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Nobel Prize-caliber
scientists concluded
Wit A00 150,200 450 1 years ago that CFCs

damage the ozone

Grpone moasurements akon by NASA s satollite-borme
Total Grone Mapping Spectrometar In Octobar 1906
shiow a large “hole.” an area of severaly depleted
ooong. over Antarctica, Orone B meadeesd in Dobson ’
wmitts, namod for o researchor who bogen rocosding Ultraviolet radia
exang lvels over tha south pole in the 19504,

layer. So why 1s the
debate still raging?

- Free chlorine atom

— CFC malecule

Atmospheric Sunscreen

A THIN LAYER of ozone molecules shields humans and other living
things from the sun's ultraviolet radiation, which can cause sunbums,
skin cancers, and other problems. Chlorefluorocarbon, or CHC, molecules
that escape from sources such as air conditioners and refrigerators drift

Ozone molecule inba the upper stratosphens, wihere they destroy azone mlsiules.
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WHEN THE WINNERS of the Mobel Prize for Chemistry

ceember 1995 to receive their awa
Gustaf, they were met by pickets. Wy
obelists, F,

research showed that compounds called chlorofluorocar-
bons, or CFCs—once widely used

Arthur Fisher asrefrigerants and as propellants in
spray cans—are responsible for the
progressive thinning of the ozone layer, which shields us
from the sun’s ultraviolet radiation. The work of Rowland
and Molina, along with that of other atmos
tsts, has led to a worldwide phaseout of C
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Persistent Destruction

CFC MOLECULES destroy azone melecules through a series of chemi-
cal reactions, leaving behind coygen molecules that are much less
effective at blocking the sun's ultraviolet radiation. Some CFC
molecules can persist in the stratosphere for more than a century.
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The Cancer Connection

THE UNITED NATIONS Environment
Program, the Mational Cancer Insti-
tute, and the Envirgnmental Protec-
tion Agency predict that a 1 percent
decrease in stratospheric orone could
produce a 3 percent increase in the
incidence of nonmelanoma skin can-
cers. That's because reductions in
ozone allew more ultraviolet radiation
to reach Earth's surface, where this
radiation can induce cancer-causing
genetic mutations in human skin cells.
Skin cancers have a long latency
period, 50 it could take 20 years or
mare for the effects of increased
radiation to appear. “0ne in five Ameri-
cans will get skin cancer in their life-
time,” predicts Dr. Rex A, Amonette,
president of the American Academy of
Dermatology. An estimated 900,000
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Americans will develop nonmelanoma
skin cancers this year, according to
the American Cancer Society, Non-
melanomas (mostly basal and squa-
mous cell carcinomas) are usually
curable when detected early enough.

Increased ultravielet radiation
can also cause melanomas, which are
far more lethal. Melanoma cases have
almost doubled over the past two
decades, with 40,300 new cases ex-
pected this year and 7,300 deaths. At
the present rate—a & percent annual
increase—the American lifetime risk
will reach one in 75 by the year 2000,

A study by the Netherlands Institute
of Public Health and the Environment
released in early 1997 calculated that
controls on ozone-destroying chemi-
cals will have prevented 1.5 million
cases of skin cancer in the United
States alone by 2100, —A.F

Y
Tho sisk of skin cancer ks greater in arens with kipsor UV values [sammaer indox
is shown). The thinnkng of the orons Eayer intensilies tho danger
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county at the prestigious University
of California, Irvine,

[n 1995, the U5, Congress saw an
effort to roll back the han on CFCs,
In 1996, there were efforts in the Cal-
ifornia and Arizona state |I,:'i.;_i‘.|i||1ll{'\
to do the same thing. And in 1997,
members of the Mevada legislature
unsuccessfully attempled to pass a
bill allowing CPC manufacturing in
that state.

Meanwhile, ozone destruction has
reached peak levels in recent years.
Thie infamous ozone haole observed
over Anfarctica during the Southern
Hemisphere's springtime has been
|:-|'|-:_'|'|i!|'|§.: carlier :II:!||| |.'|=.|i||;: ]|||'|:..:|:'1, ani
oeone measurements over the North-
ern Hemisphere dipped to an all-time
low last winter.

