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TABLE I

CHARACTERISTICS OF SOME SMALL

14C PROPORTIONAL COUNYERS

Welght of Counts/bay

Volwme  Pressure Counting Carban (net} of counts/bay Modern Carbon  Reference
{cm3) (ati) Gas tray} Modern © Background “Packground
35 1 CO2 19 288 403 0.72 {(10)
i 30 1 CzlldiCzH2 32 146 360 1.2 {11}
10 1 Collg 43 419 360 1.2 ) (11)
10 0.6 C2H4 26 288 173 1.7 {12)
o Jo 6 CH, 32 446 58 7.0 129)
i 10 | 2"1 C"d 45 576 346 1.7 {(2: B
) 15 1.2 cn, 10 176 173 1. (14)
— 5 o 4 co, 10.7 178 100 1.7 {30)
_.__*5_._-._“ “—4‘. co, 10.7 1496 56 3.3 (9)
5 N -; €O, 10.7 186 21 8.9 9)
) 7.6 q co 16 - 269 7 3.5 (9)




A VDU monitor gives indication of the mode of cperation bkeing
employed. Full display, analysis of data and long term (kFack-
up) storage is obtained as and when required using a racher more
sophisticated general purpose mini-computar (RML 3802). At the
rate of data accummulation expected, read out for the purposes
of quality control will only be necessary once or twice a week
with a more detailed analysis at the end of the long court. The
"MI, 3802 wihich includes facilities for graphics display is
ideally suited for this and is available, furthermore, for many other
functi:ons of a general purpose ccmputer hy the laboratory for
most of its operaticmal time. .

Summarisiag, therefore, the Harwell set-up is designed to provide
a viable turnover of small sample measurements of around 250
samples per vear. This will be achieved by using difZarent
counter sizes and only the smallest samples will need the very
long counting times discussed elsewhere in this paper. No
econcmies have been made in the choice of shielding arrangements
as it is £irmly believed that the background level and its
stability are vital to the success of the cperation. The use-cof
a dedicated microprccessor Zor data capture is an inexpensive
alternative to conventional multi-single chanrnel systems. Used
in conjunction witl a simple general purpose ccmputer having
graphics display, .t is entirely adequate for this work ard

is an attractive alternative to very much more sophisticated

and mcre expensive 'routing' type of multichanmel analysers.

4.2 other Planned Facilities

At Brookhaven a plan Is under consideration for a unit that
would contain 16 small counters in a "cosmic ray counter” anti-
coincidence ring shielded by massive iron. Z=xcept for this feature
it would, in elect=onics, amplification and multichannel analysis,
Egsen.ble the Harwell installation. It would serve &5 detarmine

C contents in over 600 samples of milligram size generated by
an cceancgraphic project. Dr. Lloyd Currie of the US National
Bureau of Standards is plamning a unit of 20 amall prcportional
counters to use in his envirommental research.-

S Conclusions

Since the large-scale units for small-sample counting, and
cthe accelerator-mass spectrometric devices are each only beginning
ta ccme on-line, it is premature to attempt to compare the two
metheds fcr cost-effectiveness. One Zact is cer+tain: the cost
alone of the accelerators will place them cutside the reach of
many radiccarbon lacoratories. Ffor very small (less than 10 mg)
and/or very cld samples, the accelexator will ke the only feasiblie
approach. oOn the other hand, a clearly defined role has been
idenitified for small propertional counters in +4C dating studies
within a number of disciplines, Samples of down to 10 og size can
e measured reliably and a sample of 100 mg of mcdern carbon can
be counted to 2% precision in under two days. For such samples,
one must telieve that the gueuing time rather than the measuring
time will be the limiting factor.

Conseguently, one can expect an increasing demand for 14¢
measurements as the relevance of the increased dimension of dating
capabs¥Try 15 realised, ~ -



gerceptible deterioration,

The demonstration was convinecing and accordingly 2 complete
set=-up was planned which, using 14 counters (purchased fzem
Broockhaven)of two sizes, would enable a turnover of approximately
250 samples pexr year. This set-up, shewn in Fig. 2, is ia an
advanced state of zonstruction and is presently undergoing
cemissioning prior to full scale cperation.

