
eolian or volcanic materials, forming 
younger intercrater plains. If mantles are 
absent in these areas, however, valleys 
are observed. 

The distribution of the valleys has an 
obvious bearing on the question of their 
age. Valley systems have not been de- 
tected on plains material younger than 
Lunae Planum (7, 15). This has been cor- 
roborated in recent mapping by Carr 
(17). By implication, the martian valley 
systems must be older than both Lunae 
Planum and the intercrater plains. 

Another way of determining relative 
age is by counting the number of impact 
craters in the valleys and comparing the 
size-frequency distribution to that of 
both the immediately surrounding terrain 
and other types of terrain (Fig. 4). There 
are two main observations. First, the 
valleys have high densities of superim- 
posed craters, implying very long ex- 
posure. Second, there is no significant 
difference between the density of craters 
in the valleys and in the surrounding ter- 
rain, implying that the valleys are rough- 
ly as old as the ancient surrounding ter- 
rain. Thus, several lines of evidence sug- 
gest that the valley networks were 
formed early in the history of Mars. 

Martian valley systems are diverse 
and can be classified by network pattern 
and morphology. The diversity is most 
likely the result of several processes act- 
ing in variable structural and lithologic 
regimes. Dendritic patterns, prevalent 
on the earth, are absent on Mars; diffuse 
patterns, inefficient at filling space, pre- 
dominate. Valley interiors display steep, 
clifflike walls, flat floors (without direct 
evidence for erosive fluid flow), and am- 
phitheater terminations, suggesting basal 
sapping. Networks of these valleys are 
widely distributed in heavily cratered 
terrain, including south polar areas, al- 
though the visibility of valleys may vary 
due to widespread superposition of eo- 
lian debris mantles and ubiquitous 
younger intercrater lava flows. Size-fre- 
quency distributions of craters in the val- 
leys indicate that there is no significant 
difference between the age of the valleys 
and that of the surrounding ancient ter- 
rain. This, combined with the lack of val- 
leys in terrain younger than Lunae Plan- 
um and their partially obliterated appear- 
ance, suggests that valley formation 
processes have not been active on Mars 
for billions of years. It is concluded that 
valleys were formed on Mars during an 
ancient epoch by erosional processes in- 
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less competent strata, causing progres- 
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sive headward collapse (18). These pro- 
cesses, combined with modification by 
impact and eolian processes, have pro- 
duced the degraded valleys seen on Mars 
today. 
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Solar neutrinos provide a unique op- 
portunity for probing the fusion reac- 
tions that occur deep in the solar core (1) 
and for testing properties of the neutrino 
over distance scales not attainable in ter- 
restrial laboratories. To date, we have 
only a single measurement of a portion of 
that neutrino flux, from the 37C1 experi- 
ment of Davis and co-workers (2). The 
result, 2.2 ? 0.4 SNU (3) [1 solar neutri- 
no unit (SNU) = 10-3 capture per target 
atom per second], is quite surprising in 
view of the most recent prediction for 
the standard solar and weak interaction 
models, 7.0 SNU (4). It is not clear 
whether this discrepancy is due to a mis- 
understanding of solar physics, of the 
neutrino, or, less likely, of the chemistry 
of the 37C1 detector. 

The standard solar model predicts that 
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mational process permits contemplation of a 
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ing terrain is an interesting result. Possible ex- 
planations are (i) that the surrounding terrain 
has been buried, (ii) that observational selection 
occurred, since the scrutiny given to valley inte- 
riors was more intense, or (iii) that some valley 
craters are exhumed. Valley obliteration by the 
formation of intercrater plains is clear (8); there- 
fore, alternative (i) is almost certainly correct 
for some areas. Alternative (ii) was minimized 
by comparing two equal areas both within and 
adjacent to valley interiors. Alternative (iii), 
suggested by M. C. Malin (personal communica- 
tion), is diminished by the fact that many craters 
are perched on valley sidewalls, suggesting im- 
pact after valley formation. Another alternative 
is that craters are being more readily eroded on 
the upper surrounding terrain and are protected 
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approximately 70 percent of the ex- 
pected 37C1 rate is due to capture of the 
high-energy neutrinos produced in the /3 
decay of 8B (see Table 1). The produc- 
tion of these neutrinos depends critically 
on the central temperature of the sun. 
Davis's results have thus stimulated the 
development of a number of nonstandard 
models in which this temperature, and 
consequently the 8B neutrino flux, are re- 
duced (5). Probably the most popular 
such models have been those with a low 
heavy-element abundance, and corre- 
spondingly diminished opacity, in the so- 
lar core. However, the fine structure re- 
cently observed in the 5-minute solar os- 
cillation (6) has been attributed to a 
higher velocity of sound than would oc- 
cur in such models. 

