
doubts concerning the validity of the 
flask samples. We, following Krogh 
(6), have used the mean of 212 direct 
laboratory analyses; 20.952 percent by 
volume. The variability among these 
samples was ? 0.007 percent by volume 
with no correlation to observed varia- 
tions in weather conditions. Krogh sug- 
gested a correction of + 0.002 percent 
by volume for the formation of carbon 
monoxide in Benedict's apparatus; we 
believe this correction may be too high. 
On the other hand, Benedict appears 
to have reported the abundance of oxy- 
gen relative to the total of oxygen, 
nitrogen, and argon after removal of 
carbon dioxide. Since this is so, the 
oxygen abundance in the dry air with 
normal carbon dioxide would have been 
20.946 rather than 20.952 percent by 
volume. 

In 1919, Krogh (6) reported an 
abundance of 20.948 percent by vol- 
ume for two analyses of atmospheric 
air in Denmark. In the early 1930's 
Carpenter (7) using equipment similar 
to that of Benedict analyzed over 1000 
samples in eastern United States. The 
results are almost identical with those 
of Benedict, but it is not clear whether 
Carpenter used Benedict's uncorrected 
value, 20.939 percent by volume, as 
his standard since he was mainly con- 
cerned with variability. Carpenter con- 
cluded the oxygen abundance is con- 
stant, his standard deviation being about 
0.003 percent by volume. 

Six analyses of a single large sample 
collected west of Washington, D.C., by 
Shepherd (8) of the National Bureau 
of Standards in 1935 ranged from 
20.935 to 20.950 percent by volume, 
the average being 20.946 percent by 
volume. In 1942, Lockhart and Court 
(9) reported oxygen abundances in 
Antarctica averaging 20.92 percent by 
volume and suggested that the low 
values might be unique to the location. 
Glueckauf pointed out that they per- 
formed no analysis of normal non- 
Antarctic air to confirm their pro- 
cedures. To further cast suspicion, their 
carbon dioxide abundances were many 
times higher than that found in recent 
times. Table 1 does not suggest lower 
values approaching the Antarctica. 

All reliable oxygen data since 1910 
fall in the range 20.945 to 20.952 per- 
cent by volume. The change in atmo- 
spheric oxygen since 1910 has been 
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All reliable oxygen data since 1910 
fall in the range 20.945 to 20.952 per- 
cent by volume. The change in atmo- 
spheric oxygen since 1910 has been 
either very small or zero. It is possible 
that there has been no change even in 
the third decimal but a more realistic 
assessment recommends no change in 
the second decimal place, there being 
little confidence in differences of the 

1584 

either very small or zero. It is possible 
that there has been no change even in 
the third decimal but a more realistic 
assessment recommends no change in 
the second decimal place, there being 
little confidence in differences of the 

1584 

third decimal place. Failure to detect 
changes in atmospheric oxygen may 
be consistent with Marshall's view that 
there is now less cause for alarm about 
the reduction in photosynthetic pro- 
duction of oxygen (10). 

Several "doomsday" predictions for 
the eventual loss of the oxygen from 
the earth's gas mantle have been pro- 
posed and dismissed. Parson (11), for 
example, examined and rejected the 
views that oxidation of ferrous metals 
in lower oxidation states to their high- 
est oxidation states and escape of 
oxygen from the top of the atmosphere 
would deplete the earth of its oxygen. 

It is likely that the burning of fossil 
fuels would slightly diminish the oxy- 
gen content of the atmosphere. Benedict 
and Krogh showed that there were 
slight decreases in the oxygen abun- 
dance within cities coinciding with high 
carbon dioxide values. In fact, there is 
an approximate one-to-one correspond- 
ence in the opposite changes of carbon 
dioxide and oxygen gases when ex- 
pressed as percent by volume. 

Between 1910 and 1967 atmospheric 
oxygen should have decreased by 0.005 
percent by volume as a result of the 
combustion of fossil fuels (12). But 
the uncertainty in both the 1910 and 
1967-70 measurements prevents us 
from attributing significance to any 
coincidence between expected and ob- 
served changes in atmospheric oxygen. 
Extrapolating the depletion of oxygen 
due to fossil fuel burning to the day 
when all known recoverable reserves 
are consumed (13) leads to an abun- 
dance of about 20.8 percent by volume 
(14). The direct effects of this lower 
value on human respiration would be 
insignificant since it corresponds to an 
oxygen partial pressure change equiva- 
lent to a rise of about 75 m in altitude. 

