng by means of a rate meter or digital recording of the radioactivity per certain
time period (sampling time) as resulting in a histogram The latter 1s more
convenient for the quantitation of radioactivity and 1s more accurate How-
ever, almost all the RGC systems use analogue recording, with a few exceptions
[6,7], because digital recording suffers from severe statistical fluctuations of
counts owing to a limited counting time, especially with samples of low radio-
activity The time constant of the rate meter 1s set usually between several and
ten seconds

The volume of the counter tube, the composition of gas passing through the
counter tube and 1ts total gas flow-rate vary widely Table 1 summarizes RGC
systems of the gas flow proportional counter type

2 2 Performance

In designing or operating a gas flow proportional counter for RGC, one of
the most important problems to consider 1s the relationship between the chro-
matographic resolution and detection sensitivity This problem will be dis-
cussed briefly using the case of a gas flow proportional counter as an example
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TABLE 1

SURVEY OF RADIO-GAS CHROMATOGRAPHIC SYSTEMS (COMBUSTION AND GAS
FLOW PROPORTIONAL COUNTER TYPE)

Countertube  Gas flow-rates nthe  Counting efficiency (%) Background Ref
volume counter tube counts
(ml) (ml/mn) SH HC (cpm)
10 H, 30,CH, 20 30 88 35 4
10 H,225,CH,220 98 4 1024 8
10 N,238, CH, 176 ~ 80 9
5x30° He 60, CH, 240 56 92 75 10
12 Ar95,C0O,5 64 945 10 11
20 He 54, propane 6 12
10° He 80, H, 10, 13
propane 10
18 Ar27,H,38,C0,2 14
~ 5t He59,0,1,C0,6 70 3-5 6
7X10°* He 50, CH, vanable ~65 95 38 7
(100-550)

“See Section 4 1
bFor capillary RGC

The volume of a mass detector 1s neghgibly small compared with the peak
volume occupied by a radioactive component emerging from a GC column On
the other hand, for radioactivity measurement a counter tube having a much
larger volume must be used to obtain a high sensitivity The intensity of a
radioactive peak recorded on a radiochromatogram 1s a function of residence
time (RT) multiplied by the amount of radioactivity present in the counter
tube Here, RT 1s defined as the time required for a specified point in the sam-
ple to pass through the counter tube and can be calculated by dividing the
volume of the counter tube by the total flow-rate of gas passing through the
tube

Fig 2 shows the radiochromatograms of [**C]hexadecane obtained under
various RT (for RT in this instance, see Section 4 1) [7]

Although the RT should be as small as possible to maintain the chromato-
graphic resolution, any reduction in RT 1s accompanied by a corresponding
reduction 1n the sensitivity, as illustrated in Fig 2 Therefore, when monitor-
ing radioactivity, a compromise between the chromatographic resolution and
detection sensitivity must be made, 1ts exact nature depending on the analyt-
1cal requirements Snyder and Kirkland [15] discussed the similar states of
matters for radio-HPLC (RHPLC) Where the maximum resolution of GC 1s
required, for example, 1n the analysis of a complex mixture, peak broadening
arising from the counter tube cannot be tolerated, and this can only be avoided
by sacrificing the detection sensitivity Alternatively, in order to enhance the
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Fig 2 Relationship between the maintenance of chromatographic resolution and the improve-
ment of detection sensitivity [7] Sample [“*C]hexadecane,ca 56 Bq Figures in parentheses are
residence times 1 mX3 mm I D glass column packed with OV-1 on Shimalite W (80-100 mesh),
250°C

overall sensitivity, the RT must be made larger This can be achieved by using
a counter tube of larger volume and/or decreasing the total gas flow-rate Reeve
and Crozier [16] recommended utihizing a cell for RHPLC with a volume one
third of the peak volume of the narrowest chromatographic peak of interest
They also mentioned that under these circumstances high sensitivities are ob-
tained with no more than a 10% increase 1n peak width Sieswerdaetal [17],
Reich et al [18] and Klein and Hunt [19] treated this problem more mathe-
matically Similar considerations seem to be true for RGC RT values in most
RGC systems are between 10 and 20 s, with few being beyond this range (see
Table 1)

Another important problem 1n RGC 1s peak distortion or increased tailing,
which 15 caused by various factors The first factor may be the back-diffusion
occurring in the gas passing through the splitter, oxidation-reduction tube and
counter tube As will be mentioned later, however, the peak broadening that
arises on passing through one counter tube of inner volume 10 ml was clarified
as being not so large (less than 2% in half-width, see Section 4 3) With
['“C ]hexadecane, distinguishable tailings in the RAD trace were not observed
1n comparison with the FID trace under any conditions (see Fig 15) These
experimental results suggest that back-diffusion 1s not the main cause of tail-
ing, unless the gas flow-rate 1s extremely low The other factors are the ad-
sorption and/or condensation of radioactive components on the inside wall of
the transfer line and the deterioration of the catalyst in the oxidation-reduc-
tion tube Therefore, the transfer line must be maintained at a temperature
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higher than that of the GC oven Recent experience in our laboratory has dem-
onstrated that even a slight deterioration of the catalyst in the oxidation-re-
duction tube results in appreciable tailling of the RAD trace with a capillary
column Therefore, 1t 1s advisable to renew the catalyst before the total amount
of injected solvent reaches a certain level, e g, 50 ul 1n our case

Many authors compare ambiguously the chromatographic resolution of an
RAD trace with that of an FID trace To make the matter simple, suppose the
factors causing peak distortion are excluded and the radiochromatograms are
being recorded with a reasonably short time constant To the first approx-
mation, the radioactive peak may be considered to suffer from peak broadening
with time corresponding to twice the RT (or twice the sampling time with
digital recording) at the most, independent of the peak width of the FID trace
[19] The validity of this conclusion 1s evident by examination of the radio-
chromatograms shown later in Figs 3-5, 15 and 17, where FID traces are pre-
sented together with RAD traces

