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Abstract: The chemical composition was determined on snow drift which was
sampled at Mizuho Station (2230 m a.s.l.) and Mizuho Plateau (1800-3000 m
a.s.1.), East Antarctica, in 1986. Na+ , c1-, No 3 - and SOl- were determined
by ion chromatography on 44 samples. Electroconductivity and H + concentration
were also measured on 85 samples. The concentrations of N0 3 - and S04 - of
snow drift showed maximum values in summer. It is considered that the con
centrations of both Na + and c1- of snow drift during winter are dependent on
not only the amount of sea-salt in the atmosphere but also on the dilution effect
through mixing with falling snow. It is pointed out that increase in their con
centrations of snow drift in late summer results from aerosol scavenged by
drifting snow particles rather than sublimation of drifting snow particles.
2

1. Introduction

It has been considered that aerosol in the Antarctic atmosphere is supplied with
snow fall and as dry-fallout to deposited snow. At the surface of deposited snow,
sublimation and condensation of water vapor cause metamorphism of deposited snow
(Furn and KusuNOKI, 1982), and wind erosion of deposited snow and deposition proc
ess cause re-distribution of snow particles (WATANABE, 1978), because drifting snow
particles are settled again behind obstacles such as sastrugi. During snow falls, drift
ing snow particles mix with falling snow particles, and also they settle behind the
obstacles. Since such settled snow is called "snow drift", in the same manner, trapped
snow in a small pit is defined as "snow drift" in the present paper.
Drifting snow contributes to the surface mass balance in a strong katabatic wind
region such as Mizuho Plateau. Therefore, from the viewpoint of the material cycle,
drifting snow particles play an important role in transport of materials as well as
surface mass balance. Therefore, snow drift samples were taken by some of the
authors during the 27th Japanese Antarctic Research Expedition (JARE), and the
chemical composition of the snow drift was determined in the laboratories of the
Water Research Institute and the National Insitute of Polar Research in Tokyo.
The purpose of the present study is to obtain chemical data of snow drift on
70
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Mizuho Plateau, to know the seasonal variation of major soluble constituents of the
snow drift, and to find the relation between the seasonal variation and material trans..
port process which is related to drifting snow.
2.

2 .1.

Sampling and Analysis

Snow drift samples

Snow drift samples were taken at Mizuho Station (70 °42'S, 44 °20'£ 2230 m a.s.1.)
from February to September, and along oversnow traverse routes on Mizuho Plateau
(70 °42'S-73° 07'S, 39°45'E-44 °20'E 1 800-3000 m a.s.l.) from October to December
in 1986, as shown by the hatched area in Fig. 1. Samplings were carried out with
special care to avoid contamination from snow vehicles, wearing clean cloth, clean
cap, clean mask and powder-free clean PVC gloves in downwind position against the
sampling sites.
The polypropylene (PP) sampling bottles (11) were precleaned as reported by
KANAMORI et al. (1987). But polyethylene (PE) sampling bottles (250 ml) for some of
the anion analyses, electroconductivity measurements and pH measurements were

--->
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Fig. 1. Location map of snow drift sampling. Sampling
was carried out at AJizuho Station (2230 m
a.s.l.) from February to September, 1986, and in
the hatched area (1800-3000 m a.s.l.) during the
oversnow traverse of Mizuho Plateau from
October to December, 1986.

Fig. 2. Schematic depiction of snow drift
sampling.
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precleaned only by deionized water without the use of acids. In the same manner,
PE sampling bottles (500 ml ) were prepared for in-situ measurement of electrocon
ductivity. About 100 to 300 g of snow drift samples were taken in 11 PP bottles
directly just above the snow surface into a sampling bottle set in a small pit as shown
in Fig. 2. Then they were sealed in PE bags and kept frozen until analysis in the
laboratory.
2.2. Analysis
2.2.1. In situ measurement of electroconductivity
After melting of snow drift samples at room temperature in Mizuho Station or a
snow vehicle during the inland glaciological traverse, the electroconductivity of the
sample was measured in-situ by a conductivity meter, TOA Model CM-50AT equipped
with CG-7001PL electrode under aerated condition (water temperature was about
14-20° C).
2.2.2. Laboratory measurement
Melt water of frozen samples at room temperature in the laboratory was filtered
through a membrane filter (Nuclepore filter with 0.22 µm pore size). Concentrations
of Na+ , c1-, N0 3 - , and SO/- in the filtrate were measured by an ion chromatograph,
Dionex Model 10 and 2000 i/SP. Electroconductivity and pH of samples were
measured by a conductivity meter, CM-50AT set and a pH meter, Iwaki Glass Model
M-225 equipped with IW-050 combination glass electrode, respectively, under CO2free condition (CRAGIN et al., 1984) in a temperature controlled water bath (25° C).
The reproducibility of the pH and electroconductivity measurements in the laboratory
is ±0.05 pH and �0.1 fl S,cm- 1, respectively.
3. Results and Discussion
3.1.