Another class of nonstandard solar 
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Solar Neutrino Production of Long-Lived Isotopes and 

Secular Variations in the Sun 

Abstract. Long-lived isotopes produced in the earth's crust by solar neutrinos may 
provide a method of probing secular variations in the rate of energy production in the 
sun's core. Only one isotope, calcium-41, appears to be suitable from the dual stand- 
points of reliable nuclear physics and manageable backgrounds. The proposed mea- 
surement also may be interesting in view of recent evidence for neutrino oscillations. 
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Table 1. Solar neutrino sources. The principal 
solar neutrino-producing reactions are given 
along with the maximum neutrino energies. 
As the state in 8Be populated by the f3 decay 
of 8B is a broad resonance, the end point given 
for reaction 2 is with respect to the midpoint 
of that resonance. 

Maximum 

Reactiona neutrino 
energy 
(MeV) 

(1) p + p -2H + e+ + v 0.42 
(2) 8B 8Be* + e+ + v 14.02 
(3) 3N - 13C+ + v 1.20 
(4) 150-- 15N + e+ + v 1.73 
(5) p + e- +p- 2H +v 1.44 
(6) 7Be + e- - 7Li + v 0.86 (89.6 %) 

0.38 (10.4 %) 

aReactions 5 and 6 produce neutrinos with discrete 
energies, while reactions I to 4 yield continuous 
spectra. 

models consists of those in which period- 
ic variations in the sun's energy produc- 
tion could occur. Because of the long re- 
sponse time for the surface luminosity to 
reflect changes in the solar core, the 
present luminosity then need not be cor- 
related with the observed neutrino flux. 
In models in which periodic mixing of 
3He into the solar core occurs, the 8B 
neutrino luminosity could turn off sud- 
denly for periods _ 4 x 106 years (7). 
The possibility that there are secular var- 
iations in the sun's energy production on 
time scales of 103 to 108 years is now sug- 
gested by a variety of circumstantial evi- 
dence on global climatic changes, on var- 
iations in the solar wind, and on possible 
changes in the solar radius (8). 

The solar neutrino production of long- 
lived isotopes (half-life = 105 to 107'5 
years) in the earth's crust provides one 
possibility for measuring such variations 
(3) (the upper limit on the lifetime elimi- 
nates isotopes for which primordial pro- 
duction is a problem). Since large fluctu- 
ations in solar energy production are ex- 
cluded by the continuity of the earth's 
biology and geology, a monitor sensitive 
to subtle changes in the sun's central 
temperature is needed. We believe that 
isotope production by the highly temper- 
ature-dependent 8B neutrino flux may be 
our best tool for probing the sun's past. 
We have undertaken an investigation of 
rare isotopes that could be produced by 
these neutrinos. 

There are three principal obstacles to 
making useful geologic measurements of 
this type. The first is the difficulty of re- 
liably estimating the neutrino-induced 
nuclear cross section. Since the 8B neu- 
trinos range in energy from 0 to 14 MeV, 
a number of transitions (often including 
the model-independent Fermi strength) 
can be important. The second obstacle is 
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the presence of other mechanisms for 
producing the desired isotope. Back- 
ground reactions are induced both by 
cosmic-ray muons and by natural radio- 
activity. The third is the difficulty of 
measuring the minute concentrations of 
the isotope. The chemistry difficulties 
are exacerbated in the present case by 
the relatively weak flux of the high-ener- 
gy neutrinos. Typically, isotope produc- 
tion by 8B neutrinos may be 100 times 
slower than that possible with the more 
plentiful low-energy neutrinos from the 
proton-proton reaction. 

