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ABSTRACT 

Comparisons have been made between the URAS 2, UNOR 2 and Grubb Parson’s 
SB2 non-dispersive infra-red gas analysers, involving the measurement of CO, con- 
centration in gas mixtures containing N, and 0, in varying proportions. The results 
imply that the CO, concentration in air when using CO,/N, mixtures as references, is 
under-estimated by 3.7 and 2.3 ppmv for the URAS end Grubb Parson’s instruments 
respectively and over-estimated by 4.5 ppmv by the UNOR. The measurement of Co t  
concentration in air is not affected if CO,/air mixtures are used as references. The in- 
dicated CO, concentration of air relative to a CO,/N, reference mixture is found to 
depend on ambient pressure for both the UNOR and URAS analysers. Thus aircraft 
or high altitude in. situ measurements need an additional correction, to be comparable 
with measurements made relative to the same CO,/N, reference mixtures at  a standard 
(near sea-level) pressure of 1000 mb. The results are similar to those obtained by 
Bischof (1973) and have important implications on the interpretation of carbon di- 
oxide concentration measurements made at  monitoring stations. 

Introduction 

For more than a decade now, the Scripps 
Institute of Oceanography has provided ref- 
erence gas mixtures of CO, in N, for the cal- 
ibration of “working” gas mixtures used in 
the various atmospheric CO, monitoring pro- 
grammes. The CO, concentration of the ref- 
erence mixtures have been determined by a 
manometric technique (C.D. Keeling, unpub- 
lished report). 

Recently the authors commenced an  at- 
mospheric CO, monitoring programme aimed at 
providing data for the mid-latitudes of the 
Southern Hemisphere (Pearman & Garratt, 
1973). Early measurements were made with a 
URAS 2 non-dispersive infrared (NDIR) gas 
analyser,’ whilst since July 1972 we have ad- 
ditionally used a UNOR 2 analyser., The CO, 
measurements were made differentially with 
respect to the reference CO,/N, mixtures. Both 

URAS 2: Hartman and Braun, AG Frankfurt/ 
Main. 

* UNOR 2: H. Maihak, AG. 2000 Hamburg 39. 

instruments were found to give identical CO, 
concentration differences when two CO,/N, 
mixtures were compared. However, when the 
CO, concentration of an  air sample was meas- 
ured relative to a reference CO,/N, mixture, 
the UNOR 2 analyser gave a consistently higher 
(indicated) concentration of approximately 8 
parts per million by volume (ppmv). 

The UNOR 2 analyser was also operated in 
an aircraft up to a height of 3 km during a 
number of field experiments over S.E. Australia. 
Calibration of the analyser (viz. to determine the 
analyser output in millivolts per ppmv of CO, 
difference between measuring and reference cell) 
was necessary a s  both the sensitivity and dif- 
ferential zero of the analyser changed with al- 
titude (or pressure). Air samples in flasks ob- 
tained simultaneously with the in situ measure- 
ments were analysed on the URAS 2 in the 
laboratory at surface pressure. Comparison of 
the two sets of data showed a relative variation 
of 2 ppmv in indicated CO, concentration for 
the UNOR 2, as pressure varied between sur- 

Tellus XXVII (1975), 1 



ERRORS IN ATMOSPHERIC C02 CONCENTRATION MEASUREMENTS 63 

300 310 320 
Indicoled CO, Ippm) 

Fig. 1 .  Indicated CO, concentration vs. fraction of 
0, in the carrier gas: experimental data for URAS 
2, Grubb Parson's SB2 and UNOR 2 NDIR gaa 
analysers. Varying proportions of 0, and N, com- 
prising the carrier gas were produced using either 
flowmetera ( 0 )  or 'Wostoff' gas mixing pumps 
( A ) .  The relative response of each analyser to air 
from a compressed air cylinder (assumed - 21 % 
0,) is also shown. 

face (1010 mb approximately) and 3 km 
(about 700 mb). 

