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FOREWORD 

The National  Environmental  Policy  Act of 1969 provides  that all agencies 
of the Federal  Government  must  take  environmental  considerations  into 
account in their  planning  and  decisionmaking.  To  that  end,  it requires 
that an  Environmental  Impact  Statement (EIS) be prepared for all  llmajor 
Federal  actions  significantly  affecting the quality of the human  environ- 
ment. I' 

On  September 13,  -1976, the National  Academy of  Sciences issued a  report 
which:confirmed the risk  to the  stratosphere  of  continued  chlorofluoro- 
.carbon  release. The  Academy  concluded  that  "selective  regulation  of  CFM 
(chlorofluoromethane)  uses and releases is almost  certain  to  be  necessary 
at some  time and to  some  degree  of  completeness,  but  recommended  a  delay 
in the  decision to regulate of up to  two years to  reduce  the  scientific 
uncertainties. 

In evaluating the Academy  report  and in considering  the  proper  course of 
action,  the  Commissioner  of  Food and Drugs  recognized  that  there  are 

tainties  would  be  beneficial.  It  was his conclusion,  however,  that  the 
available  information  indicated an unreasonable  risk  of  long-term  bio- 
logical  and climatic  impacts  and  delay  to  improve  estimates  was  not 
warranted in view of  the  risks and the  negligible  benefit  from  non- 
essential  uses  that  primarily  serve  as  conveniences. 

. remaining  uncertainties and that  further  studies  to  reduce  the  uncer- 

Accordingly, on October 12, 1976, the  Comnissioner  sent  a  letter  to  the 
Council  on  Environmental  Quality  (CEQ)  with copies to the  Environmental 
Protection  Agency  (EPA), the  Consumer  Product  Safety  Commission (CPSC), 
the other  regulatory  agencies, in which  he  stated  his  intention  to ini- 
tiate  a  phaseout  of  the  use of chlorofluorocarbons in products  subject to 
the Federal  Food,  Drug,  and  Cosmetic  Act.  The  Commissioner  suggested 
that CEQ coordinate  Federal  regulatory  activity  and  that  CEQ  designate 
EPA  as  lead  agency  to  supervise the  preparation of the  environmental 
impact  statement.  As a  result,  CEQ  held  meetings  with  the  regulatory 
agencies.  All  agencies  agreed  to cooperate in developing  the  statement 
with  EPA  taking  the  lead in coordinating  the  preparation  of  the  necessary 
material.  Based  on the  information, EPA  has prepared  a  problem  statement 
to support its  proposed  rule, but EPA  has  not prepared  a  separate  envi- 
ronmental  impact  statement. FDA used  the same  information  base, and with 
some  revisions,  sumnarization, and supplementation,  prepared  this  draft 
FDA environmental  impact  statement.  The  preparation  of  this  impact 
statement,  therefore,  reflects  the  joint  effort by the  three  regulatory 
agencies in dealing  with a problem  where  there  are  interrelated and 
overlapping  responsibilities. 

The impact  statement  considers  the  environmental  impact  of  fluorocarbons 
from  the  perspective  that  continued  release  is a global  problem. Specif- 
ically,  the  document (1) examines  the U.S. contribution to  the  problem, 



(2) evaluates  the  relative  risks  of  the  different  types of fluorocarbons, 
(3) considers  regulatory  options  for  reducing  and  mitigating  environ- 
mental impacts. 

For  purposes of review, the impact  statement is divided into three parts. 
The  first  part  (sections 1 and 2) provide  history and other  background 
information.  The  second part (section 3) examines  the  environmental  and 
health  effects  resulting  from  fluorocarbon  release.  The  third  part 
(sections 4, 5, and 6) considers  the  regulatory  alternatives,  describes  a 
preferred  alternative, and summarizes  the environmental  effects of the 
preferred  alternative.  The  reviewer  that i s  not inclined  to read the 
detailed and somewhat  technical  information  presented in section 3 may 
proceed  directly  to  section 4, which  summarizes  the  effects of the no 
action  alternative and presents  regulatory  options  for  reducing  the 
magnitude  of  the problem. To  facilitate  the  review,  we  have  referenced 
in section 4 the appropriate  parts  of  section 3 to  which the  reader  may 
refer  for  additional  information and clarification. 

R 

% 
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SUMMARY SHEET 

I. Draft ( )t Final ( X )  

11. Administrative ( X )  Legislative ( ) 

111. Responsible  Federal  Agency:  Food  and  Drug  Administration; 
information  regarding  the  action or final  environmental  impact  statement 
may be  obtained  from Dr.  David Klauder, 5600 Fishers Lane,  Rockville, 
Mary1  and 20857, (301 ) 443-4500. 

IV. Description  of  Action 

The Comnissioner o f  Food  and Drugs  has  concluded  that  the  continued  use 
of  chlorofluorocarbon  propellants in self-pressurized  containers in 
products  subject to the  Federal  Food,  Drug,  and  Cosmetic  Act  (FFD&C) 
poses an unreasonable  risk  of  long-term  biological  and  climatic  impacts. 

. Accordingly,  the  Food and  Drug  Administration  is  finalizing  a  prohibition 
of  the  nonessential  use of  chlorofluorocarbons as propellants in self- 
pressurized  (aerosolized)  containers in products  subject to the FFD&C 
Act. The  products  to  which  the  regulation  applies  are  human  food, food 
additives,  human  drugs,  including  biological  products,  animal  food, 
animal  drugs, cosmetics, and medical  devices. 

V.  Environmental  Impact  of  Action 

A. Beneficial  Impacts  (Impact 2 provides  the  major  basis  for  issuing 
the rule.  The  remaining  potential  impacts  listed  have  been  taken  into 
account in assessing  regulatory  action.) 

1. Reduce  currently  predicted  steady  state  ozone  depletion 
levels and resultant  increase in DUV  (damaging  ultraviolet  radiation) 
reaching  the  Earth; 

2. reduce  the peak  number of new cases of  nonmelanoma and proba- 
bly melanoma  skin  cancer  that  would  be  expected to occur at currently 
predicted  ozone  depletion  levels; 

3. reduce potential  for  other  health  effects  of  increased expo- 
sure  to DUV radiation, e.g., premature  skin  aging,  increased  incidence of 
sunburn,  eye  damage; 

4.  reduce potential  for  adverse  nonhuman  bio.logica1  impacts  and 
possible  climatic  changes; 

5. reduce the  hazard  of  intentional  inhalation  to the  extent 
that  chlorofluorocarbon  propellants  will be replaced by non-propellant 
packaging or by less  toxic,  non-hallucinogenic  propellants; 

i i i  



6 .  possibly  reduce  other  aerosol  product-related  injur.ies-- 
explosion,  cuts, etc.--to the  extent  that  aerosol  products  using chloro- 
fluorocarbon  propellants are  replaced  by  non-propellant  packaging; 

7. reduce  energy  consumption and solid  waste  volume  to  the 
extent  that  chlorofluorocarbon-containing  self-pressurized  products  are 
replaced  by  non-propel  lant  packaging. 

B. Adverse  Environmental  Impacts 

There  are  no  anticipated  adverse  environmental  impacts  that 
cannot  be  avoided  when  the  action i s  implemented. 

VI. Regulatory  Alternatives  to  the  Action 

A. No Action 

B. Ban  aerosol  propellant  uses of chlorofluorocarbons-11 and -12. 

C.  Ban  aerosol  propellant  uses of all fluorocarbons, e.g., chloro- 
fluorocarbons,  hydrofluorocarbons,  fluorocarbons  containing  other  halo- 
gens, etc. 

D. Ban  all  uses  of chlorofluorocarbons, e.g.,  aerosol propellants, 
solvents,  refrigerants,  blowing  agents,  etc. 

E. Require label  warning  on  aerosol  products  containing chloro- 
fluorocarbon  propellants. 

VII. Comnents on  the Draft  Environmental  Impact  Statement  were  solicited 
from all interested  persons,  including  the  following Federal,  State, and 
local agencies,  organizations, and individuals. 

A. Consumer  and  Environmental  Groups 

National  Consumers  League 
Conference of Consumer  Organizations 
Consumer  Federation  of  America 
National  Consumers  Congress 
American  Council  on  Consumer  Interests 
Consumer  Union  of  the U.S.,  Inc. 
Consumer  Action  for  Pure  Food  and  Drugs 
Health  Research  Group 
League  of  Women  Voters 
League  of  Conservation  Voters 
Center  for  the  Study  on  Responsive  Law 
Environmental  Defense  Fund,  Inc. 
Friends  of  the  Earth 
Environmental  Action  Foundation 
National  Resources  Council of America 

iv 



Sierra  Club 
Environmental  Action, Inc. 
Scientists  Institute  for  Public  Information 
Environmental  Law  Institute 
Center  for  Science in  the  Public  Interest 
Izaak  Walton  League of America 
National  Audubon  Society 
Resources  for  the  Future 
National  Wildlife  Federation 
Conservation  Foundation 
Natural  Resources  Defense  Council 
Environmental  Action  Coalition 
Concern, Inc. 
Wi 1 derness  Society 
Environmental  Lobby, Inc. 

*Action 

6. Industry  Groups  and  Associations 

A1 1 ied  Chemical  Corp. 
*E. I. DuPont  de  Nemours  and  Company 
Kaiser  Aluminum  and  Chemical  Corp. 
*Pennwalt  Corp. 
Racon Inc. 
Union  Carb i de 
Chemical  Specialties  Manufacturers  Association 
Cosmetic,  Toiletry,  and  Fragrance  Association 
Manufacturing  Chemists  Association 
Arthur D. Little,  Incorporated 
Midwest  Research  Institute 

C. Professional  and  Research  Organizations 

National  Solid  Waste  Management  Association 
American  Chemical  Society 
*National  Academy o f  Sciences 
National  Science  Foundation 
Smithsonian  Institution 
Amer i can  Geophys i cal  Union 

D. Federal  Agencies 

*Central Intelligence  Agency 
Consumer  Product  Safety Comission 
Department  of  Agriculture 
Department o f  Comnerce 
Department o f  Defense 

*Department o f  Energy  (ERDA) 
*Department  of  Housing  and  Urban  Development 
*Department of the  Interior 
*Department o f  Labor 

V 



*Department o f  State 
Department o f  Transportation 
Department  of  Treasury 
Environmental  Protection  Agency 

*Federal  Communications  Commission 
Federal  Energy  Administration 
*National  Aeronautics  and  Space  Administration 
*Nuclear  Regulatory  Commission 

E. State  Agencies 

*South  Carolina  Department o f  Health  and  Environmental  Control 
State  Agriculture  Officials 
State  Cosmetic  Program  Directors 
State Food Program  Officials 
State  Healt?  Officials 

*State  of  New  Mexico  Health  and  Social  Services  Dept. 

F. Individuals 

Honorable  Dale  Bumpers 
Chairman, Ad  Hoc Subcommittee on 
the  Upper  Atmosphere 
Committee on  Aeronautical  and 
Space  Sciences 

United  States  Senate 

Honorable Edward M. Kennedy 
Chairman,  Subcomnittee on  Health 

committee on  Human  Resources 
United  States  Senate  (Attn:  David  Blumenthal) 

and  Scientific  Research 

Honorable  James L. Whitten 
Chairman,  Subcommittee  on  Agriculture 

Committee on Appropriations 
House o f  Representatives  (Attn:  Chip  Harden) 

and  Related  Agencies 

Honorable  Robert Dole 
Ranking  Minority 
Committee on Agriculture 

United  States  Senate 
and Forestry 

Honorable John E. Moss 
Chairman,  Subcommittee  on  Oversight 

Committee  on  Interstate and 

House o f  Representatives 

and Investigations 

Foreign  Comnerce 

vi 



Honorable  Thomas H. Eagleton 
Chairman,  Subcommitee  on  Agriculture 

Committee on Appropriations 
United  States  Senate 

and  Related  Agencies 

Honorable  Richard S .  Schweiker 
Subcornittee on  Health  and 
Scientific  Research 
Committee on Human Resources 
United  States  Senate 

Honorable Tim Lee  Carter 
Subcommittee  on  Health  and 

Committee on Interstate and 

House o f  Representatives 

the Environment 

Foreign  Comnerce 

Honorable Paul G. Rogers 
Chairman,  Subcommittee  on  Health 

Committee on Interstate  and 

House  of  Representatives 

and  Environment 

Foreign  Commerce 

Honorable L. H. Fountain 
Chairman,  Subcommittee on Intergovernmental 

Committee  on  Government  Operations 
House o f  Representatives 

Re1  at i ons and  Human Resources 

Honorable  John W. Wydler 
Subcornittee on  Intergovernmental 

Committee on  Government  Operations 
House  of  Representatives 

Relations  and  Human  Resources 

Honorable  George  Brown, Jr. 
Chairman,  Subcommittee on the  Environment 

Committee  on  Science and Technology 
House o f  Representatives  (Attn: Dr.  Radford  Byerly) 

and  the  Atmosphere 

F p 

Mr. Joseph  Scotto 
National  Cancer  Institute 
Landau Building 
7910 Woodmont  Avenue,  Room  B-506 
Bethesda,  Maryland 20014 

vi i 



.*Mr. V. Ramanathan 
National  Center  for  Atmospheric  Research 
Boulder,  Colorado 80302 

Dr .  Ralph  Cicerone 
Space Research Bui ld ing,  Room 2233 
Department o f  Atmospheric and 

Un ive rs i t y  o f  Michigan 
Ann Arbor,  Michigan 48109 

Ocean i c  Science 

*Professor F. S .  Rowland 
Department of  Chemistry 
U n i v e r s i t y   o f   C a l i f o r n i a ,   I r v i n e  
I r v i n e ,   C a l i f o r n i a  92664 

*Commented  on the  draft  environmental  impact  statement. Comments appear 
i n  Appendix C. 
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SECTION 1. BACKGROUND  INFORMATION 

In June 1974, Molina and  Rowland prpynted the  results  of  studies which 
indicated  that  chlorofluoromethanes-  could  harm the  ozone  layer (1). 
These  workers  postulated  that  these  chemicals, which are  very  stable  in 
the  lower  atmosphere,  diffuse  very  slowly  upward  into  the  stratosphere 
where  they  undergo  photochemical  decomposition  liberating free chlorine 
radicals.  The  chlorine  radicals  could  then  act  to  reduce  ozone by means 
of  catalytic  chain  reactions. 

The  ozone  shield is of  great  importance in protecting  life  on  earth  from 
shortwave  ultraviolet  rays  of  the sun. A reduction  of  this  shield  would 
result in an  increase in the amount o f  damaging,  biologically  active, 
ultraviolet  light  reaching  the  earth. The consequences of  increased 
ultraviolet  radiation  might  include an increase in human  skin  cancer  and 
other  deleterious  effects  on  man,  other  animals,  and  plants.  These 
effects  might  occur  at  the  cellular,  organism,  and  ecosystem  level. 

Human  activities  which  could  affect  stratospheric  ozone  became a major 
topic of  environmental  concern in the  early 1 9 7 0 ' s  with  the finding  that 
nitrogen  oxides  emitted  from  high-flying  aircraft,  particularly  the 
Supersonic  Transport (SST),  also catalytically  destroy ozone.  The Cli- 
mat ic Impact  Assessment  Program  (CIAP)  of  the  Department  of  Transportation 
was formed in 1971 to  study  this  problem  and  their  report  of  December 
19?4 (Z), together  with a similar  study  conducted by the  Climatic  Impact 
Ccrmmi'ttee  of  the  National  Academy of  Sciences ( 3 ) ,  provide a  substantial 
bs!ckground  for' the  more  recent  investigations  into  the  stratospheric 
ozone  effects  of  the  chlorofluorocarbons. 

On November  24, 1974, the  Consumer  Product  Safety  Commission  (CPSC) 
received a petition  from  the  Natural  Resources  Defense  Counci 1 (NRDC) 
requesting  a  ban  on all  aerosol products  containing  certain  fluorocarbon 
compounds. 

In December  1974,  the  FDA  contacted  the  Council  on  Environmental  Quality 
and requested  that  they  designate  a  lead  agency  to  coordinate  the 

1' Chlorofluoromethanes (CFMS) refer to chlorof  luorocarbons-11 and -12. 
In this  statement  the  term  "chlorofluorocarbons"  means  fully  halo- 
genated  chlorofluoroalkanes.  These  compounds  contain  only  chlorine, 
fluorine and carbon, and  no carbon-carbon  double bonds. The  term 
"fluorocarbons" in this  document  will  be  used  to  describe the broad 
general  class  of  compounds  containing  at  least fluorine and  carbon. 
The  different  types  of  fluorocarbons  appear  to  vary in the risk  they 
pose  of  depleting  stratospheric  ozone.  Therefore,  reference  to 
specific  compounds will  be by the  more  descriptive  chemical  terms, 
such as chlorofluorocarbons,  rather  than  the  general  term 
"f 1 uorocarbon. 'I 

-- 
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preyaration  of an  environmental  impact statement  should  regulatory  action 
to  restrict  the use of  chlorofluorocarbons be necessary. A lead agency 
was not  established  at  that  time;  however, to assure  a  unified  response 
by the Federal  Government t o  this  hazard, in January 1975, the Council on 
Environme,ttal Quality and the  Federal  Council  on  Science  and  Technology 
formed an  Interagency  Task  Force  on the  Inadvertent  Modification  of  the 
Stratosphere (IMOS). 

The  initial  report  of  the  Task  Force,  issued  in  June 1975 (4), concluded 
that  "fluorocarbon  releases  to  the  environment  are  a  legitimate  cause 
for concern.  Moreover,  unless  new  scientific  evidence  is  found  to remove 
the  cause  for  concern, it  would  seem  necessary  to  restrict  uses of 
(ch1oro)fluorocarbons-11 and -12 to replacement o f  fluids in existing 
refrigeration and air-conditioning  equipment and  to  closed  recycled 
systems or other  uses  not  involving  release  to the atmosphere." 

The  IMOS  report also  referred  to a National  Academy  of  Sciences'  study 
of  man-made  impacts  on  the  stratosphere,  initiated in March 1975, and 
concluded  that if the  National  Academy of  Sciences  confirms  the  current 
Task  Force  assessment,  "it is recomended that  the  Federal  regulatory 
agencies  initiate  rulemaking  procedures for implementing  regulations  to 
restrict  fluorocarbon uses.  Such restrictions could  reasonably  be 
effective by January 1978 - a date  that,  given  the  concern  expressed 
now,  should  allow  time  for  consideration  of  further  research  results 
and for  the  affected  industries  and  consumers  to  initiate  adjustments." 

Following  issuance  of  the  Task  Force  report,  the  Food  and  Drug  Adminis- 
tration  published  a  notice in the  FEDERAL  REGISTER  of July 16, 1975, (40 
FR 29914) which  called for information on foods, drugs, and cosmetics 
containing  chlorofluorocarbon-11,  chlorofluorocarbon-12, and other 
fluorocarbon  propellants.  The  purposes  of  this  request  for  information 
were to: (1) determine  more  precisely  the  extent  of  use  of  fluorocarbon 
propellants in products  subject to FDA  regulatory  authority, (2) to 
obtain  the  documentation  required by the  National  Environmental  Policy 
Act  of  1969  for  any  subsequent  action  the  Agency  may  take, ( 3 )  to  inform 
industry and the  public  that  such  action  is  under serious  consideration. 

Also in July 1975, the  Natural  Resources  Defense  Council  petitioned  the 
Commissioner  of  FDA  to  restrict  the  use o f  chlorofluorocarbons in self- 
pressurized  (aerosolized)  containers ( 5 ) .  The  Commissioner  denied  the 
petition at that  time,  stating  that it did "not  provide  a  basis for 
taking  immediate  action  prior  to  completion  of the  Academy's  current 
study" (6). 

In August 1975, the  CPSC  published in the FEDERAL  REGISTER  a  Notice  of 
Denial  of the November 24, 1974, NRDC  petition  stating  that it could  not 
make a finding o f  unreasonable risk  of  injury since,  "The  information 
presently  available is  insufficient for  the  Commission  to  determine  the 
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correctness  of  the  hypothesis  of  ozone  depletion by fluorocarbons in the 
stratosphere,  the  basic  phenomenon  from which any  risk of death,  personal 
injury,  or  serious  or  frequent  illness  to  humans  could  follow.11 

On September 13, 1976,  the  NAS  released  two  reports,  one  prepared by the 
Commi  ttee on Impacts  of  Stratospheric  Change (7), and the  second by the 
Committee's Panel  on  Atmospheric  Chemistry (8). T5y Panel  report  con- 
sidered  the  effects  of  chlorofluoromethanes (CFMs)- on stratospheric 
ozone. The  Committee  report  contained an assessment  of  the  environmental 
effects  of  chlorofluorocarbon  release. The NAS Committee  found: 

(1) Releases of  chlorofluorocarbons  result in stratospheric 
ozone  reduction,  thereby  increasing  the  amount  of  bio- 
logically  active  ultraviolet  radiation (uv) reaching 
the  earth's  surface. 

(2) The  effect of  increased uv radiation  could  result 
in malignant  melanoma, a serious  form  of  skin 
cancer  as  well  as the less serious  but  more 
prevalent  nonmelanoma s k i n  cancer.  It  could 
also  have  effects  on  plants and animals  of 
unknown  magnitude. 

( 3 )  Accumulation of  chlorofluorocarbons in the 
atmosphere  may  retard  heat  loss  from  the  earth 
and affect  the  earth's  temperature and climate. 

The NAS Committee  concluded that "Selective  regulation of CFM  uses and 
releases is  almost certain to  be  necessary at some  time and  to some 
degree  of  completeness," but added  that  the  costs  of a two-year  delay in 
making a decision  are  small and will result in not  more  than a fraction 
of a percent  change in ozone  depletion.  The  Committee  also  concluded 
that  "Measurement  programs now underway  promise  to  reduce  the  uncer- 
tainties  quite  considerably in the  near  future." 

Regarding  the  need  to  take  regulatory  action,  the  NAS  Committee recom- 
mended  that (1) the  decision  to  regulate  be  delayed  for a year or two, 
pending  the  results  of  ongoing  measurement  programs  which  promise  to 
reduce the  inadequacies in the  bases  of  present  calculations, (2) 
following this delay,  selective  regulations  for  the  uses and release 
of  CFMs  should  be  undertaken on the  basis  of ozone  reduction, provided 
that  ultimate  ozone  reductions o f  more  than a few  percentage  points 

1' Chlorofluoromethanes  (CFMs) in the NAS report  refer  only  to  chloro- 
fluorocarbons-11 and -12. These  terms  are used interchangeably i n  
this  impact  statement. 
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remain a major  possibility, ( 3 )  legislation  be  enacted  to  require 
"labeling  of all products  containing  CFMs and  not  intended  to remain 
under  seal  during  use.  (Aerosol  cans  and  refill containers for  air- 
conditioners and refrigerators  would  then  require  labels;  automobiles  and 
refrigerators  themselves  would not.)",  and (4) "as  soon  as  appropriate 
legislative  authority is in place  as  well  as  every  three  to five years 
thereafter,  our  current  knowledge  of  the  importance and the  certainty and 
uncertainty  of  the  direct  climate  effect  be  reviewed, so that  appropriate 
decisions  can  be  taken  about  the  regulation  of  CFM  uses and release  on 
the basis  of  this  effect." 

The  IMOS Task  Force  reviewed  the  NAS  reports  and  commended  the  Academy 
for its  "thorough  scientific  review  of  this  complex  study" (9). However, 
the  Task Force did not  suggest  any  delay in the initiation  of regulatory 
action.  Instead,  the  Task Force  recommended  that  "Federal  regulatory 
agencies  now  commence  proposed  rulemaking  procedures, so that  any  neces- 
sary  future  restrictions  are  developed on the basis  of  thorough and 
thoughtful  consideration."  The  Task Force viewed  this course of  action 
as "not  inconsistent"  with  the  conclusion of the  NAS  Committee. 

In evaluating  the  Academy  report and in considering  the  proper  course  of 
action,  the  regulatory  agencies  recognized  that  there  are  remaining 
uncertainties  about  the  magnitude  of  ozone  depletion  resulting  from  CFM 
release and that  further  studies  to  reduce  these  uncertainties  would  be 
beneficial.  It  was  the  agencies' finding,  however,  that  the  available 
information  indicated  an  unreasonable  risk  of  long-term  biological  and 
climatic  impacts and delay  to  improve  the  estimates  was  not  warranted in 
view of  the  risks  and  the  negligible  benefit  from  nonessential  uses that 
primarily  serve as  conveniences.  Accordingly,  on  October  12, 1976, 
Russell  Train,  EPA  Administrator,  announced  that  the  United  States  was 
initiating its regulatory  process  to  phase  out  the  nonessential  uses o f  
chlorofluorocarbons. 

On  the  same day, FDA in a letter  to  Dr.  Russell Peterson,  Chairman  of 
CEQ, indicated  its  intent  to  initiate the  regulatory  process  leading  to 
a phaseout  of  nonessential  uses o f  chlorofluorocarbon  propellants in 
food, drug, and cosmetic  products.  This  FDA  decision  was  announced  to 
the public in a press  release  of  October  15, 1976. 

On October 18, 1976, EPA strongly  urged  producers,  formulators, and 
registrants of pesticides to  voluntarily  utilize  propellants  other  than 
chlorofluorocarbons-11 and -12 in registered  pesticide  products. In 
addition to  this warning, EPA  gave  notice  that: 

(1)  labeling  would  be  required  after  April 15,  1977,  for 
all pesticide  products  containing  chlorofluorocarbons 
as  aerosol propellants; and 
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(2 )  during the  registration  Drocess, EPA would  presume 
that  the use of chloP~flUo~OCa~bms should be discon- 
tinued  unless  they  could be Shawn t o  be essential  to 
the  safety and efficacy Of the prQdUSrt, 

I n  response  to two additqenej I)etitions  from  NRDC  and others,  Cpsc  pre- 
1 iminari ly found on  November 22, 1976, that  aerosol cgnsumep products 
which  use  certain chloroPluorsw%W! PP@pelliintS pF@Sant an unreasonable 
risk  of  injury  to  consumers from the d @ S ~ F U ~ t i O f l  €If ozone in the strato- 
sphere and that ne feasible COnSUmer  product  Safety  standard  would 
adequately  protect  the @&liC. The Co~ission dirf:t:; i t s  s t a f f  to 
prepare  a  draft  FEDERAL REGiSTER notiC@  under section 8 of  the Consumer 
Product  Safety  Act  proposing t o  declare such  aerosol  consumer  products  to 
be  banned  hazardous  products. In reaching  this  decision,  however,  the 
Cornmission  recognized the reguktzry plans of the Environmental 
Protection  Agency  under eke f g x l c  Substances Control  Act  to  phase  out 
the  nonessential  uses  of  chlorsf  luorocarbons  as  propel 1 ants in aerosols 
and  stated  that it would terminate  its  proceeding  to  the  extent  action 
by EPA  rendered  Commission a c t i o n  unnecessary. 

On  November 26, 1976, a notice  was  published in the  FEDERAL  REGISTER (10) 
indicating  the  intent  of FDA t o  phase out  within  a  reasonable  time  period 
a l l  nonessential  uses of at least the  chlorofluorocarbons in products 
regulated by FDA. This  included  chlorofluorocarbon  uses in foods, human 
drugs, animal  drugs,  biological  products,  cosmetics,  and  medical  devices.' 

Also in the  notice,  the FDA asked  for  specific  information  to  guide the 
Agency i n  this  phaseout  and  to  provide a data  base  on  which  to  determine 
whether or  not  other  compounds  besides  the  chlorofluorocarbons  (CFCs) 
should  be  regulated. 

Specifically,  information  was  requested  on: 

0 Uses  and  amount  of all specific  halocarbons in 
FDA-regulated  products  for 1975; 

0 Essential  uses  of  chlorofluorocarbons for which 
there  are  no  substitutes,  and  essential  uses 
of  other  halocarbons  for  which  there  are no 
substitutes; 

0 Projected  uses and amounts o f  substitutes  for 
chlorofluorocarbons  including  information  on 
economic  impacts,  time  necessary  to make  sub- 
stitutions,  energy  requirements  and  consumption, 
and environmental  impacts; 

0 Additional  information  on  environmental  effects 
of any  halocarbons in FDA products. 
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Pending  elimination o f  nonessential  uses o f  chlorofluorocarbons, -)A has 
proposed  (11)  that a warning  label  statement  be  required  on  the  container 
of nonessential  aerosolized foods,  OTC human drugs, animal drugs,  non- 
restricted  medical  devices, and  cosmetics  that contain  Chlorofluoro- 
carbons. 

The label  will state - Warning:  Contains a  chlorofluorocarbon  that 
may  harm  the  public  health  and 
environment by  reducing ozone in 
the  upper  atmosphere. 

On  January 6, 1977,  the  CPSC  also  stated an intention  to  issue a  regula- 
tion  under  section 27(e) of the  Consumer  Product  Safety  Act  requ’ring 
manufacturers of such products  to  (1)  notify  the  Commission o f  the con- 
sumer  products  containing  these  propellants,  (2)  notify  consumers  at  the 
point o f  purchase,  by  labeling,  of  the  chlorofluorocarbon  propellant 
contained in the  product, and ( 3 )  include a warning  statement  on  chloro- 
fluorocarbon-containing aerosol  consumer  products  identical  to  the  one 
proposed  by  the FDA. 

I 

In addition  to  the  proposed  Federal  reglllatory  actions, at least 29 
states  have  given  consideration  to  some  form  of  fluorocarbon  legislation, 
i.e. ban,  warning  label  requirements,  proposals  requesting  Federal  action. 
However,  Oregon  and  Minnesota  are  the  only  states  with  laws  which  ban  the 
sale of  aerosols  propelled by chlorofluorocarbons. 

Until  recently,  Canada  was  the  only  country  besides the United  States  to 
indicate  its  intent  to  restrict  the  use  of  chJorofluorocarbons. In a 
press  release  of  December  15,  1976, it  was  announced  that regulations 
would  he  developed  requiring  the  elimination  of  all  nonessential  use  of 
chlorofluorocarbons-11 and -12 in aerosol  products  during  1978.  Canadian 
industry  has  agreed to reduce by one-half  the  use  of  these  fluorocarbons 
by the end of 1977.  In  January  1978,  Sweden  enacted  legislation to  ban 
chlorofluorocarbons  for  use as  aerosol propellants,  effective  June 30, 
1979.  Norway  has  indicated  that  they  may  take a  similar action. The 
Netherlands  has  proposed a labeling  requirement  for  chlorofluorocarbon- 
propelled  aerosol  products. 

c 
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SECTION 2. NATURE OF FLUOROCARBON USE AND RELEASE 

2.1. History of Fluorocarbons 

Fluorocarbons  were  invented in the  early 1930's by  workers  at  the  General 
Motors  Research  Laboratory.  It  was  found  that  these  compounds  could  be 
readily  liquefied  and,  hence,  they  became a prime  replacement  material 
for the  previously  used  refrigerants,  which  had  serious  drawbacks, e.g., 
ethylene  was flamable, sulfur  dioxide  was  toxic  and  corrosive,  and 
ammonia  possessed  all  three of these  drawbacks.  Additionally,  fluoro- 
carbons  had the  characteristics  of nonflamability, low  toxicity,  and  low 
chemical  reactivity. 

The aerosol  industry  arose  after  World  War I 1  when  researchers  at  the 
U.S. Department of Agriculture  found  that  the  dispersal  of  insecticides 
by  pressurized  refrigerants  greatly  increased  the  effectiveness  of  the 
chemical  through  the  formation  of  a fine aerosol  dispersion in  air. 
Following  the  development of low  pressure  valves in the 1950's,  a  mixture 
of  chlorofluorocarbons-11  and -12 became  the  standard  propellant for 
aerosol  products. 

Listed in table 1 are  the  major  one  and  two  carbon  saturated  fluoro- 
carbons. 

2.2. Physical  and  Chemical  Properties 

In  general,  the  fluorocarbons  are  clear,  highly  volatile  liquids  which 
are  nonflamnable,  have a high  vapor  pressure,  low  Soiling  point, high 
density,  and  low  surface  tension.  In  addition,  most  fluorocarbons  are 
nonpolar  liquids  and  are  therefore  poor  solvents in highly  polar  sub- 
stances  such  as  water.  Also,  these  compounds  have low rates  of  hydrDl- 
ysis, usually  too  low t o  determine  when  water  alone  is  used. 

The  degree o f  fluorine  substitution  affects  the  physical  properties. 
Generally, as  the  number of  fluorine  atoms  replacing  chlorine  atoms  in 
the  molecule  increases,  the  vapor  pressure  goes  up,  while  the  boiling 
point,  density  and  the  solubility  decrease.  Bromine  atoms  tend  to 
increase  the  density  and  lower  the  vapor  pressure. 

The majw commercial  applications  of  the  fluorocarbons,  as  refrigerants 
and  aerosol  propellants,  are  based  on  their  chemical  stability  rather 
than  their  reactivity.  This  stability is  due  largely  to  the  strength of 
the C-F  bond  and  the  increase in the  C-C1  bond  energy  associated  with 
increased  fluorine  substitution.  Although  they  are  often  referred  to as 
"inert,"  the  fluorocarbons,  like  other  halogenated  organic  compounds,  may 
react  violently  with  highly  reactive  materials  and  should  not be exposed 
to  alkali  or  alkaline  earth  metals  (sodium,  potassium,  barium, etc.). 

The  physical  characteristics  of  some of the  more  common  fluorocarbons 
are  presented  in  tables 2 and 3. 
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Table 1. Fluorocarbon  Numbers  and  Molecular  Formulae 
of the Major One and Two  Carbon  Saturated  Fluorocarbons 

Fluorocarbon Number*  Chemical  Name Mo 1 ecu 1 ar  .-.ormu1 a 

F-11 Trichlorofluoromethane CC1  3F 

F-12 Dichlorodifluoromethane CC 1 2F2 

F-13 Chlorotrif  luoromethane  CClF3 

F-14 Tetraf  luoromethane 
CF4 

F-21 

F-22 

F-23 

F-113 

F-114 

F-115 

Dichlorofluoromethane  CHC 1 2F 

Chlorodif  luoromethane  CHC1F2 

Trifluoromethane  CHF3 

Trichlorotrifluoroethane CC12F-CC1F2 

Oichlorotetrafluoroethane CC1F2-CC1F2 

Chloropentafluoroethane CC 1 FZ-CF3 

F-142b  Chlorodifluoroethane  CC1F2-CH3 

F-152a Difluoroethane  CHF2CH3 

F-13B1  Bromotrifluoromethane  CBrF3 

(Halothane) Bromochlorotrifluoroethane CBrCl  H-CF3 

*The  numbering  system for  fluorocarbons i s  one used by U.S. industry and 
indicates  the  number  of  each  type o f  atom in the compound.  This  numer- 
ical system  consists  of a four-digit  number,  ABCD,  where D is the  number 
o f  fluorine atoms in the  molecule,  C is the  number  of  hydrogen  atoms in 
the  molecule  plus 1, B is  the  number  of carbon  atoms  minus  1, and A 
equals  the number o f  double  bonds in the  molecule.  Whenever A or A and B 
are zero,  the digits  are  omitted  from  the  number  as in F-11 (CC13F). 
When  bromine is  substituted  for  chlorine, a B plus the number  of  bromine 
atoms  follows  the  number  of  fluorine  atoms (e.g.,  CClF  is 13 whereas 
CBrF is 1361).  The fluorocarbon  numbers  are  often  prsceded by the 
lett2r "Fti or, in the  refrigeration  industry, " R . "  
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Tab  1  e 2. Physica 11 Proper t ies  o f  Selected  Fluorocarbons: Methane Ser ies  
( A f t e r  Shepherd, 1961) 

Proper ty  F-11 F-12 F-21 ' F-22  F-30 

Chemical fo rmula  ........... CC13F 

Molecular  weight . .. . .... ... 137.4 

B o i l i n g   p o i n t ,  OF .......... 74.8 

Freez ing  po int ,  OF.. . . . . . . . . -168 

Vapor  pt;essure, p s i g  
A t  70 b . . . . . . . . . . . . . . . . . . '13.4 
A t  130 F . . . . . . . . . . . . . . . . . 24.3 

L iqu id   dens i ty ,  g/cm3 
A t  70  b . . . . . . . . . . . . . . . . . . 1.485 
A t  130 F . . . . . . . . . . . . . . . . . 1.403 

Vapor d e n s i t y   a t   b o i l i n g  
point ,   g /1  ................ 5.86 

Heat o f   v a p o r i z a t i o n   a t  
b o i l i n g   p o i n t ,   B t u / l b  ..... 78.31 

L iqu id   X i scos i t y ,   cen t i po i se  
A t  70 . ................ 0.439 
A t  130 F . . . . . . . . . . . . . . . . . 0.336 

L iqu ido thermal   conduct iv i t y  
a t  7OOF, ( B t u ) ( f t ) / ( f t 2 )  
( h r ) (   F )  .. .. . . . . . . . . . . . . . . 0.063 

Sur face  tens ion  a t  77OF, 
dynes/cm .................. 19 

S o l u b i l i t y   o f   w a t e r  a t  7OoF, 
w t %  . . . . . . . . . . . . . . . . . . . . . . . 0.009 

Flammable l i m i t s ,  
v o l  % i n   a i r  ............... None 

Tox ic i t y :   Underwr i t e rs '  
Laborator ies,  I n c .   r a t i n g  
system .................... 5A 

CC 1 2F2 

120.9 

-21.6 

-252 

70.2 
181 .O 

1.325 
1.191 

6.26 

71.94 

0.262 
0.227 

0.051 

9 

0.008 

None 

6 

CHC 1 2F 

102.9 

48.1 

-211 

8.4 
50.5 

1.323 
1.193 

4.57 

104.2 

0.351 
0.286 

0.072 

19 

0.13 

None 

4 ( 5 )  

CHC 1 F2 

86.5 

-41.4 

-256 

122.5 
300 

1.209 
1.064 

4.83 

100.7 

0.238 
0.211 

0.063 

9 

0.12 

None 

5A 

CH2C 1 

84.9 

105.2 

-142 

'7.1 
9.0 

1.325 -- 

3.30 

141.7 

'0,441 -- 

'0.059 

'28 

30. 17 

None 

4-5 

' In pounds per  square  inch  absolute 
'A t  68OF 
3 A t  77OF 
4Much less  than 4, s l i g h t l y  more than 5 

Source: IMOS Task Force  Report ( 4 ) .  
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Table 3. Physical  Properties  of  Selected  Fluorocarbons:  Ethane  Series 
(After  Shepherd, 1961) 

Property  F-114 F-114a F-142b  F-152a F-160 

Chemical  formula . CC1F2CC1F2 CC12FCF3 CH3CC1F2 CH3CHF2 CH3CH2C1 
c 

Molecular  weight ... 170.9  170.9  100.5  66.1  64.5 

Boiling point, OF... 38.4 37.8 15.1 -11.2 12.2 L 

Freezing  point, OF . -137 ca. -76 -204 -179 -139 

Vapor  pGessure, psig 
At 70 E .......... 12.9 13.4 29.1 61.7 5.0 
At 130 F ......... 58.8 60.6 97.2 176 41.3 

Liquid density, 
g/cm 
At ?OOE .......... 1.468 1.478 1.119 

1.371 1.028 
0.911 
0.813 

0.920 -- At  130°F ......... 1.360 

Heat o f  vaporization 
at boiling point, 
Btu/lb ............ 59 .O 58.2 96.0 141 

Liquid viscosity, 
centipgise 
At 70 6 .......... 0.386 
At 130 F ......... 0.296 

0.463 0.330 
0.347 0.250 

0.243 
0.186 

Solubidity o f  water 
at 70 F, wt % .... 0.008 0.006 0.054 0.17 

Flammability limit,  Nonf 1 am- 
vol % in air ...... mab 1 e 

Nonflam- 9.0 to 
mab 1 e 14.8 

5.1 to 
19.1 

3.7 to 
12.0 

Toxicity:  Underwriters' 
Laboratories, Inc. 
rating  system ..... 6 '6 '5A '6 4 

'Probable 

Source: IMOS Task Force  Report (4). 
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2.3. Methods  of  Manufacture . .  

The most  comnonly  used  method  for  the  manufacture of fluorocarbons is the 
replacement  of the chlorine  atoms  on  carbon  tetrachloride by fluorine 
using  anhydrous  hydrogen  fluoride  with  partially  fluorinated  antimony 
pentachloride  as a catalyst. The degree.  of  fluorination  can  be  varied  by 
changing  the  temperature,  pressure and fluorine  concentration.  Methods 
of  continuous  operation wi.th automatic  controls  have  been  developed  and 
the  reaction  can  be  conducted in either  liquid  or  vapor  phases. A more 
recent  process  developed  by  DuPont  in  the U.S. and  Montecatini  Edison in 
Italy  uses  the  direct  reaction  of  methane  with  a  mixture  of  chlorine  and 
hydrogen  fluoride. 

2.4. Uses 

The  major  uses  of  fluorocarbon  compounds  are  as  aerosol  propel1  ants, 
refrigerants, and  foaming  agents.  Certain  of  the  fluorocarbons  have 
major  uses  as  solvents,  as  fire-extinguishing  agents,  or  as  intermediates 
in the  production  of  fluorocarbon  resins  and  plastics. 

The largest  comnerci a1 use  of  fluorocarbons is  as  propel 1 ants in aerosol 
products.  Use  as  refrigerants is the next  largest  application  of fluoro- 
carbons  and  is  the  use  for  which  the fluorocarbons  were  originally  com- 
mercialized in the 1930's. The  fluorocarbons  are  used  for  both  refriger- 
ation  (localized  low  temperature  cooling)  and  air-conditioning  (cooling 
of  rather  large  volumes  of  environmental  air). 

Foaming or blowing  agents  are  used in the  plastics  industry  to  produce a 
finished  product in a  foamed  or  expanded  form. The  fluorocarbons  were 
first used in the  production  of  polyurethane  foams,  where  they  impart 
improved  thermal  insulation  properties  because  of  the  fluorocarbon 
trapped in the  cells  of  the  finished  product  (closed-cell  foams). 
Fluorocarbons  are  also  used  to  form  open-cell  foams, in which  case  they 
are  released  to  the  air.  Blowing-agent  uses  of  the  fluorocarbons  are 
divided  approximately  equally  between  closed  and  open-cell  applications. 

Other  uses  of  fluorocarbons  include  cleaning  agents,  intermediates in 
the  production  of  fluorocarbon  resins,  dielectric  fluids,  heat-transfer 
fluids, power  fluids,  cutting  fluids,  pressurized  leak-testing  gases, 
gases in wind  tunnels  and  bubble  chambers,  and  food  freezing  agents. 

2.5. Fluorocarbon  Production  Estimates 

The two  major  fluorocarbons, in terms  of  quantities  produced,  are 
chlorofluorocarbons-11 and -12, which in 1973 accounted  for  about 86 
percent  of all fluorocarbons  produced  worldwide  (table 4 ) .  The  worldwide 
production  histories  for  these  two  compounds  are  shown  graphically in 
figures 1 and 2. 
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Table 4. World  Fluorocarbon  Production  and  Production  Capacity-1973 

Estimated 
Reg i on Capacity 

thous  and mi 1 1 ions  of 
metric  tons pounds 

United  States 

2,710  1,222 Total 

177 80 Other 

220 100 Japan 

1,110 500 Europe 

1,203 542 

F 1 uorocarbon  type 

F-11 and F-12 

38 1 172 Other 

2,331 1,050 

Estimated 
production 

I 
metric  tons  ounds 

1,055 

445 98 7 

90 199 

70 155 

1,080 2,396 

---I--- 
- 

1 

930 1 2,064- 1/ 

150 333 

Percent 
of total * 

L 

44 

41 

8 

7 

100 

86 

14 

Sources:  Chemical  Marketing  Reporter,  European  Chemical News, Japan Chemical 
Week,  private  comnunication  with  industry, and Arthur D. Little, 
Inc., estimates. 

l/Worldwide F-11 and F-12  emissions 700 metric  tons (1550 million  pounds) 
A. D. Little  Report  Table 1-1. 

Modified  from A. D. Little  Report  Table 11-4 ( 1 2 ) .  
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The d?.ta in figures  1 and 2 were  computed for the  Manuf actur'ing Chemists 
Association  (MCA)  by  Alexander  Grant 81 Company  (Certified  Public 
Accountants)  from  data  submitted by producing  companies  representing  over 
95 percenl  of  total  world  production.  The  data  include  production  esti- 
mates of these  compounds  for the Eastern  Bloc  countries,  which  'were 
obtained  from  estimates  given by three  producers  responding  to  the 
survey.  This is the  least  certain  component  of  the  data;  however,  the: 
Eastern  Bloc  estimate  represents  only  about  4.5  percent  of  the  totals 
(341 and 461 million  pounds  for  chlorofluorocarbons-11 and  -12,  respec- 
tively). The United  States  production  data  in  the  figures  are  from ttie 
U.S. International  Trade  Commission (ITC). 

Prior  to  the  1950's,  virtually  all of the  world  production  of  chloro- : 

fluorocarbons-11 and -12  occurred in the United  States.  Since  the  early 
to  mid-1960's  the  production  of  these  compounds  has  been  growing  at  a 
significantly  faster  rate  among  non-United  States  producers  (figures 1 
and 2). Through  1975,  the  United  States  production  has  accounted  for 
about 50 percent  of  worldwide  chlorofluorocarbon-11  production  and  about 
60 percent o f  worldwide  chlorofluorocarbon-12  production.  For  more . 
recent  years,  the  United  States  has  accounted  for  about  35  percent  of ic, 

worldwide  chlorofluorocarbon-11  production and about 50 percent  of  wor.ld- 
wide  chlorofluorocarbon-12  production.  It  should  be  noted  that  worldwide 
production o f  chlorofluorocarbon-11 and chlorofluorocarbon-12  declined by 
about  15  percent  in  1975  relative to  1974 and  that  this  decline  occurred 
primarily in the  United  States  (about 20 percent). 

World  production  histories  for  fluorocarbons  other  than  chlorofluoro- 
carbons-11 and  -12  are  not  avai 1 able;  however,  the  United  States  produc- 
tion  data  from  1960-1974  for  chlorofluorocarbons-11,  -12,  -113,  -114, and 
hydrochlorofluorocarbon-22  are  presented in table 5. 

2.6. Fluorocarbon  Use  and  Release 

In 1973,  worldwide  fluorocarbon  emissions  were  estimated  to  be  about 
1,730 mililion  pounds.  Propellant emissions  accounted  for  about 1,076 
million murids, refrigerants  about 460 million  pounds  and  other  uses 
(solvents,  foaming  agents, etc.)  about 200  million  pounds.  These  data 
are  presented in tables 6 and 7. The  United  States  emissions  were 
approximately  half  the  worldwide  total and Europe.contributed an addi- 
tional  third  to  the  total. 