Figure 3 gives an ontline schematic of the shield, counter
system, electronics and the data management. The shields,
meaning the conventional passive shielding aznd the anticoincidence
quard countsr, are very much the most expensive components of the
complete set-up. Many laboratories may already possess a suitable
passive shield leff frcm earlier work with large gas counters.
Harwell was forturate in keing able to accuire a shielgd once used
by the Naticnal Physical lLaboratory at Teddington for +9C gas
counting.,

ar the anticoincidence counter, the choice was made to
purchase a large Mal cxystal, This was cbvicusly verv much more
expensive tha.n the more usual multi~-geiger ccunter array or the
integral multi-wire proporticnal counter assemply but, on the
Srookhaven resulis, the significant background reduction cobtained
with the crystal set-up seemed te¢ justify the additiconal exgense.
This lower background reflects in the counting time, and hence, in
the lorg run, the 'turnover'! time Ser samples. It is also of
interest to note that the signal (medern rate) to background
ratio, achieved with the crystal, of 9:1 compares favourably with
the same ratio for a standard liquid scintillation counter., Thus,
in a suitably sized, counter and with the total time of count
rot the limitirg fictor, no less precision ought to be cbtained.
The sample processing for such a small counter is clearly con-

siderably simpler than for the large sample liquid scintiilation
counter.

Sayond the shield and counter assembly, the system ccmprises
the electronics, logic cizcuits, data storage and display. Here,
recent improvements in technology, eg. monolithic integrated
circuit components and microprocesscr data capture, have been
€ully exploitsd, Essentially the system provides the facilities
of 14 mulitichannel analysers each of 512 channels and capable
of dividing the pulse input from each counter into separate
coincident (cosmic) and anticoincident (sample) spectra.

Following the pree-amplifisrs and =ZHT filter circuits, which
are specific to each counter and ghaysically loccated as closely as
possible to the counter termipations, the signals are passed iato
2 siagle elactrenics/logic unit. The circuit accepts 16 input
chamnels, 14 from the counters, one frem the anticsoincidence
counter »lus an internal timing channel. A commen legic beard
- collects the signals frcam the separate amplifier/discriminator

sections and sncodes them in a manner acceptable to a small dedicarad

{ie. used Zor no other purpose) microprccessor (NMASCCM 1). The
coding describes the counter origin, the pulse amplitude and addés
~1a.g bits indicating whether the pulse cccurred in coincidenca
with the g'uard csunter or with any other ccunter of the assembly.
The MASCCM interprets the cutgut 'word' amd passes the pulse for
additicn into the appropriate location of the 512 x 16 stora.

-7 -



into existing radiccarbon lakoratories at relatively little exrzense.
However, there are plans under.way for several new installations
specifically designed for the small counters. The most advanged
u;u‘.t is at the Low Level Measurements Laboratory at Earwell in the
UK.

4,1 Barwell Small Counter Facility

Earwell's needs for the measurement of 14c in very small
samplesare similar to those cutlined in the intzeduction. The
laboratory has operated a cummercial radiccarbon dating service
3- gince 1973 and holds contracts for dating work for archaeology,
; hydrolcgy, envirormental and industrial applications. 1Ia
f addition, it has run its own research programmes in subjects
related to the commercial operations and activities of interest
to the nuclear Industry, of which it is a part,

Cver the years, the need for a small sample system has becoma
increasingly apparent and experiments had been in hand for some-
time to set ug a2 single-line gas prcportional counter (300 ml
volume}, ccunting methane, to cope with scme of them. Th
standard method fcr 14C measurements empioyed, however, has been
liquid scintillatior counting (28, rthe system which, in Zull,
includes the sample processing and the counting, is orientated
to a normal sample sizZe of about 5 g eguivalent carbon. Measurements
are routinely undertaken with samples down to 2 or even 1 g carbeon
but with considerably less confidence than the larger samples, not
especially because of the less favourable counting conditions but
rather because of the more insiducus and ungquantifiable uncertain-
ties in the sample preparation process, eg. memory. Such effect
on the sample resilt is inevitably magnified at the smaller end
of the sample size scale. There is, thus, a very bigz gap between
the fail-point of the liguid scintillation system (arocund % to 1 g
carbon) and the ponential of the smallest Brookhaven counter at
arcund 10 mg carbon. Over the years, many samples have been
acummulated which, generally after pretreatment, have keen found
to be ipadequate for the standard process. It is also clear fxem
our communications with would be submitters that the occurrence
of samples which contain quite visible amounts of perfectly good
carbon (charcoal), but well belcw the minimum required for a gocd
liquid scintillation counter measurement, is all too frequent.

In addition, there is new work, for example, the C dating of
watar having low carbonate content or the measurement of indivicdual
tree rings in envirommental studies,with samples taken freom ccre
extractions, in which the ability to make measurements frcm samples
vielding dewn to 10 mg carbon would Ze of immediatza practical
value.

