Bregma -'Q./'N
_Right lateral_ hole
[ (Z‘ profile
axis

Frontal

Fig. 3. Cranial profiles of B.1 anomaly.
(Top) Right Ilateral view. (Bottom)
Frontal view.

that the anomaly might result from a
long-standing lesion which prompted
attempts to scrape or treat it.

What a trephined skull might mean
at the Spruce Swamp site is unclear.
Both generalized regional Archaic and
Woodland levels have been postulated
here (1), with only tenuous suggestion
of exotic elements. These include an
artifact of plasma (a stone material
identified as originating in Georgia or
Alabama) and an enigmatic incised
paintstone (/0), which may record
Southern cult motifs.

The presumptive trephination may be
an isolate, or it may relate to cultural
practices or influences inadequately re-
corded in the literature. Certainly the
unskilled and fragmentary recovery of
most Indian burials in this region plus
unrestricted “pothunting,” may have
destroyed much evidence.

BERNARD W. POWELL

Stonebridge Road,
Wilton, Connecticut 06897
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Stratospheric Ozone with Added Water Vapor:
Influence of High-Altitude Aircraft

Abstract. Simple, steady-state models for ozone photochemistry, radiative heat
balance, and eddy-diffusive mass transport can be combined to estimate water-
induced changes in the stratospheric ozone concentrations and temperatures, the
integrated ozone column, the solar power transmitted to the earth’s surface, and
the surface temperature. These changes have been computed parametrically for
mixing fractions of water vapor between 3 X 10—6 and 6.5 X 10—6. With added
water from the exhausts of projected fleets of stratospheric aircraft, the ozone
column may diminish by 3.8 percent, the transmitted solar power increase by
0.07 percent, and the surface temperature rise by 0.04°K in the Northern Hemi-
sphere. Due to a cancellation of terms, temperatures in the lower stratosphere
remain essentially unchanged. These results are sensitive to the form of the water
profile and emphasize the potential role of convective transients near 30 kilometers.

Several authors have expressed con-
cern that exhausts from fleets of strato-
spheric aircraft may build up to levels
sufficient to perturb weather both in the
stratosphere and on the surface (I-3).
Indeed, calculations indicate that the
quantity of added water vapor may be-
come comparable to that naturally pres-
ent; projected fleets of high-altitude
aircraft may add 0.6 part per million
(ppm) to the mixing ratio of water
above 15 km in the Northern Hemi-
sphere, relative to the natural ratio of
about 3 ppm (4, 5). Similarly, the added
mixing ratio of carbon dioxide may be
about 0.6 ppm in the presence of a nat-
ural ratio of 320 ppm.

Manabe and Wetherald (2) have ex-
amined the atmospheric radiative-con-
vective balance and concluded that an
increase of water vapor from 3 to 15
ppm, in both the stratosphere and tro-
posphere, would produce temperature
changes of + 2°K at the surface and
about — 7°K at 20 km. As these au-
thors pointed out, this large increase
in the water column exceeds that an-
ticipated from stratospheric aircraft.

Hampson (3) has suggested that
water added from commercial super-
sonic transports may interact signifi-
cantly with the photochemical cycle of
ozone. This interaction might be ex-
pected to disturb both the stratospheric
temperature gradients and the total
solar power transmitted to the earth’s
surface. It is the purpose here to de-
scribe a quantification of Hampson’s hy-
pothesis, consistent with simple models
of water distribution, ozone photochem-
istry, and radiative heat balance (6).

Leovy (7) has given a simplified
treatment of the photochemical steady-
state equations for stratospheric ozone
concentrations. Leovy’s model, with the
assumption that the photochemical rate
constants are slowly varying integral

functions of ozone concentrations, im-
plies that for small changes of water
vapor:

3[0]  13[H.0]
0J<"3 o PV

The unperturbed stratospheric mixing
ratio of water is approximately 3 ppm
(5). Added water from projected fleets
of high-altitude aircraft may assume
a steady-state value of approximately
0.6 ppm (8). For these numbers
8 [Hy,O1/[H,0] is approximately 5,
and therefore Eq. 1 implies an aircraft-
induced depression of the ozone col-
umn by about 7 percent. For a better
estimate, it is necessary to solve the
equations with explicitly altered water
concentrations. This was done (6)
with, for consistency with Leovy, the
same solar fluxes, chemical rate con-
stants, and photoabsorptive cross sec-
tions (7). Water mixing ratios were
varied between 3 and 6.5 ppm by vol-
ume. The solar zenith angle was taken
to be 45°. Ambient stratospheric tem-
peratures were those of the 1962 stan-
dard atmosphere for all computations
(9), but independent temperatures were
also computed by a very approximate
method of Lindzen and Goody (10):

