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Preface
To know and not to  know. 
To act or not to  act...?

T he task o f the  E u ropean  E nvironm ent 
Agency (EEA) is to  provide in fo rm ation  o f 
d irec t use for im proving decision-m aking and  
public participation. We often  provide 
in fo rm ation  in  situations o f  scientific 
uncertainty, in  w hich the p recautionary  
principle, en sh rined  in  the Treaty o f the  
E uropean  U nion , is increasingly relevant. 
T he growing innovative powers o f science 
seem  to be ou tstripp ing  its ability to p red ic t 
the  consequences o f its applications, whilst 
the  scale o f  h u m an  in terventions in  na tu re  
increases the  chances th a t any hazardous 
im pacts may be serious an d  global. I t is 
therefo re  im p o rtan t to  take stock o f past 
experiences, an d  learn  how we can ad ap t to 
these changing  circum stances an d  im prove 
o u r work, particularly in  re la tion  to the 
provision o f  in fo rm ation  an d  the 
identification o f  early warnings.

Late lessons from early warnings is abou t the  
gathering  o f in fo rm ation  on  the  hazards of 
h u m an  econom ic activities and  its use in 
taking action to b e tte r p ro tec t b o th  the 
env ironm ent an d  the h ea lth  o f the species 
an d  ecosystems th a t are  d ep en d en t on  it, and  
th en  living with the  consequences.

T he re p o rt is based o n  case studies. The 
au thors o f the  case studies, all experts in  
th e ir particu lar field o f  environm ental, 
occupational and  consum er hazards, were 
asked to  identify the dates o f early warnings, 
to analyse how this in fo rm ation  was used, or 
n o t used, in  reducing  hazards, an d  to 
describe the  resulting  costs, benefits and 
lessons for the future.

T he lessons they drew from  th e ir histories 
were th en  distilled in to  twelve ‘late lessons’ 
by the  ed itorial team , u n d e r the  gu idance of 
the EEA Scientific C om m ittee. In  a separate 
EEA publication  som e im plications o f the 
late lessons for the  policy process and  
associated in fo rm ation  flows will be fu rth er 
explored.

T he precau tionary  princip le  is n o tju s t  an  
issue for the E uropean  U n ion  (EU): its 
po ten tia l im pact on  trade m eans th a t its 
app lication  can have global repercussions. 
T he cu rren t dialogue betw een the  EU an d  
the U nited  States on  the use an d  application

of p recau tion  is partly affected by confusion 
abou t the m ean ing  o f term s used in  the  
debate. This re p o rt should  con tribu te  to  a 
g reater an d  shared  understan d in g  abou t past 
decisions on  hazardous technologies and  
therefore , we hope, to im proved transatlantic  
ag reem en t abo u t fu tu re  decisions. I t may also 
help  the dialogue within b o th  the  EU an d  the 
U nited  States, w here th ere  are  healthy 
debates ab o u t the pros an d  cons o f applying 
the precau tionary  princip le.

T h at we have all acted  too late in  m any areas 
is now  well known. Over the  n ex t 50 years we 
will see som e thousands o f  ex tra  skin cancers 
as today’s ch ild ren  grow up  exposed to the 
h igher levels o f ultraviolet rad iation  
pene tra tin g  the norm ally protective ozone 
layer th ro u g h  the ‘h o le ’ created  by 
ch lorofluorocarbons (CFCs) an d  o th e r 
synthetic chem icals. Over the  sam e period  
m any thousands o f E uropeans will die from  
one o f the  m ost painful an d  term inal of 
cancers, m esotheliom a, caused by the 
inhala tion  o f asbestos dust. In  b o th  cases we 
were taken  by surprise: the  hazards o f these 
beneficial technologies were n o t ‘know n 
ab o u t’ un til it was too late to stop irreversible 
impacts. B oth p h en o m en a  h ad  such long 
la ten t periods betw een first exposures and  
late effects th a t ‘p ipe lines’ o f  unstoppable  
consequences, decades long, w ere set in  
place before  actions could have b een  taken 
to stop fu rth e r exposures.

T he first reports  o f injuries from  rad iation  
were m ade as early as 1896 (hence the title of 
the  re p o r t) . T he first clear an d  credible early 
w arning ab o u t asbestos cam e two years later 
in  1898. A sim ilar signal for action  on  CFCs 
came in  1974, th ough  som e may argue tha t 
im p o rtan t clues were m issed earlier. Eleven 
o ther well-known hazards are dealt with in  
this repo rt. We invite the read er to ju d g e  
w hether, as in  the  cases o f rad iation , asbestos 
and  CFCs, the  early w arnings could have led 
to earlier actions to  reduce  hazards, a t a 
lower overall cost to society.

