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dark-adapted eyes only 30 to 45 cm from the ani- 
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ratory, squid could be confirmed to luminesce only 
when seen against the dimmer portions of the illu- 
mination. Such uneven illumination certainly is 
unlikely to occur in the midwaters of the open 
ocean. Countershading, such as we observed, is so 
effective that under natural conditions the animals 
would be invisible to the observer from all angles. 
Thus, one should not expect casual observations 
from a submersible to reveal countershading lumi- 
nescence. For the present, at least, bioluminescent 
countershading is best studied in the laboratory. 
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and the ventral two pairs of arms bear numerous, 
small ventrally directed photophores of three basic 
types. One type, numbering about one-half of the 
total photophores, possesses a distal color filter in- 
dicative of the countershading function. (The 
structure of these photophores is currently being 
investigated by R. E. Young, C. F. E. Roper, and J. 
Arnold.) In addition, five flattened photophores 
occur on each eyeball, and a series of three large, 
spherical photophores occurs on the tip of each 
ventral arm. 
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11. Observations were made separately by each inves- 

tigator on a total of six squid during a 10-day 
cruise off Oahu, Hawaii, in November 1975. 

12. Time periods with the light on varied from 2 to 16 
minutes (mean, 9.7 minutes; 73 percent of trials 
were between 9 and 11 minutes). Periods with the 
light off ranged from 5 to 25 minutes (mean, 10.1 
minutes; 76 percent of trials were between 9 and 11 
minutes). Specimens were placed in the observa- 
tion tank with the overhead light off at least l/2 
hour before testing; the observer dark adapted dur- 
ing this period. In all six cases, the squid at this 
stage did not luminesce. 

13. Bioluminescent countershading may be a contin- 
uous process, or it may be an intermittent display 
as part of an escape reaction involving retreat and 
then concealment (4). The consistent reaction of 
squid in this study to the overhead illumination 
was unrelated to any apparent escape reaction, 
supporting the likelihood of a continuous and au- 
tomatic countershading behavior in these animals. 
The squid Heteroteuthis hawaiiensis under con- 
stant overhead illumination in the aquarium (i) 
produce a luminous cloud, (ii) dart quickly across 
the tank, (iii) produce a ventral glow for several 
minutes, and finally (iv) extinguish the glow. This 
four-step sequence was observed about 20 times in 
two specimens when apparently they were dis- 
turbed repeatedly. In spite of difficulties introduced 
by the experiment, these observations suggest that 
intermittent countershading (as part of an escape 
reaction) remains a distinct possibility for some 
species. 
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Heavy Methanes as Atmospheric Tracers 

Abstract. Methane-21 (13CD4) is potentially a useful nonradioactive tracer for testing 
atmospheric transport and diffusion models on a continental scale. In an experiment to 
demonstrate this long-range utility, the release of 84 grams of methane-21 was detected 
at distances of 1500 to about 2500 kilometers at concentrations of about 1 part in 
2 x 10'6parts (by volume) in the air by a technique in which methane was separated and 
the methane-21 content was measured with a mass spectrometer. 

Heavy Methanes as Atmospheric Tracers 

Abstract. Methane-21 (13CD4) is potentially a useful nonradioactive tracer for testing 
atmospheric transport and diffusion models on a continental scale. In an experiment to 
demonstrate this long-range utility, the release of 84 grams of methane-21 was detected 
at distances of 1500 to about 2500 kilometers at concentrations of about 1 part in 
2 x 10'6parts (by volume) in the air by a technique in which methane was separated and 
the methane-21 content was measured with a mass spectrometer. 

There is a growing need to understand 
the details of atmospheric circulation as 
well as the details of the dispersion of pol- 
lutants on regional, continental, and global 
scales. Although much theoretical work 
has been done on these problems, there 
have been almost no successful controlled 
experiments on these scales partly because 
of the lack of suitable tracer materials. 
Tracers that have been used successfully at 
shorter distances are generally impractical 
for long-range applications because of 
cost, relatively high background concen- 
trations, interference from industrial 
sources, or insufficient detection sensitiv- 
ity. An ideal tracer would be nontoxic and 
nondepositing, would have virtually no 
existing background concentration in the 
atmosphere, would be detectable at ex- 
tremely low concentrations, and would be 
economical in terms of the costs of tracer 
and sample analysis. 

