
Intervals for
samples at 95 percent

confidence level

1.36	.80

.82	.30

1.74	.91

2.17	1.01

.80	.24

.70	.26

.60	.20

1.15	.37

.64	.16

.54	.14

Average
sample

F.S.D.*

.14

.20

.15

.17

.23

.24

.23

.20

.24

.26

Approximate
year of

deposit

1969

1965

1960

1951

1942

1894

1969

1947

1970

1968

S.

.12

.11

.18

.25

.12

.09

.08

.15

.10

.08

Silver concentrations in antarctic snow
and firn

J . A. WARBURTON, G. 0. LINKLETTER,
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Desert Research Institute
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Most weather modification projects and experiments
conducted throughout the world since the late 1940s
have involved the release of silver-iodide into the atmos-
phere. The amount of silver contained in the precipita-
tion can be used as an index of targeting efficiency and
potentially is useful in the assessment of the success of
the seeding effort. Basic to such uses is the establishment
of a world-wide baseline" for silver concentration in
precipitation, to which other measurements can be com-
pared. By virtue of its remote (i.e., clean) location and
its high polar ice sheet (virtually no melting), Antarctica
is a suitable place to seek the baseline and study its past
variations.

In order to accomplish this, samples of snow and tim
were taken at Siple, Byrd, and South Pole Stations (War-
burton, 1972; Warburton and Young, 1970). Samples
were collected with a carefully cleaned stainless steel
SIPRE auger, or polyethylene scoop, from pits dug by us
or by others (e.g., the "lead mine" at Byrd). Initial
attempts to measure the silver concentrations in several
large volume samples, following the well-established pro-
cedures of Warburton and Young (1972) (pre-analytical

ion exchange concentration followed by neutron activa-
tion analysis), indicated that greater sensitivity was
needed to measure the low silver concentrations found in
antarctic precipitation. The continued use of the ion
exchange concentration procedures and an Ag-radioiso-
tope tracer to determine transfer efficiencies, when com-
bined with a flameless atomic absorption analysis tech-
nique, provided the required sensitivity.

The results of analyses of 65 samples are summarized
in the table. The average original sample volume was
1780 milliliters and the average transfer efficiency was
0.77. Quoted statistics include an evaluation of standard
line uncertainty, counting statistics for transfer efficien-
cies and uncertainties in the five-times-repeated measure-
ment of each sample. Prior to these analyses, the lowest
measured concentrations of silver in precipitation were
reported from the Sierra Nevada, where a background of
4x 1 0 1 2 grams/milliliter is well-established (Warburton
and Young, 1972). Although there is no significant
variation in silver values at South Pole Station, concen-
trations at Siple and Byrd Stations vary by factors of two
and three, respectively. Because the higher values at
Byrd Station occur over the last two decades, it is possible
that there was a relatively recent world-wide anthropo-
genic component to the silver content of the snow. The
variation in natural supply from known sources and at-
mospheric transport factors might also be expected to
produce a two- to three-fold variation on a seasonal or
year-to-year basis. These matters are being investigated.

The average silver concentration for the antarctic snow
and firn samples so far studied is 8x10- 13g silver/milli-

Silver concentrations (x1012 grams/milliliter) measured in samples
from Byrd, Siple, and Pole Stations.

Mean

	

Depth	concentration Number of
Station	(meters)	(Z)	samples

Byrd	 0.3	1.08	7

1.5	 .56	 7

	

2.7	1.33	8

	

4.9	1.59	8

	

6.7	 .52	6

	

15.2	 .48	6
Siple	 0.8	 .39	6

	

2.3	 .76	5
Pole	 0.3	 .40	6

	

4.0	 .34	6

* F.S.D. is fractional standard deviation.
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Figure 1. Blank elution of
cleaned Dowex 1 resin.

liter. This appears to provide an excellent baseline value
for silver in precipitation.
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Analysis of iodine in antarctic snow

M. S. OWENS and J . A. WARBURTON

Desert Research Institute
University of Nevada System

Snow collected at Byrd Station in 1969 and 1970, and
at Byrd, Siple, and Pole Stations in 1971 and 1972, at
depths down to 6 meters, is being analyzed for iodine.
Preliminary data indicate that the iodine concentration
at these inland stations is at least two orders of magni-
tude lower than that previously reported for coastal snow
in polar regions (Duce, 1966; Sugawara, 1961). Analysis
is by ion-exchange concentration, followed by neutron
activation analysis.

Samples were sealed in polyethylene bags and kept
frozen until analysis. The sample is melted in a con-
tainer connected to an anion exchange column containing
Dowex I resin in the NO— form. Extensive cleaning of
the resin was necessary to reduce the resin's initial iodine
content of 5xi0 8gmI/gm below 3x10 l °gmI/gm (fig.
1). Radioactive 1311 is added to the melted sample and
used to determine the overall yield following activation
analysis. Samples typically are 1 to 3 liters when melted.
The ion exchange column is eluted with iodine-free 5M
NH.1 NO 3 prepared from HNO 3 and NH. The iodine
comes off in approximately 5 milliliters of the eluate that
is collected and frozen in a cleaned, 2-dram polyethylene
vial.

Iodine content of the eluate is determined by 9 -ray
spectrometry of the 25-minute half-life 1251 produced by
the thermal neutron reaction 1271(n, r) 12M1 Irradiation
of the eluate is in a Triga reactor at a thermal neutron flux
of 4x10 12 neutron cm 2 sec 1 for 10 minutes. Chemical
separation of the iodine from its eluate matrix following
irradiation employs oxidation and reduction to insure
isotopic equilibrium and to obtain the iodine as iodide
that is precipitated as PdL. This is collected on a filter,
dissolved, and precipitated a second time, as Pd!. The
final precipitate is collected on a 2.54-centimeter filter
disc and sealed between polyethylene sheets. The sample
is counted 17 minutes after irradiation, on a 3x3-inch
solid NaI(T1) crystal for 4 minutes. Fig. 2 is a typical
3 -ray spectrum. Minimum detectable amount is about
3x10- 10gm I. A day or two following irradiation, the
samples are counted for their 1311 tracer activity, and the
overall yield determined. Yields of 75 to 90 percent
routinely are obtained.

Polyethylene bags and containers have been identified
as a source of iodine contamination of aqueous solutions.
In a typical case, water with an initial concentration of
less than 5x10 13 grams per milliliter increased to
30x10 13 grams per milliliter after storage in a 20 liter
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