9 +9 X 107° °K sec™
T= 5% 107 sec? 2)

where ¢ = [O,]/[total atmospheric con-
centration]. This equation follows from
the assumptions that the only heating
term, 7@, is due to direct absorption of
solar energy by ozone, and that the
only cooling term is radiation in the
15-n band of CO,. For internal con-
sistency, the heating coefficients 5 were
computed for the work reported here
with the same cross sections and solar
fluxes as those used for the parent com-
putation of perturbed ozone concentra-
tions; however, the resulting coeffi-
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cients differ inappreciably from the
values calculated by Lindzen and
Goody. The temperatures then result-
ing from Eq. 2 are systematically lower
than those measured in the stratosphere
at 20 km and higher than those at
30 km. This follows from the neglect
at low altitudes of additional heating
terms due to molecular absorption of
infrared radiation emitted from the
earth, and neglect at higher altitudes of
additional cooling terms due to infra-
red radiation by water and ozone.
Lindzen and Goody discussed the valid-
ity of Eq. 2 in the lower atmosphere,
where the sense of the omitted heat-
balance terms is to generate an over-
estimate of the relative perturbations
due to added water vapor.

Surface temperatures were computed
by means of the Stefan-Boltzmann
equation, which for this problem takes
the form:

Ts = 533.57°K X

[(Ps 4+ 0.012) watt/cm®T/* (3)
where P, is the solar power transmitted
to the surface. In Eq. 3 the constant
within the bracket was empirically
added to account for those infrared
wavelengths beyond the absorption lim-
its of O, This was done by equating
the transmitted solar power for the
undisturbed atmosphere (taken to be
3 ppm of H,0) with the total solar
constant at the surface, 0.085 watt/cm?2,
as computed for 1.4 air masses (as is

appropriate for zenith angles of 45°)
by Moon (11), who included dust, H,O,
and CO, in his infrared transmission in-
tegral. The constant outside the bracket
normalizes the undisturbed surface tem-
perature to 288.1°K, the temperature of
the U.S. 1962 standard atmosphere.

By this very rough method spatial
variations in surface absorptivity and
albedo, and important heat transfer
terms due to surface winds, are ab-
sorbed into the proportionality constant
to permit an estimate of an average
global temperature change due to per-
turbed ozone. ,

The results of these computations
are summarized in Figs. 1 and 2. It
can be seen that, with currently pro-
jected fleets of high-altitude aircraft,
this model predicts a change in the in-
tegrated ozone column of about — 3.8
percent, appreciably less than the first-
order prediction of Eq. 1, and a
surface temperature rise of about
+ 0.04°K in the Northern Hemisphere.
It can also be seen that at cruise alti-
tudes, about 20 km, the relative per-
turbations are less. This reduction fol-
lows from the near cancellation of two
opposing influences: added local water
tends to depress the local ozone con-
centration (Eq. 1), but a depletion of
ozone at higher levels compensates by
enhancing the low-altitude photochem-
ical rates and the heating coefficient 7.
For H,0O mixing ratios between 3 and
6.5 ppm, the cancellation of the tem-

perature rise is nearly complete in the
lower stratosphere, and therefore one
consequence of this model is that the
tropopause is undisturbed.

Another feature of the model is its
sensitivity to the assumed altitude pro-
file of added water vapor. The distribu-
tion of constant mixing ratio, which
has so far been assumed, is consistent
with eddy-diffusive vertical transport in
a gravity-stratified atmosphere, pro-
vided no other sources or sinks of
water vapor are located closer than
several scale heights above a narrow
layer of aircraft cruise altitudes. It is
also assumed that mixing fractions of
water vapor are held constant at the
tropopause by weather mechanisms not
affected by high-altitude aircraft. As
a test of sensitivity to the assumed
water distribution, the model was re-
computed with an extreme and prob-
ably unphysical distribution in which
the added water was assumed to be of
constant concentration, rather than
constant mixing ratio, in a band one
scale height thick and centered at about
20 km. In this case, again with added
water corresponding to projected fleets
of high-altitude aircraft, the changes in
the ozone column (— 2.0 percent) and
surface temperature (4 0.02°K) are
smaller than in the previous case, but
the changes in local ozone concentra-
tions (— 13 percent at 20 km) and
temperature (— 0.4°K) are larger. This
pattern is expected because the peak of
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Fig. 1 (left). Computed perturbations of atmospheric ozone concentra- 3 4 5 6

tions and integrated column as functions of the stratospheric mixing

ratio of water vapor.

