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Abstract: The precise vertical distribution of H202 in the surface snow layer 

at three different sites in the inland region of Antarctica was measured. The 

seasonal variation, traced from the vertical distribution of snow cover, reflects 

photochemical processes in the atmosphere and coincides with that of 0 180. The 

values of pH and the concentration of micro-particles are also discussed in 

consideration of photochemical and migration processes in the atmosphere. 

Almost all substances occurring in snow have unique origins; some of them 

reflect physical and chemical processes in the atmosphere. 

1. Introduction 

Snow particles are formed under certain atmospheric conditions and deposite 

onto the ice sheet surface. These snow particles retain information on local 
atmospheric conditions in their chemical and physical characteristics. The snow 
on the ice sheet is apparently divided into 3 types: falling snow from the 

atmosphere; snow transported over the ice sheet which settles on the snow 
surface and is blown again by the wind; and snow deposited on the ice sheet to 
form a layer in stratification. The snow characteristics possibly depend upon snow 

type; they are affected by the atmospheric condition at first, and undergo 
metamorphosis depending upon the glaciological conditions in the ice sheet. Here 
we try to clarify the characteristics of the deposited snow. 

We have estimated the atmospheric environmental condition which affect the 
snow characteristics over East Queen Maud Land, Antarctica. The surface snow 

deposited during a certain duration has been sampled for investigation of the 

present atmospheric and glaciological environmental condition over the ice sheet. 
The snow columns were cut from walls of 2 m deep snow pits at observation 
sites in order to obtain information on the past environments. Both the seasonal 
and local atmospheric environments are reflected in the chemical characteristics 
of snow. 

Hydrogen peroxide (H202) is produced through photochemical processes m 

the atmosphere, increasing in summer/daytime and decreasing in winter/night, in 
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the precipitation and the water vapor as shown by KAMIYAMA and NAKAYAMA 
(1992). H202 , after being absorbed into snow, is accumulated in the ice sheet 
and snow has been confirmed in the ice core at Siple Station, West Antarctica 
(SIGG and NEFTEL, 1988). In addition to the H202 content, the oxygen isotope 

ratio ( <5180) in snow precipitation shows a seasonal distribution that increases in 
summer and decreases in winter, which reflects the atmospheric temperature. 

It was reported by KAMIYAMA et al. (1987, 1989) that high concentrations of 

HCl and HN03 , low level of pH and higher level of artificial radio nuclides in 
snow were observed in snow on the inland high plateau, East Queen Maud 

Land, suggesting direct inflow of substances into the area through the upper 
atmosphere and stratosphere over the ice sheet. Taking into consideration the 
unique characteristics of the atmospheric environment over the inland high 

plateau, we will discuss the formation processes of vertical profiles of H202 and 
<5180 in the surface snow layer in three different regions: coast, katabatic slope 

and inland plateau. Such investigations will make clear the relationship between 
the atmospheric environments and the glaciological characteristics over the ice 
sheet. 

2. Sampling and Analytical Procedures 

We have determined detailed vertical profiles of H202 in snow layers in the 
three different regions in East Queen Maud Land shown in Fig. 1 and described 

in Table 1. The uppermost surface snow cover samples at station y-8 were 
obtained in 1986. The vertical distribution of H202 has been reported by 
KAMIYAMA and NAKAYAMA (1992). The <5180 was determined from the residues of 
the same samples. Snow samples from the walls of snow pits at stations H270 

and B were obtained in 1988 and brought back to the laboratory frozen. Precise 
stratigraphic observation of the walls, sampling for 6 180 determination and 
chemical analyses were carried out in situ by WATANABE (1992). For the deter­
mination of H202, small segments of samples, taken continuously from the snow 

column in the laboratory, were prepared after removing the exterior part to 

remove contaminants. The samples were kept frozen and melted just before the 
analytical procedures. The pH values and micro-particle concentrations were 
determined for the residues of the samples from stations H270 and B. 

Table 1. Sampling site of the hydrogen peroxide determination. 

Station H270 B y-8 

Location 69°54.S'S 72°5.9'S 76°0.2'S 

42°48.7'E 44°58.S'E 31°23.3'E 

Elevation 1780 m 2771 m 3648 m 

(a. s. I.) 