We believe that one isotope, 4tCa, of- 
fers the best hope for making a measure- 
ment of the past 8B solar neutrino lumi- 
nosity. The reaction 

41K + v -> 41Ca + e- (1) 

has a nominal threshold of 0.42 MeV. 
However, the weakness of the ground- 
state transition [logft = 10.7 (9)] and the 
absence of low-lying excited states in 
41Ca yield an effective threshold of 2.36 
MeV. Thus reaction 1 is sensitive only to 
8B neutrinos. The natural abundance of 
41K is 6.73 percent and the lifetime of 
41Ca is (1.03 ? 0.04) x 105 years. Nei- 
ther of these is particularly attractive in 
terms of producing favorable concentra- 
tions of 41Ca. Moreover, although sever- 
al solar model calculations have postu- 
lated sudden mixing phenomena in the 
solar core (7), a detailed mechanism for 
turning off the sun's high-energy neutri- 
no production 'within a. period of 105 
years is lacking. Thus, although we 
know of no compelling theoretical argu- 
ments excluding core variations on this 
time scale, the motivation for attempting 
a 41Ca measurement would be strength- 
ened if the results were also of interest 
within the context of a steady-state sun. 

That motivation is provided in part by 
the simplicity of the nuclear physics of 
reaction 1. A measurement of the de- 
layed proton spectrum following the ana- 
log ,3+ decay of 41Ti (10) allows us to 
make a model-independent calculation of 
the neutrino capture cross section, or. 
Using log ft values from (10), adjusted 
slightly to reflect newer mass assign- 
ments (9), we find 

r- = (1.45 - 0.05) x 10-42 cm2 (2) 

The error reflects some uncertainty in 
the experimental profile for the 8Be 2.94- 
MeV resonance populated in the solar 3 
decay of 8B and in the energies of the 
4ICa states which we associate with the 
levels in 41Sc. We employed the Cou- 
lomb distortion corrections of (11). For a 
8B neutrino flux of 5.3 x 10-6 cm-2 
sec-1, we obtain a capture rate for 41K of 
7.7 + 0.3 SNU. The reliability of this 

Table 2. Background constraints. A summary 
is given of the constraints that follow from re- 
quiring background production of 41Ca to be 
below the 10 percent (0.77 SNU) level. Con- 
centrations of natural argon and calcium in 
parts per million are denoted by Ar and Ca. 
Concentrations of uranium and thorium in 
parts per billion are given by U and Th. The 
fraction of natural potassium in the ore is K. 

Reaction Constraint 

(1) s3Ar(a,n)41Ca U x Ar < 2.1 x 104 K 
Th x Ar < 2.2 x 104 K 

(2) 40Ca(n,y)4lCaa 
KCI U x Ca < 1200 
KCINaCI U x Ca < 740 
KAI(SiO3)2 U x Ca < 15 

(3) (a,p) followed U < 2.2b 
by 41K(p,n)4'Ca Th < 3.5" 

aWeaker constraint provided by 42Ca(n,2n)41Ca, 
mass defect Q = -11.48 MeV. bWeaker con- 
straints provided by (a,n) followed by (n,p) followed 
by 41K(p,n)41Ca; by fission neutron (n,p) followed 
by 41K(p,n)41Ca; and by 39K(a,d)41Ca, Q = -9.38 
MeV, induced by long-range a groups. cWeaker 
constraints provided by (a,n) followed by (n,p) fol- 
lowed by 41K(p,n)41Ca, and by 39K(a,d)41Ca induced 
by long-range a groups. 

number, coupled with the exclusive sen- 
sitivity of reaction 1 to 8B neutrinos, per- 
mits an unambiguous theoretical inter- 
pretation of any 41Ca experimental re- 
sults. 

We have completed a careful study of 
the backgrounds that compete with solar 
neutrinos in producing 41Ca. (The details 
of this and of our cross-section calcu- 
lation will be published elsewhere.) To 
reduce 4'Ca production induced by cos- 
mic-ray muons to the 10 percent level, 
0.77 SNU, the potassium source must be 
shielded by the equivalent of 3660 m of 
water. At a typical covering density of 
2.4 g/cm3, this corresponds to a depth of 
1500 m. Constraints on 41Ca produc- 
tion by fission neutrons and a-particles 
are given in Table 2. The principal radio- 
activity backgrounds are due to 40Ca(n,/y) 
and to (a,p) followed by 41K(p,n). The a- 
induced backgrounds will fall below the 
10 percent level if the uranium and tho- 
rium contents of the potassium ore are 
less than 2.2 and 3.5 ppb, respectively. 
The thermal neutron capture rate is sen- 
sitive to the ore composition, being 
much lower if a good neutron absorber, 
such as Cl, is present. Results for se- 
lected potassium compounds are given in 
Table 2 (12). We also must require that 
the potassium source be - 3 x 106 years 
old to ensure that the residual concentra- 
tion of surface-produced (by neutron 
bombardment) 4ICa is below the 10 per- 
cent background level. 

