SCIENTIFIC CORRESPONDENCE

Chlorine in the

SIR — We have investigated the stable
chlorine-isotope composition of several
anthropogenic chlorinated organic com-
pounds to test if the compositions of this
isotope can be used to quantify the flux
of stratospheric inorganic chlorine de-
rived from the decomposition of these
compounds. Chlorine has two stable iso-
topes with an atomic abundance ratio
BCL1YCl of 75.53:24.47 (ref. 1). Chlor-
ine isotope compositions are expressed

as 0°’Cl values in per mil, where
§7ci= | TCU¥FClg, . | 1,000
37Cl/ 35)C]Standald

and *"CI/*Clgqgara s the Cl isotope
ratio of standard mean ocean water
chloride. The variation in 6*’Cl values of
most naturally occuring Cl compounds is
known to be very small>*, with all mea-
sured values between —2 and +2 per
mil. More important, natural CI sources
available to the atmosphere all have
values between —1 and +1 per mil. As
large kinetic isotope fractionations of
chlorine have been observed for
processes used to make anthropogenic
chlorinated compounds*®, we expected
that each anthropogenic chlorinated
compound would have a distinguishable
isotope composition.

Chlorine isotope compositions were
measured on Freon-12, carbontetra-
chloride, trichloroethylene, 1,2-dichloro-
ethane, methylchloride and Chlordane
(octachloro-4,7-methanotetrahydro
indane). Chlorine in these compounds
was extracted as LiCl by heating them
with lithium metal in a sealed quartz
tube. The extracted chlorine was con-
verted into methylchloride and analysed
for the isotope composition as described
in ref. 6. The standard was prepared by
precipitating seawater Cl as AgCl, and
converting it to methylchloride using the
method in ref. 6. Replicate analysis of
seawater Cl yielded a value of 0 * 0.15
(10) per mil for four samples. Several of
the methylchloride gas samples analysed
for Cl isotope composition were sub-
jected to the whole extraction procedure
again to evaluate possible Cl isotope
fractionation during the procedure. The
original and reprocessed samples yielded
identical results.

The analytical results are listed in the
table. Methylchloride has a &8*’Cl value
of —6.8 for the vapour and —6.0 for the
liquid. All the other compounds analy-
sed have Cl isotope compositions similar
to the Cl from naturally occurring Cl-
bearing compounds. The depletion of
methylchloride in *’Cl clearly indicates
preferential incorg)oration of the lighter
chlorine isotope (*°Cl) into methylchlor-
ide molecules during synthesis under a
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stratosphere

large excess of reactant chlorine. On the
other hand, given that the kinetic iso-
tope fractionation factor for chlorine
(k*/k*") during the synthesis of chlorin-
ated compounds is as large as 1.011 (refs

STABLE CHLORINE ISOTOPE RATIO IN MAN-MADE
CHLORINATED COMPOUNDS

Compounds 837CI (per mil)

Methylichloride (vapour)
(liquid)

~6.82 = 0.15 (1)
-6.00 + 0.14 (1)

1,2—dichloroethane 1.07 £ 0.15 (1)
Carbontetrachloride 0.87 + 0.15 (1)
Freon-12 1.09 £ 0.15 (2)
Trichloroethylene 2.61 + 0.15 (2)
Chlordane* 0.19 + 0.15 (2)

*Qctachloro-4,7-methanotetrahydroindane
Numbers in parentheses, number of analyses.

4,5), the results for all other compounds
require that chlorine must be quantita-
tively converted into the products during
the synthesis of these compounds by
recycling of the unreacted chlorine dur-
ing the manufacturing process.

These results could allow quantifica-
tion of the contribution of chlorine from
natural methylchloride to the stratos-
pheric inorganic chlorine budget, if natu-

ral methylchloride is also depleted in
*'Cl. Methylchloride is the most abun-
dant naturally occurring chlorinated
organic compound in the atmosphere; as
it has a relatively long residence time
there of about 2 years, it is recognized as
one of the most important sources of
natural chlorine into the stratosphere’.
Obtaining the chlorine isotope composi-
tion of natural methylchloride in the
atmosphere may be difficult because its
very low volume mixing ratio, as low as
600 parts per 10 (v/v), in the atmos-
phere and sample size requirements for
the analysis do not allow measurements
with a gas source mass spectrometer. It
should be possible, however, to perform
the analyses on a thermal ionization or
on an isotope-ratio monitoring® mass
spectrometer.
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Bayesian reasoning

SIR — Edwards states' that the bayesian
claim “that all parametric uncertainty
can be measured by probabilities will
remain in doubt until compelling argu-
ments are advanced and scientists’ mis-
givings thus removed”, and opines that
“this is probably not possible”, offering
references dating back to 1854. Actually,
a definitive bayesian ar}gument was pub-
lished in 1946 by Cox**. Apparently the
force of this has not been sufficiently
appreciated. I shall try to translate the
Cox argument into modern idiom, avoid-
ing the technical terms which have failed
to convince, and thus try to reduce any
misgivings.

Nowadays, I do all my inference with
my computer. Its memory has about a
billion (10%) bits, giving 2" possible
patterns. Usually, aided by relevant
data, T wish to express my relative pre-
ferences for these different patterns.

If I prefer pattern P to pattern Q, and
in turn prefer Q to R, then I implicitly
prefer P to R. This transitivity (axiom 0)
enables me to express my preferences as
real numbers pref(P), pref(Q),. ..
Though somewhat arbitrary, these are
consistently ordered.

The simplest problem has just one bit
A, and 2' = 2 patterns, ‘A’ and ‘not A’.
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Insofar as [ favour ‘A’, then I correspon-
dingly disfavour ‘not A’, and vice versa.
Hence I have a function f of my numer-
ical preferences such that

pref (not X) = f (pref (X)) (axiom 1)

The next simplest groblem has two bits,
A and B, and 2° = 4 patterns. To
determine my preference for, say, (A,B)
with both A and B ON, I simplify. I
inspect A first, ignoring B, and assign
my pref (A). If A is OFF, B is irrelevant.
If A is ON, then my conditional prefer-
ence pref(B given A) for B lets me
complete my joint preference for (A, B).
Hence I have another function F such
that
pref(A,B) =
F(pref (A), pref(B given A)) (axiom 2)
and this must be the same as pref(B,A).
The next problem has three bits, say
A, B, C. In order to determine my
preference for, say, (A,B,C), I can read
the constituent bits in any order, giving
six procedures which must all give the
same pref (A,B,C). Cox proved the
following. He can always stretch my
preferences into revised numerical
values for which his functions are f(x') =
1-x" and F(x',y') = x'y’. In other
words, he has an absolute scale prob (X)
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