T he costs o f preventive actions are  usually 
tangible, clearly allocated an d  often  sho rt 
term , w hereas the  costs o f failing to act are 
less tangible, less clearly d istribu ted  and  
usually longer term , posing particu lar



problem s o f governance. W eighing up  the 
overall pros an d  cons o f action, o r inaction, is 
there fo re  very difficult, involving ethical as 
well as econom ic considerations, as the  case 
studies illustrate.

A key question  arising from  the case studies is 
how  to acknow ledge an d  resp o n d  n o t only to 
scientific uncerta in ty  b u t also to ignorance, a 
state o f n o t knowing from  w hich springs bo th  
scientific discoveries an d  unp leasan t 
‘surprises’, such as ozone holes and  rare  
cancers. Socrates h ad  a response to this w hen 
he  acknow ledged ignorance as a source of 
wisdom. O u r re p o rt shows th a t this is a lesson 
from  history th a t m any peop le  have 
forgotten . M isplaced ‘certa in ty’ ab o u t the  
absence o f h a rm  played a key ro le in  delaying 
preventive actions in  m ost o f the case studies. 
However, th ere  is clearly n o th in g  scientific 
ab o u t the p re ten ce  o f  knowledge. Such 
‘certa in ty’ does little to  reduce  ignorance, 
w hich requires m ore  scientific research  and  
long-term  m on ito ring  in  o rd e r to identify the 
u n in te n d e d  im pacts o f h u m an  activities.

C ould we have know n about, o r anticipated , 
the  hazards any earlier? A re th ere  ways of 
‘know ing m o re ’ or ‘know ing b e tte r’ tha t 
could  help  justify ou r self-awarded title o f 
Homo sapiens—  the ‘wise on es’?

R eaders o f the  case studies in  Late lessons may 
conclude th a t we have a long way to  go. Some 
possible d irections are ind icated  in  the 
chap te r ‘Twelve late lessons’, derived from  
the  case studies.

A p h en o m en o n  th a t Socrates probably  did 
n o t know about, b u t may have suspected, is 
th a t ‘everything connects’ —  or a t least, so 
m any things do  reac t with each o th e r th a t the 
sim ple science o f linear, m echanistic 
propositions needs to be supp lem en ted  with 
the  dynam ic an d  em ergen t p roperties of 
systems science. T he poten tia l systemic 
instabilities o f such com plex p h en o m en a  as 
clim ate change or b ra in  cell behaviour may 
be critical yet unp red ic tab le  determ inan ts of 
ou r fate, w hether they be systems th a t govern 
the  stability o f the  G ulf Stream  o r tha t 
g enera te  the  ‘genom ic instabilities’ o f 
irrad ia ted  cells.

C om partm entalised  science, n o  m atter how 
erudite , is an  insufficient base for knowing 
en o u g h  to anticipate or m itigate the im pacts 
o f  such com plex systems: in teg ra ted  and  
synthesised knowledge, w hich pools the 
w isdom  from  m any n a tu ra l an d  social

sciences, is a necessary cond ition  for being 
Homo sapiens. B u tju s t knowing en ough  is n o t 
o f itself sufficient: acting wisely, an d  in  good 
tim e, is also necessary. I t is p a rt o f the  EEA’s 
task to help  expand  the  know ledge base 
th ro u g h  in teg ra ted  assessments, thereby 
assisting decision-m akers to foresee the 
possible consequences o f regulatory  and  
stakeholder actions an d  inactions.

Knowing enough, an d  acting wisely enough, 
across the  full range o f environm ental and  
re la ted  h ea lth  issues seem s daun ting . T he 
in terconnections betw een issues, the pace of 
technological change, o u r lim ited 
u n derstand ing  an d  the ‘tim e to harm  and  
th en  to h e a l’ o f the  ecological an d  biological 
systems th a t can be p e rtu rb ed  over decades 
by our technologies toge ther p resen t an  
unforgiving context. Some peop le  fear or 
im agine th a t a m ore  precau tionary  app roach  
to forestalling potentially  irreversible hazards 
will stifle innovation or com prom ise science. 
However, th ere  are im m ense challenges an d  
opportun ities in  understan d in g  com plex and  
em ergen t systems while m eeting  h u m an  
needs w ith lower h ea lth  an d  ecological costs. 
Many o f the case studies suggest th a t w ider 
use o f  the precau tionary  princip le  can help  
stim ulate b o th  innovation an d  science, 
rep lacing  the  19th cen tury  technologies and  
sim ple science o f the  first industrial 
revolution  w ith the ‘eco-efficient’ 
technologies an d  systems science o f the  th ird .

