
LETTERS In the discussion of possible partial an- 

This compact . swers, Shapley apparently 
2-channel The Fertilizer-Ozone Connection stood what I said in a telephone inter- 

view. Although recycling of fixed nitro- 
Deborah Shapley's article (News and gen could reduce the amount of manu- peristaltic 

Comment, 18 Feb., p. 658) is not fair to factured nitrogen fertilizer, organic 
pum p works in some people and is 9 months late. The farming in terms of cultivated legumes 

article is based on a paper I gave at the also represents added nitrogen fixation. 
any position April 1976 meeting of the American 

HAROLD S. JOHNSTON physical Union in Washington, D.C. Department of Chemistry, University of and it costs 
Eight other papers on the same subject California, Berkeley 94720 

under $200. were presented at the symposium. Most 
of these papers consisted of original con- References 
tributions, whereas mine was only a re-  P. J. Crutzen,J. Geophys. Res. %, 7311 (1971); M. B. McElroy and J. C. McConnell, J. Atmos. 
view of the work of others. Also, my Sci. 28, 1095 (1971); M. Nicolet and E. Vergi- 
paper is now one part of an undigested, 2. son, Aeronom. Acta 90, 1 (1971). P. J. Crutzen, Q. J. R. Meteorol. Soc. 96, 320 
unapproved, preliminary report being (1970); Hs/ S. Johnston, Science 173, 517(1971). 

the Panel on Nitrates of the  P. J. Crutzen, Ambio 3, 201 (1974); GARP prepared by Pubi. Ser. (No. 16) (1975), p. 236; Geophys. Res. 

National Academy of Sciences-National Lett. 3, i69 (1976). 4. M. B. McElroy, ml. Rev. Sci. Phys. Chem. Ser. 
Research Council, which apparently was 2 9, 127 (1976); M. B. McElroy, J. w. Elkins, S. 
"leaked" to Shapley. I think it is ludicrous c. wofsy, Y. L. Yung, Rev. Geophys. Space Phys. 14, 143 (1976). 
that my 9-month-old review paper was 5. Council for Agricultural Science and Tech- 

- rushed into print as if it were a hot news nology, "Effect of increased nitrogen fixation on 
stratospheric ozone" (Report No. 53, Iowa 
State Univ., Ames, 1976); 5. C. Liu, R. J. Cice- 
one, T. M. Donahue, w. L. Chameides, 2772 cljq Shapley's article appears to give me eophys.Res. Lea. 3, 157 (1976); N. D. Sze and 

credit for discovering that nitrogen ferti- H. Rize, ibid., p. 343; A. M. Blackmer and J. M. 
lizers (manufactured and managed leg- Bremner, ibid., p. 739. 

umes) may conspicuously reduce strato- 
spheric ozone, but this is an injustice to 
the actual discoverers and developers of 

2 274 the case. That man-induced fixed nitro- Radioactive Wastes 
- / . .: / gen might reduce stratospheric ozone 

< 777/ c. was implicit in 1971, after the publication The article by Luther J. Carter on ra- 
222777.. of three papers (1) showing that nitric dioactive wastes (News and Comment, 

a compact, single speed  oxide is chemically formed in the strato- 18 Feb., p. 661) is full of numbers but de- 
(synchronous motor) 2- sphere from soil-produced, inert nitrous void of information that gives an under- 
channel peristaltic pump oxide and two others (2) showing that standing of what they mean. It con- 

liquid transfer and similar nitric oxides catalytically reduce ozone. stantly mentions millions of gallons and 
applications requiring accurate An illustration of how well this was rec- tens of thousands of tons of waste from 
flow rates. ognized then is a quotation attributed to the entire nuclear industry over the next 

The 2/6 works in any posi- a spokesman for an aircraft company 25 years and creates the impression that 
tion, and it's small and light early in 1972: "Blame the farmers; don't we are being inundated by vast quan- 
enough to mount on a flexible blame us." tities of this waste. If that's the game, 
support system. Minimal pulsa In 1971 so little was known about the why not mention the trillion gallons (10 
tion is assured by six stainless- 
steel free-wheeling rollers that are natural amount and distribution of nitro- million tons) of carbon dioxide, the 10 
highly resistant to wear and corro- gen oxides in the stratosphere that it was billion gallons (150,000 tons) of sulfur 
sian. The pump will accommodate not timely to pursue the fertilizer prob- dioxide, or the 100 million gallons (1 mil- 
tubing from 0.19 to 12.0mm i.d. lem. However, in the period 1972 to lion tons) of solids produced by 502 
for a flow rate of 3 to 450m1 per 
channel per hour, depending on 1975, the Climatic Impact Assessment scrubbers that are the wastes from a 
the tubing used. The pressure Program obtained enough measurments single coal-fired power plant in 1 year? 
plate has a locking thumb screw of stratospheric oxides and learned An understandable figure for the high- 
for instant one-hand adjustment. enough about the sensitivity of strato- level wastes is 2 cubic meters per year 

