
residence time, 222Rn may be removed 
preferentially from the lunar "atmo- 
sphere"-for example, by the solar 
wind-before decaying. 

The absolute amount of 222Rn deposit 
observed at Mare Tranquillitatis is a 
factor of 7 lower than the upper limits 
deduced by Yeh and Van Allen (2) as 
an average for the moon. It is a factor 
of 25 lower than the value calculated 
from diffusion theory by using a con- 
centration of uranium of 0.5 part per 
million (6), a density of 3.0 g cm-3 and 
an effective diffusion constant of D = 
10-2 cm2 sec-1. Although this value of 
the diffusion constant is in the range 
used in discussions of 222Rn emission 
on the earth (7), its applicability to the 
vacuum conditions on the moon is ques- 
tionable. The absolute value of the 222Rn 
deposit will depend, moreover, on the 
variation in uranium content on the 
moon on a scale of approximately 1000 
km. 

Data from Surveyor 6 (Sinus Medii) 
and Surveyor 7 (rim of highland crater 
Tycho) give no evidence of alpha radio- 
active deposits. For these sites a limit 
can be set of less than half of the 210Po 

activity observed at Mare Tranquillitatis 
and of less than one-third the amount of 
218Po. Thus, the concentration of ura- 
nium and thorium at these two sites 
must be lower than in Mare Tranquil- 
litatis, or the effective diffusion constant 
for radon isotopes must be much lower. 

The presence of a distinguishable 
210Po alpha group, with an intensity 
comparable to intensities of alpha groups 
of 214Po and 218po, in the data from 
the suspended instrument phase of the 
Surveyor 5 operations provides evidence 
on the time scale of turnover or "gar- 
dening" effects on the lunar surface. 
Polonium-210 has a 210Pb grandparent 
with a 22-year half-life. Burial of the 
210Po into as much as 1 j/m of material 
would have smeared out the alpha 
energy over eight channels of Fig. 1. 
The intensity of 210Po alpha particles 
in the "peak" is, however, comparable 
to the intensity value expected from the 
rate of deposition. Thus, even the pres- 
ent crude data indicate a rate of dis- 
turbance of the topmost lunar surface of 
less than 1 j/m in tens of years. 

The pertinence of this limit to various 
possible mechanisms that disturb the 
lunar surface differs with the mecha- 
nism. Thus it can say nothing about the 
average rate due to processes of low 
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On the other hand, it should be appli- 
cable to the rate of relatively continuous 
processes, such as hopping or turnover 
of surface particles, and to the rate of 
erosion of the surface by micrometeor- 
ites, radiation, or solar wind. 
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Marine Phytoplankton Vary in Their 

Response to Chlorinated Hydrocarbons 

Abstract. Photosynthesis and growth in cultures of four marine phytoplankton 
species, isolated from different oceanic environments, were affected by three chlori- 
nated hydrocarbons (DDT, dieldrin, and endrin) to varying extents. This ranged 
from complete insensitivity in Dunaliella to toxicity at concentrations of 0.1 to 1.0 

part per billion of the pesticides in Cyclotella. Other forms were intermediate in 
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nated hydrocarbons (DDT, dieldrin, and endrin) to varying extents. This ranged 
from complete insensitivity in Dunaliella to toxicity at concentrations of 0.1 to 1.0 

part per billion of the pesticides in Cyclotella. Other forms were intermediate in 
their response. 

Inhibition of photosynthesis by DDT 
in four species of marine phytoplankton, 
and in a natural phytoplankton commu- 
nity, has been documented (1). The 

photosynthesis curves were typical of 

dose-response reactions (2) although, in 

general, pronounced toxicity occurred 
at concentrations well in excess of 1.2 

parts per billion (ppb), the solubility 
of DDT in water (3). It is not clear how 
chlorinated hydrocarbons effect photo- 
synthesis in unicellular algae, though it 
may be inferred from previous data (1, 
4) that some possess a marked capacity 
to concentrate these compounds from 
the aquatic media. 

Tests were made to determine whether 
organisms isolated from markedly dif- 
ferent oceanic environments vary in 
their response to three chlorinated in- 
secticides. Four species in culture were 
assayed for their response to dieldrin, 
endrin, and DDT (5) which are identi- 
fied in that order as the most widely 
distributed chlorinated hydrocarbons in 

major U.S. river basins (6). The species 
assayed included Skeletonema costatum 
(WHOI clone "Skel."), a coastal centric 
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fied in that order as the most widely 
distributed chlorinated hydrocarbons in 

major U.S. river basins (6). The species 
assayed included Skeletonema costatum 
(WHOI clone "Skel."), a coastal centric 

diatom isolated from Long Island Sound; 
the naked green flagellate Dunaliella 
tertiolecta (WHOI clone "Dun") typi- 
cal of tide pools and estuaries; the 
coccolithophorid Coccolithus huxleyi 
(WHOI clone BT-6) and the centric 
diatom, Cyclotella nana (WHOI clone 
13-1), both from the Sargasso Sea. 

