course of the entire process is thereby
facilitated.

Although this investigation began
with the premise that noradrenergic
neurons were involved in the lateral
hypothalamic syndrome (3), evidence
suggests that the same syndrome may
be all, or in part, attributable to inter-
ruption of a dopaminergic pathway
involving the substantia nigra and the
corpus striatum (13). Evidence imply-
ing that denervation supersensitivity
follows lesions of this pathway has also
been reported (/4). Our data may,
therefore, have also demonstrated the
significance of supersensitivity for re-
covery of a dopaminergic system. Fur-
ther studies should help to clarify the
relative importance of noradrenergic
and dopaminergic neurons in the early
deficits as well as the later recovery
after lateral hypothalamic lesions.
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Reflection Spectra of Lunar Dust Grains

- with Amorphoué Coatings

Bibring et al. (I) report that a sig-
nificant fraction of grains of lunar fines
are coated with a low-density, amor-
phous substance about 500 A thick,
which is probably host grain material
metamictized by solar wind bombard-
ment. In one portion of their report
Bibring et al. suggest that the low al-
bedos and reddish spectra of the fines
may be due in part to the coatings. In
support of this suggestion they calculate
the Fresnel reflection coefficient as a
function of wavelength for an electro-
magnetic wave vertically incident on the
plane surface of a semi-infinite, non-
absorbing substance with index of re-
fraction n, = 1.98, coated with a layer
of material 500 A thick with n,=1.80.
The calculated reflection spectrum su-
perficially resembles the lunar spectrum.
Unfortunately, the calculation is irrele-
vant to the problem of the lunar albedo
because it ignores the refracted ray. Al-
though the coatings are very interesting,
it can be shown that they have only a
marginal effect on the lunar reflectivity.

The reflectivity R of an optically thick
powder, consisting of grains with single-
scattering abedos wy, is given to a first
approximation by the Kubelka-Munk,
or two-stream, expression (2):

R=1[1— (1 —w)*)/[1 + (1 —wo)*]
For the moon, R is .07, so that the
effective, average, grain albedo is
wo = .25. Contributing to w, are both
rays that are reflected directly from

the surface of the grain (the so-called
regular or specular component of re-
flection) and rays that are refracted into
the grain to be partially absorbed and
volume-scattered so that they leave the
grain in arbitrary directions. For sili-
cates, with typical indexes of refraction
around 1.6, the rays reflected from the
surface contribute only about .06 to w,,
and thus the refracted rays must ac-
count for the remaining .19. Coating
the grains will decrease the intensity of
the rays reflected from the surface in
the manner discussed by Bibring et al.,
but will increase the intensity of the re-
fracted rays because of smaller internal
reflection on exiting, so that R will be
only slightly affected.

The relative contributions of the sur-
face-reflected and volume-scattered rays
may also be estimated from polariza-
tion measurements on the lunar fines,
In green light the maximum polariza-
tion of Apollo 11 fines is approximately
16 percent (3). Since the diffusely
scattered ray is only weakly polarized,
the polarization is due primarily to the
surface ray, which is almost completely
polarized near the Brewster angle. Thus,
it may be deduced that surface scatter-
ing can account for only about 16 per-
cent of the light reflected by the fines.

The minor role of the specular com-
ponent can be further illustrated by the
following example: TiO, and H,O ice
have indexes of refraction of 2.6 and
1.3, respectively, and thus specular re-
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flection coefficients of 20 percent and 2
percent, respectively. Yet in powder
form both materials have very high
albedos because the volume-scattered
rays are weakly absorbed.

If the coatings were metallic they
could decrease R appreciably by ab-
sorption; however, apparently they are
nonmetallic. Only strong, wavelength-
dependent, volume absorption of the
refracted rays can account for the
lunar spectrum. Hapke et al. (4) have
suggested that the large absorbing power
of grains of lunar fines is primarily due
to a vapor-deposited component of the
soil, while Conel and Nash (5) and
Adams and McCord (6) have empha-
sized the importance of shock-melted
glass.

The following additional considera-
tions are relevant to the discussion: (i)
Bibring et al. state that the coatings re-
crystallize at 800°C. However, heating
lunar fines in a vacuum to 900°C
causes a negligible change in albedo
(4). (ii) The calculated spectrum of the
coated interface (/) has a minimum at
3500 A, below which the reflectivity
rises again. However, the spectra of
lunar soils continue to decrease below
3000 A (4). (iii) The indexes of re-
fraction used by Bibring et al. are 1.80

and 1.98, whereas values of the order
of 1.5 to 1.7 would be much more
representative of the major components
of lunar soil (anorthite, augite, olivine,
ilmenite, and glass).

