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The Ozone Question 

The 3 October issue of Science (pp. 8 
and 9) carried a paid advertisement from 
the Du Pont Company on the fluorocar- 
bon-ozone question. The same advertise- 
ment appeared also in many other news- 
papers and magazines. This advertisement 
stated that, "The ozone depletion theory, 
based on a computer model of the strato- 

ssi )tj:in sphere, was reported in 1974 by two chem- 
ists at the University of California.... In 
order to estimate hypothetical reactions, 

NNtRONN5 and because little is actually known about 
the real ones, the modelers made a number 
of assumptions about the way the upper 
atmosphere behaves." 

All of the major reactions included in 
our calculations had been observed and 
measured in the laboratory (1-5). The 
hypotheses involved estimates of present 

Jiv2tJiNLLN and future stratospheric consequences, 
, reached by combining the measured re- 

)55in/NN.,5 actions with known intensities of solar 
radiation, and with the known strato- 
spheric concentrations of a number of 
species (for example, CH4, 03, and NO) 
(6) plus those of some (for example, 0 and measurements and have since been mea- 
OH) whose concentrations were then in- 
directly inferred from other stratospheric 

sured directly (7, 8). 
The statements about our assumptions 

were not made by us, but are apparently 
inferences drawn by the writers of the ad- 
vertisement. The three supposed assump- 
tions listed in the advertisement are as fol- 

Laminar air flow is a I I I I 

technique which significantly 
reduces concentrations of air- ASSUMPTION: The ozone-depleting reaction 
borne contamination in your - with chlorine from fluorocarbons takes place at a rate that demands an immediate decision on animal breeding or research area. fluorocarbon use. 

Our laminar system, called 
stay-clean ?, filters air at the We made no such assumption. 
source, and the velocity of the air 
-directed outward over the .' I ASSUMPTION: Fluorocarbons are the only sig- 
cages-carries away enclosure .'.- I nificant source of chlorine available for inter- 
generated airborne contamina- ,  '- I action with ozone in the stratosphere. 
tion and also prevents entry of  We made no such assumption. 
other contaminants. I ---' h' _ 

Air flow from the stay-clean ASSUMPTION: There is no other way to get 
filtered to remove - \.>. - fluorocarbons out of the atmosphere except by system is the ozone-depleting reaction. particles of 0.3 microns or larger. 

Air velocity is adjustable from We made no such assumption in our ac- 
50 ft. per minute to 90 ft. per tual research. Such a statement about 
minute. 

The stay-clean system is For complete details, prices models can easily be misinterpreted, since and delivery, please write or call, readers might assume that reactions not completely self-contained, easy Lab Products, Inc., 635 Midland included in the model had not been consid- 
to operate and requires little or Avenue, Garfield, New Jersey ered. We searched for removal processes 
no maintenance. The roIl-around 07026. Phone (201) 478-2535. and found none of any importance except 
system is constructed of Type 
316 stainless steel and is lab *1J**4, stratospheric decomposition processes (1 
equipped with adjustable shelves  5). No important removal process has since 
so that a variety of cage sizes been discovered which does not lead to the 
can be accommodated. III alIDcompany release of stratospheric chlorine species 
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capable of depleting ozone (9). The models portance of chlorine compounds of natural 
simply reflect this situation. origin, such as CH3Cl (15), relative to the 

The advertisement further states, ---- - fluorocarbon-ozone problem is easily (and 
the net effect of both reactions [ozone/ frequently) overstated. The concern is with 
chlorine and chlorine/methane] is to lessen changes from the natural situation caused 
the originally-calculated impact of fluoro- by man. All calculations indicate a pro- N N5y 

carbons. In fact, the impact was overstated gressive effect of added stratospheric chlo- 
by 300%." rine (16) such that the change from the nat- N 

The quantitative statement is tn error. ural situation is basically the same what- 
The two reactions mentioned are among ever the precise level of natural chlorine - 

several which have been more accurately before the introduction of further strato- 
measured in the past 15 months (10). The spheric chlorine by man. Carbon tetrachlo- 
concentrations of important species (for ride released by man in quantities com- 
more accurately (8). When all corrections fluorocarbons 11 and 12 would also have 
example, OH) have also been measured parable to the current release rates for m ulti mEhiEEhm.iEEE 
have been made, the current assessment of important effects on ozone depletion, but UIUIIIUIII 
ozone depletion by models falls within the its current atmospheric release is much less 
range of our origin-ti estimates made in than that of the two molecules listed above. trace analysis 
August 1974 (2, 3, 11, 12). Our original conclusion was that, at cur- 