Many workers calculate the counting efficiency (E) from the following
equation’

observed counts-100
applied radioactivity (Bq)-RT (s)

E (%)=

Kirics: et al [9] mentioned that the counting efficiency 1s significantly af-
fected by the composition of gas passing through the counter tube but not by
the width of the chromatographic peak

The reported counting efficiencies of gas flow proportional counters for **C
are around 90%, whereas those for °H vary widely, as shown in Table 1 In the
application of this equation, however, we must consider seriously the fact that
not all the applied radioactivity may reach the RAD system even when the
effluents are led to the detector without splitting One reason 1s the loss due to
the adsorption, condensation and thermal decomposition of radioactive com-
ponents on the column and the inside wall of the injection port and transfer
line, the other 1s incomplete combustion The actual counting efficiency (1 e,
counts/radioactive disintegrations) can be considered to be nearly constant,
independent of the chemical forms being radioassayed Although the oxidative
decomposition process itself proceeds almost quantitatively [5], the conver-
sion ratio of *H,0 to *H, may vary, depending on the reducing conditions This
seems to be the main reason why the reported counting efficiencies for *H vary
so much Therefore, 1t 15 advisable to correct for the loss mentioned above and
the conversion ratio (for *H) by using ['*C]- or [*H ] hexadecane as standards,
which can be considered not to suffer from the loss to a significant extent

The background counts depend on both the type of RAD and the extent of
shielding In radiotracer experiments, the detection limut 18 usually defined as
the amount of radioactive substance giving radio signals three times the stan-
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dard deviation of the background counts. Therefore, the background counts
have to be lowered as far as possible. The background counts of gas flow pro-
portional counters of 10 ml volume are usually around 30 cpm. Simpson [11]
decreased the background counts considerably by use of y-ray shielding and an
anti-coincidence circuit between a gas flow proportional counter (for GC ef-
fluents) and a plastic phosphor guard counter.

The detection sensitivity in RGC 1s influenced by the chromatographic char-
actenistics of the peak of interest (peak shape and GC peak yield [5]), the
splitting ratio (RAD/mass detector), the counting characteristics (counting
efficiency and background counts) and RT (for continuous methods) or the
fractionation interval and counting time (for discontinuous methods). There-
fore, it 1s meaningless to discuss the detection limit without taking all these
factors into consideration. Roughly, the detection imit 1n RGC 1s several be-
querels per peak without splitting to the mass detector, and radioactivity ten
times this value 1s needed for quantitation

3 RECENT PROGRESS IN RADIO-GAS CHROMATOGRAPHY
3 1 Introduction of capillary columns

The ncorporation of fused-silica capillary columns into GC analyses (in
1979) rapadly extended the applications of GC owing to the increased theoret-
1cal plate counts and the 1nertness of the inner surface of the columns. Several
papers [6, 12-14, 20-22] were published on RGC systems with capillary col-
umns It 1s a matter of great concern how far RAD can follow the chromato-
graphic resolution of an FID trace. In order to mamtain the high chromato-
graphic resolving power of capillary columns, the RAD and/or the detecting
conditions should be improved. However, the same detectors and conditions
as applied with RGC system with packed columns are usually transferred to
those with capillary columns. Consequently, the improvements 1n radioactive
peak resolution are attributable only to the column resolving power In this
instance, the compromise between the chromatographic resolution and detec-
tion sensitivity should be shifted to the former, and the experiments should be
s0 designed as to make the RT a few seconds

Herkner [13] developed an RGC system with fused-sihica capillary columns
The system 1s based on a dual-column gas chromatograph equipped with a
column-switching facility and a variable splitter at the column outlet combined
with a dead-volume-free adapter for RAD The first column works as a sepa-
ration column and the second 1s used as a feed to the mass detector The ad-
justment of the splhitting ratio is regulated by the inlet pressures of the carrer
gas supplying both columns. The radioactivity in the GC effluents 1s monitored
by a gas flow proportional counter after decomposition Three flow modes can
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be selected: (a) all the column effluents to the mass detector or (b) tothe RAD
and (c) sumultaneous flow to the mass detector and RAD. Fig 3 shows a si1-
multaneous mass and radiochromatogram, in which a test mixture consisting
of eleven steroids was separated as methyloxime-trimethylsilyl (MO-TMS)
derivatives The radioactivity of the components 1s between 53 and 80 Bq each
and the amount of unlabelled steroids 50 ng per component The mass detec-
tor/RAD splitting ratio1s 3 1. The RT was calculated to be 6 s. The detection
limit under these conditions was reported to be 13 Bq It was mentioned that
the peaks in the RAD trace showed nearly the same shapes as those 1n the
mass detector trace.

Ernst et al [12] constructed a capillary RGC system equipped with a com-
mercial gas flow proportional counter, and compared the performance of packed
and capillary columns with a sample of ‘ene-ol standard’. They mentioned that
the increased resolution inherent 1n the capillary column was realized and the
detection limit was 1 7 Bq with their system The RT calculated from the data
given 1n the experimental section 15 20 s

Rodriguez et al. [6] described an improved gas flow proportional counter
tube of inner volume ca 5 ml for fused-silica capillary columns, 1n which the
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radiocactivity per 6 s 1s recorded as a histogram They pointed out that deter:-
oration of the catalyst in the combustion tube causes a back-pressure and re-
sidual radioactivity, the former results in severe fluctuation of the splitting
ratio and the latter in tailing of the radioactive peaks They recommended
copper oxide wire mixed with quartz particles as the tube packing and contin-
uous mtroduction of a minute amount of oxygen into the tube The chroma-
tographic performance of their system is illustrated in Figs 4 and 5. In this
system the radioactive peaks are 12 s wide (1 e, corresponding to two sampling
times ) and the detection hmit for 1*C1s 7.4 Bq (RT=4s)

