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GAS CHROMATOGRAPHIC MEASUREMENT OF HYDROGEN, METHANE, 

AND NEON IN AIR 

SUMMARY .’ 

A gas chromatographic method for methane and hydrogen analysis using a gA 
molecular sieve column and a radio frequency discharge glow detector is described. 
The method allows the detection of o.oo3‘p.p.m. H,, 0.02 p.p.m. CH,, and 0.4 p.p.m. 
Ne in an air sample of 5 cc. With repeated comparison to a standard the accuracy 
for natural concentrations of these gases in the troposphere is rt= 3 %. 

INTRODUCTION 

Hydrogen and methane are present in the atmosphere as trace constituents. 
Earlier measurements’ gave an average H, content in surface air of 0.5 p.p.m. (parts 
per million by volume) ; spectroscopic measurements of CH, gave an atmospheric 
average of I.5 p.p.m .s. .CH4 and presumably also H, are produced at the earth’s sur- 
face mainly from bi.ogenic sources. A significant amount of tropospheric H, could 
also be produced during the destruction of CI-E,, thus coupling the CH, and H, cycles. 
Present estimates give lifetimes df a few years for both gases394 which indicates that 
the main cycle of production and destruction must take place within the troposphere. 
However, small fractions of the gases are mixed into the stratosphere where they are 
eventually oxidized to H,O and CO,. The stratospheric phases of the H, and CH6 
cycles are particularly interesting because they may contribute about 50 oh of the 
water vapor in the upper stratosphere and enter significantly into the water and 
ozone chemistry at these altitudes. 

When the trace gas program was initiated at NCAR in 1964, emphasis was 
placed upon the study of stratospheric H, and CH, concentrations and upon their 
simultaneous measurement. This aim, and the fact that both concentrations are as 
low as 0.2 p.p.m., presented some difficulties. A detection system with extreme 
sensitivity and low contamination was required. Fortunately, the required dynamic 
range was small, since the natural range of the Ha and CH, mixing ratio is narrow. 
The, system finally choscrr was a gas chromatograph with a radio frequency glow 
discharge detector (III; detector). 

l The National Ccntcr for Atmospheric Rcscarch (NCAR) is sponvorccl by the National ScicncB 
Fo~indntion. 
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Gas chromatography (GC) offered the additional advantages of requiring only 
small amounts of air (5 cc per run) and allowing measurement of the neon concentra- 
tion as well. Since Ne is uniformly mixed below 100 km altitude, its measurement I 

can be used to determine whether the sampling procedures are free of fractionation, 
an important aspect of high-altitude sampling. 

Since one run with the gas chromatograph requires about 20 min, the sampling 
rate is one sample in 20 min and there is no advantage in flying a gas chromatograph 
aboard a balloon or aircraft. Samples were collected in evacuated stainless-steel cans 
(with a collection time of about I min) and analyzed in the laboratory. 

The following sections briefly outline the precautions to be taken in the con- 
struction of sample containers and discuss in more detail the GC analysis developed 
to obtain accurate and reliable measurements of atmospheric H, and CH, con- 
centrations. 

MATERIALS AND METHODS 

Sana$?e containers 
Selection of a material and the construction of the sample containers posed 

some problems since most materials give off small amounts of H, and CH,. 
Stainless steel, which has otherwise attractive properties and was finally used, 

first appeared to be a poor choice because it releases copious amounts of H, (ref. 5). 
For example, our standard 4-1 sample container, freshly fabricated and untreated, 
added 0.2 p.p.m. of EL, to the sample of 660 Torr in one week. This corresponds to a 
release rate of 2 x 10~2 H, molecules/cm2 day. A series of experiments showed, 
however, that baking in air at 350” for 24 h effectively suppresses the release of I-E,. 
The formation of an oxide layer at the surface appears to be the responsible mecha- 
nism, because the same baking sequence in vacuum, reduced but did not eliminate the 
release of EL,. It has’been, argued that the thin oxide layer acts as a barrier to the 
diffusion of gas from the bulk material 697. Another explanation might be that the 
oxidized surface prevents the recombination of the H-atoms dissolved in the steel 
and thus prevents the release of H, gas from the surface. 

