a good indication of the order of the
penetration and its relative magnitudes
in the different soils.

It would seem, therefore, from the
penetration analysis, that the success-
ful landing and operation of Luna 9
(penetration less than 30 cm) occurred
on a surface that was harder than that
represented by an incompressible co-
hesive soil having a cohesive shearing
strength of, say, 5 X 10%* dyne/cm?2,
corresponding to a bearing capacity of
2 to 3 X 105 dyne/cm? and a mass
bearing capacity of about 1000 g/cm?.
This value is consistent with that given
by the energy approach. (The pressure
exerted by an astronaut standing on
the lunar surface ranges from 3 to 7
X 10% dyne/cm?; supported mass, 200
to 500 g/cm?2.)

It must be noted, however, that a
shock-absorbing system was used to
cushion the capsule impact (3, 6); ac-
cordingly, some of the energy did not
go into the soil. Moreover, the velocity
vector at impact was not necessarily
vertical. For both these reasons the
dynamic treatments used are not con-
servative. Thus the bearing capacity
may be less than the 1 to 2 X103
dyne/cm? given by the dynamic anal-
yses, and only the value of 5 X 10°
dyne/cm?2, derived from static con-
siderations, seems a truly safe lower
bound; the latter value (corresponding
to 30 g/cm? mass bearing capacity) is
no higher than one derived from
Ranger-7 data (10).

The bearing capacities of hard ter-
restrial rocks are of the order of 10°
dyne/cm2. Available information on
the Luna 9 landing thus provides no
basis for statements that the lunar sur-
face is hard rock; on the contrary, the
landing statics and dynamics are not
inconsistent with the properties ex-
pected under lunar conditions for high-

ly porous fairy-castle structures (I1).

We may point out that more in-
formation on the mechanical prop-
erties of lunar-surface material will be
obtained if an upper bound can be
established; this would require ob-
servation of surface displacement or
yielding under the application of a
known force under known conditions.

This report should not be taken to
advocate the view that the lunar sur-
face consists of unsintered fine par-
ticles having low cohesion; more prob-
ably the particles show high cohesion
(11) and need not be fine (72). It is not
evident, however, that the successful

landing of Luna 9 clarifies these
questions.
L. D. JAFFE
R. F. ScorTt

Jet Propulsion Laboratory and
Division of Engineering and
Applied Sciences, California Institute
of Technology, Pasadena
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Atmospheric Gases and Particulates in Panama

Abstract. The concentrations of trace gases in tropical air from samples taken
on the Isthmus of Panama are compared with those reported by others. The role
of a tropical land mass as a sink or source of atmospheric components is dis-

cussed.

The National Center for Atmospheric
Research and the Tropic Test Center
of the U.S. Army Test and Evalua-
tion Command have undertaken a co-
operative study of the atmosphere of the
Isthmus of Panama to characterize
the sinks and sources for trace atmos-
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pheric components in the tropics. The
results obtained so far are sufficiently
unexpected that we are reporting our
findings. While the total number of
measurements is limited, they are suf-
ficiently spread in time, and the range
is sufficiently small, that it seems un-

likely that further data would qualita-
tively change our conclusions.

We have taken samples in Panama
during three periods, each about 2
weeks in length. One period was during
the rainy season, in November 1965,
and the other two were during the dry
season, in February 1965 and the same
month in 1966.

The orientation of the Canal Zone
and the Isthmus of Panama is shown
in Fig. 1. The predominant wind di-
rection across the Isthmus is norther-
ly. This wind stems from the Bermuda
high, and its direction shifts between
the dry and rainy seasons, reflecting
the shift of the Bermuda high over the
Caribbean. 7

There were three major sampling
sites. The first was at Fort Sherman, on
the Caribbean (northern) side of the
Isthmus. All samples from this area
were collected a short distance from the
shore and thus represent tropical mari-
time air typical of the Caribbean. The
second sampling site was a meteorolog-
ical tower in Albrook Forest near the
Pacific (Bay of Panama) side of the
Isthmus, a semideciduous tropical rain
forest. The tower is about 50 m high,
permitting sampling both above and be-
low the forest canopy. The third sampl-
ing site was on the north side of the
Pearl Islands Archipelago in the Bay
of Panama. Typical air trajectories to
this site have traversed the Isthmus and
then a short distance over the ocean
surface. They do not cross the Canal
Zone, and thus are not influenced by
the human activity of the Zone.