Seasonal variation of chemical composition of snow drift
Electroconductivity is an index of total ionic concentration of a solution. Figure
3 shows electroconductivity and pH values of melt samples of snow drift collected
on Mizuho Plateau. They do not contain CO�. As seen from the figure, both values
show maxima in summer (from late November to early March; 29 samples) and minima
in winter (from late March to early November; 56 samples). For both values, the
variation in one season is large in summer and small in winter. The difference in
mean H + concentration in melt samples between summer (5.2 peq . /- 1) and winter (1.7
µeq . J-1) is 3.5 µeq, /-1, the difference is larger than that of deposited snow (I µeq, /-1)
with 4 µeq, /-1 in maximum and 3 peq ./- 1 in minimum at the South Pole (LEGRAND
and DELMAS, 1984).
Table 1 and Fig. 4 give results of chemical analyses of snow drift samples. The
ionic compositions listed in Table I show a good balance in winter and unbalance in
summer between cations and anions. Since concentrations of major cations except
Na+ and H + are not determined, detailed discussion of such unbalance is impossible.
The seasonal variations in concentrations of both N0 3 - and SQ/- of snow drift
show a trend of summer maximum and winter minimum similar to the above mention
ed trend for H + concentration and electroconductivity. The variations of mean con-
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Fig. 3. Seasonal variations of electroconductivity and H + concentration.
Table 1. Chemical composition of snow drift on Mizuho Plateau (µeq. /- 1).

Summer n=26
1986/2/2-3/4
11/17-12/4
Na +
1.14(1. 28)
c11.76(0.78)
No3 4.92(2.37)
so42 4.15(2.27)
5. 17(2.67)
H+
Conductivity*
3.04(1.51)
) ; Standard deviation.
*; µS•cm- 1•
Element

Winter n=18
1986/3/4-11/12
1. 06(0.84)
1.77(1.11)
1.03(0.67)
0.60(0.37)
1. 65(0. 78)
0. 92(0.35)

Annual mean n=44
1986/2/2-12/4
1.11(1.12)
1. 76(0.93)
3. 33(2.68)
2.70(2.48)
2.85(2. 37)
1.64(1.37)

centration between summer and winter are 3.9 µeq, /-1 for NQ 3 - and 3. 5 µeq, /- 1 for
SQ 4 -. Furthermore, NQ 3 - concentration reached its maximum before appearance
of that for SQ/- in Fig. 4. Such a trend is different from the reports on deposited
snow obtained by H ERRON (1982) and LEGRAND and DELMAS (1984) at the South Pole
that concentration of SQ/- reached its maximum before appearance of that for N03 - •
Such a difference between snow drift and deposited snow is interpreted to be due
to that nitric acid vapor migrates more easily than sulfuric acid in the snow layer,
because the volatility of nitric acid is higher than that of sulfuric acid. NEUBAUER and
H EUMANN (1988) reported that NQ 3 - concentration of freshly deposited snow is higher
than that of old snow, and they suggested that NQ 3 - loss from snow result from both
evaporation of nitric acid from surface snow into the atmosphere and photochemical
decomposition of nitric acid.
Their result and suggestion support the interpretation that nitric acid in deposited
2
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Fig. 4. Seasonal variations in the concentrations (µeq·/- 1) o.f various constituents.