Mavbe il's ime for a little refresher
on just what we do know about the
czone laver and its meaning for life
on Earth. Ozone is a relatively rare
Mue-tinged gas. Each molecule of
this gas consists of three oxyvgen atoms.
(A molecule of the oxygen we breathe
has two atoms.)

Although some ozone exists near
ground level=it's an ingredient of
smog—maost appears in the strato-
hi:lhl.,'li_‘. r'-::l_l.u;lilg. 10 to 50 Eilometers
above Earth's surface, with the great-
est concentrabion around 20 to 30 kiko-
micters. Even there it is quite rareficd,
orly a Fesw parts per million, IF all the
oeone in the atmosphene column were
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% ABriefHistory of the Ozone Hole |

Follow CFC's path from seemingly inert refrigerant to mﬂfﬁnﬁml hazard.
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compressed to sea-level pressure, it
would have a thickness of a merne 3
millimeters.

Mevertheless, this gaseous wraith
plavs a profoundly important biologi-
cal voke., NWithout 1, We on Earth's

surface coubd not survive, Creone blocks
all wavelengths of the ultraviolet radi-
ation known as UNV-C, which is lethal;
most wavelengths of UNV-B, which is
harmful to most life forms; and a few
wavelengths of UV-A, which is rela-
tively harmless but can irrikate skin,

Each | percent decrease in ozonc
allows a 2 percent increase in the
amount of ultraviolet radiation reach-
ing Earth’s surface, with a correspond-
ing increase in the incidence of
human skin cancers, cataracts, and
immune system disorders.

Increases in ultraviolet radiation
penetrating to Earth's surface are also
responsible for damage to animal and
plant life, especially to ooeanic phyto-
plankton supporting the aquatic food
chains on which fish depend. People
worldwide consume 18 percent of
their food protein as fish; in Asia the
number is 40 percent. So ozone de-
pletion could have a profound effect
on an important food source,

Mo wonder then that worldwide
concern resulted when Faul Crutzen

(the third winner of the 1995 Nobel
Prize for Chemistry) demonstrated

in 1970 that the proposed supersonic
transport airplane, or 55T, could en-
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danger the ozone laver by spewing ni-
trogen oxides into the stratosphere.
Then in 1974, Richard Stolarski and

Ralph Cicerone warned that chlonine

in the exhaust of the proposed space

shattle could decompose orone. A few
months later, Bowkand and RMahna pat
forth their contention that CFCs would
eventually work their way into the
stratosphicre, break down in reaction
to powerful ultraviolet radiation, and
rebease chlorine atoms that would cat-
alvze the destruction of ozone mole-
cules, Rowland and Molina estimated
that if CFCs continued to be used at
the 1974 rate, the ozone layer would
be weakened by 7 to 13 percent by the
vear 2100, They said an immediate ban
on acrosol propellants, which accounted
for half the CFCs used in the United
States, was essential, even though no
physical evidence to substantiate their
hypothesis had been found.

But soon afterward, the presence
of CFCs and dissociated chlomne aboms
in the stratosphere was confirmed by
other researchers. By 1976, the evi-
dence was strong enough to persuade
the LS. government to ban the use
of CFC propellants as acrosol sprays
beginning in 1978, That alone, how-
ever, was not enough to reduce the
worldwide production of CFCs, which
averaged about a million tons a vear
from 1974 to 1990,

Initially, the chemical industry
fiercely attacked the Rowland-Molina

Reducing the Danger

INTERNATIONAL agreement will stem
levels of ozone-destroying compounds.