A few samples were collected at a
subsidiary site on Madden Ridge Road.
This site is on the Continental Divide,
in the path of Caribbean air which
has traversed 50 km of virgin forest.

Although the samples collected thus
far are considered preliminary, some
reliable estimates of concentrations of
gases and particles in the atmosphere
have been obtained. Junge (/) sum-
marizes previous measurements and
gives a range of probable concentra-
tions in the atmosphere. These concen-
trations are admittedly uncertain owing
to the paucity of previous measure-
ments, and it is interesting to compare
Junge’s data (converted approximately
into consistent units) with our esti-
mates for various gases and particu
lates. :

Junge cites the few formaldehyde
measurements which have been made,
and gives a probable ground-level con-
centration range from O to 10 ppb
(parts per 109). He points out that these
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measurements were made in Europe
and that the formaldehyde may be of
anthropogenic origin. We did not meas-
ure formaldehyde specifically, but used
the method of Hauser and Cummins
(2) to estimate total aliphatic aldehydes.
We found a mean concentration of 1.1
ppb as formaldehyde (range from <0.2
to 2.7 ppb). No statistically significant
differences were found between samples
collected during the rainy and dry sea-
sons, or between those collected on the
Pacific and Caribbean sides.

These results were corroborated by
use of a specific and ultrasensitive meth-
od for particulate formaldehyde de-
veloped by Lodge and Frank (3). Al-
though this test is qualitative in char-
acter, it showed the presence of for-
maldehyde at all stations including the
Caribbean coast.

Junge cites ground-level concentra-
tions of nitrogen dioxide as 0 to 3 ppb.
Using a specific method for nitrogen
dioxide (4), we found that our results
corroborated Junge’s data. During the
dry season, the maritime air from the
Caribbean had a mean concentration
of 0.9 ppb (range from <0.5 to 1.4
ppb). During the rainy season, with
mixed sunshine and thunderstorm ac-
tivity, the mean concentration was 3.6
ppb (range from 2.6 to 5.0 ppb). Our
samples from the forest site gave a
mean concentration of 1.3 ppb (range
from <0.5 to 2.7) below the forest roof,
and 2.2 ppb (range from 1.2 to 4.0)
above the forest. Three samples col-
lected 20 miles out in the Bay of
Panama (Pearl Islands site) gave a mean
concentration of 1.6 ppb (range from
1.5 to 1.7).

By a method involving oxidation to
nitrogen dioxide (5), we found concen-
trations of nitric oxide ranging up to
6 ppb. Although the data are too few
for an average to be meaningful, they
appear to show a somewhat higher con-
centration of nitric oxide than of nitro-
gen dioxide.

The method used to determine am-
monia (6) has not yet been validated
for part-per-billion air samples. How-
ever, the data obtained appear to lie
somewhat above the range given by
Junge (0 to 20 ppb). The lowest con-
centrations found, including those in
the Caribbean samples, were higher
than 20 ppb.

In one isolated sample on the Carib-
bean coast the concentration of hydro-
gen sulfide was 4 ppb. All other samples
showed only traces or less than the
minimum detectable amount of 1 ppb.
Although the method (7) requires addi-
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tional checking, corroborative evidence
indicates that the ground-level range of
2 to 20 ppb given by Junge is too high
for tropic regions.

Sulfur dioxide concentrations were
measured by an adaptation of the West-
Gaeke method (8). The values found
ranged from <1 to 5 ppb, with no gen-
eral pattern being clearly evident.
This contrasts with Junge’s worldwide
ground-level concentrations of 0 to 20
ppb.

Despite the apparent availability of
free ammonia in the atmosphere, sul-
furic acid droplets were found to be
present at all sites, as shown by a spe-
cific technique developed by Lodge and
Frank (9). The Caribbean coast samples
showed a minimum number of drop-
lets, but appreciable quantities of am-
monium sulfate. The Madden Ridge
Road samples showed the highest levels
of droplets. In accordance with other
findings elsewhere (10) total sulfate re-
mained fairly constant, but showed a
progression from ammonium sulfate to
sulfuric acid with greater distance inland
and greater altitude.