snow migrates into the atmosphere during summer or toward the upper layer in de
posited snow during autumn. Therefore, the concentration of N03 - in deposited
snow should reach its maximum after appearance of that for SO/-.
The seasonal variations of Na + and c1- concentration show a similar trend ex
cept in late summer. The variations of Na + and c1- concentration in winter are
different from those at the South Pole (LEGRAND and DELMAS, 1984). Monthly mean
concentrations of Na+ and c1- of snow drift increase, in many cases, with increasing
storms from the coast into the inland of the Antarctic ice sheet, but their concentra
tions in snow drift do not always increase during the storm season in the present study.
For example, a snow storm accompanied by both blowing snow and snow precipita
tion occurred 8 days in March and 5 days in July in 1986 (OHMAE et al., 1987), but
Na+ concentration was lower in March than in July. Such an example indicates that
sea-salt concentration in snow drift is not proportional to the frequency of storm
penetration.
Furn and 0HATA (1982) have also indicated that the low concentration of micro
particles in snow drift in March is due to mixing of snow drift with falling snow particles
having low microparticle concentration. Their indication can be applicable to the
present case. In other words, the Na+ and c1- concentrations in snow drift are de
pendent on not only the amount of sea-salt in the atmosphere, but also on the dilution
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effect through mixing with falling snow. Therefore, it is considered that their con
centrations in snow drift do not always increase during the storm season.
As reported by DELMAS et al. (1982) and LEGRAND (1987), deposited snow in Ant
arctica contains sea-salt and three stong mineral acids such as H2 SO" NHQ 8 and
HCI. Hence, excess SQ/- and excess c1- with respect to sea water constituents are
calculated from Na+ concentration in snow drift:
(SQ/-) ex= (SQ/-)-0.12(Na + )

(I )

(C1-) 0x= (Cl-)-l. l 7(Na + )

( 2)

where (x) denotes the concentration of x species in equivalent per liter, and 0.12 and
1.17 are (SQ 4 -)/(Na + ) and (CI-)/(Na+ ) equivalent ratio in normal seawater, respec
tively.
Figure 5 indicates the characteristic seasonal variations of these excess values in
the samples. The values of excess SQ/- show a clear seasonal variation, whereas
variation of excess c1- values is less than that of excess SQ/- values. This is quite
interesting in comparison with the seasonal variations of net concentration (Fig. 4).
A similar result on aerosol was reported by BoDHAINE et al. (1986) at the South Pole.
The SQ/- concentration is mostly explained by excess SQ/-. The excess c1values indicate chlorine addition and also chlorine depletion. The excess c1- values
show such a characteristic of chlorine addition with low Na + concentration in autumn
and its depletion with high Na + concentration in spring. LEGRAND and DELMAS
2
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Short time variations of electro
conductivity, weather condition and
atmospheric pressure (P) at Mizuho
Station. Electroconductivity was
measured in situ .

76

0SADA, OHMAE, NISHIO, HIGUCHI

and KANAMORI

( 19 85) have mentioned that the Cl/N a ratio in depos ited s now increas es with dis tance
from the coas t to inland, that H Cl is formed in the coas tal area where s ea-s alt par
ticles are abu ndant, and that su bs equ ently H Cl is transported inland and depos ited
prefe rentially on the Antrarctic Plateau . Therefore, it is cons idered that chlorine
depletion of s now drift is caus ed by incorporation of s ea-s alt particles which are
c1- depleted by reaction with su lfuric acid in spring when s ea-s alt particles are abu n
dant in the atmosphere, as s hown in Fig. 4, and su bs equ enctly H Cl formed by su ch
reaction diffus es into the s now drift.
3.2.

Mate rial t ranspo rt o n M izuh o P l ateau
Figu re 6 s hows atmospheric pressu re (P ) and weather condition at Mizu ho Sta
tion (OH MA E et al., 19 87), and als o the resu lts of in -situ measu rements of electrocon
du ctivity from Febru ary 20 to March 9. The figu re indicates that the variation of
electrocondu ctivity s hows a maximum valu e u nder anticyclonic and clear s ky con
ditions.
Therefore, the following two process es are cons idered to be the reas ons for the
maximum electrocondu ctivity of s now drift. The firs t p robable p rocess is s cavenging
of aeros ols by drifting s now particles. Assuming that drifting s now particles in sum
mer are originated by eros ion of dep os ited s now which accumu lated from au tumn to
spring, becaus e s eas ons of s now layer formation at Mizu ho Stati on are mai nly au 
tumn and spring (Furn and OHATA , 19 82) , the maximum SO/ - concentration of s now
drift in late summer, Cs, is repres ented by the fo llowing equ ation:
Cs= Cs0 + D · S · E · n