Gross et al [20] reported a capillary GC system coupled with an anthracene
flow cell. They minimized the dead volumes of the splitter (10 ul) and com-
bustion tube (100 ul) as far as possible to maintain the resolving power of the
capillary columns. The combustion tube 18 open to the atmosphere along the
mlet capillary A suction pump connected to the flow cell furnishes a negative
pressure Pressure waves generated by combustion in the furnace are pre-
vented from being transferred back into the GC system by these two devices.
The peak resolution of their !*C detection system under practical conditions
was about half that of FID and the detection limit for *C was 7 Bq

RAD RAD

l A "

S ]

Fig 4 Chromatogram of n-'*C,, (elutes first) and n-C,, hydrocarbons [6] Column, 30 m X0 32
mm I D Durabond 5J&W column, temperature programme, 110°C, held 4 min, increased at 4°C/
min to 120°C and held 100 counts full-scale RAD/FID sphtting ratio, 46 54 Mass injected ca
70 ng per compound {Reproduced with permission }

Fig 5 Chromatogram of '*C-labelled standard materials and cold n-C,; [6] Mass (radioactivity)
myected A, n-*C,,, 63 ng (89 Bq), B, ['*C]naphthalene, 25 ng (33 Bq), C, n-C,,, 110 ng, D, n-
*C,o0OH, 38 ng (56 Bq) GC conditions as in Fig 4 (Reproduced with permission )
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3 2 Discontinuous methods

Wels [23] reported a discontinuous method which involves combustion of
components hy use of FID and trapping the **CO, and/or *H,0 1n an absorp-
tion fluid which, after addition of a scintallation fluid, 1s collected 1n fractions
and counted 1n a liquid scintillation counter The absorption cell, as shown 1n
Fig 6, 1s constructed entirely from glass It consists of four concentric tubes
The innermost tube (A) carries the gases from the flame 10nization detector
into the cell It has ajacket tube (B) and the space between the tubes A and B
1s heated by a resistance wire to prevent condensation of *H,0 1nside tube A
The outermost tube (D) acts as a condensation—-absorption surface for *H,O
and '“CO,, and during operation the inner surface of this tube 1s constantly
flushed by an even film of absorption flud 2-Methoxyethanol (2-ME) or 2-
ME containing 10% of 2-phenylethylamine was used as the absorption flud

(A) (B)
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FLUIDINLET] Gas jniet heater
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TAE INLET = f
A
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€ ¢
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ABSORPTIONUG r_]

FLUID OUTLET |

Fig 6 Descendmg film absorption cell [23] (A) Front view (B) view from right-hand side
Dimensions tube A, 4mmOD,23mmID, tube B,65mmID, tube C, 13 mm O D, tube D,
14mm I D (Reproduced with permission )
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for *H,0 or *CQO,, respectively A typical radio-gas chromatogram 1s shown in
Fig 7, in which amino acids were separated in 20-s fractions as their N-tri-
fluoroacety] [*H-methyl Jmethyl ester derivatives There 1s little loss of reso-
lution apart from that involved 1n the taking of fractions The latter point
mainly accounts for the lack of resolution of the glycine and alanine peaks
The overall collection efficiency for a chromatographic run (1 e, from collec-
tion to injection ) was 92% It was suspected that the major loss of radioactivity
might be due to adsorption on the GC column, and 1t was mentioned that if the

I
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FID Response-———
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Fig 7 Radio-gas chromatogram of amino acids as their N-tnfluoroacetyl [*H-methyl]methyl
esters (5 ug, 3560 Bq) [23] Column, 274 emx02 ¢cm I D glass column packed with 5% OV-1,
temperature programmed from 75 to 130°C at 6°C/min (Reproduced with permission )
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radioactivity from a single peak was collected 1n two or three fractions, then
radioactivity as low as 1 7 Bq 1n that peak could be detected (10-min counting
time per fraction) Regarding dual-label RGC, chemical separation was found
to be preferable to differentiation using a hquid seintillation counter because
of the difficulties associated with dual-label counting.

In discontinuous methods, the resolving capability 1s strictly liimted by the
time 1nterval of fractionation To maintain the peak resolution, this interval
should be set to a suitable period Hamnett and Pratt [21 ] used capillary col-
umn RGC 1in combination with a discontinuous method similar to that of Wels
[23] for the 1dentification of biosynthesized insect hormones One example of
their radio-gas chromatograms 1s shown in Fig 8 Here, the biosynthesized
[*H-methyl Jmethyl (2E,6E) farnesoate 1s clearly separated from 1ts geometric
1somer. They collected automatacally fractions of effluent from the absorption
cell every 12 s This 18 the reason why the peak resolution in the radiochro-
matogram 18 much improved 1n comparison with that shown in Fig 7 Lee et
al [24] reported a simple method for trapping *H,O using a disposable glass
pipette (Corning, 13emX05mmID )

Derks et al [25] developed another discontinuous method, in which a gas
chromatograph s fitted with a sphitter leading the column effluents to a heated
all-glass outlet The outer end of the glass outlet 1s bent downwards and posi-
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Fig 8 Radio-gas chromatogram of the methyl farnesoate (MF) zone from TLC of the products
of Periplaneta americana CA, stimulated with farnesemc acid and cultured with [*H-methyl]-
methionine [21] Non-radioactive geometric 1somer of MF was added Column, 20-m Ucon HB5100
capillary column, 170°C (Reproduced with permission }
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tioned as close as possible to the adsorbent layer of a thin-layer chromato-
graphic (TLC) plate, which can be moved horizontally By moving the plate
slowly during a GC run, the eluting radioactive components are trapped on the
TLC plate separately. The adsorbent in the zones on the plate corresponding
to the positions of radicactive components are scraped off and counted 1n a
liquid scintillation counter

