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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 in 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 this Third Seminar, held in Kjeller in Norway in April 1997, is
atmospheric research in Ny-Alesund. Since the early 1980s a wide range of
projects have been carried out on Svalbard and particularly at Ny-Alesund.
Prominent in this research have been several international research programmes
with emphasis on topics of e.g. Arctic (Arctic Monitoring and Assessment
Programme, AMAP), European (European Monitoring and Evaluation
Programme, EMEP) or global (International Geosphere-Biosphere Programme,
IGBP; World Climate Research Programme, WCRP) scales.

Atmospheric observations have been carried out in Ny-Alesund in Svalbard for
several years. From the early 1980s, the long range transport of sulphur dioxide
and sulphate aerosols leading to Arctic Haze, has been studied. As a consequence,
EMEP included Ny-Alesund in their network. In the following years the transport
of ozone and chemical precursors were observed, and recently the naturally
occurring phenomenon of rapid surface ozone loss has been given particular
attention.

From the late 1980s observations of the stratospheric ozone layer and related
chemical species were undertaken, and the efforts have increased considerably
since. Ny-Alesund is now one of the primary Arctic sites of the NDSC (Network
for Detection of Stratospheric Change) network. Important efforts have been
undertaken to participate in the FEuropean campaigns as the European
Stratospheric Ozone Experiment (EASOE) and the Second European
Stratospheric Arctic and Mid-latitude Experiment (SESAME) which were
focused on the changing ozone layer. Observations are now also directed towards
the climate change issue, with measurements of CO, and other climate gases as a
key activity.

Ny-Alesund is a remote background atmospheric research station, with only
minor influences from local sources. Several institutions are now present in Ny-
Alesund with long term measurement programmes, including groups from
Germany, Japan, Sweden, Italy and Norway. The observations are connected to
several international research projects and programmes, as e.g. IGBP and WCRP
programmes. Ny-Alesund is also included in the WMO network, Global
Atmospheric Watch (GAW).

The increasing activity in atmospheric observations in Ny-Alesund calls for
extended exchange of information between scientists in order to stimulate the
scientific discussion and interaction. Therefore, presentation of scientific results
obtained in Ny-Alesund, which can stimulate further scientific development, is
the main objective of the seminar. There is a wealth of information and results
available from atmospheric research in Ny-Alesund.



A second objective is to bring this to the attention of the scientific community, so
that observations in Ny-Alesund can be used in new contexts, e.g. in comparative
studies involving observations from other locations or in modelling studies.
Furthermore, the seminar will enable discussions to strengthen the collaboration
between researchers which is also necessary in order to avoid duplication of
efforts.

The Third Seminar therefore provides an opportunity for those who have been
working in the field of atmospheric research at Ny-Alesund and in other areas of
Svalbard to summarise their research and findings and to identify their
achievements. During the discussions we also hope that participants will identify
what they consider the new challenges to be, so that we can set out ideas from
which new programmes can be developed. However, if we are to propose new
programmes these need to fit into both a national and international context.
Besides meeting national criteria, research programmes have to fit into the
international context. Arctic science is by its nature international both in concept
and in practice.

On behalf of the organising committee:

Inga Flgisand

Hartwig Gernandt
Elisabeth Stoltz Larsen
Frode Stordal

Makoto Wada

NILU OR 19/97
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The Nature and History of Arctic Air Pollution

Leonard A. Barrie
Atmospheric Environment Service
4905 Dufferin St., Downsview, ON M3H 5T4, Canada

The Arctic has been influenced significantly by atmospheric long range transport of pollution
since at least the middle of the 19" century. In the 1950’s, military pilots reported reduced
visibility in the arctic troposphere calling it “Arctic haze”. However, it was not until the 1970’s
that the science community began to appreciate the origin of Arctic haze. That was when G.
Shaw and K. Rahn linked visibility reduction to sulphur pollution released at mid-latitudes from
smelting and fossil fuel combustion on surrounding continents. After 25 years of research, we
are now aware of the nature and extent of pollution. A variety of contaminants and attendant
environmental impacts that are present in what was once thought to be a pristine remote
environment are listed in Table 1.

Norwegian scientists and the Ny-Alesund station at Spitsbergen have played a key role
in advancing our understanding of Arctic air pollution. Dr. B. Ottar of NILU was instrumental
in the establishment of the Arctic air chemistry monitoring network in the early 1980’s. The
network included sites in Alaska, the Canadian Arctic, Greenland and Spitsbergen. In addition
he hosted the first international symposium where an Arctic air chemistry research community
was formed. In the 1980s, not only routine measurements but also shorter term field
campaigns, glacial ice coring and chemical transport modelling were used to understand the
history, nature and occurrence of pollution. To illustrate the importance of Ny-Alesund
geographically, consider the schematic in Figure 1. It is unique in its proximity to Eurasia and
the open waters of the North Atlantic. Together with Alert and Barrow, it forms the backbone
of the Arctic network. It has the longest record of sulphate and sulphur dioxide observations
and a lengthy set of observations for many of the compound classes in Table 1.