The interesting correlation between
albedo and fraction of grains coated
(1) is undoubtedly due to the fact
that both phenomena are associated
with exposure at the surface of the
moon.
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Mercury and Lead in the Greenland Ice Sheet:

A Reexamination of the Data

It is imperative that the natural back-
ground content of mercury in the en-
vironment be determined. Examination
of the Greenland ice sheet offers the
opportunity to determine if the con-
centration of mercury in the atmo-
sphere correlates with human industrial
activity (). Weiss et al. have recently
reported such a measurement (2). Fig-
ure 1 is a plot of the data given in
their table 1. The sites were identified
by reference to the original work for
which the samples were collected (3,
4). The pre- and post-1952 data are
from different sites with no overlap in
dates to make possible an intersite cali-
bration. Weiss et al. conclude from
their data that there has been a recent
increase in the mercury content of the
atmosphere. This conclusion is not
unambiguously justified.

Indeed, I propose that the only justi-
fiable conclusion is that no trend is
apparent in either the pre- or post-1952
data (although seasonal variations are
revealed in the latter). Since in 1952
there was a change of sample collec-
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tion sites, the post-1952 data are larger
than all the pre-1952 data, and, since
there is no overlap in dates between the
two sites, it seems very likely that there
is a systematic difference between these
sites, perhaps the result of vehicular
contamination (3). It is enlightening
to refer to the original work on these
samples in which an effort was made
to measure the time dependence of lead
in the atmosphere (3).

Table 1. Density of air and mercury in the
atmosphere as a function of altitude.

Density
Alti-
tude Air (g/m®) Mercury
(km) - (calc.)
Obs.* Calc. (ng/m?)
0 1226 1226 1.00
1 1112 1121 0.45
2 1007 972 20
3 909 865 .09
4 819 770 04
5 736 686. .02
10 413 384
20 88 120

* For a U.S. standard atmosphere. For example,
see (11).

The data for the lead content of the
parent samples are shown in Fig. 2
and were obtained from table 7 of
Murozumi et al. (3). In contrast to the
data on mercury, a trend is clearly ap-
parent in the pre-1946 lead data, but
again interpretation of later data is open
to debate. One could argue for a smooth
curve from 800 B.C. right up to 1965,
or argue, along with Murozumi et al.
that between the 1933 and 1946 points
there is a rapid increase, perhaps due
to the increased use of lead additives
in gasolines. However, examination of
the data shows that there is a third al-
ternative: There could very well be a
systematic difference between pre- and
post-1952 sites with no rapid increase
around 1940. In either case, the burden
of interpretation falls upon the 1946
point since its relative largeness appears
to fit smoothly with the post-1952 data.
In the absence of an actual date over-
lap between the sites, this smooth fit

‘could contribute confidence that the

sites yield consistent data. In the in-
vestigation of Murozumi et al. (3) the
sea salt content of the snow was also
measured and the time series for mag-
nesium shows no discrepancy among
the several sites. However, even though
the arduous sample collection procedure
involved many safeguards against con-
tamination, Murozumi et al. stated
(with respect to the post-1952 site)

. that “drifted winter snow from regions

contaminated by vehicle traverse may
provide the greatest source of locally
contaminated snow in samples from the
virgin trench site. There can be no
question but that some of the winter
snows we collected drifted in from
great distances away. It is emphasized
that dilution effects, after a few tens
of km, should make snow contaminated
by vehicle traverse indistinguishable
from background snow in this region”
(emphasis mine). It is worrisome that
contamination by exhaust from gaso-
line-burning vehicles would contribute
to an elevation of both the lead and
mercury contents of the atmosphere.
The validity of the mercury data de-
pends on one’s confidence in the com-
patibility of the data from the two sites,
and this confidence rests upon the va-
lidity of the lead data, which in turn
depends almost entirely upon the single
data point of 1946.

Because the time dependence of both
the lead and mercury contents in the
atmosphere have immediate implications
for public health policy, I suggest that,
at the very least, additional samples be
collected spanning the time from 1930
to 1970 from a single site, and prefer-
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