Fig. 2 (right). Computed temperature pertur-

bations as functions of the stratospheric mixing ratio of water vapor.
See the text for cautionary remarks concerning the curve at 30 km.
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ozone production occurs near 30 km;
consequently, integrated effects such as
the Os column and surface tempera-
ture will be most sensitive to water
vapor that is transported upward from
the flight altitudes. Brewer and Wilson
(12) have emphasized the importance
of ozone transport downward from
the high stratosphere as, possibly, the
rate-limiting process near the tropo-
pause. The calculations presented here
illustrate the potential role of transient
injections of water vapor into altitudes
near 30 km.

It should be remarked additionally
that by vertical transport of ozone
downward from the stratosphere into a
region where, due to shielding from
the solar flux, the ozone is relatively
long-lived, the total ozone column is
in fact enhanced appreciably above
that resulting from this or other models
of photochemical steady states. For
this reason, relative perturbations of
the ozone column, computed by steady-
state models, are greater than those
that will in fact occur.

With Leovy’s collection of rate con-
stants, cross sections, and fluxes, the
fit between computed and observed
ozone profiles is remarkably good, espe-
cially at altitudes near 30 km where
the ozone concentration is greatest. To
test the sensitivity of the present calcu-
lations to changes in input constants,
the model was recomputed with the new
rates described by Crutzen (I/3). On
the basis of these rates, the ozone pro-
file is altered appreciably by enhanced
concentrations above 30 km. However,
with one exception, the relative pertur-
bations shown in Figs 1 and 2 are un-
changed, within the uncertainties in-
troduced in the estimates of added
water. The exception occurs in Fig. 2
for the temperature changes at 30 km;
in this case, the exalted ozone profile
results in a temperature rise (+ 0.1°K
at 3.6 ppm), instead of the fall which
is shown. Obviously, this result should
be treated cautiously. Indeed, natural
variations in water, temperature, and
ozone profiles will make all of the esti-
mates of this study extraordinarily diffi-
cult to observe. Finally, it should
be emphasized that the temperature
changes in Eqgs. 2 and 3, as applied in
Fig. 2, represent rather ruthless spatial
and temporal averages to obtain global
perturbations.

HALSTEAD HARRISON
Boeing Scientific Research
Laboratories, Seattle, Washington
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Mercury Compounds Reduce Photosynthesis by Plankton

Abstract. Concentrations of organomercurial fungicides as low as 0.1 part per
billion in water reduced photosynthesis and growth in laboratory cultures of one
species of marine diatom and several natural phytoplankton communities from
Florida lakes. The. acute toxicity of mercury compounds to phytoplankton is de-
pendent on the chemical nature of the mercury compound and on cell concen-

trations.

Mercury pollution is presently a seri-
ous problem in many parts of the world.
Humans have died as a result of eating
fish from mercury-contaminated coastal
areas of Japan, high concentrations of
mercury in fish and birds have been
traced to industrial and agricultural
discharges in Scandinavia, and at least
17 states in the United States have
banned fishing in contaminated waters
or warned against eating fish and shell-
fish contaminated with mercury. The
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sources and environmental pathways of
mercury in the affected areas of Japan
and Scandinavia have been studied (7).
Investigations of mercury pollution in
the United States are beginning.

An almost total lack of information
on the biologic effects of mercury pre-
vents the establishment of adequate
water-quality standards. The Bureau of
Water Hygiene, United States Public
Health Service, and the Soviet Union
have tentatively adopted a standard of
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Fig. 1. Photosynthesis by Nitzschia delicatissima, a marine diatom, measured by uptake
of carbon-14 relative to uptake by controls, after 24 hours of exposure to the following
mercurials: Filled triangles, diphenylmercury; open triangles, phenylmercuric acetate;
filled circles, methylmercury dicyandiamide; open circles, MEMMI.
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