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Preface

The Ny-Alesund Seminar Series was conceived by NySMAC (Ny-Alesund Science
Managers Committee) as a means of bringing together research scientists involved
in programmes running at Ny Alesund or having an interest in that area. The first
Seminar was held in Potsdam, Germany, in May 1995, and included talks which
covered all current research disciplines; physical, atmospheric, earth and biological
sciences. The Second Seminar was devoted to biological Science and particularly to
ecology. It was held in Cambridge in UK in February 1996. The subject of the Third
Seminar, held in Kjeller, Norway, April 1997 was atmospheric research in Ny-
Alesund.

The Fourth Seminar, The Arctic and Global Change - Multidisciplinary approach and
international efforts at Ny-Alesund, Svalbard, is organised in Ravello, Italy in March
1998. The main purpose of this seminar is to present and discuss the relationships
between various scientific fields in the Arctic, for example atmospheric and marine
science, biology and biodiversity, climatology, glaciology, geophysics and geodesy. A
second main objective is to discuss making the observations at Ny-Alesund available

for comparative studies involving data acquired from other locations and in modelling
studies.

Global change research can be carried out more effectively in the polar areas than in
most other regions of the Earth. This is due to the remoteness of the polar areas, and
their relatively low levels of human impacts. Nevertheless, these regions, and the
Arctic in particular, may undergo severe environmental modification due to pollutants
in the atmosphere and in the oceans, which are transported from the sub-arctic
regions, and due to uncontrolled human exploitation.

With its extreme northern location, good infrastructure and accessibility, the
international scientific station at Ny-Alesund represents a unique opportunity to

promote co-operation between research programmes related to the study of global
* change. Some national programmes have been operating for many years and other
nations are developing new arctic research programmes. We believe that a discussion
of the results obtained until now will contribute to identify advantages and
possibilities to establish new international joint ventures in Ny-Alesund.

On behalf of the organizing committee:

Ruggero Casacchia National Research Council (CNR), Italy
Hera Koutsileos Ny-Alesund LSF, Norwegian Polar Institute
Elisabeth Stoltz Larsen - Marit R. Pettersen

Ny-Alesund Science Managers Committee (NySMAC), Norwegian Polar Institute

Mariella Morbidoni National Research Council (CNR), Italy
Pier Domenico Petrelli National Research Council (CNR), Italy
Rosamaria Salvatori National Research Council (CNR), Italy
Roberto Sparapani National Research Council (CNR), Italy
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PHYSICO-CHEMICAL PROPERTIES OF AEROSOLS COLLECTED IN POLAR
ATMOSPHERE

L Allegrini', H. J. Beine’, A. Tanniello’, R. Hillamo®, P. Masia, R. Sparapani'

'CNR, Istituto Inquinamento Atmosferico, Monterotondo S. (Roma), Italy
*Norwegian Institute for Air Research, Kjeller, Norway
3Finnish Meteorological Institute, Helsinky, Finland

Abstract. Measurements of several species in gas phase and in particulate matter
were collected at Ny-Alesund, Svalbard Islands, in Spring 1997. Aerosol data were obtained
for coarse particles, fine particles and nitrogen and sulphur containing species which are
adsorbed on coarse and fine particles. In addition, size distribution of the major species were
also determined by means of a low pressure impactor. Chemical properties of particulate
matter are presented with a special emphasis to the components which are adsorbed and which
can be released into the atmosphere. These species, such as nitrous acid, are able to alter the
oxidising properties of the atmosphere

Introduction

Aerosols in polar troposphere are becoming very important because of the role
which they play in the definition of the physical and chemical properties of the troposphere.
Radiative transfer and the presence of species relevant for the protection of environment are
just trivial examples. Unfortunately, the characterisation of arctic aerosols is far to be
satisfactory since it requires accurate, sensitive and reliable analytical methods which need to
be employed in severe or extreme environments. In fact, the species present on particulate
matter in remote sites have extremely low concentrations so that most of the analytical
methods which have been developed and employed for their measurement are not very suitable
for use in polar regions.

Recently, the use of annular denuders (Diffusion denuders), which allows the
precise and accurate measurement of several species in aerosol phase with a sensitivity level
approaching few tens of nanograms per cubic meter, was found to be a major step toward the
measurement of arctic airbome particles, especially for inorganic components. In fact, the
aerosols can be easily separated by the components in gas phase, avoiding the mutual
interference which, in most cases, prevent the practical use of aerosol oriented analytical
techniques. The use of this technique in Antarctica provided new and interesting information
about the occurrence of nitrogen and sulphur containing species and about their size
distribution. However, data obtained in Antarctica did not cover an extensive set of species and
are far to be complete.

In this paper we are reporting the first extensive set of data related to
measurements of particulate matter and gas phase components ever collected in polar sites and
are demonstrating the great potential of the denuder technique toward the solution of
important scientific issues relevant to studies of the aerosols in polar troposphere.

Experimental

Sampling was carried out at Zeppelin Station near Ny-Alesund, Svalbard Islands
(78°54'29" N, 11°52'53" E, 474 m. a.s.1.) for a duration of 24 and 12 hours from May 27th to
June 12th, 1997.
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The sampling train consists of a combination of annular denuders and filter pack.
Air passes through two denuders coated with Sodium Fluoride where strong acids (HCI and
HNO3) are collected, and through two Sodium carbonate coated denuders where weak acids,
including HNO2 and SO2 are collected. After the alkaline denuders, air passes through a citric
acid coated denuder which removes ammonia in gas phase. The sampling flow rate (12 L/min)
ensure collection efficiencies for those gas-phase components very close to 98%. After the
denuders, the air passes through a Cyclone having a cut off of 2.5 um where coarse particles
are removed and through another sodium carbonate denuders which collects weak acids
desorbed from the material collected on the cyclone. Then air is filtered in a filter pack. This
included a 47-om Teflon filter for the collection of particles, a Nylon filter for the collection of
nitric acid and hydrochloric acid evaporated from the front filter and two sodium carbonate-
glycerol impregnated paper filter (Whatman 41) for the collection_of nitrous acid and sulphur
dioxide released from particles. Therefore, the sampling train gives the concentration of almost
all the species responsible for acid deposition with a very high analytical sensitivity and free
from mutual interferences.

Denuder lines were sampled by means of an electronic sampler which ensure high
precision and accuracy while the lines were accommodated in a properly box at controlled
temperature. After sampling all the denuders, cyclones and filters were extracted with
appropriate aqueous solutions and their ionic content analysed by ion chromatography.
Analysis was carried out as soon as possible after extraction. When this was not possible
samples were stored at 4°C. The detection limit for most of the species of interest was within
few tens of pg/m’. Quality assurance in the sampling line was carried out through a parallel line
which was intended for the collection of nitrogen dioxide and Nitrogen (V) containing
compounds (F. De Santis et al., 1996). Since the second line also included the same cyclone-
filter pack configuration, it was possible to compare the aerosol content of the two sampling
lines.

Aerosols were also collected on a low pressure impactor operating at 12 L/min.
The impactor is characterised by 12 impaction stages from 0.035 to 15 um After sampling, the
impaction surfaces were analysed using the same procedures used for the filters.

Parallel measurements were carried out during the campaign. They were mainly
concerned with automatic measurements with a chemiluminescence NOx analyser, ozone and
meteorological parameters. During the campaign, it was possible to identify periods
characterised by Southerly flows and periods with Northerly flows with different concentration
of species. In addition, an event of tropospheric ozone depletion was also observed.

Results and discussion

The Denuder/Filter pack and impactor data obtained during the campaign were
very high, so that a comprehensive presentation will require time and space which may be
provided only by splitting the data into several individual papers. However, a general
presentation might be attempted taking into account for the information that the technique is
able to provide in the scientific issues related to global change.

Size distribution: Size distribution of Sulphates and Nitrates is not very different
from those observed in other polar sites. Two modes for sulphates are observed located at 0.3-
0.4 pm and at 8-9 um respectively. A third mode at 0.05 pm, observed in Mediterranean sites
and assigned to photochemically produced sulphates was not evidenced. Nitrate yields a very
distinct mode at 4 p indicating a surface distribution on particles caused by the interaction of
sea salt chloride with nitrogen containing reactive gases (NO2 and HNO3). Very little nitrate
was found in the low size region due to irreversible losses of nitrate in the impactor body (R.
Hillamo ef al., 1995). This result is consistent with that found in Antarctica. Results from
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Sodium and Chloride indicate that coarse sulphate particles are from marine spray. The
comparison between fine and coarse particles measured in the impactor and in the denuder line
was found very similar for sulphates. Nitrates show a much higher content in the denuder line.
The agreement of the sulphate measurements in the impactor and in the denuder line is a
further indication of the data quality assurance.

The size distribution of ammonium is consistent with that of sulphates indicating
that the sulphate aerosol in the fine particle region is mainly composed of sulphuric acid or
ammonium bisulphate (P. Masia et al., 1997).
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Figure 1. Nitrites measured at Ny-Alesund by means of Annular Denuders/Filter Pack. A:
Gas-Phase nitrous acid, B: Nitrous Acid desorbed by fine particulate matter, C: Nitrous acid
desorbed by coarse particles.

Adsorbed species: As said before, the sampling line allows the measurement of
acidic gas adsorbed in the coarse particles fraction. Sulphates and Nitrites being the most
abundant species found after the cyclone. The sources of this species is largely unknown. Since
most of the coarse particles are from sea-spray, it is possible that its alkaline properties are
responsible for the irreversible absorption of strong acids (as nitric acid) and for the reversible
absorption of weak acids such as sulphur dioxide and nitrous acid. It is remarkable that the
amount of sulphur found in adsorbed phase is of the same order of magnitude of that found in
gas phase or in the fine particle region. This result may be important for the calculation of
sulphur budget.

The presence of nitrites on coarse particulate matter is also extremely important. In
fact, desorption of nitrites gives out nitrous acid which is rapidly photolysed to NO and OH
radicals. This mechanism may be responsible for the long range transport of NOx into polar
regions, thus contributing to changes into the oxidising capacity of the atmosphere. The
amount of nitrites on coarse particles is relatively high and the source for its formation is
possibly the heterogeneous reaction between nitrogen dioxide and water. This reaction,

13




evidenced in urban areas where the amount of nitrogen dioxide is very high, also yields nitric
acid which may partly explain the occurrence of nitrate ions in the high particle size range.

Fine particles: Measurements of fine particles by means of the combination
Denuders/Filter pack, are very accurate because reactive gases and coarse particles are
removed before the filter. Fine particles are composed, as said before, of sulphates which are
present as sulphuric acid or as ammonium bisulphate. Nitrates are also present although most
of them are found in the back-up nylon filter. The source of evaporated particulate is not
known. The hypothesis that it is from ammonium nitrate evaporated from the filter is not
supported by any evidence. However, if the pH of particulate is very low, it is possible the
formation of NO2+ ions which are in equﬂibﬁum with gas phase nitric acid (Shao-Meng Li,
1994). The origin of nitrates in particulate matter is still matter of i investigation and will be the
subject of a specific campaign which needs to be carried out in the near future.

Nitrites also were found as released species from particulate matter and, in several
instance, they were also evidenced in particulate collected in the first fromt filter. The
observation that nitrites are in particulate phase is not new. The source for nitrites in
particulate matter may by ascribed to the direct dissolution of nitrous acid into acidic particles
giving nitrosonium (NO+) ions or to the heterogeneous reaction of nitrogen dioxide on acid
particles. At increasing pH, the nitrosonium ion may retro dissociate to yield nitrous acid. This
mechanism does not require the addition of any alkaline material, since the trivial addition of
water, do to increased humidity conditions, may cause the desorption of Nitrous acid. It is
remarkable the observation that the amount of nitrous acid associated to particulate matter is
similar, and very often higher, of the nitrous acid available in gas phase, even though the
radiation intensity was high. In conclusion, as a function of the physico-chemical evolution of
particulate matter, it is possible to postulate the injection of nitrous acid in the polar
environment, thereby affecting the oxidising properties of polar troposphere (I. Allegrini et al.,
1997). A more detailed study about the equilibrium between sulphuric acid, nitric acid and
nitrous acid is strongly adviced and additional experimental filed tests may shed some light into
this interesting field. Figure 1 shows some data relevant to nitrites collected on the annular
denuder sampling train.

Conclusions

The combination of a low pressure impactor and a denuder/filter pack sampling
line offers great opportunities to study the physico-chemical properties of particulate matter
with precision, accuracy and reliability. The information gathered from the Ny-Alesund 1997
campaign are extremely useful for the assessment of budgets for sulphur and nitrogen
containing compounds, for the study of the physico-chemical properties of the atmosphere and,
finally, to interpret changes into the oxidising capacity of the atmosphere. Future campaigns
are planned in order to extend the range of compounds which have been measured and for test
in the field hypothesis about the occurrence of species in gas phase and particulate matter
relevant to polar atmospheric chemistry.

References
L. Allegrini, P. Masia, A. Ianniello: “Characterisation of Gas-Phase and Particulate Inorganic
Components Collected at the Svalbard Islands”. Proceedings from the Third NySMAC

meeting “Atmospheric Research in Ny-Alesund” (9-11 April 1997, NILU, Kjeller, Norway),
Poster Session pag. 155.

14



R Hillamo, P. Masia, I. Allegrini, R. Sparapani and M. Montagnoli. "Size distributions of
inorganic ionic compounds in aerosols collected at Svalbard Islands" J Aeros. Sci, 26,
Supp 1, S477 (1995).

P. Masia, 1. Allegrini, A. lanniello. "Occurrence of nitrites on particulate matter collected in

polar troposphere (Ny Alesund, Svalbard Islands)”. Joumal of Aerosol Science, 28 (1997)
S69.

F. De Santis, 1. Allegrini, P. Di Filippo and D. Pasella (1996) "Simultaneous determination of
nitrogen dioxide and peroxyacetyl nitrate in ambient atmosphere by carbon-coated
annular diffusion denuder”. Atmospheric Environment, 30, 2637-2645.