The advertisement also stated, "One rent rates of technological use, flurorocar- Look what it found in friend fruit fly. Once 
well-known class of chemical reactions not bons 11 and 12 were the two most impor- again the unique capabilities of the new KEVEX X-ray energy spectrometer have considered in this model is that of chlorine tant man-made compounds, in terms of given a scientist more analytical information 
compounds in the atmosphere in hetero- potential effects on the ozone layer. This about his sample than he anticipated. 
geneous reactions" conclusion still stands and has been ampli- Generally speaking, X-ray energy spectrom- etry (XES) has become an accepted technique Heterogeneous reactions were consid- fled and supported by numerous studies, because it rapidly analyzes up to 81 ele- 
ered, but they were not included because including direct stratospheric experiments ments simultaneously and non-destructively, 
the evidence indicates that they are negli- (17) as well as more detailed calculations with little or no sample preparation. 
gible in importance. The possible in- of ozone depletion (11, 12, 18). However, when you have an analysis-quan- titative or qualitative-that calls for low con- volvement of heterogeneous reactions with We belleve that sufficient facts are al- centration detection in a small sample mass 
the chlorofluoromethanes was discussed in ready available in the refereed scientific lit- such as this fruit fly, it's beyond the scope 
extensive detail on pages 22 and 23 of (4). - erature to establish that chlorine released of ordinary X-ray energy spectrometers. Only a high-intensity system with a secondary tar- We found no evidence that such reactions by stratospheric photolysis of fluorocar- get that emits pure mono-chromatic X-rays 
were occurring and some strong evidence bons 11 and 12 will indeed have a sub- with low background can produce results such as shown here. And only KEVEX has a that they were at most minor. We know of stantial effect on the average ozone level of high-intensity (2,000 or 3,000 watt) XES 
no evidence in the refereed scientific litera- the earth in the future if present usages are system for trace analysis in the less than 
ture leading to a conclusion different from maintained. The possible consequences of 100 parts-per-billion range for many ele- 

ments in organic matrices. That's why the ours. such ozone depletion have been outlined in man with the fruit fly came to us. It might 
A further statement in the advertisement detail in (12) and (19), together with the pay you to do the same. Here's how to go 

was, "Atmospheric chemistry involving uncertainties involved. The 3 October issue about it: Phone (415) 697-6901. Ask for the APPLI- ion molecule reactions has been described of Science also carried a report of the pos- CATIONS DEPARTMENT. We'll discuss the 
in recent months by several investiga- sibility of a "greenhouse" effect of accu- possibility of a free feasibility study using 
tors.--- ion molecules could react with mulated chlorocompounds in the atmo- your sample. Don't be bashful; we want to 
fluorocarbons, allowing them to be re- sphere (20). hear from you. If you'd like to peruse our literature first, moved from the atmosphere. F. S. ROWLANI fine. Call, write or circle the number below 

The only extensive description so far MARIO J. MOLINA for a free brochure. 
published in the scientific literature about Department of Chemistry, 
the possible ion-molecule reactions for re- University of California, Irvine 92664 

moval of chlorofluoromethanes is our own * discussion on pages 20 and 21 of (4). We References and Notes 
KEVEX Corporation concluded there that ion-molecule re- I. M. J. Molina and F. S. Rowland, Nature (Lon- Analytical Instrument Division actions were not important for the removal don) 249, 8i0 (i974); in 2nd Ineernasiona/ Confer- 898 Mahler Road, Burlingane, CA 94010 ence on the Env/ronmenta/ Impact of Aerospace Phone (415) 697-6901 

of these compounds, and no conclusions to Operaeson.e in the High Atmosphere, 1974. San 
the contrary have been published in the sci- Diego. Ca/sf, Preprint Volume (American Mete- oroiogical Society, Boston, Mass., 1974), p. 99. 