(3)

where Cs 0 : the initial concentration ( ng· g- 1) of SO/- of drifting s now particles , D :
range (m) where drifting s now particles s cavenged aeros ols , S : total-cross s ection
( cm2) of 1 g of drifting s now particles with a diameter of 0.2 mm at 3 cm above the
su rfa ce (BUDD , 19 6 6 ), E : collection effi ciency ( g-1 ) of aeros ol particles by drifting s now
particles , n: concentration ( ng· m-3 ) of aeros ol so..2- du ring late summer.
I n this cas e, Cs is 380 ng· g-1 and Cs0 is 30 ng· g- 1 as s hown in Fi g. 4, S is 82 cm\
and n is 150 ng· m-3 according to preliminary data at Mizu ho Station in 19 86 (S. KA NA 
MOR I et al., u npu blidhed data). Aeros ols can be cons idered as Aitken particles in
this cas e, becaus e H OGA N and BARNARD ( 1 9 7 8) and IT O and IWA I ( 19 81 ) reported
su dden increas e in the prop ortion of acidic Aitken particles in the summer atmosphere.
Therefore, the radius of Aitken particles is assumed to be 5 x 1 0-7 cm in the cas e of
IT O ( 19 85), s o E can be assumed to be 3 x 1 0-2 ( g-1) according to MURAKA MI et al.
( 19 85) bas ed on the collection effi ciency of plane type s now crys tals with respect to
Aitken particles with a radius of 5 x 1 0-7 cm. B y introdu cing thes e valu es into eq.
(3), the valu e of D was calcu lated to be 9 500 m.
Since wind velocity 5 m above the su rfa ce is abou t 1 2 m· s- 1 du ring this period
(OH MA E et al., 1 9 87 ), wind velocity at 1 0 cm above the su rfa ce is cons idered to be
7 m· s- 1 accordi11 g to the wind profile of BUDD et al. ( 19 6 6 ). Assuming that drifting
s now particles are transported with the wind velocity at 1 0 cm above the su rfa ce, the
period of aeros ols s cavenging by drifting s now particles du ring the above range is
1400 s. Therefore, the obs erved SO/- valu e of 380 ng· g-1 in s now drift is explained
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if a drifting snow particle was in the air during 1400 s and 9500 m in scavenging range.
It seems reasonable to move a drifting snow particle through a scavenging range of
9500 m, because drifting snow diverges around Mizuho Station (TAKAHASHI, 1988).
The second probable process is due to increase in so.i2- concentration of drifting
snow particles by its sublimation of H 2 0. Vapor pressure at the snow surface is
usually higher than vapor pressure at 2 m height during summer (Furn and KusuNOKI,
1982). Furthermore, they observed that sublimation rate at the snow surface in
dicates daily periodic variation, being high around 1200 LT and low around 2400 LT.
Therefore, when drifting snow particles are taken from the snow surface with the
same vapor pressure as that of the snow surface, it will sublimate in air having low
vapor pressure, and the SO/- concentration in drifting snow particles will increase
during drifting under clear sky in the present case. Also, it should be expected that
the concentration of SO42 - in drifting snow particle around 1200 LT will be larger
than that at around 2400 LT.
For example, as shown in Fig. 6, values of electroconductivity of snow drift during
February 25 are 3.46 µS · cm- 1 around 0200 LT and 5.69 µS · cm- 1 around 1400 LT
under clear sky condition similar to February 27 when electroconductivity of snow
drift showed a maximum value (9. 3 1 µS · cm- 1 , 0930 LT).
If the maximum value on February 27 was due to such successive and daily vari
ation of sublimation of H2 0 from drifting snow particles, decreases in electroconduc
tivity of samples collected around noontime from February 27 to March 2 should not
be explained without accounting for the dilution effect due to snow fall, but snow
fall was not observed during such a period (OHMAE et al., 1987).
On the other hand, if the maximum concentration of SQ/ - in snow drift during
late summer is due to increase of concentration after sublimation of H 2 0, Na + con
centration in snow drift should also have a maximum through sublimation during late
summer. However, Na + concentration in snow drift does not show a maximum
during late summer, as seen in Fig. 4.
Therefore, it is reasonable that the maximum values of electroconductivity and
SQ/ - concentration in snow drift during late summer can be explained by the first
process, namely scavenging of aerosols by drifting snow particles, rather than the
second process.
4. Concluding Remarks

The present study shows the important role of drifting snow particles in material
transport from atmosphere to the ice sheet sufrace. It is, therefore, necessary to
pursue further simultaneous studies on vertical distributions of water vapor pres
sure, aerosol concentration and drifting snow particles near the surface through a
year, in the various parts of the Antarctic ice sheet under different climatic conditions
to evaluate the role of drifting snow particles in material transport. These studies will
contribute also to interpretations of chemical stratigraphy of snow and ice cores ob
tained by drilling.
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