Distance from sea 200 km 400 km 700 km 

(approximately) 
---------- ---�� �- - �-
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Fig. I. The location of observation station in East Queen Maud Land, 

Antarctica. 

3. Results and Discussion 

3.1. Distribution of H202 in snow 

The vertical profiles of H202 in the surface snow cover are shown in Fig. 2. 
It is clearly seen that the concentrations of H202 show periodic change at every 
station. The periodic distribution is caused by seasonal variation in the concentra­
tion of H202 in the snow deposit, since the activity of the photochemical process 
in the atmosphere increases in summer and decreases in winter. Higher concen­
trations in the vertical profiles seem to occur in the higher inland region 
( y-8> B> H270). However, the fluctuation level at y-8 remains inconclusive due to 
inadequate data. 

There are two possible reason for the higher level of H202 in inland 
precipitation. 

1) H202 is considered to be an important oxidizing agent in atmospheric 
liquid water. The substances consuming H202 in the atmosphere, such as S02, 

must be carried into the inland region from outside. During the migration 
process, almost all of the substances are converted to oxidized forms, such as 
S04. In consequence, H202 in the atmosphere appears in the deposited snow 
with little consumption. 
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Fig. 2. The vertical profiles of H202 in snow at stations H270, B and y-8. 
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2) In the stratosphere, various substances are produced through chemical 
and photochemical processes, in which only H202 , HCl and HN03 are physically 
able to reach the ground through precipitation (BRASSEUR and VERSTRAETE, 1989). 

The extremely low temperature in the stratosphere over the inland region 

enhances the possibility combined with the distinctive polar atmospheric circula­
tion. Actually high concentrations of H202 , HCl and HN03 are observed at high 
altitude in the atmosphere (MAY and WEBSTER, 1989). The vertical downward 

migration process of substances from the upper atmosphere to the surface 
(KAMIYAMA et al., 1989) also suggests to us the appearance of a high H202 level 
in snow precipitation in the inland region. The inland region of Antarctica 

appears to be unique on the earth. 

3.2. Relationship between H202 and other components in snow 

3.2.1. Oxygen isotope ratio 
<5 180 in snow precipitation plays an important role in estimating the atmo­

spheric temperature, increase of <5180 in summer and decrease in winter. Clear 

seasonal variations were observed in vertical profiles of both H202 and <5 180 in 
the ice core in Greenland, where H202 maxima coincided more or less with <5180 

maxima (SIGG and NEFTEL, 1988). The vertical distributions of <5 180 are shown in 

Fig. 3 together with the distributions of H202 in similar depth ranges. The mean 
value of D180 at each station, reflecting the local climatic tendency, corresponds 
to the altitude, as shown in Table l. At station y-8, D 180 and H202 were 
determined with the same samples. At stations H270 and B, we tried to clarify 
the relationship between fluctuations of H202 and 6 180. H202 and D 180 were 
determined with two series of samples obtained by the different methods in the 
same snow pit. The series for <5180 were obtained in situ, and the series for 
H202 were obtained in the laboratory from vertical snow columns of 70 cm 

length cut from the pit wall. The vertical profiles of H202 and <5180 show time 

dependent fluctuation, and values at the same depth do not always coincide with 
the same sequence of deposition. The deposition does not always occur horizon­
tally, as was observed in the stratigraphic diagram (WATANABE, 1992). Accumula­

tion and erosion processes on the snow surface are recorded in the deposition 
structure and snow texture, which is useful to identify the annual and seasonal 



92 K. KAMIYAMA, 0. WATANABE and E. NAKAYAMA 

StationY-8 

-30 

0 

-30 

-} 

� -40 
"'C 

-30 

5 10 

Station B 

0 50 

Station H270 

0 50 

15 20 25 30 

Dep1h (cm) 

100 150 200 250 

Depth (cm) 

100 150 200 

Dep1h (cm) 

35 

100 i 
ct 

50 I 

100 t 

ct 
50 I 

0 

100 8: 

0 

Fig. 3. The vertical profile of t/80 and H202 in snow cover at stations H270, 
B and y-8. Black and open arrows indicate summer layers on H202 

and 61HO profiles respectively. 