In summary, the 1967-70 abundance 
of oxygen in clean air, 20.946 percenf 
by volume of dry air, is statistically 
the same as all the reliable measure- 
ments since 1910; the extreme range 
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It has been clear for many years that 
the symptoms of photochemical air pol- 
lution (smog) are caused by a variety 
of chemical reaction products. One such 
product is ozone; it causes plant dam- 
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among reported values is 0.007 per- 
cent of volume. The accuracy of the 
present oxygen standards is ? 0.006 
percent by volume. This latter uncer- 
tainty rather than the geographic or 
instrumental variability may limit the 
detection of small changes of atmo- 
spheric oxygen in the future. Further 
periodic examination of the oxygen con- 
tent is planned after more accurate 
standards are developed. 

L. MACHTA 
Air Resources Laboratories, 
Environmental Science Services 
Administration, Silver Spring, Maryland 

E. HUGHES 
Analytical Chemistry Division, 
National Bureau of Standards, 
Washington, D.C. 20234 
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not cause either eye irritation or light 
scattering. Almost all the reaction prod- 
ucts so far identified are small mole- 
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Smog Aerosol: Infrared Spectra 

Abstract. Infrared spectra of smog aerosol are similar to those of sulfuric acid 
aerosol, but they do not show the prominent CH and carbonyl bands of organic 
aerosols from terpenes. Some features of the smog aerosol spectra are not present 
in the spectra from either type of synthetic aerosol. 
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cules which are much too volatile to 
form a light-scattering aerosol at am- 
bient air dilutions. Two notable excep- 
tions to this rule have been discovered 
in laboratory studies of these reactions. 
One is the reaction of higher-molecu- 
lar-weight olefins either with ozone or 
with nitrogen oxides and solar ultra- 
violet irradiation. Went (1) has sug- 
gested that terpene hydrocarbons react 
in this way to produce the blue haze 
over forested areas. Gasoline-type hy- 
drocarbons (particularly olefins) might 
conceivably behave in a similar fashion. 
The second reaction is caused by ultra- 
violet irradiation of hydrocarbon, nitro- 
gen oxides, and sulfur dioxide (2). 
Some of the sulfur dioxide is oxidized 
to sulfuric acid which then condenses 
with water vapor to form an aerosol. 
Although both these aerosol-forming 
mechanisms have been well established 
in laboratory work it has been difficult to 
extrapolate these findings to the atmo- 
sphere where reactant concentrations 
are much lower (3). 

The amounts of sulfur dioxide nec- 
essary to form a laboratory aerosol com- 
parable to that seen in ambient air have 
been unrealistically high, especially in 
view of the exceptionally low concen- 
trations of sulfur oxides in southern 
California. There has never been a good 
quantitative comparison of the terpene 
aerosol produced in the laboratory with 
natural aerosols. Further complications 
arise because the degree of light scatter- 
ing is heavily dependent on the particle 
size as well as the total mass. We have 
devised a technique for comparing syn- 
thetic aerosols with natural smog aero- 
sol by infrared spectrophotometry. We 
now describe results obtained with this 
technique. 

The active part of the infrared beam 
of a model 137 Perkin-Elmer infrared 
spectrophotometer has the shape of the 
entrance slit and is only about 14 mm 
high by about 1.5 mm wide at the loca- 
tion of the sample holder. If a sample 
is concentrated to an area which just 
matches this size, very small amounts of 
sample will yield usable spectra. A small 
impactor was constructed to collect nat- 
ural and synthetic aerosols and to test 
this idea. This impactor is of conven- 
tional single-stage design with provi- 
sions for adjustment of the slit width 
and for use of various impaction sur- 
faces. The slit is 14 mm long to match 
the infrared beam. For analysis by in- 
frared absorption the first requirement 
for the substrate is that it be at least 
partially transparent to infrared radia- 
tion. It should also be chemically inert, 
nsoluble, easily cleaned, and strong. So 
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far we have used T-12 (a blend of cal- 
cium and barium fluorides obtained 
from Harshaw), Teflon, and polyethyl- 
ene. The T-12, although marble-like in 
appearance, transmits infrared to about 
12 tim wavelength. Most of the work 
was done with a disk about 5 mm thick; 
more recently a 3-mm thick disk has 
been used with much improved trans- 
mission in the 10- to 12-jcm region. 

It quickly proved possible to obtain 
infrared spectra of ambient polluted air 
(Fig. 1). Several fairly distinctive 
groups of bands are apparent, and al- 
though some similarities with the spec- 
trum of sulfuric acid are apparent, the 
agreement with this spectrum is not 
complete. It seemed that the impacted 
aerosol reacted with the surface, be- 
cause the spot could not be wiped off 
but had to be polished out of the disk. 
Furthermore, the spectrum changed 
when the disk was allowed to stand for 
several hours. In particular, the two 
peaks at 8.7 and 9.1 [um increased on 
standing while the bands at 3.1 and 5.9 
,um decreased. 