Aerosol  propellants,  solvents,  and  blowing  agents  for  open-cell  pla.stic 
foams  are  considered t o  be  rapid  emitters, i.e. there is a  short  time 
delay  (usually  taken  as 6 months)  between  production  and  release  of  the 
material t o  the  atmosphere.  Refrigerants  and  blowing  agents for  closed- 
cell  foams  involve  considerably  longer  time  delays  between  production  and 
release.  It  should  be  noted,  however,  that  none  of  these  uses  of  the 
chlorofluorocarbons  results in decomposition  and  that  eventually  almost 
all of  that  which  is  produced  reaches  the  atmosphere. 
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Table 5. United  States  Fluorocarbon  Production  Data 
(mi 1 1  ions o f  pounds) 

Year 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

1970 

1971 

1972 

1973' 

1974' 
1974 
Percent 
of tota 

F-11  

72 

9 1  

125 

140 

149 

171 

170 

182 

204 

239 

245 

258 

300 

334 

347 

32 

40 

45 

49 

54 

59 

64 

70 

78 

86 

94 

100 

112 

123 

136 

7 - t  165 
174 

208 

217 

228 

27 1. 

286 

310 

326 

368 

375 

390 

439 

48 9 

F-113 

sm. 
sm. 
sm. 
sm. 
12 

14 

16 

21 

25 

30 

36 

43 

50 

59 

64 

6 

F-'114 

10 

Sm . 
11 

12 

13 

22 

19 

23 

20 

21 

22 

23 

25 

26 

27 

Othersa 

sm. 
Sm . 
sm. 
Sm . 
sm. 
sm. 
sm. 
Sm . 
Sm . 
Sm . 
Sm . 
Sm . 
sm. 
12 

2 1 1  
1 

1 
1 

Total 

> 287 

> 310 
b 

> 393 

> 423 

> 461 

> 542 

> 561 

> 614 

> 661 

> 752 

> 778 

> 826 

> 937 

1056 

1102 A -  > 9700 

aIncludes F-13,  F-14,  F-21,  F-115, F-116 and others. 
bSm. = less than 10 mi 1 1  ion  pounds. 
'One industry  source  believes  production o f  F-11 and F-12 is overstated. 

Sources: U.S. International  Trade  Commission and Arthur D. Little, Inc. 
estimates, based on industry  contacts. 

Source o f  Table:  Arthur D. Little  Report  Table 11-1 (12). 



-17- 

Table 6. World hissions of Fluorocarbon  Aerosol  Propellants-1973 
(units  as  indicated  below) 

Region r i  Estimated  emissions 
Percent 
of total 

(thousand (millions 
metric  tons) of pounds) 

I I I 

United States 

Europe 

232 

170 

51 1 
I 

~ 

375 

48 

34 

Other 18 86 190 I 
Tot a1 

Source:  Arthur D. Little,  Inc.,  estimates. 

100 1076 488 
- 

Table  Source:  Arthur D. Little  Report  Table 111-6 (12). 

Table 7.  World  Emissions  of Fluorocarbon  Refrigerants-1973 
(units  as  indicated  below) 

Estimated  emissions 
Region I Percent 

I o f  total 
(thousand (millions 

metric  tons) of  pounds) , I 
United  States 

14 66 30 Other 

39 179 81 Europe 

47 212 96 

Total 207 457 I 100 

I 

1 
Source:  Arthur D! Little,  Inc.  estimate\. 

Table  Source:  Arthur D. Little  Report  Table 111-7 (12). 
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end use). for 

0 The release of chlorofluorocarbons-11  and  -12 
t o  the  atmosphere was about 83 percent  and 
80 percent o f  that  year's  production  values, 
respectively. 

Chlorof  luorocarbons-11 arid -12 accounted  for 
over 80 percent o f  total  fluorocarbon  emissions. 

Hydrochlorof 1 uorocarbon-22  accounted  for 
7 percent  of  total  fluorocarbon emiqrjigns. 

Chlorofluorocarbons-~~3 and -114 and other  nonspecific 
fluorocarbons  accounted  for about 11  percent  of  total 
fluorocarbon  emissions. 

Aercm? propellants  accounted for 62 percent of  total 
U.S. fluorocarbon  emissions. 

Refrigerants  comprised  about 26 percent  of  total u.S. 
fluorocarbon  emissions;  solvents  about 6 percent  and 
blowing  agents  about 5 percent. 

Arthur D. Little, Inc, has  estimated  the  1973 U.S. aerosol  propellant 
emissions  of  fluorocarbons  by  product  type  (table 9) .  This  table 
presents  the  contribution of these  various  products  to  the U.S. aerosol 
propellant  source  of  chlorofluorocarbons-11, -12, and  -114.  The  data  in 
the  table  show  the  following: 

0 Chlorofluorocarbons-11  and  -12  comprise  about 
95 percent o f  f fuorocarbon  aerosol  propellant 
emissions;  the  remaining  percentage  is  contributed 
by chlorof  luorocarbon-114. 

0 Hair  care,  antiperspirant  and  deodorant  products 
contribute 75 percent  of  total  fluorocarbon  aerosol 
propellant  emissions. 

0 Other  personal  products  (medicinals,  pharmaceuticals, 
colognes,  shaving  lathers)  contribute  an  'additional 
8 percent of total  fluorocarbon  aerosol  propellant 
emissions. 

0 6 percent  of  fluorocarbon  aerosol  propellant 
emissions is from  household  products, i.e. room 
deodorants,  cleaners,  laundry  products,  waxes. 
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Table 9. Estimated U.S. Fluorocarbon  Emissions as Aerosol Propellanta 
By Product Type-1973 

Fluorocarbon  propellant  emission  estimates 
(millions o f  pounds) 

ai. 
,15e artd f i l l i n g  emissions for products  produced in 5973;  emission lag a;!e:-agels 
6 months for most  products. 

.so!iyces-: Chemical Specialties  Manufacturers Associatien and Arther E, ?!t+.le, 
Inc. estimates  based  on  industry  contacts. 
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0 Other  products  such  as  pesticides,  coatings, 
food  and  pan  sprays  contribute 10 percent  of 
total  fluorocarbon  aerosol  propellant  emissions. 

In sumnary,  the  major  points  regarding  fluorocarbon  emissions  outlined 
above  are  presented as follows: 

a. Worldwide  fluorocarbon  emissions  for  1973  were 
estimated  to  be  about 1730 million  pounds. 

b. Worldw.ide  chlorofluorocarbon-11  and -12  emissions 
for 1973  were  estimated t o  be  about 1550 million 
pounds  or 89 percent  of  total  worldwide  fluorocarbon 
emissions. (A .  D. Little  Report,  table  1-1) 

c. U.S. fluorocarbon  emissions  (824  million  pounds) 
in 1973  were  estimated  to  be  about 47 percent  of 
wor 1 dwi de  re  lease. 

d. U.S. chlorofluorocarbon-11  and  -12  emissions in 1973 
were  estimated  to  be 673 mi 11 ion  pounds (43 percent 
of  worldwide  chlorofluorocarbon-11  and -12 emissions). 

e. 62 percent  (511 mi 11 ion  pounds)  of U. S. fluorocarbon 
emissions in 1973  was  aerosol  propellants. 

f .  In 1973, U.S. fluorocarbon  aerosol  propellants 
accounted  for  about 30 percent  of  worldwide 
fluorocarbon  emissions.  (95  percent  of U.S. 
aerosol  propellant  emissions is chloro- 
f luorocarbons-11  and  -12. ) 

g. U.S. chlorofluorocarbon-11  and  -12  aerosol  propellant 
use is about 486 mi 1 lion  pounds (31  percent  of 
worldwide  chlorofluorocarbon-11 and -12  emissions). 

h. In 1973, U.S. fluorocarbon  aerosol  propellant  use 
in personal  products  contributed  about  25  percent 
of  worldwide  fluorocarbon  emissions. 

i. In 1973, U.S. fluorocarbon  aerosol  propellant use 
in household  products  contributed  less  than 2  percent 
of  worldwide  fluorocarbon  emissions. 

j. In 1973, U.S.  f Iuorocarbon  aerosol  propellant  use 
in all other  products  comprised  about 3  percent  of 
worldw.ide  fluorocarbon  emissions. 
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k .  In 1973, U.S. refrigerant  uses  contributed  about 
12 percent  of  worldwide  fluorocarbon  emissions; 
solvent  uses  about 3 percent;  blowing  agents 
about 2 percent. 

2.7. Chlorofluorocarbons  Produced for Aerosol  Propellant 
Uses in 1977 

The manufacturers  of  chlorofluorocarbons  have  recently  reported  a 40 1. 

percent  drop in their  sales  of  these  compounds for propellant  uses  over 
the  past  three  years. Therefore, 1977  emissions of chlorofluorocarbons 
resulting  from  their  use  as  propellants in aerosol  containers  were  closer 
to 300 million  pounds  as  compared to the  511  million  pounds  reported for 
1973 in Table 8. This  reduction in the  use  of  chlorofluorocarbon- 
propelled  products  is  likely  the  result  of  (a)  public  concern for the 
potential  adverse  health  and  environmental  effects  resulting  from  chloro- 
fluorocarbon  releases  and ( b )  an  intensive  industry-initiated  advertising 
program  duri t q  1977 t o  promote a1 ternate  del  ivery  syslemrj. 

For  the  purposes of  this  document,  the  estimates  of  potential  effects 
have  been  based  upon  the  assumption  that chlorofluorocarbm release  rates 
will  remain  constant  at 1973 levels.  Therefore,  the  fact  that  the  use of 
chlorof!uorocarbon  propellants  has  declined b:q 40 percent  since i973  must 
be  kept in mind  when  evaluating  subsequent  efforts  to  quantSfy t h e  -i::lpacts 
o f  these  cornpoands on stratospheric  ozone  (subsection 3.1) and on human 
health  (subsection 3.3). 

2.8. Production  and  Release  of  Other  Ch?orofluorocar.bons 

The  production  historl’es  and  ccmnercial  distribution o f  the  other com- 
pletely  halogenated  chlorofluorocarbons (F-13, F-111, F-112,  F-112a, 
F--!13a, F-l14d, and F - 1 1 5 )  are  not  known  to  the same  degree  of  detail  as 
those  of chlorofluoroca~Sons-11, -12,  -113,  and  -114. A discussion  of 
the  former  chlorof7uorocarhons  along  with  additional  information 
regarding c~,?oroPluoroc3rbons-l13 and -114 i s  presented  below. 

Chl~roiluorocarbon-!3  production,  which  has  been  estimated  to b e  less 
than 0.5 mi;lion  pounds/year  worldwide for  1973-1975, is  used as d 
refrigerct in low-temperature  specialty  applications  ~lsfng  reciprocal 
compressot (: and in the  low-temperature  segment  of  cascade  refrigeratio”l 
units. 

Ch 1 oro f  
quanti  t 

Ch 1 orof 
and  the 
tion of 
5.5-6.0 

1:iorocarbon-lll i s  apparently  not  produced  in  any  significant 
-i es. 

luorocarbon-112  production i s  no t  known.  It i s  used as a soivent, 
Midwest  Research  Institute  estimated  that the combined corsul~:p- 
chlorofluorocarbons-11 and -112  for  solvent  uses ir! 1975 was 
million pounds, which  was  primarily  chlorofluorocarbon-11 (13 ) .  
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Chlorofluorocarbon-113 is  currently  produced  in  the  United  States in 
quantities  of  about 50-60 million  pounds/year;  worldwide  production  is 
unknown.  It  is  estimated  that  more  than 99 percent o f  the  chlorofluoro- 
carbon-i13  produced  in  the  United  States  is  used  as a  solvent,  with  the 
remainder  used in refrigeration  and  foam-blowing  applications.  Chloro- 
fluorocarbon-113a is apparently  not  produced  for  commercial  use,  though 
it may  be  present  to  some  extent  in  commercial  chlorofluorocarbon-113. 

Chlorofluorocarbon-114 is currently  produced in the  United  States in 
quantities  of  25-30  million  pounds/year;  worldwide  production  is 
unknown.  About 95 percent  of  the  chlorofluorocarbon-114  produced in the 
United  States  is  used  as  an  aerosol  propellant  and  after  chlorofluoro- 
carbons-11 and -12, it  is the  most  commonly  used  fluorocarbon  propel- 
lant. The  remaining 5 percent  of  chlorofluorocarbon-114  production is 
used  as a  refrigerant,  with  possibly  some  minor  use as a  foam-blowing 
agent. Thus  almost (all of  the  chlorofluorocarbon-114  produced in the 
United  States  is  released  to  the  atmosphere  within a short  time  after 
production  and  releases  to  date  are  probably  only  slightly  less  than 
cumulative  production. 

Chlorofluorocarbon-l14a is apparently  not  produced  for  commercial  use, 
though  it  may  be  present in commercial  chlorofluorocarbon-114. 

Chlorofluorocarbon-115  production is  not known,  but  based  on  estimates in 
the  Arthur D. Little  report, it  is  less  than 10 million  pounds/year in 
the  United  States.  'The  major  use  of  chlorofluorocarbon-115  is  as a 
refrigerant (~90 percent)  and  the  remainder  is  used  as  an  aerosol 
propellant.  Chlorof  luorocarbon-115  is  approved  by  the  FDA  for  use  as a 
propellant  and  stabilizer in aerosol  food  products,  and  these  products 
are,  according to  Midwest  Research  Institute  (1975),  the  only  propellant 
appl  ication o f  chlorofluorocarbon-115 (13). 

2.9. Bromofluorocarbons  and Bromochlorofluorocarbons 

The  only  compounds in this  group  with  current  commercial  significance  are 
the  fully  halogenated  bromofluorocarbon-13B1 and brornochlorofluoro- 
carbon-12B1, both  used  primarily  as  fire-extinguishing  agents,  with  some 
minor  use  of  bromofluorocarbon-13B1  as  a  specialty  refrigerant. 
Bromofluorocarbon-13B1 is  used  primarily in the  United  States  and  con- 
sumption  for  1972  was  estimated  to  have  been 4 million  pounds  for  fire- 
extinguishing  purposes and 0.2  million  pounds  for  refrigeration. 
Currently, bromochlorofluorocarbon-12B1 is  used  primarily in Europe. 
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SECTION 3. STATEMENT OF PROBLEM--EFFECTS OF FLUOROCARBON  RELEASE 

3.1. I y p a c t  on Stratospher ic  Ozone 

3.1.1. Impacts  Result ing  from  Chlorofluoromethane  Release 

3.1.1.3. .  I n t r o d u c t i o n  

The stratosphere i s   t h e   r e g i o n  of t he  atmosphere that  extends  from  about 
16-50 k i lometers above the   ea r th ' s   su r face   a t   l ow   l a t i t udes  and from 8-50 
k i l omete rs   a t   h igh   l a t i t udes .  I n  con t ras t   t o   t he   t roposphere  where t h e r e  
i s  turbulence and rap id   m ix ing ,   t he   s t ra tosphere   i s   re la t i ve l y   qu iescen t .  
As a consequence it i s   p a r t i c u l a r l y   s u s c e p t i b l e   t o   c o n t a m i n a t i o n  because 
po l l u tan ts   i n t roduced   the re   t end  t o  remain  for   long  per iods--severa l   years 
o r  more. Ozone (0  ) i s  p resent   in   the   s t ra tosphere   in   very   smal l  
amounts ( a  few  par z s p e r   m i l l i o n ) .  Though i t  ex is ts   th roughout   the  atmo- 
sphere,  ozone i s  concen t ra ted   p r imar i l y   i n   t he   s t ra tosphere  where,  even 
i n   i t s  very  smal l   concentrat ion,  i t  r e s u l t s   i n   e f f e c t i v e   s h i e l d i n g   o f   t h e  
ear th 's   sur face   f rom  harmfu l   so la r   u l t rav io le t   rad ia t ion .  

The  amount o f  ozone p r e s e n t   i n   t h e   s t r a t o s p h e r e   i s   m a i n t a i n e d   i n  a 
dynamic equi l ibr ium  by  n 'atural   processes  through  which i t  i s   c o n t i n u a l l y  
being  formed and destroyled. Ozone format ion  occurs  through a photo- 
chemical  process  wherein  molecular  oxygen ( 0  ) i s  d issoc ia ted   by   h igh  
e n e r g y   u l t . r a v i o 1 e t   r a d i a t i o n   i n t o  oxygen  atoas (0) .  These oxygen atoms 
then  reac t   w i th   o ther  0 molecules in   the  presence  o f   another   molecule 
(M)  wh ich   s tab i l i zes   t hg  ozone  formed  by  removing i t s  excess  energy. 

Ozone can  be destroyed by a b s o r b i n g   u l t r a v i o l e t   r a d i a t i o n   t o   y i e l d   t h e  
molecular oxygen and atomic  oxygen  species. It i s  the   absorp t ion   o f  
u l t r a v ' o l e t   r a d i a t i o n  by ozone i n   t h i s  process  which  "shields"  the  earth,  
and i n  addi t ion,   conver ts   the  so lar   energy  to   heat ,   producing a charac- 
t e r i s t i c  tempera ture   p ro f i le   o f   the   s t ra tosphere .   Th is   p rocess   i s   no t  a 
t r u e   d e s t r u c t i o n  mechanism s ince  the  products   formed  can  rap id ly  recom- 
b i n e   t o  produce czone again. The impor tan t   na tura l   des t ruc t ion  
mechanisms fo r   s t ra tospher i c  ozone are   ca ta ly t i c   chemica l   reac t ions  
i nvo l v ing   n i t rogen   ox ides  and hydrogen-containing  species, a r e a c t i o n  
between ozone and oxygen  atoms, and phys i ca l   t r anspor t  of  ozone t o   t h e  
troposphere. O f  these,   the   n i t rogen  ox ide   reac t ion   i s   the  most important,  
account ing  for   about 50-60 percent   o f   the ozone d e s t r u c t i o n   r a t e ,  and 
proceeds  as: 
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T3is  sequence is catalytic  since  the  nitrogen  oxide  species  (collectively 
referred  to  as  NO ) are  not  consumed in the  process and  can  affect the 
cycle  many  times her. The  nitrogen  oxide  species  enter  the  stratosphere 
primarily by bacterial  production o f  N 0 at  the  earth's  surface  which 
is slowiy  transported  upward  to  the  stgatosphere  where it  is oxidized to 
NO (about 1 percent  of  the  time). The  similar  catalytic  cycle  involv- 
in0 the  hydrogen-containing  species H02 and OH accounts  for  about 10 
percent  of  the ozone destruction rate;  the  reaction between 0 and 0, 
and transport  combined  account  for  about 20 percent of the  de2truction 
rate. 

Although  the  concentration  of  ozone in the  stratosphere  varies,  both 
regularly and irregularly,  with  time  of  day,  season  of  the  year,  lati- 
tude, and with  the  eleven-year  sunspot  cycle, it  is nevertheless held in 
relative  equilibrium by these  counterbalancing  processes of formation and 
destruction.  The  Cl{imatic  Impact  Assessment  Program  (CIAP)  of  the 
Department of Transportation  focused on the  possible  effects  of  upsetting 
this  balancing  process  toward  an  increased rate  of  destruction by the 
introduction  of  an  additional  ozone  destroying  NO  catalyst  into the 
stratosphere  from  the  exhaust  of  high-flying airdaft. While  investi- 
gating  this  problem, it was  recognized  that  chlorine  species  were  also 
capable o f  destroying  ozone  catalytically by the  following  chain: 

C1 + O3 C10 + O2 

c10 + 0 --) c1 + o2 

This C10  (chlorine  oxide  species)  cycle  repeats  with  the  chlorine  that 
is regengrated, and ozone  destruction  continues  until  the  chlorine 
species  react  with  other  substances in the  stratosphere  to  produce  tempo- 
rary  reservoirs  such  as  hydrogen  chloride and chlorine  nitrate  (ClONO ). 
These  reservoirs  can  either  release  the  chlorine  to  enter  the  CIOx  cy 2 le 
again, or  they  can  be  transported  out  of  the  stratosphere  to  terminate 
the  cycle. 

At first, this  "ClOXl8 cycle was  not  considered  to  be  important,  at 
least  as a natural  ozone  sink,  because  no  natural  source  of  stratospheric 
chlorine  was  identified,  nor  had any chlorine  species  been  detected in 
the  stratosphere.  Though  such  natural  sources,  particularly  methyl 
chloride produced in oceans, are  now  believed  to  account  for a small, yet 
still  uncertain  percent  of the  ozone  destruction  rate, it  is the  arti- 
ficial,  man-made  sources  introducing  the C10 catalyst to  the  strato- 
sphere in addition  to  that  from  any  natural  eources  (and  over  and  above 
the  other  natural  ca.talysts,  NOx  and  HOx,  as  well)  that  has  been  the 
focus of  concern. 
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3.1.1.2. Rowland-Molina  Theory 

In June  197A, Drs. F. S. Rowland  and M. J. Molina  presented  a  theory 
proposing  that  the  two  widely  used  chlorofluorocarbons-11  and  -12,  posed 
a  serious  threat  to  the  integrity of the  earth's  protective  strato- 
spheric  ozone (1). The  fu.ndamenta1  concepts o f  the  theory  are  these: 

Man-made  chlorofluorocarbons-11 and -12 are  released  to  the  atmosphere  in 
large  quantities  each year as  a  direct  or  eventual  consequence  of  their 
commercial  applications  as  aerosol  propellants,  refrigerants,  foam- 
blowing  agents,  solvents,  and  miscellaneous  others.  Because of their 
chemical  inertness,  low  water  solubility,  and  volatility,  these  compounds 
remain  in  the  atmosphere for  a long  time. In the  turbulent  troposophere, 
(the  portion  of  the  atmosphere  extending  from  the  ground  to  about 8-16 
kilometers  altitude--higher at low latitudes;  lower  at  high  latitudes), 
they  accumulate  and  become  widely  dispersed.  Chlorofluorocarbons-11  and 
-12 are  slowly  transported  upward  by  atmospheric  motions  across the 
tropopause,  the  boundary  between  the  troposphere and the  stratosphere, 
and  on  into  the  stratosphere  where  they  reach  the  portion  of  the  strato- 
sphere  where  the  short  wavelength  solar  ultraviolet  radiation  (which  does 
not penetrate to  the  troposphere)  photolyzes  them,  resulting in release 
of  chlorine  atoms.  These  chlorine  atoms  then  react  with  the  ozone (0 ) 
present in the  stratosphere in a  catalytic  cycle  whereby  they  conver z 
ozone  to  molecular  oxygen (0 ). The  chlorine  atoms are  regenerated in 
the  process,  making  them  ava?lable  to  affect  this  sequence  many  times 
before  they  are  removed by being  transported  back  down  to  the  tropo- 
sphere.  The  predicted  consequence of this  sequence  of  events is that  the 
amount  of  stratospheric  ozone  will  eventually  be  reduced  by  some  signifi- 
cant  amount,  with  attendant  effects  on  human  health and the  environment, 
as  discussed  elsewhere  in  this  document. 

3.1.1.3. Magnitude o f  Ozone  Depletion 

Placing  a  numerical  value on the  amount  of  ozone  reduction to be  expected 
from  past  and  future  releases  of  chlorofluorocarbons,  or  any  other 
chlorine  source,  requires  that  the  several key features o f  the  problem  be 
considered in numerical  terms.  These  include  the  rate of  release of the 
compounds to  the  atmosphere,  the  rate  at  which  they,  and  other  important 
species, are  transported  by  atmospheric  motions,  the  amount  of  the 
compound  reaching  the  stratosphere (a function  of  both  transport and the 
rate  of  processeb  leading  to  their  destruction  before  they  can  reach  the 
stratosphere),  the  various  photochemical  and  chemical  processes  by  which 
chlorine  atoms  are  produced in the  stratosphere,  interact  with  ozone 
through  the C10 cycle, and  are  ultimately  removed from  the  CIOx 
cycle, and  the  #umurous  related  photochemical  and  chemical  processes 
which  influence  stratospheric  ozone  and  other  important  stratospheric 
species . 
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To  accomplish  this,  models  are  used  which reduce  many of the  complex 
processes of  the  real  atmosphere  to a  set  of  mathematical  equations 
incorporating the above  factors.  Such models  were used in the  CIAP 
studies on NOx emissions, and  have  been  relied  on  extensively for 
assessing  the  stratospheric  ozone  impact  of  chlor6f  luorocarhons-11 
and -12. 

At  the foundation  of  predicting  the  extent  of  ozone  depletion  resulting 
from  chlorofluorocarbons is the amount of  chlorine  that  they can  be 
expected  to  introduce  into  the  stratosphere.  This,  of  course,  is depen- 
dent  upon  the  amounts  of  chlorofluorocarbons  that  have  been  released to 
the  atmosphere  to  date  and  the  amounts  that  will be released in the 
future.  The  past  releases  are quite well known; the  future  releases 
are, of course,  unknown  and  dependent  on  many  factors.  It is neverthe- 
less  necessary  to  make some  reasonable  assumptions  about  future  release 
schedules.  Three  such  scenarios  are  commonly  used: (1) continued con- 
stant  release  at  approximately  the  rate  estimated  for  a  recent year; (2) 
continued  release at  an  increasing rate  similar to  the  historical  growth 
rate for their  production  and release; and ( 3 )  continued  increasing 
release  rates  as in (2)  for  a  few  years  followed by complete  termination 
thereafter.  None  of  .these  scenarios  is to. be  viewed  as  the  expected  or 
desired  release  rates.  They  are  "what  ifs"  useful in arriving  at conclu- 
sions,  recommendations, and  decisions  regarding  the  problem. 

I M O S  Task Force  Report - 

In June  1975,  the  Federal  Intera  ency  Task  Force  on  Inadvertent  Modifi- 
cation  of  the  Stratosphere ( I M O S  7 , which  was  formed in January of  that 
year  with  the initial charge o f  conducting an intensive  study of the 
impact  of  chlorofluorocarbons-11  and -12 on  stratospheric  ozone, pub- 
lished a report  stating  that  the  ozone  depletion  problem  was a  legitimate 
cause  for  concern ( 4 ) .  Based  on  model calculations  available at  that 
time,  the  Task  Force  found  that if release of chlorofluorocarbons-11 and 
-12 was  to  continue  at  the 1972  release  rate, a maximum  reduction  of 
about 7 percent in the  equilibrium  ozone  concentration  would  be  expected 
after  several  decades. 

NAS  Reports 

In March 1975,  the Panel  of  Atmospheric  Chemistry  of  the  National  Academy 
of  Sciences  was  appointed  and  charged  with  assessing the  extent of the 
impact o f  chlorofluoromethanes  (chlorofluorocarbons-11 and  -12),  other 
halocarbons, and the  potential  emissions  from  the  proposed  space  shuttle 
on stratospheric ozone. 

On September  13,  1976,  the  National  Academy of  Sciences  released two 
reports  prepared by the  Committee  on  Impacts  of  Stratospheric  Change (7) 
and  its  Panel  on  Atmospheric  Chemistry (8 ) .  The  Panel  report  considered 
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the   e f fec ts   o f   ch lo ro f luorocarbons-11 and -12  on s t ra tospher i c  ozone. 
The Comnit tee  report   contained an assessment of   the  env i ronmenta l   e f fects  
of  chlorof'uorocarbon-1.1 and  -12 release. 

The NAS Comnittee  found  that: 

CFMs, a f te r   re lease   a t   t he   su r face   o f   t he   ea r th ,  m i x  
w i t h   t h e  atmosphere and r i s e   s l o w l y   i n t o   t h e   s t r a t o -  
sphere, where they  are decomposed by  the  sun's 
u l t r a v i o l e t   r a d i a t i o n .   C h l o r i n e  atoms ( C l )  and 
ch lo r ine   ox ide   (C lO) ,   p roduced  d i rec t l y   o r   ind i -  
r e c t l y  by  t 'h is  decomposi t ion,   then  react  to remove 
ozone ( c a t a l y t i c a l l y ) ,   r e d u c i n g   t h e   t o t a l  amount o f  
ozone and  somewhat s h i f t i n g   t h e   d i s t r i b u t i o n  of 
ozone toward  lower  alt i tudes. As a consequence, 
more b i o l o g i c a l l y   a c t i v e   u l t r a v i o l e t  (DUV) reaches 
the   ear th 's   sur face  and the   t empera tu re   d i s t r i bu t i on  
i n   t h e   s t r a t o s p h e r e   i s  somewhat a l te red .  . . . 
A t  the moment , the ozone reduc t ion  and consequent 
DUV increase  corresponding  to a g iven CFM r e l e a s e   i s  
unce r ta in  hy a larger   factor .   Cont inued  re lease a t  
the  1973 level ,   the  usual  example, i s   c a l c u l a t e d  t o  
g i ve  an u l t i m a t e   r e d u c t i o n   i n  ozone o f  about 7 per-  
cent, where "about 7 p e r c e n t "   i s   r e l a t i v e l y   c e r t a i n  
t o  be between 2 percent and 20 percent.  This range 
does not   a l low f o r  possible  inadequacies  of   the 
bases o f  t he   ca l cu la t i on .  Three o f  the  possible 
k inds  of   inadequacies may be c i t e d  as examples: (1) 
essent ia l   chemical   react ions  not  so fa r   recogn ized 
as such, (2 )  t he   poss ib i l i t y   o f   unexpec ted   e f fec ts  
o f   t ropospher ic   s inks  (many poss ib le   s inks  have been 
s tud ied   ca re fu l l y ) ,  ( 3 )  possible  important  inade- 
quacies in  the  one-dimensional  transport  models. . . .  
If CFM uses and releases were to   con t i nue  a t  a 
constant   ra te,   the ozone reduc t ion  and consequent 
DUV increase  would  gradual ly   f la t ten  out ,   approach-  
i n g  a steady  state.  To r e a c h   h a l f   o f   t h i s   v a l u e  
would  take  roughly 50 y e a r s .   I n   p a r t i c u l a r ,  i f  
constant CFM re leases a t  the 1973 r a t e   a r e   t o   g i v e  7 
percent   u l t imate   reduc t ion  o f  ozone, t h i s   r e d u c t i o n  
will i n i t i a l l y   i n c r e a s e  a t  about 0.1 percent a year, 
reaching 3.5 percent a f t e r  roughly  50 years. 
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If the  rate o f  CFM release,  after  continuing  at  a 
constant  rate,  were  drastically  reduced at  any  time 
in the  nex3  decade,  say  halved or eliminated,  and 
then  continued  at  the  drastically  reduced  rate, 
ozone  reduction  and  consequent DUV increase  would 
continue t o  increase  for  at  least a  decade  after  the 
drastic  reduction.  It  would  then  decrease,  if 
releases had  been  nearly eliminated, by roughly 1/70 
of  its  current  value  each year, taking  roughly 5 0  
years to  fall  back  to  half  its  peak  value. 

The  results  of  the  constant  release  scenarios  were  examined in detail by 
NAS for  sources  of  error  and  overall  uncertainty  in  the  predicted  ozone 
depletion.  Uncertainties  were  expected  owing  to:  the  many  approxima- 
tions  used in the  simplified  atmospheric  transport  models;  the  experi- 
mental  uncertainty i n  the  values  of  the  rate  constants  for  the  chemical 
and  photochemical  reactions;  and  the  probable  error in the 1973 release 
rate  values.  Uncertainty  factors  placed  on  these  sources  by NAS were 
1.05 for  release  rates, 1.7 for  transport  and  2.5  for  atmospheric chem- 
istry.  Applying  thes8e  uncertainty factors  to  the 7.5 percent  figure 
gives  an  overall  range  of 2 percent t o  20 percent  for  ozone  reduction. 
These  upper  and  lower  bounds  were  believed by NAS to  bracket  the 95 
percent  confidence  ramge;  that  is,  there is 1  chance in 20 that the 
actual  value  of  ozone  depletion  would  lie  outside  this  range. 

These  NAS  estimates  refer  to  the  amount  of  ozone  reduction  relative  to 
the  total  column  of  ozone  overhead. In addition  to  the  overall  reduction 
of  ozone,  local  stratospheric  changes  much  larger  or  smaller  than  the 
average  for  the  total  column  are  predicted.  Maximum  destruction o f  ozone 
by CFMs is expected t.o occur at about 30-45 km  (upper  stratosphere). 
Ozone  depletion at  this  altitude  would  allow uv radiation  normally 
absorbed by  ozone  to  pass  through  this  region.  Some  of  this  radiation 
would  photolyze  molecular  oxygen at lower  altitudes  making  available  more 
odd  oxygen  to  combine  with  oxygen  to  produce an increase in ozone at 
about 20-25 km (lower  stratosphere).  Present  models  predict  that  this 
increase i n  ozone  will  not  completely  counteract  the  decrease in ozone at 
higher  altitudes so that  there  will be an ultimate  net  decrease  of  column 
ozone  with  continued CFM release of  about 7 percent.  With  or  without an 
effect  of CFMs on column  ozone,  this  alteration in the  distribution  of 
stratospheric  ozone  would  remain  as an impact  of CFMs. 

The  time  frame  for  the  predicted  effects on stratospheric  ozone t o  occur 
is  also an important  factor  to  consider.  For  the  constant CFM release 
scenario,  the  predict.ed  annual  reductions in ozone  are  relatively  small, 
about 0.1  percent  per  year  to  reach  half  the  maximum  depletion  level 
(about 7 percent), arid less  thereafter in approaching  the  maximum.  The 
maximum  depletion is  not  expected until well  into the next  century. As 
indicated by the  scenario  where  releases  are  terminated  completely  at 
some  future  time,  the  ozone level  depletion  would  continue  for  about a 
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decade  afterward  reaching  a  value  of  about 1.5 times  that  at  cutoff  (this 
lag  is  largely  due  to CFM vertical  transport  time),  and  subsequent  recov- 
ery  would  be  a  slow  process,  requiring  some 50 to 75 years after  the  peak 
perturbation  for  the ozonle  level  to  return  to  its  value  at  the time of 
cutoff.  Thus,  while  the  impact of continued  release of these  compounds 
may  not  be  felt  until  many  years in the  future,  these  impacts  will,  even 
if the  most  drastic  measures  are  then  taken to eliminate  them,  persist 
for many  more  years  beyond  that  time. 

NASA  Studies: The Chlorofluoromethane  Workshop  and  Assessment  Reports 

In 1976, the National  Aeronautics  and  Space  Administration (NASA) made  a 
commitment  to  Congress  to  provide  an  assessment  by  September 1977, of the 
effects  of  chlorofluoromethane  releases  on  stratospheric  ozone.  A  pre- 
liminary  report ( 1 4 ) ,  issued in March 1977, evaluated: (a) position 
papers  on  selected  topics  of  research  written  for  the  purpose  of  gener- 
ating the  NASA  report, and (b) the  results  of  a NASA workshop  on  the 
subject  held in January 1977. This  report  will  be  referred  to  as  the 
preliminary  NASA  report. 

The  preliminary  NASA  report  concluded  that, "AS noted in the  NAS  report, 
there is  little  doubt  that  ozone  in  the  stratosphere  will  be  destroyed  by 
the  release  of  chlorofluoromethanes  into  the  troposphere."  The  major 
concern  of  the  report  is  "how  well  one  can  evaluate  the  effect  (of CFM 
releases)  on  the  total  column  ozone." 

For  the  purpose  of  evaluating  the  effects  of CFM releases  on  strato- 
spheric  ozone,  NASA  formed  five  working  groups--a  ?aboratory  measurements 
group,  a  measurements and  analysis of ozone  group, a minor  species  and 
aerosols  group,  a  one-dimensional (1-D) modeling  group,  and a multi- 
dimensional  modeling  group.  The  preliminary  NASA  report  consisted  of  a 
sumnary  of  the  inputs  from  the  participants  within  each  work  group. 

Each o f  the 1 - D  modelers  was  asked to generate  a  curve  for  percent  ozone 
depletion  at  steady  state  (using 1975 CFM release  rates  and  a  NASA refer- 
ence  data  set)  as  a  function o f  altitude.  Very close  agreement  was  seen 
among  most  model  predictions,  all  showing  a  maximum  ozone  depletion 
effect  of  about 60 percent  near 40 km  and  a  maximum  ozone  increase (the 
"self-healing"  effect,  a  positive  feedback)  of  about 10 percent  near 25 
km.  Total c o l c m  ozone  reduction  (the  sum  of  ozone  decreases  and in- 
creases)  varied  between  values  of 5 and 9 percent. 

In  September  of 1977, the  final  NASA  workshop  report  was  issued (77) 
along  with  a  NASA  assessment  report (78). Since  the  release  of  the 
preliminary  NASA report, Howard  has  measured  directly  the  HO + NO 
reaction  rate  and  "obtained  a  result  nearly 30 times  higher P han  the 
earlier  recommendation" (77, pp. 17-18). This  revision  resulted  in  an 
increase  in  the  NASA  estimate  of  ultimate  ozone  depletion  from  continuous 
releases  of  chlorofluorocarbons a t  1975 release  rates  from  the 5-9 percent 
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r c p o r t e d   i n   t h e   p r e l i i m i n a r y   r e p o r t   t o  10.8-16.5 percent  (77, pp. 189-195). 
I n   c d d i t i o n ,   t h e   c u r r e n t l y   p r o j e c t e d   c u r v e   f o r   p e r c e n t  ozone d e p l e t i o n   a t  
s teady  s ta te as a f u n c t i o n  o f  a l t i t u d e  no longer  shows an increase i n   t h e  
l e v e l   o f  ozone at   about 25 km ( "se l f -hea l ing l '   e f fec t ) .   A l though  p resent  
models s t i l l   p r e d i c t  an increase i n   t h e   r a t e   o f   p r o d u c t i o n  of ozone i n  
th i s   reg ion   o f   t he   s t ra tosphere ,   t he  ozone l e v e l s   a t  25 km are  a lso 
expected t o  be s l i g h t l y  decreased. 

The assessment o f   t he   unce r ta in t i es   assoc ia ted   w i th   t h i s   es t ima te  were 
subdiv ided  in to   those  assoc iated  wi th   rad iat ion  processes,   chemical  
processes, and dynamic processes. An uncer ta in ty   ana lys is  was performed 
on the   chemis t ry   incorpora ted   in to   the  assessment  of  ozone dep le t i on  
(e.g., u n c e r t a i n t i e s   i n   r e a c t i o n   r a t e s ) .  The e r ro r   ba rs  were Ila f a c t o r  
o f  2.8 on the  low  side, and a fac to r  of 1.8 on the  high  s ide."  (78) The 
d i f f e rences  between the  uncertainty  ranges  quoted i n   t h e  NAS and NASA 
repor ts   a re   w i th in   the   expec ted   var ia t ions  among 1 - D  models o f   t h e  
stratosphere.   For  a l l1  pract ical   purposes  they  are i n   e x c e l l e n t  agreement 
even though  they  are  derived from  two v e r y  d i f f e r e n t  and independent 
analyses. 

The u n c e r t a i n t y   i n   t h e  assessment due to   the   approx imat ion   o f  dynamics 
impl ied  by  the  use o f  one-dimensional  models i s  more d i f f i c u l t   t o  
assess. The NASA assessment report   concludes  that  i t  " i s  a t  l eas t   t he  
f a c t o r   o f  1.7 quoted i n   t h e  NAS repor t . "  (78). The u n c e r t a i n t y   i n   t h e  
assessment assoc ia ted   w i th   rad ia t i ve   p rocess  was no t   eva lua ted   quant i ta -  
t i v e l y .  These processes  are  considered  under  discussions  of  feedback 
mechanisms. A few  o f  these  feedback mechanisms  have  been i n c l u d e d   i n  
one-dimensional  models  but  most have  been neglected. 

"The one-dimensional (1 -D)  model i s  a p a r t i c u l a r   s i m p l i f i c a t i o n   o f   t h e  
atmospheric radiat ive/chemical /dynamic system i n   w h i c h ' c h e m i s t r y   i s  
t r e a t e d   i n   g r e a t e r   d e t a i l   t h a n   r a d i a t i o n   o r  dynamics.'' (77, p. 133). 
L a t i t u d i n a l  and seasonal  dependencies of   t ransport ,   temperature,  and the  
p o l a r   f l u x   a r e   b e t t e r   d e s c r i b e d  by mult i-dimensional  models. However, 'I. . . a genera l l y   app l i cab le  model o f   i n t e r a c t i v e  RCD (radiat ion,   chemis- 
try, and dynamics) will not   be   ava i lab le   in   the   near   fu tu re . "  (77, p. 
197). NASA concludes  that  "The resul ts   o f   these  models  (1-D models) 
p rov ide   the   bes t   ava i lab le   es t imate   o f   the  CFM e f f e c t s  on ozone that  
depends on t h e   a n t i c i p a t e d  CFM-release scenario." (77, p. 226). 

A notable  d i f ference between t h e   r e a c t i o n   r a t e s  recommended i n   t h e  NAS 
r e p o r t  and those  adopted  by  the NASA workshop i s   t h a t   f o r   t h e   f o r m a t i o n  
o f   c h l o r i n e   n i t r a t e  (ClONO ). The NASA recommended r e a c t i o n   r a t e   f o r  
t he   f o rma t ion   o f  ClONO in? luded  less  pressure dependence, a f a c t o r  
tend ing   to   reduce  es t i6a tes  of u l t i m a t e  ozone deplet ion.  Analyses  by 
Murcray have placed an upper limit on t h e   l e v e l s   o f   c h l o r i n e   n i t r a t e   i n  
the  s t ra tosphere (77, p. 176). C h l o r i n e   n i t r a t e   i s   n o t   p r e s e n t   i n   t h e  
s t r a t o s p h e r e   i n   t h e  amounts which  would  be pred ic ted   f rom  the  NASA 
work ing  group  ca lcu lat ions  o f   January 1977. The Murcray  observation 
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is  stiil only an  upper  'limit,  and is using the more conservative (i.e. 
predicts  more  chlorine  nitrate  and less ozone depletion)  absorption 
coefficients for chlorine  nitrate (79). 

The  newly  recommended  reaction  rate for ClONO did  not  reduce the NAS 
estimates  of  ultimate  ozone  reduction  primarily  because  of  the  inclusion 
of  more  accurate  diurnal  and  multiple  scattering  effects in the  models 
used by the NASA workshop  than  were  included in the  NAS  predictions. 

With  regard  to  possible  sinks  which  could  lead  to  the  inactive  removal 
of CFMs in the  troposphere,  the  NASA  workshop  report  states  that  only two 
possible  70-year  sinks  for  chlorofluorocarbon-11  (none  for  chlorofluoro- 
carbon-12),  dissolution in the  ocean  and  ion-molecular  reactions,  could 
significantly  reduce  ozone  depletion  estimates.  The  combined  effects  of 
these  two  possible sink!; could  reduce  the  steady  state  concentration of 
chlorofluorocarbon-11  by 60 percent  which  would  result in "only  approxi- 
mately 20 percent  reduction in predicted  ozone  depletion." (77, 
p. 184-5).  In  other  words,  the  maximum  effect  from  hypothesized  sinks 
might  lower  a  central  value  estimate  of 7.5 percent  ozone  depletion to 6 
percent. 

Of  course,  the  ultimate  proof  of  the  theory  that  constant CFM releases 
would  result  in  a  redistribution  of  stratospheric  ozone  and  a  reduction 
in column  ozone  levels  resides in the  ability  to  measure  such  changes  in 
stratospheric  ozone.  With  regard t o  ozone measurements  the  preliminary 
NASA  report  concludes:  "Although  presently  available  statistical  tech- 
niques  appear  to  be  adequate  to  filter  the  various  'natural'  periodic- 
i ties in the  ozone  records  and  to  give  estimates o f  the  variance  of  the 
residual  data,  work  now  in  progress  gives  promise  that  statistical  analy- 
sis of long-term  ozone  trends  can  be  improved  to  give  more  definitive 
results  of  possible  interruptions  (or  moderation)  of  the  present  patterns 
by CFM inputs  to  the  atmosphere." The  January  NASA  workshop  concluded 
that 'I. . . it  is clear  that  a  larger  data  set  (based  on  more  precise 
observational  techniques)  than  is  currently  available  is  needed  to  verify 
the  rate  of  ozone  destruction by CFMs postulated by the  models  discussed 
in this  document." (77, p. 87). 

Acknowledging all the  uncertainties,  lacking  much  of  the  data  needed  to 
verify  mode'  predictions,  and  without  many  ozone  measurements to confirm 
the  theory, ::ASA concludes  their  assessment  report  with  the  following 
summary: "Witri  the  new  rate set,  predictions by the  various  modeling 
groups  cover  a rmge of  ozone  depletions  from 10.8 percent  to  16.5 
percent.  This  range  is  the  current  best  estimate for  ozone  depletion 
from continued CFM releases  at  the  1975  release  rates." (78, p. 6) .  

A  more  detailed  discussion 3f the  NASA  workshop  and  assessment  reports 
is  provided in section  IIIA of the  preamble  to  the  final  regulation  to 
prohibit  the  nonessential  propellant  uses  uf  chlorofluorocarbons in 
FDA-regulated  aerosol  products. 
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3.1.2. Impacts  Other  than  Those  from  Chlorofluoromethanes 
on Stratospheric  Ozone 

The  greatest  amount  of  attention  has  been  given  to  the  study  of  the 
stratocpheric  effects  of  chlorofluoromethanes. As a result,  much  less 
data  are  available  which  describe  the  potential  impacts  associated  with 
other  compounds  which  may  enter  into  the  stratosphere.  The  attempt o f  
this  section  will  be  to  briefly  review  the  potential  impacts  on  strato- 
spheric  ozone  from  'sources  other  than  chlorofluoromethanes. 

3.1.2.1. Impacts from  Fluorocarbons  Other  than 
Chlorofluoromethanes 

a. Other  Fully  Halogenated  Halof  luorocarbons 

(1)  Other  Chlorofluorocarbons 

The  chlorofluorocarbons, as a group,  are  the  most  stable  of all halo- 
carbon  compounds  containing a reactive  halogen  atom  (12).  Included in , 

this  group  are chlo~rofluorocarbons-13, -113,  -114, and -115.  Data avail- 
able  indicate  that  these  compounds,  like  chlorofluorocarbons-11 and -12, 
react  slowly  with  hydroxyl  radicals  (15,16),  and,  therefore,  have  long 
tropospheric  lifetimes (17). Once  released  into the  troposphere,  they 
would  diffuse  upward  into the  stratosphere  to be  broken  down by ultra- 
violet  radiation. IJpon photolysis,  reactive  chlorine  atoms  would  be 
released  which  could  catalytically  destroy  ozone  as  previously  described 
for  the  chlorofluoromethanes.  The  potential  impact  from  any  chloro- 
fluorocarbon in a gaseous  phase at ambient  temperature and pressure  would 
be directly  related  to  the  number  of  chlorine  atoms  per  molecule and the 
amount  of  the  chlorofluorocarbon  emitted. 

(2) Those  Containing  Bromine 
or  Iodine 

As discussed  previously  (section 2.9),  the only fully halogenated  bromo- 
fluorocarbons  with  current  commercial  significance  are  F-13B1  and  F-12B1, 
both  used  primarily  as  fire-extinguishing  agents. 

Unfortunately,  there  are  very  little  data on the  potential  stratospheric 
impacts  associated  with  these  compounds.  Determinations o f  tropospheric 
lifetimes  for  these  compounds  are  needed.  Unpublished  data  indicate  that 
fully halogenated  bromofluorocarbons  have  tropospheric  lifetimes in the 
same  range as those  of  the  chlorofluorocarbons (80). For  those  bromi- 
nated  fluorocarbons  which  reach  the  stratosphere, it  has  been shown  that 
the  bromine  released  upon  photolysis  would  be  at  least as efficient as 
chlorine in its  abi'lity  to  act as a catalyst in the  destruction of ozone 
(18). 
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Little  information  is  available  on  iodofluorocarbons.  Aliphatic  iodine 
compounds  are  typically  more  susceptible  to  photolytic,  thermal,  and 
hydrolytic  decomposition  than  the  bromine,  chlorine,  and  fluorine  analogs. 
There is some  doubt,  therefore,  that  iodoalkanes w.ill survive  suffi- 
ciently long  in the  troposphere  to  be  transported  into  the  stratosphere. 