snow layers. The thick ice crusts and hard snow layers are presumed as deposi­
tion structure formed in summer. The depths of these layers are shown in Fig. 3 
by arrows. Maxima of both H202 and <5180 appear in thick ice crusts and hard 
snow layers. The maximum values differ from each other, implying complicated 
atmospheric environments. The maximum values of H202 in summer depend on 
atmospheric circumstances, as H202 is created by photochemical processes and 
consumed by chemical reactions. The consumption rate of H202 depends on 
chemical reaction in the atmosphere, while the production rate of H202 in the 
atmosphere increases in summer. For example, S02, distributed by volcanic 
eruptions, decreases the atmospheric H202 level by being oxidized into S04. In 
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several volcanic events, such atmospheric chemical processes have been recog­

nized from the vertical profiles of H202 and S04 in ice core (LAJ et al., 1990). 
Further investigations will successfully make clear the past atmospheric environ­

ments from records of snow layers. For precise discussion, we might take into 

consideration the possible occurrence of secondary metamorphic processes after 

snow deposition. 
3.2.2. Acidity and micro-particles 

After the determination of H202 profiles at stations H270 and B, the sample 
residues were used for measurement of acidity (pH) and concentration of 

micro-particles. The vertical distributions of pH are shown in Fig. 4 with the 
vertical profiles of H202 • The distribution of pH in surface snow cover over East 
Queen Maud Land was investigated by KAMIYAMA et al. (1987), where the pH 
level of snow in the inland region was reported to be distributed between 4.8 and 
6.0, generally decreasing with distance from the coast; an extremely low level 
was detected around the highest dome area. Lower values of pH were observed 

at point B than at point H270, whcih is supported by the results given above. In 

the vertical profiles of pH and H202 , it seems that the decrease in pH value 
corresponds to the increase in H202 concentration, as shown in Fig. 4. There 
possibly exists a relationship between the values of pH and H202 • One reason is 
that the intrusion of substances occurring in the stratosphere, as described 

before, will give the snow low pH and high H202 concentration. The other is 

that oxidation in the atmosphere, such as the transformation of S02 into S04, 

becomes active m summer with the increase of H202 concentration. 
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Fig. 4. The vertical profile of pH (open circle) and H202 (solid line) in snow 
cover at stations B and H270. 
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Fig. 5. The vertical profile of micro-particle concentration at stations B and 
H270; open symbols indicate total number concentration and black 
squares indicate large particle number. 

Vertical profiles of micro-particle concentration are shown in Fig. 5. The 
concentration of micro-particles was higher at station H270 than at station B. 
Station B is farther from the coastal bare rock area than station H270. The 

location, depending on distance from the micro-particle source area, is possibly 
responsible for the average concentration. Through the migration process in the 

atmosphere over the ice sheet, the particles are considered to be eliminated from 
the atmosphere with distance from the coast. 
3.2.3. Oxidation products of sulfide species 

WATANABE (1992) reported the vertical distributions of chemical components 
(Na, K, NH4, Cl, N03, S04 and MSA) in the same samples used for <5180 

measurments. The profiles of sulfate (S04) at stations B and H270 are shown in 
Fig. 6 with the ratio of sulfate of non-sea salt origin to total sulfate (nssS04/ 

S04). Here, nssS04 is defined as the excess amount of S04 from the contribution 
of the sea salts. It is assumed that all Na is of marine origin. 

The ratio (nssS04/S04) is higher at station B than at station H270, though 
the concentration of S04 is similar at both stations. Almost all S04 content at 
station B consists of nssS04. The black and open triangles show snow layers with 

high and low <5180 values (summer and winter layers), respectively. The ratios 
(nssS04/S04) decreased in winter and increased in summer. The nssS04 contri­
buted to the S04 fraction in summer. We discuss the summer anomalies in more 
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Fig. 6. The vertical profiles of S04 and the ratio (nssS04/S04) at stations B and 
H270. Triangle symbols indicate the season of layer formation; black 
(summer) and open (winter) . 
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detail. The relatively higher values of H202 maxima, observed near layers A, C 
and E, were followed by high S04 content. Conversely, relatively low levels of 
S04 were observed with comparatively low H202 content near the summer layers 
B, D, F and G. S04 content in snow possibly depends on the H202 concentra­

tion. There seems to exist a positive correlation between H202 and S04 in snow. 
S04 in summer derives from nssS04 , because nssS04 occupies the greater part of 
S04 in summer at both stations. It is suggested that high H202 and S04 levels 
occur with the atmospheric circulations over each station and the intensity 
depends on local atmospheric conditions. These regional and seasonal characteris­
tics of atmospheric environments can explain the difference in the snow chemical 

composition from the results obtained by LAJ et al. (1990). 
In order to discuss the atmospheric environments based on various type of 

information recorded in snow, we must evaluate the local and seasonal fluctua­
tions. 

