KERNFORSCHUNGSANLAGE JULICH GmbH

Institut fiir Chemie
Institut 3: Atmospharische Chemie

VERTICAL PROFILES
OF TRACE GASES AT
MID-LATITUDES

by

A. Volz, U. Schmidt, J. Rudolph,
D.H. Ehhalt, F.J. Johnen, and A. Khedim

Jil- 1742 //

Oktober 1981
ISSN 0366-0885




NIEDER-
LANDE

ROERMOND

& £ g o
"
, 1
77 W | == I
Z z — i
- | REMSCHEID ||
4 7 o Y
P\ &7
b = o
e (3 o

&’ HEINSBERG

- BERGISCH
AN GLADBACH
NL ; : Vis
- A 4 OLPE
HEERLEN % = ===
<
\)
)
W o
£ - o
z i
%ﬂ ke ,’, 3 A
PV B 3 !
ESCHWEILER >, 'n‘ljnsu N
(/) STOLBERG 5 ,,_:_\\
SiEG- )
& BURG :,
=——==Autobahn Motorway |
LUTTICH SES== Autobahn im Bau Motorway in Construction |
=—— Bundesstrafie Main Road =3 ‘\
Sck k Main Rallway Line =) \\
————— Mebenstrecka Branch-Line ‘% o
ELGEN R @ ruorsen s T
. .‘-‘ Kernforschungsaniage Juelich Muclear Research =\ FRANK
\ J W Hilich Centre =N

Als Manuskript gedruckt

Berichte der Kernforschungsanlage Jiilich — Nr. 1742
Institut fiir Chemie, Institut 3: Atmosphérische Chemie Jiil - 1742

Zu beziehen durch: ZENTRALBIBLIOTHEK der Kernforschungsaniage Jiilich GmbH
Postfach 1913 D-5170 Jiilich (Bundesrepublik Deutschland)
Telefon: 02461/610- Telex: 833556 kfa d



VERTICAL PROFILES
OF TRACE GASES AT
MID-LATITUDES

by

A. Volz, U. Schmidt, J. Rudolph,
D.H. Ehhalt, F.J. Johnen, and A. Khedim






VERTICAL PROFILES OF TRACE GASES AT MID-LATITUDES
by

A. Veolz, U. Schmidt, J. Rudolph, D.H. Ehhalt,
F.J. Johnen, and A. Khedim

Summarz:

This report compiles gas-chromatographic measurements of the’
vertical profiles of the trace gases Hz, co, COz, N20, CF Clz,_
CFCl,, CH,Cl, CH,, C,Hg, C,Hg, and C,H, performed at the
KFA-JUlich on samples collected in the stratosphere and tropo-
sphere at midlatitudes (43° N - 51° N} during a jecint project
between the MPI fiilr Aeronomie, Lindau, FRG, the MPI filir Chemie,
Mainz, FRG, and the KFA-J{ilich (Institut flir Chemie 3), as

well as from a cooperation between the National Center of Atmo-
spheric Research (NCAR), Boulder, Colorado, USA and the KFA -
Jilich.
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These data have been discussed in various publications by various
authors (see below). However, the pictorial format in which the
data are usually presented does not allow to extract the precise
concentrations. For this purpose, our data are here compiled in
form of tables. They give only the measurements performed at the
KFA-Jlilich, together with a discussion of theexperimental tech-
niques employed and their uncertainties.



Experimental:

Sampling:

The stratospheric whole air samples were collected cryogenically
on a balloon. Liquid Ne at a temperature of 30 K served as a
coolant. The cryogenic samplers used are described elsewhere 
[1, 2]. In general, the samples were collected during the

slow decent of the balloon (50 m/min). During two fligths in 
1979, some samples were also collected during ascent. This pro-
vided useful information on possible effects of contamination
from the balloon or the package itself,