in the Stratosphers

hypothesis—and sometimes the sci-
entists themselves. According to The
Los Angeles Times, the president of
one aerosol-manufactuning company
complaingd that the acousations against
CFCs wene "orchestrated by the min.
istry of diginformation of the KGB.”
Bu Pont, the largest manufacturer of
ZFCs, eriticized the rescarch but de-
clared that if evidence showed that
CFCs were a threat to health, the
company would stop producing them.
The 19585 repaort of the discovery of
the Antarctic ozone hole—an annually
pecurring severe drop in oezone levels
gver the south polar region=—was a
shocker that helped dispel compla-
cency about CFCs. The discovery led
to a 1957 international agreement to

ments to the
Montreal

owver heavily Protocol
papulated mandate a
areas of the halt to the
Hosthern production af
Hemisphere., CFCs by 1996
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reduce CFC consumption, which was
followed five vears later by amendments
that mandated a halt to CFC produc-
tion in developed countries by 1996,
Without the sterner controls on
CFC production, ozone-damaging
chlorine and bromine levels would have
continued to rise steeply until 2100 and
bevond. That was the conclusion of
the World Meteorological Organiza-
tion"s 1994 Scientific Assessment of
Ozone Depletion, the most compre-
hensive and authoritative statement to
date on the ozone question, prepared
with input from NASA, the National
Oceanic and Atmospheric Administra-
tion, and the United Nations Environ-
ment Program. It is the product of 295
scientists from both developed and
developing countries. Therefore, it rep-
resents an overwhelming consensus of
the world’s scientists about the sever-
ity of the threat to the ozone layer.
Making exact forecasts of declin-
ing ozone levels is difficult, because
computer models must account for
the vanability of cloud cover. Cloud
calculations, however, have been
clarified with a new satellite-mapping
technique developed by Dan Lubin, a
research physicist at the California
Space Institute in La Jolla, California;
and Elsa Jensen of SeaSpace
Corp. in San Diego. The
new method combines
dlata from NASA's
Total Ozone Map-
ping Spectrometer,
which monitored
global trends in
ozzone from 1978
to 1993, with data
that measured solar
radiation from clowds
as part of the Earth Ra-
diation Budget Experiment
from 1985 to 1990, The comparizon
shows that change in ozone levels is
at least as great as variability due to
changing cloud cover. The conclu-
sion is that the negative effects of
ozone depletion should be observed
by the end of the century in many of
the world's temperate regions—large
parts of continental Europe, North
and South America, New Zealand,

Australia, and southern Africa.

The results, says Lubin, “should
give the naysavers pause. You can’t
deny what the best NASA data on
cloud cover and orone, combined
with what we know of physics,
show—that we're dealing with a
potential source of environmental
stress.” Why then do some continue
to insist that the ozone problem has
been exaggerated?

“T can’t think of a single explanation
of why there should be an ozone back-
lash now,” says atmospheric scientist
Ralph Cicerone, dean of physical sci-
ences at UC Irvine, and a key player
in unraveling the ozone conundrum.
“Amaong all the environmental issues
that have come up in the past 15 to
20 vears, this is the one where the sci-
ence is rock solid.”

Cicerone suspects that the ozone
backlash may be part of a general anti-
government hysteria: “Anything the
government is involved in can't be
trusted.” People don't realize, Cicerone
says, that government intervention
averted a catastrophe. Because CFCs,
halons, and other halocarbons are so
long-lived, ozone losses will continue
for many vears, even with a ban on the
production. Scientists predict that the
opone laver will not fully recover until
the middle of the next century.

“If the ozone-damaging chemicals
had not been banned,” says Cicerane,
“if the world had continued to produce
and use CFCs at the increasing rates
of the mid-"80s, we would have been
in a real pickle now in terms of bio-
logical damage.”

Another source of the backlash is
that people are now paying to substi-
tute other chemicals—which are far
more expensive—for CFCs. “People
are complaining about price-gouging
when they need to retrofit their car
air conditioners to accommaodate
other coolants,” Cicerone says.

The high cost of CFC substitutes,
S10 to 520 a pound, has also inspired
a flourishing black market in the
banned chemicals. It costs only 50
cents a pound to make CFCs. So
CFC factories have sprung up in Rus-
sia and China. (Russia, a developing
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country where CFC production is
now banned, has been out of compli-
ance with international agreements
since the beginning of last year.) Pa-
trods on the Mexican and Canadian
borders are now on the lookout for

cars carrving not just illicit drugs, but

canisters of Freon in their trunks.
In fact, according to the Washing-
ton-based organization Ozone Ac-