O ne final an d  obvious question arises from  
the case studies in  Late lessons: why w ere n o t 
only the  early w arnings b u t also the ‘loud  and  
la te ’ w arnings often  ignored  for so long? This 
question  we largely leave to  the reader, whilst 
no ting  th a t the  absence o f political will to 
take action  to reduce  hazards, in  the  face o f 
conflicting costs an d  benefits, seems to be an  
even m ore im p o rtan t factor in  these histories 
th an  is the  availability o f trusted  inform ation. 
However, as Aristotle observed, the way we 
perceive the w orld determ ines in  large p art 
how we act, an d  in fo rm ation  plays a critical 
role in  how we see the world. B ut whose 
in fo rm ation  is received? Is it ‘true, fair and  
in d e p e n d e n t’? A nd is it understandab le  to 
the politicians an d  business peop le  w ho are 
rarely experts b u t nevertheless have to  m ake 
the difficult decisions?

This re p o rt no tes the  im portance  o f trusted  
and  shared  info rm ation  for effective policy­
m aking and  stakeholder partic ipation  in  
decision-m aking, especially in  the  con tex t o f 
complexity, ignorance, h igh  stakes an d  the



n eed  for ‘collective lea rn in g ’. We m ust n o t 
forget th a t EU p ro d u c t legislation defines as 
safe any p ro d u c t th a t does n o t p resen t 
‘unacceptab le  risks’ u n d e r norm al or 
foreseeable conditions o f use. Public 
acceptability o f risks requires public 
partic ipation  in  the  decisions th a t create and  
m anage such risks, includ ing  the 
consideration  o f values, attitudes an d  overall 
benefits. Sound public policy-making on  
issues involving science th erefo re  requires 
m ore  th an  good science: ethical as well as 
econom ic choices are  a t stake. Such m atters 
concern  n o t only the experts an d  the 
politicians b u t all o f us.

It is th erefo re  my h ope  th a t this rep o rt 
contribu tes to b e tte r an d  m ore  accessible 
science based inform ation  and  m ore  effective 
stakeholder partic ipation  in  the governance 
o f econom ic activity so as to  help  m inim ise 
environm ental an d  h ea lth  costs and  
m axim ise innovation.

Decision-m akers n eed  n o t only to have m ore 
and  b e tte r quality in fo rm ation  b u t also to act 
wisely m ore  often  so as to achieve a be tte r 
balance betw een the  benefits o f  innovations 
and  th e ir hazards. L earn ing  an d  applying 
these late lessons from  the last cen tu ry ’s early 
w arnings could  help  all o f  us to achieve this 
b e tte r balance d u ring  this century.

I w ould like to thank  the  editorial team  an d  
the au tho rs who took up  the challenge of 
m aking this report, as well as the  peer 
reviewers an d  the EEA Scientific Com m ittee 
who also played an  im p o rtan t role.

Finally I w ould like to  thank  David Gee, who 
initiated  this re p o rt an d  m any EEA staff 
whose contribu tions m ade this re p o rt 
possible.

D om ingo Jim énez B eltrán  
Executive D irector
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1. Introduction

1.1 . Late lessons from  early warnings: 
an approach to  learning from  
history

In  1898, Lucy D eane, a UK Factory Inspector, 
observed: ‘The evil effects o f asbestos dust have 
also instigated a microscopic examination of the 
mineral dust by H M  Medical Inspector. Clearly 
revealed was the sharp glass-like jagged nature of 
the particles, and where they are allowed to rise and 
to remain suspended in the air of the room in any 
quantity, the effects have been found  to be injurious 
as might have been expected. ’ (D eane, 1898)

O ne  h u n d re d  years later, in  1998, the UK 
governm ent decided  to  ban  ‘w hite’ asbestos, 
a  decision th a t was echoed  by the E uropean  
U n ion  (EU) the following year. T he cu rren t 
asbestos-induced d eath  ra te  in  the U nited  
K ingdom  is ab o u t 3 000 deaths p e r year, and 
som e 250 000-400 000 asbestos cancers are 
expected  in  w estern E urope over the  nex t 
35 years, due  to past exposures (Peto, 1999).

T he h u n d re d  years betw een the 1890s and  
1990s is the m ain  focus o f this re p o rt in to  the 
use, neg lec t an d  possible m isuse o f the 
concep t o f  p recau tion  in  dealing w ith a 
selection  o f occupational, public and  
environm ental hazards. T he costs and  
benefits o f  the actions or inactions of 
governm ents an d  o thers in  respond ing  to 
‘early w arnings’ ab o u t hazards provide us 
w ith its conten t. T he aim  o f this re p o rt is to 
see if  som eth ing  can be lea rn t from  these 
histories th a t can help  us prevent, or a t least 
m inim ise, fu tu re  im pacts o f  o th e r agents th a t 
m ay tu rn  ou t to be harm ful, an d  to  do so 
w ithou t stifling innovation  or com prom ising 
science.