33 Others

Saito et al [26] proposed a long-path gas flow proportional counter as a
high-sensitivity detector for RGC The counter tube for general use 1s made of
brass or copper (100 ¢cm X 1 cm diameter), with a mirror finish on all the n-
ternal surface, and the centre electrode 1s a tungsten wire 0 05 mm 1n diameter
For actual use, several of these counter tubes are connected 1n series to hold
the total volume of a gas sample 1n the counting system over a desired counting
period The radioactivity 1s recorded as integral counts with good retention of
chromatographic resolution, as the counter tube has a sufficiently long passage
1n comparison with the diameter The counting efficiencies, which were deter-
mined by direct injection of a known amount of [°*H]- and ['*C Jtoluene, were
93 and 89%, respectively

High-temperature applications of RGC exist that require non-destructive
continuous analyses of GC effluents because the effluents must be trapped for
further study Gordon et al [27] developed a gas flow proportional counter for
continuous operation at 300°C The problem of loss of the proportional count-
ing plateau at higher temperatures was solved by carefully honing and electro-
polishing the flow counter barrel and using a centre wire free of defects. In this
system, the background counts are low (ca 75 ¢pm) and the counter 1s decon-
taminated in situ by treatment with oxygen at 325-350°C This system can be
used for the reactions of accelerated carbon 1ons 1impinging on various targets,
primarily benzene Netting and Barr [28] also designed a gas flow proportional
counter at elevated temperatures for RGC, 1n which the methyl esters of higher
fatty acids could be collected from the effluents with an efficiency of about
40% relative to the amount injected.

Two papers on 1sotope effects on GC retention times were published Berger
et al [29] described a method for separating the simple radioactive precursor
"'CH, from 1ts natural carner '2CH, by capillary GC at very low temperatures
on hydrated, soft-glass columns, using hellum-nitrogen mixtures as the eluent
They obtained ''CH, with an extremely high specific radioactivity (0 74-11.1
TBq/umol) by this method Gordon et al [30] reported a small reduction 1n
the GC retention times of a number of tritiated compounds compared with
their unlabelled analogues. The shift appears to be proportional to the number
of tritium atoms 1n a molecule
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4 RADIO-GAS CHROMATOGRAPH EQUIPPED WITH A SYNCHRONIZED
ACCUMULATING RADIOISOTOPE DETECTOR

In conventional GC systems, the column effluents are monitored by a single
detector, irrespective of RAD or mass detectors, without exception It must be
mentioned that the RGC system with a single counter tube does not permit a
simultaneous improvement 1n both the detection sensitivity for radioactivity
and the chromatographic resolution, as discussed 1n Section 2 2 We have de-
veloped a SARD which can limit this drawback substantially

4 1 Operating principle

It should be possible to obtain a high detection sensitivity without sacrificing
chromatographic resolution, when n small counter tubes of equal volume are
connected longitudinally and the radioactivity signals detected by each counter
tube are accumulated 1in synchronization with the travelling speed of the ra-
dioactive components On the basis of this fundamental principle, we devel-
oped SARD, which 1s applicable to various radiochromatographs. Fig. 9 1llus-
trates the principle of SARD for n=3 Suppose a sample travelling through
the counter tubes C,, C, and C, at a flow-rate u ml/s, and the volume of each
counter tube being v ml Here, a s 1s defined as the sampling time, given by v/
v RT in SARD 1s defined as the time required for a specified point 1n the
sample to pass through the whole detector assembly, the value being given by
na. The 1dea 1s to accumulate the radicactivity signals toward the direction
indicated by the bold arrows into an accumulation counter

A block diagram of a SARD composed of three counter tubes is shown 1n
Fig 10 It consists of three parts, 1 e, a radiodetector assembly, switching umits
(B) and accumulation counters (A). The radiodetector assembly consists of a
series of small counter tubes (C) of equal volume which are connected longi-
tudinally Each switching unit has one output and three mnput terminals A
contact arm connects the output terminal with one of the input terminals The
radioactivity signals of a point 1n the effluent are accumulated 1n the specified
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Fig 9 Elapsed time and positions of radioactive components m the SARD detector assembly
composed of three gas flow proportional counter tubes C,-C;, counter tubes, a, samphng time
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Fig 10 Mechanism of synchronized accumulation of radioactivity signals 1n the SARD composed
of three counter tubes C,-C;=counter tubes, B,-B;=switching umts, A,-A;=accumulation
counters, @, output terminals, O, input terminals

accumulation counter (or one of the specified two adjacent accumulation
counters, see Fig 11) at any time by means of the switching unit When their
detection by the third counter tube 1s completed, the accumulated signals are
sent to a recorder, and the counting cycle 1s reset to the imitial state It 1s not
necessary to ensure umiformity of the background counts and counting effi-
ciencies 1n each counter tube, as all portions are treated equally by all the
counter tubes

The movement of the contact arm 1n each switching unit can be synchro-
nized with the travelling speed of the radioactive components The radioactiv-
ity signals of the first portion, which are detected by C,, C, and C; during the
time intervals O0—a, a-2a and 2a-3a, respectively, are sent to the accumulation
counter, A, through the input terminals 1, 2 and 3 of B; The accumulated
signals are then sent to a recorder and recorded as the radioactivity of fraction
1 The same procedures are followed for the next portion entering the detector
assembly, the radioactivity signals being accumulated 1n Aj, and recorded as
the radioactivity of fraction 2

The counting conditions in SARD are shown schematically 1n Fig. 11 The
dots indicate the time point for a switchover of the contact arm 1n each switch-
ing unit The radioactivity signals at the points marked with the dots are ac-
cumulated at any time 1n the specified accumulation counter and recorded as
the rachoactivity of the corresponding fraction. For example, the radicactivity
signals at point X 1n the effluent, which enters the detector assembly at just
one sampling time after the beginming of detection of the seventh portion by
C,, are fully accumulated 1n A, and recorded as the radioactivity of fraction 7
On the other hand, the radioactivity signals at the other points are split be-
tween the specified two adjacent accumulation counters. For example, the ra-
dioactivity signals at point Y, which enters the detecter assembly at a time 1 6a
after the beginning of detection of the third portion by C,, are split between A,
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Fig 11 Counting conditions of the SARD composed of three counter tubes A;-Az=accumulation
counters

and A, and 40% are recorded as the radioactivity of fraction 3 and 60% as that
of fraction 4

