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Halocarbons 
On September 13 the National 
Academy of Sciences (NAS) 
released its findings, conclusions, 
and recommendations on halocar
bons and their environmental 
effects. 

The NAS found that the release 
of two halocarbons, C F C l 3 (F-11) 
and C F 2 C l 2 (F-12), into the at
mosphere will affect the heat 
balance of the earth, remove ozone 
catalytically, and thus increase the 
amount of biologically active 
ultraviolet radiation (DUV) that 
reaches the surface of the earth. 
Continued release of the two 
chlorofluoromethanes (CFM's), 
F-11 and F-12, at 1973 levels " is 
calculated to give an ultimate 
reduction in ozone of about 7%, 
where 'about 7%' is relatively cer
tain to be between 2% and 20%." 
The calculations on climatic effects 
lead to much less certain results. 
The biological effects of an increase 

in D U V are an increase of malig
nant melanoma and of basal- and 
squamous-cell carcinoma as well as 
effects on plants and animals whose 
magnitude is unknown. 

RECOMMENDATIONS 

The recommendations of the NAS 
are that appropriate legislative 
authority be sought for eventual 
regulation of the use of C F M ' s , and 
that this regulation begin on a 
selective basis in not less than two 
years, when the inadequacies in the 
bases of present calculations are 
reduced and if the new calculations 
show that ozone reduction of more 
than a few per cent is a major 
possibility. An expanded program 
of laboratory studies and at
mospheric measurements is also 
recommended. Labeling of aerosols 
in order to give consumers an op
portunity to distinguish propellants 
is suggested. 

The recommendations of the NAS 
are contained in a report1 of the 
Committee on Impacts of 
Stratospheric Change. The detailed 
analysis of the ozone problem is 
found in a report2 of the Panel on 

Atmospheric Chemistry of that 
committee. The chairperson of the 
committee is John W. Tukey of Bell 
Laboratories and Princeton Univer
sity. The chairperson of the panel is 
H. S. Gutowsky of the University of 
Illinois at Urbana-Champaign. 

The discussion of the ozone pro
blem was initiated by research car
ried out at the University of 
Michigan by R.J. Cicerone and R.S. 
Stolarski 3 that indicated a possible 
diminution of ozone by a catalytic 
chain reaction involving chlorine 
atoms. The same conclusion was 
reached independently by F.S. 
Rowland and M.J. Mol ina 4 of the 
University of California, Irvine, who 
also suggested that dissociation of 
C F M ' s in the stratosphere could be 
a significant source of chlorine. 

STRATOSPHERIC SCIENCE 

The panel's report analyzes the 
physical and chemical processes in
volved in ozone production and 
depletion. Figure 1 shows the situa
tion for production and removal of 
ozone in an atmosphere unper
turbed by C F M ' s . Although ozone 
(O3) is only a trace constituent of 
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National academy of Sciences 
reports effects on stratospheric ozone. 

the stratosphere (a few parts per 
million), its importance lies in the 
fact that it absorbs nearly all radia
tion at wavelengths shorter than 
2900 A and a large portion of 
radiation from 2900-3200 Å. Radia
tion in the latter region is known to 
be biologically harmful. The pro
duction of ozone is due to the 
photochemical dissociation of oxy
gen followed by recombination of 
oxygen atoms with oxygen 
molecules: 

Dissociation of oxygen requires 
wavelengths λ < 2420 Å. Ozone 
acts as a radiation shield through 
the dissociation reaction, O3 + hv 
-> O2 + O. However, the products 
recombine to form ozone in an exo
thermic reaction. This reaction is 
responsible for the stratospheric 
temperature inversion. The deple
tion of ozone results from three 

main causes: dissociation (20 per 
cent); catalytic cycles involving 
hydrogen (10 per cent); and cataly
tic cycles involving NO and NO 2 col 
lectively called NOx (70 per cent). 

The sources of hydrogen are 
water vapor and methane. NOx 

comes from N2O, which is pro
duced by bacteria in soil and water. 
The amount of NOx is thought to 
be related to the use of nitrogen 
fertilizers. 

Figure 1. Ozone formation and removal processes in an unperturbed atmosphere. [All figures are from Halocarbons: Environmental Effects of 
Chlorofluoromethane Release (National Academy of Sciences, Washington, 1976).] 
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Figure 2. Simplified atmospheric behavior of chlorofluoromethanes. 

Figure 2 shows a simplified 
version of the action of CFM's in 
the atmosphere. It is important to 
note in a comparison of the 
destruction of ozone by NOx and 
ClOx that the rate constant for the 
equation, O + CIOx->, is five times 
greater than the rate constant for 
the equation, O + NOx-> However, 
the concentration of CIOx is much 
less. The sources of chlorine are 
methyl chloride from natural 
sources, CFM's (primarily F-11 and 
F-12), and CCl4 from natural and 
man-made sources. 

The rate of removal of ozone by 
CFM's may be considerably slowed 
by other removal processes that 
lead to stable compounds of CI and 
CIO. Two examples follow: 

Note that the second reaction leads 
to the removal of two of the com
pounds causing ozone depletion. 
Inclusion of this reaction leads to a 
reduction of the predicted ozone 
reduction by a factor of 1.86, but 
increases the overall uncertainly in 
the ozone reduction. 
SOURCES OF THE HALOGENS 

The panel estimates the annual 
world-wide release of CFM's at 
678,600 metric tons. Of this total, 

12 per cent results from production 
of plastic foams, 14 per cent from 
air conditioning and refrigeration, 
and 74 per cent from aerosols. 
Aerosol use is divided among per
sonal use (84 per cent), household 
use (6 per cent), and miscellaneous 
uses (10 per cent). 