With the availability of relatively cheap 
separated isotopes of carbon (1), methane- 
21 ('3CD4) would appear to meet many of 
these requirements for an ideal meteoro- 
logical tracer. Natural methane, mostly 
methane-16 (12CH4), is present in the tro- 

posphere (northern mid-latitudes) at a con- 
centration of about 1.4 parts per million 

(ppm) (2), although significant variations 
in the abundance occur between urban and 
rural areas (3). The production rate of nat- 
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Fig. 1. Post-facto meteorological trajectories, 
300 to 2000 m above the ground, starting time 
14 May 1974, 1500 and 1800 M.D.T., designated 
in the figure as 14/15 and 14/18, respectively 
[see (7)], and methane sampling stations. The 
fractional symbols give the times of arrival of a 
trajectory at a location; for example, 15/06 
means arrival on 15 May, 0600 local time. 
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ural methane is estimated to be (2) about 
(0.5 to 1.0) x 101' g per year, and is bal- 
anced by destruction (2) in the troposphere 
and stratosphere, leading to an estimated 
mean residence time for methane in the 
troposphere of 4 to 7 years. The exchange 
of carbon or hydrogen atoms between the 
different isotopic forms of methane should 
be much slower than the apparent destruc- 
tion rate (4). The statistical equilibrium 
abundance ratio of natural methane-21 to 
natural methane-16 has been calculated to 
be 7 x 10-~8 (5). This figure implies that, 
before the large-scale production of deute- 
rium starting in the 1940's, the world's at- 
mosphere contained only about 50 mg of 
methane-21. Nuclear energy activities have 

presumably perturbed this number signifi- 
cantly. 

The potentialities of methane-21 as a 
meteorological tracer derive from this low 
abundance of methane in the atmosphere 
and from the high sensitivity of an ultra- 

high-vacuum, high-resolution mass spec- 
trometer (6) fitted with an electrostatic re- 
tardation lens. In this instrument, the 
background in the methane-21 mass region 
is about 10-" of the signal in the methane- 
16 mass region. 

In order to demonstrate the feasibility of 
large-scale meteorological tracing based 

upon the use of methane-21, 84 g were re- 
leased on 14 May 1974, from 1520 to 1750 
M.D.T. from a 70-m stack at the Allied 
Chemical Corporation processing plant at 
Idaho Falls, Idaho. The initial dilution 
with air in the stack produced a starting ra- 
tio of methane-21 to methane-16 of . 0.1. 

Cryogenic air samplers, operating at 13 
National Weather Service stations at loca- 
tions extending from Minnesota to Okla- 
homa (see Fig. 1), were used to concentrate 
the methane and krypton in the ambient 
air. Samples were collected twice daily at 
each station, from 9 p.m. to 7 a.m. (P) and 
9 a.m. to 7 p.m. (A). On the basis of mete- 
orological predictions, about 25 samples 
from four locations were chosen as likely 
to contain fractions of the released tracer. 

Eight additional samples were chosen for 
background measurements, with the sam- 
pling done either before the release or at a 

place (Tulsa, Oklahoma) far from the pre- 
dicted trajectories. 

Methane and krypton were separated 
from the air samples and purified by 
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chromatographic desorption, and the iso- 
topic composition of the methane was 
measured by mass spectrometry. The ra- 
tios of the intensities at the mass-21 region 
characteristic of methane-21 to those at 
mass 16 for the different samples are 
presented in Fig. 2. The data shown have 
been corrected for spectrometer detector 
noise. The standard deviations a indicated 
in Fig. 2 are estimates based on the count- 
ing statistics and the performance of the 
instrument during the measurements. Be- 
cause of an equipment problem at Roches- 
ter, Minnesota, the 15 May P and 16 May 
A samples were not obtained. 

Figure 2, b and e, shows that the eight 
samples that came from air sampled at 
times or at a place not subject to tracer in- 
fluence had methane-21/methane-16 ratios 
of less than 3 x 10-1 [average = 
(0.7 + 1.2) x 10-11]. All the other sam- 
ples, selected as likely to contain the trac- 
er, show higher values of this ratio, with 
more than half of them yielding ratios in 
excess of 4 x 10-". The average value ob- 
served in these samples, 4.5 x 10-11, corre- 
sponds to the detection of about 1 part in 
2 x 1016 parts (by volume) of methane-21 
in the atmosphere. Although the abun- 
dance of methane in the air corresponding 
to these samples was not determined di- 
rectly, the ratio of recovered methane to 
recovered krypton was the same (1.04) in 
all the samples to within 12 percent (1 a), 
with no significant correlation of methane- 
21 contents with recovered methane/kryp- 
ton ratios. This result makes unlikely any 
effect of variable methane content (3) in 
the atmosphere on the present conclusions. 