For literature on the Mini- spheric ozone to nitrogen oxides that it from a nuclear power plant, an amount 
Micro 2/6 and other Ismatec became appropriate to consider the that could be stored under a typical din- 
Pumps, just write: Ismatec! 
B.rinkmann, cantiague Road, problem. Although it is difficult to assign ing room table. The electric power pro- 
Westbury N.Y. 11590. In canada, priorities, it is my impression that Crut- duced by such a plant is worth $200 mil- 
50 Galaxy Boulevard, Rexdale zen (3) first took up the subject again, lion per year, so one could spend $2 mil- 
(Toronto), Ont. and McElroy (4) was the first to deeply lion in handling this small quantity be- 

Ism atec! probe the complicated biological bases fore increasing the cost of electricity by 
for the problem. as much as 1 percent. 

Shapley says the problem has been Carter says this material must be iso- 
jkrnann. "hampered by vigorous disputes," but lated "for what, in the human per- 

any "vigorous disputes" I know of are spective, must be forever," but after 500 
evidence of the vitality of the subject and years, the amount one would have to eat 
have tended to speed up work on the (after conversion to edible form) to give 

EI I  problem and get new people (5) (includ- a good probability of injury is about a 

Circle No. 28 on Recidorsa Service Card ing soil scientists) interested in it. half-pound. (In the case of military 
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waste, about which the above statement implies that there may well be some. The 
was made, one would have to eat 10 leaking material is 40 feet below the stir- 
pounds.) That makes it less dangerous face, which gives a gamma-ray attentia- 
than many natural rocks (for example, tion of something like 10' 0 for the ap- 
cinnabar) and clearly less dangerous proximately 1024 gamma rays that have 
than pesticides and herbicides we keep been emitted, so there is only I chance in 
in our homes and spread on the ground in 102 that a single gamma ray has ever 
farmland. Why don't they have to be reached the surface. Compare this with 
isolated forever? the thousands of gamma rays with which 

The principal hazard scenario for the natural radiation bombards each of us 
waste is that it may be contacted by every second. 
groundwater, leached into solution, and BERNARD L. COHEN 

eventually get into food and water sup- Department of Physics and Astronomy, 
clAccKc 7k14cl724 2>s/ - ti4'( 2?<2> plies; but this process includes many in- University of Pittsburgh, 

724 ' 2>  -  herent time delays which essentially Pittsburgh, Pennsylvania 15260 
guarantee that nothing will get out for at 
least 500 years (1). Also, the waste accu- References 

mulated by a million years of all-nuclear 1. B. L. Cohen, Rev. Mod. Phys. 49, 1(1977). 

power in the United States would cause 
less than one fatality per year (1). Coin- 

- - - pare this with the 10,000 fatalities per 
year from sulfur dioxide due to coal Cancer Data 
burning. 

Carter states in one place and implies Most death certificates do not reflect 
cl/h7e//hs/ - throughout that these wastes have a incontrovertible evidence of cancer 

great potential danger, but he gives no when compared to evidence established 
indication that it is orders of magnitude by autopsy, biopsy, or surgical resection 
less than the potential danger from many of a malignant tumor as an index of can- 

- -- other poisonous substances our society cer epidemiology (1). Reliance upon 
- constantly deals with (1). Also the radio- mortality figures based on death certifi- 

/ activity in the waste is many orders of cates in which autopsy results are report- 
magnitude less than natural radioactivity ed in establishing the epidemiology of 
in the earth at depths shallower than that cancer raises serious questions about the 
of the waste burial, validity of subsequent lengthy and costly 

Within.5 to3O minutes, the Birch- Carter implies that the low-level trans- studies on environmental carcinogens by 
over Radiochroniatogram $park uranic waste is also a serious problem, the Environmental Protection Agency 
Ghamber.fondest.uc.tively 10- but it is really trivial, and even the most (EPA) (Editorial, 4 Feb., p. 443) or by 
cates and recor s 'the distribu- haphazard deep burial would surely suf- others. 
tion of - radioactive compounds .... 