Consideration of the possibilities 
for reduction of CFM release leads 
immediately to focus on replace
ment of aerosols by other pro¬
pellants and to establishment of 
standards for refrigeration installa
tion and servicing that would 
eliminate venting of the refrigerant 
to the atmosphere. Figure 3 shows 
the estimated worldwide production 
of F-11. The data for production of 
F-12 are similar, and the quantities 
are approximately the same. 

Calculation of the ultimate ozone 
reduction due to release of CFM's 
at a particular place and time is 
enormously complicated by the 
time scale of the process. The 
lifetime of CMF's in the at
mosphere is of the order of 50-100 
years. The panel used a one-
dimensional model for its calcula
tions, the dependent variables being 
altitude and time. The panel 
estimates that the uncertainty in 
the predicted amount of the global
ly average reduction due to the use 
of the one-dimensional model is 1.7 
in either direction. Figure 4 is a 

sample of the calculated reduction 
in ozone for various eddy-mixing 
profiles. 

The measurements available to 
the panel were of two kinds, in situ 
and remote. The in situ measure
ments were primarily of the 
sample collection type and suffer 
from the usual attendant problem 
of instrumental contamination. The 
remote measurements were typically 
atmospheric-transmission mea
surements using the sun as a 
source. Integration along the 
necessary long paths leads to uncer
tainties. Both types of measure
ments are at the mercy of an in-
homogeneous, time-dependent 
atmosphere, of the availability of 
atmospheric platforms, and of 
course of the availability of 
financial support. 

CONCLUSIONS 

Given the data and models 
available, the panel calculated the 
expected ozone reduction caused by 
CFM's under various initial 
assumptions and other parameters. 
The panel's conclusions are: 

•Release of CFM's at a rate 
growing in the exponential pattern 
of the last decade could cause a 
reduction of ozone much larger 
than that resulting from natural 
variations. 
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Figure 3. Annual production of F-11 
(CFCl 3: a semilog plot of metric tons per 
year from 1958 to 1975. 

•Continued release at the 1973 
rates will lead to a steady state, 
with the amount of ozone reduced 
by 6-7.5 per cent. The time to 
reach half of the steady state is 
40-50 years. 

•In the case of complete termina
tion of CFM release to the at
mosphere, the ozone reduction will 
continue for a decade. Fifty to 
seventy-five years are required to 
recover one-half the maximum loss. 

•Additional improvements in our 
knowledge of the atmosphere and 
of stratospheric chemistry are 
essential to permit more accurate 
assessments to be made of the ex
tent of potential reductions in 
ozone. 

FUTURE EXPERIMENTS 

The research suggested by the 
panel is divided into immediate ob¬

Figure 4. Ozone reductions for constant 
release rate (1973) until 1978, when release is 
stopped; different curves for different eddy-
mixing profiles. 

jectives and a longer-range, more-
general program. 

The suggested specific immediate 
objectives are: 

•Determine the role of ClONO 2 

in the stratosphere. 
•Verify the reliability of the 

predicted ozone reduction. Direct 
observations of stratospheric G O 
and G are suggested. 

•Develop an accurate materials 
balance. This work is important in 
the detection of otherwise uniden
tified sinks for the CFM's. 

•Reduce errors in the rate 
constants. 

•Make a detailed evaluation of 
identified sinks. 

•Improve other aspects of at
mospheric chemistry. In particular, 
attention to the chemistry and con
centration of natural species is 
desirable. 

Some 15 areas are identified in 
the recommendations for long-
range research: 

•All major releases of volatile 
halocarbons and other pollutants 
should be monitored. Production 
and use data are required in addi
tion to measurements of concentra
tion. 

•Determine sinks for all existing 
and potential pollutants. 

•Products of atmospheric reac
tions should be identified from in
jection through removal of final 
products from the atmosphere. 

•One-dimensional transport 
models need improvement in 
reliability. 

•Two- and three-dimensional 
models need to be developed. 

•Rate constants for reactions of 
ClX and other atmospheric species 
must be determined. 

•Determination of reaction rates 
of HO with halocarbons is 
necessary. 

•Rate constants and catalytic ac
tion of Brx should be determined 
because of increasing use of CH 3 Br 
as a soil fumigant. 

•Measurements of solar flux are 
needed for absorption cross-section 
measurements, particularly in the 
region from 1840 to 2250 A. 

•Photochemistry of halocarbons 
and ClX require additional study. 

•A global network should be 
defined and established. Such 
measurements are necessary for use 
of a materials-balance approach to 
identifying sinks. 

•Measurements of particular 
species as a function of altitude are 
required. 

•Global monitoring of ozone 
should be undertaken and refined 
to become sensitive enough to 
detect small changes resulting from 
man's activities. 

•Water-vapor feedback leading to 
increases in stratospheric water-
vapor concentration should be 
studied. 

•Increased N2O from fertilizer 
usage should be studied. 

To put these recommendations 
into financial perspective, it has 
been estimated that the Natonal 
Aeronautics and Space Administra
tion currently expends approx
imately $15 million each year in 
these areas, and other government 
agencies, $5 million. Another 
perspective is provided by the 
research budget of the Environmen
tal Protection Agency, which is 
$250 million per year for all 
purposes. 
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