
7t Figure 3. STEM photos of collected dust grains. Sphere is a fly ash
particle 1.5 micrometers in diameter. Needle-like crystalline aggre-
gates show only an iron peak on analysis, therefore are iron or an
iron compound. Selected-area-diffraction, (SAD) measurements
suggest it is either goethite (FeO.OH) or magnetite (Fe304). The very
small, more equidimensional grains show peaks due to calcium and
sulfur.
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The objectives of the 1983-1984 phase of this research pro-
gram, covering the fourth year of the program and the begin-
fling of the third year of field operations, were to continue the
operation of the Palmer air chemistry station and to continue the
analysis of the data being produced by the Palmer Station pro-
gram. Previous annual reports have described the establish-
ment and operation of the station. During 1983, the instrumen-
tal operations at Palmer Station proceeded with relatively little
instrumental down time during the winter period. Crews were
changed in December 1983 and the instrumentation was im-
proved by the installation of weather instruments that are re-
corded by the air chemistry data system and integrated into the
computerized data record. The recorded weather data include
wind speed, wind direction, air temperature, dew point, and

barometric pressure. Hourly values are recorded by the data
system to coincide with the hourly air chemistry data. In Janu-
ary 1983, the carbon monoxide channel of the Cane gas chro-
matograph was upgraded, and during 1983 essentially a full
year of carbon dioxide data was obtained. In addition, during
the period of January to March 1984, a program of precipitation
chemistry was carried out at Palmer Station using the station
laboratory facilities to determine the pH, acidity, and several
inorganic constituents of rain and snow at the station.

Data covering approximately the first 20 to 22 months of
routine operation of the sampling station are available for this
status summary. The halocarbon and nitrous oxide data given
here consist primarily of weekly average results beginning with
the week of 4 April 1982 through the week of 4 December 1983, a
total of 89 weeks. The carbon dioxide/carbon monoxide/meth-
ane data begin with the week of 31 January 1982, but the period
from 17 July 1982 until 15 January 1983 is missing because of
instrument problems during the winter. These sequences of
data were obtainedd from the HP-85 data tapes returned to
Washington State University for processing. Approximately a 4-
week break occurred in the record in December 1982 and Janu-
ary 1983 while the system was being refurbished.

Table 1 shows the results of a time-trend regression analysis
of the average weekly data for the Palmer Station record cover-
ing the period from the start of operations through the week of
11 December 1983. These concentration data are expressed as
mixing ratios with reference to dry air. Standardizations and
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Table 1. Trace atmospheric constituent mixing ratio resuitsa,
Palmer Station, Antarctica

January 1982 through December 1983

0.97
0.99
0.91
0.81
0.84

CCI3F (F-1 1)
CCl2F2 (F-12)
Methyl chloroform
Carbon tetrachloride
Nitrous oxide
Carbon dioxide
Methane
Carbon monoxide
Ozone
Aitken particles

189.8 pptd	 +8.9±0.2 ppt/yre (47%)
314.4 ppt	 + 12.4±0.2 ppt/yr (3.9%)
118.6 ppt	 + 7.8±0.3 pptlyr (6.6%)
148.9 ppt	 + 2.4±0.2 ppt/yr (1.6%)
301.6 ppbt	+3.0±0.2 ppb/yr9 (1.0%)
337.4 ppm h	 -i

1.51 ppm	 -i
57 ppb	 -i

10-30 ppb (approximate annual range)
200-1,000 CN/mek (approximate annual range)

4/4/82-11/12/83
Ft

31/l/82-11/12/83)

24/1/82-11/12/83
24/1/82-11/12/83

a Expressed on a dry-air basis.
b Based on weekly average data, percentage calculated from observed data for week of 9/1/83.
c ±1 standard error.
d Parts per trillion.

Parts per trillion per year.
Parts per billion.
Parts per billion per year.
Parts per million.

'Pronounced seasonal cycle precludes estimation of useful annual trend.
No samples for period 18 July 1982 through 18 January 1983.

Ic Condensation nuclei per milliliter.

other system checks are an on-going activity at this time so these
data should be considered as preliminary, although any
changes are not expected to be large.