These results stimulated the work described 
in this paper. It is by no means complete, re- 
quiring further refined measurements using ad- 
ditional analysers 

Method 

To investigate the effects of the carrier gas 
on indicated CO, concentration, mixtures of 
0, and N, with a constant CO, mixing ratio of 
approximately 310 ppmv were passed through 
the measuring cell of each of the three gas ana- 
lysers available (UNOR 2, URAS 2 and Grubb 
Parson's SB2l) and compared with a reference 
CO,/N, mixture passed through the compari- 
son (or reference) cell. Each analyser was cali- 
brated before each measurement by compari- 
son of two reference CO*/N, mixtures. The re- 
sults are shown in Fig. 1, where the relative 
response of the three analysers to a varying 
fraction of 0, in the carrier gas is clearly de- 
monstrated. We also show the CO, concentra- 

Grubb Parson's SB2: Grubb Parsons, Walker- 
gate, Newcastle-Upon-Tyne 6. 
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tion of air in a compressed air cylinder (ap- 
proximately 21% 0,) aa indicated by each of 
the three analysers. The observed differences in 
indicated concentration are consistent with 
those a t  comparable 0, ratios shown by the 
other experimental results. 

To investigate the effect of ambient pres- 
sure, URAS and UNOR analysers were operated 
in a large decompression chamber at  a num- 
ber of pressures intermediate between 1000 
and 700 mb, equivalent to a change in altitude 
from near-surface to 3 km. For each pressure, 
the two analysers were calibrated and then 
measurements made of the CO, concentration 
in air (from a compressed air cylinder) relative 
to a CO,/Ns reference mixture. The results are 
shown in Fig. 2, for both analysers, and indi- 
cate a near linear relation between CO, and 
pressure change over the range considered. 

Discussion 

The differential measurement of CO, con- 
centration by NDIR gas analysers appears to 
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Fig. 2. Indicated CO, concentration of an air sample 
relative to the 1 000 mb (surface) value vs. pressure; 
experimental date are for the URAS 2 ( 0 )  and the 
UNOR 2 (0 ) .  The mean curves have been drawn 
by eye. 
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be affected by different pressure (or collision) 
broadening effects of 0, and N, on the absorp- 
tion of the CO, vibrational band (at 4.3 pm). 
The absorption is thus sensitive to the ambient 
pressure as well as the O,/N, proportion. The 
problem arises only when the sample mixture 
differs from the reference mixture in carrier 
gas composition, and thus use of CO,/air ref- 
erence mixtures does not affect the measure- 
ment of CO, concentration in air. In the context 
of the space and time variations of CO, con- 
centration in the atmosphere such effects have 
until recently been unappreciated. Fig. 2 indi- 
cates the effect of pressure (for the UNOR and 
URAS analysers) on the indicated CO, con- 
centration of an air sample relative to a refer- 
ence CO,/N, mixture. Thus normal synoptic 
fluctuations in surface (sealevel) pressure, of 
order 1% or less, give less than 0.2 ppmv and 
0.1 ppmv variation in a measurement made 
with the UNOR and URAS respectively. These 
are close to the limit of resolution for a dif- 
ferential measurement on both analysers and 
are therefore not significant. In situ measure- 
ments made in aircraft or a t  high altitude sta- 
tions would however require appropriate cor- 
rection, depending on the analyser used, for 
comparison with sea-level measurements. Thus 
each analyser would require a correction curve 
similar to those shown in Fig. 2. 

Bischof (1973) has also investigated the ef- 
fect of carrier gas composition (using N, and 
0,) on the indicated CO, concentration. He 
tested 3 analysers commonly used to measure 
CO, concentration in the range 300-350 ppmv 
viz. a URAS 1, UNOR 2 and UNOR 5B, but 
with a CO,/air reference mixture in the refer- 
ence cell (the use of a CO,/N, mixture was 
preferred by the authors). However, the effect 
on the observed CO, concentration for any one 
analyser due to a change in the carrier gas 
composition from 100% N, to 100% 0, barely 
depends upon the composition of the reference 
mixture (so long as it is maintained constant- 
see Fig. 2, Bischof, 1973). His results are shown 
in Fig. 3, together with our own curves taken 
from Fig. 1. For the proportion of 0, in the 
carrier gas varying from 0 to loo%, he found a 
linear response for the URAS analyser and a 
non-linear response for the two UNOR ana- 
lysers. 

No other published work on the effect of the 
carrier gas on the indicated CO, concentration 

R e l o l ~ v e  COz Concentrotlon ( p p m l  

Fig. 3. Indicated CO, concentration relative to a 
CO,/N, mixture vs. fraction of 0, in the carrier gas: 
mean curves for a number of commercial NDIR gas 
analysers. A (UNOR 2), E (Grubb Parson’s SB2), 
F (URAS 2) from Fig. 1 for CO, concentrations 
-310 ppmv. B (UNOR 5B), C (UNOR 2), H 
(URAS 1) from Bischof (1973) for CO, concentra- 
tion 322 ppmv. D, Beokman LB-1 (medical) from 
Severinghaus et al. (1961) extrapolated from a CO, 
concentration of 1 % in 0, and N,. Q (URAS (medi- 
cal)), I (M.S.A. 300 (medical)) from Hill & 
Powell (1968), both extrapolated from a CO, con- 
centration of 1 % in 0, and N,. 

is known, for concentrations in the range re- 
levant to the problem of atmospheric CO, 
monitoring. However, work has been published 
on the effect of the pressure broadening of the 
CO, absorption band (4.3 pm) by 0, and N, 
for a number of gas analysers used in medical 
research, covering the CO, concentration range 
from 1 to 10%. 

