actions do or do not occur in the atmo-
sphere.

In summary, on the basis of a con-
servative analysis of emissions data, the
anthropogenic sources of atmospheric
CCl, appear consistent with the present
biospheric loading. However, there is
considerable uncertainty about CCl,
background concentrations, as well as
the production-emission data and the at-
mospheric lifetimes of halocarbons.
Therefore, although one cannot exclude
the existence of small natural sources, it
is clear that atmospheric CCl, is pre-
dominantly anthropogenic. According to
our calculations, we would also predict
that, at its current rate of emissions,
CCl, atmospheric loading will increase at
the rate of about 2.4 ppt per year in the
troposphere. This rate suggests a uni-
form CCl, concentration of about 76 ppt
for the year 1975. This value is in fair
agreement with the 1975 Northern Hemi-
sphere CCl, concentration of 80 to 90 ppt
reported by Hanst et al. (I7), recognizing
that a CCl, hemispheric gradient of about
10 to 15 ppt probably exists (2).

HANWANT BIR SINGH
DoucLas P. FOWLER
THoMAS O. PEYTON*
Stanford Research Institute,
Menlo Park, California 94025
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Carbon-Nitrogen Cycling Through Microbial Formamide

Metabolism

Abstract. A microbially mediated carbon-nitrogen cycle involving a newly iso-
lated facultatively methylotrophic pseudomonad is described. The new isolate utiliz-

es formamide as its sole carbon, nitrogen,

and energy source. Other organisms in-

volved in the proposed cycle are cyanogenic plants; phytopathogenic fungi, which
convert cyanogenic glycosides to formamide; and nitrifying microorganisms. This
cycle may be quantitatively important in view of the large variety of cyanogenic

plants known to exist.

The cycling of carbon and nitrogen in
the environment has been widely investi-
gated, but with the exception of urea and
N-methylated amines, cycling involving
microbial growth on nitrogen containing
one-carbon compounds has not been
demonstrated.

We have isolated a bacterium which is
capable of growth on formamide
(HCONHy,) as the sole carbon, nitrogen,
and energy source, producing CO, and
NH; from formamide during the course
of growth. This organism, which has
been designated Pseudomonas SL4,
was isolated from a lesion on the leaf of a
cyanogenic plant, Sorghum, which was
infected with the pathogenic fungus
Gloeocercospora sorghi. This fungus has
been shown to convert the cyanide pres-
ent in Sorghum to formamide, possibly
as a means of cyanide resistance (/).

Pseudomonas SL-4 is a gram-negative

Plant
Pathogens

CN
( as Cyanogenic
Glycosides)

Fig. 1. Carbon-nitro-
gen cycling through
formamide.

NO 3

Assimilation
by Plants
Fixation

pink-pigmented rod which is catalase-
positive, oxidase-positive, and motile by
a single polar flagellum. It is capable of
rapid growth (heavy turbidity after 24
hours) on a variety of one-carbon com-
pounds, such as formamide, formate,
methanol, and methylamine.
Pseudomonas SL-4 represents one
component of a proposed carbon-nitro-
gen cycle (Fig. 1) which also involves
Sorghum and the plant-pathogenic fun-
gus G. sorghi. The CO, produced by P.
SL-4 during the metabolism of form-
amide is available for utilization by
plants in photosynthesis. Incorporation
of CO, into cell material by cyanogenic
plants such as Sorghum yields cyanide in
the form of cyanogenic glycosides (2).
Conversion of cyanide to formamide by
the enzyme formamide hydro-lyase in G.
sorghi (I) converts carbon and nitrogen
into a form metabolizable by P. SL-4. In

H-C- NHZ

Formamd\

Bacterium SL-4

Nitrosomonas sp.

NO2

by Plants
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contrast to the direct incorporation of
CO,, the NH; produced by P. SL-4 may
first be converted, by way of a variety of
nitrifying microorganisms, to nitrate. Ni-
trate may then be incorporated by
plants, or the NH; may be incorporated
directly without oxidation. Pseudo-
monas SL-4 possesses the enzyme form-
amide amidohydrolase (E.C. 3.5.1.4),
which performs reaction 1, and formate
dehydrogenase (E.C. 1.2.1.2), which per-
forms reaction 2. Since the nitrogen/car-
bon ratio is high in formamide, nitrogen
is in excess. We have observed that for-
mate does not accumulate and CO, and
NH; are the major products.

formamide
amidohydrolase

HC(O)»-NH, + H,0
HCOOH + NH;, (¢))

formate
dehydrogenase
—_—

HCOOH + NAD*
CO, + NADH + H* )

where NAD is nicotinamide adenine
dinucleotide and NADH is its reduced
form.

Pseudomonas SL-4 growing on form-
amide therefore occupies a position simi-
lar to that of organisms which hydrolyze
urea (reaction 3) in that the same prod-
ucts are produced.

H,N-C(O)-NH, + H,0 X<,
2NH; + CO, A3)

While P. SL-4 also possesses urease ac-
tivity, it is incapable of growth on urea as
the sole carbon, nitrogen, and energy
source.