There are several deep marine depos- 
its of potassium that could satisfy these 
background criteria. One of particular in- 
terest, since it is worked commercially, 
is the KCI deposit near Regina, Sas- 
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katchewan. The depth of the deposit is 
1600 m and the calcium content is less 
than 0.1 percent. A significant portion 
of that calcium is contained in clay seams 
that can be separated from the KCI. The 
thorium and uranium contents have not 
yet been measured, but values on the 
order of 1 ppb have been found for simi- 
lar deposits (13). 

Some aspects of the chemistry are also 
favorable. Very elegant accelerator mass 
analysis techniques, in which 41Ca atoms 
are fully stripped, can be applied. We an- 
ticipate that a discrimination of 1016 with 
1 percent efficiency may be attainable 
(14), although this has not yet been es- 
tablished experimentally. For a marine 
deposit we may need to deal with up to 1 
kg of natural calcium extracted from 1.3 
tons of KCl in order to obtain the 104 
atoms of 41Ca needed for such an analy- 
sis. Since optimal sample sizes for accel- 
erator mass analysis are 10 to 15 mg, a 
preconcentration of 41Ca relative to natu- 
ral calcium by 105 is required, and the 
initial quantity of calcium must be in- 
creased in proportion to the inverse of 
the efficiency of this preconcentration. 
This may be the major experimental dif- 
ficulty. Since the calcium concentration 
in marine deposits may be far from ho- 
mogeneous, careful selection of salt sam- 
ples may be important. We are currently 
analyzing samples from several layers of 
the Regina deposit and are also exploring 
possibilities for designing crude, high- 
amperage mass separators that might be 
capable of processing a 1-kg sample. We 
believe that an order of magnitude im- 
provement in the amperages that can 
be achieved with present technology is 
required. Alternatively, suitable non- 
marine sources of potassium might be 
found that are significantly more free of 
calcium, which would simplify the re- 
quirements for preconcentration. We 
would welcome any suggestions on these 
points. 

Although geologic experiments sensi- 
tive to other components of the solar 
neutrino flux have been proposed (15), 
we believe that the experiment discussed 
here is the first one to be viable from the 
standpoints of both backgrounds (3) and 
the reliability of the nuclear cross sec- 
tion. We also believe that production of 
41Ca may be the only tool nature has pro- 
vided for probing the long-term 8B solar 
neutrino luminosity, and thus for probing 
small variations in the solar core that 
may have occurred during the past 105 

katchewan. The depth of the deposit is 
1600 m and the calcium content is less 
than 0.1 percent. A significant portion 
of that calcium is contained in clay seams 
that can be separated from the KCI. The 
thorium and uranium contents have not 
yet been measured, but values on the 
order of 1 ppb have been found for simi- 
lar deposits (13). 

Some aspects of the chemistry are also 
favorable. Very elegant accelerator mass 
analysis techniques, in which 41Ca atoms 
are fully stripped, can be applied. We an- 
ticipate that a discrimination of 1016 with 
1 percent efficiency may be attainable 
(14), although this has not yet been es- 
tablished experimentally. For a marine 
deposit we may need to deal with up to 1 
kg of natural calcium extracted from 1.3 
tons of KCl in order to obtain the 104 
atoms of 41Ca needed for such an analy- 
sis. Since optimal sample sizes for accel- 
erator mass analysis are 10 to 15 mg, a 
preconcentration of 41Ca relative to natu- 
ral calcium by 105 is required, and the 
initial quantity of calcium must be in- 
creased in proportion to the inverse of 
the efficiency of this preconcentration. 
This may be the major experimental dif- 
ficulty. Since the calcium concentration 
in marine deposits may be far from ho- 
mogeneous, careful selection of salt sam- 
ples may be important. We are currently 
analyzing samples from several layers of 
the Regina deposit and are also exploring 
possibilities for designing crude, high- 
amperage mass separators that might be 
capable of processing a 1-kg sample. We 
believe that an order of magnitude im- 
provement in the amperages that can 
be achieved with present technology is 
required. Alternatively, suitable non- 
marine sources of potassium might be 
found that are significantly more free of 
calcium, which would simplify the re- 
quirements for preconcentration. We 
would welcome any suggestions on these 
points. 