(3) Perfluorocarbons 

Perfluorocarbons  are  fluorocarbons  containing  only  fluorine and carbon, 
such  as  F-14  and  F-116.  Since  the  carbon-fluorine  bond is  the strongest 
of  the  carbon-halogen  bonds,  perfluorocarbons  are  highly  stable in the 
troposphere.  The  carbon-fluorine  bond  may  be  broken  by  ultraviolet 
radiation in the  stratosphere. The fluorine  atoms  thus  formed  do  not 
appear  to  be  a  significant  threat  to  ozone  because  the  steps  leading  to 
inactive HF formation  are  fast,  and,  once  formed,  HF  is  not  readily  con- 
verted  to  active  FOX  species (19). To the  extent  that  perfluorocarbons 
absorb in the 8-12 pm  region  of  the  infrared  radiation  spectra,  they 
would  prevent  natural  heat  losses  from  Earth  into  space.  The  magnitude 
and significance  of  this  potential  effect  on  climate  are  not  yet  known. 

b. Fluorocarbons  Not  Fully  Substituted 
with  Halogen  Atoms 

(1)  Alkenes  and  Alkynes 

Up  to  this  point  the  discussion  of  fluorocarbon  compounds  has  been 
limited  to  those -in the  alkane  series,  those  with  single  bonds  between 
adjacent  carbon atoms. Fluorocarbons  with  double and triple  carbon- 
carbon  bonds,  alkenes and  alkynes  respectively,  are  also  possible. 
Compounds  with  alkene and  alkyne  linkages  are far  more  reactive  than' 
those  of  the  alkane  series.  Reaction  rates  with  hydroxyl  radical  are 
much  faster  (20) and thus  tropospheric  lifetimes  would  be  far  shorter. 
The  breakdown  products,  including HC1  and HF, would  be  rained  out of the 
troposphere.  The  use  and  release  of  these  compounds  will  probably  not 
contribute  significantly  to  the  stratospheric  halogen load. 

(2) Hydrochlorofluorocarbons 

Hydrochlorof  ;uorocarbons,  such  as  F-21, F-22, and F-142b,  react  more 
rapidly  with h3*-'roxy1 radicals in the  troposphere  than  do  chlorofluoro- 
carbons (15,16). Relative to chlorofluorocarbon-12, F'-21 and F-22 (on a 
molecule  for  molecule  basis)  have  been  estimated  to  be  factors of 50-200 
and 20-50 less  hazardous t o  stratospheric  ozone,  respectively (21). 

The  exact  margin of safety,  however, i s  still  the  subject  of  considerable 
uncertainty.  The  NASA  preliminary  repcrt (14) points  out  that  methyl 
chloroform  has  been  measured in the troposphere at  levels  which  are  a 
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fac+or of 5 greater  than  the  lifetime  inferred  from  mid-troposphere OH 
concentrations and the  rate  constant for OH + CH CC1 . Aware of 
these  measurements,  Singh (22) concludes  that  trapos8heric  hydroxyl 
radical  concentrations  must  be 1/5 the  levels  currently used  to predict 
tropospheric  lifetimes. If this  were so, all tropospheric  lifetime  esti- 
mates would be revised  upward.  This  would be  particularly  significant in 
the  case of the  hydrochlorofluorocarbons and raises new  questions  regard- 
ing the  troposphere ' s  abi 1 i ty to remove  these  moderately  active compounds. 

However,  the  accuracy of the  measurements  used  to  calculate OH concentra- 
tions by this  indirect  method  (from  measurements  of  methyl  chloroform)  is 
currently in questionl.  It is concluded  that  until  direct  measurements 
are  available  or  until  consistent  estimates  are  obtained by several 
indirect  methods  such  as  that  of  Singh (22),  estimates  of  tropospheric 
lifetimes  for  hydrochlorofluorocarbons  based  on OH reactions  cannot  be 
established  with  confidence. 

3.1.2.2. Impacts  from  Halocarbons  Other  than 
Fluorocarbons 

a. Chlorocarbons 

A number  of  natural  sources  of  stratospheric  chlorine  have  been  identi- 
fied  including  volcanic  emissions and sea  salt  spray  (both  considered t o  
be minor sources),  methyl chloride  from  sea  water, and possibly,  some 
naturally  produced  carbon  tetrachloride. Man-made  releases of chloro- 
carbons  which  may  contribute  to  the  stratospheric  chlorine  load  include 
those  resulting  from  the  production  and  use o f  methyl chloride,  methylene 
chloride,  methyl  chloroform,  carbon  tetrachloride,  ethyl  chloride,  ethy- 
lene  dichloride,  perchloroethylene,  trichloroethylene, vinyl chloride, 
and  others. 

As with  the  fluorocarbons,  the  presence  of  hydrogen  atoms and carbon- 
carbon  double  bonds  increases  the  reactivity o f  the  compound and, there- 
fore,  decreases  the  potential  threat o f  such compounds to stratospheric 
ozone.  Most  carbon  tetrachloride  is  converted  into  other  compounds 
before  use  or  release.  The  manufacture  of  chlorofluoromethanes  takes up 
95 percent o f  carbon  tetrachloride  production.  Thus  only a  few  percent 
of  present  reported  carbon  tetrachloride  production  can  directly  partici- 
pate in o r  contribute to ozone  reduction.  The  total  amount  (not  the 
percent) o f  this  direct  participation would not be likely  to be altered 
by changes in chlorofluorocarbon  use  and  production. 

b. Bromocarbons and Iodocarbons 

The  lower  atmosphere  contains  small  amounts  of  bromine  produced i n  part 
by marine  activity, in part by the  volatilization o f  particulate  material 
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released  during the  combustion  of  leaded  gasoline, and  an  additional 
contribution  from  the  use of methyl  bromide  as  an  agricultural fumigant 
(18). Except for that  reported  under 3.1.2.1.a(2) above,  little is  known 
about  the  potential imlpacts  to stratospheric  ozone  which  might  result 
from  the use  and release o f  bromo- and  iodocarbons. 

3.1.2.3. Impacts  from  Other  Man-Made  Activities 

In December  1975,  the  Interdepartmental  Committee  on  Atmospheric  Sciences 
(ICAS)  issued a report on possible  hazards  to  the  stratosphere  other  than 
fluorocarbons ( 2 3 ) .  In addition  to  the  potential  impacts  from  the 
release  of  other  halocarbons,  ICAS  briefly  considered  the  possible 
effects on stratospheric  ozone  resulting  from  nitrogen  fertilizers,  par- 
ticles (e.g., sulfate  particles  formed  from  the  photodissociation  of 
carbonyl  sulfide), the  space  shuttle, and carbon  monoxide.  The  signifi- 
cant  contribution to stratospheric NO resulting  from  increasing  nitro- 
gen  ferti 1 izer  uses  appears  to  be  cauge for  concern and  additional 
research.  Present  estimates  of  ultimate  ozone  depletion  resulting  from 
continued  use  of  nitrogen  fertilizers  at  current  rates  vary  from 2 to 30 
percent. 

Other  potential  modifiers  of  the  stratosphere  not  considered by ICAS 
include  the  emissions  from  supersonic  and  subsonic  aircraft  and  nuclear 
testing. 

3.2. Potential  Biological  (Nonhuman)  Effects  of  Increased UV-B 

The  following  discussion  of  the  potential  biological  (nonhuman)  effects 
of  increased UV-B represents a condensed,  edited and modified  version  of 
a more  detailed  unpublished  report  (Rundel and Nachtwey  report  on 
"Biological  (Nonhuman) and  Human  Effects of Increased UV-B") on file at 
the  Office of the Hearing  Clerk,  Food  and  Drug  Administration,  Room 4-65, 
5600 Fishers  Lane,  Rockville,  Maryland 20857. 

In sections to follow, terrestrial  agricultural  plants,  natural  terres- 
trial  plants  and  ecosystems,  terrestrial animals--both  domestic and 
wild--and aquatic  organisms  and  ecosystems,  will  be  specifically  ad- 
dressed. :? section 3.3, potential  effects  of  increased UV-B on  human 
health  will be considered.  However,  there  are  common  elements  for all 
these differer;' organisms and  ecosystems.  Prior  to  the  discussions  of 
these  effects  ome bac:kground  information  on ultraviolet  radiation (uv), 
UV-B, and  DUV- i s  provided. 17 

DUV - The  sum  of  the  irradiances  of  ultraviolet  light in the 
wavelength  range o f  290-320 nm,  with  each  wavelength  interval 
weighted  according  to  its  biological  effectiveness. UV radiation 
below 290 nm does  not  reach  the  ground  and uv radiation  above 
320 nm  does  not  affect DNA seriously. 
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below i s  a diagram of the  electromagnetic  spectrum  showing where the  uv 
r e g i o n   l i e s   w i t h   r e s p e c t   t o   t h e   v i s i b l e  and in f ra red   spec t ra :  

V i s i b l e  
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Source:  Rundel and Nachtwey r e p o r t  on " B i o l o g i c a l  (Nonhuman) and Human 
Ef fects   o f   Increased UV-B. 

F o r   c l a r i f i c a t i o n  purposes  the  fol lowing  background  discussion on 
u l t r a v i o l e t   l i g h t   ( u v ) ,  UV-B, and DUV taken  f rom  the NAS Comnittee 
r e p o r t   i s   i n c l u d e d :  

U l t r a v i o l e t   l i g h t  i s  i n v i s i b l e ,  and each o f   i t s   u n i t s  
(photons) i s .  more energet ic   than  the   photons   o f   v is i -  
b l e   l i g h t .   S t a r t i n g  near  the edge o f   t h e   v i s i b l e ,  we 
can usefu l ly   def ine  the  fo l lowing  wavelength  ranges 
(where  the  visible  extends  between 400 and 750 nm): 
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320 to 400 nm--uv-A 

290 to 320 nm--uv-B,  largely  responsible 
for  sunburn,  skin  cancer,  and  other  biological 
effects 

240 to 290 nm--does not  reach the earth’s 
surface  mainly  because o f  the  shielding 
effect  of  ozone (03) 

180 to 240 nm--absorbed by molecular 
oxygen  (mainly  with  formation  of  ozone) 
or by ozone and  does  not  reach the  lower 
stratosphere 

below 180 nm--does not  reach  even  the 
high stratosphere in appreciable  quantities 

The  shorter  the  wavelength  of uv-B light, the greater 
its  biological  effects.  Relative  effectiveness  of  one 
quantum  for  altering  DNA,  the  material  carrying  the 
genetic  information  of all living cells, is roughly as 
follows: 

320 nm 0.03 

315 nm 0.1 

310 nm 0.6 

305 nm 2.6 

300 nm 15 

295 nm 60 

290 nm 160 

(These  define  the  action  spectrum  of uv-B  light  for 
DNA,  which is here  normalized  to a value of 1000 at 
265 nm,  the  wa,velength  for  peak  sensitivity. ’ At  still 
shorter  wavelengths  the  sensitivity  drops  off.) 

We  shall  refer  to  the  total  amount of  DNA-altering 
light,  weighed by its relative  effectiveness, as the 
damaging uv, or  DUV  intensity. 
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Either  normal  or  reduced  amounts  of  ozone in the 
stratosphere  absorb  rapidly  increasing  amounts of 
light  as we pass  from 320 to 290 nm,  where  absorption 
is  almost  conlplete. As a  result  of  the  combination  of 
the  action  spectrum  and  the  ozone  absorption,  wave- 
lengths  near the  middle o f  the  uv-B  contribute  most  to 
DUV intensity  and to biological  effects. 

A reduction iin the  total  ozone  from  any  cause  allows 
more  ultraviolet  light  to  reach  the  earth's  surface. 
The corresponding  increase  in DUV is  even  greater  than 
the  increase in total uv-B, because  the  increase is 
proportionallly  greater  at  shorter  wavelengths. 

The NAS estimates  of  'increased DUV resulting  from  a  given  decrease in 
stratospheric  ozone  (physical  amplification  factor)  have  been  updated by 
Rundel  and  Nachtwey a:; follows.  The  UV-B  irradiances  as  a  function  of 
solar  zenith  angle and ozone  layer  thickness  were  calculated  using  the 
method  of  Green  et al. (-24). The UV-B irradiances  were  weighted  with  the 
DNA-damage  action  spectrum  to  obtain  DUV  irradiances.  The DUV irradi- 
ances  were  diurnally m d  seasonally  averaged,  using  values  for  initial 
and  reduced  average o;!one thicknesses  based  on  latitude  and  season  as 
reported by Bener (25:). (This  averaging  procedure  takes  into  account  the 
daily  and  seasonal  variability of  the  amplification  factor  at any partic- 
ular  latitude). 

Increases in DUV resulting  from  a 7.5 percent  ultimate  ozone  reduction 
were  calculated for various  latitudes as  shown below: 

Percent DUV Increase 
Lati tu? ('1 (at 7.5 percent  ozone  reduction) 

0 
10 
20 
30 
40 
50 
60 

14.3 
14.6 
15 .O 
15.8 
17 .O 
17.7 
18.0 

If there is  no cutoff  and  release o f  CFMs continues  at 1973 release 
rates,  which  the  NAS  calculates  would  reduce  ozone by 7.5 percent  at 
equilibrium,  then  half  of  the  maximum  increase i n  DUV will  occur by about 
2085, 3/4 of maximum  by 2070, and  the  ultimate  maximum (17 percent a t  
40 N latitude)  will nlot be  reached  until  well  into the 22nd  century. 



-40- 

3.2.1. Biosphere  in  General 

3.2.1.1. Statement  of  the  Potential  Problem 

A large  extant  literature  documents  the  fact  that  ultraviolet  radiation ', 
can  affect a wide  variety  of  organisms  and  this  information  forms  the 
basis  for  our  concern  about  ozone  reduction/increased UV-8. Most  of the 
information,  however,  has  been  obtained  with  UV-C  under  laboratory condi- 
tions.  Analyses  have  shown  that  these  data  cannot  be  readily extrapo- 
lated  to a guantitative assessment  of  the  biospheric  impact  of  increased 
UV-B (26). Similar  studies  of  the  effects of UV-B per se  are relatively 
rare. Nonetheless,  qualitatively,  many  of  the  effects  demonstrated in 
the laboratory  with  UV-C  are  found  to  occur  with UV-B. Much  of what  we 
know about uv photobiology  can  be  generalized,  on a qualitative  basis, 
for a first  approach  to  assessment  of  impact  of  increased UV-B. 

From  basic  photobiological  knowledge,  we  can  generalize  that  organisms 
are  currently  living  in,  and  apparently  coping with, a radiation  field o f  
damaging  solar  DUV. The key question  for an assessment of  the  impact  of 
increased  UV-B  is  whether  organisms  can  cope with more of it and, if so, 
how  much  more. 

3.2.1.2. Available  Information 

With  very few  exceptions,  the  studies  to  date  do  not  allow  accurate 
answers  to  the  above  fundamental  questions  for  any  specific  organism in 
nature.  This  ignorance  should  not  be  surprising  given  that  almost all of 
our information  was  obtained  from  the  short-term (18-month) biological 
studies  portion  of  the  Climatic  Impact  Assessment  Program  effort  plus a 
few  subsequent  NASA-supported  studies.  Moreover,  these  initial  pilot 
studies  were  designed  not  to  answer  the  fundamental  questions  but  to 
ascertain if UV-B  could  have  effects.  The  NAS  reports  on  stratospheric 
flight ( 3 )  and  on halocarbons (7,8) did not  add any new  information. The 
initial  studies did show  that  DUV  at high doses  could  have  effects in 
many  cases  but  not all; other  studies  showed  that  current  levels  of  DUV 
could  have  effects,  but it  is  not known if  such effects will  occur in 
nature. 

Nonetheless,  from  our  general  photobiological  knowledge,  we  can  reason- 
ably  assume  that  organisms in nature  are  coping  with current levels o f  
DUV by a combination of  the  following  mechanisms: 

a. Avoidance 

Many  organisms  live  almost  permanently  underground  or  under  rocks,  or in 
litter, or  inside fruits and  vegetation. Others  live in the dark depths 
of  water  where  essentially  no  UV-B  penetrates.  Some  terrestrial  organ- 
isms  have  nocturnal  habits and avoid the  sun in the daytime.  Obviously, 
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e f f e c h  on organisms t h a t   t o t a l l y   a v o i d   s u n l i g h t   a r e   n o t  a Source  of 
concern. However,  manJl o rgan isms  on ly   par t ia l l y   avo id  DUV, be ing  exposed 
t o   v a r i o u s   l e v e l s  of s o l a r   r a d i a t i o n   a t   l e a s t   a t  some t j m e   i n   t h e i r   l i f e  
cycles:  tnany p l a n t s   a r e   f i x e d   i n  an exposed cond i t i on ;  many animals  are 
exposed t o   d i r e c t   s o l a r .  UV-B dur ing  much o r   a l l   o f   t h e  day; other  orga- 
nisms  are d i r e c t l y  exposed o n l y   p a r t   o f   t h e  day, seeking shade du r ing  
midday. Aquatic organ-isms l i v e   i n  a v a r i a b l e   s o l a r  UV-B f i e l d  depending 
upon t h e i r   d e p t h   i n   t h e  water. 

b. Protect ive  Screen i ng 

As pro tec t ion   aga ins t   the   so la r  UV-B t o  which  exposed  animals  are  sub- 
jected,   there  are a v a r i e t y  of  organismai  screening  agents: (1) non- 
l i v i n g   m a t e r i a l s   l i k e   f u r ,   o r   h a i r ,   f e a t h e r s ,   h o r n y   l a y e r s  of epidermis 
in   ver tebra tes ;   ch i t inous   exoske le tons   in   a r th ropods;   ca lcareous   o r  
s i l i c e o u s   s h e l l s   i n   o t h e r   i n v e r t e b r a t e s ;   b a r k ,  waxy c u t i c l e s ,  and c e l l u -  
l ose   wa l l s   i n   p lan ts ,   e t c . ,  ( 2 )  p i g m e n t s   w i t h i n   l i v i n g   c e l l s ,  e.g., 
melanin,  xanthophylls,  anthocyanins,  etc., ( 3 )  nonc r i t i ca l ,   i . e .   rep lace -  
a b l e   s u b s t a n c e s   w i t h i n   l i v i n g   c e l l s  such as ch lo rophy l l ,   p ro te ins ,  and 
r ibonuc le ic   ac id .  

The above screening aglents can  absorb UV-B photons and thus s h i e l d   c r i t i -  
c a l   c e l l u l a r   t a r g e t s  such as t h e   h e r e d i t a r y   m a t e r i a l s  o f  c e l l s ,  DNA. The 
energy  of  the  photon  a~bsorbed  by  these  screens i s   u s u a l l y  degraded t o  
harmless  molecular  motion  (heat),  but some chemical damage can  occur. 
However, most damaged molecules can be  broken down  and recyc led ,   o r   the  
damaged s t ruc tu re ,  e.g., horny  epidermis, can  be sloughed and rep laced 
w i t h  new horny  epidermis. Such consequences  have a cost  i n  energy  but 
they   p ro tec t   aga ins t  permanent damage t o  the  organism. 

c. Redundancy of I n fo rma t ion  

Despi te   the above p r o t e c t i v e  measures, some s o l a r  UV-B nay  penetrate 
t h r o u g h   t o   c r i t i c a l   t a r g e t   m o l e c u l e s  such as DNA. DNA i s  probably   not  
t h e   o n l y   c r i t i c a l   t a r g e t   m o l e c u l e   w i t h i n  all c e l l s ,   b u t  i t  i s  probably 
t h e  most  important one i n  most c e l l s  because DNA conta ins   the   genet ic  
i n f o r m a t i o n   f o r  making a l l  o f   t h e   c o n s t i t u e n t s   o f   c e l l s  and combining 
them in to   o rdered  ce l lu la r   s t ruc tu res ,   o rgans ,  and organisms.  Since DNA 
i s  so i m p o r t a n t   t o   l i v i n g  organisms, t h e r e   i s   f r e q u e n t l y  a redundancy o f  
g e n e t i c   i n f o r m a t i o n   w i t h i n   t h e   c e l l s .  Thus, e f f e c t s  t o  DNA are  not  
necessa r i l y   dc t r imen ta l  i f  a redundant  sect ion o f  undamaged DNA can take  
over. 

d. DNA Repair Systems 

Even though some photclns get  through  the  screens and are  absorbed dnd 
damage DNA, almost a l l  c e l l s  have enz-matic mechanisms f o r   r e p a i r i n g  
damaged p o r t i o n s   o f  DNA. 
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e. C e l l   D i v i s i o n  De lay ,   Poss ib ly   fo r  
Repair Time 

A prominent  r 'eature i n   t h e  response o f  almost a l l   c e l l s  t o  uv r a d i a t i o r ;  
i s  a d e l a y   o f   c e l l   d i v i s i o n .   C e r t a i n   e v i d e n c e  (27,28) i n d i c a t e s   t h a t  
c e l l   d i v i s i o n   d e l a y  may represent  an evolved mechanism by  which  organisms 
are a1 l owed   t ime   fo r   repa i r   o f   uv - i  nduced damage before i t  i s   " f i x e d "   b y  
c e l l   d i v i s i o n   t o  become l e t h a l .  

f. Mi scel  1 aneous Mechan i srns 

I n  a d d i t i o n   t o   t h e  above general mechanisms, some organisms  have  evolved 
o ther  ways t o  cope w i t h   s o l a r  UV-B damage. For example, (1) many c e l l  
types  are more s e n s i t i v e   t o   t h e   l e t h a l   e f f e c t s   o f  uv r a d i a t i o n   d u r i n g  
c e l l   d i v i s i o n   t h a n   a t  any other   t ime i n  t h e i r   c e l l   c y c l e   { p r o g r e s s i o n  
from one c e l l   d i v i s i o n   t o   t h e   n e x t ) .  Such e x t r a   s e n s i t i v i t y  may r e s u l t  
from t h e  damage b e i n g   " f i x e d "   i n  some  way be fore  i t  can  be  repaired. 
Some c e l l s   i n  some organisms show c y c l i c   d a i l y   p a t t e r n s   w i t h   c e l l   d i v i -  
s i o n   a t   n i g h t .   T h e i r  comiplex p a t t e r n   o f   r e p r o d u c t i o n  may have  evolved as 
a mechanism f o r   c o p i n g   w i t h   t h e   i n c r e a s e d   s e n s i t i v i t y   t o  uv p r i o r   t o  and 
d u r i n g   c e l l   d i v i s i o n ;  ( 2 )  Calk ins (29) has p o i n t e d   o u t   t h a t  i n  na ture  
reproduc t ion   by   surv iv ing   un ice l lu la r   o rgan isms  cou ld   rep lace   those 

As long as the  dose o f  UV-B does not  exceed a c e r t a i n  k i l l e d  by UV-B. 
" rep 1 acemen t 1 i rn 
acco rd ing   t o   h i s  

i t i n g  dosle" (RLD) f o r  each species  of  organism,  then, 
model, populat ions  could  surv ive.  

3.2.1.3. Pro jec t ions  o f  E f f e c t s  o f  Increased UV-B 

I f  a1 1 UV-B r a d i a t i o n   i s   c u r r e n t l y  ptaoducing damage i n  exposed p a r t s  o f  
organisms and the  organisms  are  coping  wi th  th is damage by a constant 
expend i tu re   o f   energy   fo r   repa i r   o r   rep lacement   o f  damaged molecules, 
ce l l s ,   o r   non l i v i ng   s t ruc t l u res ,   t hen  any i n c r e a s e   i n  DCJV will l i k e l y  
i nc rease   t h i s   expend i tu re  o f  energy. A d ivers ion   o f   inpu t   energy   to   such 
c o p i n g   a c t i v i t y  and  away r"rorn p r o d u c t i v e   a c t i v i t y  may be  considered 
de t r imenta l .  If the amoclnt o f  energy expended f o r  c o p i n g   a c t i v i t y   i s  
l a r g e  compared t o   t h a t  f o r  p r o d u c t i v e   a c t i v i t y ,  then t h e   e f f e c t  o f  
increased DUV could  be  large; i f  the  amount i s  small ,  tne e f f e c t   c o u l d   b e  
smal l .  A t  present we have no i n f o r m a t i o n   f o r  any organism on t h e   f r a c -  
t i o n   o f   i t s  energy  f low  used i n  cop ing   N i th  DUV. 

There  are  two  exGwiments  that sQggest t h a t  .ir i  some organisms  the  d iver-  
s ion  might   be  substant ia l :   S isson and Caldwel l  ( i n  press )   f ound   tha t  
s imu la ted   so la r  UV-B s i g n i f i c a n t l y   i n h i b i t e d   p h o t o s y n t h e s i s  i n  a moder- 
a te ly   UV-B-sensi t ive  p lant ,  Rumex E t i e n t i a  ( a  b i e n n i a l   h e r b ) ,   a t   a l l  
doses and dose-rates  tested, evert a t  thsse ?ess  t h a n   c u r r e n t l y   i r r a d i -  
a t i n g   E a r t h   a t   t h e  p l a n t ' s  nat;:ral location, Worrest and Van Dyke 
(unpub l i shed)   i r rad ia ted  microcosms a f  s a w  marine a l g ~  wi th   va r ious  
doses, i n c l u d i n g  some less  than  those curr.ei.;t'ly reaching  Earth, and found 

__I 
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a reduc t ion   o f   g rowth   ra te   vary ing   w i th   inc reased dose. Ne i the r   o f   t hese  
experiments, however, was conducted i n  t h e   p r e s e n c e   o f   h i g h   v i s i b l e   l i g h t  
i r rad iances,  as would olccur i n  nature, so t h e   r e s u l t s  may not  be t o t a l l y  
a p p l i c a b l e   t o  what migh't happen i n  n a t u r e .   ( H i g h   v i s i b l e   l i g h t   i s  neces- 
s a r y   f o r   r e p a i r  of DNA by an enzymatic mechanism ca l l ed   pho to reac t i va -  
t i o n . )  

It is  not   unreasonable  to   expect  some l e v e l  of t o l e r a n c e   i n  many, if not  
most,  organisms or  populat ions  of   organisms. The energy   f l ow   i n to   repa i r  
o f  damage to ,  say, COWS' eyes and unpigmented s k i n   i s   d o u b t l e s s l y  a very 
smal l   f rac t ion   o f   the   t ;o ta l   energy   f low,  so a moderate  increase i n  DUV 
wou ld   no t   l i ke ly   decrease  p roduc t ion .   S imi la r ly ,   th is   concept   l i ke ly  
h o l d s   f o r   o t h e r   p a r t i a l l y   p r o t e c t e d   v e r t e b r a t e s  and i n v e r t e b r a t e s .   I n  
the  case  of   populat ions  of   photosynthet ic  organisms, damage t o   t h e   p h o t o -  
synthet ic  apparatus i n   i n d i v i d u a l   l e a v e s  and a r e d u c t i o n   i n   p l a n t   s i z e ,  
could  be compensated i n  a populat ion  of  organisms  by  decreased  competi- 
t i o n   f r o m   s m a l l e r   p l a n i s   f o r   s o i l   n u t r i e n t s  and water,   thereby  al lowing 
more p l a n t s   t o  grow p e r   u n i t  area. Thus, o the r   f ac to rs   i n   na tu re   bes ides  
DUV may limit the amount of t o t a l  biomass  production. 

Nonetheless, a comprehensive  analysis o f  e x i s t i n g  knowledge  indicates 
t h a t  a 17 percent  increase i n  DUV has a p o t e n t i a l  f o r  a l t e r i n g   t h e  normal 
s i t u a t i o n  even  though t h e   s e n s i t i v i t i e s  and l i m i t s   o f   t o l e r a n c e  o f  most 
organisms  are  not known. (See  Rundel & Nachtwey r e p o r t  on " B i o l o g i c a l  
(Nonhuman) and Human Effects o f  Increased UV-B" on f i l e   w i t h   t h e  FDA 
Hearing  Clerk.) The analys is  assumes f o r  worst-case assessment purposes 
t h a t   t h e  limit o f  DUV .tolerance  by a p a r t i c u l a r   s p e c i e s   i s   c o n s t a n t  f o r  
the  species  throughout i t s  geographic  range and  assumes that  the  lower 
l a t i t u d e  limit f o r   t h e  range i s   s e t  by  the maximum DUV i r rad iance.  Thus 
an i n c r e a s e   i n  DUV will sub jec t   o rgan isms  a t   h igh   la t i tudes  t o  DUV i r r a -  
diances  exceeding t h e i r   t o l e r a n c e   l i m i t s .  The "zone of   potent ia l   impact , "  
i n   m i l e s ,   r e s u l t i n g  from a p a r t i c u l a r  ozone reduc t i on  can  be ca lcu la ted :  
f o r   m id - la t i t udes   t he  .zone of potent ia l   impact  amounts t o  a worst-case 
estimate  of  several  hundreds o f  m i l e s   f o r  a 7.5 percent  ozone reduc t ion .  
However, the   ana lys is   a lso   cons iders   tha t  DUV i s   n o t   l i k e l y   t o  be  the 
l o w e r   l a t i t u d e   l i m i t i n g   f a c t o r   f o r   a l l  organisms. The ana lys is   a lso  
takes   in to   account   tha t   var ious   types   o f   o rgan isms  l i ve   compet i t i ve ly  i n  
ecological  niches  which  are  determined  by a l a rge  number o f  i n t e r a c t i n g  
physical,   chemical, and b i o l o g i c a l   f a c t o r s .  DUV i s  one such  factor .  An 
i n c r e a s e   i n  DUV will subject   organisms  to   addi t ional  DUV over  normal 
exposures.  Seasitive  organisms may become less   compe t i t i ve   l ead ing   t o  a 
community s t r u c t u r e   s h i f t ;   t h a t   i s   t h e  change i n  types and numbers o f  
species i n  a g iven ecosystem. Our understanding  of  ecology i s   i n s u f -  
f i c i e n t   t o   a l l o w   p r e d i c t i o n   o f  DUV-induced community s t r u c t u r e   s h i f t s   b u t  
i t  has  been demonstrated to   occur  and t h e r e f o r e   i s  a d e f i n i t e   p o s s i b i l i t y  
i n  nature.  
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3.2.1.4. Uncertainties  and  Ameliorating  Circumstances 

Although  we  cannot  accurately  predict  DUV-induced  cornunity  structure 
shifts  or  which  ones  might  be  detrimental,  we  can  have  some  faith  that 
the  wide  diversity  of  types  of  organisms in many  ecosystems  tends t o  
stabilize  the  ecosystem  against  catastrophic  change  resulting  from  varia- 
tions in physical  factors. A decline in or loss of the  population  of  one 
type  of  organism in an ecosystem  is  sometimes  made  up by an increase in 
the  population o f  some  other  type  with  no  significant  change in total 
productivity  or  noticeable  detrimental  effect. 

On  the  other  hand,  there  are  some  species-poor  ecosystems  that  might  be 
quite  susceptible  to  alteration,  for  example,  at  the  margins o f  deserts. 
Impact  of UV-B on some  organisms at  such  locations  may  not be easily 
stabilized.  An  encroachment  of  desert  with  increased  sedimentation  of 
rivers,  sand  storms,  microclimate  changes,  and  other  consequences  might 
result.  At  present,  we  have  no  information  on  the  potential  for in- 
creased UV-B inducing  such an effect;  we  can  only  speculate  that  the 
thick  cuticles  and  waxy  layers  of  many  desert  plants,  which  protect  them 
from water,loss, may  also  protect  them  from UV-B. 

3.2.1.5. Summary  on  Effects  of  Increased UV-B on  the 
Biosphere in General 

Although a  considerable  amount of information  regarding  the  effects  of uv 
at the  molecular  and  cellular  levels  exists,  there  is a  paucity  of  infor- 
mation  for  assessment  at  the  organismal  and  ecosystem  level.  However,  on 
the  basis  of  the  little  that is known, we  can  conclude  that  organisms  are 
currently living in and  apparently  tolerating a radiation  field  of  harm- 
ful  solar UV-B. Organisms  cope  with  this  stress  by  a  combination  of 
mechanisms.  If  we  assume  that  there  is  no  reserve  capacity  to cope  with 
more  than  the  maximum DUV doses  to  which  they  are  currently  subjected, 
then  increased DUV has  the  potential  for  affecting  organisms in the  lower 
latitude  limits o f  their  geographical  ranges.  The  approximate  extent  of 
the  potentially  affected  areas  may  be  calculated  for  various  situations 
of  ozone  reduction/increased UV-6. However, it should  be  emphasized  that 
the  calculated  zones  are  for  potential  impact.  Theoretical  arguments  can 
be  made  that  organisms  may  be  indifferent  to DUV at the  lower  latitude 
limit o f  their  geographic  range,  a  limit  more  likely set,by other  more 
pervasive  environmental  factors  such  as  temperature  and  moisture.  Thus, 
the zone of  potential  impact  can  be  viewed  as a  worst-case  estimate. 

The  potential  for  detrimental  community  structure  shifts  does  exist.  At 
present it  is  not  possible  to  project quantitatively  or  qualitatively  the 
occurrence o f  characteristics  of any  comnunity  structure  shift. 
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3.2.2. Agricultural  Plants 

3.2.2.1. Statement  of  the  Potential  Problem 

The  obvious  importance  of  agricultural  plants  (including  forage  crops) 
as sources  of  human  food  makes  any  potential  impact  of  ozone  reduction/ 
increased UV-B, even a small  one, a cause o f  great  concern,  especial ly 
considering  the  world's  burgeoning  population. The global  extent of 
agriculture is so vast  that  even a 1 percent  reduction in productivity 
is a large  amount.  Potential  impacts of increased DUV on fiber-producing, 
medicinal  (including  tobacco),  horticultural,  and  ornamental  plant 
species  are  also of concern. 

The  potential  effects  that  might  occur  from  increased UV-B are  as  follows: 

0 decreased  photosynthesis 

0 decreased  rate  of  biomass  accumulation  and  development 

0 decreased fruit or  grain yield 

0 decreased  reproductive  ability  (pollen  and  seed  germination) 

0 a1  tered morphology  (structure) 

0 altered  competitive  ability (e.g., weeds vs.  agricultural 
species,  resistance to  plant pathogens such as fungi and 
viruses) 

0 decreased  resistance  to  other  physical  and  chemical  stress 
(e.g., drought,  temperature,  nutrient  deficiencies,  etc.) 

Depending on  the quantitative  extent  of  these  potential  effects, in- 
creased UV-B may  significantly  affect  global  food  supply  or  lead  to 
increased  costs  of  production. 

3.2.2.2.  Available Information 

Studies were  initiated  during  the  CIAP  effort  to  assess  the  potential 
effects  of  increased UV-B on  selected  species  of  domesticated  plants. 
Prior to  that  time  very  little  research  on  the effects'of UV-B had been 
performed. A few  subsequent  studies  have  been  conducted,  but  the  main 
source  of information  continues  to  be  the  CIAP  studies;  the  NAS  Committee 
report (7) based  its  conclusions  on  those  studies.  The  following  sub- 
section presents an abridged  and  edited  version of  the  sumnary  section by 
Biggs,  Sisson, and  Caldwell  regarding  the  results  of the  CIAP  studies on 
terrestrial  plants. It is  taken  from  chapter 4 of  CIAP  monograph 5, part 
1, which  should  be  consulted  for  details (30). 
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a. CIAP Studies 

Most  plants,  especially  those  that  grow  in full sunlight,  possess  natural 
defense  mechanisms  that  minimize  the  uv-radiation  insult  under  present 
day  conditions. These .include  absorption of  UV-B  radiation in epidermal 
waxes, cell  wall materials, and cellular  compounds such  as flavonoids; 
enzymatic  repair  mechanisms  such as photoreactivation; and  induced photo- 
protection  such  as  protective  pigment  synthesis  and  nastic  movements (31). 
The  key  question  for an assessment  of  impact is whether  or  not  plants  can 
cope with  the  increased  levels  of  UV-B  radiation  anticipated in the  bio- 
sphere in the  event  of  partial  ozone  destruction.  From  the  available 
data  summarized  here  we  cannot at  present  answer  this  key  question  with 
any  confidence.  We  do  'have  results from  a limited  number  of  studies, 
however,  which  will be discussed. 

(1) Biomass  Accumulation 

. The  effects  of  DUV  radiation  on  biomass  accumulation  were  studied  at 
three  locations.  Results  of  these  studies  reflect  many  of  the  physio- 
logical  activities of plants.  Twenty-three  cultivated  crops  were  tested 
at the  University  of  Florida  under  growth-chamber,  greenhouse,  and  solar- 
ium  conditions.  Of the 23 plants  tested  under  growth-chamber  conditions, 
13  exhibited  biomass  accumulations  that  were  less  than  the  controls 
(exposed to  no UV-B radiation).  Under greenhouse  conditions, 11 o f  the 
17  plants  tested had significantly less  dry matter  than  controls  exposed 
to  no  UV-B  radiation. In the case of plants  tested in the  solarium,  a 
greenhouse  without  a  roof, 4 of the 10 had  dry  weight  totals  less  than 
the  controls,  which  were  exposed to  normal solar UV-B irradiance. 

In the  field  tests at Utah  State  University,  the plant species  tested 
under  elevated UV-B irradiance  also  responded  differentially.  Of  the 5 
agricultural  species  tested  under UV-B radiation  supplementation,  3 
species  (corn,  pepper,  and  barley)  exhibited  significant  reductions  of 
biomass of  either  the  shoot or root  component,  or  both.  Control  plants 
were  exposed  to  normal  UV-B  radiation. 

One study  approached  the  question  of  effects  of  UV-B by  using filters  to 
attenuate  the  natural  levels  of  UV-B  irradiance in the  field and to 
evaluate  changes in agricultgral  pLoductivity. The  field  test  location 
was  Gainesville,  Florida (29 N, 82 W ) ,  where  the UV-B'radiation flux 
density  was  expected  to  be  greater  during  the  spring  than in areas  farther 
north.  During  the course o f  the  experiment,  the  natura3,ozone  level in 
the  stratosphere  varied  between 0.265 and 0.33 atm.  cm.- The  average 
ozone  column  during  the  course  of  the  field  tests  was 0.29 atm.  cm. 

2' atmosphere-centimeters  (atm. cm. ). An atmosphere-centimeter is 
a unit  of  ozone  concentration  expressed in terms of the  thickness 
(in centimeters) th(at the  entire  ozone  column  above  the  earth  would 
occupy if  it Nere  compressed at  standard surface  atmospheric 
pressure at 0 C. 
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From  the  plant  measurements  taken  at  Gainesville,  there  were  some  statis- 
tically  significant  changes  observed in a few growth  characteristics and 
in certain  yield  categories,  but  total  yield was not  significantly 
altered for the  three  crops on  the  basis of  comparison  between  the  two 
filter treatments.  This  indicated  either that  these tests  with  small 
plots  of  plants  in  the  field  under filters lacked  the  sensitivity  needed ’ 
to  detect  significant  differences  between  the  treatments or  that these 
crops  were not  stressed  by  normal  solar UV-B radiation  under  the 
conditions of the test.s, i.e. they  are  not  currently  existing  at UV-B 
levels  exceeding  their  tolerance  limits. 

( 2 )  Photosynthesis 

Photosynthesis is of plaramount  importance  to  growth  and development o f  
most  higher  plants.  It  is  directly  coupled  to  biomass  production  and  to 
crop yield. 

. Net photosynthetic  studies  using a variety of agricultural  and  nonagri- 
cultural  plants  have  slhown  that  an  enhanced  uv-radiation  regime  does 
effectively  repress  photosynthetic  rates,  and  that  over  a  several  day 
period,  deleterious  effects  upon  the  photosynthetic  mechanisms  accumu- 
late. 

( 3 )  Plant  Morphological  Changes 

Plant  morphological  changes  consisting  of  shortened  internodes,  decreased 
apical  dominance,  and  decreased  leaf  size  seem  to  be  the  general  reaction 
to high dose UV-B irradiation  in  controlled  studies. O f  the  plants 
tested  under  growth-chamber,  greenhouse,  or  full-sun  conditions, 15 of 
23, 1 of 16, 3 of 7 species,  respectively,  exhibited  reduced  height  when 
exposed to UV-B irradiation.  Nonagricultural  plants  show  similar  reduced 
height  effects ( 3 2 ) .  The  earlier  stages  of  growth and development, 
whether of  individual  plant  organs  or  of  whole  plants  seem t o  be  more 
sensitive  to UV-B radiation.  However,  the  overall  effect of  chronic UV-B 
irradiation  seems  to  be an accumulative  inhibition.  This is in general 
agreement  with  the  observed  reactions o f  higher  plants  to  other  stresses, 
such  as  suboptimal  visible  light,  temperature,  moisture,  and  nutrient 
conditions ( 3 3 , 3 4 ) .  

( 4 )  Other  Plant  Responses 

Apart from  the basic  responses  of  plants  to  elevated UV-B irradiance, 
such  as  reductions in photosynthesis,  height,  and  biomass  accumulation, 
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and  induction of  morphological  alterations,  other  potentially  important 
responses  should  not  be  overlooked.  For  example,  the  significant  de- 
pression of pollen  germination  observed in preliminary  experiments  (35) 
might  have  far-reaching  implications if  this holds  true for species  with 
windborne  pollen. 

Mutation rates  were increased by as much  as  300-fold  in  preliminary 
studies  of  stamen  hair  cells  of  Tradescantia  clones by Campbell (35). 
Increased  mutation  rates  are  generally  considered  to  lead  to  detrimental 
consequences in biological systems, even  though  the  impact  might  not 
always  be  immediately felt by the  organisms in question.  However, in a 
plant  population  subjected  to  natural  selection, an  increased  level of 
mutant  individuals  would  probably not occur  because  they  would  be  elim- 
inated by natural  selection. 

(5) Summary 

Although the 18 months  of  research on higher  plants  conducted  under  CIAP 
auspices  have  laid a  valuable  foundation  for  further  research  with  UV-B 
radiation,  results  thus  far  must be interpreted  with  caution.  These 
preliminary  studies on whole-plant  response  to  UV-B  irradiance  suggest 
three  important  conclusions: 

e High  doses o f  UV-B  radiation  can  be a decidedly 
detrimental  stress  on  higher  plant  growth and 
productivity.; 

e Beneficial  effects  or  growth  stimulation by UV-B 
irradiation i s  apparently not t o  be generally 
expected; 

e Plant  species  vary  considerably in their  sensitivity 
to  this  stress. 

The  preliminary  experiments  also  indicate  that  some  plants (e.g., some 
varieties  of  bean,  peanut,  tobacco)  have  considerable  capacity  to  resist 
increased  UV-B.  Some  data  suggest  that  part o f  the resistance involves 
photorepair  processes. It; is  tempting  to speculate  that  the increased 
incidence and expression  of  significant  UV-B  radiation  growth  depression 
i n  growth-chamber and greenhouse  experiments, as opposed  to field experi- 
ments, are  due  to  lessened  photorepair in the  chambers  or  greenhouse 
because  visible  irradiance  is  much  less  intense  than in the  field. It 
must, however,  be  remembered  that  many  other  environmental conditions 
differed in these  various  experimental  regimes.  Also, in the  greenhouse 
and  most of the  growth-chamber  experiments,  the  control  plants  were 
exposed  to  essentially  no  UV-B  radiation;  whereas, in the  field,  the 
control  plants  were  exposed to  normal ambient  solar  UV-B  irradiance. 
Hence,  the UV-B radiation  increment  between the UV-B  radiation  supplement 
treatment and the  control  plants  was  much  less in the  field. 
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Furthermore,  plant-to-plant  variability  under field culture  usually 
greatly  exceeds  the  variability  in  greenhouse  or  growth-chamber 
conditions--hence statistical  detectability of treatment  effects is 
also  lesser,ed  in the field. 

b. Post-CIAP  Studies 

A few  additional  pieces of information  have  become  available  since  the 
CIAP  summary  was  written.  Unequivocal  data  now  exist show 
reactivation and  excision  repair  of  UV-B-induced  damage  to 
in cells  from several  plants  species (36). Fox  and  Caldwe 
have  obtained  preliminary  evidence  that  high  doses  of  UV-B 
competitive  ability  between  agricultural  species  and  their 
weeds  but in some  cases  the  shift  favored  the  agricultural 
other  cases  no  effect  was  seen.  Caldwell  and co-workers h 
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strated  an increase in flavonoid  pigments in one  plant in response  to 
UV-B  exposure.  They  have  not yet established  the  limit  of  such  screening 
pigment  production  but  the  results  suggest  some  ability  to  adapt  to 
changing  levels  of UV-B,, 

Krizek ( 3 7 )  has  studied the influence of high  doses  of UV-B radiation  on 
germination and early  seedling  growth  of  tomato,  radish,  cucumber, 
lettuce,  bean,  wheat,  cotton,  soybean,  and  millet.  Continuous  exposure 
of seeds  for 3 days  to  unfiltered  lamps  had a slight  effect  on  fresh 
weight  of  seedlings  but  no  appreciable  influence  on  germination  percent- 
age  or  dry  weight  of  .seedlings.  Extending the duration of continuous 
exposure to 6 days  resulted in abnormal  seedling  growth in all species 
but wheat. 

Two  very  significant  studies  have  been  performed by Sisson  and  Caldwell 
( 3 8 , 3 9 ) .  These  studies,,  although  involving a nonagricultural species, 
Rumex  patientia,  have  demonstrated a significant  effect on photosynthesis 
by DUV  doses  that  might  be  expected  with  current  and  moderately  reduced 
ozone levels.  Another finding  of  the  Sisson and Caldwell  studies is a 
UV-B-induced  inhibition  of  leaf  elongation.  They  concluded  that  this 
effect is  not attributable to  the  reduced photosynthesis per  unit  area of 
individual  leaves,  but  point  out  that the DUV-induced  leaf  size  reduction 
further  reduces  the  whole  plant's  ability to assimilate  carbon  and 
increase in biomass.  Moreover,  DUV  caused a reduced  leaf  longevity, i.e. 
premature aging.  Although  leaf  longevity  was reduced,  there  was no 
evidence for  an acceleration o f  whole-plant  aging  and  death  even  at the 
highest doses.  If  the results of  their  studies,  with a moderately  DUV- 
sensitive plant,  are  generally  applicable  to  many  other  species,  then 
there is a definite  potential  that any increase in average  DUV  doses wi 11 
over a long  period  cause  accumulative  damage. 



3.2.2.3. P ro jec t i ons  Of Impact o f   Inc reased DUV on 
A g r i c u l t u r a l   P l a n t s  

It has  been repeated ly  enlph  d tha t   the   p resent   ava i lab le   da ta   on  UV-B 
e f fec ts  on p lan ts   a re  inetde f o r   p r o j e c t i n g  what may Occur if the  NAS 
r e p o r t   s c e n a r i o   i s   v a l i d  gn . 5  percent ozone r e d u c t i o n   u l t i m a t e l y  
occurs.  Nonetheless,  wor$i i t h   t h e   a v a i l a b l e   d a t a  and surrounding  the, 
est imates wi'th numerous E& and emphfi@tis of unce r ta in t i es ,  P. E. 
Stevenson (con t rach  wi tb EP as at@mp&d t o  assess t h e   p o t e n t i a l  
impact o f  a 10 percent %:OW reduc t i 0ng .n   t he   i nc rease   i n   d ry   we igh t .  
Out o f  necess,ity,'  he  had t o  make  a  number o f  assumptions t o   c a l c u l a t e   t h e  

'!:potential e f f e c t s   o f  a 10 percent ozone reduc t i on  on p l a n t s   i n   t h e   f i e l d ,  
i.e. i n  nature,   f rom  resul ts  of   d ispara-  studies  conducted  mainly i n  

7 growth-chambers and greenhouses  using  enhanced DUV f rom  s imulated 40-50 
percent ozone reduct ions.  

