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Abstract 
 
Mapping ozone depletion over the Arctic and Antarctic to 
study the chemically perturbed regions has used airborne 
and satellite imaging systems onboard the specialized ER-
2 plane (at - 19 km) and the modified DC-8-72 aircraft (at 
- 10-12.5 km), the Nimbus-7 TOMS system, the UARS, as 
well as Dobson ground stations.  Measurements are 
designed to gauge not only the extent of ozone depletion 
over the Antarctic and Arctic, but other chemical changes 
in the stratosphere.   Their chemical findings have resulted 
in the Montreal Protocol and the Copenhagen revisions 
which will ban the production of CFCs by 1996. 
 

A Model For Ozone Destruction 
 
Ozone measurements have been underway since the 1920s 
using ground-based ultraviolet spectrometers known as 
Dobson instruments.  The British Antarctic Survey team 
stationed at Halley Bay (Antarctica 76oS) first noted 
ozone changes as early as the late 1970s.  Significant 
ozone loss in the Antarctic lower stratosphere during 
September and October (springtime) were first reported in 
1985 by J.C. Farman, et al.1  This was confirmed in 1986 
during the NOZE I expedition that noted evidence of high 
chlorine chemistry and low nitrogen compounds with 
ozone levels depleted in the 12 to 20 km region. 
 
Since 1987, ozone measurements have been globally 
monitored and an extensive network of ozone 
observations stations have been established.  The systems 
include a world-wide network of Dobson ground stations, 
observations from the solar backscattered ultraviolet 
(SBUV) instrument, the Stratospheric Aerosol 
Measurement (SAM) II and the Total Ozone Mapping 
Spectrometer (TOMS) aboard the Nimbus 7 satellite 
which has been mapping ozone levels since November 
1978.2   Ozonesonde stations have also been established 
with balloon-launched electrochemical sondes that 
measure ozone from the ground to 30km altitude.3 
 
The ER-2 and DC-8 planes were employed for the 1987 
Airborne Antarctic Ozone Experiment (AAOE) and the 
winter 1988-1989 Airborne Arctic Stratospheric 

Expedition (AASE I) using both in situ and remote 
sensing equipment on board.  During the winter of 1991-
1992 (October-March) similar equipment was used for the 
AASE II.  The DC-8 carries differential absorption lidar 
(DIAL) and the ER-2 flies in situ carrying a wide variety 
of samplers and spectrometers for aerosol and cloud 
particles studies, as well as to measure the chemistry of 
the stratosphere.4 One recent addition on the ER-2 
instrumentation was the ALIAS (aircraft laser infrared 
absorption spectrometer) to measure HCl.5 
 
The most notable ozone destruction occurs in the 
Antarctic in springtime and the destruction is greatest in 
the lower stratosphere at an altitude of 20 to 25km, 
extending to 12 km, also the dominant regions for Polar 
Stratospheric Clouds (PSCs). Losses initially were 
concentrated in a 1-to-2 kilometer-thick region of the 
stratosphere above an altitude of 16 kilometers, but as the 
depletion has increased ozone destruction extends to 
larger regions at lower altitudes.  In 1991 losses at 10 
kilometer altitudes were recorded.6  
 
Scientists at the National Oceanic and Atmospheric 
Administration (NOAA), the National Science 
Foundation, NASA, and other institutions after careful 
study now believe catalytic reactions of nitrogen, 
hydrogen, chlorine, and bromine oxides are the chemistry 
creating the destruction in the stratosphere. The long 
Antarctic polar winter night produces atmospheric 
temperatures as low as -90oC at 15 to 20km which 
produces PSC type II where HCl and ClONO2 that are 
usually present as nonreactive phase are photolyzed to 
radicals.  Ice particles seeded by nitric acid trihydrate are 
created:7 
 