4 2 Instrument and operating conditions

The feasibility of SARD was first verified for detection in TLC [31] and
then in HPLC [32,33] In 1980, we published the first report on an RGC sys-
tem equipped with SARD , composed of five gas flow proportional counter
tubes of inner volume 30 ml [10] Six years later, we developed an improved
SARD for RGC, 1n which the five counter tubes are connected by a mutual
anti-coincidence circuit [34] With this improvement the background counts
were approximately halved, The detection limit of the improved SARD for
[**C ]hexadecane was approximately 0.74 Bq as amount injected. Recently, we
designed a new SARD system composed of seven gas flow proportional counter
tubes of mnner volume 10 ml that can be apphed to both capiliary and packed
columns [7,35] The data given below are those obtained with the new SARD,
unless stated otherwise

Fig. 12 shows a block diagram of an RGC equipped with the new SARD [35],
which was manufactured by Aloka (Mure1, Mitaka, Tokyo, Japan) The seven
gas flow proportional counter tubes (I D, 10 mm; effective length of anode
wire, 128 mm) are arranged 1n the closest packed structure, and placed 1n a 30-
mm-thick cylindrical lead housing The counter tubes are electrically con-
nected by a mutual anti-coincidence circuit

The SARD system can be connected to erther packed glass columns or wide-



154

He
CHy
Oxid -

red
furnace

Gas-flow counters

low meter
4 Dry..—,g1234567

tube
DDE}UDDD Scalers
Mutual anti-
coincidence circurt
i T ]
FID  Celumn Synchro-
oven - accumulater
SARD
Pen Personal
recarder computer
Fig 12 Schematic diagram of RGC system on wide-bore capillary column [35] 1=Injection port

(direct mjection), 2,4 =addition of make-up gas, 3=column effluent sphtter, F =constant-flow
regulator, P =constant-pressure regulator

|

wide-bore
capillary
column

H2 Alr

TABLE 2
COUNTING CONDITIONS
Counting Flow-rate (ml/min) Samphng time High voltage Peak broadening”
condition (s) (kV)
Heluum Methane
A 50 100 4 278 12910064
B 50 150 3 295 113+0037
C 50 250 2 306 11020040
D 50 550 1 320 115610076

“Ratio of the half-width values (seventh counter tube/first counter tube)

bore fused-silica capillary columns The most distinctive feature 1s that the RT
1s variable between 7 x 1 and 7 x 4 s by regulating the flow-rate of the counting
gas (methane) Because the plateau characteristics of gas flow proportional
counters vary with the gas composition, the high voltage of the radiodetector
assembly 1s set at the optimum value Table 2 summarizes the measurement
conditions Neither the background counts nor the counting efficiency are af-
fected by the gas composition to a signmificant extent

In the RGC-SARD system, the fraction number, the counts per fraction and
the integral counts are printed simultaneously with the recording of the radio-
chromatogram The radioactive peak intensity can be easily calculated by sub-
tracting the integral counts of the fraction corresponding to the beginning of
the peak from those to the end of the peak
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The usefulness of SARD for RGC 1s largely dependent on how much peak
broadening occurs owing to the prolonged RT of the radioactive components
in the multiple counter tubes This was examined by injecting 150 Bq of
[**C]hexadecane and monitoring the radioactivity simultaneously with the
first and seventh counter tubes of SARD under the conditions A-D 1n Table
2 The peak broadenings judged from the increase in half-width values were
relatively small and approximately constant (1 10-1 15) when the total gas
flow-rate was more than 200 ml/min (under conditions B, C and D) In con-
trast, the value was shightly larger at a total gas flow-rate of 150 ml/min (under
condition A) However, the peak broadenming observed under this condition
does not seem to impede the applicability of SARD, as will be discussed later
(see Figs 14 and 15) An interesting finding was that the peak broademing
accompanied by passing through one counter tube, for example at a total gas
flow-rate of 200 ml/min, could be estimated to be 1 8%, as follows: when the
peak broadening 1s set at x, then (1+x)"=1.13 and x=0 018

[**C ]Hexadecane was 1njected into the RGC-SARD system and the radio-
activity was measured simultaneously by both the conventional methods and
SARD under condition C 1n Table 2. An example of the chromatograms and
reproducibility data are shown in Fig 13 The chromatogram in I 1s the output
signal from the first of the seven counter tubes constituting the SARD system
The chromatogram 1n II 1s the sum of output signals from all seven counter

Conventional SARD
detector 240{)().1
m
I 3a;s21*
{cv, 6 5%) b
_ 6000 (7x10)
E 18000
= | (1o** 2165 = :53
z (cv, 24°)
3
E i
g
0
0 2
120004
2444 £ B4
I (v 34 ¢
£
(70 g
= B € 60001
H 8000 5
-~ Q
3
k= g 4
3
S
o- 0-
0 2 ¢ 2 min