A flow photoreactor was used to 
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Fig. 1. Infrared spectra of impacted aero- 
sol samples: natural smog and three syn- 
thetic aerosols. Moderate smog was 
present in the air on the campus at the 
University of California at Riverside 
when the sample which gave the lower 
curve in the top section was taken. The 
upper curve in the top section gives the 
spectrum of the T-12 substrate with no 
aerosol. 

make synthetic aerosols from mixtures 
of pollutants. This equipment has been 
described (4). The reactor, made from 
borosilicate tubes 6 inches in diameter, 
provides for irradiation with simulated 
sunlight of a stream of purified air con- 
taining metered amounts of hydrocar- 
bons, nitrogen oxides, and sulfur diox- 
ide. With a flow rate of 2.37 liter/min, 
the 141-liter volume provides a residence 
time of 1 hour. Blacklight fluorescent 
lamps provide irradiation with maxi- 
mum intensity near 350 nm. The input 
and output streams can be analyzed for 
a variety of reactants and products. In 
addition to the aerosol impactor a for- 
ward light-scattering photometer was 
used to monitor total scattering as a 
measure of aerosol. Scattering by nat- 
ural smog was also measured with the 
photometer to provide a reference. 

The two types of aerosol described at 
the beginning of this report were made 
in the photoreactor with the following 
conditions: 

1) Trans-2-butene, 10 ppm: nitrogen 
dioxide, 0.5 ppm; sulfur dioxide, 4 ppm; 
residence time, 1 hour; 2-hour impac- 
tion (Fig. 1). 

2) /P-Pinene, 10 ppm: nitrogen diox- 
ide, 5 ppm; residence time, 1 hour (Fig. 
1). 

In both cases the photometer indi- 
cated a light scattering about one order 
of magnitude greater than for smog 
aerosol, which was judged subjectively 
to be "moderate." Both experiments 
were, therefore, quantitatively unreal- 
istic but nevertheless qualitatively quite 
useful. The /-pinene aerosol spectrum 
shows a distinct CH absorption band at 
3.4 jtm which is absent from the other 
three spectra and testifies to the organic 
character of this aerosol. This spectrum 
also has a strong carbonyl band at 5.8 
tm. The two sharp absorbancies at 6.1 

and 7.8 ttm are near those for nitrate 
groups, although this assignment should 
be verified. Nitric acid is much too vola- 
tile to form an aerosol, so that the nature 
of the nitrate is uncertain. A spectrum of 
the aerosol from a-pinene was similar. 

Several incidental observations bear 
on the interpretation of these results. 
Since the natural aerosol etched the 
T-12 crystal, a sample was impacted on 
pH paper and found to be about pH 
4 or 5, as would be expected for a sul- 
furic acid aerosol but not for an or- 
ganic polymer. Examination under low 
magnification revealed numerous, obvi- 
ously solid particles of various shapes 
and colors. These are clearly different 
from either the sulfuric acid or terpene 
aerosols and are probably just sus- 
pended dust of relatively large diameter. 
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Ordinary road dust may well be the 
source of this, and it may contribute a 
great deal to the total weight of par- 
ticulate without making much contribu- 
tion to loss of visibility. High-particulate 
weight-loadings sometimes occur with 
little loss of visibility if the average par- 
ticle size is large (5). The extremes 
which Lundgren reported were seen on 
windy days and were most likely sus- 
pended sand. Samples taken with our 
impactor on clear windy days also 
showed this solid particulate, but the 
infrared spectrum showed no bands. 
EDGAR R. STEPHENS, MONTY A. PRICE 

Statewide Air Pollution Research Center, 
University of California, Riverside 
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"Promoter" and Leading to 5-Methyltryptophan De 

Abstract. A strain carrying the mutation trpA515, which t 

usual" region (between the genes trpA and trpB) of the trypt 
Salmonella typhimurium is capable of utilizing anthranilic acid a 
only in the presence of the analog 5-methyltryptophan, normall3 
inhibitor. The reason for this peculiar phenotype is the creation 
transcription-initiating signal in the "unusual" region. 
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The double mutant trpA49 trpA515 
is one of several 5-methyltryptophan 
(5MT)-dependent derivatives of trpA49, 
a mutant for the first gene of the trypto- 
phan (trp) operon of Salmonella typhi- 
murium. The mutation trpA49 maps at 
the extreme operator-proximal end of 
trpA (Fig. 1) and has been character- 
ized as an amber mutation with an ex- 
treme polar effect on the expression of 
the distal genes of the operon (1, 2). 
Mutants for the trpA gene are capable 
of utilizing anthranilic acid (AA), a 
substrate for phosphoribosyl transferase 
(PRT), the second enzyme of the trypto- 
phan pathway, as a growth factor. One 
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