
Concern 
Over 
Ozone 
Atmospheric ozone 

presents two distinct 

challenges: preventing its 

buildup at ground levels, 

where it contributes to 

urban smog, and pre

venting its destruction in 

the stratosphere, where 

it protects us from ultra

violet rays. 

0 
zone, the three-atom variant 
of oxygen, seems an unrivaled 
paradox among gases in the 
earth's atmosphere. Ozone oc

curs in two separate regions of the at
mosphere and creates a different concern 
in each place. Where ozone is essential, 
it is being diminished. Where it is un-

Ii 

wanted, ozone sometimes accumulates . 
In the stratosphere, which starts at 

7-12 miles above the earth and extends to 
about 30 miles out in near space, a layer 
of ozone of about 300 parts per billion 
(ppb) helps sustain life on the planet by 
absorbing much of the sun's dangerous 
ultraviolet (UV) radiation. 

In the lower reaches of the more fa
miliar troposphere (which extends un
evenly from the ground up to 6-10 miles), 
ozone is considered an air pollutant. A 
key component of urban smog, ozone can 
irritate lungs or damage certain plants at 
concentrations near the ambient levels in 
many areas. Although ozone levels are 
typically much lower in the lower at
mosphere, they can range from a few tens 
of ppb to a level greater than that in the 
stratosphere, depending on location. 
Ozone is not emitted directly from any 
source, yet over 60 major U.S . urban 
areas do not now meet federal air quality 
standards limiting ozone to 120 ppb. 

Ozone is created naturally in the strato
sphere through the chemical destruction 
of oxygen, which is induced by sunlight. 
Scientists have recently confirmed that 
chlorine and bromine from man-made 
sources are, at times, destroying stratos
pheric ozone faster than it is replenished, 
with potentially adverse consequences 
for human health and agriculture . 

An unexpected, cmd still not com
pletely explained, marked depletion of 
ozone-a hole the size of the United 
States or larger-over Antarctica has re
cently been observed for 4-6 weeks 
during the Antarctic spring. The hole is 
the result of both unique meteorological 
conditions and chemical reactions that 
apparently allow virtually every atom of 
chlorine that finds its way there to de
stroy, unchecked, up to 100,000 ozone 
molecules . 

Major international controversy has de
veloped over the call by many of the 
world's industrialized nations (including 
the United States) for the complete 
phaseout by the end of this century of the 
widespread use of chlorofluorocarbons 
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(CFCs)-the major source of what ulti
mately becomes ozone-destroying free 
chlorine in the stratosphere. 

Back at ground level, other battles of 
several dimensions are heating up again 
as Congress considers tightening provi
sions of the Clean Air Act, including 
those relating to tropospheric ozone. The 
Environmental Protection Agency, mean
while, is pondering action against states 
with air quality districts that do not meet 
federal ozone standards . 

As concern over tropospheric ozone 
pollution grows, prospects appear ever 
more likely for greater controls on the 
many man-made sources of ozone 
precursors-reactive hydrocarbon gases 
and nitrogen oxides-including motor ve
hicles and fossil-fuel-fired industrial 
plants, residential and commercial activi
ties, and utility generating stations. Resi
dents of southern California, for ex
ample, are facing far-reaching changes if 
efforts proposed to control ozone pollu
tion there are adopted and enforced. Else
where, there is evidence that hydro
carbon emissions from natural sources 
can combine with nitrogen oxides to pro
duce ozone levels that in some cases ap
proach the limit set as the national air 
quality standard. 

Lost in the ozone 

"In trying to sort out reports of strato
spheric ozone loss and the occasional 
summer smog 'ozone alert; the public 
can get confused by the distinctly dif
ferent environmental issues associated 
with this important gas;' notes Chuck 
Hakkarinen, technical manager in EPRI's 
Environment Division. "The atmospheric 
and chemical processes involved are dif
ferent for the two problems. But there 
may be a link because the loss of ozone in 
the upper atmosphere could increase the 
ultraviolet radiation that reaches the 
earth's surface. More UV radiation would 
mean more energy is available to drive 
the photochemical reactions that create 
ground-level ozone;' Hakkarinen postu
lates . 
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Chlorofluorocarbons (CFCs), 

used: in a number of commercial 

applications, contribute to the de

struction of stratospheric ozone. 