T he re p o rt is an  exam ple o f the  in form ation  
n eed ed  to  help  the EU an d  EEA m em ber 
countries to  fram e an d  identify sound  and  
effective policies th a t p ro tec t the 
env ironm en t an d  con tribu te  to sustainable 
developm ent. Providing such in form ation  is 
the  regulatory  duty o f  the  E uropean  
E nvironm ent Agency (EEA), an  in d e p e n d e n t 
Agency o f the  E uropean  C om m unity 
established in  1993 to provide objective 
in fo rm ation  to  the  policy-making bodies of 
the  EU an d  its M em ber States (C ouncil 
R egulations, 1210/90 an d  99 3 /9 9 ).

In  trying to reduce  cu rren t an d  fu tu re  risks 
the  lessons o f history have rarely b een  used. 
T he histories o f a selection  o f hazards is 
therefo re  the subject m atte r o f  Late lessons. 
F ourteen  case studies (arranged  
chronologically accord ing  to the first date o f 
early w arning) have b een  chosen  from  a 
range o f well-known hazards to workers, the 
public an d  the environm ent, w here sufficient 
is now  know n ab o u t th e ir im pacts to  enable 
conclusions to be draw n ab o u t how  well they 
were dealt w ith by governm ents and  civil 
society. Such conclusions should  be based on 
‘the spirit o f the  tim es’ an d  n o t on  the luxury 
o f h indsight. T here  are  o th e r public h ealth  
effects and  environm ental disasters th a t have 
n o t been  looked at, such as thalidom ide 
(James, 1965), lead (M illstone, 1997), and  
the  Aral Sea (Small, 2001) T hese provide 
add itional in fo rm ation  abou t u n in ten d ed  
consequences, an d  the conflict betw een 
econom ic an d  social interests, from  w hich 
add itional lessons from  history can be drawn.

T he au thors o f the  case studies were asked to 
struc tu re  th e ir chapters a ro u n d  four key 
questions:

• W hen was the  first credible scientific ‘early 
w arn ing’ o f p o ten tia l harm ?

• W hen an d  w hat were the  m ain  actions or 
inactions on  risk reduc tion  taken  by 
regulatory  au thorities an d  others?

• W hat were the  resulting  costs an d  benefits 
o f the  actions or inactions, includ ing  the ir 
d istribu tion  betw een groups an d  across 
time?

• W hat lessons can be draw n th a t may help  
fu tu re  decision-making?

T he case studies an d  au tho rs have also been  
chosen w ith a transatlantic aud ience  in  m ind. 
T h ree  chapters are focused e ither on  a N orth  
A m erican issue (po llu tion  o f  the  G reat 
Lakes) o r prim arily on  the N orth  A m erican 
h an d ling  o f  issues th a t are  also directly 
relevant to E urope (benzene, an d  DES 
adm in istered  in  pregnancy) an d  au th o red  by 
scientists from  N orth  A m erica (G ilbertson, 
Infante, an d  co-author Swann, respectively). 
T h ree  chapters cover issues o f  som e conflict 
betw een N orth  A m erica an d  E urope 
(horm ones as grow th prom oters, asbestos, 
an d  MTBE in  petro l); an d  all o th e r chapters
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are  as relevant to N orth  A m ericans, the ir 
public h ea lth  an d  the ir environm ents as they 
are  to Europeans.

It is som etim es said th a t the U n ited  States 
does n o t use the p recau tionary  principle, bu t

it is w orth  no ting  (see Table 1.1.) tha t the 
U nited  States has help ed  to  p rom ote  w hat 
could be called ‘precau tionary  p rev en tio n ’, 
w ithout necessarily calling it ‘the 
precau tionary  p rin c ip le ’.

Table 1.1. Som e exam ples o f 'p recautionary prevention ' in th e  U nited  States

Issue 'Precautionary prevention '

Food sa fe ty  
(carcinogenic additives)

The D elaney  Clause in th e  F ood ,  Drug and  C osm etics  Act,  1 957-96 ,  which b a n n e d  
animal ca rc inogens  from th e  hum an food  chain

Food sa fe ty  
(BSE)

A ban  on th e  use of  sc rap ie - in fec ted  s h e e p  and  g o a t  m e a t  in th e  animal and  human 
food  chain in th e  early 1970s which may have he lp ed  th e  United  S ta te s  to  avoid BSE

Environmental safety  
(CFCs)

A ban on th e  use of  ch lo rofluorocarbons  (CFCs) in ae roso ls  in 1977, severa l years  
be fo re  similar ac tion in m ost  of  Europe

Public health 
(DES)

A ban on th e  use of  DES as a g row th  p ro m o te r  in b eef ,  1 972-79 ,  nearly 10 years  
be fo re  th e  EU ban in 1987

T he precau tionary  p rincip le  has becom e 
controversial, n o t least because o f the 
disputes betw een the  EU an d  the  U nited  
States over ho rm ones in  beef, genetically 
m odified  organism s (GM Os), global 
w arm ing and  o th e r issues in  which 
p recau tionary  approaches have been  
invoked. T here  is now considerable debate 
(n o t to say term inological confusion, 
particularly  betw een politicians on  d ifferent 
sides o f  the Atlantic) as to  w hat the  
p recau tionary  princip le  m eans, an d  how it 
can be im plem ented . O ne aim  o f this rep o rt 
is to try to im prove transatlantic 
understan d in g  on  the use o f p recau tion  in  
p olicy-making.