Although geologic experiments sensi- 
tive to other components of the solar 
neutrino flux have been proposed (15), 
we believe that the experiment discussed 
here is the first one to be viable from the 
standpoints of both backgrounds (3) and 
the reliability of the nuclear cross sec- 
tion. We also believe that production of 
41Ca may be the only tool nature has pro- 
vided for probing the long-term 8B solar 
neutrino luminosity, and thus for probing 
small variations in the solar core that 
may have occurred during the past 105 
years. 

Finally, in view of tentative laboratory 
evidence for neutrino oscillations (16) 
and for a massive electron neutrino (17), 
one other aspect of the proposed experi- 
SCIENCE, VOL. 210, 21 NOVEMBER 1980 

years. 
Finally, in view of tentative laboratory 

evidence for neutrino oscillations (16) 
and for a massive electron neutrino (17), 
one other aspect of the proposed experi- 
SCIENCE, VOL. 210, 21 NOVEMBER 1980 

ment should be stressed. Although the ton, N.Y., 1978), p. 175; J. N. Bahcall and R. L. 
...-osufficient . Sears, Annu. Rev. Astron. Astrophys. 10, 25 

reported neutrino mixing is not sufficient (1972). 
to resolve the large discrepancy between 6. A. Claverie, G. R. Isaak, C. P. McLeod, H. B. 

van der Roay, T. Roca Cortes, Nature (London) 
theory and Davis's experiment, the pos- 282, 591 (1979). 
sibility that additional mixing 

' 
echa- 7. R. T. Rood, Nature (London) Phys. Sci. 240, 178 (1972); D. Ezer and A. G. W. Cameron, 

nisms could operate over larger oscilla- ibid., p. 180; F. W. W. Dilke and D. O. Gough, 
ibid., p. 262. 

tion lengths is open. Solar neutrinos thus 8. See Proceedings of the Conference on the An 
present a unique opportunity for extend- cient Sun (Boulder, Col., October 1979), J. 

Eddy, Ed. (Pergamon, New York, in press). 
ing present terrestrial experiments. The 9. P. M. Endt and C. Van der Leun, Nucl. Phys. A 
37C1 results are ambiguous in that they R. A. Goh, J. i0. R. G. Sextro, R. A. Gough, J. Cerny, ibid. 234, 
can be explained by the absence of high- 130 (1974). 

11. H. Behrens and J. Jainecke, Numerical Tables 
energy 8B neutrinos, predicted by var- for Beta-Decay and Electron Capture (Springer- 
ous nonstandard solar models, or by an Verlag, Berlin, 1969). 

12. We have also considered the background from 
overall reduction of all components of neutrinos produced in type II supernovas of 
the solar neutrino flux, which could re- neighboring stars. Under the assumption that 10 

,~~~~' ~percent of the energy of a 10-solar-mass star is 
suit from mixing of several neutrino spe- converted to neutrinos with a mean energy of 10 

n the will MeV, we find that a supernova must occur with- cies. Since the 4'Ca experiment will test in a radius of 100 light-years from the earth to 
only 8B neutrinos, this measurement, in produce initially a 41Ca concentration equal to 10 
combination with Davis's results, could percent of that due to solar neutrinos. Using an combination with Davis's results, could estimated frequency for such supernovas of 0.2 

help distinguish between these two pos- per year in our galaxy, we find the probability 
for such an event during the past 105 years to be 

sibilities. Independent of the question of 0.005. Furthermore, we would expect the radia- 
secular variations in the sun's core, this tion dose from the accompanying cosmic-ray s l a i i e' cflux to be D 3000 roentgens, which would result 
provides an important motivation for in mass extinctions of many land animal species. 

mounting new solar neutrino eTri he continuity of the recent biological record mounting new experi- provides strong evidence for the absence of sulch 
ments. cataclysmic events [see K. D. Terry and W. H. 