Despi te   the many assumptions and ques t ionab le   ex t rapo la t ions ,   h is   ana l -  
y s i s   s u g g e s t s   t h a t   i n  most  cases  studied, a 10 percent ozone reduc t i on  
will produce  less  than a 10 p e r c e n t   r e d u c t i o n   i n  biomass  even i f  any o f  
his  numerical  assumptions i s   i n c o r r e c t   b y  a f a c t o r   o f  2. 

Although Stevenson% ana lys is  and t h e   e x a m i n a t i o n   o f   r e l a t i v e   s e n s i t i v -  
i t i e s  suggest  that  a 10 percent  increase i n  DUV m i g h t   n o t   a f f e c t  biomass 
product ion  by more than 21 few  percelgt, i t  should  be  emphasized  that   th is 
conclusion  should  not  be.generalized&o.lagriculture as  a whole.  His 
ana lys is   on ly   cons iders   e f fec ts  on,biomass f o r  a r e l a t i v e l y   f e w   p l a n t s .  
I t  does n o t   c o n s i d e r   f r u i t   o r   g r a i n - y i e l d s  and q u a l i t y ,   n o r  does i t  
consider  mutat ions and r e p r o d u c t i v e   a b i l i t y ,   w a t e r   r e l a t i o n s ,   i n t e r -  
ac t i ons   w i th   o the r  chemic:al, phys i ca l ,   o r   b io log i ca l   f ac to rs  (e.g., 
insec ts ,  weeds, v i r u s e s )   t h a t  may a f f e c t   t h e  end p roduc ts   o f   ag r i cu l tu re .  

I n   t h e  absence of su f f i c ien t   exper imenta l   da ta  on a g r i c u l t u r a l   p l a n t s ,  
one might examine "nature's  experiments." Looked a t   s i m p l i s t i c a l l y   f o r  
purposes o f   i l l u s t r a t i o n ,   i n d i v i d u a l   a g r i c u l t u r a l   p l a n t   s p e c i e s   a r e  
cur ren t ly   g rowing   in ,  and apparen t l y   t o le ra t i ng  a wide  range  o f  DUV doses 
over a wide  range  o f   la t i tudes.  I f DUV i s   t h e   o n l y   f a c t o r   t o   c o n s i d e r ,  
then i t  i s  reasonab le   to   expec to tha t   p lan t   spec ies   wh ich   to le ra te   the  
c u r r e n t   l e v e l  of UV-B a t  say 30 l a t i t u d e   i n  some f a i r l y  homogeneous 
l o n g i t u d i n a l  area, e.g. the  Great   P la ins area, will be a b l e   t o   t o l e r a t e  
those same UV-B l e v e l s  at. h ighe r   l a t i t udes .  The d i r e c t   e f f e c t s   o f   i n -  
creased UV-B may then  be  expected t o   a f f e c t   o n l y   t h e   l o w e r   l a t i t u d e  
p o r t i o n  of the  p lants '   range.  I f  one ignores  the  " fuzzy"   imprec ise 
na ture   o f   the   range boundary, one  can c a l c u l a t e   t h e  zone o f   p o t e n t i a l  
impact i n  which  increasedl UV-B will exceed t h a t   c u r r e n t l y   e x p e r i e n c e d   a t  
t h e   l o w e r   l a t i t u d e  limit o f   t h e  range.  For a 17 p e r c e n t   i n c r e a s e   i n  DUV, 
t h i s  zone o f   p o t e n t i a l   i m p a c t  amounts to   severa l   hundreds  o f   mi les.  The 
a c t u a l  zone o f  impact, if any, may be l e s s   o r  it may be more, even igno r -  
i ng   t he   " fuzzy "  boundary. It may be l ess  i f  DUV i s   n o t   t h e   f a c t o r   t h a t  
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currently  sets  the  lower  latitude  limit  of  a  plant's  range.  Extensive 
studies irl the Northern  Hemisphere  have  shown  that  given  sufficient  water 
by  natural means or  irrigation  and  adequate  nutrients,  the  factor  that 
usually  limits the  southern  extent  of  growing  regions  for  particular 
crops is  temperature. 

Yields  of  some  plants  decrease  at  lower  latitudes  partly  because  of  water 
shortage and  partly  because  of  higher  rates  of  respiration  (and therefore 
less  storage  of  photosynthate) at the higher  summer  temperatures.  Some 
plant  species  are  also  limited by too  much  light. In these  species,  it 
is  primarily the  visible  and  near-uv  components  that  are  responsible;  the 
high-intensity  visible  light  causes  photo-oxidation  of  plant  constit- 
uents.  Usually  these  plants  are  adapted  to 1 ive  under  canopies  of  trees. 
Reproduction  of  some p'l ants is 1 imi ted by photoperiod  (the  number  of 
hours of sunlight per  clay) so they wi 1 1  not  grow  properly  except  at 
certain  latitudes.  Decreased  ozone  will  not change  these limits,  which 
are  set  by the  sun-earth  geometry.  Therefore,  the  real  zone  of  potential 
impact  is  decreased by the  difference  between  the  actual  lower  limit  set 
by some  factor and the  lower  limit  that  would  be  set by DUV if plants 
could  grow:  there. 

On  the  other hand, the  zone of  potential  impact  could  be  greater  than 
that  calculated.  Other  factors  also  vary  with  latitude  and  location 
(e.g.,  soil  nutrients  and  soil  physics and chemistry,  moisture,  competing 
weed  types,  pests,  and  pathogens).  Plants  adapted  to  grow  under a given 
set  of  conditions  under  current  levels  of  UV-B  interacting  with all of 
these  factors  may  be  subtly  affected by increased  UV-B  at  every  location 
or  over a significant  part o f  their  entire  range.  Insufficient  data 
exist  to  assess  the  probability  of  such an interactive  effect  but it 
remains  a  possibility. 

On  the  basis  of  current  knowledge,  one  may  infer  that  the  impact  of  a 7.5 
percent  ozone  reduction  on  agricultural  plants  will  not  be  catastrophic 
but  may  cause  subtle  effects  that  result in decreased  productivity  and/or 
a  decrease in the  range  a  plant  might be profitably grown. The  effect of 
a 7.5 percent  ozone  layer  reduction  may  not  be  detectable  against the 
effects  produced by the  changing  climate and other  factors.  However, 
lack  of detectability  should  not  be  equated  with  acceptability;  a few 
percent  reduction in productivity i s  still a  serious  cause  for  concern 
given  the  vastness  and  importance of agriculture. 

3.2.2.4. Uncertainties and Ameliorating  Circumstances 

The  uncertainties in the  available  data  upon  which  to  base  any  immediate 
assessment  are  extremely  large.  Technical  problems  in  simulating  solar 
UV-B,  insufficient  replications  of  experiments,  large  statistical  vari- 
ability  under  control  conditions,  and  the  limited  number  of  plants  and 
plant  parameters  studi:ed, make projection from  experimental  data  very 
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uncertain.  Moreover,  the  projections  have  considered only changes in 
biomass f x  a few plants; it  has  not considered  fruit  yields,  mutations 
and reproductive  ability, water  relations,  and  other  physiological 
processes  that  may  affect the end-products of  agricultural  plants. 

Furthermore,  most  of  the  plants used  in these  experiments  were  not  under 
particular  duress  from  other  abiotic  or  biotic  environmental  factors. 
When  plants  are  under  stress  from  other  factors  such  as  moisture  deficits 
or  low temperatures, or in competition  with  other  plants,  the  additional 
impact o f  enhanced  (DUV)  irradiance,  though  subtle,  might be expected to 
be  more  significant in some cases. The  competitive  balance  between 
plants,  whether in agricultural  or  natural  communities,  might  well  be 
expected  to be influenced  by  increased  intensities o f  UV-B  radiation  that 
might  not  be  detected  when  growth  parameters of plants  grown in isolatiori 
are  measured. 

Should  the  increase -in DUV  be  shown  to  cause  significant  harm  to  any  or 
all agricultural  species,  ameliorating  mechanisms  are  conceivable.  First 
of  all,  one  must  consider  that  the  time  course of ozone  reduction/ 
increased DUV will  be  long.  The changes will be slow so a well  planned 
research  effort  over the next  decade  should  be  able  to  identify  areas  and 
plant  species o f  greatest  concern.  Phased  redistribution  of  crop  growing 
areas  might  be  required.  Shielding  of  sensitive  crops by UV-B absorbing 
plastic  sheets  may  be  a  "technological fix" possible in some  cases bu€. 
impractical in others.  The  breeding  of UV-6 resistance  into  crops  has 
also  been  suggested  as a possible  solution.  Should  weed  competition  or 
pest  infestation  prove to be a problem,  increased  cultivation  or in- 
creased  use  of  pesticides  may  be  needed. 

3..2.2.5. Sumnary - Agricultural  Plants 

The available  data  are  inadequate  for  a  quantitative  estimate o f  the 
potential  impact  of  increased DUV, but  they  suggest  that a 17 percent 
increase  (section 3.2) as might  result  from an equilibrium level  of 7.5 
percent  ozone  reduction is  unlikely  to  have a  catastrophic  effect on 
agricultural  plants,  but  could  have  subtle  effects  that  reduce  produc- 
tivity  and/or  decrease  the  range a plant  might be profitably  grown, 
and/or  increase  the  cost o f  production.  Because  of  the  great  normal 
variation  in crop  yields  resulting  from  the  vicissitudes  of  weather  and 
improved  agricultural  practices, an effect  of  increased  DUV  may  not  be 
detectable.  However,  lack  of  detectability  should  not be equated  with 
acceptability, and undetectable small percentage  reduction in crop  yield 
may have  significant  impact  on  the  world's  food  supply in the  21st 
century. 

3 . 2 . 3 .  Natural  Plant  Communities 

Although  the  aesth'etic  qualities o f  "Nature," the  importance of forest 
products  to  comnerce,  and  the  value  of  rangeland  to  food  production,  are 
all well-recognized,  the  greatest  importance  of  natural  vegetation is C 
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its  global  stabilizing influence, For example,  forest  ecosystems  are of 
great  importance  to  climatic  stabilization in that  they  remove and fix 
the  COP  that  man  has  introduced  into  the  atmosphere  by  burning  fossi 1 
fuels.  It  has  been  est.imated  that  about 40 percent  of  the  CO  removed 
from  the  atmosphere  each year occurs in the humid.  and  semi-ar?d  tropical 
regions--an  area  comprising  only 8.3 percent  of  the  global  surface (40). 
Grasslands  and  other  natural  vegetation  stands  also  have a  stabilizing 
influence,  particularly  on  soil. 

3.2.3.1. Statement  of  Potential  Problem 

Effects  of  UV-B  on  natural  plant  comnunities  are  even  more  difficult  to 
predict  than  those  on  agricultural  plants  because  of  the high level of 
interdependence  among  different  species.  Effects  on  dominant  members  of 
the  natural  plant  community  may  easily  cause  secondary  effects  on  other 
plant  species by altering  the  control  that  the  dominant  species  exert in 
dampening  climatic  extremes. For example,  a  UV-B-induced  decrease in 
leaf  size  could  result  in a decreased  canopy  leaf  area  of a  forest  which 
would  allow  more  light/temperature  to  pass  through  to  shade-adapted 
plants  on  the  forest  floor.  This  could  provide a selective  advantage  for 
competitive  species  of  plants  and/or.invasion by other  organisms  such  as 
insects,  fungi, and  viruses. Thus, an increase in DUV  might  well change 
the  species  composition  of  a  forest  or  rangeland.  Even  though  these 
lands  might  still  have a  reasonable  plant  cover,  the  quality  of  these 
plants  for  forage  or  tiimber  production  might  be  reduced  if  the  shift 
favored  less  desirable  plants (41). 

In regions  under  severe  stress,  such  as at  the  margins  of  deserts,  the 
diversity  of  plant  types i s  frequently  limited by unfavorable  chemical  or 
physical  factors.  An i3dded stress  of  DUV  could  perhaps  depopulate  such 
regions  with  serious  consequences.  For  example,  Caldwell (41 )  has  stated 
that "some  of the  salt  desert  range  areas o f  Colorado  and  Utah,  while 
constituting  only 5 pexent of  the  Colorado  River  drainage,  contribute 
over 35 percent  of  the  total  sediment  load t o  the  Colorado  River. If 
this  rather  small  proportion  of  the  drainage  area  of the  Colorado  River 
possessed  an  even  less  stable  plant  cover,  then  the  extra  contributions 
of  sediment  to  the  Col'orado  River  could  bear  substantial  ecological  costs 
in reducing  water  quality with ramifying  effects on fish and  other 
aquatic  biota.  Economic  costs  of  increased  sediment  loads in the  dams . . . are  also  readily  calculable."  He  does  not  predict  that  decreased 
ground  cover  will  occur  with  any  particular  ozone  reduction  but  uses  the 
illustration  as an example  of  the  potentially  serious  consequences re- ' 

sulting  from  subtle  changes. 

Another  potential  effect  of  increased  DUV  on  desert  margins  is  exempli- 
fied by the  recent  experience in the  Sahel  region  of  Africa. In this 
case it has  been  postullated (42 )  that  overgrazing  reduced  plant  cover, 
which in turn  altered  solar  reflectivity  of  the  ground,  which  altered 
microclimate and  thus  reduced  rainfall  and  exacerbated  the  overgrazing 
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effect  i n  a chain  reaction manner. Skylab observations  also  implicate 
extensive  field b u r n i n g  i n  the  desertification phenomenon. A consequence 
of desert encroachment w'as an increase i n  dust  clouds  over  the Sahel and 
the  Atlantic Ocean,  which some climatologists  claim may be affecting 
global weather character. DUV was not  implicated i n  th is   s i tuat ion,  b u t  
i t  is conceivable  that  similar consequences might resu l t  from some 
UV-B- i nduced  a1 t e r a t  i on  of ground cover. 

These "ecological  horror  stories"  are  presented not  because there  are 
sufficient  data  to conclude that  they  will  occur w i t h  ozone reduction b u t  
they  are  possible consequences that  should be considered. 

3.2.3.2. Available  Information 

Only a very few of the 2100,000 species of higher  plants have  been tested 
for  suscept ibi l i ty  t o  damage by DUV.  The natural  plants t h a t  have  been 
studied show responses t o  UV-B r a d i a t i o n  similar t o  those of agricultural  
plants. In addition, U\I-B has been shown to  affect  competition between 
p l a n t  species, w h i c h  suggests  that comnunity s t ructure   shif ts  i n  nature 
may occur as a consequence of increased DUV. 

A particularly important lack of information  involves trees.  Technical 
d i f f i c u l t i e s  involved in i r r a d i a t i n g  large  trees almost  precludes direct  
experimentation.  Observations of chlorosis  (yellowing) i n  Engelman 
spruce a t  h i g h  altitude,s ( 4 3 , 4 4 )  have  been attr ibuted t o  solar i r r a d i a -  
t i o n .  I t  is not clear,  however, whether the  effect  involves  the UV-B,  
UV-A,  and/or visible component of solar  radiation. 

3.2.3.3. Projections - Natural  P l an t s  and Ecosystems 

Projections  other t h a n  the  estimates of zones of potential impact are 
not possible from the  available d a t a .  

3 . 2 . 3 . 4 .  Uncertainties and Ameliorating  Circumstances 

The uncertainties and ameliorating  circumstances for  na tura l  p l a n t  
communities are as disc:ussed for agricultural p l a n t s .  

3.2.3.5. Sumnary 

There i s  a potential for an increase i n  DUV t o  seriously  affect  natural 
p l a n t  communities, especially  those under s t ress  from other  unfavorable 
factors  such as h i g h  temperature, low moisture, poor nutrient supply. 
The probabi 1 i t y  of occurrence of such potenti a1 effects  cannot be 
assessed because the  available d a t a  are  insufficient. 
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3.2.4. Terrestrial Animals, Domestic  and Wild 

The importance  of  domesticated  animals  to  man  is  obvious. In addition, 
however, wild animals,  including  insects  and  other  invertebrates,  are 
also  very  important  parts of ecosystems.  They  play an important  role  in 
the  nutrient  cycle:  food  from  grazing,  predation,  scavenging  goes  to 
feces  which  is  decomposed by bacteria  and  recycled  through  plant  life  and 
back  into  animals.  They  also  play  roles in the  dissemination of plant 
pollen  and  seed,  culling of weak  animals  and stabilization of populations 
by  predation. 

3.2.4.1. Statement o f  Potential  Problem 

Generally,  animals  that  are  exposed  to  the  sun  are  protected  from  solar 
UV-B by fur, feathers,  or  thick  pigmented  skin.  Their  eyes,  however,  may 
be  vulnerable.  Many  animals  do  not  usually  expose  themselves  to  the sun; 
they  either  have  nocturnal  habits,  live  underground  or  under  rocks,  or 
'stay in the  shade, at  least  during  the  middle o f  the day. In those  cases 
where  organisms  seek  shade  during  midday,  they  likely  rely  on  cues  other 
than UV-B, e.g., temperature,  visible  or UV-A radiation, or  perhaps  posi- 
tion  of  the  sun.  These  cues  are  not  expected  to  change  with  an  ozone 
reduction, so increased  shade  seeking  will  not  likely  occur  and  thus 
animals  may  be  exposed  to  greater  amounts  of DUV than  they  currently 
experience. In those  cases  where  they  seek  the  shadow  of  rocks  or  trees, 
they  will  still  be  exposed  to  an  enhanced  diffuse  component  of  solar UV-B 
(the  diffuse  component is frequently  about  half  of  the  total UV-B irra- 
di ance).  In those  cases  where  they  seek  the  shade  of  forests,  they wi 11 
still  be  exposed  to  increased UV-B that  does  penetrate  through  gaps 
and/or  is  scattered  (reflected)  from  leaves;  thus,  increased DUV has  the 
potential  to  affect  animals  which  might  not  otherwise  be  expected  to  be 
vulnerable. 

3.2.4.2. Available  Information 

Very  little  information  on  the  effects o f  uv radiation  on  domesticated  or 
wild  vertebrates  exists. UV-B can  cause  photokeratitis  and  cataracts in 
experimental  animals ( 4 5 ' ) .  The  only  available  and  applicable  photobio- 
logical  data  on  animals  concern four  conditions  found in domesticated 
livestock:  pinkeye,  sunburn in swine,  photosensitization, and carcino- 
genesis . 
The  effect  of  solar  radiation  on  pinkeye is one  of  exacerbation  of  a 
disease  caused in cattle by a  bacterium,  Moraxella  bovis.  Some  investi- 
gators  suggest  that  the  exacerbating  effect  seen in summer  may  result  as 
much  from high temperatures  and  increases in insect  populations  as from 
ultraviolet  radiation.  If uv radiation is the  cause o f  exacerbation, 
then  an  increase in UV-B may  increase  the  severity  of  the  pinkeye  but 
should  not  increase  the  incidence o f  the  disease  which  is  controlled  by 
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the  presence  of  the  bacterium.  The  potential  for  sunburn in swine is 
well-recogcized and  ranchers  usually  provide  shade  for  their  animals. 
The  diffuse  component  of  any  increased UV-B may  require  the  provisions of 
more  shade  than  is  currently  needed. 

The  photosensitization  effect  involves  the  action  of  solar uv and visible 
light  on  ingested  photodynamic  agents,  which  circulate  to  the  skin,  with 
skin  damage  as a consequence. ( A  wide  variety  of  plants  contain  photo- 
sensitizing  agents  during  part  or all  of  their  growth  cycles.  The  most 
common  plants  of  this  type in the U.S. are rye,  buckwheat,  clover, 
alfalfa, and  weeds  such  as  St.  John's  Wort.) The  impact  of  increased 
UV-B on  this  condition w i l l  likely  be  small  because  the  amount  of  the 
agent  reaching  the  sensitive  site is the  limiting  factor, not  the  amount 
of  radiation.  Moreover,,  most  of  the  radiation  causing  the  effect  is 
UV-A, which will not  change  appreciably  with  an  ozone  reduction. 

Carcinogenesis in cattle is the  most  serious  presently  known  potential 
effect  of  increased DUV on animals. In 90 percent  of  the  cases,  it 
consists  of  ocular  squamous  cell  carcinoma  (cancer  eye)  involving  the 
unpigmented  skin  of  the  eyelid  and  eyeball,  mainly in white-faced  here- 
fords.  It  is  most  frequently  found in older  breeding  stock  rather  than 
in young  marketable-age  steers.  It  is  rare  before  age 4 years, but the 
incidence  increases  rapidly  after  age 7. The  incidence  of  cancer  eye  has 
been  found  to  be  correlated  with  geographic  location;  the  highest  inci- 
dence  occurs in the  regions  of  the U.S. with  the  greatest  amount  of high 
natural  solar  radiation. 

Effects  of DUV on  insects  were  studied  during  the C I A P  effort,  Some 
attention  was  paid  to  the  effect  of UV-B on  pollination  activity by 
bees.  The  rationale  for  such  studies is that  insect  eyes  transmit  into 
the UV-B and  insects  used uv cues in pattern  recognition o f  flowers.  It 
might  be  expected  that  flowers  under  enhanced UV-B would  have  different 
"hues"  than  normal.  Th,e  effects  of  enhanced UV-B on  pollination  activity 
was not  significant (46). More  studies  are  needed  to  rule  out  possible 
effects  on  pollinating  activity  by  other  insects  visiting  different  types 
o f  flowers.  Moreover, UV-B effects  on  navigation  require  study. 

3.2.41.3. Projections  of  Effects  of  Increased DUV 
on  Animals 

The experimental  data  are  inadequate  for  projecting  potential  adverse 
effects on  animals  of a 17 percent  increase in DUV within  reasonable 
limits  of  uncertainty. The  zone of  potential  impact  may  amount  to sev- 
eral  hundreds  of  miles.,  but it is  doubtful  that DUV i s  a  range-limiting 
factor  for  animals.  The  available  data  suggest  that  insects  may  tolerate 
17 percent  increase in DUV, but  many  more  species  and  developmental 
stages  need  to  be  tested.  The  effects  on  birds'  eyes  are  unknown,  but 
the  exposure-prone  beh.avior o f  soaring  and  marine  birds  plus  the  capacity 
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of UV-B to  induce  photokeratitis and cataracts  (known  from  studies on 
mamnalian  eyes)  suggest:  that a potential  for  detrimental  effects  of 
enhanced UV-B exists.  The  consequences  of  photokeratitis  or  cataracts 
may  be  a  reduction in food  gathering  and  competitive  ability. 

3 .2 .4 .4 .  Summary - Animals 
The  insufficiency  of  the  available  data  precludes  accurate  assessment  of 
the  impact  of  increased DUV on  domestic  and wild animals.  Given the 
shade-seeking  behavior  of  most  wild  animals,  and  the  protective  hair, 
feathers, and  pigmented  skin,  about  the  only  potentially  vulnerable site 
for DUV damage  is  the  eye. High doses  of monochromatic UV-B can  cause 
photokeratitis  and  even  higher  doses  can  cause  cataracts.  Whether 
increased DUV doses in nature will cause  such  effects is  unknown.  An 
accumulation  of DUV damage  to  eyes, if it occurs,  may  shorten  the  life- 
times o f  individual  animals,  which  are  thus  removed  from  competition  with 
younger  survivors. 

3.2.5. Aquatic  Organisms  and  Ecosystems 

The  major  importance  of  marine  organisms  to  man  is  as  a  source  of  food. 
Secondarily,  the  marine  environment  provides  for  sport  fishing and recre- 
ational  fishing.  The  human  food  and  sport  fish  from  the sea are  but  part 
of  an intricate  food  web of  primary  producers  and  primary-,  secondary-, 
and  tertiary-consumers,,  plus  bacterial  decomposers. All of these  organ- 
isms  contribute in one  way  or  another  to  the  production  of  food  from  the 
sea. The  regions of  productivity  vary: 90 percent  of  productivity  occurs 
in coastal  upwelling  areas, 99 percent in coastal  areas in general,  and 
only 1 percent  occurs in the  open  ocean. 

Organisms in the  sea  also  serve  other  functions:  aquatic  plants  are 
responsible  for  producing  a  portion  of  the  oxygen  utilized  by living 
organisms  on  earth;  phytoplankton in the  oceans  serve  to  convert  carbon 
dioxide and  microorganisms  degrade  pollutants  that  run  off  from  land  or 
are  dumped  at  sea. The  marine  ecosystem as a  whole is a vital  and neces- 
sary  element in the  complex  environment  that  makes  life  as  we know it 
possible. 

Fresh water  ecosystems  are  also  important  to  man  in  that  they  provide  a 
human  food  source. 1.n addition,  organisms in fresh  water  ecosystems  aid 
in purifying  (depolluting)  water  for  human  and  terrestrial  animal  con- 
sumption. 

3.2.5.1. Statement  of  Potential  Problem 

Ozone  reduction  leading t o  increased DUV may  affect  aquatic  ecosystems by 
inhibition  of  photosynthesis  of  phytoplankton,  by  killing  phytoplankton 
and zooplankton, by killing eggs  and  larvae  of  finfish  and  shellfish  or 
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causing  abnormal  development.  As  pointed out in the  NAS  report on halo- 
carbons, "in their  early life stages,  certain  fishes and crustaceae  tend 
to  frequent  shallow  waters,  where  solar UV radiation  can  penetrate to the 
bottom. In some  cases, egg clusters  actually  float  on  the  water  surface. 
We may  reasonably  infer  some  solar UV radiation  damage  to  DNA,  even  at 
present  radiation  levels,  from  the  existence  of  very  active  photorepair 
systems in cells  of  marine  forms." In addition,  solar DUV may  have  an 
impact on eyes and  skin o f '  fishes and marine  mamnals. 

3.2.5.2. Available  Information 

a. Penetration  of UV-B into  Natural  Waters 

The  penetration  of UV-B into  aquatic  environments is  not  well known ( 4 7 ) ;  
even  the  absorption  of UV-B by distilled  water is  not well-characterized. 
The  presence  of  biota,  which is  also highly variable,  greatly  affects  the 
amount  and  wavelengths  of UV-B that  penetrate.  Most  of  the  measurements 
that  have  been  taken in natural  waters do not  include  wavelengths  below 
310 nm,  the  wavelengths  expected to  be  most effective in producing 
biological  effects. 

On the  basis  of  present  knowledge, all  we  can  do  is  state qualitatively 
that  increased UV-B at the  surface will increase  the DUV irradiances  at 
every level in the  water  column  and a portion o f  the  water  column  will  be 
subjected  to  higher fluxes than  currently  received  at  the  surface  with 
maximum  insolation. 

b. Effects  of DUV on Aquatic  Organisms 

A large  amount  of  information  indicates  that uv can  have  detrimental 
effects on  aquatic  organisms  and  these  studies  form the basis  of  concern. 
Most  of these  studies  were  performed  with UV-C (prirnari ly 254 nm)  under 
laboratory  conditions i3nd cannot be  readily  extrapolated  to an assessment 
of  the  impact  of  increased UV-B (26 ) .  

Studies  of  the  effects  of  simulated  solar UV-B on  aquatic  organisms, 
which  might  be  applicable  to an assessment, did not  really  commence  until 
the  CIAP  effort.  Neither  the  CIAP  studies  nor  the  few  more  recent 
studies  have  examined ,the sensitivities of surface  floating  organisms 
(neuston), of eggs  and  larvae  of  finfish  and  shellfish,  or  of  larger 
organisms to  sunburn  a'nd  eye  damage. (There  are  reports  that  current 
levels of solar  irradiance can  cause  sunburn  and eye  damage in hatchery- 
reared  fish. In nature it  may  be  expected  that fish  might  avoid  such 
damage by going  deeper  or  seeking  shade. ) 

. 

The  CIAP and subsequent  studies  have  shown  that  solar UV-B at present 
surface  irradiance  levels  can  inhibit  photosynthesis in phytoplankton and 
can kill a wide variety  of  small  aquatic  organisms  with a few hours' 
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exposure (48,49,50). D a i l y   i r r a d i a t i o n  of amphibian  tadpoles  can  lead 
to   deve loynenta l   abnormal i t ies  (51). A s i n g l e  dose o f  UV-B comparable 
to   p resen t   su r face   l eve l s  can  induce  developmental  abnormalit ies i n  100 
p e r c e n t   o f   e a r l y   f i s h  embryos (Nachtwey and Boyd, unpubl ished).  

Lorenzen's  studies sugglest t h a t   c u r r e n t   l e v e l s   o f  UV-B can a f fec t   pho to -  
synthesis  which i s  fundamental t o   t he   g rowth   o f   phy top lank ton  and t h e  
food web based upon the  phytoplankton. The phenomenon demonstrated, how- 
ever,   can  also  be  interpreted as  an increase  over  normal when the   na tu ra l  
UV-B i s  removed; t h a t  iis a demonstrat ion  o f   the  excess  capaci ty   for  
photosynthesis  by  organisms  adapted t o  UV-B i n  nature. The study does 
not  address  the  extent t o  which  phytoplankton  can  adapt t o  enhanced UV-B, 
so does no t   a l low an assessment  of the  impact   o f  ozone reduc t ion /  
increased UV-B. 

I n  another  study, Van Dyke and Thomson (52) showed ef fects  on gross 
p h o t o s y n t h e s i s   d u r i n g   t h e   f i r s t  few  days i n  microcosms i r r a d i a t e d   w i t h  
UV-B r e l a t i v e   t o   c o n t r o l  microcosms  given no UV-B. However, the  produc- 
t i v i t y   i n   t h e  UV-B i r r a d i a t e d  microcosms la te r   essen t ia l l y   caugh t  up w i t h  
t h a t   o f   t h e   u n i r r a d i a t e d  ones suggesting a form  of   adaptat ion.  More 
d e f i n i t i v e   s t u d i e s  on UV-B e f f e c t s  on photosynthes is   o f   phytoplankton  are 
needed f o r  an accura te   quant i ta t i ve  assessment of   the  energy  cost  and 
ecosystem e f f e c t   o f  any given  increase i n  UV-B. 

A few  hours'  exposure t o   s u r f a c e   l e v e l s   o f  DUV can k i l l  between 50-90 
pe rcen t   o f   t he   popu la t i on  o f  a wide  var iety  of   smal l   organisms ( 5 3 ) .  
However, Calk ins  (29) has po in ted   ou t   t ha t   i n   na tu re   rep roduc t i on   by  
surv ivors   cou ld   rep lace   o rgan isms  k i l led   by  UV-B. As long as the  dose o f  
UV-B does not  exceed a certain  "replacement limi t i ng  dose" (RLD) f o r  each 
species  of  organism,  then,  according t o   h i s  model, popu la t ions   cou ld  
surv ive .  

Even when a l l   o f   t h e  above mechanisms fo r   cop ing   w i th  UV-B are  operat ing,  
t h e   b a s i c   s e n s i t i v i t i e s  or RLD's are s t i l l  such t h a t  a f e w  hours  of 
d i r e c t   s o l a r  UV-B can k i l l  most o f  a p o p u l a t i o n   o f   u n i c e l l u l a r  organisms; 
ye t   popu la t ions   o f   o rgan isms  surv ive   in   na ture .  They  must, there fore ,  
r e l y  on add i t i ona l  means t o  cope w i t h  UV-B. The most  important i s  
probably  avoidance. Some organisms  hide  during  the day and a re   ac t i ve  
on ly   a t   n igh t .   La rge   popu la t i ons   o f   zoop lank ton   rema in   i n   t he   da rke r  
depths o f  the ocean dur ing   the  day and r i s e  t o  the   sur face   a t  dusk t o  
feed.  Natural   waters  at tenuate UV-B more t h a n   v i s i b l e   l i g h t .  

Phytoplankton,  of  course, need l i g h t   f o r   p h o t o s y n t h e s i s ,  and so must 
remain  nearer  the  surface  than  zooplankton.  But  phytoplankton  probably 
use  the  a t tenuat ion  o f   natura l   waters   to  some e x t e n t   t o   a v o i d  UV-B. 
Many mobi le  phytoplankton show a wel l -developed  behavior ia l   response 
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LO light: they swim toward a low-to-moderate-intensity  light  source 
(positive phototaxis) and away  from  a  high-intensity  light  source 
jnegat. l :~e p h & n t w i c ) ,  th1.r~ exposing  themselves  to  solar DUV at a lower 
dose rate. 

If these  mobile orgauP.is>ms survive  current DUV irradiances as a  result o f  
a  complex behavior.  pattern that  has  evolved  over  eons in response to many 
factors,  the  key  question for assessment  of  the  effect o f  an increase in 
DUW irradiance i s :  Wilil organisms  adapted  to a particular zone of depths 
be  able  to move deeper in response  to  a  change in one  of  the  factors, 
DUV? No one kn\sws. If: organisms  cannot for some  reason  alter  the zone 
in  which  they l-i?te (most  phytoplankton  cannot),  they  might  suffer from 
the  disproportionate  increase  of  the  killing  effect with increase of uv 
even  at  the  attenuated  levels  of UV-B expected  under  water. Those  organ- 
isms  which  can mo:rc t o  lower  depths in response  to increased  levels of 
DUV might suffe~  dazwased productivity  due  to the attenuation  of visible 
light  at  lower clfqttts. 

Another  concern i s  cssnpetition.  Certain species  of  organisms  may  pre- 
dominate in G. p a ; - t i C S h r  ecosystem. If the  conditions  are  changed-- 
even s l i g h t l y - - t k  competitive  edge  may  be  shifted  to  another  species, 
which  can  result in a shift in the  structure of  the  phytoplankton  and 
zooplankton comwnl tp .  For example,  one  study by Van Dyke and Thomson 
(52) caused a sh-if‘t i n  predominance  from  single-celled  diatoms  to fila- 
mentous hlue-tp~e~ algae.  The  consequence  of  such  a  shift in nature 
could  be  that the  17u;r;bcr s f  small  zooplankton  will  be  reduced  because 
they are not able  .tu e a t  the  large f i 1 amentous  algae  and  the  larger 
animal  organisms would be reduced  because  they  generally  find  blue-green 
algae  less pa”r ta .b le ,  Thus a shift i n  comnunity  structure  could  have 
c u n s q c e n c e s  .c.ccLi~ ;.! .~. d ~ c ? 2 L . . ~ : : i d  . ,. ‘- (. Ii *-. the initial  effect. . I  * . 

3,”L,5,3, Projections  of  Impact  of  Increased DUV on 
Aquatic  Organisms 

From the littic t:xperfmental information  available, it  is  not possible 
t o  project t h e  ‘ !mpact on aquatic  ecosystems  of any particular  ozone 
~ ~ @ d u c t i o n / i n c r . c ~ s e d  DliV. I t  has been demonstrated  that UV-B at  current 
surface S e v ~ ~ T ~ ;  t.:&c a f f e c t  organisms  under  experimental  conditions, yet 
mest? organ.icw, . t h ~ i v ~ :  i n  nature. All that  can  be  said is that  there is 
a p u t e n t i a ;  -;.Y :kr.r-ecting bas i c  food organisms  (phytoplankton and zoo- 
plankton) n e ~ ~ * -  the t:op few meters  and  perhaps  below  this if organisms  are 
highly restrictc-6 :.G where they  may  exist in the  water  column. 

a t  

,. ,- 
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exposure (48,49,50). Daily  irradiation  of  amphibian  tadpoles  can  lead 
to  develornental  abnormalities (51). A single  dose of UV-B comparable 
to  present  surface  levels  can  induce  developmental  abnormalities in 100 
percent  of  early  fish  embryos  (Nachtwey  and  Boyd,  unpublished). 

Lorenzen's  studies  suggest  that  current  levels  of UV-B can  affect  photo- 
synthesis  which is  fundamental  to  the  growth  of  phytoplankton  and  the 
food  web  based  upon  the  phytoplankton.  The  phenomenon  demonstrated,  how- 
ever,  can  also  be  interpreted  as an increase  over  normal  when  the  natural 
UV-B is removed;  that is a demonstration  of  the  excess  capacity  for 
photosynthesis  by  organisms  adapted  to UV-B in nature.  The  study  does 
not  address  the  extent  to  which  phytoplankton  can  adapt  to  enhanced UV-B, 
so does  not  allow  an  assessment  of  the  impact o f  ozone  reduction/ 
increased UV-B. 

In another  study, Van Dyke and  Thomson (52) showed  effects  on  gross 
photosynthesis  during  the  first  few  days in microcosms  irradiated  with 
UV-B relative  to  control  microcosms  given  no  UV-B.  However,  the  produc- 
tivity in the UV-B irradiated  microcosms  later  essentially  caught up with 
that  of  the  unirradiated  ones  suggesting a form  of  adaptation.  More 
definitive  studies on UV-B effects  on  photosynthesis  of  phytoplankton  are 
needed  for  an  accurate  quantitative  assessment  of  the  energy  cost  and 
ecosystem  effect o f  an,y given  increase in UV-6. 

A few hours'  exposure  to  surface  levels  of  DUV  can kill between 50-90 
percent  of  the  population  of a wide  variety  of  small  organisms ( 5 3 ) .  
However,  Calkins (29) has  pointed  out  that in nature  reproduction by 
survivors  could  replace  organisms  killed by UV-B. As long  as  the  dose  of 
UV-B does  not  exceed a certain  "replacement  limiting  dose"  (RLD)  for  each 
species o f  organism,  then,  according  to  his  model,  populations  could 
survive. 

Even  when all of  the  above  mechanisms  for  coping  with UV-B are  operating, 
the  basic  sensitivities  or R L D ' s  are  still  such  that a few  hours o f  
direct  solar UV-B can kill most  of a population  of  unicellular  organisms; 
yet populations  of  organisms  survive in nature.  They must,  therefore, 
rely on  additional  means  to  cope  with UV-B. The  most  important is 
probably  avoidance. !iome organisms  hide  during  the  day  and  are  active 
only at  night.  Large  populations  of  zooplankton  remain in the  darker 
depths  of  the  ocean  during  the  day  and  rise  to  the  surface  at  dusk  to 
feed.  Natural  waters  attenuate UV-B more  than  visible  light. 

Phytoplankton,  of  course, need  light  for  photosynthesis,  and so must 
remain  nearer  the  surface  than  zooplankton.  But  phytoplankton  probably 
use  the  attenuation of natural  waters  to  some  extent  to  avoid  UV-B. 
Many  mobile  phytoplankton  show a well-developed  behaviorial  response 
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t o  light:  they swim toward a  low-to-moderate-intensity  light  source 
(positive  phototaxis) .and  away from  a  high-intensity  light  source 
( i ? ~ ~ a t i ~ ~ ?  phc!:fi.a4?!ris):: thus exposing themselves  to  solar DUV at a lower 
dose  rate. 

If these  mobile  organisms  survive  current DUV irradiances as a  result o f  
a  complex  behavior  pattern  that  has  evolved  over  eons in response to many 
factors,  the  key  question  for  assessment o f  the  effect  of an increase in 
DUV  irradiance i s :  Nil1 organisms  adapted to a  particular  zone  of  depths 
be  able  to move deeper in response  to  a  change in one of  the  factors, 
DUV? No one knows, If organisms  cannot for some  reason  alter  the zone 
in which  they 13ve (most  phytoplankton cannot), they  might  suffer  from 
the  disproportionate  increase o f  the  killing  effect with increase of uv 
even  at  the  attenuated  levels  of UV-B expected  under  water.  Those organ- 
isms  which carr move t o  lower  depths in response  to increased  level s of 
DUV might  suffcr &::;reased productivity  due  to  the  attenuation  of  visible 
l'ght a t  lower depths. 

Another  concern js csmlpelition, Certain  species  of  organisms  may  pre- 
dominate in a particular ecosystem. If the  conditions  are  changed-- 
even slightly--lk cemlpetitive edge  may  be  shifted  to  another  species, 
which  can resu'it in a shift i n  the  structure  of  the  phytoplankton  and 
zooplankton cr3~rrm~i~tj~~ For  example,  one  study by Van Dyke and Thomson 
(52) caused a s h i f t  in predominance  from  single-celled  diatoms  to fila- 
mentous  blue-green algae. The  consequence  of  such  a  shift in nature 
could be that the numb.er of small  zooplankton  will  be  reduced  because 
they are  not able  t c ~  e a t  the  large  filamentous  algae  and  the  larger 
animal  organisms  would be reduced  because  they  generally  find  blue-green 
algae less pa la t ab le .  Thus a shift in community  structure  could  have 
con:;quences %?:?.,: $ , ~ ~ ; ~ r ~ ~ c e r ; d  the  initial  effect. 

3,2,5.3.  Projections  of  Impact o f  Increased  DUV  on 
Aquatic  Organisms 

From the little cxfrer-jn?ental  information available, it  is  not possible 
t o  project the impsrct ~n aquatic  ecosystems  of  any  particular  ozone 
reductioniincreased W V .  It  has  been demonstrated  that UV-B at  current 
surface 7ev*-47s cart affect organisms  under  experimental  conditions, yet 
these organ-ivw t h r i v e  in nature. All that  can  be  said is that  there is 
s pr j t en t i a l  f w  ;:.fFert:ir~g basic  food organisms  (phytoplankton and zoo- 
plankton) rea;' the t o p  Few meters  and  perhaps  below  this if organisms are 
highly rest r ic ted t o  where  they  may  exist in the  water  column. 
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3.2.51.4. Uncer ta in t i es  and Amel io ra t ing  
Circumstances 

Most o f   t h e   s e n s i t i v i t y   s t u d i e s   m e n t i o n e d  were  performed i n   t h e   l a b o r a -  
t o r y  under  unnatural   condi t ions such as reduced v i s i b l e   l i g h t .  .Since 
v i s i b l e   l i g h t   f r e q u e n t l y   a f f e c t s   t h e   p i g m e n t a t i o n  of organisms and i s  
a lso   invo lved  in   photoreac t iva t ion- repa i r ,   the   labora tory -ob ta ined  sens i -  
t i v i t i e s  may be  too  h igh  for   appl icat ion  to  organisms  under  nature's 
h i g h e r   v i s i b l e   l i g h t   c o n d i t i o n s .  

I n   a d d i t i o n ,   t h e  above considerat ions do no t   take   in to   account   poss ib le  
ameliorating  circumstances.  Lorenzen (48) d i scusses   t he   poss ib i l i t y  of 
negative  feedback  si tuations  that, may a m e l i o r a t e   t h e   k i l l i n g   e f f e c t s  on 
phytoplankton; i n   c l e a r  ocean waters, p l a n t   p r o d u c t i o n   i s   n u t r i e n t -  
l i m i t e d .  Loss o f  a production  layer  near  the  surface  could have a 
m in ima l   e f fec t  on the   t o ta l   wa te r  column p r o d u c t i v i t y  because r e l e a s e   o f  
nu t r ien t   f rom  k i l led   phy top lank ton   by   bac ter ia l   degradat ion   near   the   base 
o f   the   euphot ic  zone ( t h e  zone w i t h  enough p h o t o s y n t h e t i c a l l y   a c t i v e  
v i s i b l e   l i g h t   t o   y i e l d  a ne t   ga in   i n   o rgan ic   ma t te r )  will al low  increased 
reproduc t ion  and growth  o f   the  surv iv ing  phytoplankton.  On the   o ther  
hand, i n  more tu rb id   wa te rs  such as i n   c o a s t a l   u p w e l l i n g  areas, t he  
nu t r ien t   i s   adequate ly   supp l ied  and p h o t o s y n t h e t i c a l l y   a c t i v e   l i g h t  (PAL)  
i s   t h e   g r o w t h - l i m i t i n g   f a c t o r ,  A reduct ion  of   phytoplankton  growth  near 
the  sur face and the accompanying  decrease i n  biomass will l i k e l y  produce 
a deepening o f   the   euphot ic  zone because  the  phytoplankton  are  the  major 
f a c t o r s   i n   a t t e n u a t i n g  PAL i n  these  regions. DUV would  not   necessar i ly  
penetrate more deeply because i t s  a t tenuat ion  i s  more a f fec ted   by   d i s -  
solved  organic  substances  (cal  led  "ye1 Sow substances")  primari l y  f rom 
te r res t r ia l   runof f ,   wh ich   a re   no t   expec ted   to  change appreciably.  Thus, 
the  end r e s u l t   i n   t h e s e  two cases would be about  the same tota l   photosyn-  
thesis  per  square  meter o f  surface as i n   t he   unper tu rbed   s i t ua t i on ;   i n  
open  ocean the  zone of   product ion  would be somewhat compressed i n   t h e  
water column, w h i l e   i n   t h e   c o a s t a l   r e g i o n   t h e  zone of   product ion  would be 
d isp laced downwards, ?his  feedback  s i tuat ion does not  preclude  community 
s t r u c t u r e   s h i f t s  and i g n o r e s   t h e   p o s s i b i l i t y  o f  compl icat ions  f rom 
cur ren ts  and tempera ture   d iscont inu i t ies ,   bu t  i t  prov ides a d i f f e r e n t  
perspec t ive   fo r   assess ing   the   po ten t ia l  fo r  an impact on aquat ic 
ecosystems. 

An addi t ional   amel iorat ing  c i rcumstance -is t h e   p o s s i b i l i t y   t h a t  DUV i s  
no t  a m a j o r   l i m i t i n g   f a c t o r  i n  t h e   p r o d u c t i v i t y   o f   t h e  ocean. For 
example,  Tont ( 5 4 )  has analyzed w e k l y  averages o f   d ia tom biomass o f f  
the  coast  of Southern  Cal i forn ia  and found  tha t  85 percent   o f   the  annual  
biomass i s   a s s o c i a t e d  with major blooms f o l l o w i n g   u p w e l l i n g   o f   n u t r i e n t -  
laden  water. Superimposed on t h e  u p ~ ? s ! l i n g  f a c t o r   i s  the i n f l uence  o f  
assoc iated movement o f   sub t rop i ca l  or t r n p i c a l   w a t e r  masses which a f f e c t  
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temperature and  salinity.  He was not  able to establish a correlation 
between  bjqmass  changes and changes in  total solar  irradiance  which 
presumably  reflects  DUV  intensities. 

3.2.5.5. Sumnary - Aquatic  Organisms and  Ecosystems 
Studies  to  date  have  demonstrated  that  small  aquatic  organisms  are  the 
most  sensitive  to  the lethal effects  of  DUV  of  any  organisms  tested; 
current  levels  of  solar DUV at the  surface  can  kill 50-90 percent  of a 
population  with a few  hours  exposure.  Yet  these  organisms  can  thrive in 
nature. Therefore, in  addition to  demonstrated  basic  tolerance  mecha- 
nisms (screening  pigment,  DNA-damage  repair  mechanisms, etc.) the  attenu- 
ation  of DUV by natural  waters  must  play a major  role.  There  are  few 
measurements o f  the  penetration  of  UV-B  into  natural  waters.  This  lack 
of  information  precludes  quantitative  projections  of  the  effects  of  ozone 
reduction/increased DUV'. 