The cryogenic samplers had been tested for fractionation during
the sampling process, as well as for changes in the trace gas
concentrations during storage. Within the experimental precision
no such changes nor fractionation could be detected. For CO,
however, further tests showed, that it could be either producé&}
or destroyed within the stainless steel inlet line (length ~ |
6 m}) if high concentrations of 05 as they occur in the strato-
sphere are present. Therefore, in 1978 the inlet line was
changed to an acid treated copper tube and eventually in 1979,
silver wool was used in the inlet line in order to destroy the
ozone. Although preflight tests showed, that the production of
{0 in the sampler was virtually reduced to zero by this pro-
cedure, further extended tests have +o prove if the samples
collected in 1979 really represent the true stratospheric CO
mixing ratio. It was also shown in the laboratory that neither
the presence of O, nor the changes in the inlet had any effect
on the concentrations of the other trace gases measured. For’
the non methane hydrocarbons the respective tests have not bééhfﬁ
performed yet. However, at least the saturated hydrocarbons |

are expectaed to show a chemical stability very similar to that
observed for CH,. |



s

- additional grab samples were collected in 2 1 stainless steel
‘eylinders aboard an ailrcraft to extend the profiles to lower
~altitudes.

_Sample storage:

' After the flight, the stratospheric samples were aliguoted into
_'stainless steel eylinders of 0.5 1 velume. These cylinders had
“been baked at 400 °C under vacuum as well as in an 0, atmosphere
for a one week period in order to prevent outgassing of CO and
_H,. After baking, the cylinder walls were passivated with moist,
~c¢lean synthetic air. After this treatment, all trace gases

- could be stored without noticeable changes in their concentra-
 ftions for several months except for a minoy but still obser-
ffvabie contamination for CO and H,, which increased in concen-

. tration by ~ 0~20 ppb per month, The usual storage time, how-

T ever, was only between one day and two weeks.

In addition, comparative measurements were performed whenever
 _possible on the original samples in the cryogenic sampler itself
prior to aliquotting. In general, no systematic deviations were
' observed between these and the measurements performed on the
 }aliquots.

Analyses:

 The"trace gas measurements were performed by gas—chfomatagraphy.
‘In table 1 the different methods emploved are summarized to-

gether with information about sensitivity and uncertainty.

 Séparaticn of the different compounds was performed by gas-
solid chromatography (GS8C), since solid absorbents like mole~
~cular sieve or the various types of silica gel used have

‘extremely low vapor presgsures sven at elevated femperatures



] . oo Creyeo-n) | oo ag o) o L
51+ % 270+ qdd g Q14 jare tyjuhs BRI T-T N B U %o
_ - "y (A 2L e o
% 01 + %€+ 3dd 1 {2, OvE =1) ¥ G SH (3. 051 03 oo~ €949
p Y T ubnouyz 0
5 4 L e+ 1dd 1 033 | pargrand) | -uboad -dwsy) [ og-7 <19%49
45 ¥ 3¢ ¥ qdd g °N 7 Lisedod 0%
1dd 0z-0T 1a¥Ho
(0 24 = 1 5
1dd 0§-02 }e BABLS HOD
+ + % 6666766 | -ogqueg/its
% 01 ¥ % G + 1dd g1-¢ ard K (2, 69 ©°3 06 -043ydg uo Bu€y
*abouad -dwsjy) *ouosadd)
1dd g-7 Lisodayds L2-1 4%
§ S SW pue
_ _ azipeoadoy
% G o+ %z + gdd ¢ [{-le3®3-1N) ubnouyy (3, 021} 03
_ - patjrdand
35 * %1 ¥ “qdd ¢ 14 |dare “ysuhs § G SW lw -2 (R
B _ (3, 001)
%5 + %z + qdd oz a1 oK ¥ G Su g °H
(o 1 +) (z = N/S) (aaniesadwsy )
Aoeansoe (o 1 ¥) 3wy seb {eraagew (diS)
p3jemLysa uoLstoauad | uoiyonagap A0138%18p Aatdaen umn{on | 9z1s a|dwes seh adedy

sashieue mmm.wumgp stydesbojewosydr-seh ayz 404 sa2zaweded [edt1h|euy

-1 914}




‘and thus can be thoroughly purified by baking. Hence outgassing
‘or bleeding, which could deteriorate the sensitivity of the
-detectors, is reduced to a minimum,.

‘The various detectors used were:

- Flame Tonization Detector (FID) for the hydrocarbons,-CH3Cl,
CO and CO,. After separation on the column, CO and C02 were
converted to CH, by using H, on a hot (350 OC) Ni-catalyst
‘prior to entering the FID.

'~ Electron Capture Detector (ECD) at a temperature of 340 °c
for Nzo, CF2C12, and CFClB.

"= Helium Ionization Detector (HID) for hydrogen.