tion, it can be
more profitable
to smugele
CFCs into the
United States
than drugs. Be-
cause developing
countries like
Mexico are al-
!ll]'.\'l_'l_l. I COTE
tinue producing
CFCs for their
own use until
2010, factories in
these countries
can be legal
sounces of CFCs
that then enter
black market
channels, Ozone
Action has
dubbed one
smuggling
operation “the
case of the Frio
Banditos.”
Economic in-

terests are a criti-

5. Frod Singor [ bo-
low) dismisses the
anvironmantal risks
from chioreflugrocnr-
bons. or CFCs. But
the vast majority of
sclentists say CFCa
ariy harmful B0 tha
pzong layer Promi
ndmt in tho Robd
nra {leit to ight):

F. Shorwood Rowland,

Radph Cicerons, and
Marbo J. Maolina.

cal ingredient in the ozone backlash.
“There is a serious connection be-
tween groups that oppose limiting
carbon dioxide emissions and these
that dismiss the ozone hole as insignifs-
cant,” says Cioerone. “A lot of the cli-
mate-change backlash—denying that
human activity can materially in-
crease global warming—is being or-
chestrated by people who saw the

ozone layer problem, and the estab-
lishment of controls on CFCs, as a
dangerous precedent they don’t want
to see repeated. They don't want to
see carbon taxes that would reduce

the burning of fuels like coal and oil.”
Last February, more than 2,000 econ-

omists of various political stripes, in-
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cluding six MNobel
laureates, signed a
document calling for
carbon taxes asa
means to control the
emission of carbon dioxide, a pow-
erful greenhouse gas.

One scientist who has taken
part in both the orone and global-
warming backlashes is 5. Fred
Singer, director of the Science and
Environmental Policy Project in
Fairfax, Virginia. He 15 an emeri-
tus professor of environmental
sciences at the University of Vir-
ginia, and the inventor of a satellite-
bome ozone sensor, but has done no
original research on ozone depletion
since the 1970s. When the House
Subcommittee on Energy and Envi-
ronment held hearings in September
1995 on the need for eliminating
ozone-depleting chemicals, Singer
upheld the minority view that the
case against these chemicals was ex-
aggerated, and proposed rolling back
the ban on them to the vear 2000 in-
stead of 1996, He said that the sub-
committee members were being
“misled, bamboozled, and otherwise
manipulated by the testimony yvou
have just heard,” referring to state-
ments by Robert T, Watson and

Daniel L. Albritton,
co-chairpersons of the
World Meteorological
Organization’s Interna-
tional Assessment
panecl. Watson and Albritton were
paired against Singer and another
contrarian, astrophysicist Sallie Baliu-
nas, at the subcommittee heanngs.

Testifving at the hearings, Repub-
lican Congressman Tom Delay of
Texas, who had previously introduced
legislation to cancel the phaseout and
relevant provisions of the Clean Air
Act, said, “I believe that the science
underlying the ban on CFCs and the
connection between health and ozone
depletion is debatable.” Republican
Congressman John T, Doolittle of Cal-
ifornmia vowed to introduce legislation
to delay the ban until 2000, “so that
e Tl._":.{'qlr'-:_'h -:_'1|'||||:i IH_' |'|1_'|:'f¢'|2|'!|'|'||:_:-:| 10 ]
the link between ozone depletion and
CFCs.” Both said they based their
reservations on Singer's work.

When DeLay was asked why he
believed Singer rather than the hun-
dreds of scientists who collaborated
on the World Metcorological Organi-
wation's Scientific Assessment, he an-
swered that he had not seen it. "My
assessment is from reading people
like Fred Singer,” he said.

0& Which side of the CFC debate are you on? Post in the www.popsci.com forum 77
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Chloroflusracarbons
are much heavier than
air, so they can’t rise
to the stratosphere,

Volcanic eruptions,
not CFCs, are the most
irmportant source of
chlorine in the
stratosphere.

How could the “ozone
hole™ that appears over
Antarctica annually have
been discovered in 1956
and 1957—long before
CFCs were widely usedl'

Science Aﬂ swarst

Dzone Critics

and the scientific responses to them:

In a refrigerator or other enclosed space, CFCs do collect at the bottom. But the atmaos:

phere is dynamic; its gases are constantly mixed by the wind-driven mation of Large air

masses that distribute light and heavy molecules equally rapidly. Thousands of measure-
ments have proven that CFCs are present in the stratosphere.

