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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 O, 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 and Grubb Parson’s instruments
respectively and over-estimated by 4.5 ppmv by the UNOR. The measurement of CO,
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 #n 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 1 000 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

1 URAS 2: Hartman and Braun, AG Frankfurt/

Main.
2 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 aireraft 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 as 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 #n 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-
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Fig. 1. Indicated CO, concentration vs. fraction of
O, in the carrier gas: experimental data for URAS
2, Grubb Parson’s SB2 and UNOR 2 NDIR gas
analysers. Varying proportions of Oy and N, com-
prising the carrier gas were produced using either
flowmeters (O) or ‘Wostoff’ gas mixing pumps
(2). The relative response of each analyser to air
from a compressed air cylinder (assumed ~21¢%
Q,) 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 SB2!) and compared with a reference
CO,4/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 O, in the carrier gas is clearly de-
monstrated. We also show the CQ, concentra-

1 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 219% O,) as indicated by each of
the three analysers. The observed differences in
indicated concentration are consistent with
those at comparable O, 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 1 000
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,/N, 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

T

700} URAS
S 800
E
3
5
"
o
@
&

900

1000 ! ool !

-1 °© 0 +1

Indicated CO, relotive 1o surfoce volue (ppm}

Fig. 2. Indicated CO, concentration of an air sample
relative to the 1 000 mb (surface) value vs. pressure;
experimental data are for the URAS 2 (0O) and the
UNOR 2 (O). The mean curves have been drawn
by eye.
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be affected by different pressure (or collision)
broadening effects of O, and N, on the absorp-
tion of the CO, vibrational band (at 4.3 um).
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 CQO,/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 19 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 at 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% O, 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 O, in the
carrier gas varying from 0 to 1009, 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
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Fig. 3. Indicated CO, concentration relative to a
CO,/N, mixture vs. fraction of O, 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), ¢ (UNOR 2), H
(URAS 1) from Bischof (1973) for CO, concentra-
tion 322 ppmv. D, Beckman LB-1 (medical) from
Severinghaus et al. (1961) extrapolated from a CO,
concentration of 1% in O, and N,. @ (URAS (medi-
cal)), I (M.S.A. 300 (medical)) from Hill &
Powell (1968), both extrapolated from a CO, con-
centration of 1% in O, 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 pym) by O, and N,
for a number of gas analysers used in medical
research, covering the CO, concentration range
from 1 to 109,.

In the absence of an appreciable 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 O, and N, in the car-

Tellus XXVII (1975), 1



ERRORS IN ATMOSPHERIC COy CONCENTRATION MEASUREMENTS 65

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% frae-
tion of O,, remainder N,) the response curves
show a range of 10.8 ppmv in the indicated
CO; 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 at zero O, 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 O, 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 i8 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 CO, 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 suitably corrected for), and re-
quiring, in publication, a record of the correc-
tion made and details of the type of analyser
used.
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OIINBKEN B UBMEPEHUAX KOHUEHTPAIITUN ATMOCOPEPHOI'O CO,, BOSHUKAIOIINE
IIPU MCIIOJAb30BAHUMN OTCUETHBIX CMECEN I'A30B, OTINYHBIX 10 COCTABY OT
AHAJU3SHUPYVEMOI'O BO3Y XA

IlpoBeneHs cpaBHeHHA MeMxAy TIOKa3aHUAMH
HeJMCIEPCHMOHHBIX  TasoBEIX  aHAJUB3TOPOB
URAS 2, UNOR 2 u SB2 TI'paG6a Ilapconca
npu naMepennax KoHmenrpanuu CO, B rasoBHIX
cMmecax, cogepmamnx N, n O, B H3MeHALIINXCH
npomopuuAXx. PesyabTaThl moKasHBAWOT, YTO
koHneHtpanuu CO, B BO3gyXe IPH HMCHOIBAO-
BaHUM B KadvecTBe craHmapra cmecu CO,/N,
3aHwxKaloTca Ha 3,7 u 2,3 4acreil Ha MUJIIHOH
no ofpemy (umo) pguasa mnpubopos URAS u
I'pa66a IlapcoHca, cOOTBETCTBEHHO, M B3aBH-
malorca Ha 4,5 umo gaAa UNOR. Mamepenus
roHuenTpauun CO, B Bo3gyXe He MOJBepHKEeHH!
5TOMY BJNAHMIO, €CIM B KayeCTBE CTAHAAPTA
ucnoanayiorca cmecu CO,/Bosayx. Haiineno,

4r0 M3MepeHHble KoHneHTrpauuun CO, B Bo3myXe
OTHOCHUTENIbHO cTaHgapTHo# cmecu CO,/N, 3a-
BHCAT OT OKPY KAION[ET0 XaBIeHUA [JIA aHAIN3A-
TopoB UNOR u URAS. Takum o6pasom, ca-
MOJeTHBHEe WM HaseMHBIe U3MepeHUA Ha 00nb-
KX BBHICOTAX HAX YPOBHEM MOpA HYMKAAIOTCA
B [OMOJHWUTENbHOM KOppeKUUH, UTOGBl UX
MOKHO OBIJIIO CONOCTABUTH € U3MEpPEHUAMIH,
CHEeJIAaHHBIMY OTHOCHTEJIBHO TOH Ke camoll
cmecn CO,/N, npu gasnenuu 1 000 m6. Pesyan-
TaThl AaHAJOTMYHE MOJyYeHHEIM Bumogom (1973)
U UMeIOT Ba)KHOe 3HavyeHHe JJifA WHTepnpeTalun
H3MepeHUN KOHUEHTPAaUUM YIJEeKHCJIOro rasa,
CHEJIAHHBIX HA CTAHIMAX CIeHEeHUA.
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