2. F. S. Rowland and M. J. Molina, "Chlorotluoro- entific literature (13). methanes in the environment" (Atomic Energy 
- 

This further statement was also made in Commission report No. 1974-i, Univ. of Califor- 
the advertisement, "Many chlorine-con-  nia, Irvine, 1974). "ClO0-chaincatalyzed removal of ozone 
taming materials are present in the a/mo- from the earth's stratosphere foliowing solar . N photodissociation of chiorofluoromeohanes," pa- sphere in varying concentrations. Of per presented at the i68th American Chemical So- 
particular significance, larg amounts of ciety meeting, Atlantic City, N.J., 1974. _____ Rev. Geophys. Space Phys. 03, 1(1975). methyl chloride and carbon tetrachloride 5. F. S. Rowland, New Sd. 64, 717 (1974). 
have been discovered in the troposphere 6. A. 3. Grohecker, Ed, 'The natural stratosphere of 1974" [Climatic Impact Assessment Program 
and stratosphere." (ClAP), Monograph I, Department of Trans- 

portation, Washington, D.C., 1975). See also The pertinence of carbon tetrachloride earlier reports of the 2nd and 3rd ClAP con- The KEVEX fruit fly multi-element analysis. Ob- 
for this problem is the chief topic discussed ferenees. ject: detect trace amounts of lead. Result: mini- 3. 0. Anderson, Geophys. Res. Leoo. 2, 231 (1975). mum detection for lead was found to be 5 nano- by us more than a year ago in (14). The im- 8. , "The in situ measurement of atoms and grams. Also detected were iron, copper and zinc. 
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radicals important to th photochemiscry of she The stimulus for the advertisement was 
stratosphere," paper presented at the 8th interna- 
tional Conference on Photochemistry, Edmonton, the many media articles discussing the is- 
Alberta, 1975. 

9. J. N. Pitts, Jr., H. L. Sandoval, R. Atkinson sue, which have been presented with scare 
Chem. Phys. Lett. 29, 31(1974); N. E. Hester, E. headlines and predictions of dire con- 
P. Stephens, 0. C. Taylor, Atmos. Environ in uences that 
press. of these effects has been given in ' seq are at variance with scien- 

F. S. tific facts as they exist today. Insofar as 
Rowland, New Sci. 68, 8 (1975). The revised rte differing viewpoints have not been ade- 
constants for the reaction of OH with HC 1 are giv- 
en in (4). Revised rate constants for the reactions quately reported, our intent was to present 
of Cl with 03 and CH4, as well as other pertinent 
chlorine reactions, have been collected in R. F. a less technical description of the question 
Hampton, Jr., and D. Garvin, Edt., Chemica/ Ki to ensure that nonspecialists were in- 
net/c and Photochemica/ Data for Mode//ing At- 
mospheric Chemistry [addenda to Nat. Bur. Stand. formed on both sides of the issue. 
(U.S.) Tech. Note 866 (1975)]. That early model predictions were over- 

ii. P. J. Crutzen, Geophys. Res. Lea. i, 205 (1974); 
______ and I. Isaksen, in preparation. stated by some 300 percent as mentioned 

12. Council on Environmental Quality, Federal Coun- - 

cil for Science and Technology, F/uorocarbons and in the advertisement is easily documented. 
the Environment: Report of the Federal Task An overstatement range of 280 percent has 
Force on Inadvertent Modification of the Strato- 
phere (Government Printing Office, Washington, been calculated (1) for the two revised rate 
D C., 1975). . constants described in the advertisement. 

13. A much more complete description has been given 
of the ion-molecule problem by A. 1. Sebmelte- These two rate constants are the only 
kopf in a statement to the House Science anl significant revisions to the calculated de- 
Technology Committee, subcommittee on envi- 
ronment and atmosphere, Washington, D.C., 31 pletions since the first time-dependent 
July 1975; F. C. Febsenfeld, P. J. Crutzen, A. L. calculations of Wofsy et al. (2). Rowland 
Sebmeltekopt, C. J. Howard, D. L. Aibritton, F. 
E. Ferguson, in preparation. and Molina make reference in their letter 

14. M. J. Molina and F. S. Rowland, Geophys. Res. to OH, but any attempt to revise HO2 re- 
Lett. i, 309 (l974). 

15. The measurement of CH,CI and other halocarbon action rates on the basis of a single mea- 
molecules has been reported in increasing detail 

* B .1 . and accuracy. See J. E. Lovelock, R. J. Maggs, R. surement at a particular latitude, altitude, 
* J. Wade, Nature (London) 241, 194 (1973); J. E. tim 

B B * I Lovelock, ibid. 252, 292 (1974); ibid. 256, 193 e of day, and season is premature. The 
(1975); P. E. Wilkniss, J. W. Swinnerton, R. A. HO2 rate constants in question will be 
Lamontagne, D. J. Bressan, Science 187, 832 
(1975); F. P. Grimsrud and R. A. Rasmussen, measured in the laboratory, and appropri- 

- . * 16. Atmos. Environ., in press. See also (12). ate revisions to estimated depletions can For an illustration of the additive nature of Cl re- 
actions on ozone, see figure 6 in S. C. Wofsy and then be made. 