In this presentation, highlights of the insight into Arctic air pollution gained from
atmospheric chemistry research will be presented for each class of contaminant represented in
Table 1. In order to appreciate, the impact of anthropogenic substances in the Arctic, one
needs a good understanding of the occurrence of atmospheric constituents of natural origin.
These include soil dust, sea salt and marine biogenic sulphur. These will also be discussed.
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Table 1

Groups of gaseous and particulate trace constituents in the Arctic troposphere

that are of regional, hemispheric or global interest.

Contaminant Group

Environmental Significance in the Arctic

Sulphur Compounds Climate Change, Visibility, Acidification of Ecosystems,
Biogenic Marine Tracer

Black Carbon Climate Change, Fossil Fuel Combustion Tracer of
sources

Metals Toxicity, Tracers of sources

Nitrogen oxide

Atmospheric Oxidant Chemistry, Ecosystem
Acidification and Fertilization

Reactive Hydrocarbons

Atmospheric Oxidant Chemistry, Tracers of Natural and
Anthropogenic Sources, Indicator of Chemical
Reactions

Ozone

Climate Change, Atmospheric Chemical Stability

Halogens(Br, I)

Ozone depletion, Biogenic Marine Tracers

PAHs

Tracers of sources, Toxicity

Industrial Organics(PCBs)

Toxicity, Tracers of sources

Agricultural Pesticides

Toxicity, Tracers of sources

Greenhouse Gases

Climate Change
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A schematic cross section of the Arctic troposphere from Europe to Alaska
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NILU’s Atmospheric Measurements in Ny-Alesund

Frode Stordal and Harry Beine,
Norwegian Institute for Air Research (NILU)
P.O.Box 100, 2007 Kjeller, Norway

1 Introduction

Much of NILU’s research in the Arctic is today centered at the Zeppelin station near Ny-
Alesund, Svalbard (78°54’29"N, 11°52°53"E, 474 m. a. s. 1.). The operation of the NILU
sampling site ‘Badehuset’ had increasingly revealed problems with local pollution, especially
during periods of low winds and/or inversion. In October 1989 a new atmospheric research
station on the Zeppelin mountain, Svalbard was put into operation. The station was planned
and built for measurements of background air in the high Arctic troposphere [Braathen et al.,
1990]. It was located on top of the Zeppelin mountain to minimize impacts from the nearby
village of Ny-Alesund, and to permit sampling of free tropospheric. Access to the station is
possible via a dedicated electric cablecar. No combustion sources are located at the mountain
top. Local contamination at the station is rarely seen {Beine et al., 1996].

2 Recent advances in knowledge

The main purpose of this paper is to highlight some results that were published in recent years
based on the measurements made at Zeppelin. A unique long term record of the Arctic aerosol
shows that non-sea-salt sulfate is correlated with anthropogenically derived heavy metals,
such as arsenic [Maenhaut et al., 1997]. During the summer months a strong biogenic source
for MSA can be detected in the fine particles [Heintzenberg and Leck, 1994]. The sources,
composition, transport, and cycling of aerosols are today fairly well understood [Pacyna,
1995]. Aerosol measurements are the main verification for our understanding of transport in
the Arctic [Djupstrom et al., 1993], which often can be described by isentropic trajectories
[Iversen, 1989a; b]. Aerosols currently partly offset a warming in the atmosphere. CO; has
increased at Zeppelin in recent years by up to 4 ppmv/year. It has a clear annual cycle, with a
summer minimum and a winter maximum [Holmén et al., 1995]. Other greenhouse gases such
as CFCs show a trend which is more slowly increasing in the 90’s than in the 80’s, reflecting
reduced emissions. Transported both in the gas-phase and adsorbed on aerosols, POPs are
enriched in the Arctic with significant consequences for Arctic biota [Oehme et al., 1996a; b;
1995a; b]. NILU’s main scientific focus has been on Arctic photochemistry in recent years. As
explained above, troposphere chemistry is strongly connected to ozone, which has been
measured for many years in Ny—Alesund. The interaction of ozone, VOC, NO,, and other
species in the Arctic atmosphere are well described in a number of publications.

3 Atmospheric aerosol composition

Unlike the measurement programs at other sites NILU in collaboration with the University of
Gent carries out a long term program to characterize the chemical composition of the Arctic
atmospheric aerosol. High volume filter samples and samples from impactors are analyzed for
SO42‘, methanesulfonate (MSA), NOs, CI, Br, and a number of cations by ion
chromatography, as well as for 40 elements by neutron activation and particle induced X-ray
emission (PIXE) [Maenhaut et al., 1997]. It was found for example that both sulfate and MSA
are connected to fine particles (< 2.5 um), and that this fine sulfate was virtually all nss-
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