In the absence of an apfweciable effect of 
the CO, concentration upon the pressure broad- 
ening we have tentatively extrapolated these 
results to the case of a 0.03 % CO, concentration. 

The results of Severinghaus et al. (1961), 
who used Beckmann “Spinco” LB-1 analysers 
are shown in Fig. 3, the response being linear 
and about half the effect “reported by previous 
investigators” (Severinghaus et al., 1961). 

Hill & Powell (1968) presented experimental 
data for two types of medical analyser-a 
URAS (model not given) and a M.S.A. 300; 
their results are also shown in Fig. 3. 

In  general Fig. 3 demonstrates a remarkably 
wide variation in the response of the analysers 
investigated (indicated CO, concentration) due 
to varying proportions of 0, and N, in the car- 
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rier gas. They cover the main types of NDIR 
gas analysers used in the various global CO, 
monitoring programmes except for the Applied 
Physics instrument used by the Scripps Insti- 
tute. For the analysis of CO, in air (21 % frac- 
tion of 0,, remainder N,) the response curves 
show a range of 10.8 ppmv in the indicated 
COX concentration; excluding the UNOR ana- 
lysers, the range is 2.9 ppmv. The implication 
of Fig. 3 is that the analysis of an air sample 
(using CO, in N, as reference) leads to an over- 
estimate of the CO, concentration for the UNOR 
analysers and an underestimate for all of the 
others. Thus for any one analyser the true CO, 
concentration of an air sample is given by the 
intersect of the response curve a t  zero 0, con- 
centration. 

The range in the under-estimate of nearly 3 
ppmv (1.9 ppmv for the Beckmann to 4.8 
ppmv for the M.S.A.) is of the same order as 
the large-scale latitudinal and vertical varia- 
tions occurring in the troposphere (Bolin & 
Keeling, 1963; Bischof & Bolin, 1965; Pearman 
& Garratt, 1973), and may have influenced 
interpretation of the small differences in CO, 
concentration reported between the various 
monitoring locations in the global network (e.g. 
Bolin & Keeling, 1963). This is difficult to assess 
because of lack of information on the types of 
analyser used; in addition there is the possi- 
bility of differences occurring even between 
analysers of the same make and model (see 
Fig. 3, for instance). 

The magnitude of the pressure broadening 
effect of 0, and N, is determined for any one 
analyser (even from the same manufacturer) 
by its design and filters (Severinghaus et al., 
1961). Most analysers operate on a system of 
two parallel detection chambers (sample and 
reference cells) and these types tend to give 
positive slopes in Fig. 3. The UNOR analysers 
operate with the two detector chambers in 
series and these show negative slopes. Hill & 
Power (1968) have found that the pressure 
broadening effect is also dependent on the 
partial pressure of CO, in the detection chamber 
(if a mixture is used) or the total pressure if 
pure CO, is used. 

What is urgently needed is the experimental 
determination of the carrier gas effect on the 
indicated GO, concentration for each analyser 
used in the various monitoring programmes (e.g. 
see Figs. 1 and 3). This would have to be repeat- 
ed at  regular intervals for each analyser when 
used over a period of many years. Such measure- 
ments have been commenced (in addition to 
our own) by the Swedish (Bischof, 1973) and 
Scripps’ groups (P. Guenther, private commu- 
nication). Only then will data from all stations 
be strictly comparable (assuming that any alti- 
tude effect is also suitablycorrected for), and re- 
quiring, in publication, a record of the correc- 
tion made and details of the type of analyser 
used. 

REFERENCES 

Bischof, W. 1973. The influence of the carrier gas 
on the infrared gas analysis of atmospheric CO,. 
Report AC-26. Institute of Meteorology, Univer- 
sity of Stockholm, pp. 9. 

Bischof, W. & Bolin, B. 1965. Space and time 
variations of the CO, content of the troposphere 
and lower stratosphere. Tellus 18, 155-159. 