Shao-Meng Li (1994) “Equilibrium of particle nitrite with gas phase HONO: T ropospheric
measurements in the high Arctic during polar sunrise”. J. of Geophys. Res., 99, 469-478.

15



16




A comparison of NO2 measurements in the Arctic

Ivo Allegrini,! Harald J. Beine,2 Antonietta Tanniello,! Roberto Sparapanil

1. C.N.R.- Istituto sull'Inquinamento Atmosferico, Monterotondo Staz. (Roma), Italy.
2. Norwegian Institute for Air Research, Kjeller, Norway.

Abstract. Measurements of NO, were carried out for 10 days during spring 1997 at the
Zeppelin station near Ny-Aalesund using two independent methods; a chemiluminescence and
a denuder system. The concentrations found during this period were between 20 and 100

ng/m3 NO,. The means of all data from the two methods were identical at the 99% confidence
level.

Introduction

Measurements of NO, in the Arctic are rare. The only previous measurements during the
Arctic winter-spring transition were made by Beine et al. [1996] during 1994 using high-

sensitivity chemiluminescence. They reported a mean background NO, mixing ratio of 26
pmol/mol.

Recent advances with carbon denuders [De Santis et al., 1996] have led to the development of
a reliable time averaging technique for NO,. Results from these denuders are here compared
to NO, measurements made with a commercial Cranox system. This system is based on
chemiluminescence, however, detection limits appropriate for the low mixing ratios expected in
the Arctic can only be achieved through time-averaging.

Instrumental

Measurements of NO, were carried out at NILU's atmospheric research station on Zeppelin
mountain, near Ny-Aalesund, Svalbard. In addition to NO,, NILU measures continuously
ozone, meteorology, and other parameters at the Zeppelin station.

Measurements of NO, were made with two independent methods; a.) by NILU as NO
following UV broadband photolysis with a Xe-arc lamp using a chemiluminescence NO-

analyzer (Cranox), and b.) by CNR-IIA as NO, using an annular diffusion denuder system with
an alkaline carbon surface.

The Cranox system is calibrated daily using a 5 ppmv standard, the average sensitivities for NO
and NO, were 220 and 175 counts per second/nmol mol-!, respectively. The 3-c detection
limits for a 12-hour sampling interval were 4 and 6 pmol mol-!. However, NO artifacts of the
same order of magnitude were observed, so that the method detection limit (3-0) is determined
as about 15 pmol/mol for NO,. The Cranox reports results as mixing ratio, for the purpose of
this comparison the data have been converted to ng/m3.
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NO, on the denuder walls yields the nitrite ion, which is analyzed by ion chromato graphy. The
method detection limit is better than 50 pmol/mol. The sampling lines were placed in a
temperature controlled housing, which was operated by a microprocessor controlled automatic
sampler. The accuracy and the precision of the method were assessed as 1-3%, and better than
0.5%, respectively.

Results
Table 1a. Results from the Cranox Table 1b. Results from the
Denuder
sample start DOY end DOY n [hours] NO, [ng/m3] 95% confidence NO; [ng/m3]
Cranox interval [ng/m3] Denuder

1 147.9 148.2 5:30 20.13 20.2 29.85
2 148.5 149.4 18:18 22.41 13.2 27.54
3 1494 149.9 12:00 19.26 17.5 73.91*
4 149.9 150.4 11:55 26.21 17.1 12.20
5 150.5 150.9 22:57 60.73 30.9 60.24
6 151.7 152.4 22:25 36.50 39.6 109.61
7 152.5 153.4 23:02 94.47 64.1 170.92
8 153.4 154.4 23:29 38.27 30.2 36.32
9 1544 154.9 11:55 12.29 15.8 31.53
10 1549 1554 11:55 14.52 14.7 41.53
11 155.4 155.9 12:00 22.26 17.1 31.05
12 155.9 156.4 12:00 60.41 71.3 68.93
13 156.5 156.9 11:00 15.33 16.3 34.98
14 156.9 157.4 12:00 7.06 14.1 32.32

* Sampling problems were encountered with the denuder due to snowstorms.

The relatively wide spread of the data, as expressed in the 95% confidence interval, is not
generated by instrumental uncertainty, but by several short episodes of increased NOx mixing
ratios. These episodes, where NOx spikes up to several 100 pptv's are likely to occur from
local contamination from the small settlement of Ny-Aalesund. Similar events were observed
and documented before [Beine et al., 1996]. Since both methods measure the same airmass,
also the denuders see concentrations that are increased above the true background of NOx in
the Arctic. However, a time averaging method can not assess the spread of the data.

Based on meteorology, two main flow episodes were identified at Zeppelin during our
measurement period; 1.) with southerly flow, starting on May 26, 1997 at 18:55 (DOY
146.79), ending June 1, 1997 at 23:00 (DOY 152.96), and 2.) northerly flow, starting June 1,
at 23:10, ending June 6, 11:00 (DOY 152.97 - 157.46). Thus, samples 1 - 6 were obtained
during southerly flow, the airflow changed during sample 7, and samples 8-14 were collected
during northerly flow. Sample 6 was not included in the comparison, since the Cranox stopped
working during this period.

Table 2. Results during the two flow periods
meanNOjy sd n meanNO, sd  pooled 99% observed

[ng/m3] [ng/m3] variance uncertainty difference
Cranox Denuder
all data (except samples 6 & 7) 26.5 17.6 12 54.4 419 86.0 33.2 27.8
southerly flow (samples 1 - 5) 29.7 175 5 40.7 254 954 31.9 11.0
northerly flow (samples 8 - 14) 243 18.8 7 39.5 13.5 382 18.9 15.2
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Using Theil's non-parametric regression, a linear relationship can be calculated as NO(genuder)
= 25.13 + 0.52 NOy(Cranox) However, table 2 shows the results of a paired t-test; the mean
NO, concentrations measured by the two methods were identical at the 99% level. This is true
for the entire data set, as well as for the two flow periods that were identified.

Conclusion

Results of both methods show NO, concentrations close to the respective detection limits, well
below the respective limits of quantification. Even though there is a systematic difference
between the methods, as expressed in the linear relationship, the results agree on the 99%
confidence level. Individual spikes were seen with the Cranox, and thus an assessment of the
atmosphere's variability at Zeppelin is possible. We are confident that either method, the
denuder and the Cranox, can be used to measure time averages of NO, in the Arctic.

Future campaigns will be carried out to refine the denuder system.
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Italian participation in the ARTIST project

S. Argentini '- R. Santoleri - T. Geogiadis >- M. Colacino *
1) Istituto di Fisica dell’Atmosfera (CNR) - Roma
2) Istituto FISBAT (CNR) - Bologna

In the frame of the EU Program on “Environment and Climate” the Project
ARTIST (Arctic Radiation and Turbulence Interaction Study) has been proposed and
supported by a three years financial grant.

The project, coordinated by A. Wegener Institute (Germany), includes the
following partners: Institute FISBAT (CNR-Italy); Finnish Institute for Marine Research
(Finland); Remote Sensing Consult (Denmark), Istituto di Fisica dell’ Atmosfera (CNR-
Italy); Institute of Atmospheric Physics (GKSS-Germany).

The main objective of the research is twofold: i)“to obtain an improved
understanding of the radiation and thermodynamic interaction of Arctic clouds and sea
ice” and ii) “to derive optimized physical parametrizations for improved models of the
Arctic Climate System”. In order to reach these goals the project is arranged on five
Work packages :

- Arctic field studies:

- Analysis of field data;

- Analysis of satellite data;

- Derivation of parametrizations;
- Process modeling.

Italian research groups are inserted in all the items with exception of the
modeling one. In particular the core of the Arctic field studies is represented by a
experimental survey, that will be carried out during the next spring for a five week period
aimed to collect radiative and meteorological data, both over sea and ground by means
of aircraft and ground based equipment. The survey will give the possibility to realize the
data base necessary i) to analyze the effect of clouds, haze and sea ice on the radiative
fluxes both at ground and in atmosphere and ii) to study the dynamics of the PBL and the
exchange of heat, momentum and water vapor in Arctic. To support the above activities
observations from satellite will be effected both to monitorize the cloudiness and sea ice
over the analyzed area and to evaluate the radiation budget at the air-ground interface.
The aircraft, taking off from Longyearbyen (Svalbard) and Station Nord (Greenland),
will fly over the Arctic ocean in the region, going from 290° long. W to 50° long E and
between 72° and 85° lat N (fig.1).

While aircraft measurements will be effected by German researchers, the ground
based measurements are entrusted all to Italian participants and will be carried out
installing the instrumentation near the Italian Arctic base of Ny-Alesund.

"The measurements by ground equipment foresee two different activities:
the first one concerns the use of an equipped mast to collect data on the turbulent fluxes
in the surface layer and the second one is instead devoted to make measurements by a
Sodar in order to characterize the dynamical and thermal properties of the PBL.

The local flows and consequently the interaction between the different
components of the environmental system are mainly driven by the energy partition at the
surface. This is triggered by the cloud coverage, the synoptic features and the structure
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Figure : Operational regions of the aircraft from the airports at Longyearbyen and Station Nord.
The aircraft can reach any point within the circle and perform additional flight patterns of at least
1-2 hours duration.

and evolution of planetary boundary layer. The parametrisation of surface turbulence
assumes a relevant importance in the energy balance of polar regions, because the
present day formulations obtained in presence of strong atmospheric stability are poorly
accurate. The surface measurements provide important information on the lowest meters
of the atmosphere, while the acoustic remote sensing gives the characteristics of the
atmospheric layer up an height of about 800+1000m.

In addition the determination of some local situations at the surface, by means of
specific case studies, can be extended to a large part of territory utilizing the
measurements obtained contemporary by satellites and aircraft. It could then possible to
define the behavior of the whole system (atmosphere-ground-ocean) on a regional scale.

A radiometric station (Kipp and Zonen mod. CNR1), able to furnish the solar
energy partition into long- and short-wave, and a station (S&T METEOFLUX) based on
the eddy-covariance technique, for the determination of energy fluxes and of local
characteristics of turbulence, will provide to the project:

- the parametrisation of energy fluxes and momentum in the atmospheric surface layer;
- the parametrisation of the surface radiative fluxes.

A specific software will furnish the main aerodynamic characteristics of the flow
such as the three velocity components, the standard deviations, the friction velocity and
the Monin-Obukhov length as well as the covariance of the parameters and their spectra

These stations, especially designed to work in extreme environment (already
utilized in Antarctica at Dome Concordia station in the frame of PNRA campaigns), are
suitable to be utilized as mobile stations and consequently moved during the expernimen:
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in different areas with varying surface characteristics in order to furnish the ground-truth
to the airborne measurements and the link to the surface characteristics for the remote
sensing PBL monitoring.

This one will be carried out by means a triaxial Sodar equipment.

The Sodar ( sound detection and ranging) has been used successfully in the past
to study the Antarctic boundary layer structure and evolution (Argentini et al, 1996,
Gera et al,, 1997, Naithani and Dutta, 1995, Culf, 1989). Although the Sodar is used
primarily to measure the wind speed profiles in the Planetary Boundary Layer (PBL),
data reduction techniques of vertical velocities and variances derived by Sodar have
been proposed and utilized in recent vears to derive surface heat fluxes (Weill et al.
1980. Greenhut and Mastrantonio. 1989, Melas , 1990, Melas, 1993, Casadio et al.,
1996 ). Further the flux parameters ( friction velocity, roughness, Monin-Obukhov
length) may be evaluated by Sodar wind profiles (Giannini et al., 1997).

The site chosen for the ground based experiment within the ARTIST program is
located close to the Italian Arctic station of NY-Alesund in the near proximity of the NE
site of the Svalbard island coast. A Special Observation Period is planned for the period
15 March - 15 April, 1998. A Doppler Sodar and a tethered balloon will be run by the
Italian team simultaneously to aircraft and turbulence instrumentation, which will be
carried on by the other European groups. The Sodar used in this field experiment is
similar to that used in the Antarctic campaigns ( Argentini et al , 1992, Argentini and
Mastrantonio, 1994 ). It is a monostatic three-axis Doppler system with 1.2 m diameter
antennas, emitting three acoustic tones, one for each antenna, at 1750, 2000, and 2250
Hz. The vertical resolution of the system is 27m whereas the 6s pulse repetition
frequency allow the echo recording up to 1000 m. The unit provides the facsimile
recording of the backscattering intensity due to the thermal inhomogeneities of the
atmosphere. The profiles of the radial wind are derived from the Doppler shift of the
acoustic echo. From the radial velocities, with simple trigonometric formulas, the zonal,
the meridian and the vertical velocity are computed ( Mastrantonio et Argentini, 1997 ).
For a short period during the field experiment the Sodar will be used with the three
antennas converging at one point ( around 50 m) to estimate the momentum fluxes.

The air-balloon carrying the tethersonde is shaped to facilitate the orientation
upwind. The tethersonde, suspended about 2 m below the balloon, provides
measurements of pressure, temperature, humidity, wind speed and wind direction every
6s. The wind speed is obtained by a three cup anemometer within an accuracy of 0.5
m/s whereas the direction is measured with a magnetic compass, that relies on the
orientation of the balloon within an accuracy of +5 degrees. An aneroid barometer gives
the pressure to an accuracy of 10Pa; pressure and temperature profile then provide the
altitude at the sensor package above the surface. During the flight the electronics of the
sonde scanned the sensors sequentially and transmitted the raw data to the ground
station. The data are then transferred to the computer and processed to give the profiles
of the potential temperature, the relative humidity, the wind speed and direction. While
the Sodar data will be available continuously, the tethersonde profiles will be taken each
hour and only when the wind speed will not overpass 4-6 m/s. Tethersonde wind profiles
will be used in conjunction with the Sodar data to describe the local circulation during
the flights as well as to evaluate the thermal exchange coefficients for heat during the
experiment.
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All these ground based activities will be completed by the satellite observations,
from which an estimate of the radiation budget at the sea surface will be obtained.