Although this methane-21 test was not 
designed primarily as a meteorological ex- 
periment, it is interesting to compare the 
measured concentrations with those calcu- 
lated on the basis of a simple model (7). 
The continuous methane release of the ex- 
periment was simulated by two puffs, each 
consisting of 42 g of methane-21, trans- 
ported along the calculated trajectories 
shown in Fig. 1. Based on the assumptions 
that the horizontal standard deviation a 
of the concentration distribution in the 

Fig. 2. The observed ratios of methane-21 to 
methane-16 (x 10"') in air taken at various 
times at the following locations (heavy bars with 
standard errors indicated): (a) Minneapolis, 
Minnesota; (b) Rochester, Minnesota; (c) Wa- 
terloo, Iowa; (d) Detroit, Michigan; and (e) Tul- 
sa, Oklahoma. Calculated values based on the 
model described in the text are represented by 
the dashed bar graphs. The calculated values for 
Detroit are all < 1 x 10-". The time of release 
of the tracer in Idaho is indicated by the arrows. 
The horizontal lines with shading indicate the 
background levels (with standard deviations) 
observed in samples not affected by the tracer. 
12 MARCH 1976 

puffs grows linearly with time (aH = 

1.9 x 103 t, where aH is in meters and t is 
the transit time in hours) and that the puffs 
are uniformly mixed through a height of 2 
km, concentrations were calculated for 
each sampling period at each station. In 
the calculations, the methane concentra- 
tion in the sampled air was assumed to be 
1.4 ppm, although the fact that certain of 
the sampling sites were rather close to air- 
ports or urban areas might suggest that a 
higher value would have been more appro- 
priate (3). The ratios of methane-21 to 
methane-16 calculated in this way are also 
presented in Fig. 2. In view of the uncer- 
tainties in both the calculations and the ex- 
perimental data, there is fairly good agree- 
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ment between them. At three stations 
(Minneapolis, Minnesota; Rochester, Min- 
nesota; and Waterloo, Iowa) the sum of 
the recovered methane-21 (corrected for 
background ratios of 0.7 x 10-11) in all the 
samples analyzed is about half of the value 
calculated. At these three stations the 
peaks in the observed concentrations occur 
within 12 hours of the times calculated. 
For Detroit, Michigan, more methane-21 
was found experimentally than calculated, 
suggesting that the air trajectories from 
the release site passed closer to Detroit 
than indicated in Fig. 1. In all cases the ob- 
served variability is smaller than that cal- 
culated with the simple meteorological 
model. 

In spite of discrepancies between the de- 
tails of the observations and calculations, 
Fig. 2 clearly shows that methane-21 has 
been detected at distances of 1500 to 2500 
km from the point of release. This experi- 
ment thus demonstrates that isotopically 
labeled methane can be used on a continen- 
tal scale to study atmospheric transport 
and diffusion. Such labeled hydrocarbons 
have important characteristics to recom- 
mend them for these studies. (i) The detec- 
tion limits are comparable to those theo- 
retically achievable with the use of radio- 
active tracers, for many of which the theo- 
retical limits are not practical because of 
already existing background levels. For ex- 
example, about 5 x 103 curies of tritium 
would be needed to double the 1972 back- 
ground (8) of -2 pc of HT per cubic meter 
of air after a dilution similar to that illus- 
trated in this report. (ii) The small amounts 
needed and the nontoxicity of methane and 
its homologs should make possible their 
use even in populated areas. (iii) Isotopi- 
cally labeled methane molecules may be 
useful in defining better the fate of natural 
methane and its role in the ozone destruc- 
tion reactions of the upper atmosphere. 

At the extreme sensitivities illustrated in 
this report, present-day techniques require 
the sampling of about 1 m3 of air (contain- 
ing about 1 cm3 of methane), isolation of 
the methane, and determination of the 
mass-21/mass-16 ratio in an appropriate 
spectrometer. Consideration should, of 
course, be given to automation and sim- 
plification of the sample-collecting and 
measurement techniques to make experi- 
ments with this new tracer even more 
attractive. 