Bolin, B. & Keeling, C. D. 1963. Large-scale at- 
mospheric mixing as deduced from the seasonal 
and meridional variations of carbon dioxide. J .  
Geophy.9. Res. 68 (13), 3900-3920. 

Hill, D. W. & Powell, T. 1968. Non-dispersive in- 
frared gas analysis in science, medicine and in- 
dustry. Adam Hilger, London. 

Pearman, G. I. & Garratt, J. R. 1973. Space and 
time variations of tropospheric carbon dioxide 
in the southern hemisphere. Tellus 25, 309-311. 

Severinghaus, J. W., Larson, C. P. & Eger, E. I. 
1961. Correction factors for infrared carbon di- 
oxide pressure broadening by nitrogen, nitrous 
oxide and cyclopropane. Anesthesiology 22, 429- 
432. 

Tellus XXVII (1975), 1 
5 - 743881 



66 G .  I. PEARMAN AND J. R.  GARRATT 

OILIBEICLI B kl3MEPEHMFIX HOHqEHTPAIJMB ATMOCQEPHOI'O CO,, B 0 3 H B H A I O ~ M E  
nPM kICIlOJIb30BAHBM OTCqETHbIX CMECEn I'A30B, OTJIIIYHbIX no COCTABY OT 

AHAJIB3BPYEMOI'O B03QYXA 

n p O B e A e H M  C p a B H e H I I R  M e m A y  I IOKa3aHkiRMH 
HeAACIIepCAOHHbIX r a 3 0 B b I X  a H a J I A 3 a T O p O B  

I I p A  I l 3 M e p e H H R X  K O H q e H T P a q H H  co, B f a 3 O B b I X  

I IpOI IOpqI lRX.  P e 3 y J I b T a T b I  IIOKa3bIBaH)T,  4TO 
K O H q e H T p a q H H  co, B B 0 3 A y X e  I I p H  MCIIOJIb30- 
B a H l l H  B KaYeCTBe  C T a H A a p T a  CMeCII CO,/N, 

no o 6 3 e ~ y  (4MO) ~ J I R  11p1160pOB URAS A 
I'pa66a n a p C O H C a ,  COOTBeTCTBeHHO, A 3 a B b I -  
W a l o T c R  H a  4,5 q M o  AJIR UNOR. B s ~ e p e ~ a ~  
KOHqeHTpaL(MM CO, B BO3Aj'Xe H e  I I O A B e p X e H M  
3TOMy BJIHRHMH), eCJIM B KaYeCTBe  C T a H A a p T a  
ACIIOJIb3YloTCR CMeCA C O e / B 0 3 A Y X .  H a Z t A e H o ,  

URAS 2, UNOR 2 II SB2 I'pa66a napcoma 

c M e c R x ,  c o ~ e p m a q ~ x  N, II 0, B ~ a ~ e ~ s l o ~ q a x c a  

~ ~ H I I ~ ~ ~ T C R  H a  3,7 M 2,3 YacTeZt  H a  MHJIJIIIOH 

' IT0  H 3 M e p e H H b I e  K O H q e H T p a q I I H  co, B B 0 3 A Y X e  
OTHOCATeJIbHO CTaHHaPTHOf i  CMeCA CO,/N, 38- 
BHCRT OT o H p y m a m I q e r o  A a s n e H w i  HJIH a ~ a n m a -  
T O ~ O B  UNOR M URAS. TaKElM 06pa30~ ,  ca- 
MOJIeTHbIe BJIM H a 3 e M H b I e  I I 3 M e p e H M R  H a  60nb- 
IIIIIX BbICOTaX H a g  y p O B H e M  M O P E  HYXCAaloTCFI 
B AOIIOJIHIITeJIbHO& K O p p e K ~ A A ,  YTO6bI IIX 
MOmHO 6 ~ n o  COIIOCTaBIlTb C A3MepeHMHMH,  
CAeJIaHHbIMM OTHOCIITeJIbHO TOB me CaMOfi  

TaTbI  a H a J I O r H 4 H b I  IIOJIyYeHHbIM EEiIIIO@OM (1973) 
c M e m  CO,/N, n p ~  A a s n e H H t r  1000 w6. Pesynb- 

A m e m  B a m H o e  s ~ a s e ~ ~ e  ~ J I R  R H T e p n p e T a q m i  
~ a ~ e p e ~ n Z t  K O H ~ ~ H T ~ ~ ~ I I I I  yrnemcnoro ra3a, 
CAeJIaHHbIX H a  C T a H q H R X  CJIeH(eHAR. 
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