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Recent studies at ground level in the Alaskan Arc'cic:l-3 show thevpresence
of substantial concentrations of carbon- and sulfur-containing particles that
seem to be characteristic of the Arctic region as a whole.4.6 These particles
are effective scatterers ana absorbers of visible radiation3’7'and appear to be
responsible for the phenomenon of Arctic haze first reported by Mitchell.8 On
the basis of trace element analysis, it has been suggested that these particles
originate from anthropogenic sources at midlatitudes.l’4 Direct substantiation
of éombustion-generated particles in the Arctic atmosphere has been provided’
by the identification of large concentrations of graphitic carbon particles
at the NOAA-GMCC observatory near Barrow, Alaska.3 These graphitic particles,
which can only be produced from high-temperature combustion processes, have
been identified on a molecular level using Raman spectroscopy. If one excludes
natural burning processes that are not expected to be a significant source
term during winter and spring when the Arctic haze is at a maximum, then one
can attribute these graphitic particles directly to anthropogenic activities.
These particles, which have large absorption cross seétions {(~ 10 mz/g) in the

9-11

solar spectral region, can lead to significant heating effects. The magni-

tude of these effects largely depends on the vertical and horizontal distribu-

tions of the graphitic particles as well as their concentrations as a function

* This work was supported by the Director, Office of Energy Research, CO?
Research Division of the U.S. Department of Energy under contract DE-AC03-
76SF00098 and by the National Oceanic and Atmospherlc Administration under
contract NA81RAG00254, Mod 1.
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10,11 In this paper, we report on an extension of our studies

of time of year.
of carbom particles in the Alaskun %rctic to the Canadian and the Norwegian
Arctic. These studies, using the Raman scattering technique, identify substan-
tial concentrations of graphific carbon particles at ground-level stations
throughout the western Arctic. These results show that the large concentra-
tions of graphitic particles found at the NOAA-GMCC observatory at Barrow are
not a local phenomenon but are characteristic of ground-level stations through-
out the western Arctic.

The Raman spectré are obtained directly from.aerosolvparticles collected
on various filter media withou; any pretreatment procedures.. These spectra
are observed on top of a large fluorescent backgroUnd, which is due both to the
filter media and the highly fluorescent material in the sample. Irradiation
of the sémple with the argon lasér for 24 hourS'reduced this backgroundvby
about an order of magnitude. The intensity of the Raman spectra was typically

about 1% of the fluorescent background. Aerosol samples were obtained from

six Arctic sites: Barrow in the Alaskan Arctic; Mould Bay, Igloolik, and Alert -

in the Caradian Arctic; and Bear Island and Spitzbergen in the Norwegian
Arctic. The samples frém the Alaskan Arctic were collected on prefired quartz-
fiber filters (Pallflex 2500 QAO).with a sampler installed at the NOAA-GMCC
observatory in cooperation with B.A. Bodhaine of the GMCC program. The'samples
from thé Canadian and Norwegian Arctic were collectéd on Whatman 41 filters and
were provided respectively by L.A. Barrie of the Cahadian Atmospheric Environ-
ment Service and B. Ottar of the Norwegian Institute for Arctic Research.

Raman scattering and inffared absorption spectroscopy are complementary
techniques that measure vibrational spectra of gases, liquids, and solids.
Often vibrational modes that are infrared inactive are Raman active and vice

versa. GCraphitic structures in which trivalent carbon atoms occupy lattice



sites in a two-dimensional hexagonal honeycomb network have intense Raman modes
but very weak infrared wibrational spectra. These Raman modes, which were
first observed by Tuinstra and Koénig,12 enable the identification of graphitic
structures even in the presence of a complex mixture of substances. Solvent
extraction, hgat treatment, optical absorption, and morphology‘studies13 can
provide indirect evidence for a graphitic component; but Raman spectroscopy
appears to be the only presently. available method for making unambiguous iden-
tifications on a molecular level.

The Raman scattering technique has been applied to identify substantial
concentrations of graphitic pa;ticles in combustion effluents, urban air,14’15
and the Alaskan Arctic.3 The spectra from these samples show the presence of

two Raman modes located at ~ 1350 em™! and 1600 cm'1

that have been identified
as due to phonons propagating with graphitic planes.12 In Fig. 1 these measure-
ments are extended to samples collected from three sites in the Canadian Arctic
(Mould Bay, Igloolik, Alert) and two sites in the Norwegian Arctic (Spitzbergen,
Bear Island). All samples were collected at similar times of year; but due to
sample availability, some samples are from 1980 and others from 1981. It is
clear from the spectra that all sites show the presence of significant concen-
trations of graphitic particles. There are some differences in the relative
intensities and line shapes'of the two Réman modes, but these could be due to

1 mode, which is

systematic errors in fluorescence subtraction for the 1350 cm
located on a highly slbping background. If one assumes fixed optical constants
(Raman cross sections, absorption cross sections), 6ne can use the integrafed
intensity of the 1600 ca'l Raman mode as a measure of the relative concentra-
tions of grapﬁitic particles at these sites. These analyses indicate that the

concentrations at all these sites are quite comparable with the largest and

smallest within about a factor of 3 from each other. The relative ordering



of these concentrations for Spitzbergen, Bear Island, Barrow, Mould Bay, Alert,.
and Igloolik are 2.1/1.7/1/0.8/0.8/0.7. It should be emphasized that this
analysis is for a particular time interval, and the relative contributions
could vary considerably from one time period to the next.
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Figure Caption
Figure 1. Raman spectra of particles collected in the Alaskan Arctic (Barrow)
compared with samples collected in the Canadian Arctic (Alert, Igloolik,

Mould Bay) and the Norwegian Arctic (Spitzbergen, Bear Island).
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