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Manmade bromine-containing trace gases can deplete the
stratospheric ozone layer more efficiently than many of the well
known chlorofluorocarbons such as CF3C1 (F-li) and CF2C12
(F-12). When both bromine- and chlorine-containing trace gases
are present in the stratosphere, they may act synergistically and
destroy even more ozone (Watson 1975; Yung et al. 1980; Wofsy,
McElroy, and Yung 1985). Therefore, the concentration dis-
tributions, sources, removal processes, and trends of bromine-
containing trace gases are of considerable interest for at-
mospheric chemistry (see also Cicerone 1981; Berg et al. 1983;
Rasmussen and Khalil 1984; National Academy of Sciences
1985). At present, however, most bromine-containing trace
gases in the Earth's atmosphere exist in extremely small
amounts.

Because Antarctica is far from the origins of manmade pollu-
tion, the global increases of long-lived trace gases can be accu-
rately estimated from the measurements taken at the South
Pole. Here we report the concentrations of eight manmade and
natural bromine-containing trace gases at the South Pole during
the last quarter of 1984, and we will document the increasing
concentrations of bromochlorodifluoromethane (CBrC1F2).

Samples of air at the South Pole were taken for us by the
National Oceanic and Atmospheric Administration using spe-
cially prepared stainless steel flasks. The samples were sent to
our laboratory. We used a Perkin-Elmer 3920B gas chro-
matograph equipped with an electron capture detector to deter-
mine the concentrations of the bromine-containing trace gases
at the South Pole. (See Rasmussen and Khalil 1984.)

CBrC1F2 . It is believed that the presence of CBrC1F 2 in the
atmosphere is due entirely to anthropogenic sources, mostly
from its use as a high-technology, fire-extinguishing com-
pound. Although its present atmospheric concentrations are
relatively low, its rate of increase is rapid. The seasonally aver-
aged concentrations over nearly 6 years (from January 1979

through December 1984) are shown in the figure. The rate of
increase is given in table I and turns out to be 23 percent per
year (range 17 to 26) using nonparametric statistical methods
(Hollander and Wolfe 1973) and 21 ± 6 percent per year by
standard statistical methods (Snedecor and Cochran 1980). The
present concentration is a little above 1 part per trillion by
volume, which is about 5 percent of the total gaseous bromine
observed at the South Pole.

Based on these observations, we conclude that there is about
3.5 ± 0.4 x 1010 grams of CBrCIF2 in the Earth's atmosphere,
most of it in the troposphere, and this is increasing at a rate of
about 0.5 x 1010 grams per year. The ratio of the northern
hemisphere to southern hemisphere concentrations is about 1.3
suggesting that the atmospheric lifetime of CBrC1F 2 is relatively
long, probably much longer than a decade.
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The increase of bromochlorodifluoromethane (BcF) at the South
Pole. The concentrations plotted are average values over southern
hemisphere seasons. ("pptv" denotes "parts per trillion by
volume:')

Other bromine gases. The concentrations of seven other bro-
mine-containing gases at the South Pole during the period from
October through December of 1984 are reported in table 2. The 
total gaseous bromine concentration is about 22 parts per trillion
by volume. The ratios of the concentrations observed at the
South Pole and at Point Barrow in the Arctic at about the same
times are also shown in table 2. For many gases, these ratios are
near their maximum values during the austral summer, because
during the winter in the northern hemisphere, trace gases and
particulate pollutants are most concentrated in the Arctic caus-
ing arctic haze while at the South Pole gases are being removed
most rapidly compared to other times of the year because of the
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seasonal maximum of hydroxyl radicals and sunlight
(Rasmussen, Khalil, and Fox 1983; Khalil and Rasmussen 1984;
Rasmussen and Khalil 1984).

Table 1. The rate of increase of CBrC1 F2 at the South Pole
between 1979 and 1985

Standard	 Nonparametric

parts per	percent	parts per	percent
trillion/yra	per year	trillion/yr	per year

b	 0.14	21	0.15	23
b 1	0.11	17	0.11	17
b	 0.17	25	0.18	26

0.96	0.97
a (parts per trillion)	0.19	0.3

a Parts per trillion per year is the rate of increase based on C = a + bt and
b (percent per year) is based on C = A e t where C is the concentration
in parts per trillion. b, and b, are the 90 percent lower and upper
confidence limits of the rate of increase based on the standard Hest
(Snedecor and Cochran 1980) and Theil nonparametric test (Hollander
and Wolfe 1973). r is the correlation coefficient between C and time
where time is in seasons. a is the concentration in winter of the base year
1979.

Table 2. Concentrations of bromine-containing trace gases
at the South Pole (October through December 1984)

Concentration
Trace gas	(parts per trillion)	Ratioa	Sourcesb

CBrC1F 2	1.1	 1.3	A
CH3Br	 7.5	 1.4	A and N
CH 2BrC1	 2.5	 1.6	-
CHBr2C1	 0.7	 1.5	-
C2 H4Br2	1	 1	A and N
CHBr3	1	 3	N
CF3Br	 1	 -	A

a Ratio is the ratio of the concentrations of the same gases in the Arctic (at
Point Barrow) about the same times. For shorter-lived gases the ratio is
uncertain and variable.

b A and N refer to documented anthropogenic (A) and natural (N) sources.

We have been able to determine the concentrations of eight
bromine-containing trace gases at the South Pole and at other
locations in the non-urban troposphere. Both natural and an-
thropogenic sources contribute to these and possibly other gas-
eous bromine in the atmosphere. Here we have shown that
CBrC1F2' a manmade compound, although present now only in
small concentrations, is increasing in the Earth's atmosphere.
The trends of other bromine-containing trace gases in the at-
mosphere are also being evaluated.
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