This. ozone layer protects the 

earth from excess ultraviolet 

radiation; which can cause skin 

cancer -and harmfu.1 ecological 

effects. · • 

Refrigerants (30%) 

Aerosol sprays (25%) 

Cleaning agents (20%) 

Blowing agents for 
foams and packaging (25%) 

Volatile organic compounds 

(VOCs), from both natural and 

man-made sources, react with 

nitrogen oxides to promote the 

production of ozone in the tropos· 

phere. This "ground-level" ozone 

is the major component of photo

chemical smog, which can harm 

humans and vegetation. 

Stratospheric Ozone Layer 

Tropospheric Ozone Layer • 

Sources of Man-Made VOCs 

Industrial processes (40%) 

Transportation (33%) 

Fuel combustion (12%) 

Nonindustrial solvents (8%) 

Other(7%) 



Concerns that pollutants could damage 
stratospheric ozone were first raised in 
1970 amid plans to develop very high 
flying supersonic transport (SST) aircraft. 
It was feared that nitric oxide derived 
from engine exhaust would destroy 
ozone through a catalytic chain reaction. 
The United States eventually abandoned 
SSTs on economic grounds (Britain and 
France went on to jointly develop the 
Concorde), and the impact of the small 
present SST fleet on stratospheric ozone 
has been shown to be small. But the con
troversy spurred scientific studies that es
tablished that the chemistry of the upper 
regions of the atmosphere could be upset 
by human activity. 

I 
n 1974, atmospheric scientists Sher
wood Roland and Mario Molina theo
rized that emissions of several chlori
nated compounds in the CFC family, 

although inert in the lower atmosphere, 
could be wafting all the way up to the 
stratosphere, where they are chemically 
decomposed by UV radiation, producing 
free chlorine that, in turn, attacks ozone 
vigorously. 

Any significant net loss of ozone in the 
stratosphere was suspected of implying a 
range of potential negative biological ef
fects, including increased human skin 
cancers and eye cataracts. The EPA has es
timated that the increased UV from each 
1% depletion in stratospheric ozone could 
lead to a 2% increase in skin cancers 
among fair-skinned people . No one 
knows if this estimate is reliable. 

On the basis of little more than theory 
at the time, the United States, Canada, 
Sweden, and Norway banned the use of 
CFCs in aerosol cans in 1978. But more 
than a million tons of CFCs are still pro
duced annually around the world for 
wide use as propellants, refrigerants, 
foam-blowing agents, and solvents . 
Halon gases containing bromine, which 
are used as rue-extinguishing agents, also 
destroy ozone. But halons are considered 
to account for less than 10% of strato
spheric ozone destruction, because their 
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emissions are a thousand times less than 
the emissions of CFCs . 

Indications from satellite instrument 
data of stratospheric ozone loss first 
began to be seen over Antarctica around 
1979, but for some time the data were dis
counted because of doubts about their ac
curacy and reliability. A British survey 
team's announcement in 1985, however, 
of a measured substantial decline in 
ozone concentrations above Antarctica 
over the preceding eight years, which 
was not predicted by any model or 
theory, sparked an intensive interna
tional scientific reassessment . The group 
reported a sharp drop in ozone during the 
months of September and October (the 
Antarctic spring)-a decline of almost 
40% from levels routinely observed 20 
years earlier. 

Broad-based confrrmation of such 
ozone depletion, as well as the measure
ment of very high levels of chlorine 
monoxide-the chemical link between 
ozone destruction and CFCs-prompted 
the 1987 Montreal Protocol, which some 
36 nations (at last report) have ratified. 
It calls for a freeze in CFC production at 
1986 levels to take effect this summer. The 
goal is a 50% reduction in total CFC use 
by 1999. 