T he au tho rs o f the  case studies, who 
provided th e ir services pro bono, were asked to 
keep the ir con tribu tions brief, w hich 
obviously inhibits detailed  trea tm en t o f the 
issues. However, we w anted to elicit key 
conclusions from  the histories an d  n o t the 
detailed  post m ortem s tha t o thers have 
produced : these can be accessed via the 
references in  each chapter.

It has been  po in ted  ou t tha t the  case study 
au tho rs are  n o t w ithout strong  views, being 
for the  m ost p art active participants in  the 
process o f m aking the histories tha t are 
sum m arised  in  each chapter. Jo e  Farm an, the 
au th o r o f the chap ter on  halocarbons, for 
exam ple, discovered the  ‘h o le ’ in  the  
stratospheric ozone layer; M orris G reenberg  
h e lp ed  to set up  the  first asbestos 
m esotheliom a register; M ichael G ilbertson 
has spen t m ost o f his professional life 
research ing  G reat Lakes po llu tion  and  
advocating its clean-up; an d  Peter Infan te  did 
the  first cohort epidem iological study o f

benzene-exposed workers, an d  has w orked 
for m any years in  the  LIS H ealth  an d  Safety 
D epartm en t to reduce  w orkers’ exposure to 
benzene an d  o th e r pollutants. All o th e r 
authors, to varying degrees, have had  
significant involvem ent in  the  subject o f their 
chapters: in d eed  they w ould n o t have been  
ap p roached  if  they h ad  n o t already 
extensively stud ied  the case th a t they were 
asked to w rite about. All o f  them , as 
respected  scientists in  the ir fields, were 
expected to be as objective as possible in  
answ ering the four questions p u t to them . 
This involvem ent o f the au thors in  the 
h istories o f the ir case studies is therefore  
b ro u g h t to the a tten tion  o f  readers.

T he case studies are  all abou t ‘false negatives’ 
in  the sense th a t they are agents or activities 
tha t were reg ard ed  at one tim e as harm less by 
governm ents an d  others, at prevailing levels 
o f exposure an d  ‘co n tro l’, un til evidence 
abou t the ir harm fu l effects em erged. But are 
there  no  ‘false positives’, w here action was 
taken on  the basis o f  a p recau tionary  
app roach  tha t tu rn ed  ou t to  be unnecessary? 
It was felt necessary to include such 
exam ples, bu t despite inviting som e industry 
representatives to  subm it them , and  
discussing these in  som e detail, n o  suitable 
exam ples em erged. A tten tion  was draw n to a 
LIS publication , Facts versus fears (L ieberm an 
an d  Kwon, 1998), w hich a ttem pted  to 
provide som e 25 exam ples o f ‘false positives’. 
However, on  closer exam ination  these tu rn ed  
ou t n o t to be robust eno u g h  for those who 
reco m m en d ed  them  to accept o u r invitation 
to  use the strongest ha lf dozen in  this report. 
T he challenge o f dem onstrating  ‘false 
positives’ rem ains: possible candidates that 
have been  m en tio n ed  include the ban  on
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dum ping  sewage sludge in  the  N orth  Sea, 
an d  the  ‘Y2K m illenn ium  b u g ’.

1 .2 . W h at is the 'precautionary  
principle'?

A lbert Schweitzer (1875-1965) may have 
b een  pessimistic w hen he  said ‘M an has lost 
the  capacity to foresee an d  forestall... he  will 
en d  up  destroying the e a r th ’. However, being 
wise before it is too late is n o t easy, especially 
w hen  the environm ental o r h ea lth  im pacts 
may be far in to  the  fu tu re  an d  the real, or 
perceived, costs o f averting them  are large 
an d  im m ediate. Forestalling disasters usually 
requires acting before th ere  is s trong  p ro o f 
o f  harm , particularly  if  the harm  may be 
delayed an d  irreversible, an  app roach  to 
scientific evidence an d  policy-making which 
is p a rt o f w hat is now called the 
p recau tionary  principle.

Precau tionary  p revention  has often been  
used  in  m edicine an d  public health , w here 
the  benefit o f  d o u b t ab o u t a diagnosis is 
usually given to the p a tien t ( ‘b e tte r safe than  
sorry’). However, the  precau tionary  p rincip le  
and  its application  to  environm ental hazards 
an d  th e ir uncertain ties only began  to em erge 
as an  explicit an d  co h e ren t concep t w ithin 
environm ental science in  the 1970s, w hen 
G erm an scientists and  policy-makers were 
trying to deal w ith ‘forest d e a th ’ ( Waldsterben) 
and  its possible causes, includ ing  air 
pollu tion .