on electrophoresis gets, paper, fice. The British simply dump it in the As a practicing general pathologist I 
or thin layer plat radiochroma- ocean with no ill effects. Until recently, am well acquainted with the low autopsy 
tograms. With.conventional auto- the United States handled it with hap- rate in most hospitals in the United 
radiography, the same process hazard shallow burial, and any reason- States, and particularly in rural counties. 
takes from thre.days to three able analysis shows that there are no ill Knowing the frequency with which oc- 
weeks, with radio hrom.atogram effects. For example, if all the trans- cult cancers may be encountered at au- 
scanning, from one to six hours. 
The.pro- uranics thus buried were to leak out and topsy, the difficulty in deciding whether instrument's camera 
duces a one-minute Polaroid get into rivers, or to become distributed cancer is the cause of, or even related to, 
print similar. an autoradio- through soil uniformly between the sur- death, and the casual way in which death 
graph-a true re ord of radio-. 
activity distribution in alpha, face and their burial depth, not a single certificates are filled out by many physi- 
beta, and gamma emitting iso- fatality would ever be expected to result. cians whether or not an autopsy has been 
topes. An epidioscope print pro- The statement about friction between performed adds further skepticism 
jection system of fixed magnifi- the Atomic Energy Commission (AEC) about the epidemiologic value of cancer 
cation transfers the image.from 
the Polaroid.print directly. .back and the National Academy of Sciences mortality figures based on death certifi- 
on the original radiochromato- (NAS) committee on radioactive waste cate data. 
gram. An optional feature per- disposal is somewhat misleading. With Far more reliable, albeit perhaps a 
mits viewing under direct ultra- the exception of a brief misunderstand- harder initial task, would be a random 
violet or natural light or by ing in 1966, the relations between the sampling in every possible county of au- 
transmitted natural illumination NAS committee and AEC-ERDA (the topsy and surgical pathology records 
and obtainin.g.a perma.nent 
photographic record..call.or Energy Research and Development Ad- over a specific time period. Virtually all 
write today for complete details ministration) have been most cordial for biopsied, resected, and occult cancers 

I!I over 20 years. Several thousand copies would be found, as well as the patient's 
of' the so-called "suppressed" report age at the time cancer is recognized. Few 

LI_BAIRD.7.AIOM.10. 
were distributed by AEC. cancers go unrecognized before death 

Nuclear Division The statement that "there have been even though they may not cause death. 
125 Middlesex Turnpike no known human casualties" from leak- Further, many cancers are successfully 

Bedford, Ma. 01730 (617) 276-6204 ing waste storage tanks at ERDA's Sa- treated or recur after a latent period 

Visit us at FA5EB Booths J-24, J-25, J-26. vannah River and Hanford installations long enough so that death from other 
Circle No. 59 on Readers' Service Card SCIENCE, VOL. 195 

waste, about which the above statement implies that there may well be some. The 
was made, one would have to eat 10 leaking material is 40 feet below the stir- 
pounds.) That makes it less dangerous face, which gives a gamma-ray attentia- 
than many natural rocks (for example, tion of something like 10' 0 for the ap- 
cinnabar) and clearly less dangerous proximately 1024 gamma rays that have 
than pesticides and herbicides we keep been emitted, so there is only I chance in 
in our homes and spread on the ground in 102 that a single gamma ray has ever 
farmland. Why don't they have to be reached the surface. Compare this with 
isolated forever? the thousands of gamma rays with which 

The principal hazard scenario for the natural radiation bombards each of us 
waste is that it may be contacted by every second. 
groundwater, leached into solution, and BERNARD L. COHEN 

eventually get into food and water sup- Department of Physics and Astronomy, 
clAccKc 7k14cl724 2>s/ - ti4'( 2?<2> plies; but this process includes many in- University of Pittsburgh, 

724 ' 2>  -  herent time delays which essentially Pittsburgh, Pennsylvania 15260 
guarantee that nothing will get out for at 
least 500 years (1). Also, the waste accu- References 

mulated by a million years of all-nuclear 1. B. L. Cohen, Rev. Mod. Phys. 49, 1(1977). 

power in the United States would cause 
less than one fatality per year (1). Coin- 

- - - pare this with the 10,000 fatalities per 
year from sulfur dioxide due to coal Cancer Data 
burning. 