The data in table 1 show that for each of the compounds being
measured there is an increasing annual trend. The indicated
time trends are generally attributed to the accumulation in the
atmosphere of anthropogenic emissions of these very slow re-
acting compounds. It should be noted that these time trends are
significantly greater than the calculated standard errors in the
regression calculation. The two chlorofluorocarbons, F-li and
F-12, showed increasing concentration trends of 4.7 and 3.9
percent respectively. These rates of increase are significantly
less than were found during the mid 1970's in Antarctica but are
in line with more recent global data.

By using the hourly air chemistry data in conjunction with
meteorological observations, the effects of changing synoptic
weather conditions can be seen on the trace gas concentrations
observed at Palmer Station. The figure shows one such event
which occurred over a 4-day period beginning at midnight, ii
October 1983. As the pressure and temperature records indi-
cate, a sharp cold front passed the station at about 2000 IT on 11
October. This frontal passage was accompanied by a drop in the
ozone concentration from about 25 parts per billion prior to the
front to less than 10 parts per billion a few hours after the
passage. The nitrous oxide record had a steady downward
trend after the frontal passage, as shown by the bottom part of
the figure. The other trace gases, e.g., F-il and F-12, also
showed decreasing concentrations similar to that of nitrous
oxide. Wind direction shifts indicated that this cold front proba-
bly brought an antarctic air mass over the station. The fact that
the ozone concentration drops with the frontal passage would
seem to indicate that a stratospheric intrusion was not a signifi-

cant factor in this situation. Other frontal passages at Palmer
Station have been accompanied by a sharp increase in ozone
and decreases in trace gas concentrations. Explanations for
these apparent impacts of synoptic weather events on the trace
gas concentration patterns will be sought in our more detailed
study of the Palmer Station data set.

In the precipitation chemistry program, rain and snow sam-
ples were taken of each precipitation event occurring between 1
January and 30 March 1984. A modified Hubbard-Brook collec-
tor was used consisting of a polyethylene-lined, stainless-steel
funnel set on a Nalgene base connected with Tygon tubing to a
Nalgene sample bottle. Covers were available to ensure that
wet-only samples were collected and to avoid contamination
from one event to another. The samplers were rinsed between
each sampling event with a dilute sulphuric-acid solution and
then thoroughly washed with distilled water. Covers then re-
mained on the samplers until the next sampling event. In the
cleaning process the pH of the final rinse water was checked and
compared to the pH of the distilled water to ensure that all of the
acid was removed. To ensure that the polyethylene and Nalgene
were not acting as ion-exchangers or sinks, the final rinse of
randomly selected samples was analyzed for the same param-
eters as the rain and snow samples. The rinses did not contain a
significant amount of any of the ions measured.

Rain samples were analyzed for pH and acidity immediately
following an event. Snow samples were taken inside, allowed to
melt, and then analyzed for pH and acidity. The samples were
then placed in a 4°C refrigerator and analyzed for potassium in
January; potassium, sulfates, chlorides, and calcium in Febru-
ary; and chloride and calcium in March. These analyses were
performed weekly. A summary of the values obtained is shown
in table 2.
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Table 2. Palmer Station precipitation chemistry

Summary of volume-weighted means
Month	 Amount	 pH	Acidity	Potassium	Sulfate	Chlorine	Calcium

January	343 mla (0.17 in	4.78	_C	0.35 ppm	 -	 -
February	6399 ml (3.20 in)	4.54	4.39	0.52 ppm	7.99 ppm	10.03 ppm	0.93 ppm
March	5785 ml (2.89 in)	5.57	2.57	 -	 -	 8.54 ppm	1.37 ppm

Milliliter.
Inch.
Not measured.

d Parts per million.
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In these results it is considered important that the precipita-
-2	•	 . •••	 .	lion pH in January and February is lower than would occur due

just to carbon dioxide equilibrium, and in February the ratio of
— 8- 	•. .• • •.	 sulfate to chloride is significantly greater than the ratio found in

sea water. It might be reasonable to suspect a biogenic marine
o	 TEMPERATURE	 sulfur compound emission on the basis of these data. They are

- 14-	 obviously limited however. This precipitation program sam-
pling will be repeated in 1984-1985.
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	 The field staff for this research included Steve Waylett and
Annette Waylett as winter scientists. Connie Rauen carried out

30	 ••	 the precipitation sampling and analysis assisted by Tom Fer-
..••.• ..:---	 rara. Robert Koppe also assisted with the 1983-1984 summer
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