W. C. HAXTON* Tucker, Science 159, 421 (1968)]. W. C. AXTON 13. K. Buchler, T. Kirsten, D. Ries, in Jahres- 
G. A. COWAN bericht 1978 (Max-Planck-Institut fr Kernphy- 

sik, Heidelberg, 1978), p. 194; T. Kirsten, in 
Los Alamos Scientific Laboratory, Proceedings of the Informal Conference on the 
Los Alamos, New Mexico 87545 Status and Future of Solar Neutrino Research, 

G. Friedlander, Ed. (Report 50879, Brookhaven 
National Laboratory, Upton, N.Y., 1978), p. 

References and Notes 305. 
14. For a general discussion, see G, M. Raisbeck and 

1. J. N. Bahcall, Rev. Mod. Phys. 50, 881 78) F Yiou Nature (Lodon) 277, 42 (1979)]. The 
2. R. Davis, Jr., in Proceedings of the Informal development of technologies to measure 41Ca/ 

Conference on the Status and Future of Solar 40Ca ratios of around 10-15 would have important Neutrino Research, G. Friedlander, Ed. (Report and widespread applications in radiometric dat- 
50879. Brookhaven National Laboratory, Up- ing, including dating of bone samples. ton, N.Y., 1978), p. 1. 15. R. D. Scott, Nature (London) 264, 729 (1976); 3. J. K. Rowley, B. T. Cleveland, R. Davis, Jr., M. S. Freedmanet al.,Science 193, 11171976). 
Brookhaven National Laboratory preprint 27190 16. F. Reines, H. W. Sobel, E. Pasierb, University 
(1980). of California, Irvine, preprint (1980). 4. J. N. Bahcall, Space Sci. Rev. 24, 227 (1979). A 17. Reported by S. Weinberg in a talk presented to recent calculation of exchange current correc- the Washington meeting of the American Phys- tions to the proton-proton reaction indicates that ical Society, April 1980. an upward revision of 8.5 SNU may be ap- 18. We:thank T. Bowles, S. Coigate, R. Davis, B. P. 
propriate [C. Bargholtz, Astrophys. J. 233, 161 Edmonds, W. Kutschera, E. J. Stephenson, and 
(1979)]. G. J. Stephenson, Jr., for helpful discussions. 

5. R. T. Rood, in Proceedings of the Informal Con- * Present address: Department of Physics, Purdue 
ference on the Status and Future of Solar Neu- University, West Lafayette, Ind. 47907. 
trino Research, G. Friedlander, Ed. (Report 
50879, Brookhaven National Laboratory, Up- 20 June 1980; revised 8 September 1980 

Anesthetics as Teratogens: 
Nitrous Oxide Is Fetotoxic, Xenon Is Not 

Abstract. Exposure of pregnant rats to the anesthetic nitrous oxide on the ninth 
day of gestation causes fetal resorption, skeletal anomalies, and macroscopic le- 
sions including encephalocele, anophthalmia, microphthalmia, and gastroschisis. 
The inert gas xenon, which has anesthetic properties similar to those of nitrous 
oxide, does not cause teratogenic effects under the same experimental conditions. 

There has been increasing concern tional stress and working conditions, 
that inhalation anesthetics may cause te- may be implicated (2). Such factors may 
ratogenic and other harmful effects. Phy- be excluded from studies of dentists and 
sicians and nurses who work in operating their assistants, because the dental popu- 

ment should be stressed. Although the ton, N.Y., 1978), p. 175; J. N. Bahcall and R. L. 
...-osufficient . Sears, Annu. Rev. Astron. Astrophys. 10, 25 

reported neutrino mixing is not sufficient (1972). 
to resolve the large discrepancy between 6. A. Claverie, G. R. Isaak, C. P. McLeod, H. B. 

van der Roay, T. Roca Cortes, Nature (London) 
theory and Davis's experiment, the pos- 282, 591 (1979). 
sibility that additional mixing 

' 
echa- 7. R. T. Rood, Nature (London) Phys. Sci. 240, 178 (1972); D. Ezer and A. G. W. Cameron, 

nisms could operate over larger oscilla- ibid., p. 180; F. W. W. Dilke and D. O. Gough, 
ibid., p. 262. 

tion lengths is open. Solar neutrinos thus 8. See Proceedings of the Conference on the An 
present a unique opportunity for extend- cient Sun (Boulder, Col., October 1979), J. 

Eddy, Ed. (Pergamon, New York, in press). 
ing present terrestrial experiments. The 9. P. M. Endt and C. Van der Leun, Nucl. Phys. A 
37C1 results are ambiguous in that they R. A. Goh, J. i0. R. G. Sextro, R. A. Gough, J. Cerny, ibid. 234, 
can be explained by the absence of high- 130 (1974). 

11. H. Behrens and J. Jainecke, Numerical Tables 
energy 8B neutrinos, predicted by var- for Beta-Decay and Electron Capture (Springer- 
ous nonstandard solar models, or by an Verlag, Berlin, 1969). 