Despite  the  inability  to  project  effects,  the  available  data  indicate a 
potential  for  detrimental  effects. By the  same  token,  the  available  data 
suggest  the  possibility o f  negative  feedback  effects  that  might  amelio- 
rate  increased killing by DUV. Such  feedback  effects  might  lead  to  no 
change in productivity,, but subtle  changes in community  structure  cannot 
be ruled  out. 

It  must be concluded  that  the  following  question is still an open me. 
"Will  increased  DUV  overwhelm  the  coping  mechanisms  for  aquatic  organisms 
and ecosystems?" 

3.3. Human  Health  Effects  of  Increased UV-B 

The  following discussiton of  the potential  human  effects o f  increased UV-B 
represents a condensed,  edited, and  modified  version o f  a more  detailed 
unpublished  report  (Rundel  and  Nachtwey  report on "Biological  (Nonhuman) 
and  Human  Effects  of  Increased  UV-B")  on file a t  the  Office o f  the 
Hearing  Clerk,  Food and Drug  Administration, Room 4-65, 5600 Fishers 
Lane,  Rockville,  Maryland 20857. 

3.3.1. Statement  of the Potential  Problem 

Increased UV-B can be expected  to  increase  those  pathological  conditions 
in  man  already  known  or  suspected o f  being  caused by current  levels of 
exposure to  solar  UV-8;: 

0 Skin  Cancer 

e Sunburn 

e Skin  Aging 

B Eye Damage 
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Of the abwe 1 isted colndi tions,  sunburn  and  photokeratitis  are  temporary, 
reversible  conditions,  which  although  uncomfortable,  are  not  serious; 
therefore,  they  will  not  be  considered  further.  The  potential  for in- 
creased UV-B to  increase  the  serious  effects  on  the  eyes  (pterygium  and 
cataracts)  is  not  well  characterized.  It  is a  possible  effect  only, 
which  should  be  studied  further  before  concluding  that  it  is a  potential 
hazard o f  increased UV-B. 

An  increase in all types  of  skin  cancer  is  recognized in the  CIAP  report 
and in the NAS reports on  stratospheric  flight  and  halocarbons  to  be  a 
definite  possibility,  although  the  quantitative  extent  of  the  increase is 
still  open  to  question.  The  quantitative  extent  of  increase in melanoma 
is  particularly  open  to  question.  In  previous  reports, a 2 percent in- 
crease in nonmelanoma  skin  cancer  is  generally  projected  to  occur  with  a 
2 percent  increase  in DUV resulting  from  a 1 percent  reduction in ozone 
thickness if  all  other factors  (lifestyle,  ethnic  mix, etc.) remain con- 
stant (3,4,7,8,30). More  recent  analyses  based  on  the  same  data  indicate 
the  percentage  increas,e in nonmelanoma  skin  cancer  may  be  greater  than 2 
percent  for  a 2 percent  increase in DUV, whereas it is  sti 11 generally 
accepted  that  about a 2 percent  decrease in DUV will  result  from a 1 
percent  ozone  reduction  (physical  amplification  factor  of 2). Currently, 
this  physical  amp1ific:ation  factor (AUV/Ao ) varies  with  latitude, 
initial  ozone  level,  and  solar  zenith  anglg,  but a value  of 2 isostill 
representative  for  the  center of population  of  the U.S. (viz. 40 N 
latitude). 

Nonmelanoma  Skin  Cancer. CIAP monograph 5 and the  NAS  report  on  strato- 
spheric flight discuss  extensively  the  available  information  on  nonmela- 
noma  skin  cancer  (NMSC) in humans. The  available  evidence  supporting  the 
concept  that  solar UV-B plays a major  role in the  induction  of  NMSC  is 
sumnarized in table 10. No  new  epidemiological  data  have  become  avail- 
able  since  the  CIAP  and  NAS  reports, but new  analyses  (see  section 
3.3.2.2) and some  relevant  animal  experiments  have. 

New  experimental  data  using  hairless  mice  exposed t o  xenon  arc  irradia- 
tion  through  various  (cutoff  filters  (Forbes  and  Urbach,  unpublished) 
support  the  idea  that  it  is  the  shorter  wavelengths  in the UV-B which  are 
most  effective in inducing  NMSC, a  finding  consistent  with an  action 
spectrum  resembl i ng that  of  DNA. 

Recent  studies by Fry and  Ley  (unpublished)  suggest a  relationship  be- 
tween  uv-induced  DNA  damage  and  NMSC-induction  in  hairless mice, but 
their  studies  using  two  strains  of  mice  also  show  that  genetically  con- 
trolled  factors  also  play  a  role in the  time  to  appearance of a  diagnos- 
able  tumor.  Their  studies  plus a number  of  others (55) indicate  that  at 
least  two  factors  are  involved in NMSC  induction:  initiation  and  promo- 
tion.  Boutwell (56) has  discussed  extensively  the  evidence  for  both 
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Table 10. Summary of Evidence for  Solar UV-B Playing a Major Role 
i n  Nonmel  anomla S k i n  Cancer Induction 

Pigmented races, which s'unburn much , ,less  readily . t h a n  people w i t h  white 
skin, have very much less skin cancer and  when i t  does occur, i t  most 
frequently  affects areas,  not exposed to  s u n l i g h t  b u t  areas  associated 
w i t h  trauma. 

Among Caucasians there  appears t o  be much greater  incidence of skin 
cancer i n  those who spend more time  outdoors  than  those who work 
predomi n a n t  ly indoors . 

S k i n  cancer is more  comnon i n  white  skinned  people l i v i n g  i n  areas where 
insolation is greater. The logarithm of incidence is inversely  related 
t o  la t i tude and directly  related t o  flux of UV-B. 

I t  is clearly  established t h a t  superficial  skin  cancers occur most 
frequently on the head,  neck, arms, and hands  -- parts of the body 
habitually exposed to  sunlight (80-90 percent o f  nonmelanoma skin cancers 
are on exposed. par ts) .  

Superficial  skin  cancers,  particularly squamous cell  carcinoma o f  the 
skin, occur  predominantly on the  areas of the  face  receiving  the max- 
i m u m  amounts of solar uv r a d i a t i o n  and where histologic changes of 
chronic uv damage are most severe. 

Genetic  diseases  resulting i n  greater  sensit ivity of skin t o  the  effect  
of solar u v  radiation  are  associated w i t h  marked increases and premature 
skin  cancer development (albinism, xeroderma pigmentosum). 

S k i n  cancer can be produced readily on the  skin of mice and rats w i t h  
repeated  doses of uv raldiation 'and the upper wavelength l imit  o f  the most 
effect ive cancer produc:ing r a d i a t i o n  is abou t  320 nm, . that  is the same 
spectral range t h a t  produces erythema solare i n  human skin. 
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initiation and  promotialn  being  involved  in many  kinds of  tumor  induc- 
tion.  In'tiation  involves some  change in a cell or  focus of cells  that 
alters it  in some  way  (perhaps by inducing a  mutation or a  constellation 
of mutations  by  misrepair  of  DNA) so that it becomes  a  precancerous  cell 
or  small  group  of  cells.  Promotion  involves the  precancerous  lesion 
growing  into  a  frank  tumor,  perhaps by escaping  immunological  or  other 
cellular or whole body  defense  mechanisms. The available  evidence  (55) 
suggests  that uv can ac:t as  both  initiator  and  promotor.  The  mechanisms 
of  action  are  not  clear.  but may involve a  uv-induced  stimulation of  skin 
cell proliferation  coupled  with  some  systemic  effect  on  the  body (57). 

The  mortality  from  nonmelanoma  skin  cancer  is  very  low.  The  American 
Cancer  Society  (58)  roughly  estimates  that in the U.S .  there  are  about 
1500 deaths  and 300,000 new  cases  per  year.  Deaths  accompanied by non- 
melanoma  skin  cancer  thus  represent 0.5 percent  of  new  cases. 

Because of the very  low  mortality  and  because  of  the  difficulty  in  dis- 
tinguishing  from  death  certificates  whether  a  person  died  of  basal  cell 
carcinoma or  just - with  it,  some  countries  (Puerto  Rico,  Russia)  do  not 
classify it  as a malignancy  but  as a  benign  tumor  (Urbach,  personal 
communication).  Death "of" basal  cell  carcinoma  should  be  extremely 
rare,  occurring  only in cases of extreme  neglect. 

Maliqnant  Melanoma.  The  incidence  of  malignant  melanoma  of all  types in 
the U.S. ranges  from about  4/100,000 in the  north  to  about 8/100,000 in 
the  south (59). The U.S. annual  age-adjusted  rate (1969-71) i s  4.6 for 
white  males and 4.4 for white  females  (Third  National  Cancer  Survey 
(TNCS),  1975).  In  1975, the American  Cancer  Society  roughly  estimated 
there  were  going  to  be  about 9300 new  cases/year in the U.S. in 1976 
(4,400 in males and 4,900 in females) and  about 3500 deaths.  The NAS 
report (7) estimates 8400 new  cases/year.  Because  the  age-adjusted 
5-year survival  rate in recent  years  (1965-69) is  about 67 percent,  the 
NAS report  concludes t.hat  about 2800 of  the  new  cases will die  within 5 
years in the  absence  of any ozone  reduction. 

The  NAS  report on halocarbons (7) concludes  that  increased  DUV  may in- 
crease the  incidence  of  this  rare but serious  disease.  Lee (60), Urbach 
et al.  (55),  and the NAS report on halocarbons  have  reviewed  the  evidence 
for a  connection  between  solar  radiation  and  the  etiology  of  malignant 
melanoma.  The follow'ing  discussion  on malignant  melanoma has  been  ex- 
tracted  from  these papers. The  influence  of  latitude  of  residence  on  the 
incidence  of and mortality  from  melanoma is the  original  and  strongest 
evidence of importance  of  exposure  to  sunlight by white people  as a  cause 
of  malignant  melanoma.  The  gradient  of  incidence of malignant  melanoma 
vs. latitude is  not a!; great  as  for  nonmelanoma  skin  cancers,  but  it  is 
substantial.  Where  exposure  of  particular  anatomical  sites is different 
between  the  sexes  bec(ause  of  conventional  dress  and  hair  styles  (ears  and 



. . .  

-66 - 

e 

neck in males;  lower limbs in females), the exposed  site  has  higher  inci- 
dence and vortality  rates  than  the  unexposed  site in the  opposite sex. 

In spite  of  this  evidence,  the  importance  of  solar  radiation as  an etio- 
logical factor in malignant  melanoma  has only been  recognized in recent 
years and tends  to be minimized in the  older literature.  Malignant mela- 
nomas  are  not  comnon  tumors  and,  until  the  sixth  revision  of  the  Interna- 
tional  Statistical  Classification  of  Diseases (61), were not  separated 
from other  skin  tumors. This effectively  prevented  recognition  of  their 
variation from population  to  population.  However, a  more important 
factor in observing  the  relationship to solar  radiation  was  the lack of 
concentration of malignant  melanoma on the face and  neck, in obvious 
contrast  to  squamous and  basal  cell  carcinomas. 

The NAS report  on  halocarbons  analyzed  recent  data  on  the  anatomical 
sites  of  malignant  melanomas.  These  data,  although  still  showing  a  large 
percentage  of  occurrence on sites  not  usually  exposed  to  solar  radiation, 
indicate  that  the  locations  of  most  tumors  are  consistent  with  sites  that 
are  either  usually  (face,  neck,  hands)  or  occasionally  (trunks  of  men  and , 
backs  of  women)  exposed.  There is a very  small  incidence  at  sites  that 
are  rarely  exposed,  the  areas  of  the  body  usually  covered  with  bathing 
suits.  The NAS report allso points  out  that  British  studies  show  malig- 
nant  melanoma  to  be more  common in indoor  workers  than  outdoor  workers 
and  cite the  "clinical  impression  that  a  majoFity  of  cases  of  melanoma 
are  seen in younger  middle and upper-class  males and females  who  pursue 
active  outdoor  recreational  activities  but  spend  their  working  hours 
indoors." The NAS report  suggests  that  the  etiology o f  malignant  mela- 
noma  may  predominantly  involve  acute  exposures,  such  as  might  occur 
during  weekend  or  vacation/recreation,  rather  than  chronic  exposures, 
such as occurs in  outdoor  workers.  The NAS report  goes  on  to  conclude 
"while we  need  much more  information  to  understand  why  melanomas  are in 
some way  associated  with a  middle-class  way  of  life  and  with  modest  and 
moderate  exposure to sunlight, the  weight  of  evidence  is  consistent  with 
their  being in some way a consequence  of  exposure  to  uv-light." 

Both  the  incidence  and the  mortality  rates  from  malignant  melanoma  are 
rising  rapidly in all countries in which  they  have  been  studied.  Mor- 
tality rates  are  rising by around 3-9 percent  per year, so that  the  rates 
have doubled in about  the  last 15 years. In some  countries, e.g., 
Canada,  the rate  of  increase  is  greater  than  that o f  any  other  tumor 
except  male lung  cancer.  The  changes  have  been  shown  to  be  independent 
of improved  diagnosis or certification.  There  is  some  indication  that 
incidence  rates  have  risen  more  rapidly  than  mortality,  showing  that 
improved  diagnosis  and  treatment  has  reduced  case  fatality -- but  not to 
a  great  extent. All- these  relationships  are  most  unlikely  to be due  to 
chance. These increases in incidence  and mortality  over  the past  decades 
support an  influence of  solar uv exposure  on  melanoma  incidence. To 
quote Lee (60) : "There  seems no reasonable  doubt that, as  industrial 
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societies  develop,  the  exposure of the  population  to  sunlight  becomes .~ 

greater, t-.ours o f  work  become  less,  vacations become longer, the  oppor- 
tunities  for  vacation  travel  become  greater,  and  clothing  becomes  lighter. 
There is,  at  present, no reason  to  associate  the  increasing  melanoma 
rates  with  anything but; this. The  proportion  of  rural  workers  declines .' 

as societies industriallize,  but  this may  not make much  difference,  as in 
general,  white  people  living a traditional country life -- whether  as 
peasant  farmers in  Europe  or  herding cattle in the  American  West -- tend 
to be  fairly  shy o f  the  sun  and  to  dress  accordingly.tt 

Although  the  correlation  of  malignant  me1  anoma  rates  with  factors  asso- 
ciated  with  solar  radiation  exposure  (latitude  gradient  of  incidence  and 
mortality,  degree o f  pigmentation,  degree  of  outdoor  exposure, and predi- 
lection for  occurrence on  exposed  anatomical  sites)  may  seem  to  implicate 
accumulated  solar  radiation  dose as the  sole or major  cause of  the 
disease,  the  relatively  large  number  of  tumors  occurring  on  anatomical 
sites  only occasional1:y  exposed  is  at variance  with  the  accumulated  dose 
postulate. A simple h:ypothesis  to account  for  the  broad  distribution of 
tumors  would  be  that  m'alignant  melanomas  have  two  origins -- one  indepen- 
dent  of  solar  radiation  and  occurring  wherever  there  are  melanocytes  to 
undergo  malignant  change  (perhaps  related  to  pre-existing  naevi  (moles)) 
and the  other  related to exposure (60). The  data  are  inadequate for 
specifying  what  fracti'on is  associated  with solar  radiation.  Moreover, 
the  association  between  melanoma  incidence  and  lifestyle  (greater in 
recreationally  exposed  indoor  workers)  suggests  that  one  or a number of 
acute  exposures  to  above-threshold  levels  of  irradiation  may  play  more o f  
a role in melanoma  induction  than  does  the  lifetime  accumulated  dose. 

Photosensitivitx.  An  additional  influencing  factor  for  which  no  adequate 
quantitative values  exist i s  that  of  photosensitive  populations.  Table 
10 referred  to  genetic  predisposition,  but  there is  also concern  over 
chemical  phototoxicity  and  photoallergy (81). Both  contact and systemic 
photosensitizers  are  known (82) including the common  tranquilizer,  chlor- 
promaz i ne. 

Adverse  reactions in plhotosensitive  populations (81) include  those  that 
result  from  three  general  "causes": (1) The  loss  or  absence o f  pigment. 
This  includes  albinism,  vitiligo,  and  the  light-complexioned,  light- 
haired  individual. (2) The  presence o f  topical  or  systemic  photosensi- 
tizers. ( 3 )  Human  conditions  that do  not  appear  to  involve  either (1) 
or (2) above.  These  include  lupus  erythematosus,  solar  urticaria  and  the 
common  polymorphous  light  eruption  syndrome.  Although  such  qualitative, 
information is available,  other  factors  limit  the  determination o f  quan- 
titative impact.  Whille a great deal i s  understood  about  the  action 
spectrum of photosensitizers in the  UV-A  region,  the  influence o f  in- 
creased  UV-B  is  not  clear. In addition,  photosensitizers  may  cause  other 
adverse  reactions  independent  of  exposure  to  solar  radiation.  Because  of 
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these  uncertainties,  the  existence  of  photosensitive  populations  cannot 
impact  gredtly  on  the  projections  of  increased  human  health  effects  that 
follow.  What  can  be  said  is  that  such  projections  are  likely  to  be  low 
for  sub-populations  with  genetic or chemically  induced  photosensitivity. 
The  magnitude  of  those  sub-populations i s  not  known  and,  hence,  neither 
is the  magnitude  of  the  underestimate. 

3.3.2. Projections  of  Increased  Human  Health  Effects  Resulting 
from Increased  DUV 

3.3.2.1. Eye  Damage  and  Skin Aging 

There is  insufficient  q'uantitative  information  to  project  any  increase in 
eye  damage  (pterygium,  cataracts)  or  skin  aging  from  increased DUV. It 
is  not  clear  what  fraction  of  cataracts  might  be  caused by solar uv radi- 
ation  and  what  fraction  can  be  attributable  to  other  factors  (e.g., 
diabetes,  nutrition,  or  simply  aging). 

3.3.2.2. Projections o f  Increased  Nonmelanoma  Skin 
Cancer  Resulting  from  Increased DUV 

There is  no  question in the  research  community  among  those  most  knowl- 
edgeable  that  there i s  a relationship  between  nonrnelanoma  skin  cancer  and 
ultraviolet  radiation.  However,  because  there  are  many  variables and 
uncertainties  concerning  this  relationship,  any  attempts at quantifica- 
tion  must, o f  necessity,  use  certain  assumptions.  These  uncertainties, 
assumptions, and  ameliorating  circumstances  are  discussed in Section 
3 . 3 . 3 .  

Nonetheless,  recognizing the uncertainties  extant,  the  inadequacies  of 
th?  data  available, and the assumptions  that  must be made at this  time, 
in a  following  subsection  we  attempt  to  quantify and project  the  inci- 
dence o f  nonmelanoma skin cancer  that  might  occur in the  future  follow- 
ing ozone  reduction.  Such a  quantitative  estimate o f  impact,  even if 
uncertain by a factor of 2-4, is  useful in order t o  assess  whether  the 
impact is potentially  important or trivial. 

The C I A P  report and t he  NAS report  on  stratospheric  flight ( 3 )  both 
project  that ?.sal and squamous  cell  carcinomas  (collectively  called 
nonmelanoma  skin  cancer, NMSC) would  increase at equilibrium  about 2 
percent  for  every 1 percent  ozone  reduction. The NAS Committee  report 
(7) found  no  reasan  to.  change  the  projections  presented i n  the  NAS  report 
on  stratospheric  flighit.  The  specif'lc  projections in the  latter  NAS 
report  are as follows: 

A 1 percent  decrease in strataspheric  ozone will 
cause  roughly a 2 percent  -increase in sk in cancer; 
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0 A 10 percent  decrease in stratospheric  ozone  appears 
to  give  more  than 20, possibly a 30 percent  increase 
in the  incidence  of  skin  cancer. 

The  projections  on  nonmelanoma  skin  cancer  above  are  subject  to  large 
uncertainty  factors. llrbach  et  al. (55) summarized  the  underlying 
amplification  factors and their  uncertainties  as  follows: 

&v/dI3$' is 2 with a range  from 1.4 to 2.5 

0 biologicall  amplification factor (AIncid./&v) is 
1 with a range  from 0.5 to 2 

7 

0 physical  ,radiation)  amplification  factor 

0 total  amplification  factor  (AIncid./A03)  is 2 with 
a range  from 0.7 to 5. 

These  factors  imply a constant  relation  of  NMSC  to DUV which  is  modified 
somewhat at  higher  percentage  increases in DUV. These  estimates  are 
derived  from  exponential  and  power  function  models  relating  epidemio- 
logical  data  on  NMSC  incidence  to  estimated  exposure  to DUV based  on 
meter  readings  and/or  calculated DUV related to geographical  latitude. 
Most  projections  to  date  have  relied  on  the  latitudinal  gradient o f  skin 
cancer  incidence  found in the  Supplemental  Study t o  the  Third  National 
Cancer  Survey  (TNCS),  which  was  conducted for  purposes  other  than  pre- 
dicting  the  incidences  of  nonmelanoma  skin  cancer.  The  potentially  large 
errors in these  estimates  are  due  to  the  small  number  of  sites  where  the 
epidemiological  data  were  collected;  to  deficiencies in exposure  data  for 
prior years; to  insufficient  knowledge  of  the  etiology  of  skin  cancer; 
and  to  inadequate  data in demographic,  ethnic,  and  other  factors  which 
modify  individual  exposure  to  sunlight. 

Since  the NAS  report  on  halocarbons  was  completed, a number  of  new 
analyses  has  been  reported:  Scotto  et  al.  (62)  used  an  exponential 
relation  between  the  data  for  NMSC  incidence  in  four  areas and exposure 
in those  areas  as  measured  by a "sunburning uv meter" to  obtain a bio- 
logical  amplification  factor, 8, of 1.6 for  males  with a standard  error 
of 0.9. If  the  physical  amplification  factor  is 2, then  the  total  ampli- 
fication  would  be 3.2. 

Fears  et al. (59) also  used  an  exponenti  a1  model  as  above,  but  related 
NMSC  incidence  to DUV dose  calculated  from  the  wavelengths of sunburning 
uv reaching  the  earth's  surface  through  various  ozone  levels at 35 loca- 
tions (63). Their  model  suggests  that  the  biological  amplification  factor 

?'A means  "change in. '' 
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varies  from 1.6 to 4.1 for  increases  in DUV from 10-30 percent. There- 
fore, if  %e  physical  amplification  factor  is 2, the total  amplification 
factor ncruld vary  from  about 3 to 8. 

Green  et al. (64) correlated  annual  ultraviolet  dose  estimates  with  age- 
specific and  age-adjusted  incidence  data  for  nonmelanoma  skin  cancer  in 
the  United  States,  United  Kingdom,  Canada,  and  Australia.  They  examined 
five  different  models  with  different  logical  assumptions  about  the  human 
dose-response  characteristics  for NMSC induction. All models  lead  to 
biological  amplification  factors  greater  than  unity.  For  the U.S. they 
found  the  biological  amplification  to  be  approximately 1.8 for  the  popu- 
lation  center  but  greater in regions  of  higher uv annual  dose, and less 
in regions  of  lower  annual uv dose. The  range  was 1.5-2.5 for  a  total 
amplification  factor 0.f 3-5, assuming a physical  amplification  factor  of 
3 
L .  

Rundel  and  Nachtwey  (Appendix B) derived  an age-response  distribution  for 
first and subsequeni  occurrences o f  nonmelanoma  skin  cancer  and,  assuming 
reciprocity  to hold- calculated  the  effect  of  a  fractional  increase 
in DUV  as  equivalent t o  increasing  the  chronological  age by the  same frac- 
tion  to  yield  an  effective  age.  The  probability o f  contracting  skin 
cancer  was  then  taken  as  the  current  probability  at  the  chronological  age 
corresponding to  the  c:alculated  effective  age. The result i s  that  with 

lives  appears  at an earlier  age  where  there  are  more  individuals  at  risk, 
effectively  causing an increase in cancer  incidence.  They  calculate  the 
biological  amplification  factor  for  the  four  geographical  sites in the 
TNCS study  as  varying  from 3 . 5  to 4.4 for a total  amplification  factor 
varying  from 7.0 to 8,8, assuming a physical  amplification  factor  of 2. 
However,  contrary t o  some of the  models  of  Green  et  al. ( 6 4 )  or  of Fears 
-__ et a l .  (65), their  model  yields  biological  amplification  factors  that  are 
lower  at  lower  latitudes  and  higher  at  higher  latitudes. By weighting 
the  latitude-dependent  biological  amplification  factors  by  the U.S. popu- 
lation in each  latitude  band,  they  calculate an average  biological  ampli- 
fication  factor  of 4.0 for  the U.S. at equi!ibrium  after  the  ozone 
reduction  has  reached  steady  state  and  after  all  of  the  population  has 
been  exposed  for a lifetime  to  the  steady  state  increased  DUV.  With a 
physical mplification factor o f  2, the  total  average  amplification i s  
thus 8.0. 

/ 

, .  increased  DUV  the  canc:er  that  would  have  appeared anyway if the  person 

5’ Reciprocity  holding  means  that  dose  rate a r d  duration  of  exposure  to 
produce  a  given  biological  effect  bear  a  reciprocal  relation  to  one 
another ( i . e .  a short  exposure  at a high dose  rate  produces  the  same 
effect  for the-same dose  given  as a long expasure at a low  dose  rate). 



It  is important to note  that all authors  use  the  same  incidence  data  but 
various metllods o f  estimating  dose and that  the  models  chosen all indi- 
cate  a  total  amplification  factor  greater  than 2 that i s  used in the NAS 
report. 

The Rundel  and Nachtwey (R&N) model is the  only  one  which is not based on 
incidence  with  latitude and estimated  exposure,  but  only  assumes that an 
increase in cumulative DUV dose wi 1 1  decrease  the  age  of  appearance of a 
diagnosable  skin cancer. Their model  is based on extensive  experimental 
data on uv-induced  skin  cancer in mice (66). As is the  case  for all 
toxicity  testing in animals, the degree to which animal studies  can  be 
extrapolated  to  man is uncertain. The use  of this model allows the 
computation of the increased  numbers  of  cases  that  might  occur through 
time  for  the various  ozone  reduction  scenarios. In tables 11-13, the 
results o f  their  time  dependencies are  shown. 

Tables  11-13  show  the projected cases of skin  cancer  assuming  continued 
release  of  chlorofluorocarbons at the  1973  release rates. The  ultimate 
ozone  decrease is taken iin table  11 as 7.5 percent,  the  centerline NAS 
value. Tables  12 and 13  present the  results  for  the  NAS lower  and upper 
limits  for  ultimate  ozone  reduction, 2 percent and 20 percent. The  base- 
line incidence  figures  represent the expected  number  of  cases  with no 
ozone  reduction, at all; thus it ignores  chlorofluorocarbons  already 
released  into the atmosphere. The  percentage  increase in new  cases by 
the  year  2100 is about 52: percent (lower limit 12 percent,  upper limit 
184 percent);  the number of  additional  cases in that year is about 
344,000  (table 11) (lower limit  81,000,  upper  limit  1,200,000). 

Tables  14 and 15 show  the projected NMSC cases  assuming all CFM release 
to  be stopped in 1978 andl 1980,  respectively.  For  both  cases,  the maxi- 
mum  percentage  increase in NMSC incidence  occurs in 2035,  and  is 6.0 
percent for  1978  cutoff amd 6.6  percent for  1980 cutoff. The  difference 
in the  number  of new cases per year  for  the  two  cutoff  years  reaches  a;( 
maximum  of about 3300 cas,es  per year in the  year 2035.  Even with the 
1978 cutoff, it takes so long for  the  ozone  layer  to  recover, and for  the 
skin  cancer  incidence to re-equilibrate,  that  there are  still  about 
17,000  additional  cases per year in the year 2100, 122  years after cut- 
off. The  total  number o f  additional  cases  resulting from  a  two-year 
delay in banning is  0.43 percent of the  total  number of  cases that  are 
projected to occur (52.8 million) in the  next century ( t o  2078)  with  a 
ban i n  1978. 

An  independent set  of projections  for  the  impact  of  a  two-year  delay 
(1978 vs. 1980) in  banninig certain uses of CFMs has  been  calculated by 
Energy and Environmental  Analysis, Inc.  (EEA). Their  study  employed an 
approach and model  that dliffered in several respects  from that using the 
R&N model; in particular, the EEA study  employed  the  dose-response  model 
of Fears et al. (65), which is based upon the latitudinal  gradients o f  
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NMSC incidence for ten-year  age  groups. EEA estimated  that a two-year' 
delay -;n a U.S. ban  of just  those CFMs used  as  aerosol  propellants  would 
Yost" 764 cases/year  (averaged  over the period 1977-2050) in the U.S. .. 

This  figure is  based  upon the  fact that  aerosol  propellant  usage  of CFMs 
in the U.S. amounts  to  about 30 percent of the world  total CFM release. 
The projected  increased skin cancer  cases/year  resulting  from  ozone 
reduction/increased DUV were  calculated  for  the  scenario  where  there is a 
ban of 30 percent of the  worldwide CFM releases in 1978. These  cases/ 
year were  subtracted  from  the  cases/year  following a similar ban in 1980. 
The  differences  were  then  averaged  for  the  period  from 1977-2050 to ob- 
tain  the 764 cases/!year  figure. 

A comparable  figure can  be  calculated from  the values in tables 14 and 
15:  the  difference  between  the  cumulative  additional  cases in the  two' 
tables  over  the  period 1978 to 2048 is  about 147,000 cases  (taking  into 
account the  five-year age  groupings). The average  over this 70-year 
period  is 2100 caseslyear  avoided by a worldwide ban  on all CFM release 
in 1978 relative  to a ban in 1980. If one takes 30 percent  as  reflecting 
the  contribution  of  the U.S. aerosol  propellant CFMs to  the  total ozone 
reduction  resulting  from  worldwide CFM releases, then  the  number  of cases 
avoided by banning such  U.S. CFM release is approximately 30 percent  of 
the 2100 cases/year  mentioned  above or 630 cases/year.  The  small differ- 
ence  between 630 anld 764 caseslyear,  calculated by the two different 
approaches  using  different  models,  might  become even smaller if the  same 
ozone  reduction scemnarios  were  to  be  used (the EEA value is  based  upon a 
somewhat h 
report, wh 

i 
i 

The extent 
violet  rad 

gher  worldwide CFM release rate.than that included in the NAS 
ch  was  used in the R&N approach). 

3.3.2.3. Projections of  Increased  Malignant  Melanoma 
Incidence  Resulting from Increased DUV 

o f  the  relationship  between  melanoma s k i n  cancer and ultra-i 
ation  is uncertain, and at  this time  should  only  be  discussed i 

qualitatively. As pointed  out  earlier,  there  may be causes of  malignant 
melanoma  other  than  solar  radiation, and the  unknown  fraction  of  melanoma 
incidence that is  solar radiation-induced  may  not be related  to  accumu- 
lated  dose  as  much  as it may be  related  to  lifestyle. A biomodal distri- 
bution o f  melanoma  incidence  with  age  indicates  that a fraction o f  the 
population i s  more  sensitive to melanoma  induction  than i s  the  majority 
of the  population; a small fraction  of  the  population  contracts  melanoma 
during  middle-age  whereas a larger  fraction  contracts it in old  age. The 
biomodality  plus  other  differences  preclude  the  use  of a model  similar  to 
that  developed  for NMSC for projecting  increases in melanoma  incidence. 

Despite  the  great  uncertainty in projecting  increases in melanoma,  the 
NAS report on halocarbons  states  that "a 7% ultimate  reduction in ozone, 
with a consequent 14% ultimate  increase  in DUV accumulation  rate,  might 
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be  expected, if most  melanoma  deaths  are  solar  UV  radiation  related, to 
produce  a snqlewhat  smaller percentage  increase  (less  than 15%) in mela- 
noma  deaths.  Thus, a Pew hundred  deaths  per year would  be  expected  after 
all  delays  have  taken plalce." 

The  NAS  position  assumes  that  malignant  melanoma is a response  to  total 
accumulated  lifetime  dose. I f ,  however,  the  latitude  gradient  indicates 
that  melanoma  induction iis a matter  of  latitude-dependent  differences in 
lifestyle  and  reflects  opportunities  for  sensitive  individuals  to  obtain 
acute  above-threshold  exposures,  then  an  increase i n  DUV should  be exam- 
ined  not from  the total  accumulated  dose  standpoint  but  from  the  increased 
opportunities standpoint, The number o f  days  with  any  particular  high 
solar DUV dose  increases  nonlinearly  with an increase in average DUV. 
Therefore,  the  number  of  opportunities  increases  nonlinearly  and so might 
melanoma  incidence. 

. 

ldith  all o f  the  unknowns  concerning  malignant  melanoma, it appears  unwise 
t o  make any  projection a t  this  time. 

3 . 3 . 3 .  Uncertainties and Ameliorating  Circumstances  Regarding 
NMSC 

One  major  uncertainty in the  projections  involves the degree t o  which 
solar  ultravio?et  radiation is the  predominant  cause of NMSC. Not  all 
tumors  occur on exposed  sites  of  the  body;  perhaps 10-20 percent  do  not. 
Moreover,  other  factors,  such  as  ionizing  radiation  from  x-ray  sources or  
radioactive  materials,  exposures  to  polycyclic  aromatic  hydrocarbons, and 
chronic  irritations  and  burns,  are  known t o  contribute  to  NMSC  induction 
(67). The  extent  to  which  these  other  factors  contribute  to  the  overall 
present-day  incidence of human  skin  cancer shou!d be  determined  and sub- 
tracted  before  employing  the R&N model  for  estimating  increases in skin 
cancer  incidence.  If 20 percent  of  skin  cancers are non-uv  related,  then 
only 80 percent o f  the  total  distribution  might be shifted  to an earlier 
age  and contribute t o  an increased  incidence. In this  regard,  the  pro- 
jections tend t o  pirovidt?  an upper  bound  to  the  increase in cases  resulting 
from  ozone  reduction. 

The R&N model assumes that  effective  DUV  doses  accumulated  during  any 
period in the  life o f  an individual  are  equivalent  and  additive  to  the 
accumulated  lifttime  dose.  This  assumption a t  present has no adequate 
experimental or epidemil3logical  verification or refutation.  Animal 
experiments t o  test the influence  of  age on tumor  induction by given 
doses of  DUV  are i n  pro'gress. 

Despite  these  uncertainties and others,  even if the  projected  numbers 
are  incorrect by a  factor of say 2-4,  t h e  very  large  base  number for the 
current  incidence  of  NMSC  leads t o  large  numbers  of  additional  cases 
resulting  from  increased  DUV.  Because  such  numbers  are  sensationally 
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large,  and  because  we  are  dealing  with a  type of cancer,  a term  that  has 
frightening  connotations  to  many or  most  Americans, it  is important 
t o  put the NMSC problem in perspective: NMSC is a  disease  which  slowly 
develops  and is almost  always  non-fatal.  If  diagnosed  moderately  early, 
it can  be  readily  treated.  It  is  usually the untreated  very  advanced 
cases  that lead.to the  mortality  that  puts NMSC in the  malignant  category 
rather  than in the  benign  tumor  category. 

Regarding  the  number of additional  cases  calculated  to  result  from  in- 
creased DUV using the R&N model, it should  be  emphasized  that  the funda- 
mental  idea  for  such  estimates  is  that,  all  else  being  equal,  an  increase 
in DUV at  the  earth's  surface wi 11 produce  a  proportional  increase in 
effective uv which  will  essentially  shorten  the  time  for  the  appearance 
of a  first  case  or  a  subsequent  case in those  who  would  contract it any- 
way.  Shortening  the  time  to  the  onset  of  skin  cancer will lead  to  an 
increase in the  absolute  numbers  of  cases in the U.S. because  there  will 
be  more  people  at  risk  at younger  ages;  some  people  who  would  have  died 
from  other  causes  before  contracting  a  first  or  subsequent  case  of  skin 
cancer  may  now  contract  it  shortly  before  such  death--with  the  caveat, 
again, that  all  other  factors  remain  constant. 

"All other  factors  remain  constant"  means  that  lifestyles  will  not  change. 
In this  regard, it  is noteworthy  that  changes in lifestyle  relating  to 
exposure to  solar  radia.tion  can  ameliorate  the  increase in nonmelanoma 
skin  cancer:  To  quote  Urbach  et a1 . (55)  . . . approximately 60% of 
the  day's  total  erythemogenic  radiation is received  between  the  hours  of 
10 a.m.  and 2 p.m. The  relative  effect o f  avoiding  sunlight  during  noon- 
time is significantly  large.  Even  for  an  office  worker,  whose  small 
exposure  occurs  primarily on  weekends  and  vacations,  the  reduction  is 
over 25% (for  the  day) by avoiding  just  the  one  hour  from 12 noon  to 1 
p.m.  By  avoiding  two  nloontime  hours, all occupations  can  achieve  reduc- 
tions in UV exposure o f  the  order  of 35 to 50 percent. Thus,  independent 
of location, by using a simple plan of  avoiding  sunlight  during  the  noon- 
time  period, an  individiual  can  reduce exposure  substantially  without 
major  changes in living habits." 

Another  potential  ameliorating  circumstance is the  possibility  that, 
through  additional  research,  individuals  who  are highly susceptible  to 
skin  cancer  induction  may  become  identifiable.  Identification o f  suscep- 
tible  individuals (e.g., sensitive  skin  types)  could  allow  application  of 
preventive  medicine, e.g., counseling  to  avoid  solar  radiation  or  to  use 
solar  uv-blocking  agents. 

3 . 3 . 4 .  Health  Effects  Summary 

The  following  potential  effects  of  increased DUV on  human  health  are 
considered:  skin  cancer,  eye  damage,  and  skin  aging.  Increased  incidence 
of  skin  cancer, i.e. basal  and  squamous  cell  carcinomas  (nonmelanoma)  and 
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mal ignant melanoma, i s   c o n s i d e r e d   t o  be a l i k e l y  consequence of . increased 
DUV. Eye a:,d s k i n  damage are  considered  to be ,mss ib le   e f fec ts ,   hu t   too  
l i t t l e   i n f o r m a t i o n   i s   a v a i l a b l e   t o   c o n c l u d e   t h a t   t h e y   r e p r e s e n t   i s e r i o u s  
t h r e a t   a t   t h i s   t i m e .  The ava i l ab le   i n fo rma t ion  on these.d iseases   i s  
summarized. The  number o f  cases o f  nonmelanoma sk in   cancer lyear   tha t  
might  be  expected  from  various ozone reduct ion  scenar ios-based on the  NAS 
Committee r e p o r t  on halocarbons  are  projected. The project . ions -amount t o  
worst-case  estimates. The la rge  number o f   u n c e r t a i n t i e s   i n   t h e  models 
used f o r   p r o j e c t i o n   a r e  emphasized. The models  employed assume t h a t  
increased DUV will decrease  the  t ime  o f   onset   o f  a diagnosable  tumor i n  
persons who would  contract  i t  anyway i f  t h e y   d i d   n o t   d i e   f i r s t   o f   o t h e r  
causes.  Because there will be more pe rsons   a t   r i sk  a t  somewhat e a r l i e r  
ages, t he  number o f  cases will increase. The model i m p l i e s   t h a t   t h e  
a d d i t i o n a l  cases will occur i n  persons somewhat be fore   the i r   deaths   f rom 
other  causes. The time  dependencies o f   t he   i nc reased  number o f  cases/ 
year i n   t h e  U.S. popu la t ion   p ro jec t3d   to   the   year  2100 (based on the  U . S .  
Census Bureau's  Series I 1  pro jec t i on )   a re   p resen ted   f o r  a 7.5 percent 
ozone reduct ion,   the  cent ra l   va lue  est imate o f  t he  NAS repo r t ,  and f o r  2 
and 20 percent,  the  lower and upper l i m i t s .  The u l t i m a t e  ozone r e d u c t i o n  
i n  any case will not  be  reached u n t i l   w e l l   i n t o   t h e   2 2 n d - c e n t u r y ;   t h e  
u l t imate  percentage  increase  in   inc idence will not  be  reached u n t i l  
approximately 75  years   ( the  human l i f e s p a n )   a f t e r   t h a t .  

The u l t i m a t e   i n c r e a s e   i n  DUV from 7.5 percent ozone r e d u c t i o n   i s   p r o -  
j e c t e d   t o  be 17 percent ;   the   u l t imate   inc rease  in  NMSC i n c i d e n c e   i s  
p ro jec ted   to   be  68 percent i n   t he   23 rd   cen tu ry ,  i f  a l l  o t h e r   f a c t o r s  such 
as l i f e s t y l e  and geographic   d is t r ibut ion  remain  constant .   Hal f   o f   the 
increase will occur  by  about  the  year 2055. Comparable  values f o r   t h e  2 
percent ozone reduct ion  are 4.3 pe rcen t   u l t ima te   i nc rease   i n  DUV; 1.7 
pe rcen t   u l t ima te   i nc rease   i n  nonmelanoma inc idence  in   the   23rd   cen tury ;  
h a l f   t h e   u l t i m a t e   i n c r e a s e   a l s o   i n  t/he year 2055. For  the 20 percent 
ozone reduct ion case, the  values  are 52 percent  increase i n  DUV; 210 
pe rcen t   u l t ima te   i nc rease   i n   i nc idence   i n   t he   23 rd   cen tu ry ;   ha l f   t he  
u l t imate   inc rease  in   about  2055. The incidence  increases  are  based  on 
the   i nc rease   i n  DUV ca lcu la ted   us ing   the  DNA-damage a c t i o n  spectrum, so 
amount t o  worst-case  estimates. ' 

The time  dependencies o f   t h e   i n c r e a s e s   i n   t h e   i n c i d e n c e .   o f  nonrneldnoma 
a re   a l so   p ro jec I?d   f o r   scenar ios  assuming a ban o f  chlorof luoromethane 
r e l e a s e s   i n   e i t h e r  1978 o r  1980. For  the 1978 ban, t h e  maximum ozone 
r e d u c t i o n   i s   p r o j e c t e d   t o  be 1.03 percent and t h e  maximum increase i n  DUV 
- 5  p r o j e c t e d   t o  be 2.19 percent i n  about 1990. The  maximum i n c r e a s e   i n  
incidence  would  be 6.0 percent  about  the  year 2035. For a ban i n  1980, 
the  comparable maximum values  are 1.13 percent ozone reduct ion,  2.40 
percent   inc rease  in  DUV (both  peaking i n  about  1990) and  a 6 . 6  percent 
inc rease  in   inc idence  in   about  2035. For bans i n   e i t h e r   y e a r ,   t h e   i n c i -  
< e w e  will not  decrease t o  normal u n t i l   i n t o   t h e  22nd century  because o f  
t he   l ong   t ime   requ i red   f o r   t he  excess c h l o r i n e   t o  be  removed f rom  the 
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stratosphere.  Averaged  over the next century, the  increase in nonmela- 
noma  skin  cancer  resulting  from a two-year  delay in banning  amounts  to 
about 0.4 percent  of the number  of  cases  projected for  the  case  where 
ch 1 orof 1 uoromethanes are banned in 1978. 

For  malignant melanomal, similar  projections  are not possible at this  time 
because  this  disease  does not appear  to  result  from  accumulated  lifetime 
exposure as does nonrnelanoma. Moreover, the  age-response  relationship 
for  melanoma is biomoclal suggesting  two  subpopulations  with  different . 

sensitivities.  Other  evidence i s  discussed  which  indicates  projections 
for  this  fairly  rare  disease  would be premature at this time. 

3.4. Impact  of  Chlorofluorocarbon  Release  on  Climate and 
Resultant  Effects of Climate  Modification 

3.4.1. Effects of Chlorofluoromethanes on Climate 
(Part  of  the U.S. paper  presented at the  March 1-9, 
1977, UNEP  Meeting  on the  Ozone Layer, drafted by 
Dr. Alden Bestul, National  Oceanic and Atmospheric 
Administration) 

Atmospheric  release of chlorofluoromethanes  can  affect  the  earth's  cli- 
mate by two  mechanisms.  One  mechanism is associated  with  stratospheric 
ozone diminutibn; the other is  not. 

Stratospheric  ozone  diminution  allows  more  ultraviolet and visible radia- 
tion to reach the earth's surface,  thus  warming  this  surface and the 
lower  atmosphere. Howeveri as  less ultraviolet  radiation is absorbed by 
the  reduced  ozone  content of the  stratosphere,  the  associated  heating  of 
the  stratosphere is  rleduced. Therefore, less thermal (infrared)  radia- 
tion is emitted  from  the  stratosphere  toward the earth's surface.  This 
effect  tends to  cool the  earth's  surface and the lower  atmosphere. In 
addition  to  these  two  effects,  ozone  diminution  would  also  alter the 
contribution by ozone to the atmospheric  "greenhouse effect." Ozone ' 

absorbs  infrared  radiation in the 9-11 region  which is emitted by the 
earth's  surface  toward  space and hence  causes  a net reduction in the 
infrared  radiation  emitted  to  space by the  earth-atmosphere system. The 
sign and magnitude  of  the  alteration  of  this  "greenhouse effect'' due to 
ozone diminution  would  depend on the vertical  distribution  of  ozone 
change,  Currently  available model calculations  indicate  that, if ozone 
is reduced at  all altitudes  within  the  stratosphere,  the  "greenhouse 
effect"  due  to  ozone  decreases  would tend to  cool the earth's surface and 
troposphere.  The  balance of the above  warming  and  cooling  effects in 
influencing  tropospheric  climate is sensitive  to  the  distribution of 
ozone  reduction in both  altitude and  latitude. The  sensitivity of this 
analysis to the  distribution of ozone  reduction in altitude and latitude 
is emphasized by consideration of the C10N02  effect in which  ozone 

- .  
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redistribution  may  play  as  large  a  role  as  ozone diminut.ion. ..'Attempts  at 
quantitati.e  analysis of the  resultant  net  effect  on  tropospheric  climate 
have  not yet achieved  sufficient  resolution to determine  the  direction  of 
the  overall  influence  on  climate. 

Independent  of  ozone  diminution;  chlorof 1 uoromethanes ' in the  'atmosphere 
can  also  affect  climate  simply by their  accumulated  presence.  They 
absorb  infrared  (thermal)  radiation  in thei.8-12-pm. regjon  whish  'is 
emitted  from  the  earth's  surface  toward  space. Absorp,ti.on  in the 8-12 pm 
region  of  the  infrared  radiation  spectra  is,;of  p.articular  significance 
because  much  of  the heat.  emitted from  earth,  under  natural  conditions, 
escapes  through  this  infrared  "window."  The  radiation  absorbed'by 
chlorofluoromethanes,  instead  of  being  lost  to  space,  is  thereby  con- 
verted  into  heat  which  is  retained  in  the  earth's  atmosphere,  thus 
increasing  the  average  temperature  there.  This  mechanism  creates a 
retention  of  additional  heat  which  should,.  but is  not yet certain  to, 
produce  a  related  warming  of  the  earth's  average  temperature.  Computa- 
tions  based  on  the  1973  release  rates  for  chlorofluoromethanes  indicate 
that in about  a  century  this  mechanism  couid  raise  the  average  tempera- 
ture  of  the  lower  atmosphere  to  a  steady  state  value  about  a  half  degree 
Celcius  higher  than at  present. . '  

The  above  mechanism  is  of  the  same  type  as  the  "greenhouse  effect" by 
which  increasing  accumulations  of  carbon  dioxide (CO ) in the  atmo- 
sphere  may  result in an increase  of  global  averag.e  t&nperatures. In- 
creasing CO concentratipns  from  combustion o f  fossil  fuels  are 
projected t$ produce  a  global  average  temperature  increas,e  around 0.5OC 
by A.D. 2000. Even  at  'that time  the  "greenhouse  effect".  from CO would 
be  greater  than  that  from  chlorofluromethanes,  .and  would.  become  gven  more 
so beyond  that  time  (assuming  current  emissions  of  both CFMs and  C02). 

