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MASTER
There are many research areas in which the determination of C-14/C-12

ratios would yield results of substantial scientific and/or practical value,
if this ratio could be measured in very small quantities of carbon. Among
these are, of course, archaeology (C-14 dating), oceanography (investigations
for example, of sediments), environmental studies of the nature of carbon-
containing particulate matter [1,2] and pollutant gases, glaciology and
climatic research [3] and the authenticity testing of museum objects.

Ten years agoa the measurement of C-14/C-12 ratios in 10 milligram
carbon samples seemed to be technically out of reach. However, two develop-
ments that make this goal possible have recently occurred: the first is an
entirely new mass-spectrometric separation of C-14 and C-12 ions and their
subsequent estimation by counting [4,5,6], while the second is simply the
extension of conventional proportional counter operation (using CO2 as
counter gas) to very small size carbon samples [7]. The first method is
very fast, precise, and capable of treating samples of even sub-milligram
size, but requires an expensive installation. The second method is slow
(counting times of two months or more are necessary), can probably be made
sufficiently precise to handle most problems, works down to sample sizes of
10 mg carbon, and is relatively inexpensive, especially to install in
already existing l'adiocarbon laboratories. It is this second method and
its implications that are discussed in the present paper.

Since the introduction of the small proportional counter coupled with
improved methods for background reduction [7] several studies have been
undertaken in which C-14/C-12 measurements were made in actual research
problems involving (necessarily) small quantities of carbon, as opposed
to mere laboratory tests of feasibility. Among thesewere an art-historical
study involving a priceless museum object—the Stavelot triptych at the
Pierpont Morgan Library [8] and the. dating of an iron bloom, found near
Baffin Island, Canada, which was associated with the 1577-78 voyages of
Sir Martin Frobisher [9,10]. Neither project would have been carried out
with conventional C-14 measurement techniques.

The successful development of these small counters has led to plans
for several new installations. At Harwell, a unit is in an advanced state
of construction and will accommodate up to 16 counters in a large Nal-Tl
crystal as a background anticoincidence shield. This unit will permit the
Harwell C-14/Tritium Measurements Laboratory to process a large number of
mainly archaeological samples that were too small for their conventional
liquid-scintillation procedure [11]. At Brookhaven National Laboratory, a
similar unit is being designed for the processing of roughly 600 samples
of 10-100 milligram size x̂ hich will be needed for an oceanographic study.

In the laboratory of Dr. L. Currie at the U.S. National Bureau of
Standards additional experience is being gained in the measurement of
C-14/C-12 ratios in milligram environmental (carbon-containing airborne
particulate) samples:, reference will be made to his work since, to the



authors' knowledge, his is the only laboratory which is making use of both
accelerator (raass-spectrometric) and small-counter techniques in C-14/C-12
ratio determinations [12].

Although the mass-spectrometric technique is clearly superior for ultra
small-sample and/or very low-concentration carbon 14 estimations, the
equipment is expensive and may very possibly require highly sophisticated
electronic back-up skills for routine maintenance. The counter installations,
on the other hand, are conceptually simpler and can make use o£ some equip-
ment and skills already existing in carbon 14 measurement laboratories.
The paper will attempt to estimate (roughly) comparative capital and operating
costs, and to summarize data from actual small proportional counter instal-
lations that are operating routinely.
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