HCl + ClONO2  HNO3 + Cl2 
 
H2O + ClONO2  HNO3 + HOCL 
 
where HNO3 (nitric acid) remains on PSCs and Cl2 as 
well as HOCl (hypochlorous acid) continues in the gas 
phase. In some cases, water vapor and nitrogen 
compounds are removed to lower altitudes and Cl remains 
in the vortex.  Chlorine as a reservoir species is 
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transformed on aerosols and cloud particles to form active 
chlorine (ClO) where the reaction of ClO + ClO yields 
Cl2O2 which photolyses to atomic chlorine and ClOO and 
ends with a catalytic destruction of ozone, where atomic 
chlorine (Cl) reacts with O3 to form ClO + O2.8 
 
The effect of sunlight appears to accelerate the reaction, 
focusing on ice crystals with attached heterogeneous 
(surface) chlorine molecules. The Cl2 rapidly separates to 
atomic chlorine in the presence of ultraviolet light.  When 
spring arrives the atomic chlorine is released, triggering 
ClOx chain reactions. 
 
The important factor in the ClOx chain is that after the 
chlorine reactant initiates the process of ozone destruction 
(or the destruction of any odd oxygen, i.e. O1 or O3), the 
Cl is not removed in a denitrified environment, but is able 
to once again repeat the process. Each chlorine atom 
could destroy approximately 100,000 molecules of 
ozone.9  If nitrogen radicals were in abundance, ClO 
would rapidly react to form chlorine nitrate, ClONO2, 
which like HCl is a reservoir molecule, nonreactive to 
ozone. Since little NOx exists, there is no stopping the 
reaction for 5-6 weeks, causing ozone depletion in early 
spring of up to 95% in the stratosphere and 60% in all 
latitudes surrounding the PSCs.10 
 
In the Arctic less ozone depletion occurs than at the 
Antarctic since the area of the Northern Hemisphere is not 
as cold due in part to the greater land mass, for PSCs type 
II to form causing  significantly less ozone destruction.  
Similar chemistry is present where levels of ClONO2 and 
HCl are high prior to the polar night.  When the 
atmosphere cools to -77oC  and PSCs type I, a significant 
depletion of both ClONO2 and HCl occurs and an 
increase of ClO (up to 1000 pptv from a previous < 150 
pptv at 20 km) takes place.  There is a clear reversal 
between the levels of ClO and HCl within the polar 
vortex, again HCl + ClONO2   Cl2 + HNO3.  Nitrogen is 
driven out of the winter vortex and N2O levels reached 65 
ppbv during mid-February recordings of the AASE II, a 
third of their usual level. By the end of February and 
March as the vortex breaks down, the ClO levels again 
decrease and ClONO2 increases where ClO + NO2   
ClONO2.  HCl levels require more time to recover.11 
 
During the AASE II expedition, scientists calculated 
Arctic ozone loss of 15-25% in January and February 
1992 which confirmed earlier models by Browell et al. To 
date, although ozone levels at mid- latitudes in the 
Northern Hemisphere are deceasing from 1-8% at certain 
times of the year. Only in approximately five of the last 30 
winters have January temperatures in the Northern polar 
region been cold enough for preliminary PSCs type I to 
form.12  The polar vortex is not as constricted and there is 
little sunlight due to the polar night.  However, by April 
1991 the wintertime ozone layer in the Arctic showed 

ozone depletion as high as 5.6% with some depletion as 
far south as Florida.13 
 

Origin of Ozone Depletion 
 
Scientists believe that the conditions of wind, light, and 
temperature over the Antarctic and the Arctic regions 
provide the proper environment for atomic Cl to cause 
ozone depletion. In 1974, Dr. F. Sherwood Rowland of 
the University of California, Irvine, and Mario Molina 
now at Jet Propulsion Laboratory, California put forth the 
theory that chlorofluorocarbons (CFCs) may add chlorine 
radicals to the stratosphere.14  Their concern was that 
compounds of CFCs are chemically inert and could 
remain in the atmosphere for 40-150 years eventually 
photolyzing to reactant Cl. CFCs are stable, 
nonflammable, nontoxic and noncorrosive. CFCs vaporize 
at low temperatures and therefore act as high efficient 
coolants for refrigerators and air conditioners.  As 
insulators they are used in rigid and flexible plastic-foams.  
Their nonreactive properties make them simple to use as 
solvents for microchips and telecommunications 
equipment.  Atmospheric lifetimes of some CFCs are as 
follows:  
 