Fig 13 Comparison of chromatogram obtamed with SARD with those from conventional detec-
tion methods [7] Sample ['C]hexadecane,ca 150 Bq » =Counts (mean+S D ), * » =detector
volume (ml) GC column as in Fig 2, 180°C Counting condition, C 1n Table 2
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tubes, and may be considered to result from a single counter tube of volume 70
ml The chromatogram in III 1s the SARD output signal The advantages of
SARD are evident by comparison of the three chromatograms The resolution
1s sacrificed 1n II to give extreme peak broadening. However, the peak width in
11 1s almost 1dentical with that in I As1s shown from the reproducibility data,
the integral intensity 1n ITI 18 comparable to that in II and about seven times
that inI Although the coefficient of variation in I1 1s improved by 1/ ﬁ times
that 1n I, that in III obviously improved even more Whereas the peak inten-
sities 1n I and IT are calculated from the areas which are measured by cutting
and weighing the radioactive peaks, those 1n III are obtained directly from the
chromatograms and the corresponding improvement 1n precision 1s achieved
The above results show that both the maintenance of chromatographic reso-
lution as 1in I and the enhancement of detection sensitivity as in I are reahzed
simultaneously in SARD, whereas choice must be made 1n the conventional
method

4 3 2 Background counts

Reduction of the background counts also contributes to the precise detection
of peaks of low radioactivity An effective low-background detector was de-
signed by Simpson [11], as stated above An attempt was made to develop a
low-background SARD by a mutual anti-coincidence method [34] In the usual
anti-coincidence method, the main counter tube 1s surrounded by the guard
counter tubes, and pulses from the main counter tube (main pulse) are con-
trolled by those from the guard counter tubes (gate pulse), that 1s, the gate
pulse determines whether the main pulse 1s counted or not In the mutual anti-
comncidence method, pulses from each counter tube serve as both main and
gate pulses The background counts in the new SARD were approximately 40
cpm, 1€, 6 cpm per counter tube This value 1s considered to be fairly low
compared with those 1n usual gas flow counter tubes having the same volume
[*H ] Hexadecane 1n an amount from 20 to 180 Bq was injected into the RGC-
SARD system to examine the linearity between the injection radioactivity and
the radioactive peak intensity An excellent linear relationship was found The
amount of radioactivity injected into the RGC 1s normally less than 180 Bq per
component 1n biochemical studies Therefore, the counting loss due to an ac-
cidental coincidence of the radioactive disintegrationsin the detector assembly
was proved to be neglhigible 1n practical samples

4 3 8 Detection limit and accuracy of quantitation

In order to examine the detection limit, a seres of samples containing
[5,6,8,9,11,12,14,15(n)-*H |arachidonic acid ([*H]AA, 7 1 TBq/mmol) of rel-
atively low radioactivity were measured as the methyl ester under condition A
in Table 2 The results are given 1n Fig 14 [36]

Although the detection limit of the conventional method 1s determined more
or less subjectively, that of the present method may be calculated more objec-



157

A B c D E
*a3 23 15 08 BKG
404
(3]
-
b4
™~
: wrlw WJ&
c
=1
<
U Mﬂw
N WW"\ﬂ i, MWV Py
I ™1 F_T—I_"Wﬁ! |—r—1—|—[
2

Fig 14 Detection limits Sample [*H]arachidonic acid (7 1 TBq/mmol) [36] * =Injection ra-
dwactivity (Bq) CBP-1 wide-bore fused-silica capillary column, 12 m X0 53 mm I D |, film thick-
ness 1 yum Column temperature programmed from 210 to 290°C at 20°C/mm BKG =background
Counting condition, A 1 Table 2

tively and treated as a matter of probability For the conventional method the
detection limit 1s usually discussed on the basis of the signal-to-noise ratio (S/
N), and S/N =3 1s usually used as the detection imit The detection limit of
SARD 1s more reasonably discussed on the basis of the total counts of several
successive fractions, not the counts of one fraction, as the radioactivity 1n a
peak appears over several fractions We proposed the following parameters to
define the detection limit for SARD [34] TCSF, =total counts of n successive
fractions, TCSF,, .., = TCSF, n the background region, TCSF, .., =TCSF,
which gives the highest value 1n the region of the peak of interest (corrected
for the background counts) Here n 1s the number of fractions which make
TCSF,, max at least 90% of the total counts of the peak of interest The detec-
tion limit for SARD may be defined as the radioactivaty injected (x Bq) giving
TCSF,, max €xceeding 3(S D. of TCSF,, ;... ) and calculated as follows

3(SD of TCSF, paci) =% X GC peak yield X oxidation-reduction efficiency
X counting efficiency X RT (s) X TCSF,, ,,.,./total counts of the peak

For example, the detection hmit of [*H]AA calculated from this equation was
11Bq (ca 50 fg)

As the radioactive disintegration suffers from a statistical fluctuation, two
probabilities should be considered when discussing the detection himit One 18
the probability («) that TCSF,, ... exceeds the detection limit, giving a false
peak The other 1s the probability (#) that TCSF,, ... of a sample containing
a certain amount of radioactivity 1s below the detection limit, giving no peak
When 3(SD of TCSF, paci ) 18 the detection limut =0 14% The detection
limit calculated above 1s a value that can be characterized as a peak with de-
tection level (100— ) of 50% This detection limit 1s much superior to those
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attained with the same chromatographic resolution {(1e, with an RT of 4 s) 1n
the conventional system However, this 1s not the overestimated value at all,
as shown 1n Fig. 14. *H-Labelling usually gives labelled compounds of an ex-
tremely high specific activity Therefore, the combination of this RGC-SARD
system with the use of *H-labelled compounds as a tracer 1s expected to provide
a powerful technique having a high sensitivity comparable or even superor to
that of selected 10on monitoring in GC-MS

The accuracy of quantitation 1s dependent on the amount of radicactivity
injected The coefficitents of wvamnation when 111 and 118 Bq of
[*H Jandrostenedione were injected were ca 12 and 3%, respectively [35]

