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QUANTIFICATION OF THE REMOVAL OF CHEMICAL SPECIES BY SNOW

M. Schwikowski, U. Baltensperger, S. Bruetsch, R. Keil (PSI), H. W. Gaggeler (Univ. Bern & PSI),
and O. Poulida (Frederick Research Center, Nicosia)

In order to quantify the scavenging of chemical species in mixed phase clouds, in-cloud field experiments
were conducted in October and November 1993 at the high-alpine research station Jungfraujoch. On the
average, air to snow transfer fractions were rather low with the highest value of 0.5 for nitrate, thus, most of
the air borne chemical mass remained in the air parcel after precipitation.

Removal of aerosol particles from the air by precipita-
tion is the most important cleansing mechanism of the
earth atmosphere. A variety of processes are involved
in the scavenging of aerosol particles in and below the
cloud. The most complex scavenging situation occurrs
in mixed phase or cold clouds, i.e. clouds containing
ice crystals. This type of clouds is typically found in
northerly climates and produces most of the precipita-
tion there.

In-cloud field experiments were carried out in in Octo-
ber and November 1993. During snowfall, aerosol,
cloud droplet and snow samples were simultaneously
collected for subsequent chemical analysis of the ma-
jor water soluble components CC, NO3', SO/", Na+,
NH4

+, K\ Mg2+, and Ca2+ by ion chromatography. In
addition, the cloud liquid water content (LWC) and the
mass concentration of ice crystals in air (ice water
content, IWC) were measured [1].

Altogether, eight snowfall events were investigated
and the duration of observation varied between 6 and
12 h. In order to determine the overall distribution of
the various chemical trace species between the differ-
ent phases during a precipitation event, the chemical
mass concentrations M, of a species i were consid-
ered, e.g. M; aerosol is the concentration of species i at-
tached to interstitial aerosol in ng m3 of air. The mass
concentrations in cloud water M( doud were calculated
from the concentration C, cloud in cloud water and the
LWC (M, cloud = C, cloud LWC), and in snow M, snow from
C,snwandthelWC(M isnow = CLSn0(V IWC).

A closer analysis of individual snowfall events re-
vealed that at the Jungfraujoch precipitation does not
necessarily result in a further cleansing of the air. A
decrease of the overall mass concentrations in the
three phases aerosol, cloud water and snow was only
observed during half of the events, whereas the re-
maining snowfalls were characterised by an increase
due to entrainment of "fresh" air into the cloud.
Figure 1 gives the mass fractions of the species in the
ice phase revealing that the overall scavenging
showed large variations from event to event and from
species to species. In spite of these variations, the
overall mass transfer fractions from aerosol to snow
were rather low with the highest values of 0.49 for
nitrate. This seems to be caused by gas phase
scavenging of nitric acid in addition to the scavenging
of aerosol nitrate. The mass transfer fractions of
sulphate, sodium, ammonium, and magnesium were
rather similar (0.32 to 0.4) pointing at a common,

dominant scavenging mechanism, such as riming.
Generally, the air to snow transfer in mixed phase
clouds was rather inefficient for the investigated
species, compared to the air to cloud water transfer
where the fraction of the activated sulphate was often
close to one [2,3]. Thus, most of the air borne chemi-
cal mass remained in this phase after the precipitation
event. Our approach to determine chemical mass
concentrations for the three different phases allowed
to estimate the imaginary volume of air processed in
the cloud above the sampling site. In order to yield the
deposition of water and chemical trace species ob-
served per h and m2, an air volume of about 103m3

would have been needed as supply. Although the
mixed phase clouds investigated during this study
showed a rather low efficiency in transferring chemical
species from the air into precipitation, the amount of
air processed and the absolute quantities of water and
trace species deposited were remarkable [4]. How-
ever, the fact that clean air is observed at times in
spite of the low cleansing efficiency of precipitation
indicates that more research is needed in this field.

Nitrate Ammonium
Sulphate

Chloride

Sodium
Magnesium

Various chemical species

Fig. 1: Box plot of mass fractions of chemical species
in the ice phase over eight snowfalls (given
are the extremes as well as the 5th, 25th,
50th, 75th and 90th percentiles).
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