Atmospheric Lifetimes for CFCs and Halons  
 
Gas       Years 
 
CFC-11 aerosol propellent    59 
    (trichlorofluoromethane - CCl3F)  
CFC-12 refrigerant122 
   (dichlorodiflurormethane - CCl2F2)  
CFC-113  98 
    (trichlorotrifluoroethane - CCl2FCClF2)   
CFC-114 200 
   (dichlorotetrafluoroethane - C2F4Cl2)  
CFC-115 400 
   (monochloropentafluoroethane - C2F5Cl2)  
Halon 1211 fire retardant     25 
   (bromochlorordifluoromethane - CF2ClBr)  
Halon 1301                      75 
   (bromotrifluoromethane - CF3Br)  
HCFC-22  (CHF2Cl)         15 
   (monochlorodifluoromethane - CHF2Cl) 
 
As CFCs are released at ground level, they are rapidly 
distributed in the troposphere until a vertical transport 
slowly carries the chemicals into the stratosphere.  
Normally chemicals are removed from the environment 
via photodissociation, rainout, and oxidation.  However, 
CFC-11 and most other CFCs are only removed by 
photodissociation in the mid-stratosphere by solar UV 
radiation whereby:15  
 
   CCl3F + h�(�<230nm)  Cl + CCl2F 
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CFCs diffuse when they reach altitudes of 25 to 40 km in 
the stratosphere (the greatest ozone region lying between 
15 to 35 km).  They yield atomic chlorine which later 
returns to the troposphere and is deposited as HCl. 
 
In 1989, during AASE I to analyze the chemical 
composition of the Arctic polar stratosphere, chlorine 
monoxide (ClO) levels were elevated to a factor of 50 in 
the Arctic stratosphere. Toon also reported that levels of 
ClO in the Arctic region were as high as 8 pptv which is 
capable of destroying about 1/2 - 1% of stratospheric 
ozone per day.16  The observation added up to a 
consistent picture with that of the Antarctic data in 
1987,17  wherein the chemically perturbed region (CPR) 
of the Antarctic, ClO levels were found to be more than 
100 times those expected from mid-latitude 
measurements.  Concentrations where found to be as high 
as 1.3 ppbv18 and had ny 1991 increased to 3 ppbv19 as 
opposed to the total 0.6-0.7 ppbv chlorine available in the 
atmosphere in 1965.  The CPR areas of the vortex were 
defined at the abrupt rise in concentration of ClO.  The 
high levels of chlorine monoxide (ClO), however, were 
not consistent throughout the year.  The levels were very 
low in late winter when there was little sun which has led 
to the theory that there is a correspondence between the 
increase in sunlight, the growth of chlorine monoxide, and 
the decrease in ozone. 
 
Although chlorine continues to show increased levels in 
the stratosphere, observations show that ozone is 
decreasing in the 12 to 25km region of the Antarctic 
stratosphere, as well as the Arctic at a faster rate than 
expected for only chlorine-related processes.20  Bromide 
(Br) may also play the same role as reactive chlorine when 
exposed to ozone, and recent studies are revealing that 
they account for up to 25% of ozone loss from chemicals 
in the stratosphere.21   It is also now believed that the 
existence of OClO could be the result of a reaction that 
started with ClO + BrO.22  Recently methane has also 
been taken as a serious target in both the north and south 
hemispheres.  Findings have shown the increase yearly of 
about 0.016 ppmv.23  The incremental greenhouse effect 
of methane is about 20 times that for CO2.  Flurocarbons 
(FCs) such as CF4 also undergo UV-driven photolysis.  
However, fluorine atoms have a high kinetic and 
thermodynamic affinity for hydrogen.  Thus, most 
stratospheric fluorine is bound in inactive forms like HF 
before returning to the troposphere.24 
 