Sorghum has been shown to contain
up to 1.6 mM cyanide as cyanogenic
glycosides (). Since fungal infection of
Sorghum converts up to 90 percent of
the cyanide present to formamide (1), sig-
nificant quantities of formamide (1.4
mM) are available for utilization by P.
SL-4. In addition to Sorghum, other cy-
anogenic plants have been shown to be
infected by pathogenic fungi which con-
vert cyanide to formamide (3). Since
over 1000 species of cyanogenic plants
have been demonstrated (2), significant
quantities of carbon and nitrogen may be
cycled in this manner.

The two major sources of nitrogen for
mineralization are the proteins and nucle-
ic acids of living organisms and the excre-
tion of simple nitrogenous compounds
(urea and uric acid) by animals (5). The
nitrogen content of the first sources is lib-
erated upon the death of the cells; pro-
teins are hydrolyzed to amino acids and
nucleic acids to purines and pyrimidines.

18 JUNE 1976

These hydrolysis products are then fur-
ther degraded to yield NH;. In the cycle
shown in Fig. 1, however, NHj; is re-
leased by initial conversion of a plant
product (cyanide) to formamide, fol-
lowed by hydrolysis to yield the NHj. In
addition to the utilization of a product
from a living plant, this cycle differs from
that involving proteins and nucleic acids
in that the compound involved in miner-
alization (formamide) is a single-carbon
compound, as opposed to the multi-
carbon amino acids and nitrogenous
bases involved above. Furthermore, the
carbon-nitrogen compound is a microbial
product, as compared with urea and uric
acid, which are produced by higher orga-
nisms.

While quantitatively not as important

as cycles involving urea, the formamide-
mediated carbon-nitrogen cycle could be
significant because of the large numbers
of plants that produce cyanogenic glyco-
sides.

ROBERT C. THATCHER

TERRY L. WEAVER

Laboratory of Microbiology,
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Ithaca, New York 14853
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Xenon-133: Ambient Activity from Nuclear Power Stations

Abstract. The average activity of xenon-133 within and at approximately 100 ki-
lometers from Albany, New York, from April to July 1975 was 2.6 picocuries per cu-
bic meter of air. The source was gaseous effluents from boiling water reactors lo-
cated in the northeastern United States. Its 5.29-day half-life makes xenon-133 an
appropriate isotope to observe for the study of regional and hemispheric dispersion

of pollutants.

Although ¥¥Xe is an important gas-
eous radioactive fission product released
in nuclear weapons tests and in the nor-
mal operation of the nuclear fuel cycle, it
has usually been considered a local prob-
lem. With few exceptions, measure-
ments of ¥3Xe have been attempted pri-
marily at the site boundaries of nuclear
facilities. During 1964 and 1965, how-
ever, Scholch et al. (I) measured the ac-
tivity of 1¥Xe in atmospheric air samples
taken from a location in West Germany.
They observed an average activity of
about 0.1 pc/m3. The source for this ac-
tivity was not evident. However, a maxi-
mum was obtained in June 1965, possibly
attributable to a Chinese nuclear bomb
test.

In 1975 we undertook to measure the
average ambient background of **Xe in
northeastern New York State and to de-
termine the source of this activity. From
April to July we collected samples at
various locations within and at approxi-
mately 100 km from Albany (Fig. 1). The
pattern was designed to ensure that the
activity we were measuring was not from
alocal source, such as a hospital or labo-
ratory using *Xe, but was an ambient
activity for this section of the state. Most
of the sampling locations were 100 km or
more from the nearest nuclear power re-
actor releasing 33Xe. Whereas samples
in the West German study were obtained
from an air liquefaction plant, our sys-

tem permitted collection of grab samples
at any desired location.

Air samples of 1 m® were collected
with a portable air compressor and 15-li-
ter stainless steel vessels containing 1 to
S cm? of stable xenon carrier. The kryp-
ton and xenon fractions were separated
from the samples by cryogenic adsorp-
tion and gas chromatography, as follows.
The air sample in the high-pressure ves-
sel was leaked at a reduced pressure of
approximately 300 torr through a system
containing three traps in series. The first
trap, empty and at Dry Ice temperature,
removed water vapor. The second trap,
filled with glass beads and held at liquid
nitrogen temperature, removed CO,.
The third trap, a column 1.5 m long and
1.25 cm in diameter filled with activated
charcoal and maintained at liquid nitro-
gen temperature, retained the xenon and
krypton. After the sample had been
passed through, the charcoal-filled trap
was warmed to 15°C, under vacuum, to
remove most of the adsorbed nitrogen,
oxygen, and argon. It was then heated to
200°C to drive off xenon and krypton,
which were collected on a small molecu-
lar-sieve trap at liquid nitrogen temper-
ature.

The krypton and xenon fractions are
chromatographically separated and puri-
fied by using a column 4.6 m long and
0.63 cm in diameter filled with 94 percent
type-5A molecular sieve and 6 percent
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