The vertical distributions of methane-sulphonic acid (MSA) in the surface 
snow at stations B and H270 are shown in Fig. 7 with the ratio of MSA/nssS04. 

Higher concentration of MSA in snow was observed at station H270 than station 
B, possibly depending on distance from the coast. The ratio (MSA/nssS04) was 
also higher at station H270 than station B. MSA and S04 are possible oxidation 
products of dimethyl-sulfide (DMS) in the marine atmosphere, and S02 is 
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Fig. 7. The vertical profile of MSA (circle) and the ratio of MSA/nssS04 

(square) at stations B and H270. 

additionally oxidized to S04 (ANDREAE, 1990). MSA and S04 are present in the 
atmosphere, predominantly in the form of aerosol particles, because of their low 

volatility. MSA is efficiently scavenged by cloud droplets and precipitation 

because of high solubility (CLEGG and BRIMBLECOMBE, 1985). MSA is considered 
to be a more direct indicator of marine materials. MSA/nssS04 also indicates the 
portion of marine origin. In discussing the origin of substances in the precipita­
tion, the ratio is better than the concentration, because the fluctuation in the 
precipitation rate has more direct effect on the concentration than on the ratio. 
MSA and nssS04 in aerosol, reported by PROSPERO et al. (1991), increase in 
summer and decrease in winter with fluctuation in the ratio from 0.1 to 0.4. A 
similar value of the ratio was observed in snow at Law Dome, located relatively 
close to the coast (IVEY et al., 1986). Relatively low values from 0.02 to 0.20 

were observed in the Vostok ice core (LEGRAND et al., 1991). Summer minima in 
both MSA and MSA/nssS04 were clearly observed at station B, while the range 

in the ratio was similar to that reported previously. A decrease in the influence 
of marine origin in summer was clearly shown at station B. MSA/nssS04 at 
station H270 was higher than has ever been reported, and summer maxima in 

both MSA and MSA/nssS04 were observed. The results suggest a complicated 
pathway of MSA transportation through atmospheric environments. 
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Finally, we discuss nssSO 4 and chloride (Cl). It is generally considered tht 
sodium (Na) in snow is of sea salt origin. The geographical location will affect 
the ratios of nssS04 and Cl to Na (nssS04/Na and Cl/Na) through the effect of 

the atmospheric environment over the ice sheet, as shown in Fig. 8. The addition 
of Cl into snow in the inland region depends on its volatility in the atmosphere 

(LEGRAND and DELMAS, 1988) and/or on photochemical production at high 
altitude (BRASSEUR and VERSTRAETE, 1989). Both nssS04/Na and Cl/Na were 
higher at station B than station H270. And both ratios showed similar fluctua­

tions, increasing in summer and decreasing in winter, at both stations. These 

substances, such as nssS04 and Cl, have relatively longer residence time in the 
atmosphere and increase in the ratio in the inland region and in summer. In 
summer the atmospheric environment over the coastal region becomes more like 

that over the inland region. 

4. Concluding Remarks 

The vertical distribution of H202 in snow layer was obtained in three 
different regions of the Antarctic ice sheet. The seasonal variation of H202 

coincides with that of <5 180. Increase in H202 with decrease in pH was observed 
in the higher inland region. Conversely, the concentration of micro-particles was 

higher in the coastal region and was unrelated to H202 • The precise records in 
the vertical profiles of H202 , c51 80, pH and micro-particles provide valuable 

information about chemical reactions and migration of chemical substances in the 
atmosphere. We also discussed the seasonal and local distributions of S04 , MSA 

and Cl in snow and tried to estimate the atmospheric environments from the 
records of chemical compositions of the snow cover. 

Direct information about the upper atmosphere, such as the stratosphere, is 
obtained from snow deposits. 
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