There is some direct effect of loss of ozone due to 
meteorological influences where sunlight, wind and 
temperature appear to be the controlling factor. One event 
occurred over the Palmer Peninsula on September 5, 1986 
where over a period of 24 hours total ozone decreased by 
about 10% over an area of approximately 3 million square 
miles.25  Such a rapid decrease is difficult to explain 
chemically. There is also a growing correlation between 
ozone loss and the aerosol clouds from volcanic eruptions 

as measured by the SAGE-II satellite.  Where SO2 clouds 
such as those from Mount Pinatubo at 10o N in June 1991 
and Mount Hudson (Chile) at 46o S in August 1991 added 
to the aerosol chemistry at the 15 to 22km region.  After 
the eruptions total Antarctic ozone was 15-20% lower 
than observed in the previous five years.26 The depletion 
did not occur in the presence of extensive PSCs therefore 
it may be interpreted that 25% of the deficit may be 
caused by gas-phased chemistry in the Antarctic27 and 
Arctic.28 This could also mean that surfaces other than 
PSCs may be able to change the chemistry, whereby the 
global stratospheric aerosol layer enhanced by these 
eruptions, composed of H2SO4/H2O, could be a surface 
for ozone depleting chemistry. 
 
The conclusion is that chemical and meteorological data 
cannot be separated.  Since 1986, most data appears to 
correlate with the appearance and formation of PSCs 
between 15 to 24 km with calculations taken from 1 µm 
SAM II.29  However, ozone depletion does occur in 
regions where PSCs are episodic and ClO levels have 
been found elevated outside the chemically perturbed 
regions (CPR) polar regions of the vortex.30 
 

Ozone Depletion and Greenhouse Gases 
 
The "greenhouse effect" refers to an incremental increase 
in infrared absorption within the atmosphere because of 
the increase of various trace gases.  Carbon dioxide has 
largely been targeted as our greatest problem.  CO2 levels 
are currently 25% greater than in preindustrial times and 
are increasing exponentially.  Atmospherical 
concentrations have increased from 315 ppmv in 1957 to 
350 ppmv in 1988, which is approximately 1,500 ppbv 
yearly.  This increase does account for half or more of the 
greenhouse effect.  However, increases have also been 
noted due to CFCs with CFC 11 increasing yearly by 
0.011 ppbv and CFC 12 increasing 0.018 ppbv.  The 
important factor is that each molecule of CFC is 10,000 
times more efficient in absorbing infrared radiation than 
that of CO2.31 
 
 Relative Infrared   Global 
  forcing per        Warming 
  molecule Potential* 
CO2      1         1 
CFC-11   12,400    1,360 
CFC-12   15,800    3,700 
CFC-113  15,800    1,900 
 
*Calculated with Estimated Atmospheric Lifetimes and 
relative Infrared forcing per molecule where atmospheric 
lifetime for CO2 is 230 years. 
 
It is clear that CFCs do not have the same impact on 
global warming at CO2 gases.  CFCs may account for as 
much as 15-20% of the global warming. Other scientists 
have argued that any global warming due to CFCs may be 
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canceled by the cooling from ozone depletion they induce.  
Regardless of the final analysis, CFCs and ozone 
depletion are part of the greenhouse effect dilemma since 
stratospheric climate is controlled by the balance between 
heating through absorption of UV by ozone and the 
cooling through CO2 through the emission of IR 
radiation. 
 