We expected to find that the tropic
rain forest was a major source of at-

mospheric hydrogen sulfide and other
reduced chemical species. However, ex-
tremely low levels of hydrogen sulfide
were found both under the canopy in
the forest environment and above the
canopy in the ambient atmosphere. We
conclude that tropical land is not usual-
ly a source of atmospheric hydrogen
sulfide. Further, all of the data col-
lected indicate that the atmospheric
constituents associated with tropical for-
est are characterized by partially or
completely oxidized chemical species.
We postulate that reduced species
formed by anaerobic processes will only
be found, except where localized ex-
treme conditions exist, well below
ground surface, and that they are par-.
tially oxidized in the upper soil strata,
presumably by aerobic bacteria.
Although the precise results of am-
monia measurements are questionable,
their relative values are probably mean-
ingful. The values tended to be high
for fresh Caribbean air, intermediate be-
neath the forest canopy and low above
the forest canopy. Electron microscopy
showed that the Caribbean aerosols are
characterized by the presence of am-
monium sulfate and the virtual absence

CARIBBEAN
ool SEA

®
\

=
//
(/
%.
PP % /'
AX\—; ) Q)\-/b///-—\:
.~ NS Vi a

/~ALBROOK R

3

=L
X -ranava crry \\

FOREST

T TS =ERY

PACIFIC .
= OCEAN

*- PEARL
<> & ISLANDS
o

[

Fig. 1. Sampling sites in Panama.
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of sulfuric acid. This seems to corrob-
orate previous suggestions that the At-
lantic is an ammonia source. On the
other hand, samples from all other
sites showed that sulfuric acid was pres-
ent in substantial amounts as a char-
acteristic aerosol.

If all the sulfate found in unpolluted
tropospheric air by a number of investi-
gators is free sulfuric acid, the result-
ing sink for ammonia cannot exceed
10—13 g cm—3, Ambient ammonia con-
centrations, whether from Junge’s data
or from our data, are at least two or
three orders of magnitude greater than
that required to convert all sulfuric acid
to ammonium sulfate. The progressive
decrease of ammonium sulfate and the
increase of sulfuric acid droplets over
the land indicates that another sink for
ammonia must exist, and that the re-
plenishment rate of sulfuric acid must
exceed the rate of the reaction between
sulfuric acid and ammonia for these
concentrations.

The apparent enrichment of nitrogen
dioxide levels over the land and the
rapid decrease to a lower level over the
sea indicate that processes may occur
on land which oxidize ammonia. Our
data suggest that nitric oxide could be
the oxidation product, and that nitro-
gen dioxide is a transient product of
further oxidative reactions.

To summarize, we present the hy-
potheses that a forested tropic land mass
is not a source of atmospheric am-
monia or hydrogen sulfide because these

Vacuum Welding of Olivine

are oxidized in the forest environment;
that the land mass is a source of at-
mospheric oxides of nitrogen; that sul-
furic acid aerosol is an atmospheric sink
for ammonia over the Atlantic (an at-
mospheric ammonia source); and that
oxidation is a major ammonia sink over
land and sulfuric acid aerosol is not.
JaMEes P. LobDGE, JRr.
JouN B. PATE
National Center for Atmospheric
Research, Boulder, Colorado

References and Notes

1. C. E. Junge, Air Chemistry and Radioactivity
(Academic Press, New York, 1963).

2. T. Hauser and R. L. Cummins, Anal. Chem.
36, 679 (1964).

3. J. P. Lodge and E. R. Frank, in ‘“Aerosols,
Physical Chemistry and Applications,” Proc.
Nat. Conf. Aerosols, 1Ist, Liblice, 1962
(Czechoslovak Academy of Sciences, Prague,
1965).

4. B. E. Saltzman, Anal. Chem. 26, 1949 (1954).

5. E. E. Jones, L. B. Pierce, P. K. Mueller,

“Evaluation of a Solid Oxidant System,”

Conf. Methods Air Pollution Studies, 7th,

Los Angeles, January 1965.

. J. A. Tetlow and A. L. Wilson, Analyst 89,

453 (1964).

M. B. Jacobs, M. M. Braverman, S. Hoch-

heiser, Anal. Chem. 29, 1349 (1957); D. F.

Bender and M. B. Jacobs, Analyst 87, 759

(1962).