12. We have also considered the background from 
overall reduction of all components of neutrinos produced in type II supernovas of 
the solar neutrino flux, which could re- neighboring stars. Under the assumption that 10 

,~~~~' ~percent of the energy of a 10-solar-mass star is 
suit from mixing of several neutrino spe- converted to neutrinos with a mean energy of 10 

n the will MeV, we find that a supernova must occur with- cies. Since the 4'Ca experiment will test in a radius of 100 light-years from the earth to 
only 8B neutrinos, this measurement, in produce initially a 41Ca concentration equal to 10 
combination with Davis's results, could percent of that due to solar neutrinos. Using an combination with Davis's results, could estimated frequency for such supernovas of 0.2 

help distinguish between these two pos- per year in our galaxy, we find the probability 
for such an event during the past 105 years to be 

sibilities. Independent of the question of 0.005. Furthermore, we would expect the radia- 
secular variations in the sun's core, this tion dose from the accompanying cosmic-ray s l a i i e' cflux to be D 3000 roentgens, which would result 
provides an important motivation for in mass extinctions of many land animal species. 

mounting new solar neutrino eTri he continuity of the recent biological record mounting new experi- provides strong evidence for the absence of sulch 
ments. cataclysmic events [see K. D. Terry and W. H. 

W. C. HAXTON* Tucker, Science 159, 421 (1968)]. W. C. AXTON 13. K. Buchler, T. Kirsten, D. Ries, in Jahres- 
G. A. COWAN bericht 1978 (Max-Planck-Institut fr Kernphy- 

sik, Heidelberg, 1978), p. 194; T. Kirsten, in 
Los Alamos Scientific Laboratory, Proceedings of the Informal Conference on the 
Los Alamos, New Mexico 87545 Status and Future of Solar Neutrino Research, 

G. Friedlander, Ed. (Report 50879, Brookhaven 
National Laboratory, Upton, N.Y., 1978), p. 

References and Notes 305. 
14. For a general discussion, see G, M. Raisbeck and 

1. J. N. Bahcall, Rev. Mod. Phys. 50, 881 78) F Yiou Nature (Lodon) 277, 42 (1979)]. The 
2. R. Davis, Jr., in Proceedings of the Informal development of technologies to measure 41Ca/ 

Conference on the Status and Future of Solar 40Ca ratios of around 10-15 would have important Neutrino Research, G. Friedlander, Ed. (Report and widespread applications in radiometric dat- 
50879. Brookhaven National Laboratory, Up- ing, including dating of bone samples. ton, N.Y., 1978), p. 1. 15. R. D. Scott, Nature (London) 264, 729 (1976); 3. J. K. Rowley, B. T. Cleveland, R. Davis, Jr., M. S. Freedmanet al.,Science 193, 11171976). 
Brookhaven National Laboratory preprint 27190 16. F. Reines, H. W. Sobel, E. Pasierb, University 
(1980). of California, Irvine, preprint (1980). 4. J. N. Bahcall, Space Sci. Rev. 24, 227 (1979). A 17. Reported by S. Weinberg in a talk presented to recent calculation of exchange current correc- the Washington meeting of the American Phys- tions to the proton-proton reaction indicates that ical Society, April 1980. an upward revision of 8.5 SNU may be ap- 18. We:thank T. Bowles, S. Coigate, R. Davis, B. P. 
propriate [C. Bargholtz, Astrophys. J. 233, 161 Edmonds, W. Kutschera, E. J. Stephenson, and 
(1979)]. G. J. Stephenson, Jr., for helpful discussions. 

5. R. T. Rood, in Proceedings of the Informal Con- * Present address: Department of Physics, Purdue 
ference on the Status and Future of Solar Neu- University, West Lafayette, Ind. 47907. 
trino Research, G. Friedlander, Ed. (Report 
50879, Brookhaven National Laboratory, Up- 20 June 1980; revised 8 September 1980 

Anesthetics as Teratogens: 
Nitrous Oxide Is Fetotoxic, Xenon Is Not 

Abstract. Exposure of pregnant rats to the anesthetic nitrous oxide on the ninth 
day of gestation causes fetal resorption, skeletal anomalies, and macroscopic le- 
sions including encephalocele, anophthalmia, microphthalmia, and gastroschisis. 
The inert gas xenon, which has anesthetic properties similar to those of nitrous 
oxide, does not cause teratogenic effects under the same experimental conditions. 