Because CFC compounds are inert-the 
essence of their commercial utility-they 
also can remain in the atmosphere for 40-
150 years . Several CFC compounds also 
readily absorb infrared energy in the 
lower atmosphere, making them doubly 
indicted as both stratospheric ozone de
stroyers and as more-efficient green
house gases, molecule for molecule, than 
carbon dioxide . 

Outlook now more mixed 

At the time, the 1987 Montreal Protocol 
was hailed as a precedent-setting interna
tional agreement to take action in the face 
of scientific consensus on a clear threat 
of global environmental damage . Now, 
however, a more mixed outlook has de
veloped for stratospheric ozone. 

The recently measured loss over Ant-

arctica is more complete (up to 90%) in 
some areas and lasts longer than was ob
served earlier. Levels of UV radiation typ
ical of summer were recorded in areas un
derlying the zone of greatest ozone loss 
during the most recent Antarctic spring. 
Recently analyzed data suggest that 
ozone losses averaging 3% above model 
predictions have occurred over northern 
hemisphere latitudes (including North 
America) from 1978 to 1985; the losses 
have been greater at higher latitudes . 

Extremely cold temperatures ( - 75°C to 
-85°C) and the formation of a massive, 
persistent polar vortex (rotating air mass) 
during the dark winter are now known to 
play a key role in the development of the 
ozone hole over Antarctica in spring. Ice 
crystals of water and nitric acid that form 
in the high-altitude clouds of the vortex 
enhance the release of free chlorine from 
otherwise inactive forms, helping to set in 
motion a cycle of ozone destruction . Sim
ilar, but less intense or ideal, conditions 
for ozone destruction have been con
frrmed over the Arctic region, although 
no hole over the North Pole has been ob
served so far. 

Coupled with growing awareness that, 
even with a worldwide freeze on CFC 
emissions at current levels, the amount of 
chlorine in the stratosphere will continue 
to increase for decades, such news led 
to the dramatic call earlier this year by 
the European Community-quickly en
dorsed by the United States-for a com
plete phaseout of CFCs by 1996. The move 
coincided with a 123-nation conference 
organized by British Prime Minister Mar
garet Thatcher at which it appeared that 
many less-developed countries do not 
share the West's sense of urgency or con
viction concerning CFCs. 

Last May, at a meeting in Helsinki, Fin
land, sponsored by the United Nations 
Environment Program to review the 
Montreal Protocol, 80 nations declared 
support for a full CFC phaseout by 2000. 
Meantime, U.S. and international re
search groups are preparing for another 
major scientific review of the strato-



Ozone Chemistry in the Stratosphere 

Stratospheric ozone is created and destroyed in a natural cycle that has been functioning 

in relative equilibrium for thousands of years. The presence of chlorine, released from 

man-made chlorofluorocarbons by ultraviolet light, disrupts the cycle; each free chlorine 

atom is thought to be capable of destroying as many as 100,000 ozone molecules. 

1. Ultraviolet radiation breaks the chemical 

bond of an oxygen molecule (02), resulting 

in two free oxygen atoms. 

2. A free oxygen atom bonds with another oxygen 

molecule, creating a molecule of ozone (03). 

3. A free chlorine atom reacts with the ozone, 

breaking its fragile bond to create chlorine oxide 

and an oxygen molecule. 

4. A free atom of oxygen breaks up the chlorine 

oxide and creates another oxygen molecule and 

a free chlorine atom. The chlorine atom moves 

on to react with another molecule of ozone. 
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Ozone Chemistry in the Troposphere 

Tropospheric ozone is also produced and destroyed in a natural cycle, this one involving 

oxygen and nitrogen oxides (NO,). The ozone is normally created and destroyed daily in 

equal amounts, but volatile organic compounds (VOCs) from both man-made and natural 

sources contribute reactive (free-radical) species that interfere with the normal cycle, 

allowing ozone to accumulate. 

