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SUMSfARY 

The advantages, scope. arLd limitations or” a step-wise technique for concen- 
trating permanent gases, particularly carbon monoxide, up to 2000 times before gas 
chromatographic, spectrophotometric or mass spectrometric dete-rmination are de- 
scribed. Determination of less than 0.01 ppm of carbon monoxide has been can-ied 
out with an error of & 10 od by using &is pre-concentration technique, followed by 
gas chromatography, with catalytic conversion of the carbon monoxide into methane 
before frame ionisation detection. The system used without pre-concentration could 
not detect Iess than 1 ppm of carbon monoxide. 

Increasing awareness of the rzeed for assessment and control of atmospheric 
pollutants has resulted in significant advances in the development and application of 
such instnrmenta! methods zs adsorption and partition chromzto~aphy, mass 

spectrometer fR spectrophotometry, and poiaro~aphy for determining n-aces of 
toxic elements in respirable air. Although such work has often extended the scope 
and possibilities of micro-analysis offered by such conventional methods as iodimetry 
and coforimetty, the Iimitations imposed by instrr;mental noise restricts the useful 
range of instruments. In order to determine gaseous pollutants In amounts much 
lower than is possible by the methods enumerated above, concentration of the sample 
to bring the toxic cocstituents EO determinabfe Ievels map be necessary, and various 
techniques have been suggested for this purposel-‘. 

GENZRAL TECHh’EQUE OF COKCENTRATION 

Concentration is normalfy carried out by fra&oEation at sub-ambient Lem- 
peramre or ae ambient te_mpera.cure without use of aq sorbent, or by sefective ad- 
sorption-desorption of tEe desired constituents GIN a suitatIe sclven’rccaced scr- 
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bent. The remined constituenEs zre srrbsequently desorbed or evaporated at a conve- 

niently elevated temperature for detection and detemirration by any suit&k method. 

As the initial volume of sample is often large, high e&iency in stripping the sample 

of its desired constiEuents is rareIy achieved in ordinary fractionation unless very long 
cooling coils are used. Adsorption (adsorption and solution) methods, on the other 

hand_ have high mass-transfer eficiency because of the large interacting surfaces of 

sorbznts, 2nd 2 tube filled with conveniently selected materials can be used to con- 
centrate the desired constituents; sometimes, the chram2to,mphic column itself can 

be used for this pm-poseL”. 

The maximum sample volume th at can be dr2wn through 2 concentration 

tube for quantitative retention of any constituenE may be calculated fr-r;m the resuIts 
of 2 frontal-ulalysis experiment in which the e$$?uenE from the adsorption tube is 

monitored by a suit2ble detectorll. Glueckauf’s Ereatment’“, involving graphical 

integration of the breakthrough curve, also provides a useful method for determining 
the maximum volume that may be retained. Cropper and Kaminskyj arrived 2t 

simGar figures for a small absorption tube designed to concentrate 2 sample con- 

taining various indzstria! poliutants by assuming an approximately Gaussian distribu- 
tion towards the oatlet of the tube. 

Z0cch3~ determined hydrocarbons at the sub-micro level by uscingCarbou_ax 

20X OQ alumina (M-60 mesh) as gas-liquid partition packings at fiquid-oxyge;en tem- 

perzture (- fS3”). Lower hydrocarbons present 2s pollutants have also been efficiently 

concentrated by usin g dimethylsulfolan on C-22 fire-brick maintained at ice-water 

tem?eraturel, by various traps of the adsorbent and gas4iquld partition types’, by a 

column of active carbon5 and by PTFE powder coated with Apiezon L6. En ail these 

me&ads, separation and estimation were efi‘ected by gas chromatography (GC), with 
various types of ionisation detecrors. Cropper and Kaminsky’s exhaustive treatment 
of the concentration technique’ related to both the adso@on and gas-liquid partition 
type of trap &yes details on the theory and practice involved in the technique. 

LaHue el~1.’ estimated 300 ppb of atmospheric nitrous oxide by a concentra- 
tion technique with a molecular sieve 5A tr2p and a thermal-conductivity detector. 

The literature on the concentr&ion of permanent gases in n2Eure is small, al- 
though traces of nitrogen in cylinder argon have been determined by ConcenEration 

of a 24itre semp!e on the molecular sieve 5A column of a GC unit, followed by sub- 
sequent elurion with argon 2nd measurement by thermal-conductivity detectionz*:. The 

method, however, is hardly’suitable for other than binary mixtures, is applicable only 
in certdn ranges, 2nd is likely to exhibit taiiing problems when large vo!umes of 

sample are used. Pre-concentration of, e.g., carbon monoxide, argon, nitrogen, 
msthane or oxygen is cii&u!E because of the high retention volume of the normal 

permanent-gls constiments of the air from which they are to be concentrated. 