4 3 4 Compromuse between chromatographic resolution and detection sensitivity

As mentioned above, the most distinctive feature of the new RGC-SARD
system 18 that a compromise between the chromatographic resolution and de-
tection sensitivity 1s made very easily by regulating the flow-rate of the count-
ing gas [35] The chromatograms obtained under conditions A (sampling time
4s),C (2s) and D (1 s) in Table 2 are shown in Fig 15 With the decrease 1n
sampling time, the peak width of the RAD trace becomes narrow, approaching
to that of the FID trace When detection sensitivity 1s to be preferred, condi-
tion A 1s recommended The RAD traces C and D have substantially the same
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Fig 15 Influence of sampling time on chromatographic resolution [35] Sample [“Clhexadecane,
ca 100 Bq * =Samphng time (s) A, C and D correspond to A, C and D 1n Table 2, respectively
Top, FID trace, bottom, RAD trace GC column as in Fig 14 Column temperature programmed
from 100 to 220°C at 40°C/min
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Fig 16 Radiwo-gas chromatograms produced by capillary RGC-SARD (left) and packed RGC-
SARD (right) [35] Sample 190 Bq of dI-[**C]suprofen-(5)-(— )-1-(1-naphthyl)ethylamne
Counting condition, C 1n Table 2 GC column as m Fig 14 Peaks I=d-suprofen, ll=!-suprofen

chromatographic characteristics as the FID trace Therefore, when high reso-
lution 1s required, condition C should be chosen

An example 1n which the advantages of the new RGC-SARD system on a
capillary column are well realized 1s shown in Fig 16 The sample 1s dl-
[4C ]suprofen-(S)-(— )-1-(1-naphthyl)ethylamine The oven temperatures
were 1dentical 1n both runs shown It can be assumed that the superiority of
the GC peak yields and the precision in the capillary column are due to the
suppression of column adsorption and thermal decomposition of the sub-
stances due to the inertness of the column and the short time required for
analyses [35]

5 APPLICATIONS

RGC 1s a mature technmique, on which many chromatographers formerly
placed high hopes However, today RGC seems to play a subordinate role in
chromatography Only a few papers have been published in which the term
‘radio-gas chromatography’ 1s mentioned Therefore, 1t 1s 1mpossible to write
a comprehensive review about its applications In the following, representative
studies 1n which RGC was used efficiently are mentioned

5 1 Metabolic studies

RGC 1s a useful tool for searching for metabolites originating from a radio-
1sotopically labelled compound 1n a complex matrix Recently, stable isotope
tracer techniques have been enjoying a broad application 1n drug metabolic
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stuches 1n combination with the development of GC-MS [37,38] One of the
weak points of the tracer techniques 1s that stable 1sotopes are ‘silent’ 1sotopes.
Hence RGC 1s expected to become a technique complementary to these newly
developed tracer techmques

2-[4-(2-Thienyl )phenyl |propionic acid (suprofen) 1s a non-steroidal anti-
inflammatory drug Its metabolic pathway was studied by RGC 1n combination
with 1sotope 10n cluster techniques [39]. TLC of the intact urine of rats given
10 mg/kg [2-1*C]suprofen revealed two groups of metabolites: a polar group
{Rr00) and a less polar group (Rz0 4-0 8) A typical radio-gas chromatogram
of the less polar group 1s shown 1n Fig. 17 Three radioactive metabolites with
retention times of 15 (peak I), 3 3 (peak II) and 4 4 min (peak III) marked
with asterisks were observed The less polar group of metabolites obtained
from rat urine after oral dosing with 20 mg/kg of an equimolar mixture of
suprofen and [phenyl-2H, ]suprofen were analysed by GC-MS under the same
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Fig 17 Radio-gas chromatogram of metabohtes of [**C]suprofen (rat urine, as trimethylsilyl
derivatives) [39] Column, 2 mx3 mm ID Glass column packed with 1 5% OV-17, 225°C (Re-
produced with permission )
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conditions as the RGC analysis Mass spectra of peaks corresponding to peaks
I, IT and III showed the expected doublet peaks 4 atomic mass units apart RGC
was helpful in distinguishing metabolites separately from the solvent, deriva-
tizing reagents and biological impurities, and the results were readily applica-
ble to GC-MS techmques.

Another example of a metabolic study using RGC 1s shown 1n Fig 18 A 5-
ng amount of [*H ]6-ketoprostaglandin F,, (58 TBq/mmol) was adminis-
tered intravenously to arat The urine collection from 0 to 8 h was treated with
Sep-Pak C,; and Sep-Pak silica and, after derivatization, the eluate was 1n-
jected into the RGC-SARD system without any further purification [36] The
RAD trace gave the well defined seven radicactive peaks, whereas the FID
trace did not give any information, as predicted The radioactivity of each peak
was calculated from peak counts, RT (7x 4 s) and counting efficiency (65%),
and expressed as a ratio to the radioactivity injected The mass spectra of the
corresponding peaks of the urine of rat administered a large amount of 6-keto-
dinor-7,9,13-prostaglandin F,, (1 0 mg) suggested that peaks 1, 2 and 3 are
dinor-4-keto-7,9,13-trihydroxyprosta-11,12-enoic acid, 6,15-diketo-13,14-d1-
hydroprostaglandin F,, and 6-ketoprostaglandin F,,,, respectively

These results demonstrate the three advantages of the RGC-SARD system
The first 1s that the RAD trace does not suffer from any interference from
endogenous components, which means that RGC analysis requires fewer pre-
purification procedures and that there 1s less decomposition accompanying the
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Fig 18 Radio-gas chromatogram of urinary [*H]8-ketoprostaglandin F,, and 1ts metabolites (as
methyl ester-methyloxime-dimethylisopropylsilyl derivative) Sample ca 310 Bq Counting con-
dition, A 1 Table 2 GC column as in Fig 14 Temperature programme 240°C, held 4 mmn, mn-
creased to 200°C at 3°C/min The broken line indhcates the elevated background level
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purification procedures The second 1s 1ts extremely high sensitivity, which
makes 1t possible to perform a metabolic study 1n vivo with nanogram dosages
The third 1s that the data obtained by this system are much more easily acces-
sible to quantitative analysis A ‘balance sheet’ can be made between the
amounts of each metabolite recorded on the radiochromatogram and amounts
injected, as mentioned above