Carter states in one place and implies Most death certificates do not reflect 
cl/h7e//hs/ - throughout that these wastes have a incontrovertible evidence of cancer 

great potential danger, but he gives no when compared to evidence established 
indication that it is orders of magnitude by autopsy, biopsy, or surgical resection 
less than the potential danger from many of a malignant tumor as an index of can- 

- -- other poisonous substances our society cer epidemiology (1). Reliance upon 
- constantly deals with (1). Also the radio- mortality figures based on death certifi- 

/ activity in the waste is many orders of cates in which autopsy results are report- 
magnitude less than natural radioactivity ed in establishing the epidemiology of 
in the earth at depths shallower than that cancer raises serious questions about the 
of the waste burial, validity of subsequent lengthy and costly 

Within.5 to3O minutes, the Birch- Carter implies that the low-level trans- studies on environmental carcinogens by 
over Radiochroniatogram $park uranic waste is also a serious problem, the Environmental Protection Agency 
Ghamber.fondest.uc.tively 10- but it is really trivial, and even the most (EPA) (Editorial, 4 Feb., p. 443) or by 
cates and recor s 'the distribu- haphazard deep burial would surely suf- others. 
tion of - radioactive compounds .... 

on electrophoresis gets, paper, fice. The British simply dump it in the As a practicing general pathologist I 
or thin layer plat radiochroma- ocean with no ill effects. Until recently, am well acquainted with the low autopsy 
tograms. With.conventional auto- the United States handled it with hap- rate in most hospitals in the United 
radiography, the same process hazard shallow burial, and any reason- States, and particularly in rural counties. 
takes from thre.days to three able analysis shows that there are no ill Knowing the frequency with which oc- 
weeks, with radio hrom.atogram effects. For example, if all the trans- cult cancers may be encountered at au- 
scanning, from one to six hours. 
The.pro- uranics thus buried were to leak out and topsy, the difficulty in deciding whether instrument's camera 
duces a one-minute Polaroid get into rivers, or to become distributed cancer is the cause of, or even related to, 
print similar. an autoradio- through soil uniformly between the sur- death, and the casual way in which death 
graph-a true re ord of radio-. 
activity distribution in alpha, face and their burial depth, not a single certificates are filled out by many physi- 
beta, and gamma emitting iso- fatality would ever be expected to result. cians whether or not an autopsy has been 
topes. An epidioscope print pro- The statement about friction between performed adds further skepticism 
jection system of fixed magnifi- the Atomic Energy Commission (AEC) about the epidemiologic value of cancer 
cation transfers the image.from 
the Polaroid.print directly. .back and the National Academy of Sciences mortality figures based on death certifi- 
on the original radiochromato- (NAS) committee on radioactive waste cate data. 
gram. An optional feature per- disposal is somewhat misleading. With Far more reliable, albeit perhaps a 
mits viewing under direct ultra- the exception of a brief misunderstand- harder initial task, would be a random 
violet or natural light or by ing in 1966, the relations between the sampling in every possible county of au- 
transmitted natural illumination NAS committee and AEC-ERDA (the topsy and surgical pathology records 
and obtainin.g.a perma.nent 
photographic record..call.or Energy Research and Development Ad- over a specific time period. Virtually all 
write today for complete details ministration) have been most cordial for biopsied, resected, and occult cancers 

I!I over 20 years. Several thousand copies would be found, as well as the patient's 
of' the so-called "suppressed" report age at the time cancer is recognized. Few 

LI_BAIRD.7.AIOM.10. 
were distributed by AEC. cancers go unrecognized before death 

Nuclear Division The statement that "there have been even though they may not cause death. 
125 Middlesex Turnpike no known human casualties" from leak- Further, many cancers are successfully 

Bedford, Ma. 01730 (617) 276-6204 ing waste storage tanks at ERDA's Sa- treated or recur after a latent period 

Visit us at FA5EB Booths J-24, J-25, J-26. vannah River and Hanford installations long enough so that death from other 
Circle No. 59 on Readers' Service Card SCIENCE, VOL. 195 

waste, about which the above statement implies that there may well be some. The 
was made, one would have to eat 10 leaking material is 40 feet below the stir- 
pounds.) That makes it less dangerous face, which gives a gamma-ray attentia- 
than many natural rocks (for example, tion of something like 10' 0 for the ap- 
cinnabar) and clearly less dangerous proximately 1024 gamma rays that have 
than pesticides and herbicides we keep been emitted, so there is only I chance in 
in our homes and spread on the ground in 102 that a single gamma ray has ever 
farmland. Why don't they have to be reached the surface. Compare this with 
isolated forever? the thousands of gamma rays with which 

The principal hazard scenario for the natural radiation bombards each of us 
waste is that it may be contacted by every second. 
groundwater, leached into solution, and BERNARD L. COHEN 

eventually get into food and water sup- Department of Physics and Astronomy, 
clAccKc 7k14cl724 2>s/ - ti4'( 2?<2> plies; but this process includes many in- University of Pittsburgh, 

724 ' 2>  -  herent time delays which essentially Pittsburgh, Pennsylvania 15260 
guarantee that nothing will get out for at 
least 500 years (1). Also, the waste accu- References 

mulated by a million years of all-nuclear 1. B. L. Cohen, Rev. Mod. Phys. 49, 1(1977). 

power in the United States would cause 
less than one fatality per year (1). Coin- 

- - - pare this with the 10,000 fatalities per 
year from sulfur dioxide due to coal Cancer Data 
burning. 