The radiation budget at the sea surface will be evaluated from NOAA/AVHRR-2
accordingly to previously developed methods for METOSAT, GOES and NOAA data.

Because the geostationary satellite provide data only up 75° N we plan to use
measurements of planetary albedo, obtainable from channels 1 and 2 of AVHRR, to
estimate short-wave radiation budget (Gautier et al. 1980, Marullo et al 1987).
Moreover, repeated AVHRR passes will be used to estimate the solar radiation over the
ocean by using information provided by cloud detection algorithm and bulk formulas.
Firstly the radiation budget will be estimate for clear sky conditions only using empirical
formulae available on the market and compared with in situ measurements. Coefficients
of bulk formulae will be eventually newly estimated making regressions against mn sux
direct measurements

The data on the infrared channels of AVHRR will be used to estimate the long-
wave radiation budget (Frouin et al. 1988, Morcrette and Deshamps, 1986) using simple
empirical formulae (Bignami et al., 1995). The estimate can be obtained combining cloud
detection methods, sea surface temperatures and total water content obtainable the
differences in brightness temperature between channels 4 and 5 of AVHRR.

Cloud detection is of major concern for all components. Non cloudy sea pixels
will be individuated applying standard algorithms then new clouds detection algorithms
will be implemented and tested also considering the occurrence of sea ice within the
satellite pixels.

During the Arctic campaign all the available NOAA-AVHRR satellite data,
relative to period of the campaign, will be acquired and processed. The estimate of the
short radiation budget relative to each in situ measurement (ship and aircraft) data will
be made in order to have a sufficient large data set to validate the different satellite
algorithms. This data set could be eventually used for a toning of the coefficients used in
the satellite estimate for clear sky condition.
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Photochemistry in the Arctic Troposphere
Harald J. Beine

Norwegian Institute for Air Research (NILU), Kjeller, Norway

Abstract. NILU measures since 1991 many tropospheric trace species that are relevant in the
photochemical ozone budget, such as 0s, PAN, or VOCs, together with meteorology and
photolytic parameters such as J(NO,) at the Zeppelin mountain station.

The winter-spring transition is the most interesting period for Arctic photochemistry, as light
intensities and temperatures increase and reservoir species such as PAN or alkyl nitrates
decompose. While OH radicals react with VOCs, CO, and methane, in-situ ozone production is

possible. At the same time local halogen chemistry in the Arctic boundary layer can destroy ozone

and can have a profound influence on other trace species.

Introduction

Tropospheric ozone is the main precursor for the OH radical, together these two species
determine the oxidative capacity of the atmosphere. Ozone is furthermore a greenhouse gas and is
in high concentrations toxic to humans. The concentrations of tropospheric ozone are increasing
in high northem latitudes. One of the goals of NILU is to understand the budget of tropospheric

ozone and its precursors at high northern latitudes.

dOs/dt = + horizontal advection + vertical advection * chemistry - deposition [1]

Measurements

At NILU’s atmospheric monitoring station near Ny-Alesund, Svalbard (78°54°42”N,
11°53°30”E, 474 m a.s.]) many trace species are measured continuously, including ozone, peroxy-
acetylnitrate (PAN), volatile organic compounds (VOC), and carbon monoxide. In addition many

species are measured during specific campaigns, so for example various nitrogen oxides.
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Figure 5. Thermal PAN decomposition rate [pmol/mol h™']. 1 pmol/mol h™? decomposing PAN results in 4.9
pmol/mol NOx addition. Median springtime NOx is 26.7 pmol/mol [Beine et al., 1997].

dPAN/dt — dO,/dt

%ﬂ (NO,) [NO, ]~ kyo,0, [NOJ[O;]

In-situ ozone production is small at Zeppelin. During spring 1994 the daytime median value
was 62.4 [pmol/mol h™']. An influence on the ozone budget is not visible at Zeppelin.
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J(NO,) at Ny-Alesund:

Measurements and Model Calculations

Harald J. Beine,! Ame Dahlback,? Jon Bgrre @rbzk’®

1. Norwegian Institute for Air Research (NILU), Kjeller, Norway
2. University of Oslo, Norway
3. Norwegian Polar Institute (NP), Oslo, Norway

Abstract. The photolytic rate constant of NO,, J(INO,), has been determined using two
independent methods at the Ny-Alesund International Arctic Research and Monitoring Facility.
At the Zeppelin mountain station NILU has operated since 1994 a J(NO,) radiometer, and
additionally during 1995/96 a filter UV filter instrument. The results of the latter, together with
UV data measured by NP are used as input in a radiative transfer model using the discrete ordinate
method to calculate J(NO,) rates. In this paper we present the measured quality controlled J(INO,)

timeseries from the radiometer, and compare noon-time values with model results.

Introduction

The photodissociation of NO, by near-ultraviolet radiation plays a key role in the atmosphere.
NO, (X 2A,)+hv (A =280 —420 nm) —®%2 s NO(X IT)+ O (°P) [1]
In the troposphere this reaction supplies odd oxygen, and thus precedes ozone production. This

reaction is kinetically a first order process. The photochemical rate constant of this process,

J(NO,), has units of s”. Summer midlatitude noon-time values are on the order of 102 s™.

Measurements

Accurate measurements of J(NO,) in the atmosphere can be camied out actinometrically,
however, because of the complexity of such measurements errors can occur which might be
difficult to explain [e.g. Lantz et al., 1996]. Since 1994 J(NO,) is measured radiometrically at the

Zeppelin station. The instrument (metcon, Germany) consists of two separate units, each of which
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provides an isotropic response over a solid angle of 27 steradian, facing up and downwards. The
instrument was calibrated yearly against a set of master J(NO,) radiometers [Schultz et al., 1995].
Because solar zenith angles are small in the Arctic, correction factors for angular and spectral

response and temperature were applied to the data. The overall uncertainty is better than 25%.
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Figure 1. Daily noontime J(NO,) rate at Zeppelin for the years 1994 to 1996

From the two independent measurements (up and down) a UV-albedo can be calculated. This
albedo, however, shows a dependence on the zenith angle because the radiometers are not cosine
weighted. It can therefore not be used for radiative transfer calculations. However, since an
albedo value is generated with each J(NO,) measurement, a complete timeseries is created that
reflects ambient factors such as snow and cloud cover. It can be seen from Figure 2 that
snowcover during 1994 lasted until the middle of June, which helps explain the higher J(NO,)

values during spring of that year.
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Figure 2. UV-albedo generated from the JINO,) radiometer

Shortwave albedo is measured by NP using Eppley and Kipp&Zonen pyranometers at their
reserch station in Ny-Alesund. A comparison of 1996 data showed that the two albedos are
linearily correlated.

UV-albedo = 0.242 + 0.653 x albedo, p = 0.000, R* = 0.769. (2]
As stated above, the UV-albedo underestimates the real albedo at high solar zenith angles.

Model calculations

Since 1995 NILU measures UV radiation using a multi channel filter instrument (GUV-541,
Biospherical instruments, U.S.A.). These data are used, together with the albedos determined by
NP, as input to a radiative transfer model using the discrete ordinate solution [Stamnes et al.,
1988; Dahlback and Stamnes, 1991; Dahlback, 1996] to calculate J (NO,) values.

The comparison of the two data sets in Figure 3 shows a J(INO2)modeted/ T (NO2)measurea Slope of
0.884 (p = 0.000, R? = 0.974). This is a good agreement, considering the errors of the various

measurements and the uncertainty in the model calculations.
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Consequences for Arctic photochemistry

During the Arctic winter-spring transition very high J(INO,) values are observed. The maximum
values occur during April and May due to the local snowcover. In-situ ozone production in the

Arctic is-potentially high during that time, but NOx-limited at Svalbard [Beine et al., 1997].
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. On the Comparison of Ozone Measurementes
in the Lower Troposphere

Bojan R. Bojkov and Harald J. Beine
Norwegian Institute for Air Research (NILU), Kjeller, Norway

Hourly surface ozone measurements made since 1991 at the Zeppelin mountain (474
a.m.s.l), Svalbard, using a UV-absorption ozone analyzer are compared to 530 coinciding
homogenized balloon borne electrochemical cell ozonesonde observations from nearby Ny-
Alesund (11 am.s.l). Through this study, we attempt to extend surface ozone measurements
in the pristine environment of the Ny-Alesund International Arctic Research and Monitoring
Facility to the lower troposphere by using in-situ ozone measurements from sondes. The
seasonal characteristics are established within the context to the prevailing meteorological

conditions and the points of origin the airmasses at different altitudes.
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OCCURRENCE OF OXYGENATED VOLATILE ORGANIC COMPOUNDS (0VOC)
IN THE ARCTIC AND ANTARCTIC REGIONS AND THEIR POSSIBLE
RELEVANCE ON OZONE FORMATION

Paolo Ciccioli, Enzo Brancaleoni, Massimiliano Frattoni and Rosanna Mabilia

Istituto sull'Inquinamento Atmosferico del C.N.R., Area della Ricerca di Roma, Via Salaria Km 29.300 - C.P.
10- 00016 Monterotondo Scalo, Roma, Italy

Introduction

Recently GC-MS methods capable of analysing and quantifying polar and non-polar volatile organic
compounds (VOC) in air have been developed and tested (Ciccioli et al., 1992). Analysis performed in urban,
suburban, rural, forest and remote areas showed that more than 300 different components from Cqto Cqp can
be present in the troposphere (Ciccioli et al., 1994). A large number of them is comprised of oxygenated
components. Semi-volatile carbonyl compounds (aldehydes and ketones), free acids, alcohols, methoxy alcohols
and furans were found to be widespread and abundant. These compounds account for a substantial portion (ca.
50% ) of the volatile organic fraction not identified in previous studies carried out in forest areas of the US.. A
critical analysis of tropospheric data shows that sources of oxygenated VOC might be present in the Artcic
and Antarctic regions. Their contribution can be important for local ozone formation

Experimental

VOC compositions and distributions used in this paper were derived from the data base of VOC
created in our Institute. It is based on the analysis of more than 1000 samples collected during
various campaigns carried in different areas. The data base is comprised of a list of more than 300
components grouped according to chemical classes (Ciccioli et al., 1994). Quantitative values are
provided for the following components: linear and cyclic alkanes, alkenes, alkines from Cs to Cyq,all
arenes, linear, cyclic and aromatic aldehydes and ketones from C4 to Cq7, alcohols, metoxy-alcohols
and diols from Cy4 to Cqq, all free acids, all dienes starting from isoprene, all monoterpene and
sesquiterpene compounds, CFC above CFC-11. In the data base are also included other classes such
as furans, esters, ethers, phenols and nitrogen containing compounds. The list also includes some
compounds that can be identified in air but not quantified. The experimental methodology used for
the collection, separation and identification of listed compounds can be found in the technical
literature (Ciccioli et al., 1992; Ciccioli et al., 1993a; Ciccioli et al., 1993b). Urban samples mainly refer to
data collected in Milan, Rome and Taranto located in Northern, Central and Southern Italy, respectively. Data
relative to suburban areas mainly refer to sites located near Rome (Montelibretti) and Madrid (Majadahonda).
Forest values are derived from data collected in sites located in Italy, France, Spain and Germany. Data from
coniferous forest were obtained in the Monti Cimini Park (Viterbo, Italy) and Storkow (Berlin, Germany).
Data from Mediterranean ecosystems were collected in Castelporziano (Rome, Italy), Viols-en-Laval
(Montpellier, France) and Burriana (Valencia, Spain). The ecosystems investigated were comprised of pine-
oak forests, Mediterranean Pseudosteppe, French Maquis, sandy dunes vegetation and orange fields. Samples
were collected during various field campaigns carried out in the time interval ranging between 1988 and 1997.
Rural-forest samples were collected in a station placed in the middle of the Appenini mountains at the same
latitude of the city of Urbino. Remote samples were collected at the Italian station set up by CNR at the foot of
the Everest mountain in Nepal, the NILU station located in the Arctic Region (Svalbard Islands under the
Norwegian administration) and the Antarctic base set up by the Italian government in the Ross Bay.

Results and Discussion

To provide a clear idea of the important role that oxygenated volatile organic compounds (OVOC) can play in
remote areas in general, and particularly in Polar regions, we have compared in Table 1 the percent
composition of the main classes of organic compounds measured in different tropospheric sites. In the same
Table and we have also reported the total amount of organic material that can be detected by GC-MS.

Data reported in this Table show that
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1) The percent composition of arenes rapidly declines from urban to suburban sites. For sites located far from
the emission sources their levels account for a fraction varying from 2 to 10% of the whole organic content.

2) Alkanes follows a trend similar to that of arenes.

3) The percent of olefin compounds drops rapidly down to zero outside the urban areas. Semi-volatile
components survive only in very cold ecosystems like the Antarctic region and the Himalayan plateau.

4)The decline of olefins is mirrored by an increase in the percent composition of oxygenated compounds in air.
Particularly relevant is the increase of carbonyl compounds and free acids.

5) Isoprene is an ubiquitous component of the troposphere. Monoterpenes are detected only in areas located
very close to the emission sources.. The presence of monoterpenes in urban airsheads can be justified by the use
of these components in house-cleaning products.

6) The absolute levels of the organic material in air decrease going from urban to forest-rural areas. However,
levels recorded in remote areas often exceed those measured in vegetation covered areas.

The large differences between rural/forest sites and remote areas highlight the key role played by atmospheric
reactions, heterogeneous removal processes and meteorological conditions in determining the aerometric
levels of VOC in the troposphere.