There has been increasing concern tional stress and working conditions, 
that inhalation anesthetics may cause te- may be implicated (2). Such factors may 
ratogenic and other harmful effects. Phy- be excluded from studies of dentists and 
sicians and nurses who work in operating their assistants, because the dental popu- 
rooms polluted by waste anesthetic lation can readily be divided into groups 
gases have a higher incidence of sponta- that differ only in the use of inhalation 
neous abortions and fetal malformations anesthetics for analgesia. A recent sur- 
than control groups (1). However, other vey of dental health professionals in the 
factors, including differences in occupa- United States (3) strongly suggests that 

rooms polluted by waste anesthetic lation can readily be divided into groups 
gases have a higher incidence of sponta- that differ only in the use of inhalation 
neous abortions and fetal malformations anesthetics for analgesia. A recent sur- 
than control groups (1). However, other vey of dental health professionals in the 
factors, including differences in occupa- United States (3) strongly suggests that 

0036-8075/80/1121-0899$00.50/0 Copyright ? 1980 AAAS 0036-8075/80/1121-0899$00.50/0 Copyright ? 1980 AAAS 899 899 


	Cover Page
	Article Contents
	p.897
	p.898
	p.899

	Issue Table of Contents
	Science, Vol. 210, No. 4472, Nov. 21, 1980
	Front Matter [pp.833-850]
	Letters
	Science Advice [p.846]
	IDEA [p.846]

	Erratum: Prizes that Predict Nobel Winners [p.846]
	Science Policy: New Directions? [p.849]
	Is the Proton Stable? [pp.851-860]
	Assembly of Proteins into Membranes [pp.861-868]
	The National System of Scientific Measurement [pp.869-874]
	News and Comment
	Magnet Failures Imperil New Accelerator [pp.875-878]
	Gene Goldrush Splits Harvard, Worries Brokers [pp.878-879]
	A New Visibility for Gifted Children [pp.879-882]

	Briefing
	Advising Reagan on Science Policy [pp.880-881]
	Congress Begins the Republican Shuffle [p.881]

	Research News
	Evolutionary Theory under Fire [pp.883-887]
	The 1980 Nobel Prize in Chemistry [pp.887-889]

	Book Reviews
	Hunter-Gatherers in Africa [pp.890-891]
	Social Psychology [p.891]
	Radiobiology [pp.891-892]
	Carbon Dioxide [pp.892-893]

	Reports
	Martian Valleys: Morphology, Distribution, Age, and Origin [pp.895-897]
	Solar Neutrino Production of Long-Lived Isotopes and Secular Variations in the Sun [pp.897-899]
	Anesthetics as Teratogens: Nitrous Oxide Is Fetotoxic, Xenon Is not [pp.899-901]
	Cellular Transplantation in the Treatment of Experimental Hepatic Failure [pp.901-903]
	Calcofluor White ST Alters the in vivo Assembly of Cellulose Microfibrils [pp.903-906]
	Micromolar Ca$^{2+}$ Stimulates Fusion of Lipid Vesicles with Planar Bilayers Containing a Calcium-Binding Protein [pp.906-908]
	Microencapsulated Islets as Bioartificial Endocrine Pancreas [pp.908-910]
	Inhibition of Biological Activity of Mouse β-Nerve Growth Factor by Monoclonal Antibody [pp.910-912]
	Transporting Renal Epithelium: Culture in Hormonally Defined Serum-Free Medium [pp.912-914]
	Persistence of Crystallin Messenger RNA's with Reduced Translation in Hereditary Cataracts in Mice [pp.914-916]
	Dorsal Root Ganglion Neurons are Destroyed by Exposure in utero to Maternal Antibody to Nerve Growth Factor [pp.916-918]
	Fourier-Transformed Infrared Photoacoustic Spectroscopy of Biological Materials [pp.918-920]
	Resource Concentration and Herbivory in Oak Forests [pp.920-922]
	Reference: The Linguistic Essential [pp.922-925]
	Nutmeg Dispersal by Tropical Birds [pp.925-927]
	Nerve Terminals are as Metabolically Different as the Muscle Fibers they Innervate [pp.927-928]
	The Role of Zinc and Follicle Cells in Insulin-Initiated Meiotic Maturation of Xenopus laevis Oocytes [pp.928-930]

	Back Matter [pp.893-948]