A few reports 1n which RGC was used methodologically for metabolic stuches
of steroids have been published Lisboaet al [40] investigated the metabolism
of ['*C Jtestosterone 1n the intact rat kidney, using a model in which the ana-
tomical and physiological uninjured kidney was perfused Six labelled metab-
olites were 1solated and identified by over-run TLC and RGC Weber et al
[14] used RGC on capillary columns to detect trace amounts of estrogens and
identified 7ac-hydroxyestradiol-17 8 as a new metabolite of [**C Jestradiol-178
after perfusion of 1solated rat brain

5 2 Chinical applications

Derksetal [25] described an RGC method for the determination of the rate
of production of cortisol by measuring the isotope dilution of urinary cortisol
metabolites Urine samples from eight adult patients who had received 37 kBg
[*H ]cortisol orally were processed and injected into the GC system Butylox-
1me-trimethylsilyl derivatives of tetrahydrocortisol (THCL), allo-THCL and
tetrahydrocortisone (THCE) were trapped separately on a TLC plate and
counted 1n a liquid scintillation counter, as mentioned 1n Section 3 2 The
method was calibrated by determining [*H]THCL and [*H]THCE of known
specific activities The results were reasonably reproducible, the coefficients
of variation ranging from 8 to 15% for allo-THCIL and THCIL. and from 9 to
16% for THCE The correlation coefficients were excellent when the method
was compared with a method involving TLC and spectrophotometry The most
mmportant advantage of RGC over TLC methods 1s that the cortisol metabo-
lites are easily purified and measured 1n only one chromatographic step Fur-
ther, the gas chromatogram shows the pattern of urinary steroid metabolites,
therefore yielding additional information on adrenal cortical function

Herkner et al [41] proposed a unique method for the measurement of an-
drogen 5a-reductase by RGC on capillary columns [3H]Testosterone was in-
cubated with foreskin tissue homogenates The specific radioactivities of 5a-
dihydrotestosterone, 5a-androstane-3¢,178-diol and 5a-androstane-38,17 8-
dio]l were determined by the simultaneous mass and radioactivity analysis of
the steroidal fraction extracted from the incubation mixture Reaction rates
were calculated from the specific radioactivities of these metabolites and the
precursor

Loh et al [42] developed a novel method for the determination of nortrip-
tyline 1n plasma After the nortriptyline had been extracted, 1t was acetylated



163

with [*H ]acetic anhydride and the amount of [*H ]acetylnortriptyline 1n the
extract was determined by RGC. A linear calibration graph resulted from plot-
ting peak areas against human plasma concentrations of nortriptyline ranging
from 3 125 to 50.0 ng/ml. The method 1s more sensitive than TLC and GC
methods that do not employ radioactivity and is capable of assaying 5 ng/ml
nortriptyline in plasma The sensitivity of this radioacetylation method can
probably be increased by using acetic anhydride of higher specific radioactivity.

5 3 Studies of biosynthesis

Mogller [43] skilfully applied RGC for the identification of possible inter-
mediates 1n the biosynthesis of cyanogenic glucosides L-[U-C]tyrosine was
incubated with sorghum ‘high-speed’ pellet suspension 1n an NADPH regen-
erating system Aliquots of incubation mixture were lyophilized to dryness and
then silylated. A silylated standard mixture containing approximately 8 ug of
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Fig 19 Radio-gas chromatogram obtained from an enzymatic experiment with sorghum maicro-
somes fed L- [U-"*C]tyrosine [43] Top, RAD trace, bottom, FID trace Column, 168 cm X 4 mm
ID glass column packed with 3% SP-2250 Temperature programme, 155°C, held 6 min, -
creased at 30°C/min to 175°C, held 15 min (Reproduced with permission )
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each of the potential intermediates was added as a carrier This allows the fast
and accurate visual determination of the superimposability of GC-mass and
radioactivity peaks. An example is shown in Fig 19. The mass peaks represent
solvent front, p-hydroxybenzaldehyde (A), p-hydroxyphenylacetonmtrile (B),
p-hydroxyphenylacetaldoxime (C), tyramine (D), tyrosine (E), p-hydroxy-
phenylpyruvic acid oxime (F), N-hydroxytyrosine (G), p-hydroxyphenylpy-
ruvic acid (H) and tricine (between C and D). The superimposable peaks
representing labelled compounds formed on metabolism of L.- [U-*C ]tyrosine
are marked with the corresponding lower-case letters The method s especially
advantageous 1n the determination of N-hydroxytyrosine, which 1s too un-
stable to be determined by more conventional methods such as TLC or paper
chromatography.

6 CONCLUSIONS

RGC combines the advantages of radioisotope tracer techniques with those
of GC RGC has not received much attention recently as GC has been largely
replaced by HPLC during the last decade. However, RGC with a capillary col-
umn 1s expected to be a powerful tool for metabolic studies of radicisotopically
labelled substances with high specific radioactivity. The SARD radioisotope
detection system presented here makes 1t possible to improve the detection
sensitivity without sacrificing the chromatographic resolution. Further, 1t
should be pointed out that RGC 1s an excellent technique complementary to
stable 1sotope tracer techniques, and 1s expected to undergo a renaissance 1n
the near future

7 SUMMARY

Radio-gas chromatography (RGC) 1s a technique that combines the advan-
tages of radioisotope tracer techniques with those of gas chromatography The
constitution and performance of RGC systems 1n common use are described
The relationships between the chromatographic resolution and detection sen-
sitivity are discussed in a sumplified form Recent developments in RGC sys-
tems during the last decade are reviewed A new detector system, named syn-
chronzed accumulating radioisotope detector, which makes 1t possible to
improve the detection sensitivity without decreasing the chromatographic res-
olution, 1s discussed Applications of RGC in the hfe sciences are briefly
presented
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