However the high levels of OVOC measured in the Antarctic and Arctic regions relatively to those found in
suburban, forest-rural and remote sites located in temperate regions cannot be simply explained by
photochemical degradation of anthropogenic components transported over such remote areas. In these
environments removal of organic compounds by chemical and physical processes is, indeed, much smaller than
in other parts of the Earth. Such low reactivity is demonstrated by the persistence in air of large olefins (
such as heptenes and octenes), isoprene and many unsaturated aldehydes and ketones (Ciccioli et al., 1996). It
is more likely, therefore, that the air composition reflects the pattern of local sources of biogenic origin. In
sites characterised by low atmospheric turbulence and reduced mixing height even tiny sources can, indeed,
produce substantial concentrations of VOC in air. Very likely, marine sources are responsible most for the
release of many OVOC in vegetation-free environments.

The occurrence of 6-methyl-5-hepten-2-one (MHO) (Ciccioli et al., 1993c, 1994) in the Ross Bay and Svalbard
samples seems to strongly support this hypothesis as large amounts of this component have been reported in the
remote station of Mauna Loa Observatory (Helmig et al., 1996) located in the middle of the Pacific Ocean.
Similar considerations apply to the aldehyde fraction as the largest portion of it was represented by semi-
volatile components from hexanal to decanal (Ciccioli et al., 1993c, 1994) that were aiso detected in a remote
sites of the Pacific Ocean ( Yokouchi et al., 1990; Helmig et al., 1996).

Very little can be said about the alcohol and free acid fraction because compounds detected might either arise
from photochemical degradation of large molecules or biogenic and anthropogenic emission.

The fact in the Arctic and Antarctic regions OVOC account for a substantial fraction of the semivolatile
organic VOC present in air can be of great importance for local ozone formation because the main components
of the carbonyl fractions (MHO and aldehydes from hexanal to nonanal) can strongly react with OH and NO;
radicals or ozone and photolyse during the polar spring.
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TABLE 1

PERCENT COMPOSITION AND TOTAL AMOUNT OF VOCs DETECTED BY GC-MS IN DIFFERENT
SITES

Site Milan Rome Taranto  Montelibretti Madrid
Country Italy Italy Italy - Italy Spain
Type of site Urban Urban Urban Suburban-rural Suburban
Alkanes 29,7 % 349 % 47,0 % 9,2 % 33,6 %
Alkenes 4,5 6,4 11,9 0,5 84
Arenes 43,7 32,9 34,1 6,0 34,5
Alcohols 6,7 3,1 1,3 3,0 3.8
Aldehydes 4,0 9,0 3,0 38,6 13
Ketones 0,7 24 0,7 6,2 3,5
Free Acids 34 88 14 . 35,2 0,4
Monoterpenes 0,5 0,7 0,0 0,2 0,6
Isoprene 0,1 0,2 0,2 0,2 0,8
Others 6,7 1,5 0,3 1,0 0,1
Total Amount (ug/m3) 490,8 583,5 586 360,5 104,3
Site Castelporziano Castelporziano Viols en Laval Monti Cimini Storkow
Country Italy Italy France Italy Germany
Type of site Forest Forest Forest Forest Forest
Ecosystem Pseudosteppe  Pine-oak Magquis Pine forest Pine forest
forest
Alkanes 11,0 % 8,6 % 3,0 % 12,6 % 12,6 %
Alkenes 0,0 0,0 0,0 8,4 0,2
Arenes 2,6 3,9 6,0 8,7 25,8
Alcohols 4,9 14,2 13,0 1,1 0,0
Aldehydes 20,1 28,1 31,0 47,3 34,5
Ketones 7,7 15,0 21,0 10,2 7.3
Free Acids 48,8 4,5 14,0 0,2 0,0
Monoterpenes 1,3 8,9 4,0 10,0 18,5
Isoprene 2,3 0,6 8,0 1,4 0,6
Others 1,3 16,2 0,0 0,1 0,4
Total Amount (ug/m3) 88,7 95,5 36,0 96,2 91,2
Site Burriana Appennini Svalbard Ross Bay Himalaya
Mountains Islands
Country Spain Italy Norway Antarctica Nepal
Type of site Rural Rural-Forest Remote Remote Remote
Ecosystem Orange field Mixed Arctic Antarctic High elevation
Alkanes 5,0 % 1,6 % 14,9 % 3,3% 18,2 %
Alkenes 0,0 0,0 0,0 1,1 2,2
Arenes 5,0 1,6 5,2 0,5 9,9
Alcohols 3,3 6,4 7,0 9,6 10,5
Aldehydes 24,9 35,2 16,6 30,3 24,5
Ketones 15,8 38,0 6,0 43,1 15,7
Free Acids 26,6 12,8 45,3 9,6 14,0
Monoterpenes 18,3 0,0 0,0 0,0 1,2
Isoprene 0,0 0,2 0,3 0,2 0,2
Others 1,2 2,4 4,8 1,5 1,8
Total Amount (ug/m3) 25,5 34,0 48,3 93,4 126,1
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ABUNDANCES AND SOURCES OF LOW MOLECULAR WEIGHT
HALOCARBONS MEASURED IN THE ARCTIC TROPOSHERE
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Introduction

Production of halocarbons by the chemical industry is now restricted under terms laid out in
the Montreal Protocol and subsequent revisions. Controlled substances include CFCs, halons,
carbon tetrachloride, methyl chloroform, HCFCs, HBFCs and methyl bromide. Long term
monitoring of all such species is therefore important to verify the expected decrease in the

atmospheric halogen burden, and to assess the environmental impact of the new substitute
compounds.

There are also a variety of halocarbons known to be produced biogenically, the most abundant
being CH3Cl. These species provide a significant contribution to the total atmospheric halogen
load and are synthesised predominantly by oceanic biota, fungi, or released during biomass
burning. Detailed information about the sources, sinks, and diurnal, seasonal and annual cycles
for many of these naturally occurring halocarbons is sparse, and high frequency, high precision
measurements are needed to quantify their global atmospheric budgets.

Methodology

From 19" July to 14™ September 1997 tropospheric concentrations of low molecular weight
halocarbons were monitored at the Zeppelin Station, Ny-Alesund. The fully automated
instrumentation consisting of a novel twin ECD gas chromatograph with sample enriching
Adsorption-Desorption System (ADS), enabled halocarbon concentrations at pptv levels to be
determined at hourly intervals. The effluent from the first ECD detector passes into the second
ECD which has enhanced sensitivity due to oxygen doping of the detector make-up gas. The
procedure allows precise quantification of compounds such as CH;Cl, which are poorly
detected by both normal ECDs and mass spectrometry. Compounds determined include
anthropogenic halocarbons, such as the chlorofluorocarbons and halons, (well known for
catalysing the destruction of the ozone layer,) and compounds attributed to biogenic sources,
such as CH;Cl, CH:;Br, CH,Br, and CHBr;, The data collected allows comparison with
atmospheric data obtained on similar campaigns such as at Mace Head Atmospheric Research
Station, Ireland. The data will help to determine the extent of global tropospheric mixing of the
anthropogenic halocarbons and to compare global source strengths of the naturally produced
compounds. Through local meteorological data and wind trajectory analysis the concentrations
of halocarbons observed at Ny-Alesund can be explained in terms of source strengths, for
example comparing air of predominantly European origin with that originating from the Arctic
Ocean. Anthropogenic pollutants can be identified using anthropogenic marker species such as
tetrachloroethene (PCE) and trichloroethene (TCE) which rise significantly during pollution
incidences of European air recorded at Ny-Alesund. Other man-made compounds, such as
CH,Cl, should be correlated with these marker species during pollution events. Species of
predominantly biological origin can be identified by peaks in concentration during baseline
periods - time periods when only clean background Arctic or oceanic air is recorded. These
increases in concentration can often be correlated with wind masses passing over areas of high
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marine biological productivity, such as phytoplankton blooms or coastal areas with large
macroalgae populations.

Observations: o
Comparison of Ny-Alesund Summer 1997 data with data recorded at Mace Head
Atmospheric Research Station, Ireland during Summer 1996.

Although the determination of exact concentrations for some compounds is awaiting further
standardization, and linearity checks on the ECD detector response need to be carried out, the
preliminary concentrations calculated can be used to compare concentrations monitored at Ny-
Alesund with those obtained during the summer of 1996 at Mace Head, Ireland. The halons
monitored at Ny-Alesund show a constant level, with 1301 (CF;Br) at an average
concentration of approximately 2 pptv higher than Mace Head, but with maximums reaching
10.5 pptv at Mace Head compared to only 5 pptv at Ny-Alesund. Methyl chloride shows an
average concentration of 625 pptv at Ny-Alesund, compared to 431 pptv at Mace Head,
however while Mace Head concentration peaks reach 1.43 times the average level, Ny-Alesund
concentration peaks reach only 1.17 times. Methyl bromide average concentrations are
approximately 3 pptv higher at Ny-Alesund than Mace Head, but again with a smaller range at
Ny-Alesund , suggesting the station is located closer to a natural source of this compound or
alternatively concentration of halocarbon pollutants is occurring in the Arctic troposphere.
Very similar average, maximum and minimum values are obtained for the two data sets for
methyl iodide, which supports a natural source for this compound. Dichloromethane shows an
average concentration at Ny-Alesund 84% of that recorded at Mace Head, with much less
variation in concentration. Chloroform shows an average concentration of 14 pptv at both
stations, but with a maximum value of only 21pptv at Ny-Alesund compared to 43 pptv at
Mace Head. Methyl chloroform is a heavily controlled halocarbon, shown by the low %
standard deviation in concentration recorded at Ny-Alesund. CHs;CCl; has an average
concentration of 82.6 + 1.61 pptv at Ny-Alesund compared to 118.96 + 46.2 pptv at Mace
Head.

European sources vs. Local Ny-Alesund sources of ozone depleting substances.

During the two month monitoring period only two major incidences of polluted air reaching
Ny-Alesund were recorded. The first occurred from the 30/8/97 to 2/9/97 and the second from
5/9/97 to 9/9/97. The first incident was due to wind trajectories originating over central Russia
and Eastern Europe. The second event was due to air from Western Europe, particularly
France, Denmark and Scotland. Polychloroethene (PCE) and trichloroethene (TCE) are
excellent markers of anthropogenic pollution incidences and show marked increases in
concentration during these time periods. Earlier in the monitoring time period smaller pollution
incidences can also be identified in the traces of these compounds, showing polluted air from
Eastern Canada and the USA. On 15™ August 1997 the Zeppelin station cable car cable was
reoiled as part of the annual maintenance programme. This caused levels of PCE to rise from
about 1.6 pptv to give a peak of 846 pptv. As a consequence of the introduction of this local
PCE source, the baseline level of PCE rose by about 0.5 ppt, and low wind speeds were
marked by sharp rises in the PCE concentration recorded for the remainder of the monitoring
period.

A trendline placed through the CFC-11 (CFCls) data shows a constant overall level, however
the background level is superimposed with sharp rises in concentration from a background of
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about 280 pptv to a maximum of 352 pptv, a 26% rise coincident with low wind speeds. This
suggests a local source of CFC-11 in Ny-Alesund, either as insulation foam blown with this
chlorofluorocarbon or as a refrigerant. A wind rose showing the correlation of CFC-11

concentration with wind direction shows perfect correspondence of the CFC-11 concentration
peak with the direction of the village.

Biological Production of Halocarbons:
1. Bromoform and Dibromomethane production

Concentrations recorded at Ny-Alesund during the summer of 1997 show a strong correlation
between bromoform and dibromomethane suggesting a common source (R* = 0.771). This
corresponds with similar correlations observed at Mace Head, Ireland. Both plots show a
range of peaks and troughs in concentration occurring outside the two major European

pollution incidences. As Figure 1 shows these have been compared with the 5 day back
trajectories obtained from the Deutscher Wetterdienst.

Fig. 1: Variation of Bromoform and Dibromomethane with time.
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Extended troughs in concentration, such as observed on the 25/7/97 can often either be linked
with air masses passing over the extreme northerly Arctic Ocean, north of Svalbard; short
trajectories indicating low wind speed and therefore a low sea to air flux, or alternatively
trajectories originating from low pressures corresponding to high altitudes. Trajectories
producing peaks in concentration can normally be characterised by one or more of a number of
identifying features:

a) Fast moving trajectories with extended distances covered over the sea, e.g. 9/8/97.

b) Trajectories originating south of the Arctic circle, e.g.26/7/97

¢) Trajectories passing for extended periods over coastal areas e.g. 28/8/97

2. Methyl Iodide production

The methyl iodide concentration observed at the Zeppelin station, shows an overall trend of
declining concentration from July to the end of August. It then show two peaks occurring

approximately coincident with the European pollution incidences. This observation provokes
several explanations:
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a) The European/Russian air transported methyl iodide from an urban/industrial source.

b) The air mass from temperate latitudes carried naturally produced methyl iodide from more
temperate oceans of higher bioproductivity.

c¢) The stronger winds associated with the first pollution incident resulted in greater sea to air
flux of methyl iodide.

d) The warm air from southerly latitudes raised air and sea temperatures, which induced a late
phytoplankton bloom in the Kongsfjord. This process is supported by the correlation
between temperature and methyl iodide concentration recorded at the Zeppelin station.
Peaks in methyl iodide concentration throughout the sampling period appear to occur
between two and four days after peaks in temperature. The variation of methyl iodide and
dichloromethane with time also shows that in the case of the second pollution incident the
peak in methy! iodide concentration occurs approximately 2 days after the peak in
dichloromethane - an anthropogenic pollutant. On 12/9/97 an extensive scum of dead
phytoplankton was also observed in the fjord suggesting the death of a large bloom.

The methyl iodide concentration at Ny-Alesund shows no correlation with bromoform,
dibromomethane or dichlorobromomethane, suggesting a different source species and region.
Although the methyl iodide concentration fluctuates extensively with varying wind speed, there
is no marked increase in concentration with increasing wind speed as exhibited by bromoform
nor a decline in concentration as shown for compounds such as CFC-11 which appear to have
a local source in the village.