In all experiments the cultures were 
illuminated by fluorescent lights (6000 
lux) and were grown in half-strength 
medium "f" (7). Cell carbon concentra- 
tions were adjusted to 100, 250, and 
500 /tg of carbon per liter, considered 
within the range of naturally occurring 
carbon concentrations in surface oceanic 
waters (8). Within these limits no effect 
of cell concentration on toxicity was 
noted. For short-term dose-response ex- 
periments, cultures, in duplicate, were 
added to 33-ml screw cap pyrex tubes 
to which were also added varying con- 
centrations (0.01 to 1000 ppb) of the 
insecticide dissolved in 5 /xl of either ac- 
etone or ethanol. The same amount of 
solvent, previously shown not to affect 
14C uptake, was added to the control 
tubes. To each tube 1 [tc of [14C]Na2CO3 
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was also added. After 24 hours' expo- 
sure to light the plants were filtered and 
counted in a Geiger-Muller end-window 
counter. 

Long-term effects of DDT and endrin 
on cell division were studied by count- 
ing cells each day for 7 days. Cultures 
were inoculated into 125-ml Erlenmeyer 
flasks that contained 50-ml portions of 
media to yield cell concentrations of 
approximately 104 cell/ml (about 200 

/ug of carbon per liter). To each flask 
100 ppb of insecticide was added daily, 
and an equal volume of solvent was 
added to each of the controls. Counts 
were based on the average of four flasks. 

None of the insecticides tested at any 
concentration up to 1000 ppb affected 
cultures of Dunaliella. Although there is 
considerable scatter in the data in the 
dose-response experiments, trends indi- 
cating toxicity were not evident. Further- 
more, no effect on the rate of cell divi- 
sion was measured over a 7-day period 
(Fig. 1). This species is apparently in- 
sensitive to the compounds tested, up 
to 1000 ppb. 

The rate of 14 C uptake in Skeletonema 
and Coccolithus, on the other hand, was 
reduced significantly (1) at concentra- 
tions above 10 ppb by all three insecti- 
cides. The DDT at 100 ppb (added 
each day) blocked cell division after 2 
to 3 divisions in Skeletonema but had 
no apparent effect on Coccolithus. En- 
drin, contrarily, had little effect on the 
final concentration of Skeletonema cells, 
although the rate of growth over the 
first 5 days was considerably slower 
than that of the controls. Reduced 
growth rates occurred throughout the 
experiment in Coccolithus (Fig. 1). 

In contrast to the above species, 14C 

uptake in Cyclotella (Fig. 1) was in- 
hibited by all three insecticides at con- 
centrations above 1 ppb. The slopes of 
the dose-response curves for dieldrin 
and endrin suggest that these may have 
been inhibitory as concentrations down 
to 0.01 ppb. Cell division was com- 
pletely inhibited by dieldrin and endrin, 
whereas cells exposed to DDT divided, 
but more slowly than the controls. 

To interpret the ecological significance 
of observations concerning the toxicity 
of these insecticides it is important to 
recall that all have very low water solu- 
bilities. For example, water can carry 
1.2 ppb of DDT (3) and 100 ppb of 
dieldrin (9) in solution. Concentrations 
above these must be accommodated by 
precipitation or adsorption to surfaces. 
Some species responded to concentra- 
tions above solubility limits, which indi- 
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cates that they are capable of incorporat- 
ing the compounds as small particles 
or that saturation is maintained while 
they concentrate the pesticide from solu- 
tion. These possibilities were tested by 
adding 0, 3, 10, 100, and 1000 ppb of 
DDT to seawater, filtering the solution, 
and adding Coccolithus (200 j/g of 
carbon per liter) to each filtrate. No 
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dose-response reactions characteristic of 
the above-described experiments were 
detected; all gave the same 14C uptake 
in 24 hours as did the controls. Since 
Coccolithus was inhibited at 10 ppb 
(Fig. 1) the concentration of DDT in 
all cases must have been reduced to 
less than that. 