The first response to the anncuncement by Brookhaven of
measurements in such small counters was, it has to ke admitted,
not without scme scepticism. The idea of a countar £illing,
especially of a gas as electronegatively sensitive as CO,,
remaining stable and countable over a period in 2xcess of two
months was totally unexpected. A counter supplied by 3rsckhaven
was put'on test at Harwell in September, 1979. It had already
been counting at Brookhaven for 83 days kefore dispatsh. ThHe X X-
raypeak obtained by exciﬁgion of the cathcde material (Cu in this
counter) by an extermal Pu source 1s given in Fig. 1, The
resolution (v 25%) is a goed indicator of the counting quality of
the gas + counter, which even after a further 2 months showed no



3. Dating Aapplications

Since the develorment of the improved miniature countar at
BNL, we have carried out three dating studies on actual museum
objects, as opposed to laboratory feasibility tests. In the
first of these, a sample containing abcut 16 my carbon removed
from a wooden Eskimo mask of considerable archaeological
significance, in the Kraemer collection of New York University,
was counted for 89 days, It was felt by the curator,on stylistic
grounds, that only two dates were possible - 18th centu.ry AD or
S-6th century AD. We obtained a date cof 1610 AD = 105 :}rea.r:s,
clearly in disagreement with the S-6th century 'an.ge

The second sample was art-historical in nature, The Stavelot
Triptych is a celebrated 12th century reliquary associated with
the Benedictine Abbey of Stavelot on the Meuse River in Belgium
and is the centrepiece of rthe collection at the Pierpont Morgan
Litrary in New York Ciryl Ly, Very little ianforrmation was
available to the curator concerning possible reconstruction
of the cak panels Torming the backing of the enamelled metal,
preceeding its acquisition by the Morgan Library in 1913, We
found that the centre panel had a date of 1333 AD = 115 (un—
corrected) while the right panel was medern; ie. the l4¢ was
esgsentially contemporary. As a gidelight, we dated a minute
piece of the "robe of the Virgin Mary"” fcund in the religuary:
it came out 1160 AD = 150, which places it definitely in tne
peried of the Crusaders,

The third example was an extzaordinary hemispherical piece
of iron weighing about 9 kg (20 1b), found on a desclata islard
in Frobisher Bav, zaffin Island, in the Arctix North America by
C.F., Ball in the 1860's, and presently in the Smithsonian
Institution{22) . It was assumed by Eall, and all other authori-
ties until recently, to be a relic of one of the three expeditians
of Sir Martin Frobisher, the Elizabethan explorer who visited
this area ia 1576, 1577, and 1578 in search of gold(23,24,25),
But, the recent discova:y of Viking remains in the New WOrld(-6)
motivated the Smithsonian Conservation-analytical Laboratcry
to re-examine the iron "blmem" and to 19C date it following the
techinicue of N, Van der Mexwe (27), The problem was the small
content of carkon in blcom iron; approximately 0.05% by weight.

By combusting thres 10 g samples of the iron, about 10 mg
of carkza as CO; was obtained and counted: the experiment was
duplicated and 17 mg resulted. These samples were counted for
about 100 days each and dactes of 1271 AD = 133 and 1138 AD = 107
obtained. Although these dates are well within the Viking
exploration period, the izron blocm could still have teen Probisher's,
iZ l6th gentury irommakers in England had used charcoal made of
wood from very cold trees., The object is being investigated
metallurgically and a ccmplete report will be issued in due
course.

1, Current Develovments

The Brookhaven developments made use of exi:ting anticoincidence
equizment, amplifiers etc. and, for this reason, it is the authors'
belief that small ccunters of this type could be incorgporated




The catheda is ~ 0.05 mm (0.002 in) irom foil and the ancde
is "~ 0.00Smn (0.0002in) turgsten wire. DPrior to assembly, the
cuartz parts are immersed in concentrated hydrofluoric acid for
a few minutes, rinsed and dried, wnile the iron is deyreased in
n=hexane and etched with boiling 2M =Cl, rinsed and dried. The
exact step~-by-step procedures for assembling the counters zare
available frar the 3rcokhaven authors.

One important design feature of these counters, typically
of 5 ml volume ard capable of holdirg 10 mg of carbon as co, ac
4 atm, is that thev are entirely free of any plastic or organic
matter in conzasciz witd the couniing .ises, aid &ie rcudinely
taked out before filling, at 300°C in high vacuum. This procedure
seems necessary if the counters are tooperate stably over a
number of months on one "illing (9,15) ... Sample preparation
bz . lcally follows the well established procedures used Zor
ccuventional 4c gas counting tut using rigs suitably scaled
down for the smallexr samples being handled.