1. Ultraviolet radiation breaks nitrogen dioxide 

(NO,) into nitric oxide (NO) and a free oxygen 

atom. 

2. The free oxygen atom bonds with an oxygen 

molecule (02) to form an ozone molecule (03). 

3. The ozone molecule would normally react 

with the NO to produce NO, and an ordinary 

oxygen molecule. 

4. Instead, the NO combines preferentially with 

HO,. formed from photochemically reactive 

VOCs, leaving the ozone molecule intact. 
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spheric ozone situation this August. 
There is at least some good news about 

stratospheric ozone. There are indica
tions of small to negligible effects on Ant
arctic plant and animal life from the in
creased UV radiation of the last few 
seasons. Ocean plants called phyto
plankton at the bottom of the Antarctic 
food chain, believed most vulnerable to 
the extra UV, have been observed to be 
only somewhat less efficient in photosyn
thesis. And outside of Antarctica there 
have been no reports of measured in
creases in UV radiation. 

An unanswered commentary of re
searchers, based on modeling results, is 
that the 11-year solar sunspot cycle may 
have had a negative effect on total strato
spheric ozone equal to or greater than 
that of CFCs. A sunspot minimum during 
1979-85 would have emitted less high
energy radiation at the earth, reducing 
molecular oxygen ionization and creating 
less ozone. The trend of declining strato
spheric ozone could be totally masked or 
even reversed in the next few years until 
the solar cycle peaks in 1991. Beyond that, 
however, ozone depletion would be ex
pected to accelerate again, possibly faster 
than it has up to now. 

"The good news, for the time being, is 
that the magnitude of the reduction of 
stratospheric ozone is comparable with 
natural variation between the trough and 
the peak of the solar sunspot cycle," ob
served the British scientific journal Nature 

editorially last year. "If the secular reduc
tion of stratospheric ozone so far can be 
swamped by the effects of the sunspot 
cycle, it cannot so far have done much 
damage. The next solar sunspot cycle 
could, of course, be a different case:' 

In the research into stratospheric ozone 
to date, EPRI has only counted itself 
among the interested observers of the 
work of others, mainly government agen
cies and university-based scientists. With 
a growing program focus on climate 
change and its direct and indirect implica
tions for utility operations and the de
mand for electricity, however, EPRI's En-
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vironment Division now also plans to ex
plore further the CFC-ozone issue. 

"It's already been suggested that, even 
if we cut back on CFC emissions, the 
ozone loss is going to get worse before it 
gets better;' notes Hakkarinen, who is 
managing the study. "So we' re trying to 
identify more clearly what stratospheric 
ozone levels should look like over time if 
CFC production does decline. We would 
like to know when and what sort of 
changes in stratospheric ozone to antici
pate so that industries could have some 
validation of whether the controls on 
CFCs are important:' 

In the near term, meanwhile, the most 
significant consequences of CFC controls 
will be felt indirectly by utilities through 
their customers . Because of the ubiquity 
of CFCs in commercial use, all manner of 
industries and their products stand to be 
affected by voluntary reductions and new 
EPA regulations implementing the Mon
treal Protocol. EPRI's Customer Systems 
Division is sponsoring analyses of the im
plications of CFC cutbacks and possible 
substitutes. 

"The potential impact on electric power 
demand and energy consumption is very 
large," says Arnold Fickett, vice president 
and Customer Systems Division director. 
"Utilities have a strong interest in seeing 
that the alternatives that evolve will be 
safe and energy-efficient and not exacer
bate loads." 