The  above  projections  also  indicate an increase o f  a few percent in pre- 
cipitation as a  result {of the  chlorofluoromethane and  C02  "greenhouse 
effect"  (approximately :I percent  for CFMs). 

Global  average  changes  of  temperature  and  precipitation  such  as  those 
mentioned  above  would  p.robably  be  accompanied  by  much  larger  as yet 
undeterminec  changes  of  regional and  local climate in various  parts  of 
the  world. 

. ,  

Many  uncertainties  remain in the  above  predictions  on  the  climatic  effects 
*csr:lting from  chlorofluoromethane  releases.  The  NAS  report is  .careful t o  
>o-int outl however!, that  the  uncertainty  of  effects  should not  be viewed 
2s unlikeiihood'of . - ~  effects. 
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3.4.2. Effects of Chlorofluoromethane-Induced  Climatic 
Modification  (Part of the U.S. paper  presented at 
the  March 1-9, 1977,  UNEP  Meeting on the  Ozone Layer, 
drafted by Dr. Alden  Bestul,  National  Oceanic and 
Atmospheric  Administration) 

Chlorofluoromethane  releases  have an impact on biological  systems not 
only  directly  through  the  effects of the  resultant  increased  intensity  of 
DUV radiation at the earth's surface, but also  indirectly  through  the 
effects o f  climate  changes  induced by chlorofluoromethane release. 

These  effects  have been the subject  of  modeling  studies of the  sensi- 
tivity  of  crops  to  climate variables. Such studies  examine  the  influence 
o f  an average  climate warm'ing without  change of pattern or degree  of 
fluctuation o f  various  climate  variables  such as precipitation,  minimum 
or maximum  temperatures, an cloud cover. On  this  basis an average 
temperature  increase of 0.5 C can  produce  either an increase or a 
decrease up to about 5 percent in yields of different  crops in a  given 
region, or of a given  crop in different regions. There is no suggestion 
that  such  increases and decreases  would  balance  each  other out. The 
possibility of yield  decreases  may be  considered  more  threatening  than 
the  possibility of increases  may  be  considered  reassuring.  Ignorance  of 
the  result to be expec.ted in the  specific  cases of particular  critical 
crops  may  prohibit  the  deliberate  acceptance  of  the  possibility of such 
climate changes. 

It must be emphasized  that  changes in global average  temperature and 
precipitation  would  be  expected  to  be  accompanied by.much larger  as yet 
undetermined  changes o f  regional and  local climate in various  parts of 
the world. The  impacts  of  climate  changes in agriculture, etc., would  be 
expected to depend much  more on  the regional and  local changes  than on 
the global average changes. 

1 

Local changes in temperature and precipitation on the  order  of  those 
predicted  would be gre,at enough to  eliminate  existing  production  of  com- 
mercial  crops in selec.ted marginal  growing areas. However, it  is less 
certain  whether  new  production  might  be  possible by development of new 
varieties or whether  reduced  production  might be  compensated by increased 
production in other areas. The  only  certainties  that  can  be  counted  on 
are  disruption o f  existing  patterns  with some  areas losing and others 
gaining. Whether total agricultural  production  would  increase  or  de- 
crease  from  the predicted  climatic  changes remains an unknown. 
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3 4 .3 .  Impacts  of  Other  Fluorocarbons  on  Climate 

3 .4 .3 .1 .  Fully  Halogenated  Halofluorocarbons  Other 
than  Chlorofluoromethanes 

a. Other  Chlorofluorocarbons 

These  highly  stable  fluorocarbons  would  be  expected t o  have. infrared 
absorption  properties  similar  to  those  of  the  chlorofluoromethanes. 
Since  chlorofluorocarbons as a chemical  group  have  long  tropospheric 
lifetimes,  similar  potential  impacts on stratospheric  ozone.(on  a  per 
chlorine  atom basis),  and  possibly  similar  infrared radiation  absorption 
properties, it  is  likely  that  all  members  of this  group  would  pose 
similar  risks  of  climatic  change. 

b. Fluorocarbons  Containing  Brom 
Iodine 

ine  or 

Not  enough  information i s  available  at  this  time  regarding  the  ,potential 
contribution  of  bromo- and iodofluorocarbons  to  ozone  destruction ;and the 
"greenhouse  effect" t o  make any  statement  about  t.heir  potential  to cause 
climatic  change. I 

c. Perfluorocarbons 

To the  extent  that  perfluorocarbons  absorb in the 8-12 region  of  the 
infrared  radiation  spectra,  they  would  prevent  natural  heat  losses  from 
earth  into  space.  The  magnitude and significance of this  potential 
effect on climate  are not yet known. 

3.4.3.2. Fluorocarbons Not Fully Substituted  with 
Halogen  Atoms 

a. Hydrochlorofluorocarbons 

Regarding  the  potential  for  these  compounds  to  impact  on  climate',  DuPont 
(76) has  reported in response  to  the FDA Call for Information (FEDERAL 
REGISTER o f  July 16, 1975, 40 FR 29914) that  based  on  preliminary  mea- 
surements,  most  hydrochlorofluorocarbons  are  weaker  absorbers in the 
8-12 pn region of  the  infrared  spectra  than  chlorofluorocarbon-12..  More 
important in the  assessment o f  the  climatic  impacts  associated  with 
hydrochlorofluorocarbons is  their  shorter tropospheric  lifetimes.  DuPont 
estimates that  the actulal "greenhouse  effect"  for  hydrochlorofluoro- 
carbon;:  is expected-to be 10-500 times  less  than  chlorofluorocarbon-12. 
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3.4.3.3. Compounds  Other  than  Fluorocarbons 

a. Chlorocarbons 

Chlorocarbons (e.g.,  C1, CH C1 ), like  the chloro- 

spectral  region  of 8 to 12 pm (83). The extent  to  which  the  chloro- 
carbons  would  contribute to the  "greenhouse  effect''-would  depend  upon 
their  tropospheric  stabilities. 

fluorocarbons,  have  e  strogg  ?nfrared  bands in the 

b. N20 and  C02 

The  release of both  of  these  compounds  may  contribute to climatic  altera- 
tions.  Increases in stratospheric NO may  cause indirect  climatic 
effects  as  a  result  of  the  potential  for  these  compounds  to  destroy  and 
alter  the  distribution of  stratospheric  ozone.  Additionally,  nitrous 
oxide has  an  "infrared  absorption  band in the spectral  region 7 to 14 
and contributes  to  the  atmospheric  'greenhouse effect'.'' (84). Emissions 
of carbon  dioxide,  although  not  likely  to  contribute  to  effects  on 
stratospheric  ozone,  may  cause  climatic  changes  as  a  result  of  their 
infrared  radiation  absorption  properties. 

The  major  man-made  sources  of N 0 and CO  are  not from  their  use  as 
propellants.  Significant  amoun?s  of  nit?ogen  oxides  may  be  entering the 
stratosphere  through  the  increasing  use  of  nitrogen  fertilizers in food 
production and to a lesser  extent from  the  emissions  of  high-flying 
aircraft.  The  combustion  of  fossil  fuel is the  major  man-made  source  of 
CO in the  atmosphere.  The  potential  climatic  impacts from this 
ac?ivity  have  been  briefly  considered  above (section 3.4.1). 

3.5. Additional  Research  on  Chlorofluoromethane  Impacts  on 
Stratospheric  Ozone and Effects  on  Biological  Systems 
(Nonhuman) ,, Human  Health,  and  Climate 

3.5.1. NAljA Upper  Atmospheric  Research  Program 

The National  Aeronautics  and  Space  Administration  (NASA) is conducting an 
Upper  Atmospheric  Research  Program.  The  NASA  program  has  long-  and  short- 
term  goals.  The  long-term  goals  are  to  produce  a  more  significant  under- 
standing  of  the  phys-ics  and  chemistry  of the  upper  atmosphere. 

One of .the short-term  goals  was to  issue a  report i n  September 1977, which 
would  answer  two  questions: 

(1) What is the  prediction  of  the  reduction  of  stratospheric 
ozone  for  a  given  chlorofluoromethane  release  scenario? 

(2) What is the  assessment  of  the  validity  of  this  prediction? 
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NASA met i t s  September p u b l i c a t i o n   d a t e   f o r   i t s   f i n a l  workshop and 
assessment reports  which  address  the above ques t i ons   t o   t he   bes t   ex ten t  
poss ib le  g:'*:en today's  sc: ienti f ic  data  base  (77,78). These NASA r e p o r t s  
have  been b r i e f l y  sumnarized i n   s e c t i o n  3.1.1.3. The purpose  of  the NASA 
Upper Atmospheric Researc:h Program has  been  and i s   t o   o b t a i n   d a t a   w h i c h  
can  increase  the  conf idence i n  t h e   p r e d i c t i o n   o f . u l t i m a t e  ozone reduc- 
t ion;   thus,  i t  i s  t he  sec:ond ques t i on   t ha t   con t i nues   t o   rece ive   g rea te r  
a t ten t i on .  

3.5.2. B i o l o g i c a l  and C l ima t i c   E f fec ts  Research  Program 

A mu l t i -agency   B io log ica l  and Climatic  Effects  Research  Program (BACER) 
i s   i n v e s t i g a t i n g   t h e   d i r e c t  and i n d i r e c t   e f f e c t s   o f  ozone dep le t ion .  The 
program will g r e a t l y  expand the  data  base  for  more accurate  est imates  of  
known e f f e c t s  (e.g., sk in   cancer   inc idence  ra tes and c o r r e l a t i o n s ) .  
BACER will determine  whether a number o f  s u g g e s t e d   b i o l o g i c a l   e f f e c t s   i s  
o f   s i g n i f i c a n c e  and t o  what  degree. 

The program  shou ld   s ign i f i can t ly   improve  es t imates   o f   the   quant i ta t i ve  
e f f e c t s  on key  b io log ica l   spec ies (e.g., a g r i c u l t u r a l   c r o p s  and aquat ic  
organisms) and prov ide   es t imates   o f  how near such s p e c i e s   a r e   t o   t h e i r  
l i m i t s   o f   t o l e r a n c e   f o r   , i n c r e a s e d   u v   r a d i a t i o n   o r   o t h e r   r e l a t e d   e n v i r o n -  
mental changes wh ich   cou ld   resu l t  f r o m  ch lorof luorocarbon  emiss ions.   In  
add i t ion ,  a number o f   ba ! j i c   inves t iga t ions  on ce l l u la r /mo lecu la r  mech- 
anisms are  being  conducted i n  order   to   understand  the  in teract ions  o f  
UV-B r a d i a t i o n   w i t h   l i v i n g   m a t t e r .  

There  are  long- and sho r t - te rm  ob jec t i ves   f o r  BACER. The p r i n c i p a l  
o b j e c t i v e   f o r   t h e   f i r s t  phase of   the  program i s  t o  decrease  uncer ta in t ies 
i n   e x i s t i n g   s c i e n t i f i c  knowledge and inves t i ga te  new potent ia l   Problem 
areas. 

The long-term BACER program has p lans   fo r   conduct ing   suppor t ing   s tud ies  
wi th   p lants ,   an imals ,  and other  organisms, as w e l l  as s t u d i e s   a t   t h e  
molecular and ce l lu la r   l l eve ls   to   unders tand uv damage and r e p a i r  mecha- 
nisms and determine  indi lcators o f  e f f e c t s .  

3.6. D i rec t   Hea l th   E f fec ts  

In add i t i on   t o   t he   conce rn   f o r   s t ra tospher i c  ozone dep le t i on  due t o  
f luorocarbons,   there has a lso  been some concern   regard ing   the   d i rec t  
h e a l t h   e f f e c t s   o f   t h e s e  compounds. The f luorocarbon  aeroso l   p rope l lan ts  
have  been  responsible  for  numerous deaths when t h e y . w e r e   i n t e n t i o n a l l y  
inhaled  by  ind iv iduals   a t tempt ing  to   achieve an i n tox i ca ted   s ta te .  The 
cause of   death  is   probably  cardiac  arrhythmia,   aggravated  by  e levated 
b lood  leve ls   o f   ep inephr ine  due to  stress  and/or an i n c r e a s e   i n   b l o o d  
carbon  dioxide. The f luorocarbon  anesthet ic   ha lothane has  been  asso- 
c i a t e d   w i t h  l i v e r  i n j u r y ,  headache, and mood a l t e r a t i o n s   i n   p a t i e n t s ,  and 
w i t h   l i v e r   i n j u r y ,  spontaneous  abortion, and c o n g e n i t a l   a b n o r m a l i t i e s   i n  
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chronically  exposed  operating  room  personnel.  Studies  have  shown  that 
inhaled  fluorocarbons  are  rapidly  absorbed  into  the  blood  and  under 
conditions  of  continuous  exposure  they  can  enter  certain  tissues.  When 
exposure is  terminated,  the  fluorocarbons  are  eliminated  through  exhaled 
air  with  no  indication  that  they  accumulate in any  tissue.  Limited  data 
indicate  that  some  nletabolism  to  carbon  dioxide  (less  than 10 percent) 
may  occur  with  chlorofluorocarbons-11  and  -12.  The  metabolism  of  the 
fluorocarbon  anesthetic  halothane  to  compounds  which  bind  covalently  to 
cell  lipid  and  protein  has  been  demonstrated.  The  formation  of  bound 
metabolites  has  been  associated  with  the  liver  toxicity  of  this and other 
compounds.  Limited  data  indicate  that  inhaled  chlorofluorocarbons-11  and 
-12  may  also  result in some  cellular binding. More  detailed  studies  on 
the  formation  of  bound  metabolites  from  the  commercially  important 
fluorocarbons  are  needed.  Such  studies  are  also  indicated  for  the 
hydrogen-containing  fluorocarbons  which  have  been  suggested  as  replace- 
ments  for  chlorofluorocarbons-11 and -12  since  these  are  structurally ' 

similar  to  halothane. 

In laboratory  animals,  the  acute  lethality  of  inhaled  fluorocarbons  is 
very  low,  with  chlorof  luorocarbon-11 and chlorof  luorocarbon-113  being 
lethal  at 5-25 percent o f  air  and  the other  fluorocarbons  being  fatal 
only  at  concentrations  of 40 percent  to 80 percent  or  more.  Chloro- 
fluorocarbon-11  has  been  shown  to  elicit  severe  cardiac  arrhythmias "in 
one  of  12  dogs  tested  at  0.5 % and in five of 12 dogs  at 1.0 %'I when the 
exposures  were  followed by administration o f  a challenge  injection  of 
adrenalin (0.008 mglkg) (85). Chlorofluorocarbons-11 and -113,  the  most 
toxic  of  the comercially significant  fluorocarbons,  produce  cardiac 
arrhythmias,  sensitiize  the  heart  to epinephrine-induced  arrhythmias, and 
influence  other  cardiac  parameters.  Some  studies  have  demonstrated  that 
animals  with  diseased  cardiac  and  respiratory  systems  are  more  sensitive 
to  the  acute  cardiovascular and respiratory  effects  of  the  fluorocarbons 
than  healthy  animals. A possible  increase in sensitivity t o  the 
fluorocarbons in humans  with  cardiac  or  respiratory  illness  may  exist, 
but  this  is  difficult  to  determine  definitively  on  the  basis  of  these 
animal  studies. 

Recent  reports  from  industry  indicate  potential  chronic  toxicity  problems 
with  two  of  the  hydrogen-containing  fluorocarbons (F-22 and  F-142b)  which 
have  been  suggested  as  replacements  for  the  chlorofluorocarbons. In a 
communication  of  November 18,  1976, DuPont  indicates  that  fluorocarbon-22 
has  been  found  weakly  mutagenic in 72-hour  Ames  tests (68). The Ames 
test.  which  measures  the  ability  of a chemical  to  cause  chanae  or  muta- 
tion-in the  genetic  material  of"Salmonel1a  bacteria, is used-to  identify 
chemicals  to  be  tested in long-term  exposure  studies  for  possible  carcin- 
ogenic  effects. Ames tests  conducted  on F-142b also  yielded  positive 
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mutagenicity  indications (69). In a March 1, 1977, letter  from  DuPont t o  
its refrigerpnt  customers, it is  indicated that  hydrochlorofluorocarbon-22 
is weakly  teratogenic in inhalation  tests  with rats. The  letter states 
that "A very  small,  but  statistically  significant  number  of  rats  showed 
teratogenic  effects at  an exposure level o f  500 ppm  and  above. Such 
effects  are  concerned  with  the  production of malformed  offspring in the 
uterus" (70). Long-term  exposure  of  adult  and  developing  animals  will  be 
needed  to  assess  the  chronic  toxicity  of  these  compounds. 

For  a  more  detailed  discussion  of  direct  health  effects of fluorocarbons, 
the  reader  is  referred  to  EPA's  Environmental  Hazard  Assessment  Report 
o f  August 1976 (71).  
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SECTION 4. REGULATORY  ALTERNATIVES 

The  preceding sect'ions of the  impact  statement  present  relevant  back- 
ground  information and discuss in some  detail the environmental  impacts 
expected  to  result  from  continued  release o f  fluorocarbons  to  the  atmo- 
sphere.  This section.considers  the  various  regulatory  alternatives  which 
may  be  employed  to  deal  with  this  problem,  leading  to the  selection  of 
the  preferred  alternative.  The  section  is  divided  into  four  parts: 

0 liactors to be  considered, 

0 List  of  regulatory  alternatives  considered 
and  selection of reasonable  alternatives, 

0 Environmental  impact of  reasonable  alternatives, 

0 Comparison  of  reasonable  alternatives,  selection 
of preferred  alternative,  and  development  of 
regulatory  timetable. 

4.1. Factors  to  be  Considered 

The  development o f  regulatory  options  for  reducing  the  magnitude  of  these 
impacts  requires  c:onsideration  of  three  principal  factors: (1) fluoro- 
carbon  use  to  be  regulated, e.g.,  aerosol propellant,  solvent,  refriger- 
ant, etc., (2) type  of  fluorocarbon  compounds  to be regulated, e.g., 
chlorofluorocarbon,  bromofluorocarbon,  hydrochlorofluorocarbon, etc.,  and 
( 3 )  regulatory  timetable. 

4.1.1. Fluorocarbon Use( s )  to  be  Regulated 

The  selection  of  fluorocarbon use(s)  to  be regulated  requires  a  determi- 
nation  of  whether  or  not a particular  fluorocarbon  use is  essential.  The 
Commissioner  of  Food and Drugs has  defined  essentiality  to  mean  that 
there are  no technically  feasible  aerosol  or  non-aerosol  alternatives  to 
using a fluorocarlbon in a product  and  that a  product  provides  a  substan- 
tial  public  benefit  such  as a  therapeutic  medical  benefit (72) .  The 
product  need  not  !be  indispensable  to  life,  but  the  benefit  must be 
important and  consist of more  than  added  convenience. 

Public  benefit is a broad  concept  that  can  encompass  economic  conse- 
quences, but  an economic  impact  solely  upon  a  manufacturer  of a product 
would  not  ordinarily  be  sufficient  to  make  a  use  essential,  since  most 
regulation involves  at  least some  economic impact. A substantial  eco- 
nomic  impact  on  consumers  or  other  users o f  a  product  could  conceivably 
be  an element  to  make  a  use  essential,  but  only in conjunction  with  some 
other  significant  benefit  provided by the product. 
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4.1.2. Fluorocarbon  Types  to  be  Regulated 

The  determination  of  which  fluorocarbon  compounds  to  regulate  requires 
judgments  regarding  the  environmental  impact  potential  of  and  relative 
risk  posed by a particular  compound  based  upon a detailed  analysis  of 
available  scientific  information. 

4.1.3. Regulatory  Timetable 

The  development  of  a  regulatory  action  schedule  involves  a  balancing of 
the need to  minimize  environmental  and  health risks posed by fluorocarbon 
release  with  the  need  to  allow a  reasonable  period  to  phase  out  regulated 
uses in order  to  minimize  economic  losses. 

Based  upon evaluation and integration of these  factors,  a list  of possi- 
ble  regulatory  alternatives  was  developed.  From  this  list  the  reasonable 
alternatives  were  selected for detailed  environmental  impact  assessment. 

4.2.  List of  Regulatory  Alternatives  Considered and Selection of 
Reasonab 1 e A1  terrlat i ves 

Alternative 1. No Action 

Alternative 2. t3an aerosol  propellant  uses  of  chlorofluoro- 
carbons-11 and  -12. 

Alternative 3.  Ban  aerosol  propellant  uses  of all chloro- 
fluorocarbons, e.g., chlorofluorocarbons-11, 
-12, -13,  -111,  -112, -113, -114, and -115. 

Alternative 4. 'Ban  aerosol  propellant  uses  of all fluoro- 
carbons, e.g., chlorofluorocarbons,  hydro- 
fluorocarbons,  fluorocarbons  containing 
other  halogens,  etc. 

Alternative 5. Ban  all  uses  of chlorofluorocarbons, e.g., 
aerosol  propellants,  solvents,  refrigerants, 
blowing  agents,  etc. 

Alternative 6. Require label  warning  on  aeroso.1 products 
containing  chlorofluorocarbon  propellants. 

The no  action  alternative was not  considered  to  be a  reasonable  option 
for  reducing  the  environmental  impact o f  continued  fluorocarbon release. 
It  is,  however,  included  with  the  reasonable  alternatives  selected  below 
to  provide  a  baseline  for  comparison.  For  the  United  States  to  take  no 
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action,  would  mean  that  approximately 50 percent  (page 15) of  worldwide 
fluorocarbon  emissions (43 percent of  worldwide  chlorofluorocarbon-11 
and -12 emissions---table 4, page 12) would  continue  to be released  with 
resultant  environmental  and  health  risks. 

Alternatives  2, 3, and 4, which  involve  aerosol  propellant  uses  of 
fluorocarbons  were  selected  as  reasonable  alternatives. In 1973 aerosol 
propellant  uses of fluorocarbons  accounted  for  about 62 percent  (table 8, 
page  19)  of  United  States  fluorocarbon  release  and  roughly 30 percent 
(511  million lbs. f 1730 million  lbs. x 100,  page  15,  table 6 - page  17) 
on a  worldwide basis. Furthermore,  the  Comnissioner of Food  and  Drugs 
has  determined  that:  almost  a1 1 aerosol  propellant  uses  of  fluorocarbons 
in FDA-regulated  products  are  nonessential,  since  other  means  of  product 
delivery  exist  and/or  the  products  themselves serve  only as a  convenience 
providing no special  benefit  that would outweigh  the risk  (11). 

Alternative  number 5, which  would  control  all  chlorofluorocarbon  uses, 

consideration as a  reasonable  alternative at this  time.  This judgment 
was made  with  the  recognition  that  chlorofluorocarbons  as  a  class  pose 
the  greatest  risk  of  ozone  depletion  and  that  this  alternative  would 
regulate  about 44 percent of  worldwide  fluorocarbon  emissions  (from  table 
8, page 19).  Rejec:tion  of  this alternative  was  based  on  the  need  for 
additional  time  to  determine  essential  uses  and  to  obtain  information  on 
the  economic impact:  of regulation,  availability of substitutes  for 
fluorocarbons, and  the  environmental  and  health  effects  of  substitutes. 
Detailed  environmental  impact  consideration  of all non-propellant  uses  of 
fluorocarbons will  be  deferred  to a second  phase.  EPA, FDA., and CPSC are 
currently  collecting  information  on  nonpropellant  uses  of  chlorofluoro- 
carbons  through  a  joint  informal  public  meeting  process.  The  first  such 
public  meeting  was  held  on  October 25-27, 1977; another  is scheduled  for 
February  21-23, 191'8. 

. i.e. aerosol  propelllant, refrigerant,  solvent,  etc.,  was  rejected  for 

Alternative 6, which  would  require a warning  statement  on  aerosol  pro- 
ducts  using  chlorofluorocarbons,  was  rejected  as the sole  regulatory 
approach  because i t s  effect  on  reducing  chlorofluorocarbon  use  would  be 
limited  since any reduction in use  would  be  due  to  consumer  constraint 
and subsequent  industry  response.  Furthermore,  consumer  constraint  might 
not  be  long-lasting. 

The  FDA has,  however,  promulgated a warning  statement  requirement  as an 
interim  measure  pending  further  regulatory  action.  The  purposes  of  the 
warning  statement 'include: 

0 Encourage  consumer self-restraint and  use of 
alternative  products,  thus  possibly  reducing the 
release  of  chlorofluorocarbons  during  the  interim 
period; 
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0 Discourage  stockpi 1 ing; 

Single  out  those  propellants  posing  the  risk, 
thus  averting  the  possibility  that  consumers 
will  avoid  other  propellant  systems  not  pre- 
senting an ozone  depletion  hazard; 

0 Encourage  national  uniformity  in  labeling 
requirements. 

The FDA prepared  and  issued an environmental  assessment (73) for the 
warning  requirement  at  the  time  of  the  proposed  rulemaking (11). The 
other  regulatory  agencies  have  also  required  labeling  to  indicate  the 
presence of chlorofluorocarbons.  The  EPA  has  given  notice  that  all 
pesticide  products  containing  chlorofluorocarbons-11  and -12 as  aerosol 
propellants  must  be  labeled  after  April 15, 1977. The CPSC has issued a 
proposed  rulemaking  that  would  require  a  warning  statement  on  consumer 
products  containing  chlorofluorocarbons  identical  to  the  one  promulgated 
by  FDA. 

4 . 3 .  Environmental  Impact of  Reasonable  Alternatives 

The  Agency  has  elected  not  to  use  the  more  recent U.S. chlorofluoro- 
carbon  emissions  data  (section 2.7) and the  most  recent NASA projection 
of  ultimate  ozone  depletion  of 10.8 to 16.5 percent  (based on 1975 
emissions  data)  to  update  the  quantitative  estimates  made in section 4 . 3  
of  the  amount  of  ozone  reduction  and  increased DUW exposure for which  the 
U.S. could be responsible.  The  quantitative  estimates  of  potential 
impacts  prevented by taking  each  regulatory  option  presented in section 
4.3 are  still  based  upon  1973  emissions  data  and  the NAS projection of 
7.5  percent  ultimate  ozone  reduction.  Therefore,  these  projections 
should  be  used  only  for  comparative  purposes  to  assess  the  relative 
potential  impacts  assoiciated  with  each  regulatory  option. 

Alternative 1 - No Action 
This  alternative is  not  considered t o  be  a  reasonable  regulatory  option, 
since it  would  have  no  impact in reducing  the  release  of  fluorocarbons; 
thus  no  effect  on  minimizing  the  potential  environmental  and  health  risks 
from such  release.  This  statement is made  with  the  recognition  that  an 
interim  warning  label  requirement  may  have some  short-term  impact in 
reducing  fluorocarbon  emissions.  The  no  action  alternative  is  included 
as a  bdseline  or  point o f  departure  for  comparison  with  the  reasonable 
regulatory  approaches  described  below.  The  no  action  alternative wou?d 
permit  the  continued  release  of  about 50 percent  of  worldwide  fluoro- 
carbon  emissions (43 percent o f  worldwide  chlorofluorocarbons-11  and -12 
emissions).  Since  chlorofluorocarbons-ii  and  -12  account  fcr  about 89 
percent  of  worldwide  fluorocarbon  emissions  (page 21, item  b)  and 



-93- 4 

because all predictive  models  of  atmospheric and  environmental  impact 
have been  generatejd  using  these compounds as  their  base,  the  discussion 
below  considers  only  the  impacts  associated  with  the  chlorofluoromethanes. 

a. Impact on Stratospheric  Ozone- 1/ 

The  summary  section  of  the  preliminary NASA workshop  report (14) states: 
"AS noted in the NAS report,  there is  little doubt  that  ozone  in  the 
stratosphere will be  destroyed by the  release  of  chlorofluoromethanes 
into the troposphere. These  compounds  have  been  observed  to  accumulate 
in the  troposphere at a  rate  consistent  with  the  known  release rate. 
They exist in the  stratosphere  at  a  concentration  consistent  with  theory, 
and the  concentration  profile  with a1 titude has  been  shown  to  decrease  at 
a  rate which  corresponds  to  the  combined  impact  of  photolysis by ultra- 
violet  radiation  and  transport.  Laboratory  measurements  have shown  that 
a photolysis  product is the  chlorine  atom, and that  this  atom  can  enter 
into a  catalytic  cycle  involving  ozone  and  atomic  oxygen  to  destroy 
ozone. I' 

The NASA reports (14,77,78) and the NAS Panel  report (8) attempt to 
estimate, with  the  use  of 1 - D  models,  the  effects on  total or column 

resulting  from  continued  releases  of  chlorofluoromethanes. 
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s regard,  the NAS concluded  that  "the  ozone  reduction and conse- 
DUV increase  corresponding to a given CFM release i s  mcertain by a 
factor.  Continued  release  at  the 1973 level,  the  usual  example,  is 
ated  to  give an ultimate  reduction in ozone of about 7 percent, 
'about 7 percent' is relatively  certain t o  be between 2 percent  and 
cent I' 

The  preliminary NASA workshop  report  sumnarizes  as  follows:  "Using  most 
of  the  available  predictive 1 - D  models,  the important  reaction  rates  from 
a variety o f  competent  sources,  the  best  available  information on eddy 
diffusion  rates, arid known  solar  flux  values,  we  have  concluded  that  the 
column  ozone  reduction will  be  between 5 and 9 percent for  a  continuing 
CFM injection  rate  of 750,000 metric  tons  per  year.  The  time  required  to 
reach  one  half  of  this  value  will  be 40 to 50 years.  Insufficient  data 
for all parameters  preclude the calculation o f  an uncertainty on a 
statistical  basis..;' 

The ur+.:ertainties i n  these  estimates  are  discussed in detail in both  the 
NAS and NASA workshop  reports. As the  preliminary NASA workshop  report 
explains:  "The  uncertainty in the  prediction  of .the ozone  column  reduc- 
tion  using a 1-!I model  comes  from  several  sources.  Random  errors  which 

L/ A l s o  see  section 3.1.1, pages 24-32. 
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ar i se   f rom  the   exper imen ta l   unce r ta in t i es  i n  reac t i on   ra tes ,  and from  the 
cho ice   o f   t he   t ranspor t   coe f f i c i en ts  can  be  reasonably  well  evaluated, 
bu t   the   sys temat ic   e r ro rs   wh ich   a r ise   f rom  the   s imp l i f i ca t ions   tha t   have 
been made i n   d e r i v i n g   t h e  model a re   l ess   sub jec t   t o   quan t i f i ca t i on . "  

A recent  change i n  the   ra te   cons tan t  for  the  NO + HO r e a c t i o n   r e s u l t e d  
i n  a f a c t o r  o f  2 increase i n  NASA's p red ic t ion   o f   u l? imate  Ozone reduc- 
t i o n .  As NASA s t a t e s   i n   t h e i r   f i n a l  workshop repo r t ,  "where the  new NO + 
H02 r a t e   i s  used, a l l  of  the  models ( 1 - D  temperature  uncoupled) showed 
an i n c r e a s e   i n   t h e   c a l c u l a t e d  column-ozone dep le t i on  due t o   c o n t i n u e d  CFM 
r e l e a s e   a t  1975 r a t e s  o f  about a f a c t o r   o f  2 so that  the  range i s  from 
10.8 t o  16.5 percent," ((77, p. 192). The NASA assessment repo r t   s ta tes  
that ,   "Using  the NAS procedure,   the  overal l   uncertainty  range i s  4% t o  
30%. (78, p. 9 ) .  

I n  1973, the  U.S. was responsib le   for   about  43 percent  of  the  chloro- 
f luorocarbons-11 and -12 emissions.  Using  the NAS p ro jec t i ons  of 
u l t i m a t e  ozone deplet ion,  U.S. chlorof luoromethane  emissions  alone  could 
r e s u l t   i n  about a 3.2 pe,rcent  decrease i n   u l t i m a t e  column  ozone (43 
percent x 7.5). The unc le r ta in t ies   in   th is   es t imate   a re  o f  a s i m i l a r  
nature as those documented fo r   t he  7.5 percent ozone deplet ion  est imate.  

One dimensional   models  predict   that  maximum percentage  reduction  of ozone 
by  chlorofluoromethanes  would  occur  at  about 40 km. This  would  al low 
more u l t r a v i o l e t   r a d i a t i o n   t o  pass  through t h i s   r e g i o n   t o  f o r m  e x t r a  
ozone a t  about 20 km. As previously  d iscussed,  present  models  predict  
t h a t   t h i s   i n c r e a s e   i n  ozone a t  20 km will not  comple 
decrease a t   t h e   h i g h e r   a l t i t u d e .  I t  i s   i m p o r t a n t   t o  
w i thou t  any ef fect   o f   ch lorof luoromethanes on column 
t r i b u t i o n   i n   s t r a t o s p h e r i c  ozone would  remain as an 
chlorof luoromethane  release. 

b. B io log ica l   Impacts   Resul t ing  f rom 
and Increased DUV Rad ia t ion  

t e l y   c o u n t e r a c t  
no te   t ha t  even 
ozone, t h i s   r e d  

impac t   resu l t i ng  

0zone.Deplet ion 

the 

i s -  
f rorn 

As determined above, the U.S. c o n t r i b u t i o n  t o  u l t i m a t e  ozone reduc t ion  
resul t ing  f rom  ch lorof luoromethane  re leases  could  be  about  3.2 percent.  
The expected  ul t imate ozone reduct ion  which  could  remain  a f ter  a U.S. ban 
on chlorofluoromethane  releases  would  be  about 4.3 percent  (7.5 percent-  
3.2 percent).  Using  the  Rundel and Nachtwey  model the  ,expected  ul t imate 
increase i n  DUV associated with a 4.3 percent  ozone reduc t i on  has  been 
cetermined  to  be  about 91.4 percent   ( tab le   16) .   There fore ,   th is  U.S. 
x t i n n   c o u l d   p r e v e n t  a ClUV increase of about 7.6 percent  (17  percent-9.4 
percent ) .  The 17 percent  represents  the DUV inc rease  a t  a s teady  s ta te 
ozone d e p l e t i o n   o f  7.5 percent.  
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(1 )  Human Heal th   Ef fects-  2/ 

‘(a) Nonmel anoma 

A considerable amount of   evidence i s   a v a i l   a b l e   t o   s u p p o r t   t h e   c o n c e p t  
t h a t   s o l a r  DUV p lays  a m a j o r   r o l e   i n   t h e   i n d u c t i o n   o f  nonmelanoma s k i n  
cancer. 

Given a 7.5 percent   equ i l ib r ium ozone r e d u c t i o n  a t  1973 ch lo ro f l uo ro -  
methane release  rates,  cases of nonmelanoma sk in  cancer  can  be  calculated 
fo r   va r ious   regu la to ry  slcenarios.  Using  the  Rundel and Nachtwey  model, 
the  cumulat ive number of cases of nonmelanoma skin  cancer  which  might 
occur i n   t h e   w h i t e   p o p u l a t i o n  of t he  U.S. over   the  next   century   for   which 
the  U.S. wou ld   be   d i rec t l y   respons ib le  as t h e   r e s u l t   o f   t a k i n g  no a c t i o n  
t o   r e s t r i c t   c h l o r o f l u o r o c a r b o n   r e l e a s e s   i s   c a l c u l a t e d   t o  be  about 4.4 
m i l l i o n   ( t a b l e   1 6 ) .   T h i s   r e p r e s e n t s  an average o f  about 44,000 cases  per 
year. 

( b )  Me1  anoma 

As p o i n t e d   o u t   e a r l i e r ,  (pages  65-67) t h e r e  may be  causes o f  mal ignant 
melanoma o ther   than  so la r   rad ia t ion ,  and the  unknown f r a c t i o n   o f  melanoma 
i n c i d e n c e   t h a t   i s   s o l a r   r a d i a t i o n - i n d u c e d  may n o t   b e   r e l a t e d   t o  accumu- 
l a t e d  dose as  much  as i t  may be   re la ted   t o   l i f es t y le . ’   The re fo re ,   p ro -  
j e c t i o n s   o f  melanoma cases and melanoma-related  deaths  cannot  be made a t  
t h i s   t ime .   Su f f i ce  i t  t o  say t h a t   b o t h  cases and deaths  could  be  higher 
w i t h  a no act ion  a l ternat ive  than  would  occur  i f  U.S.  chlorof luoromethane 
emissions were r e s t r i c t e d .  

(c)   Other  

I n   a d d i t i o n   t o   t h e  cases o f  nonmelanoma  and  melanoma s k i n  cancer  which 
would l i k e l y   r e s u l t   f r o m  a no a c t i o n   a l t e r n a t i v e ,   t h e  U.S. c o n t r i b u t i o n  
t o  an increase i n  UV-B would  promote  sunburn, s k i n  aging, and eye damage 
(page  68) - 

( 2 )  Nonhuman B io log i ca l   E f fec ts -  3/ 

Those p l a n t s  and animals l i v i n g   a t   t h e i r   l e v e l   o f   t o l e r a n c e   o f  DUV would 
be suscep t ib le  t o  any   adverse   e f fec ts   assoc ia ted   w i th   inc reased  leve ls   o f  
DUV. 

2’ Also see sec t i on  3.3, pages  62-81. 

See sec t i on  3.2, pages  36-62. 
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There is a potential for an increase  in DUW to seriously  affect  natural 
plant  ecosystems,  eslpecially  those  under  stress from  other  unfavorable 
factors  such as high temperature,  low  moisture,  poor  nutrient  supply. 
The  probability of occurrence  of  such  potential  effects  cannot  be 
assessed  because  the  availabl-.  data  are  insufficient. 

The  impact  resulting  from  a 3.2 percent  reduction in  stratospheric  ozone 
on  agricultural  plants  would  probably  not  be  catastrophic  but  may  cause 
subtle  effects  that  result  in  decreased  productivity  and/or a  decrease in 
the  range  a  plant  might  be  profitably  grown.  .The  effects  may  not  be 
detectable  against  the  effects  produced by  the  changing  climate  and  other 
factors.  However,  lack  of  detectability  should  not  be  equated  with 
acceptability; an undetectable  small  percentage  reductio? ir? crop  yield 
may  have  significant  impact  on  the world’s food  supply in the  21st 
century. 

The  insufficiency o f  the  available  data  precludes  accurate  assessment  of 

shade-see’.ing  behavior  of  most  wild  animals,  and  the  protective  hair, 
feathers, and  pigmented  skin,  about the only  potentially  vulnerable  site 
for DUV danage is the  eye.  High  doses o f  monochromatic DUV can cause 
photokeratitis  and  evbn  higher  doses  can  cause  cataracts.  Whether  the 
increased DUW doses  which  would  result  from  a  no  action  alternative  would 
cause  such  effects i s  unknown.  An  accumulation  of DUV damage  to  eyes, if 
it occurs,  may  shorten  the  lifetimes o f  individual  animals  which  are thlrs 
removed  from  competition  with  younger  survivors. 

Ozone  reduction  leading t o  increased DUV may affect  aquatic  ecosystems by 
inhibition  of  photosynthesis  of  phytoplankton, by killing  phytoplankton 
and zooplankton, by killing  eggs and  larvae  of  finfish  and  shellfish  or 
causing  abnormal  development. 

Despite  our  paucity  of  knowledge on the  nonhuman biolqical impacts 
resulting  from  increased DllV exposures,  the  available  data do  indicate 
a  potential  for  detrimental  effects  that  must be considered. 

’ the  impact  of  increased DUW on  domestic  and  wild  animals.  Given the 

c.  :Impuct  on  Climate- 4 /  

The  introduction o f  chlorofluoromethanes  into  the  atmosphere  creates  a 
risk  of  significant  alteration  in  the  global  climate.  Climatjc  change 
could  result  directly  from  the  absorptian  of  infrared  radiation  by  the 
chlorof1uoromethane:s  or  indirectly  from  the  pe.zentia?  change in the  total 
thickness and distribution  of  the  stratospheric  ozone  layer. 

See  section 3 . 4 ,  pages 81-85. 
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The  direct  climatic.  effects  result from the  fact  that  chlorofluoro- 
methanes &;orb  and  emit: radiation i n  the  infrared  "wir!dOW"  region  of the 
electromagnetic  SpeCtrUm.  The  norma?  composition  of  the Earthas atmo- 
sphere is such  that  infrared  radiation i s  emitted  through  the  "window." 
The  net  effect of increased  chlorofluoromethanes  would  be  a  partial 
closing of the  window  and  a  trapping of  the  thermal  (infrared)  radiation 
emitted f r m  t he  Earth's  surface  leading to an  dssociated  warming  of the 
lower  atmosphere. 

I t  has  been  estimated  that  the  ultimate  climatic  effects  resulting from 
the  infrared  absorpti8n  properties o f  chlarofluoromethanes  might  be  an 
increase of about 0.5 C in  mean  global  surface  temperature  and  a 1 
percent  change  in  average  global  precipit-ation.  These  average  tempera- 
ture  and  precipitation  changes  would be associated  with  much  larger 
regional  and  local  changes in many  parts o f  the  world.  However,  it  is 
presently  impossible  to  identify  with  any  confidence  specific  temperature 
and precipitatim changes  for  any  particular  global  regions. 

Local  changes  in  temperature  and  precipitatiorl on the  order o f  those 
predicted  would  be  great  enough t o  eliminate  existing  productiori  of 
commercial  crops in selected margirlal growing  areas.  However, it is  less 
certain  whether  new  production  might he possib'lp by development of new 
varieties  or  whether  reduced  production  might  be  compensated by increased 
product'on  in  "ther  areas. 

Indirect  climatic  effects  coula  result  from t he  possible  destruction  and 
redistribution  of  stratospheric ozone owing  to  photolytic  decomposition 
of chlorofluo-omethanes  that  migrate t o  the  stratosphere. A rLdistri- 
bution, e v m  without  a  net  decrease  in  stratospheric  ozone, would likely 
cause  changes in stratospheric  temperature  gradients  which, in turn, 
could be  expected  to  result in climatic  changes o f  an unkncjwn nature  and 
magnitude. 

The only  certainties  that  can  be  counted  on  are  disrljption o f  existing 
patterns  with  some area:;  losing  and  others  gaining.  Whether t o t a l  agri- 
cultural  production  would  increase  3r  decreasc.  from  the  predicted  climatic 
changes  remains an u n k n o w n .  

Since  the U.S. i s  responsible for about 43 percect o f  19'73 chlorofluoro- 
methane  reieases, no action  by t5e U.S. might, permit  3.sIrniiar  percenta.ge 
gf the  above  climatic  impacts  to ):cur. 

Alternative 2 - Ban Aerosol  Propellant dses of Chloroffuoro- 
carbons-11  anld - L L  
I_----.. .- 

a. Description crf A l t e r n a . t i v e  

Tk :: opt ion  would phase ot i t  the  aerosol  propellant u s e s  o f  chlorofluovo- 
carbons-11  and -12. These  two  chlorofluorocarbons  account f o r  rcughly 
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95 percent  of  the  total U.S. fluorocarbon  propellant  emissions  (from 
table 8, page 19;  table 9, page 20). The  types  of  aerosol  products 
covered by this  alternative  are  shown in table 9 and  include  personal 
products,  househol'd  products,  and  others,  such  as  insecticides,  and 
industrial  and  vet'erinary  products.  Approximately  31  percent  of  world- 
wide  chlorofluoroc'arbon-11  and -12  emissions  (page  21,  items b and g)  or 
roughly 28 percent  of  worldwide  fluorocarbon  emissions  (page  21,  items  a 
and g) would  be  cointrolled  as a  direct  result o f  this  action. 

b. Environmental  Impact 

(1)  Beneficial  Environmental  Impacts 

(a)  Impact  on  Stratospheric  Ozone 

Control  of  31  percent o f  worldwide  chlorofluorocarbon-11 and -12 
emissions  would  reduce  the  predicted  steady  state  ozone  depletion  level 

. by  2.3 percent  from 7.5 to 5.2 (table 16). 

(b) Biological  Impacts  Resulting  from  Ozone 
Depletion  and  Increased DUV Radiation 

The expected  ultimate  ozone  reduction  which  could  remain  after  a U.S. ban 
on  releases  of  chlorofluoromethanes  used as  propellants  would  be  about 
5.2 percent (7.5 percent - 2.3  percent).  Using  the  Rundel  and  Nachtwey 
model,  the  expected  ultimate  increase in DUV associated  with 5.2 percent 
ozone  reduction ha:; been  determined to be  about 11.5 percent  (table 16). 
Therefore,  this U.!;. action  would  prevent a  DUV  increase  cf  about 5.5 
percent  (17  percent - 11.5  percent). The  17  percent  represents  the DUV 
increase at steady  state  ozone  depletion  of 7.5 percent. 

0 Human  Health  Effects 

- Nonmelanoma  Skin  Cancer 

The Rundel  and  Nachtwey  model  can  be  used  to  make  predictions  related  to 
the  incidence  of  nonmelanoma  skin  cancer  which  might  be  prevented by a 
U. S. ban  on  propellant  uses  of  chloraf  luorocarbons-11  and  -12. As shown 
in table 16, such a ban in 1978  might  prevent  about 3.2 million  cases  of 
nonmelanoma  skin  cancer in the U.S. over  the  next  century  (an  average of 
32,000  cases  per year). 

- Melanoma 

As indicated  for  Alternative 1, projections  of  melanoma  cases and 
melanoma-related  deaths  cannot  be  made  at  this  time.  However, it  is 
reasonably  certain  that  both  cases  and  deaths  would  be  reduced  as  a 
result of a  31  percent  decrease in worldwide  chlorofluoromethane 
emissions. 
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0 Nonhuman  Biological  and  Climatic 
Effects 

This alternative is expected  to  prevent  exposure  to  increased DUV 
radiation and  is, therefore,  expected  to  have  a  beneficial  impact  on 
certain  species  of  animals and  plants,  natural  and  man-made  ecosystems, 
including  agricultural  crops  and  farm  animals. This option  would  also 
reduce  the  potential  for  possible  climatic  changes and resultant 
biological  impacts. The precise  nature and magnitude  of  such  beneficial 
impacts  is  not known; halwever, this option is expected  to  substantially 
mitigate  the  effects tha.t  would  occur  under the no  action  alternative. 

c. Replacement  Propellants and Associated  Hazard 

In considering  the extenlt to which the  beneficial  impacts  discussed  above 
will occur, it is necess,ary to  assess  the  potential  impact o f  substitute 
propellant  systems  on  stratospheric  ozone  and  their  potential  for  ab- 
sorbing  and  emitting  infrared  radiation. 

At the  present  time  it is not  possible  to  know  all of  the  potential 
replacement  systems  with  certainty nor the  extent  to  which  the  likely 
potential  substitutes will replace  aerosol  products  containing  chloro- 
fluorocarbons-11 and  -12:. Furthermore,  precise  information  regarding  the 
environmental  effects o f  known  substitute  systems is  not  available. 
Potential  candidates  for  substitution  include:  fluorocarbons  other  than 
chlorofluorocarbons-11 and -12, e.g., other  chlorofluorocarbons,  bromo- 
chlorofluorocarbons, hydrochlorofluorocarbons, etc.;  compressed  gas, 
e.g., nitrous  oxide,  carbon  dioxide,  etc.;  soluble  liquefied h;,drocarbon 
gases, e.g., propane,  butane,  isobutane,  etc.;  and  combinations  of  the 
above.  The  potential  impacts  on  stratospheric  ozone  and  climate  of  these 
potential  replacements  are  discussed in section 3.1.2, pages 33-36,  and 
section 3.4, pages  81-85;. 