"All the carrier- and auxiliary gases used were of high purity
or research grade and were further purified with hopcalite and

molecular sieve traps if necessary.

féample indection was performed through a stainless steel vacuum
‘line equipped with a Valco gas-sampling valve (5 ml sample loops)
fand a Setra pressure transducer. For the non methane hydrocar-
“bons (NMHC) about 1-2 1 (STP) of the samples were preconcentra-
fted at 77 X on a precolumn containing Spherosil and Carbosieve
{151,

Calibration:

TFof:quantitatiéé'analysis, the samples were compared to external
 standards, which consisted of large samples of tropospheric air

“stored under high pressure in stainless steel cylinders equipped
}with all stainless steel valves. For CO, COZ’ and the NMHC,

mixtures in synthetic air were used for standards.



The external standards were repeatedly compared to calibratiocn
mixtures, which were prepared each time by static dilution of

the pure gases with 'zero-air' in a calibrated stainless ste81 
vacuum line. From the repeated calibration, no significant .
changes of the trace gas concentrations in the external stand—
ards could be detected, with the exception of CO. :

During 1976 the CO concentration in the standard was found to
decrease by a few percent per month. The problem was solved. ..

by storing the mixture in a 'Spectra Seal' aluminium cylindéfQ

our N20 concentrations reported in the publications [2-8] had.
been measured against a laboratory standard which was later -
found to be 7 % too high. The values given here are pr0perly 
corrected. They correspond to a tropospheric N,0 mixing ratio
of 314 + 10 ppb. From several comparisons of our standards
with other laboratories it was shown, that there is general
agreement within + 5 % or better (c.f. [91).

The CO, standard was compared to the Scripps Manometric'séaleV;
at the Institute of Meteorology, University of Frankfurt, FRG,
in 1976. Later comparisons with the Scripps Institute for
Oceanography indicated that there might be a small change in
our CO, standard over the time period of four years. However; i
the Observed discrepancy of 3 ppm could also be attributed to -
changes of the COZ concegtration in the comparison samples |
during shipping and stordge. On this basis the absolute
accuracy for our C02 measurements is conservatively estimaﬁéaf

to be 3 ppm. Further comparisons are in progress.

aAltitude data:

The altitudes given in tables 2~12 give the altitude interval -
over which each sample was collected. They are based on
pressure measurements provided by the CNES during the flights'

employing two different Rosemont pressure transducers for high.



-

and low pressures, respectively. The transducers were cali-
“brated prior to and after each flight. Geometric altitudes
‘were then calculated from the pressures by using temperature
fprofiles according to the U.S,. Stanaard'Atmosphere. Due to the
-accuracy quoted for the Rosemont transducers (0.2 mbar) and
‘the uncertainty of the actual temperature profile, the accuracy
. for the corresponding altitudes is about 1 km. The altitudes
for the two flights over Canada (table 13 and 14) were provided
by NCAR and have the same accuracy.

.Résults:

‘The final results of the gas-chromatographic measurements from
13 balloon flights together with the data from suppeorting air-
craft flights are listed in tables 2~14.

A total of 11 flights were performed in the period from Sep-
tember 1976 to November 1979 over Southern France (43-44°N)
during a joint stratospheric sampling program of the MPI for
‘Aeronomy, Lindau, the MPI for Chemistry, Mainz, and the KFa
‘Jilich {Inst. for Atmospheric Chemistry}. These data have been
discussed in detail in various publications [2-8, 10~131.
‘Aliquots of samples collected during two flights launched in
August 1977 and 1978 over Canada (51°8) weré provided by NCAR,.
EThey have been discussed in [10, 13, 147].

Jiﬁ'tables 2=-14, only the final results from the measurements
fpefformed at the KFA are reported. They were corrected for
EChanges in calibration (e.q. NzO), and might, therefore, deviate
$lightly from the data given in earlier publications. In addi-
fticn these data which are likely to be contaminated and thus may
not represent the real atmospheric concentrations are guoted in
‘brackets {e.g. all stratospheric CO measurements, samples collec-
‘ted during ascend or float, and samples with too small amounts
‘6of air collected). They should not be used to calculate average
‘profiles or for interpretational studies. The uncertainties given
with the concentrations reflect the precision of the analyses.

‘The estimated accuracy cf the calibration is listed in table 1.
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