Ozone closer to home 

While much of the industrialized world 
has set in motion costly and controversial 
changes designed to stem the loss of 
high-flying ozone in the stratosphere, the 
problem closer to the ground is quite the 
opposite-even small concentrations can 
be too much. Here, ozone pollution ac
cumulates when reactive hydrocarbon 
gases (from gasoline, solvents, and nat
ural emissions), also known as volatile or
ganic compounds (VOCs), disrupt the 
usual cycle of ozone formation and de
struction involving molecular oxygen and 
nitrogen oxides (NO,). 
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A Thinning Over the South Pole 

The " hole" in the stratospheric ozone layer over Antarctica is actually a large zone of 

reduced ozone concentration observed during the Antarctic spring (Septef!lber and 

October) over the last decade. Although the release of certain chlorofluorocarbons to the 

atmosphere is believed to be responsible for such reductions, the ozone hole is also 

dependent on Antarctica's unique climate and seasonal patterns. A large polar air mass, 

extremely cold temperatures at high altitudes, and the emergence of spring sunlight after 

the dark polar winter create chemical conditions ideal for ozone destruction . Ozone levels 

are similar to those elsewhere around the globe during other seasons of the year. 
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The ratio of voes to NOx is known to 
play a more important role than their ab
solute concentrations in ozone formation 
and peak ozone levels. How fast ozone 
accumulates is closely related to the avail
ability of highly reactive (free radical) spe
cies produced when molecules of voes 
decompose in sunlight. These species in
terfere with the oxygen-NOx reaction, 
also driven by sunlight, that normally 
creates and destroys equal amounts of 
ozone. 

T
he reactions and atmospheric 
processes involved are also re
lated to the chemistry and 
physics of add rain formation 

and the production of aerosol particles . 
"All of the end products of air pollution 
that are suspected of being undesirable
from sulfuric or nitric acid in precipita
tion, to ozone, to aerosol particles that 
scatter light and thus obscure our held of 
view-are formed in the atmosphere from 
ozone and precursor emissions, for the 
most part, and the chemistry is interac
tive;' says Peter K. Mueller, EPRI program 
manager for atmospheric sciences in the 
Environment Division. 

Emissions of both NOx and voes have 
man-made and natural sources. The bulk 
of the NOx, however, amounting to some 
20 million tons a year in this country, 
comes from the combustion of fossil fuels 
in motor vehicles, industry, commerce, 
and utility generating plants . Natural 
sources such as forest fires, decomposing 
plants, and lightning generate a compara
tively small amount of NOx; lightning can 
be a significant source locally for short 
periods . 

Sources of voes are much more di
verse. Trees and shrubs are a major nat
ural source of reactive hydrocarbons, 
emitting an estimated 20 million tons 
each year, mostly as isoprene and pinene. 
Man-made voe emissions, estimated to 
account for another 20 million tons per 
year in this country, originate from a wide 
variety of industrial processes, incom
plete combustion in motor vehicle en-

gines, other fossil fuel combustion, use of 
organic solvents (mostly petroleum)
even from gasoline vapors at the service 
pump. 

Trace background levels of ozone are 
believed to have always been present in 
the troposphere, partly the result of con
vective transport from the stratosphere 
and partly due to natural tropospheric 
photochemistry. A long record of mea
surements on the outskirts of Paris 
around the turn of the century suggests 
that tropospheric ozone levels in central 
Europe 100 years ago averaged 10 ppb. 

A current issue in atmospheric science 
is whether tropospheric ozone in indus
trial countries is increasing. Levels in 
rural areas of the United States with no 
significant man-made NOx and voe emis
sions are believed to be typically 30-40 
ppb; at remote Pacific islands, levels are 
20-30 ppb. At the other extreme, half a 
dozen U.S. cities frequently experience 
three-hour peak ozone concentrations of 
150-200 ppb, particularly in summer 
when there are stable, high-pressure 
weather systems overhead. In Los 
Angeles, ozone has been measured at 
levels as high as 290 ppb. 

According to the EPA, 65 urban areas in 
the United States exceed the National 
Ambient Air Quality Standard (NAAQS) 
for ozone of 120 ppb. The health-based 
NAAQS is a one-hour average concentra
tion, not to be exceeded more than once a 
year over a three-year average. It is set by 
the EPA to protect sensitive people, such 
as children and heavily exercising people. 
Some recent research suggests that respi
ratory responses occur after extended ex
posure to ozone levels even lower than 
120 ppb. 