In the  following  discussion,  the  individual  compounds  within  these  classes 
are  evaluated in terms  of  their  suitability  as  aerosol  propellants  based 
on  consideration of  boiling  point  and  vapor  pressure. The  Midwest 
Research  Institute  reported  that  to  function  as  an  aerosol  propellant,  a 
material  should  have  to  have  a  boiling  point  between -43O and  4l0c 
and  have  a  vap?r  pressure  in  the  range  of 25 t o  95 psia at  2l0C  (13). 

Chlorofluorocarbons-l~4~, -114a, and -115 are  the  only  chlorofluorocarbons 
other  than  the  chlorofluoromethanes  that  appear  to  have  the  necessary 
physical  properties  to  make  them  suitable as aerosol  propellants. 
Chlorofluorocarbon-113  has a boiling  point  and  vapor  pressure  outside  the 
the  desirable  range  -for  aerosol  propellant  use,  though its  use  as  a  vapor 
pressure  depressant in  ,aerosol propellant  aystems is  possible.  The  boil- 
~ P - I  Boint  of ch1orofluo1~ocarbon-113a (45.7 C) is similar  toochloro- 
fr~wocarbon-113, but  chlorofluorocarbon-l13a  freezes  at 14 C, compared 
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to -35OC for  chlorofluoroc~rbon-113.  Utilization of chlorofluoro- 
carbon-113a as an aerosol  propellant,  or as a  vapor  pressure  depressant 
in aerosol  propellant.  systems is unlikely.  Chlorofluorocarbons-111 and 
-112a a-e solids at room temperature and, therefgre,  unsuitable for  use 
as aerosol  propellants.  The  boiling  point (92.8 C) and  low  vapor 
pressure  of  chloroflu~orocarbon-112 would also  preclude its  use  as a 
propel 1 ant. 

Though  presently not being used as aeroso1,propel lants, the boiling 
points  of ~romochloro~fluorocarbon-12B1 (-4 C) and of  bromof  luorocarbon- 
1282 (24.5 C) are within  the  acceptable  range  gbr  propellant use. The 
boi 1 ing  point of bronaof luorocarbon-13B1 (-57.8 C) is beyond the accept- 
able  range  for  propellant use. Information  regarding  the  suitability of  
iodofluorocarbons as aerosol  propellants is not available. 

The  perfluorocarbons,,  F-14 and F-116,  have loy boiling  points and high 
vapor  pressures and  (are, therefore,  beyond the acceptable  range  for  use 
as aerosol  propel 1 ants. 

The hydrochlorofluorocarbons, particularly  F-22 and F-l42b,  have  been 
given  serious  consideration by industry  as  possible  replacements  for 
chlorofluorocarbons-11 and -12. The  potential for replacement of chloro- 
f luorocarbons-11 and -12 by hydrochlorof  luorocarbons-22 and -142b is 
uncertain  due to  the recent  toxicological findir~s described in section 
3.6. DuPont, a  leading  producsr of these mnpounds, has  planned  long- 
term  inhalation  studies and indicated  that  these  products  may not  be 
available  for  use in personal  products until "approximately 
January 1, 1980" (74). 

Propellant  systems  that  utilize  compressed  gas  such as nitrous  oxide 
( N  0) and carbon  dioxide (CO ) were not  until recently  expected  to  be 
ma3or  replacements  for  the lbgest uses of FDA-regulated  chlorofluoro- 
carbons in hair sprays and antiperspirants.  Tbis  was  because of the 
coarse  spray pattern,  and because the solvent  produces  a wet, cold  spray 
that is unpleasant t.o the skin. However,  one  major  manufacturer  of hair 
sprays is now  using  COP  propellants for products  shipped  to  Oregon 
which  now has a  ban on the aerosol  use  of  chlorofluorocarbons. 

The  soluble  hydrocarbon  gases  (propane, butane, etc. ) are  currently in 
wide use as  propel 1 m t s  for  many  classes  of  aerosol products. However, 
until recently  these  propellants had only  limited  use in personal  products 
due to  cowxrn about flammability.  Hydrocarbon  propellants  such as 
isobutane and propane  blends in combination  with  methylene  chloride 
appear to result in acceptable  flamnability lebels.  Thus, the potential 
exists  for  replacement of chlorofluorocarbons-11 and -12 uses in personal 
products  with  this  propellant system. The hydrocar.bon propellants  such 
as butane and  pr-opane have not been implicated  either as a  threat  to  the 
ozone  shield  or  a  potential  cause of climate  changes.  Methylene  chloride 
is a  chlorocarbon  containing  hydrogen  atoms;  thus,  this  compound is more 
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reactive in the  troposphere  thereby  .decreasing  the  threat  to  strato- 
spheric ozow.  There is,, however,  some  uncertainty  regarding  the future 
potential u i  methylene  chloride  because of  possible  direct  toxicity 
effects  to  the  user of  an  aerosol  product. The  long-term  toxicological 
properties  of  methylene  chloride  are  presently  being  investigated  both  in 
government-sponsored  studies and those  supported by private  industry. * 

Methylene  chloride is closely  related  in  chemical  st-ructure  to chloro- 
form,  which  has  recently  been  shown  to be carcinogenic.  The  FDA  has 
invited the  submission 01' information in a notice  published in the 
FEDERAL  REGISTER o f  April 29, 1977, (42 FR 21843)  about  the  health risks 
to  the imnedi  ate  user  of  a1 1 halocarbons. 

To the  extent  that  hydrocarbons  replace  chlorofluorocarbons as  propel - 
lants,  the  potential  for  thermal  injury  to the  worker  involved in the 
manufacture,  processing, a.nd distribution  of  hydrocarbons and hydrocarbon- 
propelled  products  will  increase.  To the  extent  that  compounds  which  are 
more  reactive in biologilcal systems, than  are  chlorofluorocarbons, e.g. 
methylene  chloride and certain hydrochlorofluorocarbons, are  used in 
propellant  formulations,  the  potential  for  direct  toxicity t o  workers 
will  increase.  Both  hazards may be  kept.t.0 a minimum by the  introduction 
of properly  designed  ventilation  systems in the work  place. 

Table 17, which  sumnarizes  the  above  considerations,  clearly  reflects  the 
importance  of  carefully  evaluating  the  potential  environmental  impacts of 
possible  replacement  propellants in assessing the potential for  realiza- 
tion  of  beneficial  effects  of  banning  chlorofluorocarbons-11  and  -12. 
The  table  shows,  based  upon  current  knowledge, that other chlorofluoro- 
carbons, e.g., -114 and -115, would  pose t h e  greatest  potential risk to 
stratospheric  ozone and to  climate  should  they be substituted  for  chloro- 
fluorocarbons-11 and -12. 

(d) Direct  Health Impact 

The  Consumer  Product  Safety  Commission  estimates from the National 
klectranic  Injury  Surveillance  System  that  there  Mere  approximately 5,700 
aerosol product-related  injuries  treated in hospital  emergency  rooms i n  
calendar year 1975. These  injuries  have  been  grouped  into  four  major 
categorie;. They are:  incidents  involving  spraying  of the  contents  of 

. the container  onto  the  victim's  body;  injuries  resulting from inhalation 
o r  ingestion of  the container  contents;  mechanical  injuries  involving  the 
ph\ysical  properties  of the  container (e.g., sharp  edges,  hard  exterior); 
and thermal  injuries  resulting  from  vapor  ignition  or  explosion of the  
:on ia i  ner. 

Spraying  injuries comtitute about 56 percent  of  aerosol-related in- 
juries;  approximately 12 percent  invoives  ingestion  or  inhalation  of 
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Table 17. Comparison  of the  Relative  Risks  of  Potential  Replacement 
Propellants  with  Respect  to  Chlorofluorocarbons-11 and -12 
on a Per  Molecule  Basis 

Contribution 

Propel 1 ant Depletion  Greenhouse  Effect 
Potential  Replacement Risk of Ozpne 

Chlorofluorocarbons  (114,  115) S PS 

to 2 

Bromochlorofluorocarbons 
(1261,  1262) 

Hydroch  lorof 1 uorocarbons 
(F-22,  142b) 

PS PS 

Hydrochlorocarbons  (methylene  L 
chloride) 

L L 

c02 

N2° 
Hydrocarbons  (pentane, 
butane, etc.) 

L I A  

PS 

LIA 

U 

L 

U 

L I A  

S - Risk similar to chlorofluorocarbons-11 and -12 

PS - Possibly  similar;  additional  study  needed 
L - Lower  risk 
LIA - Little, if any, risk 
U - Unknown 

Refer to pages 33-36 for discussion. 

‘Refer  to pages 81-85  for discussion. 
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the  coniainer  contents.  Mechanical  and  thermal  incidents  account for 10 
percent  and 3 percent of the  injuries,  respectively.  About 8 percent of 
the  injuries  could  not be zrssigned to any  category  because  the  injury 
diagnosis  was  not  specified.  Table 18 sumnarizes  these  findings. 

Only  those  aerosol  container-related  injuries  classified  as  thermal  and 
ingestion/inhalation  involve  the  aerosol  propellan't  (spraying  injuries ' 
primarily  relate  to  the  non-propellant  contents  of  the  container). 
Although  recognizing  that  the  majority  of  aerosol  product-related  injur- 
ies does  not  involve  the i3erosol propellant,  this  alternative  may  never- 
theless  result in a  reduction  in  aerosol  product-related  injuries  to the 
extent  that  aerosol  products  are  replaced by non-propellant  packaging. 
The  magnitude o f  this impilct, should it occur,  cannot  be  predicted  since 
the  extent  of  replacement  is  not  known. 

The  most  severe  of all  aelposol-related  hazards  results  from  intentional 
inhalation.  In 1975, the  Consumer  Product  Safety  Commission  received 89 
aerosol  container-related  death  certificates.  Intentional  inhalation  was 
the  apparent  cause  of  dea,th in almost  all  of these  cases. The "high" 
produced  by  intentional  inhalation  is  an  effect  of  the  chlorofluorocarbon 
propellant. The  phaseout  of  chlorof  luorocarbons-11 and -12 and replace- 
ment  by  non-propellant  palckaging  or  by  less  toxic,  non-hallucinogenic 
propellants  would  effectively  address  this  hazard. 

(e)  Energy  and  Natural  Resources 

To  the  extent  that  aerosol  packaging  is  replaced  by  non-propellant  pack- 
aging,  there will  be a net  energy  savings.  One  study  which  compared  the 
energy  requirements  of liquid cooking  oil  with  aerosol  cooking  oil  found 
that  the  former  used  about  ten  times  less  energy  to  produce 1 ounce  of 
cooking  oil  than  the  latter (1,440 BTU's/ounce  versus 10,103 BTU's/ 
ounce) (?5). The  energy  consumption  associated  with  the  existing  use  of 
ch1orof;uorocarbons in FDA-regulated  aerosol  packages  and  the  energy 
requirements  of  potential  substitutes  are  not  known.  It is therefore  not 
possible  to  estimate  the  magnitude of  energy  savings  that  might  result 
from  the proposed  action.  In FDA's  Notice  of  Intent  to  phase  out  chloro- 
fluorocarbons,  published in the  FEDERAL  REGISTER  of  November 26, 1976, 
the  Comnissioner  invited  comnents  on  the  differences  between  the  energy 
requirements of  the  substitutes  and  the  energy  consumption  associated 
with  the  existing  uses  of  chlorofluorocarbons. The only  comnent  received 
regarding  energy  consumption  characterized  aerosols as  energy  saving. 
The  comnent did  not,  however,  provide  any  data  or  information  to  support 
this  assertion. 

(f)  Solid  Waste 

To  the  extent  that  aerosol  packaging  is  replaced by non-aerosol  systems, 
there will  be a net  reduc:tion in the  volume o f  solid  waste.  This  is 
&:!sed on  the  assumption  that  fewer  non-aerosol  packages  than  aerosol 
. .,kLges  will be  required  to  dispense  an  equal  volume o f  active ingre- 
'dients.  The  magnitude o f  this  impact  cannot  be  predicted,  since  the 

ent  to  which  such  replacement will occur is  not  known. 
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Te4le 18. Frequency  and.Rate of Hosp i ta l i za t i on  o f  Aerosol Product- 
Re la ted   In ju r ies   by  Gross  Hazard Pattern  (January 1, 1975 - 
December 33., 1975) 

Gross H u a r d  Frequeryy Percent Hosp i ta l i za t i on /  

Spraying 3,750 66% 2.8 

Pat tern o f  ERT- o f  To ta l  100 I n j u r i e s -  

Ingest ion/  
I nha la t i on  

Mechanical 

Thermal 

700 12% 8.0 

600 

160 

10% 

3% 

11.4 

15.0 

Not Spec i f i ed 47 0 8% 0.0 

Tota l  5,660 100% 4.4 - 

L’EF.T - Emergency Room Treatment 

Source: Bureau of Epidemiology, U.S. Consumer Product  Safety Commission. 
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( 2 )  Adverse Environmental Impacts Resulting 
from Ban  on Chlorofluorocarbons-11 and -12 

(a) Direct  Effects 

There are no anticipated  (direct  adverse environmental effects,   since this 
a1 ternative  will  reduce  environmental  exposure to  non-natural  ly  occurring 
chemicals that  may  harm tlhe public  health and environment by depleting 
stratospheric ozone and b:y contributing t o  the "greenhouse' effect ."  

('b) Indirect  Effects 

0 The  Consumer Product Safety Commission reports  that  d u r i n g  1975, 160 
aerosol  product-related thermal injuries were treated i n  hospital emer- 
gency rooms ( t a b l e  18). For thermal injuries  the important feature of 
the aerosol  prope:lant is i t s  flamnability. To the  extent t h a t  hydro- 
carbon propellants  replace  chlorofluorocarhons-11 and .-12 these  injuries 
would probably  increase. 

e Replacement of chlorof  luorocarbons-11 and -12, which  have a very low 
acute  toxicity  (section 3.6, pages 86-88), w i t h  new propellants  presents 
the  potential for direct   effects such as  acute and chronic  toxicity t o  
the  user of aerosol  products. For new products  subject t o  prernarket 
approval  by FDA, the Agency would evaluate  these  risks prior t o  approval 
for  use i n  a propellant system. The manufacturer would have t o  substan- 
t iate  the  safety of a product w i t h  respect t o  such a hazard before us.ing 
i t  i n  cosmetics ( 2 1  CFR 740.10). 

e Chlorofluorocarbons-11 and -12 may be replaced by  compounds posing 
less   r isk t o  the  stratosphere because they  are more reactive t o  t h e  lower 
atmosphere.  Intermediate  products formed from the breakdown of such 
compounds m i g h t ,  i f  generated i n  sufficient  concentrations, cause health 
and environmental problems. .The  Commissioner of Food and Drugs requested 
information on intermediate  products formed from the breakdown of h a l o -  
carbons w i t h  current and projected use i n  FDA-regulated products (10) .  
Specifically  requested w'as information on potential fo r  intermediates  to 
be formed, their  tropospheric  residence  times,  concentrations i n  respir-  
able a i r ,  and toxicity. The only information received  related t o  the 
breakdown of hydp-och 1 orof 1 uorocarbons (76 )  . The expected decompos i t i  on 
products would include h,ydrogen chloride, hydrogen fluoride,  and carbonyl 
halides. According t o  the above source,  carbonyl  halides,  although  tox<c 
i n  concentrated form, would not be expected t o  pose any hazard t o  health 
i n  the  concentrations which  wculd resul t  should  global  aerosol  chloro- 
fluorocarbon  release be converted on an equal  weight basis  to hydrochloro- 
f 1 uorocarbons. 
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Alternative 3 - Ban  Aerosol  Propellant  Uses  of A1 1 
Chlorofluorocarbons 

This  option  would ban in  addition  to  chlorofluorocarbons-11  and  -12 
(covered by Alternative 2), the  use of all other.chlorofluorocarbons as 
aerosol  propellants, e.g., -114 and  -115.  Approximately 30 percent 
(table 9, page 20 and  page  21,  items  a,  e,  and  f)  of  worldwide fluoro- 
carbon  emissions and  virtually  all  of  the U.S. fluorocarbon  aerosol 
propellant  emissions  would  be  controlled  as  a  result  of  this  action. 
This  represents an  increase  of 2  percent  over  worldwide  fluorocarbon 
emissions  controlled by Alternative 2 (page 98). This  increase is from 
the  regulation  of  chlorofluorocarbon-114,  which is  used  almost  exclu- 
sively as a  propellant in  personal  aerosol  products. 

The  short-term  environmental  impact  of  this  alternative is  not expected 
to  be  substantially  different  from  Alternative 2. However,  some  non- 
measurable  beneficial  impacts  would  probably  accrue  since  the  percent  of 
worldwide  fluorocarbon  emissions  controlled  would  be  increased  from 28 
percent  to 30 percent.  The  primary  beneficial  impact  of  this  action, 
compared  to  number  2,  is  to  prevent  replacement o f  the  chlorofluoro- 
methanes  with  other  chlorofluorocarbons  which  pose  a  similar  environ- 
mental  risk. 

The  potential'adverse  environmental  impacts  are  expected  to  be  the  same 
as  recorded  for A1 ternative 2 (page 106). 

Alternative - 4 - Ban  Aerosol  Propellant  Uses o f  All Fluorocarbons 

This  alternative is  identical  to  Alternative 3 except  that in addition  to 
the  chlorofluorocarbons, all other  fluorocarbons  would  be  restricted. 
This  would  include  for  example,  the  perfluorocarbons,  fluorocarbons  con- 
taining  halogens  other  than  chlorine  and  fluorine, i.e. bromine,  iodine, 
and  the hydrochlorofluorocarbons. These  other  fluorocarbons  have  not 
been  used  as  aerosol  propellants;  therefore,  this  alternative  would  not, 
in the  short  term,  have  any  greater  impact  on  worldwide  emissions  than 
Alternative 3. The primary  beneficial  impact  of  this  action  would, how- 
ever,  be  to  prevent  substitution  and  use  of  other  fluorocarbon  compounds 
which  pose  some,  largely  unknown,  risk t o  the  environment in terms of 
ozone  depletion  and/or  their  contribution  to  the  "greenhouse  effect." 

4.4. Comparison of Reasonable  Alternatives,  Selection of 
Preferred A1 ternat  ive 

In  making  his  decision  regarding  the  appropriate  course o f  action,  the 
Commissioner had  to choose  first  between  "no  act  ion"  and  "some"  regula- 
tion o f  fluorocarbon  release.  The  no  action  alternative,  as  previously 
indicated,  was  not  considered  to  be  a  reasonable  approach  to  the  problem. 
This  course  of  action  could  be  selected  only if there  was  a  determination 



-108- 

that  fluorocarbon  use and release did  not pose an unreasonable  risk to 
health  and :he environment. The  Comnissioner  has  concluded  from  the 
available  evidence,  as  reviewed  in  section  1,  pages  1-6,  that  continued 
use  and release of these  compounds do  pose a  substantial  environmental 
risk. 

Alternative 2, regulation  of  chlorofluorocarbons-11 and -12, would  con- 
trol  roughly 95 percent  of  current U.S. fluorocarbon  propellant  emissions 
(28 percent  of  worldwide  fluorocarbon  emissions).  This  alternative  would 
have  a  substantial  beneficial  impact in the  short  term;  however,  long- 
term  benefits  might  not  Isccrue  since  chlorofluorocarbons-11 and -12  could 
be  replaced  by  other  suitable  chlorofluorocarbon  propellants  posing simi- 
lar  environmental  risks 'and by other  fluorocarbons  posing  lesser  potential 
for  impact. 

Regulation  of all chlorofluorocarbons,  as  provided by Alternative 3 ,  
would  control  almost 100 percent  of  current U.S. aerosol  emissions 
(chlorof  luorocarbons-11  and -12--95 percent;  chlorof  luorocarbon-114--5 
percent).  This represents  about 30 percent  of  worldwide  fluorocarbon 
release.  Also  it  would  prevent  the  use  of  chlorofluorocarbons  not 
currently  used in large  amounts  as  aerosol  propellants  (e.g.,  chloro- 
fluorocarbons-114,  -115) but  which  are  suitable  replacements  for  chloro- 
fluorocarbons-11 and -12. Based  on  available  scientific  information, 
these  other  chlorofluorocarbons  pose  a  risk  similar  to  chlorofluoro- 
carbons-11 and -12. 

Alternative 4, which  would  ban  aerosol  propellant  use  of  all  fluoro- 
carbons, is  identical  to  Alternative 3 in terms  of  current  fluorocarbon 
emissions  controlled, i.e. about 30 percent  of  worldwide  emissions.  This 
option  differs,  however, in that it  would mitigate  potential  environ- 
mental  impact  by  preventing  the  use  of  any  fluorocarbon  as a  replacement 
for  the  currently  used  propel 1 ants--chlorof 1 uorocarbons-11,  -12, and 
-114.  Although  this  is  the  most  thorough  solution,  the  Commissioner  has 
determined  that it  is premature at  this  point  to  resolve  whether  or  not 
fluorocarbons  other  than  chlorofluorocarbons  pose  unacceptable  risks. 
The  available  data,  albeit  limited,  suggest  that  the  risk  from  hydro- 
chlorofluorocarbons i s  considerably  less  than  the  risk from  chloro- 
fluorocarbons.  Should  brominated  fluorocarbons  reach  the  stratosphere, 
it  has  been  shewn  that  bromine  atoms  would  be  at  least  as  efficient  as 
chlorine in  its  ability  to  act  as a  catalyst in the  destruction  of  ozone. 
Unfortunately,  there are! very  little  data  regarding  the  stability  of 
these  compounds in the troposphere,  thus  the  potential  for  these  com- 
pounds t o  reach  the  stratosphere is  unknown. The  FDA will continue  to 
monitor  scientific  developments  regarding  the  risks  posed by these 
compounds and  will  reassess  the  need  to consider  this  option  should  an 
increased  use  of  f1uoroc:arbons  other  than the  chlorofluorocarbons as 
aerosol  propellants  occur. 
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Based  on the  foregoing  considerations,  Alternative 3, i.e. ban  on  aerosol 
propellant  uses of all chlorof luorocarbms,  was selected as the preferred 
course  of action. The  global  impact o f  this  option is to contra: 30 
percent of  worldwide  fluorocarbon  emissions (62 percent of u.S. fluoro- 
carbon  emissions and virtually all U.5. aerosol  propel ]ant uses  of 
fluDrocarbons). This  alternative  compared  to  regulation of only -11 and 
-12  (Alternative 2), would  mitigate  potential  long-term  2nvironmental 
effects by preventin  substitution of  the  chlorofluoromethanes by other 
chlorofluorocarbons 9 -113, -114, -115)  which  have  similar  environmental 
risk. 

4.5 Selection of Regulatory  Timetabie 

The  development  of  the  regulatory  timetable  involves  a  balancing of the 
need to  minimize  environmentbl and health  risks  posed by chlorofluoro- 
carbon  release  with  the need to  allow a  reasonable  period to phase  out 
regulated  uses in order  to  minimize ecoi;omic  losses. 

Regarding  environmental impact considerations,  the  regulatcry agencie: 
examined the effects  that  might  be  prevented by a U.S.  ban  on propellant 
uses of chlorofluorocarbons in 1975  versus 1980. The  only  effects  that 
can  be  quantified are data  relating to the  incidence  of  nonmelanonz  skin 
cancer  generated by the Rundel and Nachtwey  model  previously  described 
(table 16). 

Table 16 shows  the  potential  effects on the U.S. incidence o f  non,nelsnoma 
skin  cancer in whjte  populations  resulting  from  continued chlorof1uo.o- 
methane  releases at 69 percent of 19?3 worldwide  release  rates  starting 
in 1978  (corresponds  to  a  ban o f  31 percent of worldwide  chlorofluoro- 
methanes in 1978 such  as that which would  occur  with a U.S. ban on 
propellant  uses  of  chlorofluoromethanes in i978). This  table  also  shows 
the potential  effects on the U.S. incidence of  nonmelanoKa  skin  cancer 
should  the  same  reduction in chlorofluoromethane  releazes not occur  until 
1980. 

The  cumulative  numbzrs of cases of nonmelanoma  skin  cancer  expected  to be 
prevented in white  populations Sn the U.S. over  the  next  century as in 
result o f  a ban  on U.S. propellant  uses of chlorof luororneihanes in 1978 
and 1980 can  be  calculated in a manner  similar  to  that descr,:bed in the 
nonmelanoma  section o f  the no action  alternative  (page 96). Such a b?n 
might prevent  about 3.2 million  cases o f  nonme73noma  skin cancer in the 
U.S, over  the  txxt  century if it were  to  occur in 1978 and about 3.1 
million  casas if  it were  to  occur in 19CO. The es.timated increase in the 
number of additional  cases of nonmelanoma  skin  cancer in the U.S. over 
the next  century  resulting  from a two-year  delay in eliminating U.S. 
chlorofluorocarbon  propellant  emissions is 78,000; the  average number of 
cases/year  over  the next century is 780. The  peak  increase in nblnbers of 
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cases would be about  1,14,0  which  would  occur in the year 2040. These 
would  not be detectible  increases in the  numbers  of  nonchlorofluoro- 
methane-related  nonmelanoma  skin  cancers  which will occur  each  year. 

The  other  biological  and  climatic  effects  cannot be  quantified;  whatever 
impacts  might  be  prevented by a U.S. ban  on the  propellant  uses o f  
chlorofluoromethanes in 11980, these  same impacts  would  be  reduced  even 
sooner and to  a  greater  extent if the ban were  to  occur in 1978. 

For a detailed  discussion  of  the  economic  impacts  associated with.the 
regulation  of  chlorofluorocarbon  aerosol  propellants  the  reader  is 
referred  to  the  study  entitled,  The  Economic  Impact  of  Potential 
Regulation o f  Chlorofluorocarbon  Propellant  Aerosols (Apri 1 1977) that 
was performed by International  Research  and  Technology  Corporation  and 
Policy  Models  Incorporated  under  contract  to  the  Environmental  Protection 
Agency (EPA). The  FCA  helped  direct and finance this  study  through  an 
inter-agency  agreement  with EPA. 

The  study  collected  data  and  assessed  the  phasing  out  of chlorofluoro- 
carbons for three  different  time  periods; 6 months, 18 months, and 30 
months.  These  phaseout  periods  are  the  time  which  would  be  allowed  for 
firms to cease  manufacturing  chlorofluorocarbons  for use in aerosols. 
Data  generated  from  this  study  along  with  the  concurrent  review  of  the 
environmental  impacts  associated  with a phaseout  occurring in 1978 versus 
1980, led  to the  formulation  of  the  FDA  regulatory  timetable:  Foods, 
drugs,  devices, or cosmetics  manufactured  or  packaged  after  December 15, 
1978, and finished  products  initially  introduced  into  interstate  commerce 
after  April 15,  1979, would  be  prohibited.  The  reader i s  also  referred 
to the  FDA  Inflation  Impact  Statement  for  specific  discussion  of  the 

i inflation  impact  of  FDA's  regulatory  act 
ments  are  available in the  Office  of  the 

4.6. Consideration of  International 
Ch 1 orof 1 uorocarbon Emi ss ions 

As Dreviouslv  stated  throuqhout  section 

on described  below.  Both  docu- 
Hearing  Clerk. 

Restrictions  on 

o f  this  document. the  elimina- 4 
- I  

tion  of  all  &leases  of chiorofluoromethanes in the U.S. would  reduce 
worldwide  emissions by about 43 percent. A U.S. ban of  chlorofluoro- 
methanes used  as propellants  would  reduce  worldwide  emissions by about  31 
percent.  Indeed, in order t o  reduce  the  total  threat od chlorof  luoro- 
carbon  emissions to  health  amd  the environment,  action at the  inter- 
national  level  is  required. 

. 

Recognition o f  the  possibility  of  damage  to  the  ozone  layer from human 
activities has  been  widespread i n  the  international  community  for  some 
time.  In relation to  th'e  specific  threat  posed by chlorofluorocarbons, 
the  publication and  wide distribution of the National  Academy  of Sciences 
reports (7,8) stimulated  considerable  international  interest.  As in the 
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U.S., t h e r e   a r e   d i f f e r e n c e s   o f   o p i n i o n   w i t h i n  and among countr ies  con-  
cern ing   the   u rgency   o f   the   th rea t  and the  need to   t ake   ea r l y   remed ia l  
act ion.  However, i;t was e x p l i c i t l y   r e c o g n i z e d   i n   t h e   f i n a l   r e p o r t   o f   t h e  
March  1977 i n t e r n a t i o n a l   s c i e n t i f i c   m e e t i n g  on the  ozone layer,  sponsored 
by  the UN Environmental  Program  that "CFM emissions  are a matter  of  con- 
cern." The consensus o f  an A p r i l  1977 m e e t i n g   o f   p o l i c y   l e v e l   o f f i c i a l s  
on the   regu la t ion   o f   ch lo ro f luorocarbons   a t tended  by  13 of t he   wor ld ' s  
leading  producers and users o f  ch lo ro f luorocarbons  was a l so   t ha t   t he  
i ssue   o f  ozone d e p l e t i o n   i s  a ser ious one which  requi res  c lose 
a t ten t ion .   Severa l   count r ies  i n  fac t   s ta ted   t ha t   t hey  had i n i t i a t e d   o r  
were cons ider ing   tak ing   ac t ions   wh ich   wou ld   fo l low  the   b road  l ines   o f   the  
U.S. and Canadian  approach to   con t ro l l ing   emiss ions .   Severa l   o thers  
s ta ted   tha t   they   wou ld  be making  decis ions  dur ing 1978. All concurred 
t h a t  i f  add i t i ona l   sc ien t i f i c   ev idence   cu r ren t l y   be ing   ga the red   con t inues  
t o   p o i n t  i n  the  same d i r e c t i o n ,   b r o a d   i n t e r n a t i o n a l   c o n t r o l   o f   c h l o r o -  
f luorocarbon  emissi ions  would  probably  be  cal led  for i n   t he   f o reseeab le  
fu tu re .  It i s   a l s o   w o r t h   n o t i n g   t h a t  many count r ies   a re   ab le   to  
i n s t i t u t e  and implement ac t i on  such as c o n t r o l  o f  ch lo ro f luorocarbon 
emissions much mort! rap id l y   t han   t he  U.S., w i t h   i t s   l e n g t h y   r e g u l a t o r y  
process. They thus   s ta ted   tha t   they   d id   no t   fee l   the   u rgency   o f  
i n i t i a t i n g   a c t i o n  on the  same time sca le  as the  U.S. 
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SECTION 5. DESCRIPTION OF: PROPOSED ACTION 
? :. 5.1. Action by the  Food  and  Drug  Administration 

The FDA is  proposing  to prohibit  the  use  of  certaim  fluorocarbons,  these 
being  the fully halogenated  chlorofluoroalkanes  (chlorofluorocarbons),  as 
propellants in self-pressurized  (aerosolized)  containers in any  product 
subject to  the  Federal  Food,  Drug,  and  Cosmetic  Act  (FFD&C) . The  pro- 
ducts  to  which  the  requlation  applies  are  human  foods,  food  additives, 
human  drugs, including biol 
cosmetics, and  medical  devi 
December  15,  1978, and f i ni 
state  commerce  after  April 
regulation. 

The  proposed FDA action  wil 
wide  fluorocarbon  release. 

ogical  products,  animal food, animal  drugs, 
ces.  Products  manufactured  or  packaged  after 
shed  products  initially  introduced  into  inter- 
15, 1979,  would  have  to  comply  with  this 

1 control  approximately 25 percent  of  world- 
The  proposed  prohibition  would  not apply to 

the  following  uses  specified  as  essential in the  rule: 
. .  - 

0 metered  dose  steroid  human  drugs  for  nasal  inhalation 

0 metered  dose  steroid  human  drugs  for  oral  inhalation 

0 metered  dose  adrenergic  bronchodilator  human  drugs 
for oral  inhalation 

0 contraceptive  vaginal  foams  for  human  use 

0 metered  dose  ergotamine  tartrate  for  oral  inhalation. 

Also  not  covered  by the  proposed  ban  are  FDA-regulated  non-propellant 
uses  of  chlorofluorocarbons, e.g.: 

0 pressurized  cylinders  of  chlorofluorocarbons  and  ethylene 
oxide used for  sterilization  purposes 

0 cylinders  used  simply  to  transport  chlorofluorocarbons  for 
industrial  uses,  as in the  case o f  liquid food  freezants 
and foam-blowing  agents  used in the  fabrication of food 
packaging  containers 

0 chlorofluorocarbons used  as a  stabilizer in food  toppings 
and  spreads. 

The  control  of  chlorofluorocarbon  emissions  from  non-propellant  sources 
is currently  under  consideration by FDA, EPA,  and CPSC  (see p. 91). The 
FDA-regulated  essential  propellant and non-propellant  uses  described 
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above are  est imated  to   account   for   about  1 percent   o f   wor ldwide 
carbon  release and less  than 5 percen t   o f   a l l   FDA- regu la ted   f l u  

5.2 Act ion by the  Envi ronmenta l   Protect ion Agency 

f 1 uoro- 
orocarbons. 

The phaseout  proposed  by  the EPA e s s e n t i a l l y   p a r a l l - e l s  and comp 
t h e  FDA proposal  describeb above. 

1 emen t s 

The FDA proposed p r o h i b i t i o n   a p p l i e s   t o  uses o f   ch lo ro f l uo roca rbons   i n  
se l f -p ressur ized   con ta iners   sub jec t  t o  t h e  FFD&C Aci. The EPA x t i o n   i s  
be ing   yoposed under the  Toxic  Substances  Control  Act  which  excludes  from 
i t s  coverage  any  food,  food  additive,  drug,  cosmetic or device when  manu- 
factured,  processed or  d i s t r i b u t e d   f o r  use as these   a r t i c l es .  EP.4 and 
FDA have coord inated  the i r   proposals   to   avoid  dnnecessary  dupl icat ion,  
prev.ent  gaps i n  coveralge,  and promote e f f i c i e n t  enforcement of t h e  
p e r t i n e n t  laws. The E:PA-'s proposed r e g u l a t i o n   a p p l i e s  t o  the  manufacture 
o f   ch lo ro f l uo roca rbons   f o r  use as an ae roso l   p rope l l an t   o the r   t han   f o r  
uses i n  FDA-regulated  products, and e s s e n t i a l  uses s p e c i f i e d   i n   t h e  EPA 
phaseout  regulat ion. A t  present,   according  to EPA, a l l   f u l l y   h a l o g e n a t e d  
ch lo ro f   luoroa lkane  p rope l lan ts   a re   manufac tured   in  an i den t i ca l   mmner  
r e g a r d l e s s   o f   p o t e n t i a l  end  use. A t  the  manufacturing  stage,  the u l t i -  
mfte  intended  use i s  undetermined  or   not   c lear ly   estab l ished.   S ince FDA 
w i  11 have ,p roh ih i   ted   nonessent ia l   p rope l lan t  uses i n   t h e   p r o d u c t s  FDA 
regulates,  i t  i s  reasonable to   be l i eve   t ha t   ch lo ro f l uo roca rbons   wou ld   no t  
be  manufactured  for  these uses. 

5.3 Act ion  by Consumer Product  Safety Comm.;ssion 

CPSC, i n  November 1976, made a p re l im ina ry   f i nd ing   t ha t   p roduc ts   us ing  
f u l l y  halogenated  chlsrof luaroalkanes  present an unreasonable r i s k   o f  
i n j u r y   t o  consumers  f,rom the   des t ruc t ion  of ozone i n   t h e   s t r a t o s p h e r e ,  
and t h a t  no f e a s i b l e  consumer product  safety  standard  would  adequately 
p ro tec t   t he   pub l i c .  The Comnission l i r e c t e d   i t s   s t a f f   t o   p r e p a r e  a d r a f t  
FEDERAL  REGISTER n o t i c e  under  section 8 o f   t h e  Consumer Product  Safety 
Act   proposing  to   dec lare such aerosol  products as hazardous  products. 
CPSC subsequent:y  has  agreed t o   t e r m i n a t e   i t s   p r o c e e d i n g s   t o   t h e   e x t e n t  
t h a t   t i m e l y  EPA a c t i o n  makes CPSC r e g u l a t i o n  unnecessary. 
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SECTION 6 .  SUMMARY OF ENVIRONMENTAL IMPACT OF PROPOSED  ACTION 

6.1. Beneficial  Impacts  (Impact b provides  the  major  basis  for 
issuing the proposed rule;  the  remaining potential  impacts 
listed  have  been  taken  into  account in assessing  regulatory 
action.) 

a. reduce  currently  predicted  steady  state  ozone  depletion 
levels  and  resultant  increase in DUV  (damaging  ultraviolet  radiation) 
reaching  the  earth; 

h. reduce  the peak  number  of  new  cases  of  nonmel  anoma  and 
probably  melanoma  skin  cancer  that  would  be  expected to'occur at 
currently  predicted  ozone  depletion  levels; 

C. reduce  potential  for  other  health  effects of increased 
exposure  to DUV radiation, e.g., premature skin aging,  increased  inci- 
dence  of  sunburn,  eye  damage; 

d. reduce  potential for adverse  nonhuman  biological  impacts 
and possible  climatic  changes; 

e. reduce  the  hazard of intentional  inhalation  to  the  extent 
that  chlorofluorocarbon propel 1 ants  wi 11 be  replaced by non-propel1 ant 
packaging or by less  tox.ic,  non-hallucinogenic  propellants; 

f. possibly  reduce  other  aerosol  product-related-injuries-- 
explosion,  cuts,  etc.--to  the  extent  that  aerosol  products  using  chloro- 
fluorocarbon  propellants  are  replaced by non-propellant  packaging; 

g. reduce  energy  consumption  and  solid  waste  volume  to  the 
extent  that  chlorofluorocarbon-containing  self-pressurized  products  are 
replaced by non-propelllmt packaging. 

6.2. Potential  Adverse  Environmental  Impacts 

a. To the  extent  that  hydrocarbon  propellants  replace  chloro- 
fluorocarbons, there  would  probably  be an increased  risk of aerosol 
product-related  thermal  injuries. 

b .  Replacement o f  chlorofluorocarbons  with  new  propel 1 ants 
presents  the  potential for direct  effects  such  as  acute  and  chronic 
toxicity  to  the  user o f  aerosol  products  if  manufacturers  fail  to  fulfill 
their  responsibilities  to  substantiate  the  safety of the product. 
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c. ' Replacement  of  chlorofluorocarbons by more  reactive 
propellants  may  result in the  formation of intermediate  products in 
the lower  atmosphere  which, if generated in sufficient  concentrations, 
could  cause  health and environmental impacts. 

6.3. Discussion  of  Probable  Adverse  Environmental  Impacts  Which 
Cannot Be Avoided 

There are  no anticipated  adverse  environmental  impacts  that  cannot be 
avoided  should the proposed  action  be  implemented.  This  statement is 
made.with  the recognition  that  there is some uncertainty  regarding the 
environmental  effects  of  potential  replacement  propellants,  both in terms 
of impact on stratospheric  ozone and climate and also  from  the  standpoint 
of  direct  health  effects to  the user. The FDA will  carefully  monitor all 
studies  relating to the  environmental and health  effects of substitute 
products and replacement  propellant  systems. 

For  new  products  subject to premarket  approval by  FDA, the Agency  would 
evaluate  these  risks  prior  to  approval  for  use in a propellant system. 
The  manufacturer  would  have  to  substantiate  the  safety o f  a product  with 
respect  to  such a hazard  before use in cosmetics. 

1 

6.4. Description  of  the  Relationship  Between the Local Short-Term 
Use  of the Environment  with  Respect to  the Proposed  Action and 
the  Maintenance of Long-Term  Productivity 

Since  the  intent of the  proposed  action is to  reduce  environmental  expo- 
sure  to  substances  that  may harm health and the  environment,  the  proposed 
action will  not  pos12 a long-term risk,  but  will minimize  such risk. 

6.5. Description  of  Any  Irreversible or Irretrievable  Commitment of 
Resources  Which  Would Be Involved in the Proposed  Action  Should 
It Be  Implemented 

There will  not be ain irreversible or irretrievable  commitment  of 
resources  should thle proposed  action be implemented. In fact, an energy 
savings is predicted  to  the  extent  that  aerosol  packaging i s  replaced by 
non-propel 1 ant packaging. 

6.6. Objections  to  the  Proposed  Action  Raised  by,  Interested  Persons 

All objections  to  the  proposed  action  are  addressed  fully in the pre- 
amble to the final  rule that requires  warning  statements  on  foods,  drugs, 
animal  food, animal drugs,  cosmetics, and medical  devices in self- . 

pressurized  containers  that  contain  chlorofluorocarbon  propellants (42 FR 
22018). 
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APPENDIX A 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

abiotic:  Not  living; basic  inorganic and organic  compounds  such  as 
water, carbon dioxide, oxygen,  calcium,  nitrogen and phosphorus  salts, 
amino and humic acids; ant. biotic. 

aerosol propellant: A liquefied or compressed  gas in a  container 
where  the  purpose  of  the  liquefied or compressed  gas is to expel from 
the  container  a liquid  or solid  material(s)  different from  the aerosol 
propel 1 ant. 

apical dominance: In  plants, the  inhibition o f  lateral  bud growth by 
terminal buds. 

basal  cell carcinoma: An epithelial tumor  that seldom metastasizes 
but  has potentialities  for local invasion and destruction. 

biomass: Living weight, the  total mass or amount o f  living organisms 
in a  particular area  or  volume. 

biosphere: 'All of  the earth's living  organisms,  interacting  with  the 
physical  environment as a  whole so as to  maintain  a  steady  state 
system  intermediate in the  flow  of  energy  between  the high energy 
input o f  the sun and the thermal  sink of space; syn. ecosphere. 

biotic: Of life,  or caused by living  organisms,  a  biotic  community is 
any assemblage  of  populations  living in a  prescribed  area or physical 
habitat; ant.  albiotic. 

calcareous: O f ,  like, or  containing  calcium  carbonate,  calcium,  Or 
1 ime. 

10. catalyst: A substance which alters the  velocity  of  a  chemical 
reaction but undergoes no permanent  chemical change itself. 

11. cataract: An opacity o f  the crystalline lens of the eye. 

12. chitin: A tough, horny  polysaccharide  secreted  by  the'epidermis and 
formin'g the main bulk of  the  outer  covering  of insects and 
crustaceans. 

13. chlorofluorocarbon:  Chemical  compound  cons 
fluorine, and c i o n .  

isting  of  chlorine, 
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14. chlorophfl: The  green  pigment  found in the  chloroplasts of plant 
cells  involved in the  photosynthetic  process. 

15. clones:  Genetically  identical  individuals  derived  asexually  from  a 
single  individual, as by cuttings,  bulbs,  division in plants. 

16. cuticle: A waxy  layer  over the  outer  surface  of  the  epidermis  of 
terrestrial  plants  which  protects  primarily  against  water  loss. 

17. deoxyribonucleic  acid (DNA):  An essential  component  of all living 
matter  and a basic  material in chromosomes  of  the  cell  nucleus;  it 
contains  the  genetic  code and  transmits  the  hereditary  pattern. 

18. diurnal : Happening  each  day;  daily. 

19. - DUV: Biologically  active  ultraviolet  radiation.  Consists  of  ultra- 
violet  radiation in  the  wavelength  range  of 290-320 nm  weighted 
according  to  its  relative  effectiveness  on DNA. Ultraviolet 
radiation  below 290 nm  does  not  reach the  ground  and  ultraviolet 
radiation  above 320 nm  does  not  affect DNA seriously. 

20. erythema  solare: A morbid  redness  of  the  skin  of  many  varieties,  due 
t o  congest-ion  of the capillaries,  as a  result of  sunburn. 

21. erythema: A name  applied  to  redness  of  the s k i n  produced  by 
congestion  of  the  capillaries,  which  may  result  from a variety  of 
causes,  the  etiology  or  specific  type  of  lesion  often  being  indicated 
by a  modifying  term. 

22. etiology:  The  study or  theory  of  the factors  that  cause  disease 
and  the  method  of  their  introduction t o  the  host. 

23.  euphotic  zone:  The  uppermost  portion  of a body  of  water,  into  which 
light  enters  to a degree  sufficient  for  photosynthesis  and  the  conse- 
quent  growth  of  plants. 

24. fluorocarbons: 

general--Compounds  consisting of at least fluorine and carbon, but 
additionally  could  contain  hydrogen,  chlorine,  bromine, 
and/or  iodine. 

specific--Compounds  consisting  only of fluorine and  carbon. ( A  
compound  consisting  of  fluorine,  carbon, and  hydrogen  would 
be  referred  to  as a hydrof 1 uorocarbon. ) 

25. free radical : An altom  or group  of  atoms  possessing  an  odd  (unpaired) 
electron. 
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26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

fully kaloqenated  chlorofluoroalkanes:  Chlorofluorocarbons in which 
all carbon-carbon  bonds  are  single bonds. 

halocarbons:  Compounds  consisting  of  halogen(s)  and  carbon,  or 
ha; ogen (.s) , carbon,  and  hydrogen. 

halogen: Any  of  the  five  very  active,  nonmetallic  chemical  elements 
fluorine, chlorine, bromiw, iodine,  and  astatine. 

infrared  radiation:  Denotes  thermal  radiation  and  consists  of  light 
rays (specifically,  electromagnetic  radiation)  which  have  lower 
energy  and  longer  wavelengths (770-1200 nm)  than  visible  light  rays. 

insol ate;. To expose  to  the  sun's  rays. 

internodes: The portion o f  a  plant  stem  between  two  successive  nodes, 
nodes  being  the  places  on  the  stem  where  leaves,  flowers,  and 
branches  or igi nalte. 

ipradiance:  The  amount  of  light 31" other  radiant  energy  striking a 
g?iven  area of  a  surface. 

keratitis:>  Inflamnation  of  the  cornea. 

.b: 

malignant  melanoma: A malignant  (tending t o  become  progressively 
worse and result in  death)  tumor,  usually  developing  from a nevus 
(mole)  and cmsisting of  black  masses o f  cells  with a marked  tendency 
to  metastasis; syn.  melanocarcinoma,  melanoepithelioma,  me1anosarc;ma. 

melanin:  The  dark  amorphous  pigment of the  skin,  hair,  various 
tumors,  and  other  animal  tissues. 

melanocyte:  The  cell  responsible for the  synthesis o f  melanin; 
constitutes 5-2!i percent  of  human  epidermal  cells. 

microcosm:  Syn.  microecosystem;  laboratory  or  f  ield-sized  model  eco- 
systems  with  discrete  boundaries,  either  derived  directly  from  nature 
or  synthesized by adding  organisms  from  cultures;  these  miniature 
biospheres  are  manipulated by ecologists  in  order  to  understand 
ecological  principles  operating in natcrr.1  ecosystems, e.g., fresh- 
water  lakes,  grasslands,  etc. 

nastic: O f ,  relating  to, or constituting  a  movement o f  a plant  part 
caused by disproportionate  growth  or  increase i n  cellular  pre-sure. 

ozone: A molecule  consisting o f  three  oxygen  atoms, i.e., 0 . (An 
oxygen  molecule is 0 ). By absorbing  ultraviolet radiatiot~,~mainly 
of wwelengths betwegn 200 and 320 nanometers {nm), the  ozone  layer 
in the  stratosphere  acts as a  protective  shield  preventing  much  of 
the  sun's  harmful  ultravielet  radiation  from  reaching  the  earth's 
surface. 