Volcanoes emit hydrochloric acid, which is soluble in water. The acid dissolves in volcanic
steam, and rains out long before it gets to the stratosphere. CFCs are not water-soluble.
One of the worst backlash bloopers appears in Trashing the Planet, by the late Dixie Lee
Ray and Lou Guzzo. They confused a theory about the eruption of California’s Long Valley
Caldera 700,000 years ago with the 1976 eruption of Mourt 5t. Augustine in Alaska, which
led them to the outrageous statement that Augustine had belched 289 billion kilograms
of hydrochloric acid, “50 times more chlorine than an entire year's production of CF(s.”
Rush Limbaugh later applied the inaccurate figures to the eruption of Mount Pinatubo.

Researcher Gordon Dobson did indeed measure ozone over Antarctica in 1956, However, he
discoverad not the ozone hole, but a meteorological phenomenon now called the Antarctic
palar vartex, which prevents ozone-rich air from the temperate latitudes from sweeping
into the polar region until about mid-November. The ozone levels Dobson measured were
much higher than those measured when the ozone hole was actually discovered in the early
19805 by Joseph Farman and his colleagues of the British Antarctic Survey.

s

If the ozone shield is
being depleted, why

It is, With a 50 to 60 percent decrease in ozone measured at Antarctica’s Palmer Station in
late October 1993, UV-B rays were at a skin-damaging level, more intense than the UV-B

measired in San Diego, California, at any time during the whole year. The intensity of sun-
shine reaching San Diego is normally far higher than near the pole, because the ultraviolet

light received at any given point on Earth’s surface depends in part on the sun's pasition
abaove the horizon. Measurements taken in Toronto and at various sites in Europe also
show a correlation between falling ozone and rising ultraviolet radiation.—d.F,

I;::utla'_n'. :::'ri|1|_.:{=r muaintains that “the
concern over the ozone hole is over-
done. Certainly there is no health con-
cem that should be mised here. There's
no global threat it imposes. My view is
that CFCs probably should be con-
trolled. I don't like to see any uncon-
trolled human influences on the abmos-
phere that we're not sure about. But
CFCs are not the most important
chemical in the world, [ don't see any
urgency in controlling them, and I'm
much opposed to speeding up the
phaseout of production. Chlorine may
not be the |'|1|;:-'H.r ||1|:|:l|r|1.||'|| QEone de-
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u::rlmtmlt. There is much to be re-

solved,” Singer says,
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The fact remains that few scientists
agree with Singer. 5o how is it that a
tiny minority of scientists has managed
to keep alive the ozone debate? Says
Steven Schneider, a senior fellow at
the Institube for International Studies
at Stanford University and no stranger
to environmental controversies: “The
tactic of arranging what seems to b
an even-handed presentation, whether
in a courtroom oF in a l-minute-per-
sicle debate or before a Congressional
committes, can be very effective in
getting equal status for a very-low-

'|'|n|E:q.||1:|||I1. |_'th:|‘|r:ll} And it's nsed

.
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setup as a Ping-Pong match, U.5. Un-

derseeretary of State for Global Affairs

%In—d&pth: “points and Counterpoints” www.popsci.com

Tim Wirth has said. *But you have
2500 scientists—the world leaders—
on ondé side af the I'i1'|p,-]*-r.-ng table,
and seven scientists on the other side.”
In a 1993 address to the American
Association for the Advancement of
Science, Rowland spoke of the ozone
backlash and said he had “a great con-
cern over the role of science in a dem-
ocracy in which the general population
has not enough understanding of sci-
ence itself, does not entirely trust
‘science experts,” and is left with no
way to distinguish between the com-

T 1I.I1.|:l' el '.I.I.1.1ﬂ. -:-.E anparent cenerts on
-._-.1- |'|-| 'u|||||' 'H--\- Vi s .-r\llu; uh |l|-:u1-

level of knowledge of séience, ant
communication about science.” »
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