Samples are combusted in a stream of cxygenm at a partial
pressure of v 130 mm Ey, and afterwards passed cthrcough a Pt black
gauze and a CuO furnace, each at 600°C. Separation of the resul-
tant CO5 is achieved by using a trap containing glass weol at
licquid nitrogen temperature., Final purificzation is onta:.:xed _n
a second stage in which the general metheds of Srdeé and al:.epcev
(17) are employed. For the final purification, the COs is passed
through activated charcoal at 09C as 3runs (18) . Finally, the
coz is forced into the counter with a Toepler-tyre pump at 4atx -
pressure: the counter'’s response to the KaX=-rays of iron fluoresced
by an lodine=-125 source forms a stringent test of the gas's
freedom frem electron-attaching impurities(?) in the gas £illing
prior to counting.

i

Following aormal low background counting techniques, the
counters are enclosed in a combination shield employing passive
and anticoincidence gquarding: two types of anticoincidence guard
counter (for ionizing radiation cancellation) have been investi-
gated. In the first, the counters were placed in a low level
shield consisting of a ring of long, 5 cm diameter proportional
("cosmic ray™) counters. In the second, the counters were inside
the well of a large cylindrical Mafl crystal (25 x 25 cm). " In
both cases, the assemblies were contained within a massive irecn
{y=-zray) shield, 30 cm wall thickness. Data obtained with each
method of anticoincidence is presentad in Table I: the Nal crysztal
is seen to be more effective, but it is, also, of course, more
expensive initially.

The Brookhaven counters are, 2s has been menticned akove,
the latest develcpment, and certainly not the final one, in a
long series of erperiments invelving l4¢c peasurements in spall
proportional countars. In Tabla I, comparative data and referesnces
are presented: the advance is seen to be in the use of a Narl
shield to obtain signal/background ratics of almost 9/1 Zor only
10.7 ng of modern carbon. In future research it mav be possible
oy a) increase the gas pressure a little more, b) reduce back-
ground by placing the whele apparatus far underground, and c)
apply axial magnétic fields to the counter to produce l4C pulses
that are ..pable of be:.na discriminated frem background by means
of rise-time analvsis(3:19),



2, Develcrment of Small Counters

2.1 Backaround

The idea of using small ccunters Zor measuring J'4(: in
milligram carkbon samples is not new. In fact IAEA "Radicactive
Dating” conferences in 1962 and 1967, the predecessors of this
conference, contained several presentations in which small
counters Sor +3C were described(i0,11,12) (see alsy Table I,
this paper). Indevd, Ceschger (op. cit,) remarked that a 40 ml
counter f£illed with methane permitted one to date the 21 mg of
carben contained "if not too high an accuracy is required®”, and
in his 1965 report such a cournter was applied to 40 mg of carbon
frem glacizl ice(2), Nearly atonnc of ice had to be melted to
apply even this small samplel

Around 1976, just when research wvas beginning in earnest
on the accelerator-mass spectrcmeter technique for 14C deter-
mination, work resumed at Breokhaven on a project started there
many years before, namely to extené and improve upon, if
possible, the experiments of Ceschger wilih small propeortional
czunters and conventional anticoincidence metheds, This work
was sponsored by the Smithsonian Institution(t3) {1 sune 1375;
oy January, 1977 we had built and tested a S ml, 4 atm CO
countar ané in February, 1978 obtained our first dates, cf hres—
ring samples of 10 my cazbon (!, During this same peried, Curzi
at the National Bureau of Standards built and operated 15 ml
counters holding 10 ul of carbon or less (14); he used these to
measure the dichotcmous mixing ratio between "live" (modern,
biogenic) and "dead” (fossil-fnal derived) carbon, when the
requirements for precision were nct so high. In his actual Zic
detezxminatieons ip milligram carbon samples fram air poliutants,
counting times of only 23-65 hours were needed (4},

2.2 3rookhaven Develooments

The aim at Brookhaven which stemmed from the interest of the
Smithscnian Insitute and curselves in actual archaeological
dating, was to use even smaller counters than bpefore but with
longer counting times and higher CO, pressure to improve the

- statistical precision of the l4C determination. To Facilifate
this we investigated, additionally, impraoved methods of back-
ground reduction: +his will be especially importantc in the
case of l4C measurements where the specific activity is low
ie,, 21lé sampies.

The design of the ccounters was orientated towars the
requf ~ements outlined zbove, to maximise our precisicn in the
determination of low=level gasecus activities, This is a fielcd
that has been a speciality of the Chemistry Department at
3¥ocl1c.:r:xa.ven, in cur research aon the detection ~f solar neutrincs
(15,22) . all materials of construction were chosen carefully
to ke as free 73 possible frem natmrally ceccurring contaminants,
A1l par®s, excepting the short lsngths of glass used ia sealing
the ancde and cathode leads, are of Suprasil fused quartz(g .