Conclusions and Future work

The dual channel ECD instrument used for near-real time tropospheric monitoring at the
Zeppelin station represents a departure from traditional methods and extends the range of
environmentally important trace gases that can be routinely monitored at remote field stations
such as Ny-Alesund. Atmospheric measurements of the biosynethesized halogenated
compounds are very sparse, and the deployment of this analytical system represents important
progress in elucidating sources and fluxes. The system is capable of quantitatively measuring a
wide range of atmospheric halocarbons in a 200ml air sample, at concentrations as low as 0.1
pptv. Continuous, near-real time measurements obtained are far superior to flask sampling
methods, because although long term trends can be discemed by both techniques only
continuous measurements provide information on short term variations. It is also suspected
that certain halocarbons, such as methyl iodide, are prone to sample degradation and loss when
air samples are stored in flasks.

During Spring and Summer 1999 we are planning for a further deployment of the
instrumentation at Ny-Alesund. We aim to monitor the production of naturally produced
halocarbons during the intense spring bloom of macroalgae, ice microalgae, and
phytoplankton. We aim to link concentration levels recorded to wind trajectories and satellite
imagery showing bloom areas, particularly as NASA’s new SeaWiFS satellite is now fully
operational. We also aim to further investigate correlations between concentrations, light
intensity, temperature and wind speed. We also plan to deploy flux chambers to monitor
emissions from the ice free tundra and utilise purge and trap work to investigate sea saturation
anomalies for the low molecular weight halocarbons.
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Ozone and Aerosol monitoring in the Arctic Troposphere in
Ny-Alesund using lidar

S. Frey, B. Stein, L. W&ste, *R. Neuber, *P. Rairoux

Freie Universitdt Berlin Fachbereich Physik, Institut fiir Ezperimentalphysik, Arnimallee 14, 14195 Berlin,

Germany; * Alfred Wegener Institut fir Polar und Meeresforschung, Telegrafenberg A43, 14401, Potsdam, Germany

At polar sunrise photolytic reactions and dynamical effects induce various changes in the
composition of the lower Arctic atmosphere. In 1985 the phenomenon of complete depletion
of boundary layer ozone was discovered in the Arctic. The sudden, episodic losses of ozone
occur only after polar sunrise and have been observed at several Arctic sites (Barrie et al., 1988)
(Solberg et al., 1994). Measurements showed a strong anticorrelation between ozone and levels
of bromine compounds in the boundary layer (Hausmann and Platt, 1994). This lead to the
hypothesis, that halogen oxide catalyzed reaction cycles are responsible for the very efficient ozone
depletion.

During ARCTOC! campaign in spring 1996 a lidar? system was integrated into the NDSC-
Station in Ny-Alesund to monitor vertical ozone distribution and aerosol loading in the lower
troposphere. In spring 1997 we extended the detection system in order to simultaneously monitor
the aerosol formation of the Arctic troposphere, with respect to ice clouds, ”Diamond Dust” and
Arctic Haze.

The lidar is based on a tunable, flashlamp pumped Titanium Sapphire Laser. The ozone con-
centration was measured with the frequency tripled light by DIAL® - technique in the ultraviolet
Hartley absorption band of the ozone spectrum. Aerosol sounding was performed in the 400 nm
range, which allow us an excellent detection sensitivity.

The financial support by the Training and Mobility Program of the EU is gratefully acknowl-
edged. The authors thank the Ny-Alesund engineers for there technical and logistical support.
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Chemical and dynamical aspects of variability and
long-term changes in the arctic stratosphere
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1. Introduction

Ozone, trace gases and polar stratospheric clouds (PSCs) are regularly observed by balloon-
borne sondes as well as by active and passive remote sensing instruments at Ny-;\lesund
International Arctic Research and Monitoring Facility (79°N; 12°E). The Koldewey-Station is
part of the global network for detection of stratospheric change (NDSC). Regular balloon-borne
ozone records are one of the most important measurements for detection of changes in the Arctic

stratospheric ozone layer. Additionally correlative balloon soundings are performed at
Neumayer station (70°S; 08°W) in the Antarctic.

2. Chemical ozone loss in the Arctic stratosphere

Since the middle eighties PSC related chemical ozone loss has been recorded in the lower
Antarctic stratosphere during spring season. Recently similar ozone loss rates were detected in
the lower Arctic stratosphere by using the Match technique (von der Gathen et al., 1995).

It is well known that the formation of PSCs forces heterogeneous reactions converting the
longer-lived chlorine reservoir species HCl and CIONO?2 into temporary reservoir species such
as Cl2 which are readily photolysed into species involved in ozone destruction cycles. Recently
processes controling the duration of chemical ozone loss were also studied.

Model studies as well as measurements of chlorine reservoir species revealed an underlying
mechanism for “trapping” of reactive chlorine in CIONO2 (Rex et al.,, 1997). For certain
conditions this process can stop the ozone reduction despite the existence of PSCs.

The heterogeneous activation of chlorine also depends on the microphysical characteristics of
PSC particles. During winter 1996/97 the stratospheric vortex has been very stable from
February until early April. These exceptional dynamical conditions made it possible to observe
directly the relations between the occurrence of PSC, their properties and subsequent ozone loss
indicating a strong stratification of chemical processes (Neuber et al., 1997). In the layer where
only spherical particles occurred, the ozone loss stopped two weeks earlier than above and
below. Strongest ozone loss by mixing ratio (ppm) and strongest loss rates (ppnv/sunlit hour)
occur where low backscatter signals from aerosol particles are observed but coinciding with
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strongest depolarization signals from aspherical particles. This may indicate a possible different
chemical forcing by the different PSC types on ozone loss so far not studied in detail.

3. Annual variation and trends of ozone in the Arctic and Antarctic

The mean annual ozone variation can be shown for both polar regions. Both stations have a
fairly similar position with respect to the stratospheric vortex pattern. So the records can be
used to show the different behaviour of the ozone layer for corresponding seasons in the Arctic
and Antarctic. Although chemical ozone losses were measured in the Arctic stratosphere from
January until March, lowest ozone concentrations occur during summer season from July until
September. In the Antarctic the ozone minimum appears during spring from September until
November. Thus the balance between both polar regions has a significant annual asymmetry.

A preliminary analysis was made to retrieve trends in stratospheric ozone based on balloon
soundings. The trends (ppm per decade) for both polar regions show local differences but also
similarities. There are significant trends in the middle and lower stratosphere. Arctic ozone

trends are shown in Fig. 1.

Changes of ozone mixing ratio (2 o)

800—

:i - ozone
X 2 T Appmv
~ -/ decade
© 700—:]' -
2 3 -
© r =
5 600 L=

-1 o8
g' ] E 04
& ] C 0o
+= 500 -
I ] - 12
e o B 18
c i L 20
T 400 e Mg
-5 - b e 2.8

.. P e 032
o. 4- e _ - = s

- = - ; ~F B =0

300 T T T T T T T T T T —
182 274 82

1 91 1
J ASONDUJFMAMUJ

Fig. 1: Preliminary results of trends of ozone mixing ratios above Ny-Alesund as derived from
ozonesonde data within the last 9 years. Trends which are significant (26 or better) are color
coded. Altitude coordinate is potential temperature.

In the Arctic significant decreases of stratospheric ozone were found in the middle
stratosphere above 600 K (25 km altitude) and between 500 and 600 K (18 - 24 km). Mixing
ratios decreased substantially by more than 25% at the 800 K level. First signs of this decrease
can already be seen in the middle stratosphere when the vortex begins to form in August and
September. Such deficits are one order of magnitude larger than predicted by homogeneous
chemically induced ozone destruction. Thus it suggested a dynamical reason which could
reduce the transport of ozone rich air into the vortex at these altitudes.

48



The negative ozone trend in the lower stratosphere during late winter is consistent with the
chemically induced ozone reductions. Such ozone losses occurred already in winter 1991/92
and even more in 1992/93. The winters 1994/95, 1995/96, and 1996/97 showed the largest
ozone destruction in the Arctic vortex since observations started at Ny-Alesund. Ozone had
been depleted by 60% or more at about 500 K (18 km) at the end of the winters.

This trend in ozone depletion is consistent with the analysis by Pawson and Naujokat (1997)
where the coldness of the lower stratosphere is measured by the area with T <195 K at 50 hPa.
This temperature threshold is relevant for PSC formation. It increased considerably over the 31
years owing largely to the persistence of cold days.

4. Trends and teleconnection patterns for polar stratospheric ozone

The similarity of ozone changes for both polar regions suggests a global impact. That might
be connected with changes caused by greenhouse gases or other natural long-term changes.

A study was made for Antarctic ozone records from Georg Forster station (71°S; 12°E) and
Neumayer station (70°S; 08°W) (Gernandt et al. 1997). In October three altitude ranges with
significant negative trends were found for the 10 year record. The trends above 500 K are
similar in both separated levels and roughly three times stronger by mixing ratio as in the lower
stratosphere. The trends are connected with the appearance of lower minimum temperatures
during winter.

In October the interannual variability of ozone inside the vortex shows a dominating
teleconnection pattern to the Southern Oscillation Index retrieved for the Pacific region from the
monthly normalized surface pressure difference between Tahiti and Darwin (Australia).

In the North Atlantic region a similar feature is known as the North Atlantic Oscillation
(NAO). The NAO index is based on the normalized difference between normalized sea-level
pressure time series at Lisbon, Portugal and Stykkisholmour, Iceland. Over the past 130 years,
the NAO has exhibited considerable variability at quasi biennial and quasi-decadal time scales,
the latter have become especially pronounced the second half of this century (Hurrell, van Loon;
1997).

A significant correlation is found between geopotential heights in the Arctic stratosphere and
NAO. Lowest geopotential heights and lowest temperatures appear inside the Arctic
stratospheric vortex for winters with high (positive) NAO index. As NAO has a considerable
variability in decadal time scales the colder stratospheric vortex and subsequent lower ozone
values discussed above might be controlled by this teleconnection pattern. Whether the
observed NAO changes are in response to greenhouse gas forcing, or whether the changes are
part of a natural decadal time scale variation, is difficult to assess (Hurrell, van Loon; 1997). On
the other hand natural fluctuations in the NAO may result from internal atmospheric dynamical
processes (Wallace et al., 1995).
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5. Natural variability and nonlinear dynamics

An approach to study the reasons of long-term natural variability is to analyse long-term
integrations of appropriate simple models. A nonlinear atmosphere-like dynamical system with
sparse horizontal resolution including orographic and thermal forcing in a long wave and its
interaction with both a baroclinic wave and zonal flow is constructed and has been integrated
over 10.000 years (Dethloff et al., 1998). It reproduces variability in a broad range of time
scales from interseasonal to decadal and even centenary ones. These long-term variations are
understood as a nonlinear response to fluctuations associated with the daily and weekly
variability in the atmospheric circulation patterns. It is hypothesized that variations of
atmopheric climate or variations of SOI and NAO might also be controlled by those processes

exhibited in the nonlinear dynamical system.

6. Conclusion

Although chemical and dynamical causes for the interannual variability of stratospheric ozone
may be understood in terms of chemical processes and increasing concentrations of greenhouse
gases and aerosols, a reliable assessment of trends seems to be unlikely on the base of present
knowledge. The unknown long-term natural climate variability may probably also have a
significant impact causing trends over decadal or centenary time scales independent from

greenhouse gas impacts.

References

Dethloff, K., A. Weisheimer, A. Rinke, M.V. Kurganski, W. Jansen, P. Hupfer, Climate variability
in a nonlinear atmosphere-like dynamical system, J. Geophys. Res., submitted, 1998.

Gemandt, H., A. Herber , P. von der Gathen, and S. Kaneto, Ozone variation in the southern polar
stratosphere, Mem. Natl. Inst. Polar Res., Spec. Issue, 52, in press, 1997.

Hurrell, JW,, Decadal Trends in the North Atlantic Oscillation Regional Temperatures and
Oscillation, Science, 269, 676-679, 1995.

Hurrell, JW., H, van Loon, Decadal variations in climate associated with the North Atlantic
Oscillation, Climate Change, 36, 301-326, 1997.

Neuber, R., P. von der Gathen, J. Biele, J. Rosen, and H. Gernandt, The Effect of Different PSC
Particles on Local Ozone Depletion During Arctic Winter 96/97, Proceedings of the 4th
European Symposium on Polar Stratospheric Ozone, Schliersee, in press, 1997.

Neuber, R., J. Biele, P. von der Gathen, H. Schiitt, J. Warming, G. Beyerle, Polar Stratospheric
Clouds above Spitsbergen, Proceedings of the 4th European Symposium on Polar Stratospheric
Ozone, Schliersee, in press, 1997.

Pawson, S., B. Naujokat, Trends in daily wintertime temperatures in the northern stratosphere,
Geophys. Res. Lett., 24, 575-578, 1997.

Piehl, A., private communication, Eine Untersuchung iiber das Auftreten sehr kalter Perioden in
der unteren und mittleren Stratosphdre der Nordhemisphire im Winter (Diplomarbeit), FU
Berlin, 1998.

Rex, M., et al., Prolonged stratospheric ozone loss in the 1995/96 Arctic winter, Nature, 389, 835-
838, 1997.

von der Gathen, P. et al., Observational evidence for chemical ozone depletion over the Arctic in
winter 1991-92, Nature, 375, 131-134, 1995.

von der Gathen, P., H. Gernandt, R. Neuber, and M. Rex, Ozone Deficits in the Lower and Middle
Stratosphere of the Arctic Polar Vortex, Proceedings of the 4th European Symposium on Polar
Stratospheric Ozone, Schliersee, in press, 1997.

Wallace, J.M., Y. Zhang, and J.A. Renwick, Dynamic Contribution to Hemispheric Mean
Temperature Trends, Science, 270, 780-783, 1995.