40. 

41. 

42. 

43. 
?'. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

photod,ynamic:  Of or  

photokeratitis:  See 

c 

A-4 

pertaining to the  energy  of light. 

keratitis. 

photolysis:  Chemica 1 decomposition by the action of  radiant  energy. 

hotosensitization:  The  development o f  abnormally  heightened  reac- 
{ivity  of  the skin t o  sunlight. 

hotosynthate:  Products  of  photosynthesis,  including plant sugars 
{sed for respiration. 

photosynthesis:  Production  of  organic  substances,  chiefly  sugars, 
from  carbon  dioxide and  water  occurring  in  green  plant  cells 
supplied  with  enough  light  to  allow  chlorophyll  to aid in the 
transformation of radiant  energy  into  a  chemical  form. 

pterygium:  Wing-like  triangular  fold  of  membrane  extending  from  the 
conjunctiva  to  the  cornea of the  eye,  being  immovably  united  with 
the  cornea at  its  apex, sclera  throughout its middle  portion, and 
conjunctiva at  its  base. 

ribonucleic acid (RIVA): An  essential  component o f  all living matter 
present in the  cytoplasm  of all cells and composed of  long chains of 
phosphate and  sugar ribose  along  with  several  bases;  one  form  of  RNA 
is the  carrier o f  genetic  information  from  the  nuclear  DNA and is 
important in the  synthesis  of  proteins in the  cell. 

self-pressurized  Container: An. aerosol  product,  iie.,  any  product 
which  depends on  the  power  of a liquefied  or a  compressed  gas to 
expel the  contents, liquid or solid,  from  the  container. 

siliceous: O f ,  like, or containing  silica, as the  shells  of  certain 
microscopic  algae  called  diatoms. 

squamous  cell  carcinoma.: A malignant new  growth  made up o f  squancrus 
epithelsum  cells  tending t o  infiltrate  the  surrounding  tissues and 
give  rise  to  metastases. 

stamen: ,A pollen-bearing  organ in a  flower  made up of  a  slender 
stalk  (filament)  and a pollen  sac  (anther). 

stratosphere:  The  atmosphere  above  the  troposphere,  which exteccls 
up  to  about 30 miles  above  the  earth's  surface.  Unlike  the 
troposphere, the stratosphere is relatively  cloudless and remarkably 
quiescent  (the upper  atmosphere). 
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53. tropopause:  The  transition  zone  between  the  troposphere and 
stratosphere at  which  the  drop in temperature  with  increasing 
height  ceases. 

54. troposphere:  The  part  of  the  atmosphere  which  extends up to  about 
5 miles above. the earth's  surface  at  the  poles  and 10 miles  at  the 
equator  (the  lower  atmosphere). 

55. ultraviolet : Light  rays  (specifically,  electro- 
magnetic  higher  energy  and  shorter  wavelengths 
(below 390 nm)  than  visible  light rays.  

56. xeroderma pigmentolsum: A rare  and  frequently  fatal  pigmentary  and 
atrophic  disease imwhich the  skin  and  eyes  are  extremely s e n s i t i v e  
to  light. 

57. zenith:  The  point in the  sky  directly  overhead. 



APPENDIX B 

RUNDEL AND NACH’TWEY MODEL  FOR ULTRAVIOLET RADIATIOR AND NON-MELANOMA 
SKIN CANCER 

A v a r i e t y   o f  models f o r   q u a n t i f y i n g   t h e   r e l a t i o n s h i p  between u l t r a v i o l e t  

r a d i a t i o n  and non-melanoma skin  cancer (NMSC) have  been published. All 

of   these  mode ls   re ly  on t h e   l a t i t u d i n a l   g r a d i e n t   o f  NMSC incidence 

obtained i n  one or   severa l   ep idemio log ica l   s tud ies.   In  most  of the 

ea r l i e r   ep idemio log i ca l   s tud ies   under - repo r t i ng  of  cases was a se r ious  

problem: NMSC, being a re la t i ve l y   ben ign   f o rm of cancer, i s   f r e q u e n t l y  

t r e a t e d  on an ou t -pa t ien t   bas is  i n  t h e   o f f i c e s  o f  genera l   p rac t i t i one rs  

and general  surgeons as w e l l  as those  o f   dermato log is ts .  The best  avai  1- 

ab le   ep idemio log ica l   da ta   a re   those  ob ta ined  in  a Supplemental  Study t o  

the  Thi rd   Nat ional  Cancer Survey (10). - They too  sbow a l a t i t u d i n a l  

g rad ien t  and gradient  wi th  sunburning UV dose (F igure  1). However, t h e  

s c a t t e r  of p o i n t s   i s  such t h a t  it i s  d i f f i c u l t   t o   a c c u r a t e l y   q u a n t i t a t . e  

the  dose-response. 

A new approach i s  needed t o   q u a n t i f y  more a c c u r a t e l y   t h e   r e l a t i o n s h i p  

between u l t r a v i o l e t   r a d i a t i o n  and skin  cancer  incidence. Our new 

approach to   t h i s   p rob lem employs the TNCS data on t he   sk in   cance r   i nc i -  

dence as a f u n c t i o n   o f  age t o   d e r i v e  a dose-response  model, and then  uses 

t h i s  model t o   p r e d i c t   t h e   e f f e c t s  o f   i nc reased   b io log i ca l l y   ha rmfu l   u l t ra -  

v i o l e t   r a d i a t i o n  (BHUV, see  Note (3 ) )  r e s u l t i n g  from ozone reduc t ion .  By 
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this  means ;n amplification  factor is calculated  separately  for  each 

geographic  region  for  which  skin  cancer  incidence  data are  available. 

Utilization of  the latitudinal  variation  of  incidence is thus  completely 

avoided. 

A condensation  of  a  preliminary  draft of a paper  describing  the  new  model 

follows: (some  references  have  been  omitted  from  the  condensed  version 

but  not from  the  reference list). 

Dose-Response  Considerations - 

For  obvious  reasons,  there  have been  no controlled  studies on humans to 

establish  the  relationship  of a UV dose  to  skin  cancer  response.  How- 

ever,  Blum (8) - performed a number o f  such  studies  using mice, and found 

that  when  mice are irradiated  with a  constant daily dose  of  ultraviolet 

radiation,  the  cumulative  fraction of mice  with  tumors, as a function of 

time  since  commencement  of  irradiation,  can be well-represented by a 

cumulative  normal  distribution  for  which  the  independent  variable is the 

logarithm  of  time;  this i s  comnonly  referred  to as a lognormal  distri- 

bution. Mathematically, if t is the  time  since comnenceinent  of irradia- 

tion,  then the number N(1:) of  mice  developing tumors in the  time interval 

between t and t + dt i s  given by 
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where No i s   t h e   t o t a l  number o f   m ice   in   the   exper iment ,  and I n  t 

and u are   the  mean and stand6:sd dev iat ion  parameters  character iz ing 

t h e   d i s t r i b u t i o n .  The va lues  o f   the  d is t r ibut ion  parameters  d i .Tfer  

m 

f o r   d i f f e r e n t  dose r a t e s ,   d a i l y  doses, i n t e r v a l s   b e h e n  doses, o r  

d i f f e r e n t   s t r a i n s   o f  mice, bu t   the   func t iona l   fo rm  i s   observed  to  be 

c o n s i s t e n t   w i t h   t h e   l o g n o r m a l   d i s t r i b u t i o n   ( F i g u r e  2).  

Because it i s  reasonable  to  assume that ,  on t h e   c e l l u l a r   i w 2 1 ,   t h e  

same b io log i ca l   p rocesscs   a re   respons ib le   f o r   sk in   cance r   i nduc t i on   i n  

both  mice and humans, t h e   f i r s t   a t t e m p t   a t   e s t a b l i s h i n g  a human dose- 

response model should be t o  examine  whether  the  available d;ta on 

human sk in   cancer   are  a lso  cons is tent   wi th  a l ognorma l   d i s t r i bu t i on   o f  

incidence as a funlction  of  accumulated  exposure  time,  which we assume 

t o  b e   p r o p o r t i o n a l   t o  age. - A p r i o r i ,  a l ognorma l   d i s t r i bu t i on  o f  

incidence  might  reasonably be expected. A l ognorma l   d i s t r i bu t i on  

r e s u l t s   f r c m   m u l t i p l i c a t i v e  or p r o p o r t i o n a t e   i n t e r a c t i o n s  ir! a se r ies  

o f   sma l l   s teps   l ead ing   t o  some given end p o i n t  (12). Buch evidence 

i n d i c a t e s   t h a t ,  in experimental   anirdals,   the  induct ion  of  a diagpos- 

ab le   sk in  tumor  by  various  agents  involves  mult ip' le  steps of i n i t i a -  

t ion,   promot ion,  cmversion, and propagat ion  through  the  stages  f rom a 
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normal cell, through an initiated  cell  (altered),  through a dormant 

tumor  cell  or  focus  of  cells,  to a growing  tumor (13). L Considering 

UV-induced  tumors,  other  variables  may be  involved all along  the  way: 

e.g., pigmentation,  enzyme  repair  mechanisms,  immunological  responses, 

sloughing  of  initiated  cells,  etc.  Interactions  of  such  multiple 

steps and factors  could  generate a lognormal  djstribution of skin 

cancer  incidence  as a function  of age  even in an ethnically  homo- 

geneous  population  receiving  exactly  the  same  dose  at  the  same  dose 

rate  under  identical  conditions  of  life  style. In a la)-ge hetero- 

geneous  population  exposed  to  different  doses at different  dose  rates 

under  different  conditions  of  life  style,  one  can  assume that there 

are  many  subpopulations  consisting  of  essentially  comparable individ- 

uals. In each subpopulation,  the skin  cancer  incidence  can  be  expected 

to follow a lognormal  distribution  with a given  mean  onset  time  to 

appearance of a tumor and a given  variance. It is a property o f  log- 

normal  distributions that the  sum  of  many  overlapping  lognormally 

distributed  subpopulations, i.e. the  total  heterogeneous  population, 

/' 

will  also  be  lognormally  distributed  with a variance  equal  to  the  sum 

of  the  variances  of  the  subpopulations and mean  onset  time  to  appear- 

ance  of a tumor  reflecting  the  average  of  the  mean  onset  times o f  the 

subpopulations.  Thus,  even  though a host o f  factors  are  involved in 

skin  cancer  induction by solar UV, the  end result  may  still  very 

likely  be  represented  by a lognormal  distribution  of  incidence  as a 

function  of age. 
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The best   data  avai lab le a t  present on human skin  cancer  incidence 

comes from  the  previously  mentioned Supplement to   t he   Th i rd   Na t iona l  

Cancer Survey (E)., For t h i s  study,  data were obtained  by a c a r e f u l  

canvassing of   dermatologists,   radiotherapists,   pathologists,  and other 

physicians,  seeing and t reat ing  sk in   cancer   dur ing  the  s ix-month 

period  from September 1, 1971, t o  February 29, 1972. The data were 

conver ted   to   age-spec i f   i c   inc idence  ra tes   (cases /yew  fo r   par t i cu la r  

age c lasses)   for   whi te  males and for   whi te   females,   for  each of the 

four  regions surveyed. It i s  impor tant   to   note,  however, t h a t   t h e  

TNCS data  are  not   d i rect ly  comparable  to  the  data  using mice. I n   t h e  

experiments  with mice, an animal  developing a tumor i s  removed from 

the  experiment, so t h a t   t h e   d i s t r i b u t i o n   f u n c t i o n   r e f e r r ,   o n l y   t o   f i r s t  

cases o f  skin  cancer. The TNCS da ta   i nc lude   a l l   pa t i en ts   obse rved   i n  

the  six-month  period,  with no d i s t i n c t i o n  made as t o  whether o r   no t  a 

given case was t h e   f i r s t   f o r   t h a t   i n d i v i d u a l .  However, with one 

add i t i ona l  assumption, the TNCS data can  be converted  to  data on f i r s t  

cases: We assume that  skin  cancer  cases  are  independent  events--i.e., 

t h e   p r o b a b i l i t y  o f  sk in   cancer   in  an i n d i v i d u a l  does not  depend on 

whether  or  not he has  had i t  before. The v a l i d i t y  o f  t h i s  assumption 

may be questioned because ind iv iduals   develop ing one carcinoma  appar- 

en t ly   tend  to   deve lop   o thers   w i th in  a  few years (14 ) .  - This  problem i s  

p a r t i a l l y  circumvented  by  using  the TNCS data on pat ients,   not  cases, 
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and t h u s   c c * m t i n g   p a t i e n t s  with m u l t i p l e  cases as o n l y  one. Our model, 

however,  does no t   take   in to   account   the   poss ib i l i , t y   tha t   genet ic   sus-  

c e p t i b i l i t y   c o u l d   l e a d   t o  subsequent  cases  occurring  with a higher 

p robab i l i t y   than  tha t   expec ted  for the   popu la t ion  as a whole.  Because 

adequate  epidemiological  data on f i r s t  cases  are  not   a t   present   avai l -  

able, we have no choice Ibut t o  proceed  with  the  assumption of 

independence. We hope t lhat   the model we suggest may c o n t r i b u t e   t o  an 

improved  design fo r   f u tu re   ep idemio log i ca l   su rveys ;   i n  such f u t u r e  

’ s tud ies  a t tempts  to   determine  f i rs t   case  inc idences  should be made. 

Dose-Response  Model 

I f  Pa i s   t h e   p r o b a b i l i t y   p e r   u n i t   t i m e  o f  con t rac t ing   sk in   cancer  

( b o t h   f i r s t  and subsequent  cases) a t  age - a, t hen   t he   p robab i l i t y ,  

Q,, per   un i t   t ime,  o f  nolt cont ract ing  sk in   cancer  a t  age 2 i s  

- 

- 

Qa = 1 - Pa - - 

The probab i l i t y   o f   never   hav ing   con t rac ted   sk in   cancer   be fore  age g i s  

the  product  o f  t h e   p r o b a b i l i t i e s   o f   n o t   h a v i n g   c o n t r a c t e d  i t  a t  any 

prev ious  age 
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The p r o b a b i l i t y  PA of con t rac t i ng   sk in   cance r   f o r   t he   f i r s t   t ime   a t  

age - a i s   g i v e n   b y  
- 

Data  obtained  from  the TNCS, broken down i n t o   f i v e   y e a r  age groups  are 

shown i n  Table 1 (15). I These data  expressed as age-specific 

incidences  (Table 113) can be conver ted   t o   p robab i l i t i es  o f  con t rac t i ng  

skin  cancer  per  person  per  year,  that i s ,  exper imental   values  for  

'a 
mid-point  age o f  thiit group and t h a t   t h e  85+ age group e f f e c t i v e l y  

represents  the 85-90 group. We can t h e n   c a l c u l a t e   p r o b a b i l i t i e s   f o r  

t h e   f i r s t  case incidence  using Eq. 4. For example, represents 

probabi 1 i t y  (per  person per year)  o f  f i r s t   c o n t r a c t i n g   s k i n   c a n c e r  a t  

the  midpoint   o f   the 40-45 age group, and i s   g i v e n  by 

We assume that   the  inc idence  for  each age group  represents  the - 



B-8 

(The 5th  power  of the prohabi 1 i ty  of  not  contracting  skin  cancer  at a 

given  age,  (l-Pa)5,  represents  the  probability  of  not  contracting 

skin  cancer  during  the  entire  5-year  age  period.) 
- 

The TNCS data  for  each  region and sex,  transformed  to  first-case 

incidences,  were  fitted  to a lognormal  distribution  using a non-linear 

least-squares  fitting  method  developed by Marquardt (16) - as  adapted 

for  computer by  Bevington (17). Results  are  shown in Figures  3a and 

3b, and in Table 2. ‘The complete  distributions  are n.Dt  shown  because 

few people  live beyonld about (?O. However,  the  model  implies  that if a 

person  lived  long  enough  he  would  surely  contract a  case of  skin 

cancer.  The t, values  in  Table 2 indicate  the  age by which 50% of 

the surviving  population  will  have  contracted  at  least  one  case o f  

skin  cancer.  Figure 4 shows  the  cumulative  fitted  probabilities as a 

function o f  age;  these  curves  show  the  probability  of  contracting a 

first  case  of  skin  cancer by a given  age  in a  given  area.  For  exanlp’le 

in Dallas-Fort  Worth,, 30% o f  the 70-year  old  males  would be expected 
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t o  have cont rac ted  n . f i r s t  case o f  skin  cancer at. sometime i n  t h e i r   l i v e s ,  

Appropr iate  epidemiological   studies ( f c r  example,  surveys of nurs ing  home 

populat ions)   could  ver i fy   t ,h is   aspect   o f   our   model ,  

It i s  fmpor tan t   a t   t h i s   po in t  t o  d iscuss   the   poss ib le   uncer ta in t ies  ir: 

the  data, and t h e  goodness of fit of   t hese  d.;ta t o   t h e   p o s t u l a t e d   l o g -  

no rma l   d i s t r i bu t i on .  A lower bound t o  the u n c e r t a i n t y   i n   - t h e   d a t a  can be 

obta ined  f rom  the  square  rsot   o f   the  actua l  number o f   i nd i v idua7s  

r e f l e c t e d  by each data  poir l t   (see  Table 1A).  These u n c e r t # l i n t i e s  i n  

values of  Pa can  then be  used to   f z i l cu la te ,  by stapdard  er ror -  

propagation  techniques (E), t h e   u n c e r t a i n t i e s  i g  PA. There may a lso  

be systemat ic  errors  present i n  the  data, due t o  incomplete  canvassjng, 

seasonal   var ia t ions  in   seek ing  t reatment ,   the  t ransformat ion of the  data 

t o  f i r s t  case  incidences,  ets. We assume tha t   t hese   unce r ta in t i es  can tie 

inc luded  approximately  by  postu ' lat ins an add't;ooal 10% u n c e r t a i n t y   i n  

PA, which i s  added i n  a r o o t  mean sqwwe manner t o   t h e   s t a t i s t i c a l  

- 
- 

- 
uncer ta in t y .  

We have  used the X L  goodness of f i t t e s t  (17') t o  e v a l u a t e   t h e   e x t e n t   t o  

which  the  data  support  the  assumption of a lognorma l   d i s t r i bu t i on .  'Chis 

t e s t  measures t h e   r a t i o  o f  the  actudl   squared  deviat ions  of   the  data  f rom 

t h e   f i t t e d   f u n c t i o n ' t o   t h e  squared  deviat ions  expected on the   bas i s  o f  

exper imenta l   uncer ta in t ies.  Far t he   en t i re   da ta   se t ,   t he  -educed X 

( X  div ided  by thte number o f   der rees  of freedom, 96 {n t f i s  case) i s  

r )  

- 

2 

2 
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. .  

1.13, indicating a 20% confidence in the  goodness of  fit. Considering 

the very  approximate  epidemiological  uncertainties,  we feel that  this 

result  yields  fairly  strong  confirmation  that  first  incidences o f  human 

skin  cancer  can be well-represented by the lognormal  distribution. 

Havin.g established  the  best-fitted  lognormal  distribution  of  first  case 

incidence  Pi vs  age, we  may  now  employ it to  calculate expected  values 

for all cases  Pa by the  recursive  relations 
- 

- 

P1 = Pi 

P2 = P;/(l-PIJ 
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Then the  total  expected  4nciderlce 1 f o r  a g i ven   l oca l i t y ,   exp ressed   i n  

u n i t s  o f  pa t ien ts   per  100,000 populat ion  per  year, i s  obtained by m u l t i -  

p ly ing  the  age-speci f ic   inc idences for a l l  cases Pa by   the   f rac t ion  

W a  of t h e   p o p u l a t i o n   i n   t h a t  age group (E) and  summing over a l l  aqes, 
- 

- 

The inc idences   ca l cu la ted   i n   t h i s  manner are shown ;n Table 3. 

Ef fects  o f  Increased BHUV 

We now  assume tha t   the  law o f   r e c i p r o c i t y  i s  v a l i d   f o r  human s k i ?  cancer 

induct ion.  The law !o f  rec ip roc i ty   s ta tes   tha t   the   photochemica l   e f fec t  

o f  3 g iven   t o ta l   rad ia t i on  dose i s  independent  of  the dose rate, i.e., 

the  e f fect   is   determined  by  the  product  o f  dose rate  t imes  exposure 

time. Blum (8), - i n   h i s   s t u d i e s   w i t h  mice,  observed t h a t   t k e   r e c i p r o c i t y  

law was v a l i d  over a f a i r l y  wide  range o f  dose r a t e s ,   f a i l i n g   o n l y  a t  the  

lowest dose r a t e  used. There i s  no comparable  evidence  for  reciprocity 

i n  human sk in  cancer,  although  the  apparent s u i t a b i l i t y  o f  the  'lognormal 

d i s t r i b u t i o n  i n  f i t t i n g  human f i r s t  case  incidence  suggests  that  the 

r e c i p r o c i t y  l aw  may be e t  least   approximately  val id.  If t h e r e   i s  a 

r e c i p r o c i t y   f a i l u r e   i n  human sk in   cmcer   inc idence  l ike  that   observed  by 

Blum a t  very  low do!;e rates,  then  our model will underestimate  the e f f e c t  

o f  an increased BHU'V dose rate,  and i n   t h i s  sense our model provides a 

lower limit on these  e f fects .  
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Assuming that  reciprocity  holds, we may  model  the  effect  of an increased 

BHUV dose  rate by taking the effective  age  of an .individual to  be his 

chronological  age  increased  by  the  same  proportional  amount  that  his 

accumulated BHUV dose is increased.  For  example,  consider  an individual 

who is exactly 70 years old  when  the BHUV dose  rate is  suddenly  increased 

by 10%. After  one  year,  his  chronological  age is 71, but his effective 

skin  cancer  age is 71.1. His probability  of  contracting  skin  cancer  is 

given by the value of Pa, appropriate  to his effective  age,  rather  than 

his chronological  age.  Thus  the  net  effect  of an increased BHUV dose 

rate is  to cause  skin  cancer  to  appear  at an earlier  age than would  he 

the  case  without  such a perturbation.  Because  the  population  per  unit 

age  range  decreases  sharply  with  increasing  age  above  about  age 55, and 

most  skin  cancer  occurs in this  age  range, a shift  of  the  incidence t o  

earlier  ages  will  maniflest  itself as an increased  numher  of  case;. 

-- 

For  the  general  case  of an arbitrary  time-dependent  increase in BHUV dose 

rate, a complicated  time-dependent  calculation  must  be  carried  out  to 

obtain  the  increase in skin  cancer  incidence  that  will  appear  at  any 

given  subsequent  time. Howevw, there is a special case for  which a 

simple  result  can be obtained, and  this case  -provides a basis  for 
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est imat ing  approximately  the  net  long-term  ef fect  of  more complicated 

cases. The specia l  case  occurs when the BHUV red ia t i on   f l ux   sudden ly  

increases  by some f r a c t i o n  f, and then  remains  corlstant  at  that new 

level .   Af ter  a su f f i c i en t   t ime   ( t he  human l i f e  span),  everyone i n  the 

populat ion will hzve an accumulated l i f e t i m e  dose which i s  increased  by 

the same f r a c t i o n  f ,  Thus, a t   equi l ibr ium,  3 1% increase i n  BHUV uJould, 

on average,  cause sk in   cancer   to  appear about 4 months e a r l i e r   i n   t h o s e  

ind iv idua ls   des t ined  to   con t rac t  it e a r l y   i n  l i f e  (e.g. at .age 33) and 

about 9 months e a v l i e r  i n  those  destined t o  con t rac t  i t  l a t e r  i n  l i f e  

(e.g. a t  age 75) .  The  new q u i  i ibr ium  sk in   cancer   inc idence  is   ca lcu-  

l a t e d  from Eq. 7, with Pa being  replaced  by Pa;wher2 

age - a'  = a ( l + f ) .  He r e f e r   t o  this special  case as a 
- - 

bation.  For f <<  1, t h i s  case is   character ized  by a 

ca t i on   f ac to r  A given  by 

t h e   e f f e c t i v e  

constant   per tur -  

constant- amp1 i f  i - 

Equation (9 )  .omitted 
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The a m p l i f i c a t i o n   f a c t o r s   c a l c u l a t e d  i n  t h e  above  manner f o r   t h e   f o u r  

reg ions   o f   t he  TNCS are  -presented i n  Table 3. We have v e r i f i e d   t h a t   t h e  

a m p l i f i c a t i o n   f a c t o r s  as' def fned  are  indeed  constant   for   constant   per tur -  

ba t i ons  up t o  5%. 

. It should be noted   tha t   these  ampl i f i ca t ion   fac to rs   a re   de f ined  in  a 

d i f f e r e n t  way f rom  tha t   o f  McDonald ( 7 ) .  - McDonald  used as  an  ampl i c a t i o n  

f a c t o r   t h e   r a t i o  of f rac t iona l   inc rease  in   sk in   cancer   inc idence  to   f rac-  

t i o n a l  decrease i n  ozone, 

This  can be r e w r i t t e n  as 

, 

Thus McDonald's amp l i f i ca t i on   f ac to r ,   exp ress ing   t he   i nc rease   i n   sk in  

cancer  incidence  per  uni t  ozone decrease, i s   t h e   p r o d u c t   o f  two  terms, 

one the   i nc rease   i n  BHlJV r a d i a t i o n   p e r   u n i t  ozone  decrease ( r a d i a t i o n  

a m p l i f i c a t i o n   f a c t o r ) ,  and the   o ther   the   inc rease  in   sk in   cancer   inc i -  

dence p e r   u n i t  BHUV- i nc rease   (b io log i ca l  ampl i f  i c a t i o n   f a c t o r ) .  The 
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biological  amplification  factor is the  one  calculated here. The radia- 

tion  amplification  factor  has  been  calculated  separately (19). - and is 

approximate1.y 2, sc the  amplification  factors  presented in this  paper 

should  be  doubled  to  be  directly  comparable  with  McDonald's. 

Sun-SeekinglEthnicity  Factors 

Yithin the framework  of  the  present  model, in the  absence  of  hereditary 

(ethnicity) or  1ifest:yle factors  the median age tm of  the  age-incidence 

distribution  for a given  region  should be inversely  proportional t o  the 

mean  yearly dose rate, i.e. their  products  should be a constant.  Any 

departure  from  this  proportionality  should  be an indication  of  differ- 

ences in ethnicity/lifestyle. A region  with a small  value  of  this  product 

(relative to  other  regions)  indicates  that  the  population of that region 

is either  "sun-seeking" or more  genetically  prone t o  skin  cancer.  We  can 

thus  derive a relative  "sun-seeking/ethnicity  index" by taking the  inverse 

o f  the  product o f  dose rate times  median  age  tm. In Table 4 we  present 

values for  this  index,  normalized  to  one  for the Iowa  region.  Results 

are  quite  consistent  for  males and females, and indicate  sun-seeking or 

genetic  susceptibility in the  Minneapolis-St. Paul region and sun- 

avoidance  or  genetic  resistance in San Francisco-Oakland,  relative to  the 

other  two  regions. We  might  speculate that tho higher  than  expected 

value  (based  on  1atit.tide)  for  Minneapolis-St.  Paul  may  be attributable  to 
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4 

the large  Scandinavian  population and to sun-seeking  behavior in the 

sumner  months  that  follow the  frequently  cloudy  months of winter and 

early  spring  (greater  than 60% average  sky  cover (20)). - In addition, the 

UV albedo o f  snow is high, so that the effective  winter BHUV dose  rate 

may be higher  than  that  measured by an upward-looking dosimeter. Simi- 

larly the low  index for San Francisco-Oakland,  indicating  sun  avoidance 

or genetic  resistance,  may  be  partially  attributable to the large 'Italian 

and Latin  populations and partially  attributable to the cool s~mmers in 

the San Francisco-, San Mateo-,  and Marin-County  portions of the SMSA. 

Cool sumners  obviously  encourage  greater  clothing  cover and less swimming 

activity. 

. 
Increase in Skin Cancer in the U.S. from an Increase in BHUV 

In cyder  to  estimate  the  effect  of an increase i n  BHUV radiation flux on 

the United States as a whole, we must assume that the  distribution  param- 

sters derived  from a particular  region  are  characteristic o f  the entire 

latitude band containing that region. Then the  four  regions  may  be 

averaged, each one with a weight proportional to  the 1970 populzltion 

living in that latitude band (see Table 3 for  weights) (21). - The  results 

of  this averaging proceldure are presented in Table 5. Actually, there is 

no evidence that heredity/lifestyle  factors  remain  constant  for a given 

latitude band,  as we assume. However, amplification  factors  for  the 
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four  regiocs all  lie within  approximatelv - +15% of the mean, that the 

average U.S. values  we  report are  not very sensitive  to  the  assumption  of 

constancy  within a latitude band, or  to the  details of the  averaging 

process. It should be emphasized the calculated  numbers of  new 

cases  are  besed on 1970 population figures; increases in population  will 

naturally  increase  these  values  proportionally. 

We should  re-emphasize  that all the  above  calculations  rpfer  specifically 

to  non-melanoma  types  of skirt cancer,  which are generally not fatal, 

Epidemiological  data (10) - on the inore fatal  form of skin  cancer, ,nelanoma, 
show  that the  incidlence :s about 2.7% of that  fqr  non-melanoma, and the 

mortality  rake < s  40% of  the  iccidence. We wish  to  caution the  reader 

against  attempting to scale the present  calculations to predict  melanoma 

deaths resrtltinq from an increase in the 'JV-B radiation flux. !he pre- 

dictions of  the present  model are sensitive to tne  details  of  the  63e- 

distribution  of  incidence, and e x i s t i n g  data clearly  indicate  that the 

age  distributions of melanoma and noo-meldnoma  incidence are qufte 

different (5). - In fact., the age distribution of melanoma  tends  to  show a 

double-peaked  structure,  which  cennot  be  modelled by a simJle loqnormal 

I 

distribution. The prediction  cf  melanoma  deaths  resulting  from a pertur- 

bation  thus  requires  development o f  a new  dose-response  model  specifi- 

cally  for melanoms.. Glark  is presentl*y under  way to develop  such a model. 



B-18 

CONCLUSIONS 

We have  developed  a  dose-response  model  for  non-melanoma skin cancer 

incidence in Caucasians which is biologically  reasonable and which  is 

consistent  with  available  epidemiological data. The model  postulates 

that  the  probability o f  first  incidence  of  skin  cancer is distributed 

lognormally  as a function  of  total  accumulated  lifetime closes  of BHUV, 

and that,  for  any  given  location,  the  aCClJmUlated  lifetjme BHUV dose 

of an individual is  proportional  to  his age. The  effect owskin cancer 

incidence o f  an increase in BHUV (due  to a  reduction o f  stratospheric 

ozone)  can  then be calculated  directly  from  the  extent  to  which  each 

individual's  lifetime  accumulated  dose  is  thereby  increased.  The 

result of  such a perturbation,  on  average,  would be to cause  skin 

cancer to  appear  at an earlier  age.  Since skin cancer  is  predom- 

inantly a disease of the  elderly,  this  shift  to  younger  ages  has  the 

effect,  when  integrated  o,ver the entire  population, of  increasing  the 

overall  total  number  of  cases  of  skin  cancer.  It  should he noted, 

however,  that  many  of  these  additional  cases  will  occur in elderly 

people  shortly  Sefore  their  deaths  from  other  causes. 

For  the  United States-as a whole,  we  estimate  that a 1% permanent 

decrease in the  average  stratospheric  ozone  thickness,  which  produces 

about a 2% increase  in BHUV, would  lead ultimately t o  an increase o f  
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8% in skin  cancer incidence. We  assume, o f  course, in this  estimate 

that  lifestyle,  genetic  susceptibility, and the geographical  distribu- 

tion  of  population  remain  unchanged.  This  increase in cases would 

occur  gradually  over  the  course o f  human  lifespan  (approximately 75 

years). 

. 
Within  the  framework o f  the  postulated  dose-response  model, the  uncer- 

tainty in the above  results is estimated  to  be approxivate:y - +25%. 
However,  there are also  uncertainties in the model  postulates  that 

cannot at present be quantitatively  evaluated: (a) the  degree to 

which BHUV is the  predominant  cause o f  skin  cancer, (b) the  degree  to 

which the lifetime BHUV dose is acccmulated at dose rates  wherr  reci- 

procity  might fail, and (c) the  influence of genetic  susceptibility on 

subsequent cases. Therefore, the overall  prediction  uncertainty  may 

be substantially  greater  than +25%. This  uncertainty  can be signifi- 

cantly  reduced in the  future by carefully  designed  epidemiological 

surveys and experimental studies. 
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TABLE 1 

A .  NUMBER NONMELANOM SKIN CANCER CASES AMONG WHITES NEWLY  DIAGNOSED I N  

SURVEY PERIOD, SEPT. 1, 1971-FEB. 28, 1972 

Dall as- Minneapolis- San Francisco- 
Age Ft .  Worth Iowa S t .  Paul  Oakland 

Group Male  Female  Male  Female  Male  Female tdale Fernale 

<5 

5- 9 

10-14 

15-19 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

' 65-69 

70- 7 4 

75-79 

80-84 

8 5+ 

0 

0 

0 

0 

2 

14 

28 

61 

118 

155 

2 54 

253 

303 

248 

222 

1 54 

107 

47 

0 

0 

0 

1 

3 

10 

28 

54 

65 

109 

112 

122 

137 

151 

159 

129 

97 

- 65 

0 

C 

0 

0 

1 

4 

9 

26 

42 

60 

95 

126 

152 * 

174 

196 

157 

121 

74 

0 

0 

0 

0 

1 

9 

5 

8 

21 

33 

52 

50 

72 

82 

126 

113 

113 

'4 

0 0 

0 0 

0 0 

0 0 

i! 1 

4 9 

7 7 

16 8 

34  22 

46 32 

49  39 

77 53 

73 49 

88 55 

77 75 

93 82 

72 51 

32 40 

0 

0 

0 

1 

3 

7 

i 9 

22 

44 

94 

103 

135 

120 

101 

7 02 

125 

81 

65 
~ ~ ~ ~~~ -~~ 

(Annual rates  were based on one-halt' y e a r ' s  complete experience) 
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TABLE 1 

B. ANNUAL AGE-SPECIFIC INCIDENCE RATES (per 100,000  population) FOR NONMELANOMA 

SKIN CANCER AMONG WHITES IN FOUR AREAS OF THE UNITED STATES 

Dall as Minneapolis- Shn Francisco 
Age Ft. Worth - Iowa St. Paul Oa kl and 

Group Mal e Female Mal e Female Male Female Mal e Femal e 

20-24 

25-29 

30-34 

35-39 

40-44 

45-49 

50-54 

55-59 

60-64 

65-69 

70-74 

5.0 

34.5 

84.7 

202.3 

393.9 

531.7 

i ,031.3 

1,245.3 

1,852.5 

2,167.1 

2,903.4 

6.3 

24.5 

86.4 

178.7 

213.3 

357.4 

444.7 

543.8 

7’18.4 

959.0 

1,301 .o 

2.1 

9.8 

25.2 

76.4 

ill  .2 

157.2 

258.9 

372.9 

508.3 

722.7 

992.9 

1.8 

21.6 

13.6 

22.2 

54.2 

82.4 

133.5 

139.5 

217.6 

279.7 

479.1 

5.7 

11.6 

26.2 

67.3 

141.8 

197.0 

242.6 

449.3 

521.4 

847.3 

926.5 

2.2 

25.7 

26.3 

33.8 

89.9 

133.4 

176.8 

276.7 

289.4 

378.2 

585.0 

14.0 

34.9 

41.6 

72.9 

203.8 

264.8 

431.6 

584.5 

804.6 

1,146.5 

1,168.8 

5.0 

13.7 

48.9 

62.4 

109.7 

211.5 

258.0 

375.9 

390.3 

402.4 

479.9 

75-79  3,025.8  1,436.9  1,069.3 535.2 1,526.7  832.9  1,465.5  779.3 

80-84  3,848.9 1,755.3 1,369.6  807.0  2,108.6  815.6  1,535.2  811.7 

85+ 2,793.6 - 1,724.5  1,370.7  719.3  1,568.2  960.6  1,384.4 877.3 

Source: 3 .  Scotto, Personal Communication 
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TABLE 2 

Lognormal Distribution  Parameters 

Reg i on - Sex 

Dallas-Ft. Worth Mal e 

Fema 1 e 

Iowa  Mal e 

Fema 1  e 

Mi nneapol i s-St. Paul Mal e 

Fema 1 e 

San Francisco-Oakland Male 

Fema 1 e 

* 
tm 

(years j 

83.3 

105.8. 

113.5 

142.3 

110.5 

133.9 

104.0 

134.7 

U 

(1  n-years) 

,340 

.431 

,393 

.434 

.389 

.449 

.394 

.490 

Reduced 

X 2  

0.99 

0.92 

0.82 

I . 63  

1.35 

1.05 

'1.52 

0.79 

Overall X *  = I - 1 3  

d f  = 96 

"Antilog o f  mean I n  t,. 
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TABLE 3 

Calculated  Incidence  and  Amplification  Factors 

Region - Sex -- Incidence * - A+ Weight” 

Dall as-Ft.  Worth Mal e 472 3.7 ,120 

Fema 1 e 280 3.4 -1  24 

Iowa Mal e 161 4.3 .251 

Fema 1 e 91 4.4 .245 

Minneapol i +St.  Paul  Mal e  177 4.2  .037 

Fema 1 e 126 4.0 .038 

San  Francisco-Oakland  Male 230 3.9 .101 

Femal e 147 3.5 .105 
I 

*Per 100,000 Caucasian  population  standardized  to the populstion ot 

the United  States  for 1970. 

+Ratio of increaseld skin  cancer  incidence  to  increased bioiqically 

harmfui ultraviolet  radiation for  constant perturbation. 

‘Based on  population  distribution  from 1970 U.S. census (18). 
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TABLE 4 

Calculated  Lifestyle/Ethnicity  Factors 

Sun-Seeking/Ethnicity 

Dose Rate* index 

(x1 0-6) - M - F 

Dallas-Ft. Worth 1 .%I 1.06 1.04 

San Francisco-Oakland 1.51 0.90 9.87 

Iowa 1.25 1 . 001" i ~ (j0.k-k 

Mi nneapol i s-St.  Paul I .07 1.20 'I .24 

*Annua? BHUV, i.e. counts  from  Robertson-Berqer  Sunburning  Ultravioiet 

Meters  (reference 10).  

**Ncrmalization 
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TABLE 5 

Calculated  Incidence  and  Amplification  Factors 

Hegi on - Sex 

Dailas-Ft. Worth Mal e 

Fema 1 e 

Iowa Mal e 

Female 

Mi nneapol is-St.  Paul  Mal e 

Fema 1 e 

San Franci sco-0a kl and  Mal e 

Fema 1 e 

*Per 

the 

+Rat 

100,000 Caucasian 

Incidence* 

472 

280 

161 

91 

177 

A+- - 
3.7 

3.4 

4.3 

4.4 

4.2 

Weight" 

. 1 20 

. 1 24 

.231 

.245 

.a37 

126 4 .O .038 

230 3.9 .101 

147 3.5 ,105 

population  standardized to the  population 

United States  for 1970. 

o f  

1 i y  io of increased  skin  cancer  incidence to increased  biologica 

harmful ultraviolet  radiation f o r  constant  perturbation. 

"Based on  population  distribution  from 1970 U.S. census (x). 
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TABLE 6 

Calculated  Lifestgle/Ethnicity  Factors 

Sur-Seeking/Ethnici ty 

Dose Rate* Index 

(x1 0-6) - M - F 

Dal  las-Ft. Worth 1.61 1.06 1.04 

San  Francisco-Oakland 1.51 0.90 0.87 

Iowa 1.25 1 .@a** 1 .oo** 

Mi nneapo I i s-St.  Paul 1.07 , 1.20 7.24 

*Annual BHUV, i .e .* counts  from RoSeu tson-Berger  Sunburning u l  traviol et 

Meters  (reference 10). 

**Normalization 
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TABLE 7 

United  States Averages* 

Current  incidence  (per 100,000 populat ion) 

To ta l   cur ren t  cases, (per  year)' 

Amp1 i f i c a t i o n   f a c t o r   [ c o n s t a n t   p e r t u r b a t i o n j  

Tota l  "new cases" f o r  a 1% increased i n  BHUV a t  

equi I i brium  (per  year)' 

200 

360,000 

4.0 

15,000 

*Calculated  f rom  resul ts i n  Table 2, weighted  by U.S. populat ion 

d i s t r i b u t i o n .  (Saee Note 21 .) 

+Based on 1970 U.S. Caucasian  population;  increases i n  populat ion 

will, o f  course,  increase  these  values  proportionately. 
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APPENDIX C 

Response t o  Comnents 
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APPENDIX  D 
c 

Additional  Changes in EIS by FDA Staff to (A)  Update  Information 
Presented or (B )  Further  Clarify an Intended  Meaning 

Former 
Page 

6 ,  para. 3 
and 4 

27,  para. 2, 
line 5 

30-32 

46, footnote 2 

52 
1 ast para., 
line 1 

61, last para., 
line 1 

64, line 3 

64, line 5 

65, end of page 

76, para. 2, 
line 2 

82, section 
3.5.1 

Pres en t 
Paqe 

6, para. 3 
and 4 

27, para, 2, 
line 5 

30-32 

46, footnote 2 

53,  last para., 
line 1 

63,  para. 2 
line 1 

65, para. 4, 
line 8 

65, para. 4, 
last line 

67, para. 3,4 

78, last  para. 
line 2 

85, section 
3.5.1 

Correction 

The  most  recent  informat ion  on 
state and non-U.S. regulatory 
actions on chlorofluorocarbon 
propellants  has been  included. 

Replaced "thust8 w.ith "to  date" 

Discussion of the final NASA 
workshop and assessment reports 
added. 

Replaced "of1' in last line 
with "at. 

Deleted the word "catastrophic." 

Replaced  "forms"  with "types." 

Deleted oaf" after "Because." 

Added "in the  absence o f  any 
ozone  reduction"  after "5 years." 

A section  titled 
"Photosensitivity"  has  been added 
to  the  final EIS to describe 
additional  health  impacts  which 
could  result from increased DUV 
exposure. 

Replaced Ittwo" with  "2-4"  after 
"say"  (to be consistent  with NASA 
comment ) . 
Section 3.5.1 has  been  revised  to 
indicate  the  completion of the 
NASA reports  on  "Chlorofluoro- 
methanes and Stratospheric 
Ozone. 'I 



. .  

D- 2 
. 

. .  

82, section 
3.5.2, para. 2 

82, section 
3.5.2, para. 3 

87, end  of 
second full 
para. 

88, section 
4.3 

88, Alternative 
1 - No Action, 
line 6 

89 

89, last para., 
first line 

90, first para., 
line 2 

86, section  For  clarification  purposes, 
3.5.2,  para. 2  "which  could  result  ,from  chloro- 

fluorocarbon emissions"  has  been 
added at. the end of  the  first 
sentence,in this  paragraph and 
"are  being  conducted"  has been 
inserted  after  "molecular  mech- 
anisms'!  in the second  sentence. 

86, section  The  phrase "by December 1977" 
3.5.2, para. 3  after  "the  program is" has been 

deleted. 

91,  end o f  Two  sentences  were  added' in place 
end of second  of the last sentence in this 
furl para. paragraph  to  describe  ongoing 

activities by the  regulatory 
agencies  relating  to  non-propel- 
lant uses  of  chlorofluorocarbons. 

92 , section 
4.3 

An introductory  paragraph  was 
added under  this  section to 
explain the fact  that  new 
quantitative  estimates of 
potential  impacts  prevented by 
each  regulatory  opt ion based on 
more  recent  data  have not been 
generated  for the final EIS. 

92,  Alternative  "Emissions" was added at the end 
1 - No Action,  of  the  second  sentence. 
line 6 

93, 94 Revisions and additions  were  made 
on  these  pages  to  include 
relevant citations-from and 
reference  to  the  final  NASA 
workshop and assessment reports. 

94,,  para.  3, The  phrase  "percentage  .reduction 
first line of"  has  been  inserted  after 

"max i mum. It 

94, last  para., " is8 '  has  been  rep1 aced by 
line 2 "could be." 



D- 3 

90, first para., 
lines 3 and 8 

92, para. 1, 
line 1 

94, para. 3, 
line 1 

95, para. 2, 
line 1 

10d, para. 2, 
1 ines 1 and 6 

104, para. 3, 
. line 8 

104,  para. 3, 
line 10 

104, para. 3,  
line 11 

106, para. 2, 
a 5  

106, last 
para., first 
1 ine 

107, section 
5.2, para. 2, 
line 9 

94, last para., 
lines 3 and 8 

96, last para., 
line 1 - .  

99, para. 2, 
line 1 

100, para.  1, 
line 1 

109, para. 4, 
lines 1 and 7 

100, last para., 
line 8 

109, last para., 
line 10 

109, last para., 
last  line 

112, para. 2, 
a 5  

112,  last para., 
first  line 

113, section, 
5.2, para. 2, 
line 9 

"would"  has  been  repl aced  by 
'kou 1 d . 
"in" has.been replaced by "at." 

"would" has been replaced by 
"cou 1 d . 
"wi 1 1  I' has  been repl  aced by "is" 

"potentialtt  has been  inserted 
before "effectsll 

"actual  difference"  has  been 
replaced by "estimated increase'' 

"in eliminating U.S. chloro- 
fluorocarbon  propellant 
emissions"  has been inserted 
after  "two-year  delay" 

"difference"  has  been repl  aced 
by 'Ii ncrease" 

"cytology  fixatives"  has  been 
deleted and "metered dose ergota- 
mine  tartrate  for oral inhala- 
t ion" has  been added. (See 
section V of preamble  to  final 
regulation  for explanations.) 

"The  control  of  chlorofluoro- 
carbon  emissions  from  non-pro 
pellant sources is currently 
under  consideration by FDA, 
EPA, and CPSC (see p. 91)." was 
substituted  for  the  first  line 
in draft. 

"for"  has 'been inserted  after 
"other  than" 



107, section 113, section . ' The  first  t8essentia118  in. 1 ine 9 
5.2, para. 2, 5.2, para. 2, and the last  sentenc,e in ,the 
line 10 and  last line 10 paragraph  have been deleted (see 
line  section ,111 o f  preamble to final 

regulation  for explanation). 
* 

107, section 113, section 5.3, has  been  replaced 
5.5, line 7 line 7 by ltasll 

109, sect ion 11.5, section "preamble to the"  has  been 
6.6, line 1 6.6, line 1 inserted  after  "addressed 

I. 

- .  , ' fully" 

B-8, para. 2 B-11,  para. 2 Misspelling o f  "independent" in 
line  3  has been corrected. 

' 8-12, line 15 B-15, last  2  "High  value"  has  been  "replaced by 
1 i nes  "higher  than  expected  value 

(based on  latitude.) . I '  

B-23-25  8-27-29  Tables 3, 4,  and 5 have  been 
changed to 5, 6, and 7. 