Meanwhile, some field as well as mod
eling studies suggest that natural voe 
emissions from trees in rural areas can 
react with even trace levels of NOx from 
nearby or more distant sources to gen
erate ozone levels that approach the 
NAAQS. It has been suggested that such 
biogenic hydrocarbons may play a sub
stantial role, for example, in the routinely 

high ozone levels in and around Atlanta, 
Georgia . 

The amount of voes from the dense 
pine forests that surround the sprawling 
southeastern city is comparable to the 
amount of man-made hydrocarbons 
emitted in the urban area. Researchers at 
the Georgia Institute of Technology have 
suggested that, because a substantial re
duction in the area's man-made voe 
emissions in recent years has not resulted 
in a corresponding decrease in ozone, the 
remaining baseline of biogenic voes 
could mean that significant reductions in 
urban and power plant NOx emissions 
also might be required before ozone 
levels would meet air quality standards. 

Computer simulations of different 
urban airsheds suggest that NOx reduc
tions can increase or reduce ozone levels, 
depending on the relative proportions of 
voes and NO"' sunlight, and other fac
tors. The models also suggest that re
ducing voes will always tend to reduce 
ozone formation. 

Most regulatory strategies for reducing 
urban ozone have, in fact, focused on re
ducing voe emissions but have met with 
only mixed success . This is partly because 
of the ubiquity and numbers of sources, 
including every running motor vehicle, 
open can of paint or solvent, and dry 
cleaning establishment, to name just a 
few. Moreover, in the case of automo
biles, growth in the number of vehicles 
and miles traveled in many regions has 
begun to outpace the emission reductions 
per vehicle mile achieved so far. 

More than a health issue 

The NAAQS for ozone is set primarily to 
protect human health. This month offi
cials of the new administration were ex
pected to outline what actions they will 
take in states with air quality districts out 
of compliance with ozone standards. Sev
eral bills in Congress could set tough new 
penalties for nonattainment areas, in
cluding steep permit fees for emissions 
sources, tighter tailpipe emissions limits, 
and gasoline vapor recovery require-
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ments and voe volatility restrictions. 
Reducing ozone levels is the goal of a 

sweeping, new, long-term antismog plan 
proposed recently by authorities in 
southern California and intended to bring 
the four-county Los Angeles area into 
compliance with federal air quality stan
dards by 2007. The far-reaching plan su
persedes older ideas that should have 
achieved the NAAQS by now, and it could 
mean major changes in the way southern 
Californians live and work in the years 
ahead. Proposals, which center on fur
ther limiting voe emissions, include bans 
on household sources such as charcoal
lighter fluid, gasoline-powered lawn
mowers, and all aerosol cans, as well 
as drive-up service windows and free 
parking in commercial districts. Emis
sions controls would be placed on bak
eries, breweries, and dry cleaners-all po
tential sources of voes. 

But protecting human health is not the 
only motivation for reducing ozone. For 
reasons analogous to why humans are 
sensitive to the highly reactive gas, so are 
many plants. Ozone interferes with pho
tosynthesis, causing reduced yields in the 
case of crops and retarded growth in the 
case of sensitive tree species. 

According to EPRI research managers, 
the evidence of significant damage to 
plant life from ozone is far less ambiguous 
than that for health effects. "Visible 
damage or reduced growth in certain crop 
and tree species is well documented, but 
ozone's effects on complex forest ecosys
tems are not as well understood;' says 
Lou Pitelka, project manager in the Eco
logical Studies Program. "It may alter 
forest plant life by eliminating ozone
sensitive species, reducing nutrient lev
els, and changing mortality rates. 