 Increases in CO2 anticipated over the next 50 years are 
expected to produce a cooling in the lower stratosphere 
leading to the possible occurrence of PSCs including type 
II in the Northern Hemisphere.  John Austin et al. at 
England's Meteorological Office created computer models 
using the Cray-YMP to show possible ozone destruction 
in the Northern Hemisphere if the level of CO2 increased 
from the current 330 ppmv to a future 660 ppmv.  The 
doubling of CO2 could lead to an Arctic ozone hole 
comparable to that observed over Antarctica.32 
 
Since CO2 is increasing in the atmosphere, the 
stratosphere will become cooler; methane, an important 
source of water in the stratosphere will also increase the 
probability of PSCs and lead to higher levels of ozone 
depletion.33  Findings have shown the increase yearly of 
about 0.016 ppmv.34  The incremental greenhouse effect 
of methane is about 20 times that for CO2.  In addition, 
aerosol particles are known to function as antigreenhouse 
materials, reflecting incoming visible solar radiation and 
decreasing surface temperatures.  Sulfur aerosol gases in 
particular from volcanoes are known to cool the earth's 
surface.  Therefore, reducing chlorine levels may not be 
sufficient without a serious reduction in CO2 levels. 
 

Changing the Ozone Molecule 
 
Even if we immediately stop the production of all CFCs, 
we will still suffer for the next 50 years from the chemical 
effects in our atmosphere.  In both the North and South 
Hemispheres there is a clear decline of ozone even in mid-
latitude tracking stations.  The chlorine molecule clearly 
plays a major role in ozone depletion and many scientists 
and world leaders agree that restrictions must be enforced. 
Major uses of CFCs in the United States and the world 
can be placed into five major categories: 24% as solvents 
in cleaning of electronics and dry-cleaning (CFC 113 and 
Halon 1301); 26% for rigid and flexible urethane foams 
(CFC 11 and CFC 12), phenolic foams (CFC 113), 
polyolefin foams and nonurethane forms (CFC 12 and 
CFC 114); 25% for air conditioners and refrigeration 
devices (CFC 11, CFC 12, CFC 113, 114, 115); 10% for 
fire extinguishers (Halon 1301); 15% is divided between 
aerosols, fluid technologies,  and other uses.35 
 
Two companies have been monitoring the sales and 
production of CFCs in the United States, the Chemical 
Manufacturers Association (CMA) receives annual 
information from about 85% of all companies who 

globally use CFCs and the Grant Thornton Company.  
Their reports of three of the major CFCs are as follows: 
 

Annual Major CFC production summary 

(in metric ktons) 

 
Year      CFC 113 CFC 114CFC 115 
 
1980      103.7    15.0      9.3 
1981      108.5    14.0     10.0 
1982      113.0    13.6     10.4 
1983      132.7    14.8     11.6 
1984      171.1    15.6     11.2 
1985      187.0    17.1     10.0 
1986      196.6    19.1     11.8 
1987      225.8    17.1     12.8 
1988      247.4    16.5     11.4 
1989      251.3    15.0     11.9 
1990      174.8     8.3     11.3 
1991      147.6     6.7     12.3 
 
*Years: 1980-89 Reported CMA (1991) 36 
 Years: 1990-91 Grant Thornton (1992)37 
 
This summary only accounts for three major CFCs out of 
well over 15 chlorine combinations and our yearly 
emissions of CFCs is more on the order of one million 
tons per year, which translates into an ozone loss 105 
times larger.  Continued destruction of ozone has global 
ramifications which would start with the disruption of the 
food chain of marine bacteria. 
 