By using an ordinary concentration technique with molecular sieve 5A as trap 
material, even with mercury suction only 43 7; ofthe total poflut2nt could be recovered 
when the adsorption tempe rature was kept at - 18 + 2” 2nd subseqrrent desorption 

was at 80”. Ehztion of the gas with cxrier gas resulted in such an increase in the 

vol-lme of the concemrated gas that more than Z&Fold concentrztion could not be 
achieved. 
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A single permanent gas, carbon monoxide, of considerable importance in view 
of its high toxicity was selected for studying desorption characteristics r-f the sorbed 
gas at various desorption temperatures. 

Siffgfe-stage cmcenrmrion 
Accurately prepared carban monoxide samples were first dried by passage 

through two traps containing cakirrm chloride and phosphorus pentaxide and then 
freed from carbon dioxide by passage through a Carbosorb tilbe: it was then passed 
to a U-tube containing 5 g of molecular sieve 5A f-60 to +72 B.S.S.) and placed 
in a Dewar &sk containing ice and salt (temperature - 19”); the traps were evacuated 
before introduction of the gas to permit assessment of the exact volume passed through 
the tube for concentration. The adsorbed gas was subsequently desorbed at 100” and 
eluted by the carrier gas (argon)_ The samples were periodically analysed with a 
Panchromatograph (Pye Unicam, Cambridge, Great Britain) with a IS-m mofecular 
sieve 5A column and a Aame ionisation detector preceded by a hydrogenation 
cataf yst. 

Figs. I-3 show how the carbon monoxide was distributed in the volume 
elated; although the recovery was tOO’A, the single-stage method used achieved a 
concentration factor of a&y about 20. 

The assembly used for two-stage concentration is shown in Fig. 4. A sample 
containing less tharr 1 ppm of carbon monoxide was prepared azd Ied through the 
flow-meter to traps for the removal of moisture 2nd carbon dioxide. The moisture- 
free gas was ‘&en passed at I20 ml/min through a U-tube (the first stage) containing 

Elutec! vc:ume, rcl 

Fig. f. Distribution of carbon monoxide in the efuted _w for a 
IO ppm; desorption temperature 50’. 

concentration in the mzin sampie Of 
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Fig. 2. Distribution of carbon monoxide in tbe eluted g-a for a concemration in &&e m&n szapk 
of 9.3 ppm; &sorption temperarure 80”. 

Fig. 3. D&rib&ion of csrb~n monoxide in the eMed gzs for 2 cmxentration in the m2if smple 

of 3.3 ppm; desorption tempemt~~e 80”. 

5 g of moiecd~ar sieve 5-4 t&at had beeen activated at 258” and was kept at -is 3 2” 
in 2~ ice-~2% mixture, the exit ~2s being passed to the atmosphere. The Dewar ffask 
was then replaced by 2 boiling-water bath, 2nd the desorbed carbon morroxide (2nd 

air) was Eed through another U-tube (the second stage) containing 0.20 g of mofecuIar 
sieve 5% that E2d been zctivated 2nd was kept at - 18 & 2” rrs before. Cylinder ni- 
‘Roget gas (50 mi; free from czbon monoxide) was then Rushed through the first- 
stage CLt&e vi2 stopcock 4 (7 T g. 4) to purge this tube. By turning stopcocks 6 and 

C-wrier gas 

Fig. 4. System for two-stzge corxentration of c&bon morwxide. I = Bow-meter; 2 = c&iurn chio- 
tidetrap;3 = Carbosorb Ezp; 4,6 a2d s = three-wzy aJFoc!G (r-type); 5 = first-stage trap (5 g 
of mokcufzr sieve 5.4); 7 = second-stage rnp (0.2 g of xmo!~u&r sievzj; 8 2nd 10 = stopcccks of 

t:~p+z shorn in the irsm. 
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8, after the freezing mixture has been replaced by a boiling-water baih, the airier 
gas was allowed to elute the desorbed and concentrated carbon monotide to the GC 
column containing mofecuIar sieue. After separation, the carbon monoxide was cata- 
lytically hydrogenated to methane by a nick& camlyst betu;een the coIumn and the 
detector. For the deter_mination, the GC cohmn was operated at 50”, the carrier gas 
(argon) fiow-rate was 60 mI/mfn, the detector current was IO-’ A, and a Honcyweff 
I-ruV strip-&art recorder was used. 