"On a regional basis, researchers re
gard ozone as potentially the most se
rious pollutant threatening American for
ests," adds Pitelka. "It is the primary 
cause of decline in the ponderosa pine 
forests of southern California. While it 
does not appear to be the primary cause 
of forest decline in the eastern United 

20 EPRI JOURNAL June 1989 

Ii 

Research on Crops and Forests 

Most EPRl-funded research on ozone issues relates to tropospheric pollution. Besides air 

quality studies that model the atmospheric physics and chemistry of ozone in the larger 

context of pollutant emissions, EPRI has funded major plant and forest studies that have 

included a focus on ozone. This work has confirmed significant reductions in specific crop 

yields and reduced growth in certain tree species at common ambient levels. Continuing 

studies of forest systems are examining the interactive effects of ozone and other environ

mental factors. 



States, many researchers suspect ozone 
of being a potential culprit in weakening 
certain species and making them vulner
able to other stresses, or in further dam
aging species that are already weakened 
by other factors." 

EPRI has sponsored research on the ef
fects of ozone on crops and forest plants. 
The work has confirmed significant yield 
reductions in soybeans, wheat, corn, and 
potatoes at ambient ozone levels. More
recent work on forest ecosystems is fo
cusing on how ozone interacts with other 
factors in affecting forest vegetation. 

On the atmospheric sciences front, 
ozone measurements and reaction chem
istry have been explicitly accounted for in 
numerous EPRI-sponsored air quality 
studies. Now, according to Peter Mueller, 
researchers are preparing for the next 
step: to connect and integrate models of 
differing spatial and temporal dimen
sions and specificity to provide a compre
hensive simulation of emissions and at
mospheric transport and conversion. 

Such "embedded" modeling would 
bring a long-sought improved capability 
of evaluating trade-offs inherent in dif
ferent emissions control strategies. One 
goal of the modeling work is to be able to 
analyze the potentially different role of 
dispersed versus point sources of, for ex
ample, NO, emissions. Or, the locations 
of sources within a region might make a 
difference in ozone levels, depending on 
the sequence of reactant blending. 

"One current issue is whether NO, 

emissions in rural areas are mixing with 
natural hydrocarbons from vegetation 
and producing ozone levels that not only 
have the potential for local damage to 
plants, but may also be transported into 
urban areas and be adding to what is 
already there so that the air quality 
standard is exceeded;' explains Mueller. 
"The embedded models that need to be 
developed would help to quantify and 
evaluate suspicions along these lines. 

"At the same time, the models would 
help address what is happening with visi
bility and fine particles. You can't sepa-

rate the fine-particle, acid aerosol, and 
ozone problems from the health effects is
sues in urban areas. We are moving to
ward addressing these in an integrated 
approach;' Mueller adds. 

Mueller also thinks there may be a fur
ther link between stratospheric ozone 
and tropospheric ozone production. "If 
stratospheric ozone has diminished sig
nificantly, we should be seeing increased 
levels of UV radiation all around the 
world, but so far more UV has only been 
seen in Antarctica. What could explain 
this? One possible explanation is that, be
cause ozone, wherever it is, absorbs UV 
radiation, ozone in the troposphere may 
be offsetting whatever added UV radia
tion the earth may be getting from de
creased ozone in the stratosphere. We 
certainly don't know the answer yet:' 

Spotlight on ozone 

Ozone has emerged center stage in the 
complex web of global and regional envi
ronmental concerns related to man's in
fluence on the environment. Discovery of 
an ozone hole in the stratosphere over 
Antarctica catalyzed an international re
sponse with significant near-term impli
cations for technology and industries that 
depend on CFCs. But it has also revealed 
sharp differences among nations in their 
attitudes on the appropriate balance be
tween economic development and pro
tection of the global environment. Devel
opments in the next few years could be 
a bellwether for the direction of change 
in response to broader policy questions 
involving world climate and greenhouse 
issues. 

In America's everyday world of free
ways, cars and trucks, record power de
mand, summer heat waves, and hazy, 
brown horizons, however, ozone is at the 
center of concern over the environmental 
and health effects of increasing air pollu
tion and the focus of emissions control 
strategies. Although stratospheric ozone 
and tropospheric ozone really are sepa
rate issues, the continuing need for sci
entific insights to inform the policy and 

regulatory debates is a common thread 
between them. :JI 
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