=+ P. W. West and G. C. Gaeke, Jr., Anal.
Chem. 28, 1816 (1956).

9. J. P. Lodge, Jr., and E. R. Frank, ‘“Charac-
terization by Metal-Shadowing of Droplets
and Particles Collected on Silicon Monoxide
Films,” Abstr. 145th meeting, Amer. Chem.
Soc., New York, September 1963.

, Abstr., Int. Conf. Condensation Nu-
clei, Albany, New York, May 1966.

11. A. Wartburg and E. R. Frank were asso-
ciated with us in the sampling and analysis
for this study. The Army Tropic Test Center
and Weather Engineers of Panama, Inc., con-
tributed staff and facilities in Panama and
support for the trips to Panama. Dr. R.
Hutton provided help and encouragement.

May 1966 =

b =AY

10.

3

fute

Abtstract. Welding of olivine was demonstrated by grinding it in a ball mill in
an atmosphere of about 2 X 10~7 torr. Most of the sample adhered strongly to
the container and grinding balls although adhesion in air is only slight. Similar
adhesion should be expected on the lunar surface and may account for the rough-
ness needed to explain the optical properties of the moon and the detail of the

Luna 9 photographs.

An experiment demonstrated the sub-
stantial self-welding to be expected
when dusts (powdered solids) come in
contact under conditions such that their
surfaces are at least partially free from
gas films (7). This process could be
expected to occur on the lunar surface
when debris from a meteorite collision
returns to the surface.

A 10-g sample of coarsely ground
(147 to 177 u) olivine (2) was placed in
a 10-cm-diameter stainless steel con-
tainer with 57 18-mm irregular por-
celain balls (Fig. 2b); the container
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was rotated about a nearly horizontal
axis at about 95 rev/min in the manner
of a ball mill. With the container at
atmospheric pressure, a run of 22.5
hours produced substantial grinding of
the olivine sample. There was some
difficulty in removing the material from
the container; it adhered weakly to the
surface and to the balls; it was mostly
removed from the balls by vigorous
brushing with a camel-hair brush. To
remove the material from the interior
of the container, about 20 g of (about
20) freshly broken glass fragments

were placed inside and moved over
the interior by slow rotation of the
tank in various directions by hand; this
procedure removed most of the sample,
which was sieved (Table 1).

A similar sample was then ground
with the container evacuated. The vacu-
um equipment consisted of a 5-liter/sec
sputter-ion pump sealed to the con-
tainer with a copper gasket. Container,
pump, and pump magnet were mounted
as a unit in a cradle, with the high-
voltage lead of the pump protruding
through the axial bearing so that high
voltage could be applied during the
grinding operation (Fig. 1). The sys-
tem and sample at room temperature
were evacuated overnight by a me-
chanical pump. The ion pump was then
started and the valve to the mechanical
pump was closed. The container was
heated to 100°C for 18 hours and a
considerable amount of gas (presum-
ably mainly water) was evolved. The
temperature of the sample was then
raised to 200°C for an additional 6.5
hours, with further evolution of much
less gas. When the heater was removed
the pressure in the system fell rapidly;
after 15 hours it was well below 10—8
torr.

The container at room temperature
was then rotated slowly, with bursts
of pressure to as great as 10—8 torr;
mean pressure was about 2 X 10—7
torr. When the system was operated
at full rotation speed, the pressure rose
to about 7 to 8 X 10—7 torr, with the
pressure bursts rapidly diminishing. At
the end of the 22.5 hours of grinding
the pressure was about 2 X10—7 torr;
it then fell to 1 X 10—7 torr within 2
minutes and to 5 X 10—8 torr within
20 minutes.

The container was then opened to
the atmosphere and the porcelain balls
were extracted. A thick coating of oli-
vine was bound to the balls and un-
attached olivine was negligible (3). Very
vigorous brushing of the balls yielded
a total of 2.04 g of sample powder,
which was sieved (Table 1). Rotation
within the container of a 20-g sample
of about 20 glass fragments removed
a negligible amount of olivine.

The container was then halved with
a tubing cutter. Olivine was found uni-
formly attached to the surface, except
for a narrow ring at the joint between
end cap and wall (where a ball could
not touch the surface of the container)
and a ring around the pump tube,
which also could not be reached by
the balls because of the slight tilt of
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