RESULTS AND DfSCUSSEON 

The results of anafysing seven samples of air containing diKerent concenira- 
tions of carbon monoxide are given in Table I; cylinder nitrogen was tested by the 
method and found to contain no carbon monoxide. Atmospheric- air around the 
Iaboratory building was found ta contain 0.049 ppm of carbon monoxide. 

The retention of carbon monoxide OR molecular sieve is appreciably affected 
by the presence of moisture, and it is therefore imperative thoroughly to dry the sam- 
pte before introducing it into the trap. Although it is not shown in Fig. 4, a short 
cofumn filled with phosphorus pento.tide should be incfuded between the calcium 
chloride and Carbosorb traps. 

In our ear!l experiments, the total volume of ,oas retained was about I0 ml 

TABLE 1 

ANALYSIS OF AIR SAMPLES FOR CARBON MONOXIDE 

Total Total vohme Caffcearrarrbn (ppmj of CD in Rem&s 
v&me of of eked 2~s 

ran&e after final Cancentra:ed Prepared Prepared 
_pwed cofJectian (mfj sample sampie satxp fe 
l4 (CC value} (caku~aredj (a>rectea~ 

-- 
3.500 16.75 33.1 G.123 0.15 Sample ditu:ed with 

air from outside the 
Iaboratory 

49900 ie-xxl 10.43 0.05cl 0.010 SampIe was diluted 
wi& air drawn 
through Hopcafite, 
fused C&l2 and !?,C$ 

5950 i8.79 15.66 - 0.050 SampIe of air cotkctti 
at CMRS and not 
anzlysed otkerwise 

5050 18.89 I!.27 O.Gl3 Ml42 Samp!e dihted with 
cyiinder nitrogen 

so 18.43 7.32 0.030 a.035 Sample diIuted wi<h 
Hoporlite-cieansed air 

8aoo IS.12 2.9E O.OLS cma Sample diluted x&h 
cyfinder nitrogen 

SW3 18_00 0.0 - 0.0 SampIe of cyhder 
r&rfJgerr 

so00 -* *t - - 0.033 

* The ccncentrated sample was fed direct& to the GC column. 
** The sample (30 at& containing It ppm of CO) was diiuted ta 10 Iitres; cakuiated CO con- 

~ntration, 0.X ppm. 
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(efuted in a volume of 16-18 mf) and smzl sample volumes were apptied ts the GC 
coEumn: by suitibfe choke of the amounts of adsorbent in the two stages, it was 
possible to Iin& the volume to 1 3-2 mE, so that, with I litre of tir sample, a concen- 
tration fictor of 500 ciln be atmined. In such an instance, the sample can be directly 
eluted to the GC column with carrier gas. 

The ksr-smge trip, with its accessories, c2n be convenientty accommodated 
In a compacr box, 2nd samples up tL - I litre in vohme can be collected 2nd brought 
to the iaborator~ before transferring the adsorbed gas to the second-stage trap 2nd 
Sn2~~to~~ech,rom2to~2ph.Wlth2co~vention2fGCunit,usingc2~l~~c hydrogena- 
tion 2nd Same ionisation detection, the lower limit of determination is 0.5 ppm; with 
tiiio-stage concentration, this limit can be extended to 0.001 ppm. 

The GC unit, with a hydrogen &me ionisatio~ detector and the zvaiiable 
amphfication system, had a detecting Limit of 0.25 ppm at the highest amplification. 
This was ascertained from a number of readings for which the average observed devia- 
tion was &I division; the carbon monoxide content of the sample fed to the GC unit 
averaged 2.9 ppm for *&e Iowest reported concentration. With 2 E division of +0.25 
ppm deviation, the accuracy for very low concentration has been found to be iO.002 
ppm. By taking a larger original sampie 2nd using rhree-smge concentration, the 
detection limit may be extended to still lower concentntions. 

CONCLUSiON 

As weit zs being useful for the reliab!e monitoring of permanent pokbnts in 
the atmosphere, the step-wise concentration technique described oEers possibihties 
for the early detection of sporrtaneous combustion, for studying the distribution of 
carbon monoxide in the upper atmosphere, and for poltu’tint-cycle studies uver oceans. 
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