50



UV-B Radiation Measurements at Koldewey-Station

Ch. GroB, H. Tiig, and T. Hanken'
Alfred-Wegener-Institut Bremerhaven, 'iSiTEC Ingenieurbiiro Bremerhaven

Introduction and Instrumentation

One of the major objects of UV measurements is to detect long-term trends in UV irradiance.
The most interesting areas corresponding to ozone depletion are Antarctica and of course the
region around the northern pole. Long-term field measurements under these extreme climatical
and logistical conditions could not be realized simply by wusing a commercial
spectrophotometric laboratory system. It seemed to be necessary to develope a specialized
instrument for this intended use. One of the most important features of the instrument should
be a stable operation in field for a period of about one year whithout intensive manpower for
service necessary.

For this purpose we built a non-scanning spectrometer based on a Bentham DM 150 double
monochromator with a multichanne] detector sytem. The detector is based on a low-resistance
microchannel plate with 32 channels working in a photon counting mode. We run our double
monochromator with a broad center slit to enable the detection of the whole UV-B range
simultaneously. To handle the straylight problem in the detector chamber due to the broad
center slit, we cut 3 magnitudes of dynamic in the UV-B range using a steep interference filter
with trarésmission maximum at 289 nm. By this we enhanced the dynamic range of our system
up to 10°.

In consequence of the fixed gratings, our spectrometer is less sensitive toward transport by
ship and plane, and shows a better wavelength stability as scanning systems. The latter means
that there is no further calibration necessary for up to one year.

Since march 1996 our System is installed in Ny-Alesund and at Neumayer Station (Antarctica).
This means the instrument is build up in early polar spring (this should be early march at Ny-
Alesund), and brought back to our laboratory for calibration after final sunset (late october). In

1998 the UV-B device will be upgrated by an equivalent instrument for the UV-A range (320
— 400 nmy).

UV-B measurements at Koldewey-Station 1996 / 1997

For the first time we are able to present comparable measurements of UV-B irradiation and
ozone sonde launches at Koldewey-Station for two years. For this comarison we use the ratio
of the wavelength pair 300 nm / 320 nm. This ratio is called ozone-index in the following. Due
to the weak wavelength dependence of aerosol and cloud effects, this quantity is suitable to
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describe the influence of ozone on the UV-B spectrum. Unfortunately in 1997 we were not
able to start our spectrometer at Koldewey before 30™ of April for technical and logistical
reasons so that the values for march and april are missing.

Ozone-Index (300 nm /320 nm)

Ozone-Index 300 nm / 320 nm [a.u.]
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Fig. 1: Ozone-Index 300 nm / 320 nm (Koldewey)
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In Fig. 1 the noon values of the ozone-index are shown for both years. The characteristic
change over the year is an effect of the airmass due to season depending elevation of the sun.
The increasing values of the ozone-index at very low sun elevation in the early spring in 1996
and the late autumn in 1996 and 1997 is due to the Umkehreffekt. For the reason of this well-
known effect the ozon-index is not suitable to describe the correlation between ozone and
UV-B irradiation when the sun is very close to the horizon (elevation smaller ~12°).

For one day the behavior of the ozone-index looks similar. In Fig. 2 the daily variation of the
index is plotted for two days: midsummer day in comparison with 2™ august. In june the sun‘s
elevation is larger 12.5° the hole day, so no Umkehreffekt occurs, whereas on 2™ august the
sun goes down to 7° leading to an increase of the index around midnight.

Comparing Fig. 1 and Fig. 2 one notices the different statistics of the curves. The variation
along arbitrary days describes a comparatively smooth curve whereas the variation over the
year is very noisy. We assume, that this is an effect of the daily change in ozone. Until the
present evaluation we use the ozone data of the weekly sonde launches at Koldewey, so we
can‘t see fast changes in ozon. To proof the assumption that the statistics in Fig. 1 is due to
fluctuations of the ozone layer, we have to compare with daily ozone measurements done at
Koldewey by other groups.

The effect of changing sun elevation is overlaying the influence of seasonal differences in the
stratospheric ozone layer. Therefore in Fig. 3 (1996) and Fig. 4 (1997) the airmass corrected
ozone-indices are shown in comparison with the results of weekly ozone sonde launches at
Koldewey. In both years the ozone layer shows the typical arctic behavior with an ozone
maximum in the beginning of may (around day of year 120). This maximum leads to a
minimum in the 300 nm / 320 nm ratio due to the stronger absorption at the lower wavelength.

Fig. 3: Comparison of Ozone and Airmass Corrected Ozone-Index (Koldewey 1996)
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Fig. 4: Comparison of Ozone and Airmass Corrected Ozone-Index (Koldewey 1997)
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Methane Measurements at Mt Zeppelin

Ove Hermansen, Chris Lunder and Norbert Schmidbauer
Norwegian Institute for Air Research (NILU)

Background

The abundance of methane in the atmosphere has shown a rapid growth since the beginning of
the industrial revolution. The present concentration level is more than twice the preindustrial
level. About 2/3 of methane released to the atmosphere is supposed to have antropogenic
origin. Main antropogenic sources are the use of fossil fuel, waste management, enteric
fermentation (cattle, sheep etc.), biomass burning and rice paddies.

Methane is an important greenhouse gas, it is one of the strongest contributors to radiative
forcing. It is also a reactive gas that participates in establishing the oxidizing capacity of the
troposphere, and therefore affects the lifetime of many other trace gases. In the stratosphere it
is a source of hydrogen and water vapor, and a sink of atomic chlorine.

From 1990 to 1995, NILU has been collecting air samples at Mt Zeppelin three times a week
for analysis of methane at NILUs laboratory. In 1997 an automatic instrument for semi
continous measurements in situ was completed and placed at the monitoring station at Mt
Zeppelin, hence increasing the sampling interval to three times per hour.

Method

Methane is analysed by a gas chromatograph with a flame ionisation detector (GC/FID).
Sampling and calibration is controlled by a PC. Three samples and one standard (NIST,
concentration level 2,28 ppm,) is analysed per hour. Chromatographic data are collected on
the PC and sent to NILU each hour. A consecutive plot of preliminary data at NILU helps
monitoring the status of the unmanned instrument. Final calculations, calibration and quality
control of the data is carried out at NILU.

Methane instrument

Sample inlet Pump

Charcoal & Molsieve

{sampleloop

‘ “Zeoalr"

generator Compressor

Figure 1: The automatic semi continous methane instrument
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The new instrument provides a much higher sampling rate than the old method (three times
per hour versus three times per week). The old method was relatively labour intensive and
included logistic problems of handling and transporting a large number of sample flasks.

Samples were collected on specially treated steel canisters involving an extensive cleaning
Prosess.

The need of sample handling is eliminated with the automatic instrument. Air samples are
injected directly on the chromatographic coloumn without cryofocusing, hence eliminating the
need for cooling agents (liquid N2). The higher sampling rate provides a more extensive basis

of data and will also catch up with variations due to episodes and short term meterological
changes.

The high number of data necessitates automatic computer based handling of calculations and
reporting of results, which again calls for extensive procedures for quality control of the data.

Results

All data are preliminary. The standard used for the flask samples needs to be recalculated
against a reference standard from the CMDL network. Present analysis indicates that the

concentration levels are sightly too high. Yet, the data indicates seasonal variations as
expected due to photochemical reactions (fig. 2).

Methane, 1992 - 1995
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Figure 2: Methane data from flask sampling 1992-1995, monthly mean values.

Methods for validation and quality control of the data from the new instrument are still under
development. This might influence the spread of the data. They should still give a good

indication of the concentration level since the samples are directly calibrated against a NIST
standard (fig. 3).
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Methane, September 1997
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Figure 3: Methane data from automatic instrument, daily mean values September 1997
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Analysis of chemical composition in total deposition samples
from Ny-Alesund (Spitsbergen)

M. Kriews and O. Schrems
Alfred Wegener Institute for Polar- and Marine Research

Am Handelshafen 12, D-27570 Bremerhaven, FRG

Introduction

Atmospheric transport from the highly industrialized areas at mid latitudes of the northern
hemisphere to the high Arctic is the main pathway of trace metals and ionic species. Removal
processes of gaseous and particulate air pollutants from the atmosphere to snow-covered land
or sea surfaces take place either by wet or dry deposition. In this contribution we will present
new results of our deposition measurements which are carried out since September 1993. The
aim of our investigations is to characterise the chemical composition as well as to quantify the
removal of trace metals and ionic species from the atmosphere by wet deposition via snow and
rain as well as by dry deposition in Ny-Alesund (Spitsbergen 79°N, 12°E).

Materials and Methods

Total deposition measurements are carried out with a simple and reliable total deposition
sampler, consisting of a well precleaned polyethylene funnel connected to an exchangeable
bottle (Kriews et al. 1995, 1997, Kriews and Schrems 1995). With this permanent open funnel
wet and dry fall-out is collected. One total deposition sampler was equipped with snow drift
sensors (fig.1) to get information about precipitation intensity and variability.

For trace metal analyses the filtered and
f unfiltered molten snow samples were
acidified immediately and stored in double
polyethylene bags for transport to the home
laboratory. There, further steps in sample
preparation (Kriews and Schrems 1995)
and element analyses for 35 elements were
carried out by GF-AAS, F-AAS and ICP-
MS. In addition, physical parameters (pH
and conductivity) as well as anions and
ammonia were determined.

Results and Discussion

Sl = Time series of element concentrations as
2 ' well as deposition rates are exemplarily
shown for the presumably anthropogenic
element Pb in fig. 2 and 3 for the sampling
; period from February 94 until July 96. Al
'iig._:;_f;_' s o and Na as tracers for earth crust
Figure 1: Total deposition sampler with weathering and seaspray complete the time
snow drift sensors
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series. Supplementary results for some anions and physical parameters (pH and conductivity)
are shown in fig. 4 and 5. In winter and spring time element concentrations are about one

order of magnitude higher than during summer. However in summer comparable deposition
fluxes can be observed due to high precipitation rates.
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Figure 2: Na, Al and Pb concentrations in total deposition samples from Ny-Alesund
(S=snow, M=mixed samples, R=rain
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Figure 3: Na, Al and Pb deposition rates in total deposition samples from Ny-Alesund
The data presented in fig. 2 are derived from bulk samples. The average distribution of

selected elements between the dissolved and particulate phase in melted snow samples is
shown in fig. 6. The pH is within a range of 4.5-7. This value could also be obtained in eluates
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from long range transported aerosols. It can also be seen that the quantities of insoluble
components of longe range transported aerosols (Kriews and Schrems 1995) are in the same
range as in snow samples from Spitsbergen. As examples the Pb, Fe and Na acid soluble
amounts are depicted in fig. 7. It is obvious that it is necessary to perform a wet oxidative

digestion, to determine the real element concentrations for further evaluation like for the
calculation of enrichment factors for source characterization.
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Figure 4: Nitrate, sulfate and chloride concentrations in total deposition samples from Ny-
Alesund
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Figure 5: pH-value and conductivity in total deposition samples from Ny-Alesund
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Figure 6: Average percentage distribution of selected elements in melted snow samples
(n=20) and in long range transported marine aerosols (n=25)
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Figure 7: Dissolved and acid soluble amount in snow samples (n=10)
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Event dependent aerosol sampling in Ny-Alesund

M. Kriews and O. Schrems
Alfred Wegener Institute for Polar- and Marine Research
Am Handelshafen 12, D-27570 Bremerhaven, FRG

Introduction

For a better understanding of the atmospheric transport of aerosol bound heavy metals to the
Arctic and their deposition processes to the snow surface we perform wet and total deposition
sampling as well as aerosol sampling at Ny-Alesund since 1996. Multielement analyses of these
samples are performed in the home laboratory. We will present new sampling strategies with
an automatic aerosol sampler which is designed as a stand-alone-system for remote areas. This

system can be operated and controlled by a modem from the home laboratory.
Aerosol sampling device

A newly designed aerosol sampler (ISAP 2000, Fa. G. Schulze) which works completely
automatic, was installed in late 1996 on top of the roof (8 m above ground level) of the
Japanese Research station which is located 3 km northwest of the center of Ny-Alesund. In
order to obtain significant information regarding the sources of aerosols and transport
mechanisms the device allows an event-induced changing of filters. This sampler (fig. 1),
which was specially designed for low temperature applications, is equipped with a high-
volume-pump and an automatic filter changer for 30 filters or with 15 single stage impactors
for size seperated aerosol sampling.

Fig 1: Left: Pump Right: Automatic filter changer and suction tube

63



Aerosol sampling is controlled by a computer programme which permits repeatedly selection
of each filter. The flow rate is kept to be constant although the filter resistance is increasing
due to the aerosol load.

The aerosol sampler is connected to a Server PC (fig. 2, left) combined with a modem located
in Ny-Alesund. Via the host PC at the home laboratory (fig. 2, middle) it is possible to perform
on-line control of the device and of meteorological parameters, such as flow rate, starting and
sampling time of the individual filters and wind direction, wind speed, air temperature and air
pressure as well as the combination of event parameters may be altered. In addition to on-line
control all sampling relevant parameters can be stored on the Server PC and transfered by

telecomunication to the host PC for further evaluation.

Fig. 2: Left: Server-PC, Middle: Modem and host PC at home laboratory, Right: User surface

For example meteorological conditions, pump and filter parameters are shown in fig. 3 and 4
for a sampling period from 19.12.97-12.01.98. This sampler can be used for two different
sampling strategies as described below. The obtained samples are analysed in the home
laboratory for anthropogenic elements as well as for terrigeneous and marine tracers by GF-
AAS, F-AAS and ICP-MS (Kriews and Schrems 1995, 1996). Water soluble anions and
cations are determined by ion chromatography.