The background in a spectrometer at 
mass 20 is typically higher by about a fac- 
tor of 10 than at mass 21, but it would 
probably be economical to use a larger 
amount of methane-20 ('2CD4) than meth- 
ane-21 as a tracer since the former is less 
expensive to produce. If, in fact, both 
methanes prove to be feasible long-range 
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tracers, it would be more effective to use 
them together. The cost of collection and 
analysis will be the critical items, and the 
amount of information and confidence in 
the data obtained can be greatly increased 
by the simultaneous use of methane-20 and 
methane-21, released at slightly different 
times or locations, at a relatively small in- 
crement in cost. At prices currently quoted 
for the sale to the public of 3CO, the start- 
ing material for the synthesis of methane- 
21, the cost of the separated '3C isotope in 
this experiment (about 50 g) was less than 
$5000; similar amounts are esimated for 
the cost of a kilogram of 12CD4 if produced 
on an appropriate scale, since the cost of 
the special isotope in this case is relatively 
small and most of the expense would be for 
synthesis. 

The release of 1 kg of methane-21 
would, if uniformly mixed in the atmo- 

sphere, raise the mass-21/mass-16 ratio of 
atmospheric methane to 2 x 10-13. Thus, 
the release of a few kilograms of methane- 
21 per year in tracer experiments would 
not add a measurable increment to the 

present detectability limit which is deter- 
mined by the noise level in the mass spec- 
trometer. Instrumental improvements can 
be introduced which should markedly im- 

prove the detection sensitivity, possibly by 
more than an order of magnitude, in which 
case tracer experiments on a global scale 
involving nonradioactive substances 
should become feasible. The relatively 
short life of methane in the atmosphere 
would prevent long-term isotopic con- 
tamination of atmospheric methane as a 
result of such tracer experiments. 
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crement in cost. At prices currently quoted 
for the sale to the public of 3CO, the start- 
ing material for the synthesis of methane- 
21, the cost of the separated '3C isotope in 
this experiment (about 50 g) was less than 
$5000; similar amounts are esimated for 
the cost of a kilogram of 12CD4 if produced 
on an appropriate scale, since the cost of 
the special isotope in this case is relatively 
small and most of the expense would be for 
synthesis. 

The release of 1 kg of methane-21 
would, if uniformly mixed in the atmo- 

sphere, raise the mass-21/mass-16 ratio of 
atmospheric methane to 2 x 10-13. Thus, 
the release of a few kilograms of methane- 
21 per year in tracer experiments would 
not add a measurable increment to the 

present detectability limit which is deter- 
mined by the noise level in the mass spec- 
trometer. Instrumental improvements can 
be introduced which should markedly im- 

prove the detection sensitivity, possibly by 
more than an order of magnitude, in which 
case tracer experiments on a global scale 
involving nonradioactive substances 
should become feasible. The relatively 
short life of methane in the atmosphere 
would prevent long-term isotopic con- 
tamination of atmospheric methane as a 
result of such tracer experiments. 
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Angiotensin-Converting Enzyme: Vascular 

Endothelial Localization 

Abstract. Fluorescein-labeled antibody to rabbit pulmonary angiotensin-converting 
enzyme localized in the vascular endothelium of rabbit lung, liver, adrenal cortex, pan- 
creas, kidney, and spleen. Epithelial cells of the renal proximal tubules were the only pa- 
renchymal cells among the organs studied that demonstrated immunoreactivity. 

Angiotensin-converting enzyme cata- (1), the vasoactive agent of the renin-an- 
lyzes the release of histidylleucine from giotensin system (2). The same enzyme in- 
the COOH-terminus of angiotensin I to activates bradykinin, a vasodepressor non- 
yield a pressor octapeptide, angiotensin II apeptide, by catalyzing the cleavage of its 
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Fig. 1. (a) Normal rabbit pulmonary alveolar membranes stained with fluorescein-labeled antibody 
to angiotensin-converting enzyme (A-ACE-F1) (x 500). (b) Pulmonary membranes incubated with 
fluorescein-labeled globulin obtained before immunization (x 500). Fluorescence appears only in oc- 
casional polymorphonuclear leukocytes and elastic fibers. (c) Vasculature of a normal liver lobule 
stained with A-ACE-F1 (x 100). Hepatocytes do not stain. (d) Vessel network of normal adrenal 
cortex stained with A-ACE-Fl (x 200). Parenchymal cells do not stain. (e) Vasculature of normal 

pancreas stained with A-ACE-F1 (x 100). Parenchymal cells do not stain. (f) Normal kidney show- 
ing staining both in the glomerular tuft (slight) and in the proximal tubules (prominent) (x 250). 
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