T he m ain  e lem en t o f the  p recautionary  
princip le  they developed was a genera l ru le 
o f public policy action to be used in 
situations o f  potentially  serious or irreversible 
th reats to h ea lth  or the environm ent, w here 
th ere  is a n eed  to  act to reduce  po ten tia l 
hazards before there  is s trong  p ro o f o f harm , 
taking in to  accoun t the  likely costs and  
benefits o f  action  an d  inaction . A 
precau tionary  approach , however, requires 
m uch m ore  th an  establishing the  level o f 
p ro o f n eed ed  to justify  action  to  reduce 
hazards (the  ‘trigger’ for action). The 
Vorsorgeprinzip ( ‘foresigh t’ or ‘p recau tionary ’ 
p rincip le), in  the  G erm an Clean Air Act of 
1974, as e laborated  in  the  1985 re p o rt on  the 
C lean Air Act (B oehm er-C hristiansen, 1994) 
also inc luded  elem ents such as:

• research  an d  m onito ring  for the early 
d etection  o f hazards;

• a general redu c tio n  o f environm ental 
burdens;

• the  p rom otion  o f ‘clean p ro d u c tio n ’ and  
innovation;

• the  p roportionality  princip le, w here the 
costs o f  actions to p reven t hazards should  
n o t be d isp roportionate  to the  likely 
benefits;

• a cooperative ap p ro ach  betw een 
stakeholders to solving com m on problem s 
via in teg ra ted  policy m easures th a t aim  to 
im prove the environm ent, com petitiveness 
an d  em ploym ent;

• action  to  reduce  risks before full ‘p ro o f  o f 
h a rm  is available if  im pacts could be serious 
o r irreversible.

Since the 1970s, the  precau tionary  princip le 
has risen  rapidly up  the  political agenda, and  
has b een  in co rpo ra ted  in to  m any 
in te rna tiona l agreem ents, particularly  in  the 
m arine environm ent, w here an  abundance  of 
ecological da ta  on  po llu tion  yielded little 
u n derstand ing  b u t m u ch  concern: ‘huge 
am ounts o f da ta  are available, b u t despite 
these data... we have reach ed  a sort o f p lateau  
in  ou r u n derstand ing  o f w hat tha t 
in fo rm ation  is for... This is w hat led to  the 
p recautionary  p rin c ip le ’ (Marine Pollution 
Bulletin, 1997). M ore generally, P rinciple 15 
o f the  UN Rio D eclaration on  E nvironm ent 
and  D evelopm ent 1992 (see Table 1.2.) 
ex tended  the idea to the  w hole environm ent.

T he use o f d ifferen t term s in  these treaties 
and  agreem ents such as ‘p recautionary  
p rin c ip le ’, ‘p recau tionary  a p p ro ach ’ and  
‘p recautionary  m easures’ can cause 
difficulties for com m unication  and  dialogue 
on  how best to deal w ith scientific 
uncerta in ties an d  poten tia l hazards. The 
concluding  chapters o f this re p o rt a ttem p t to 
clarify som e o f these am biguities.

In  E urope, the  m ost significant su p p o rt for 
the  precau tionary  princip le has com e from  
the E uropean  C om m ission’s C om m unication  
on  the P recautionary  Principle (E uropean  
Com m ission, 2000) and  the  Council o f 
M inisters Nice Decision, b o th  in  2000. They 
have m ade significant con tribu tions to the 
practical im plem enta tion  o f the 
p recautionary  principle, especially 
concern ing  stakeholder involvem ent an d  the 
avoidance o f  trade disputes. Some o f the 
m ain  issues raised by the case studies an d  by 
the E uropean  C om m ission’s C om m unication  
are e laborated  in  the  concluding  chapters.
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Table 1.2. The 'precautionary principle ' in som e in ternational treaties and agreem ents

M ontreal  Protocol on S u b s tan c es  th a t  D ep le te  the  O z o n e  Layer, 1987
'P ar t ies  to  this protocol. . .  d e te rm in e d  to  p ro te c t  th e  o zo n e  layer by taking precautionary measures to  control 
equ i tab ly  total global emiss ions of  su b s ta n c e s  th a t  d e p l e t e  It...'

Third North Sea C onfe rence ,  1990
'The part ic ipants.. . will con t inue  to  app ly  th e  precautionary principle, t h a t  Is to  take  action to  avoid potentially  
d am ag in g  Im pacts  of  s u b s ta n c e s  th a t  are  pers is ten t ,  toxic, and  liable to  b loaccum ula te  even  w h ere  th e re  Is no 
scientific ev idence  to  prove a causal link b e tw e e n  emiss ions and  effects.'