Aerosol sampling depending on wind direction

The main purpose of the sampling procedure is to obtain specific information about the origin
and spatial distribution patterns of trace elements polluting the atmosphere in the Arctic by
using a sampling system which takes direction and speed of the local horizontal wind into
account. Up to eight sectors can be chosen as sampling sectors on max. eight filters. The
system assures that each filter is charged only with aerosol from a selected sampling sector.
Situations with low wind speeds and variable wind directions are sampled on two separate
filters. During strong wind situations the sampler will be shut off in order to protect the filters
from snow drift (for example see fig. 3).
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Messung Nr.25 {Standardmessung, §00*1 s} Speicherzeit: 600*1 s

Messungsbeginn: 19.12.1997 103430 Ende: 12.01.1998 09:29:18
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Fig. 3: Meteorological parameters 1. Air pressure, 2. Wind direction, 3. Wind speed,
4. Ambient air temperature, 5. Precipitation (yes/no), 6. High wind speed (>17.5 m/s)
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Fig. 4: Sampling sytem parameters 1. Flow rate, 2. Pump Voltage, 3. Air pressure difference
behind the filter, 4. Air temperature behind the pump, 5. activated filters, 6. Monitoring cycle

Aerosol sampling depending on precipitation

The main purpose of this sampling strategy is to study the aerosol wash out via rain and snow.
The sampler is coupled with an optical precipitation sensor. One filter collects aerosol during
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dry periods while another filter will be charged with aerosol during wet periods. The
precipitation will be sampled by an automatic precipitation sampler, which is also connected to
the precipitation sensor. With this strategy we will obtain two aerosol filters and one
precipitation sample for each sampling period. This sampling is performed since late 1996. Fig.
3 and 4 shows recorded data for meteorological and aerosol sampler device parameters.

Results

As first results for element analyses of the automatic aerosol sampling for the investigation of
trace element wash out the size distribution of Pb in aerosol particles is shown in fig. 5. For
this samples obtained during dry periods in November and December 1996 it is obvious that
the main part of Pb is associated to particles smaller than 2 pm. Element analyses for aerosols
samples from wet periods are not yet completed.
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Fig. 5: Pb size distribution in aerosol particles from Ny-Alesund during dry periods
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In-Situ Measurements of Alkyl Nitrates

Terje Krognes, Harald J. Beine

Norwegian Institute for Air Research
P.0.Box 100, 2007 Kjeller, Norway

1. Introduction

Alkyl nitrates and PAN are reservoir species for odd nitrogen. They are produced in mid-
latitude anthropogenic pollution. During the winter, reduced insolation and/or temperature
increases their atmospheric lifetime so that they may be transported over large distances into
the Arctic. Subsequent warming and increased insolation at the onset of spring can lead to the

decomposition of these reservoir species and a return of N Ox to the atmosphere [Beine et al.,
1997; 1996].

Because the Nitric acid reservoir is depleted during transport to the Arctic, organic nitrates are
a major fraction of the NO, (NO, = NO, + PAN + HNO; + RONO; + N,Os + ...) budget.
While NO, provides a minor addition to the budget [Beine et al., 1997], PAN and alkyl nitrates
have been reported to contribute 70 - 80% to NOy during spring in the high Arctic. The sum of
alkyl nitrates are about 50 - 60% of the PAN mixing ratio [Bottenheim et al., 1993;
Muthuramu et al., 1994]. However, possible shortcomings in the experimental methods used
to determine NOy [e.g. Solberg et al., 1997} are still preventing a full understanding of the NO,
budget, its contributions and their annual cycles.

The natural conclusion is to measure the main NOy species separately, as was done in the
Arctic on a campaign basis for example by Beine et al. [1996], or Muthuramu et al. [1994].
However, no continuous annual cycles from in-sifu measurements of alkyl nitrates have been

reported to ddte in the literature. The properties of both PAN and alkyl nitrates are extensively
described by Roberts et al. [1990].

2. Experimental

NILU’s PAN-instrument was cleaned and rebuilt in the autumn 1997 after three year
continuous operation at Spitsbergen. A wide-bore capillary column (10 m * 0.53 mmid., 2.65
nm HP-1, a non-polar stationary phase) was installed in place of the original packed column,
and a preliminary set of operating parameters was determined through a minimum amount of
testing. The results were very good, as the detection limit was improved from 10-50 pptv of
PANin a 5 ml sample, to approximately 4 pptv of PAN in 2 0.5 ml sample of ambient air. This
corresponds to a total amount of 10 fg (10¥10™° g) of PAN in one sample, close to the
normally accepted physical limit of the ECD sensitivity.

The increased sensitivity also allowed detection of 8-10 compounds that were not seen at

Spitsbergen with the original PAN-instrument. Comparison with a chromatogram from Roberts
et al. [1989], made with a capillary column with stationary phase DB-1 (very similar to HP-1),
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provides a close to positive identification of all these additional peaks. The retention indices
measured by Roberts and by NILU are not expected to be equal, since column diameter, film
thickness and flow are different in the two cases. The linear relationship between the two sets
of retention indices, however, is a strong argument for our identification of peaks.

Table 1.: Component names, formulae, and retention indices in the experiments at Spitsbergen in

October 1997, compared with results published by Roberts in 1989.

Name Formula Retention index Retention index

(Roberts 1989) (NILU, 1997)

R11 CFCh 1 2.64

Methyl nitrate CH;0ONO, 1.19 291

Ethyl nitrate CH;CH,0ONO, 2.93 3.57

Carbon tetrachloride |CCL, 5 4.48

PAN CH3;C(O)OONO, 5.11 5.32

Isopropyl nitrate (CH;),CHONO, 5.23 5.59

n-Propyl nitrate CH;(CH,),0ONOQ, 7.72 6.93

PPN CH;3;CH,C(0)OONO, 12.91 8.82

sec-Butyl nitrate CH3CH,CH(CH3)ONO, 13.63 10.00
CoCLy 18 12.61

n-Butyl nitrate CH3(CH,);0ONO, 21.21 15.36

Retention index comparison

n-Butyl nitrate §

NILU (1897)
=y
8

)

500

¢ Rstention index
=—— | inear regression

0.00
0 5 10 15 20 25

Roberts et al (1389)

Figure 1 Justification for our preliminary identification of peaks is found in the linear
relationship between retention indices found by Roberts et al., and at NILU in October 1997
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S R11 + Methyl nitrate
. CCl, Ethyl nitrate
e PAN + iso-Propyi nitrate

n-Propy! nitrate

sec-Butyl nitrate

CLCl,

n-Butyl nitrate

Figure 2.: A typical chromatogram from the PAN/alkyl nitrate GC with the 10 m * 0.53
mm column (2.65u HP-1) and isothermal operation with nitrogen carrier gas.

One preliminary experiment has been performed with a 30 m column. This revealed that the
preliminary identification of peaks above was based on several merged components. Even
further increase in resolution is required. The nitro gen carrier gas should be replaced by
helium, to increase the resolution and allow higher column flow without resolution
degradation. The make-up gas should still be nitrogen to ensure proper operation of the ECD.
The separation should also be improved by temperature programming in the range +5°C to
+85°C. PPN should elute before the temperature exceeds 40°C, since higher temperatures
would destroy PAN and PPN,

3. Preliminary measurement results

The modified instrument has been in operation at the Zeppelin Mountain since the end of
August 1997. In figure 3 we see a clear trend of increasing PAN mixing ratio during
September, consistent with results from the auturmn period of the three previous years. In
comparison, a stronger increase is indicated for n-Propyl nitrate.

PANand NPN at Spitsbergen

180 £

Mixing ratio (pptv)

100
50

o fEE
09.01.97 09.06.97 09.11.97 09.16.97 09.21.97 08.26.97 10.01.97

Date

Figure 3.: Preliminary results for PAN and NPN at the Zeppelin Mountain during
September 1997.
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4. Conclusions

* The first in-situ measurements of alkyl nitrates in the arctic are presently being performed by
NILU. They are expected to provide an important data set for understanding of the NO,
composition in the arctic atmosphere.

e The improved sensitivity obtained in the GC/ECD measurement method is in itself an
important result. The method is however unfinished.

* Anincrease in alkyl nitrates is indicated during the autumn period, and these compounds
will be important for understanding the atmospheric chemistry during the spring
photochemical episodes.

e Previous measurements of alkyl nitrates in the atmosphere have been made with complex
cryogenic pre-concentration techniques, or by extraction from charcoal traps, to achieve the
required sensitivity. The method used by NILU allows alkyl nitrate with higher time
resolution to be performed at a lower cost.

e For the first time, the ratio between PAN and alkyl nitrates in the arctic may now be
investigated with an in-situ measurement technique. The annual cycle of this ratio gives
important information about photo-chemistry in the arctic.

* Ratios of alkyl nitrates to their parent VOC’s may yield information about transport times of
air masses arriving at the Zeppelin Mountain Station.
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UV solar radiation and clouds: experimental data and modeling
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Abstract

In the perspective of determining cloud effects on ultraviolet (UV) radiation reaching the ground, a
preliminary comparison in clear sky conditions between UV global radiation measured by a Brewer
spectrophotometer and calculated by a semi-empirical radiative transfer model has been realized.
Comparison has been made for global UV-B irradiances (290-325 nm) by integrating model and
instrument data. Global UV-B irradiances measured and calculated are in good agreement (=~ 5%) in
two different sites: Vigna di Valle (42.083 N, -12.2167 E) in Italy and Ushuaia (-54.822 S, 68.323
W) in Argentina. For spectral irradiances, differences between instrument and model are larger, due
to smoothed results of calculations.

Introduction

For an efficient utilization of broadband radiometers, cloud effects on UV radiation reaching the
ground knowledge is very important. In fact this kind instrument calibrations are realized always in
isotropic conditions, and a cloudiness situation can reflect in a distortion of measured irradiances.
This handicap can be overcome by using a radiative model simulating UV irradiances together with
measured irradiances. In this case cloud effects on UV radiation can be characterized by the ratio
between the irradiance actually received at the ground and the irradiance that would have existed
under clear skies. As a first stage of our working program, a comparison between model and
measurement results in clear sky conditions has been realized. For our calculations we used the last
version of Green model', an evolution of that one furnished by Yankee Environment Inc. together
with their instruments®.

Green model uses semi-empirical formulas for calculating the direct, diffuse and global ultraviolet
spectral irradiance penetrating to the ground. Analytic spectral functions for the extraterrestrial solar
spectral irradiance, the ozone absorption coefficient, Rayleigh scattering coefficients and aerosol
scattering and absorption coefficients fitting four type of aerosol models’ are used as basic inputs.
The direct component is then calculated by the Beer’s law and the diffuse component is derived by a
ratio technique described in Green et al.*. The influence of ground reflectivity and of cloud effects
can be also inserted in the calculations. We tested the agreement between instrument and model UV
irradiances in two case studies: the 6/7/1994 day in Vigna di Valle (42.083 N, -12.2167 E) and the
10/26/1996 in Ushuaia (-54.822 S, 68.323 W).
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Model description

The Green model describes in a “engineering way” the global spectral irradiance G (A,8) in the
middle ultraviolet (290-360) reaching the ground, as a function of wavelength A, angle of the sun 6
and various parameters which characterize the state of the atmosphere. The model calculates
separately the downward direct spectral irradiance D (A,0) and the downward diffuse spectral
irradiance S (A,0) at the ground. The direct component, derived from the Beer’s law, may be placed
in the form:

D(2.,8)=cos8H(Mexp-F; (5; (A)/hy; () (1)

where H(L) represents the extraterrestrial solar spectral irradiance, J=1,2,3 denote the air, aerosol
and ozone indices, 1; the relative optical depths and 1 denote generalized cosine functions which
are appropriate to the three species in view of the roundness of the earth. In the last version of the
Green model H(A) allows for the Fraunhofer structure of the solar irradiance and aerosol optical
depth allows for the different type of aerosol models (rural, urban, maritime and tropospheric) by
Shettle and Fenn’. On the other hand the ozone optical depth is described by a spectral function
fitting the Vigroux data® and then allows for the ozone absorption bands only in a mean way. For
this reason the Green model is not suitable to calculate the spectral irradiances with a good
resolution.

The diffuse component at the ground is presented in terms of two ratios and the direct spectral
irradiance for an overhead sun (6=0), that is:

S(?L,G)=S(l,G)M(k,G)H(l)exp—Zj T 2)
where
S(A,8)=S(X,6°)/S(A,0°)  and M(X,0)=S(1,0°)/D(1,0°).

This combination of ratios permits a variation less than one order of magnitude for the M dynamic
range and a reasonable variation for the S dynamic range consenting a representation at few percent
level of accuracy except at solar zenith angle>80° and for wavelength<290 nm.

Results

To verify the agreement between irradiance measurements and model results two case studies have
been selected: a measurement campaign realized in the 1994 at Vigna di Valle® near Rome and a
measurement campaign realized in the 1996 at Ushuaia near Tierra del Fuego. In both the cases
clear sky days have been selected for the comparison between the experimental data obtained by a
Brewer spectrophotometer (290-325 nm working range) and the Green model calculations.

Fig. 1 shows the comparison between global irradiances integrated on the 290-325 nm range (UV-B
range) as measured by the Brewer (dots) and calculated by the model (solid curve) for the 7 June
1994 at Vigna di Valle. The good agreement between the experimental points and the model curve
1s quantified in Fig. 2 where the normalized differences, calculated at the scan time of the Brewer,
are reported. As can be seen the difference between instrument and model results remains in the 5%
limits for the central hours of the day, whereas at sunrise and sunset the values rise dramatically.
This effect is probably due to the sum of two different ones: the cosine response of the instrument,
that lead to underestimate the UV radiation at large solar zenith angles, and the level of accuracy of
the skylight determination in the Green model, as reported in the previous section.
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Fig. 1 - UV-B global irradiances of Brewer and model, at Vigna di Valle for 07 June 1994.
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Fig. 2 - Normalised differences between Brewer and model data at Vigna di Valle for 07 June 1994

Fig. 3 shows the comparison between the spectral irradiances for the same day. The model curve
shows a structure much smooth in comparison with the experimental points, as the previous section
anticipates.
Fig. 4 shows the comparison between global UV-B irradiances as measured by the Brewer (dots)
and calculated by the model (solid curve) for the 26 October 1996 at Ushuaia. Though in this case
there was some cloudiness the agreement between model curve and experimental point is
satisfactory.
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THE EMISSION OF HALOGENS FROM THE ARCTIC PACK-ICE AND ITS ROLE IN
THE TROPOPHERE FROM MEASUREMENTS AT NY ALESUND AND SONDRE
STROMFJORD.