Carter states in one place and implies Most death certificates do not reflect 
cl/h7e//hs/ - throughout that these wastes have a incontrovertible evidence of cancer 

great potential danger, but he gives no when compared to evidence established 
indication that it is orders of magnitude by autopsy, biopsy, or surgical resection 
less than the potential danger from many of a malignant tumor as an index of can- 

- -- other poisonous substances our society cer epidemiology (1). Reliance upon 
- constantly deals with (1). Also the radio- mortality figures based on death certifi- 

/ activity in the waste is many orders of cates in which autopsy results are report- 
magnitude less than natural radioactivity ed in establishing the epidemiology of 
in the earth at depths shallower than that cancer raises serious questions about the 
of the waste burial, validity of subsequent lengthy and costly 

Within.5 to3O minutes, the Birch- Carter implies that the low-level trans- studies on environmental carcinogens by 
over Radiochroniatogram $park uranic waste is also a serious problem, the Environmental Protection Agency 
Ghamber.fondest.uc.tively 10- but it is really trivial, and even the most (EPA) (Editorial, 4 Feb., p. 443) or by 
cates and recor s 'the distribu- haphazard deep burial would surely suf- others. 
tion of - radioactive compounds .... 

on electrophoresis gets, paper, fice. The British simply dump it in the As a practicing general pathologist I 
or thin layer plat radiochroma- ocean with no ill effects. Until recently, am well acquainted with the low autopsy 
tograms. With.conventional auto- the United States handled it with hap- rate in most hospitals in the United 
radiography, the same process hazard shallow burial, and any reason- States, and particularly in rural counties. 
takes from thre.days to three able analysis shows that there are no ill Knowing the frequency with which oc- 
weeks, with radio hrom.atogram effects. For example, if all the trans- cult cancers may be encountered at au- 
scanning, from one to six hours. 
The.pro- uranics thus buried were to leak out and topsy, the difficulty in deciding whether instrument's camera 
duces a one-minute Polaroid get into rivers, or to become distributed cancer is the cause of, or even related to, 
print similar. an autoradio- through soil uniformly between the sur- death, and the casual way in which death 
graph-a true re ord of radio-. 
activity distribution in alpha, face and their burial depth, not a single certificates are filled out by many physi- 
beta, and gamma emitting iso- fatality would ever be expected to result. cians whether or not an autopsy has been 
topes. An epidioscope print pro- The statement about friction between performed adds further skepticism 
jection system of fixed magnifi- the Atomic Energy Commission (AEC) about the epidemiologic value of cancer 
cation transfers the image.from 
the Polaroid.print directly. .back and the National Academy of Sciences mortality figures based on death certifi- 
on the original radiochromato- (NAS) committee on radioactive waste cate data. 
gram. An optional feature per- disposal is somewhat misleading. With Far more reliable, albeit perhaps a 
mits viewing under direct ultra- the exception of a brief misunderstand- harder initial task, would be a random 
violet or natural light or by ing in 1966, the relations between the sampling in every possible county of au- 
transmitted natural illumination NAS committee and AEC-ERDA (the topsy and surgical pathology records 
and obtainin.g.a perma.nent 
photographic record..call.or Energy Research and Development Ad- over a specific time period. Virtually all 
write today for complete details ministration) have been most cordial for biopsied, resected, and occult cancers 

I!I over 20 years. Several thousand copies would be found, as well as the patient's 
of' the so-called "suppressed" report age at the time cancer is recognized. Few 

LI_BAIRD.7.AIOM.10. 
were distributed by AEC. cancers go unrecognized before death 

Nuclear Division The statement that "there have been even though they may not cause death. 
125 Middlesex Turnpike no known human casualties" from leak- Further, many cancers are successfully 

Bedford, Ma. 01730 (617) 276-6204 ing waste storage tanks at ERDA's Sa- treated or recur after a latent period 

Visit us at FA5EB Booths J-24, J-25, J-26. vannah River and Hanford installations long enough so that death from other 
Circle No. 59 on Readers' Service Card SCIENCE, VOL. 195 