The Rio Declaration on Environment and  D ev e lo p m en t ,  1992
'In o rd e r  to  p ro te c t  th e  e n v ironm en t  th e  Precautionary A pproach shall be  widely app l ied  by s ta te s  according  
to  their  capabilit ies .  W h ere  th e re  are  th re a ts  of  se rious  or Irreversible d a m a g e ,  lack of  full scientific certa inty 
shall not  b e  used  as a reason  for p o s tp o n in g  cost-effective m eas u res  to  p rev en t  env ironm enta l  d e g ra d a t io n . '

F ram ew ork  C onven tion  on Climate C h a n g e ,  1992
'The Parties should  take  precautionary measures to  antic ipa te ,  p reven t  or  minimise th e  causes  of  climate 
c h a n g e  and mitigate  Its adve rse  effects. W h e re  th e r e  are  th r e a t s  of  se rious  or  Irreversible d a m a g e ,  lack of  full 
scientific certa in ty  shou ld  not  b e  used  as a reason  for p o s tp o n in g  such m easu res ,  taking Into accoun t  tha t  
policies and  m e a s u re s  to  deal  with cl imate c h a n g e  should  be  cos t-effective so  as to  en su re  global benef i ts  at 
th e  lowest poss ib le  cost . '

T rea ty  on E uropean  Union (Maastricht Treaty),  1992
'C om m unity  policy on th e  env ironm ent . . .  shall be  b a s e d  on th e  precautionary principle and on th e  principles 
tha t  p reventive actions should  be  taken ,  th a t  th e  env ironm enta l  d a m a g e  should  as  a priority b e  rectified at  
sou rce  and  th a t  th e  po llu ter  should pay.'

C a r ta g e n a  Protocol on Biosafety, 2000
'In a c c o rd a n c e  with th e  precautionary approach th e  objec tive  of this Protocol Is to  con tr ibu te  to  ensuring  an 
a d e q u a t e  level of  p ro tec t ion  In th e  field of  th e  sa fe  transfer , handling and  use of  living modified  o rgan ism s 
resulting from m o d e rn  b io tech n o lo g y  tha t  may have adve rse  effects  on th e  conserva tion  and  sus ta inab le  use 
of  biological  diversity, taking also Into a ccoun t  risks to  hum an health , and specifically focusing on tra n sb o u n d a ry  
m o v em en ts . '

Stockholm C onvention  on Persis tent  O rgan ic  Pollutants (POPs) 2001
Precaution ,  Including t r an sp a ren cy  and public part ic ipation, Is o p e ra t iona l ised  t h ro u g h o u t  th e  treaty, with 
explicit r e fe rences  In th e  p ream b le ,  objective,  provisions for add ing  PO Ps and  d e te rm in a t io n  of b es t  available 
t echno log ies .  The  objective s ta te s :  'Mindful of  th e  Precautionary Approach as se t  forth In Principle 15 of  th e  
Rio Declarat ion  on Environment and  D ev e lo p m en t ,  th e  objective of  this C onvention  Is to  p ro te c t  hum an health  
and  th e  env ironm en t  from pers is ten t  o rganic  pollutants . '

1.3 . An early use o f the precautionary  
principle: London, 1854

T he use o f  p recau tionary  approaches to 
hazards began  well before  the  1970s, 
particularly  in  the  field o f public health . O ne 
early application  in  E urope was by D r Jo h n  
Snow, w ho in  1854 reco m m en d ed  rem oving 
the  h an d le  from  the B road Street water 
pu m p  in an  a ttem p t to stop the cholera 
epidem ic tha t was th e n  ravaging central 
L ondon . Some evidence for a correlation  
betw een the  po llu ted  w ater an d  cholera  had  
b een  published  five years earlier by Snow 
him self (Snow, 1849). This evidence was no t 
‘p ro o f beyond reasonable d o u b t’. However, it 
was p ro o f en o u g h  for Snow to recom m end  
the  necessary public h ea lth  action, w here the 
likely costs o f inaction  w ould have b een  far 
g rea te r th an  the possible costs o f action 
(see Box 1.1.).

T he costs o f  Snow being  w rong in  getting  the 
pu m p  hand le  rem oved w ould essentially have 
b een  angry an d  inconvenienced  citizens who 
nevertheless w anted cho lera  stopped. These 
costs were small in  re la tion  to  the cost o f 
being  w rong in  not, rem oving the pum p 
handle , once the evidence o f the  link

betw een the  B road S treet pum p  water and 
the cho lera  was available. His evidence tha t 
th ere  seem ed to be a link was reliable 
en ough  to help  m ake a public policy decision 
tha t proved correct: the  cholera  was being 
caused by sew age-contam inated w ater and  
rem oving exposure help ed  to rem ove the 
risk.