Raymond Smith and Barbara Prezelin of the University of 
California, Santa Barbara recorded observations in the 
Bellingshausen Sea and measured the photosynthetic rate 
of marine phytoplankton at various UV conditions.  
Phytoplankton are microscopic free-floating plants which 
are the basis of the oceanic food chain.  They manufacture 
organic materials that sustains most organisms in the 
marine ecosystem.  Phytoplankton utilize shorter 
wavelengths of solar radiation for photosynthesis.  Smith 
and Prezelin studies in 1991 showed that when compared 
to phytoplankton raised under ambient light, those 
exposed to the enhanced UV-B (280-320 nm) reduced 
their production by 6-12% during the Antarctic 
springtime.  And recorded that phytoplankton are 
currently being exposed to twice the amount of normal 
UV radiation in the Antarctic springtime under the 
influence of the ozone hole which can reach depths of 70 
meters under water.38 
 
It is already well established that in all life forms DNA 
can be damaged by UV, but organisms differ in the 
amount of damage they can received and their ability to 
repair the damage. The initial findings set forth by the 
EPA suggests that each 1% depletion of ozone leads to a 
2-3% increase in skin cancer among fair-skinned 
people.39  There is already a large data base indicating 
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that UV-B is stressful to biological life even at current 
levels. Suppression of the immune system due to UV-B 
may also be a factor in the development of skin cancers.40 
 
Atmospheric abundances of CFCs have also been reported 
by the World Meteorological Organization where 
abundances in the troposphere for CFC 113 in 1980 was 
22.3 in 1990 they were recorded to be 78.2 pptv.  CFC 
114 in 1980 were reported to be 10.1 pptv and in 1991 
they jumped to 14.7 pptv. CFC 115 in 1980 were 1.5 pptv 
and in  5.7 pptv.41 
 
If, as Toohey, et al. predicts that elevated levels of ClO 
are found in the lower stratosphere and at mid-latitudes, 
ozone could be destroyed on the order of .5% per ozone 
for 100 pptv. ClO in an area where ozone replenishing 
would occur less rapidly.42  Recent EPA and NASA 
estimates suggest that the ozone layer has been depleted 
by 4-5% over the United States since 1978 increasing 
chances of skin cancer as stated in a report released to the 
Associated Press (April 5, 1991). 
 
As early as 1987, the Montreal Protocol Conference 
called for the elimination of CFC production by the end of 
the century with limits of 50% of production by 1999.  
After additional expeditions were sent to the North Pole in 
1989, 81 nations met at Helsinki in May of 1989 and 
adopted a declaration calling for a complete phase-out of 
CFC's by the year 2000, and a ban on the use of halons 
beyond the Montreal Protocol.43 
 
In July 1992, the United States initiated its own Clean Air 
Act Amendment calling for a updated schedule to 
accelerate the phaseout of CFCs by January 1, 1996. The 
1990 Clean Air Act has already made venting HCFCs and 
CFCs illegal as of July 1, 1992. The EPA sent out 
warnings to encourage owners of HVAC and refrigeration 
equipment to begin preparing for the deadline to eliminate 
production of CFCs by 1996. 
 
After international meetings in London (1990) and 
Geneva (June, 1992) 80 countries have followed the 
United States with final amendments, revised in 
Copenhagen in November 1992, which will ban CFCs by 
January 1, 1996.  Levels of consumption of CFCs have 
already been mandated placing limits of production as of 
January 1994 at 25% of the levels recorded in 1986.  In 
addition, carbon tetrachloride will be prohibited by 1995, 
the use of methyl chloroform in dry cleaning by 1996 and 
the complete phaseout of halons by January 1, 1995.44  
The Copenhagen provisions also provide a phaseout 
schedule for HCFCs beginning January 1, 1996 
consumption will be limited in a progressive schedule 
until complete phaseout by 2030.  It is hoped that this will 
meet the goal of reducing chlorine content in the 
atmosphere below 2 ppbv by the year 2075 with the 
atmospheric lifetimes for HCFCs from 2 to 20 years. 
 

Less developed nations (approx. 16% of world 
production) have fewer restrictions and are not currently 
making steps to stop production.  These less developed 
nations such as China and India have yet to make 
commitments because of their own concerns about the 
cost of discarding equipment which uses CFCs. To 
overcome this dilemma, the Helsinki declaration called for 
provisions to assist developing countries through funding 
and transfer of technology. 
 