Fabrication of the stainless-steel containers was relatively simple. Pairs of 
commercially available beakers were welded together. Prior to welding, the inner 
surfaces of the beakers were smoothed and cleaned by electropolishing. The containers 
were then baked in air at 350” for 24 h. Finally the vacuum valves; Whitey valves 
type IVM4 S4, proved to be satisfactory, were fitted to adapters which were welded 
on the top plates. Our standard containers had a volume of 4 1. Table I shows the 
results of repeated measurements of a sample kept in a container for two years with 
no increase in H, concentration. 

Gas chromatografih 
The gas chromatograph was designed to be a simple and rugged instrument,~~~ 

suitable for, field use; Pig. I depicts it schematically. The inlet system consists of a:, 
sample injection valve (7 port model from Mikrotek Instruments) and a 5 cc loop, 
both made of stainless steel. The sample pressure usually 600 Torr, is measured with 
a moo Torr capacitance manometer (MKS Instruments, Inc.), a small-volume 
instrument with an accuracy of 0.1%. The sample temperature (close to 25”) is 
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TABLE I 

RZPLATED ANALYSIS OF A ShMPLI3 OF SURFACE AIR 

The sample has been collected in Boulder, Cola., IQ August IgGg, to check accuracy and rcpro- 
ducibility of the method. 

Dab of YWZ 

19 August 1gGg 
20 August 1969 
14 October xgGg 
22 January 1970 
IG April 1970 
13 July 1970 
I 7 November 1970 
8 April xg7Ih 

IO August 1971" 

0.56 f 0.01 
0.56 & 0.01 
0.56 f 0.01 
O-57 rt: 0.01 
o.gG 4 0.01 
0.55 f 0.02 
o.p5 & 0.01 
O.JG f o-or 
0.59 f 0.01 

Avcva~eo 

0.56 & 0.01 

I.05 f 0.02 
1005 f 0.02 
1.06 & 0.01 
1006 & 0.01 
1.07 * 0.02 
I.OG f 0.01 
I.05 f 0.02 
1.00 f 0.03 
1.06 & 0.02 

I.05 f 0.02 

0 Errors are the mean standard variations from four &ornate comparisons of sample and 
standarcl. 

b In 1971 samples were compared to a different working standard. 
0 Err&s are tlio standard deviations calculatccl from ttie scatter of the individual analyses. 

. . . 
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Fig. I. Schematic arrangcmcnt of the gas chromatograph. The owns housing the column and the 
detector arc outlinocl by d.zshcd boxes. Tho two positi.ons of the sample injection valve are in- 
dicatcd by the full and dashed connections. The sample loop has a 5 cc volume. 
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until four standard runs are completed. This sequence allows determination of the 
tropospheric mixing ratio .of Hz and CH, with an average accuracy of & z y0 relative 
to the standard. The absolute mixing ratios in the sample are then f 3 %, since the 
mixing ratio in the yorking standard is known to =t 2.5 Oh. The relative accuracy 
is illustrated by Table I which shows analyses of the same sample on different dates, 
The errors given for the individual analyses are the mean standard deviations, cal- 
culated from the alternate sample and standard runs. They range between I O/O and 
3 %, averaging z %. The reproducibility of the individual analyses is about 2 y. as 

is seen from the standard deviations for the averages for H, and CH, (0.01 and 0.02 

p.p.m. respectively) given at the bottom of Table I. 

CONCLUSION 

GC provides an accurate and reliable method for routine determination of 
natural concentrations of CH, and H, in the atmosphere. The relatively time-con- 
suming analysis is the only drawback. Omission of one sample and one standard 
run would reduce the time by 40 min at the expense of an error increase of 1.5 times. 
This reduced accuracy is sufficient, since the natural range of mixing ratios in the 
troposphere is 0,2~*1.0 p.p.m, for H, and 0.8-1.6 p.p.m. for CH,. 
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