D. Perner
Max-Planck-Institut fiir Chemie, Saarstr. 23, D-55122 Mainz

The study of reactive nitrogen and halogen compounds in the troposphere is particularly
important because of their role in catalytic destruction of ozone, O;. The potential for O;
depletion is controlled by the balance between reactive species, X, X0 (X=Cl, Br, I) and NOx
(=NO + NO,), and reservoir compounds such as X;, XONO,, HX, HOX, HNO;. OH/HO,
radicals that participate in most catalytic cycles that destroy Os; and control, in part, the
partitioning of the reactive halogen and nitrogen species within the reservoirs. The processes that
control the relative abundances of species in these groups are essential to understanding the O;
depletion processes and their potential large scale effects.

Several important species depend strongly on the solar flux on time scales of hours or less. This
holds for example for BrCl whereby chlorine and bromine compounds are tightly linked.

Sea salt aerosol has been proposed by Vogt et al., 1996 as source for halogens in air above the
oceans. Surface ozone mixing ratios suddenly drop from about 40 ppb to often below the
detection limit when air passed over the north polar ice cap (Bottenheim et al., 1990). This
suggests an involvement of bromine chemistry in the arctic ozone destruction (Barrie et al., 1988).
Since those findings were confirmed at Barrow, Alaska, (Oltmans et al., 1989; Li et al., 1990;
Sturges et al., 1993) it seemed to be an Arctic wide phenomenon (Barrie et al., 1994; EC-Report,
1996). Now the emission of large amounts of bromine from Antarctic pack ice regions were
found during sunlit periods (Kreher et al,, 1997) which shows the global significance of this
process.

Experimental Observations

In the boundary layer inorganic active halogen is scarce. The pattern of hydrocarbon depletion
usually indicates only a minor participation of chlorine in comparison with that of the hydroxyl
radical, OH (Jobson et al., 1994). Bromine and iodine monoxide also seem to be present only
sporadically in the marine environment.

Convincing evidence for the participation of halogen in the low ozone events, LOE, of the
boundary layer has been found so far during the arctic spring when Berg et al., 1983 observed
large amounts of bromine in such air. The causality with ozone depletion was proposed by Barrie
et al.,, 1989. The first spectroscopic evidence for BrO was later obtained by Hausmann and Platt,
1994 who observed around 15 ppt of BrO during a LOE.

Follow up experiments within the EC-sponsored Arctic campaigns at Ny Alesund, Spitsbergen, in
April 1995 and 1996 (ARCTOC) showed BrO mixing ratios up to 30 ppt during LOEs (EC
Report, 1996). Ozone dropped at low temperatures (-20°C) and extending to 1000m a.s.l. from
40 ppb to virtually zero. Both species were observed by differential optical absorption
spectroscopy (DOAS) along a 2 km lightpath between 20 and 475m a.s.l. well separated from
ground and along a 5 km path close to the ground sloping up to 400m a.s.l. (Martinez et al,
1998). The causes of the depleted ozone were assumed to have been chemical in nature involving
up to 30 ppt BrO.
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At the same time a chemical amplifier (ROx-box) was applied to measure the concentration of the
peroxyradicals, HO, and RO,, coming from normal ozone chemistry and intended to gain
information about the detailed chemistry (Arnold, 1998). However, the signals suggested a
sensitivity of the chemical amplifier also towards Cl and CIO. First laboratory calibration
experiments showed the chain length for CI/CIO to be comparable to that of HO,. In general the
BrO was accompanied by several ppt of chlorine. Apparently both bromine and chlorine are
indeed involved in the chemical depletion of the boundary layer ozone. Furthermore, similar
amounts of active chlorine were sometimes found in the absence of BrO or outside any significant
Os depletion.

At Sondre Stromfjord, Greenland, in July/August 1995 during the Second European Stratospheric
Arctic and Mid-latitude Experiment (SESAME) a transient episode of tropospheric BrO was
detected by its absorption in zenith sky scattered sunlight spectra. The temporal behaviour of the
vertical columns of BrO retrieved by differential optical absorption spectroscopy (DOAS)
suggests the photolysis of a bromine reservoir, probably BrONO,, yielding BrO beginning at a
solar zenith angle of 80°. The reformation of this or another reservoir is indicated by the decrease
of the BrO signal towards sunset.

Backtrajectories point also to the Arctic as source of that atmospheric bromine. Similar
observations had been made already several times before during spring at that location. Also at
the Jungfraujoch, Switzerland, this phenomenon was found. However, under both those
circumstances the additional BrO absorption appeared less intense.

Several chemical mechanisms have been proposed to account for the link of bromine chemistry
with ozone (Barrie et al,, 1988; Finlayson-Pitts et al., 1990; McConnell et al., 1992; Fan and
Jacob, 1992; Mozurkewich, 1995; Sander and Crutzen, 1996, Wessel et al., 1996; Vogt et al.,
1996; Tang and McConnell, 1996).

The origin of the bromine is the arctic ice float. The initiation of the bromine ablation is probably
by chlorine atoms which may stem from oxidation of gaseous HCI by OH or are produced from
the sea salt on the ice by other processes. The formation of HOCI and subsequent oxidation of CI
leads to dissolved or adsorbed Cl,. Cl, attaches to CI" and the Cl;" will live long enough until it
encounters one of the much less abundant Br™ and exchanges the halogen to form BrCl,". This ion
is in equilibrium with BrCl and CI". If the exchange process goes on, BroCl" is formed for which
the equilibrium between halogen and halogen ion is even more on the side of the Br; and CI'. The
Bry may then escape to the atmosphere where it is photolysed.

In addition to those primary production mechanisms autocatalytic cycles provide the necessary
strong release of bromine from sea-salt. Mozurkewich, 1995 proposed the oxidation of bromide
by hypobromous acid, HOBr, on sea-salt to elemental bromine, Br,. He considered this
mechanism not effective as source of photochemically active chlorine. In contrast Vogt et al.,
1996 proposed the oxidation of bromide and chloride by HOBr and the release of BrCl and Br,.
They provide a detailed picture of the chemical mechanism in this process. Tang and McConnell,
1996 proposed the autocatalytic release of Br, at polar sunrise from sea-salt bromide residing
under the snow pack stimulated by a bromine seed. The discussion with the help of a chemical
box model will concentrate on bromine and a possible participation of chlorine. The
meteorological conditions and the back trajectories argue in favour of a primary halogen
activation and its continuing recycling by heterogeneous reactions.

The chemistry was verified by a chemical box model including the initiation of the halogen release
by photochemistry of chlorine. Following this primary process an autocatalytic activation of
bromine from the pack ice must occur to obtain the large mixing ratios of bromine observed.
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Later during transport of the air masses continuous recycling of the halogen species by probably
heterogeneous reactions must take place. Part of this bromine finds it way into the free
troposphere were it reacts with NO, to form the highly photolysable BrONO, which only for part
of the day releases BrO. So in the free troposphere the ozone is partially protected from
depletion.

The emission of inorganic bromine from the sunlit polar regions is estimated from the
groundbased observations as performed at Ny Alesund to be about 10'? molec m™? sec™.

During transport the chlorine may be deposited from the airmass in the form of HCL
Reprocessing of HOBr and HBr on ice surfaces keeps bromine going.

Conclusions

It seems certain that the ultimate cause for ozone depletion during polar sunrise is the
photochemical action of halogens. The main actor is bromine with occasional participation of
chlorine and possibly iodine. Taken the global pack ice area the total source of inorganic bromine
for the sunlit periods is estimated to be 30 kt yr'* which may in part find its way into the free
troposphere. The ozone depletion will be restricted to the noon hours if the bromine exists in the
BrONO; reservoir (Perner et al., 1998).
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Polar Umkehr profiling during the Ozone hole period
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Abstract
Continuing the study of ozone depletion in polar areas the Umkehr vertical profile trends are studied.
The data of two bases, Marambio and Ushuaia , both Argentinean site, are considered.

The variations of the shapes during the hole period linked to the polar vortex position are
considered. Particular attention to the differences into each layer is too. Finally the results are
compared with the ozonesounding data collected in Marambio, Antarctic peninsula station on the
hole boundary sited.

Introduction

As known F.W.P. Goetz discovered the Umkehr effect in his expedition in the Spitzbergen
Island in the 1931 (Diitsch & Staehelin). The discovery produced in 1934 (Goetz et al.) the "Umkehr
model" for the vertical profile of ozone concentration by UV solar measurements. The inversion
algorithm proposed by Mateer and Diitsch, 1964, was considered as standard procedure for studies
of Umkehr effect. In the 1992 Mateer and DeLuisi (Mateer ef al. 1992) developed a new algorithm
that was implemented by the World Ozone Data Center for the Brewer spectrophotometric Umkehr
measurements.

This algorithm utilized as starting values of stratospheric aerosols content, ozone absorption
coefficients and their temperature dependence. A more important factor is the hypothesis about the
sky conditions for the radiance transmitted in the zenith direction of solar UV measurements. The
sky (the atmosphere) must be clear, dry, and spherically homogeneous for the molecular scattering
and ozone absorption (Mateer ef al. 1996). These are conditions that not always are founded and
especially in a campaign of measurements in remote areas.

This paper shows some results about the Umkehr sampling with the spectrophotometer
Brewer compared with the a priori vertical profile model and vertical profile model compared with
ozonesounding sampling. The experimental data set was carried out in the campaign in Ushuaia
(Tierra del Fuego, Argentina, 54.822° S - 68.323° W) and in the Argentinean Antarctic bases of
Belgrano II (77.870° S - 34.620° W) and Marambio (64.223° S - 56.717° W).
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‘ Ozonesounding in Marambio

| 35

' e

. 0l-w e S NI N

L~ 25

a .
f g 20
[ < &
S 15 o~ — &.“‘ L 3 ®
| N e L o
C 10 ° . e
| g . o o o®
| 5 4 o
0 ¥ 1] i\ 1
< ™ (o] - o - bowd (o] © [+0] N~ 0
5 § = 2 § £ 3 8§ § 8§ § ¢
st = ~— s -~ -~ = S
< < hy Yo} %) ) s} 1 0 h.ay by ©
()] [e)] < (o] [e)] (o] ()] (o)) ()] [Ys) v [¢]
D [e)] (o]
: Date
| e Ozone ® Ozone model

Fig. 1 - Ozonesounding in Marambio: Comparison of Ozone concentration sounding and a priori profile
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Fig. 2 — Brewer Umkehr profile in Ushuaia : Ozone concentration and his height

Umkehr a priori model
The amount of Ozone (x) in a priori profile was computed in each layer & by:

x* = Ay + By cos[(J-Jo) * 2 7 / 365] (1)
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for the layers from 6 to 12; and

x* = Ay + By (x - 300) + Cy (x - 300)? 2)

for the layers from 0 to 3.

The values of the coefficient Ay, By and Cy that was utilized was founded in Mateer ef al.
1992, the data are those of 75 °S of latitude, very close to Marambio.

The amount of the layers 4 and 5 was computed by a regression whit the model:
Iny=A+Bx*+Cx° (3)

Where x is the height of the layer and y is the amount of Ozone, the correlation coefficients of the
models are > 0.98.

Preliminary results

In figure 1 there is a comparison between the values of ozonesounding carried out in
Marambio and an a priori profile. The maximum values of Ozone concentration, diamonds in the
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Fig. 3 - Mean daily Ozone in Ushuaia 1994

bottom of the plot, are compared with the maximum amount of a priori profile. The difference of
the model data are due to the ozone hole season, September and October. The weak periodicity is
shown by the model is in agreement with the trend of real data and also with the shape of fig 3.

In figure 2 the maximum value of Ozone, computed by the Brewer Umkehr model in
Ushuaia, and the his maximum height are shown. Generally to the high values of Ozone correspond
amore low height of the maximum, in this case not always happen, Rafanelli e al. .

In figure 3 the daily mean Ozone, expressed as ZS, carried out in Ushuaia in 1994 campaign

is shown. As it is possible to note the deep hole of October 15/16 not pointed in evidence in the
model, see fig 2.
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Conclusion

To contribute to understand the consequences that clouds, aerosols and mainly steep
gradients of Ozone, as expected during the Ozone hole season, produce on the Umkehr algorithm
implemented on the Brewer, it will be carried out campaign in Ny Alesund (Is. Svalbard) in
cooperation between Institute of Atmospheric Physic (IFA) and Alfred Wegener Institute (AWD).

The project, founded by L.S.F. of UE., provides the comparison of simultaneous long
period measurements by spectrophotometer Brewer (IFA), the ozonesounding (AWI), tropo- and
stratospheric data by LIDAR (AWI). Al those equipments are present in the site of Ny Alesund.

In particular from February to October will be developed a campaign where at the early
spring time and at the autumn, when the zenith angles of the sun and the daylight afford it, the
vertical profiles of Ozone will be sampled with Brewer (Umkehr profile) and analyzed in the light
of the data of tropo- and stratospheric aerosols and vertical profile by LIDAR, obviously until the
light allows the sampling. The ozonesounding data will be the reference.

In the middle part of the campaign will be studied the Ozone level with the Brewer and the
effect that the clouds produce on the columnar content data. The sampling will compared also with
the UV solar radiometers equipment (IFA), the ozone microwave radiometer (AWI) and with the
Dobson spectrophotometer running in the NILU base.
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