The current option chosen by most companies is to 
substitute CFCs for HFCs (hydrogluorocarbons) and 
HCFCs (hydrochloro-fluorocarbons) intended to replace 
major industrial applications. HCFCs do have some ozone 
depletion potential is considered  90% less harmful than 
CFCs.  Some substitutes are as follows: CFC 11 and CFC 
12 used in centrifugal chillers will be replaced with 
HCFC-123 and HFC- 134a respectively.  Ford Motor's 
Atlanta, Georgia was one of the first assembly plants 
which begun in 1992 building Taurus cars with air 
conditioners that used HFC-134a instead of CFCs.  
According to the Congressional Research Service report, 
there are approximately 130 million auto air conditioners 
currently in use in the U.S., housing 200 million pounds of 
CFCs (CFC 12) having a capital cost of $20 billion and a 
CFC leak rate of 15-25% which will require 30-50 million 
pounds to replenish CFC loss.45 
 
Electronics companies that cleaned PC-boards with CFC-
113 have turned to aqueous cleaning systems which use 
de-ionized water and non-chlorine solvents.  No-clean 
fluxes are also being used.  IBM Rochester's plant used 
902,800 pounds of CFCs in 1987, by 1989 it reduced its 
usage to 757,000 pounds and by 1991 it became CFC free 
implementing seven large aqueous cleaning systems in a 
three sift, 7-day week production schedule.46  Overall, in 
1992 U.S. PC-board manufacturers were using 50% less 
CFCs than they did in 1986. 
 
Refrigeration devices are mainly industrial but include 
mobile air conditioners and retail food and domestic 
refrigerators (CFC 12) with domestic refrigeration 
counting for only about 1%.  CFC-12 has been the most 
widely used chlorofluorocarbon primarily for refrigerant 
coolants.  Several alternatives now used are: HFC 32, 
HFC 125 and HFC 143.  However, mixtures are also 
possible such as a zeotrope mixture of HFC 32 and HFC 
134a called KLEA 32.  Chemists at Du Pont replaced 
their common coolant in refrigerators and air conditioners 
with a new compound called HCFC-124.47  The air 
conditioner and refrigerant industry faces one of the most 
difficult challenges because most equipment has a useful 
life of 15-30 years.  There are about 70,000 commercial 
chillers which contain about 80 million pounds of CFCs 
(usually CFC 11).  Their leakage rate is 15%-25% 
requiring 12 to 20 pounds of refrigerant make-up 
requirements annually.  The EPA recently asked Du Pont 
to agree to continue manufacturing CFCs beyond 1994 



 Times 10 Font 

 Page 6 / 7 

and until the federal ban December 31, 1995 in hopes of 
heading off a projected refrigerant shortage.  Du Pont had 
announced it would cease production at the end of 1994. 
The ARI (Air Conditioning and Refrigeration Institute) 
estimates that there will be 67,000 unconverted large 
tonnage chillers in use in 1996 requiring 5-8 million 
pounds of CFCs.  Another 11-12 million pounds of CFCs 
will be needed to service commercial refrigeration 
equipment in 1996.48 
 

Conclusions 
 
Concentrations of CFCs and halocarbons and such 
products as Halon 1301 and 1211 (fire retardants) both 
contribute to stratospheric ozone destruction. According 
to findings, each year has brought a worsening ozone 
picture, not only over the Southern which has areas of up 
to 95% depletion, but even in the Northern hemisphere 
and at mid-latitudes.  Each year scientists seem to confirm 
their worst fears.  Now in 1994 the Airborne Southern 
Hemisphere Experiment (ASHOE) has been underway.  
However, as monitoring continues over the next few 
decades we are also simultaneously cutting back on many 
of the chemical elements that are causing this depletion 
and scientists are optimistic that a recovery will come 
about by reducing future emissions of chlorine and 
Bromide species. 
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