* * * 1l. M. B. McElroy, Can. J. Chem. 52, 1582 (1974). We are firmly of the impression that 
A. L. Schmcltekopf, P. D. Goldan, W. R. Hen- 

- g g * - . - *. * derson, W. J. Harrop, T. L. Thompson, F. C. Feb- Rowland has been asking for immediate 
senfeld, H. I. Schiff, P. J. Crutzen, I. S. A. Isaksen ulation of flu 
F. E. Ferguson, Geophys. Res. Lett. 2, 393 (1975); reg orocarbons, although not, 
L. E. Heidc, R. Lueb, W. Poilock, D. H. Ebbals, of course, in his "refereed scientific arti- 

* . - g. ibid., p. 445; D. G. Murcray et a/., ibid., p. 109 A des " As 
L. Lazrus, B. W. Gandrud, R. N. Woodward, 'wI early as December 1974, Row- 

* g * A. Sedlacek, ibid., p. 439; C. B. Farmer, 0. F. Ra- land testified before the House sub- 
per, R. H. Norton, in pr paration; M. Ackerman, 
private communication, October 1975. Ackerman committee on public health and the envi- 
has made spectroscopic measurements of the ronment that he believed the use of fluoro- 
stratospheric concentrations of HCl between the 
altitudes of 18 and 34 kilometers. carbons as aerosol propellants should be 

18. R. S. Scolarski and R. J. Cicerone, Can. J. Chem. banned now. 
52, 1610 (1974); R. 3. Cicerone, R. S. Scolarski, S. 
Walters, Science 185, 1165 (1974); 5. C. Wofsy, Additionally, Rowland and Molina state 
M. B. McElroy, N. D. Sze, ibid. i87, 535 (1975); - heir original 
R. J. Cicerone, D. H. Stedman, R. S. Ssolarski, in t article (3), "We have not 

* - - S I . . S Geophys. Res. Lett. 2, 219 (1975); 5. C. Wofsy, M. included any estimates for other chlori- 
B. McElroy, Y. L. Yung, ibid., p. 215, D. H. Sced 

- S * 5 . - I - 0 . I man, W. L. Chameides, R. 3. Cicerone, ibid., . nated aliphatic hydrocarbons also found in 
333; R. J. Cicerone, J. Geophys. Res. 80, 3911 the atmosphere such as CCl4 -- for which 
(1975); Y. L. Yung, M. B. McElroy, S. C. Wofsy, 

e - * g . Geophys. Res. Leti. 2, 397 (1975); R. C. Whissen, there is no evidence for long residence 
g .g * - g * * g. . W.J.Borucki,I.G.PcsppOff, R. P. Turco J. times in the atmosphere" Six months lat- 

19. Climatic Impact Committee, National Research er, an article (4) by the same authors was 

* * * * CounciLNational Academy of Sciencesj4ational published treating CCl4 in exactly the same Academy Engineering, Environmenta Impact of Stratospheric Flight (National Academy of Sci- manner that the fluorocarbons were 
ences, Washington, D.C., 1975). 

20. V. Ramanathan, Science 19.0, 50(1975). treated in the first article. A month after 
that, CH3Cl, a molecule not even men- 

Du Pont's advertisement was not in- tioned in the first article, was shown (5) to 
* tended to attack the published scientific be the largest single source of chlorine 

work of Rowland and Molina on ozone de- presently established in the atmosphere. 
pletion, which, as we have said before, we Whether or not the authors assumed that 
believe to have raised a significant point, fluorocarbons are the only significant 

The principal source of misunder- source of chlorine available fo-r oteraction 
standing appears to be that the authors in- with ozone in the atmosphere, the ct re- 
terpret the advertisement to say they made mains that there are other signi ant 
certain assumptions in their "actual re- sources than those mentioned in their orig- 
search." To the contrary, the assumptions inal article and that they were only pointed 
lie in the products of their research par- out at a later date. There is thus an estab- 
ticularly in the public position taken by lished record of things having been left out; 
Rowland with regard to the implications of one may reasonably ask what else has been 
his research. left out. 
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