Sensitivity and response to environ- 

n4' .-- . .---. 
' - 

i 2 3 4 

Days 
5 7 

Fig. 1. Left side of figure shows 14C uptake by phytoplankton at various concentrations 
of DDT (squares and solid lines), dieldrin (crosses and dashed lines), and endrin (open 
circles and dash-dot lines) relative to uptake by controls (percentages) over 24 hours. 
The curves were fitted to third-order polynomials by the method of least squares. Right 
side of the figure shows growth rates of the same species (cells per milliliter) as a 
function of time when 100 ppb of DDT (squares) and endrin (circles) were added 
each day for 7 days and solvent was added in equal volume to the controls (triangles). 
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mental pollutants may vary considerably 
among species of marine planktonic 
algae. The greater resistance of the one 
estuarine species, Dunaliella, in com- 
parison with the susceptibility of coastal 
and open-ocean forms like Skeletonema 
and Coccolithus and the extreme sensi- 
tivity of Cyclotella, may reflect the need 
for adaptability in the face of more un- 
stable conditions close to hand. Al- 
though chlorinated hydrocarbons may 
not be universally toxic to all species, 
they may exert a dramatic influence on 
the succession and dominance of in- 
dividual forms (10). 

DAVID W. MENZEL 

JUDITH ANDERSON, ANN RANDTKE 

Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 

mental pollutants may vary considerably 
among species of marine planktonic 
algae. The greater resistance of the one 
estuarine species, Dunaliella, in com- 
parison with the susceptibility of coastal 
and open-ocean forms like Skeletonema 
and Coccolithus and the extreme sensi- 
tivity of Cyclotella, may reflect the need 
for adaptability in the face of more un- 
stable conditions close to hand. Al- 
though chlorinated hydrocarbons may 
not be universally toxic to all species, 
they may exert a dramatic influence on 
the succession and dominance of in- 
dividual forms (10). 

DAVID W. MENZEL 

JUDITH ANDERSON, ANN RANDTKE 

Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 

percent and less. 

The olfactory systems of a variety of 
animal species, including rats, cats, 
dogs, rabbits, pigeons, and monkeys, 
are responsive to ionizing radiation 
(1). Several lines of evidence indicate 
that the effects of radiation are exerted 
on olfactory receptors rather than on 
the olfactory nerves or bulb. For ex- 
ample, in tracheotomized rats breathing 
room air, responses of olfactory bulb 
neurons are eliminated or depressed by 
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the nasal perfusion of argon or nitro- 
gen (2). Secondly, transection of the 
olfactory nerves eliminates behavioral 
responses of pigeons to x-rays (3). Fin- 
ally, localized beta-irradiation of the 
olfactory mucosta in rabbits produces 
responses of olfactory bulb neurons (4). 
We have proposed that the effect of 
ionizing radiation on the olfactory sys- 
tem is an indirect one involving the 
production of some chemical inter- 
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mediate such as ozone or hydrogen 
peroxide (2, 4). Some support for this 
hypothesis was provided by behavioral 
experiments with rats. In one (5) it 
was shown that ambient ozone selec- 
tively masks the ability of rats to de- 
tect x-rays. In another (6) conditional 
responses established with ozone as the 
conditional stimulus readily transferred 
to an x-ray conditional stimulus, where- 
as conditional responses established ini- 
tially to an odor other than ozone 
(ethyl butyrate) did not transfer to the 
x-ray stimulus. The data of this experi- 
ment show that the concentration of 
oxygen within the nasal cavities is an 
important determinant of the olfactory 
response to ionizing radiation. 

The activity of single olfactory bulb 
neurons was recorded in adult Wistar 
rats anesthetized with ethyl carbamate 
(urethan). The trachea of each rat was 
severed and both ends were cannulated. 
The animal breathed room air through 
the caudal cannula. The rostral can- 
nula was connected to a gas perfusion 
system which permitted the nasal per- 
fusion of either odorized or unodorized 
gas containing any concentration of 
oxygen. Pressurized tanks of nitrogen 
and oxygen were used, with the desired 
percentages of the two gases obtained 
through a system of flowmeters and 
needle valves. An oxygen meter was 
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Fig. 1 (left). Change in firing rate of four different olfactory bulb neurons in response to x-ray as a function of nasal oxygen 
concentration. Change in firing rate is the number of action potentials per second during 3 seconds of irradiation minus the number 
of action potentials per second for the 3-second period preceding the irradiation. Each point is the mean of two observations. Fig. 
2 (right). Change in firing rate of one olfactory bulb neuron as a function of x-ray exposure rate and nasal oxygen concentration. 
Each point is the mean of two observations. Oxygen concentrations were: 10 percent (filled circles); 2 percent (X's); 1 percent 
(open circles); 0.5 percent (squares). 
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Response of Olfactory Bulb Neurons 

to X-rays as a Function of Nasal Oxygen Concentration 

Abstract. Responses of single olfactory bulb neurons in rats to x-irradiation of 
the head were examined during the perfusion through the nasal cavities of gas 
containing various concentrations of oxygen. Response to x-ray was unchanged 
with oxygen concentrations of from 100 percent down to about 5 percent. Progres- 
sively larger response decrements were observed with oxygen concentrations of 2 
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