T he story o f Jo h n  Snow an d  cho lera  has 
som etim es b een  m isin terp re ted  as an  
exam ple o f  how very strong evidence o f harm  
and  its causes can be used in  a relatively 
uncontroversial way. However, it was a classic 
case o f p recautionary  prevention, con tain ing  
several o f the  key elem ents o f an  app roach  to 
scientific uncertainty, ignorance an d  policy­
m aking. T hese elem ents include the 
d ifference betw een ‘know ing’ abou t a hazard  
and  its likely causes an d  ‘u n d e rs tan d in g ’ the 
chem ical an d  biological or o th e r processes 
underly ing the  link; a focus on  the  po ten tia l 
costs o f being  wrong; an d  the  use o f m inority 
scientific opinions in  public policy-making. 
These issues are  taken up  in  the  concluding 
chapters o f  this report.

T here  are  m any differences betw een cholera, 
asbestos (which cam e in to  use a t abo u t the
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Box 1.1 . John Snow's 'p recautionary prevention '

In a 10-day per iod  from 31 A u g u s t  to  9 S e p te m b e r  
1854, th e re  w e re  a b o u t  500 d e a th s  from cholera  In 
th e  par ish of St. J a m e s ,  which Included th e  G o lden  
Square  area  of  Central  London. J o h n  Snow, a 
London physician, Investigated  th e  ou tb reak ,  
having previously w rit ten  The M o d e  o f  
C om m un ica tion  o f  Chole ra, a p a m p h le t  of  30 
p a g e s  which he pub l ished  a t  his own e x p e n s e  In 
1849. Prior t o  th e  G o ld en  Square  o u tb reak ,  Snow 
w as  s tudying cholera  and  th e  w a te r  supp l ies  from 
tw o different  w a te r  co m p a n ie s  In South London: 
o n e  'c lean '  and  th e  o th e r  'p o l lu te d '  with se w a g e .  
This Incom ple te  s tu d y  w as  a l ready  p roduc ing  da ta  
th a t  s u p p o r t e d  his th eo ry  th a t  cholera  w as  caused  
by c o n ta m in a te d  w a te r  w h e n  he w e n t  to  
Investigate  th e  G o ld en  Square  ou tb reak .

A sh o r t  Investigation revealed  th a t  virtually all of 
th e  83 p e o p le  w h o  had d ied  In th e  G o lden  Square  
a rea  b e tw e e n  31 A ugus t  and  5 S e p te m b e r  had 
draw n w a te r  from th e  po p u la r  Broad S t re e t  w a te r  
pu m p ,  ra ther  than  from th e  available,  and  c leaner  
ye t  less popula r ,  p ip e d  w a te r  supplies .  On 7 
S e p te m b e r ,  Snow  r e c o m m e n d e d  th e  removal of 
th e  Broad S t re e t  w a te r  p u m p  on th e  g ro u n d s  th a t  
th e re  w as  'no.. . Cholera .. .  e x c e p t  a m o n g s t  
persons ,  w h o  w e re  In th e  habit  of  drinking the  
w a te r  of  th e  (Broad Street) w a te r  p u m p ' .  The 
au thor i ties  rem o v ed  th e  p u m p  handle  th e  next  
day, t h e r e b y  help ing  to  s p e e d  up th e  declining 
cholera  o u tb re a k  and preven t ing  further  Infection 
from th a t  source .

Snow later p ro d u c e d  on e  of  th e  first 
ep idem io log ica l  m ap s  of  d ise ase  and possible  
causes  a t  a p re se n ta t io n  to  th e  Epidemiological 
Society  of  London on 4 D e c e m b e r  1854, which 
Included a m ap  of cholera  d e a th s  and th e  wells 
n e a re s t  to  Broad S tree t .

Snow 's  views on cholera  causa t ion  w e re  no t  sh a red  
by th e  majority of  relevant sc ientis ts.  The Royal 
C ol lege  of  Physicians Inquiry Into th e  earlier  1853- 
54 cholera o u tb re a k  had co n s id e red  Snow 's  thes is  
and  re jec ted  It as 'u n te n a b le ' ,  as  had th e  Genera l  
Board of  Health In 1854: 'w e  se e  no reason  to  
a d o p t  this belief' . They  believed th a t  cholera was 
caused  by a irborne  con tam inat ion .

The biological  m echan ism  underlying th e  link 
b e tw e e n  po l lu ted  w a te r  and cholera  w as  unknown 
a t  th e  t im e of  this successful 'p recau t io n a ry  
p reven t ion '  In 1854: th a t  ca m e  30 years  later, In 
1884, w h e n  Koch a n n o u n c e d  his d iscovery  of  the  
cholera  vibrio In G erm any .

EEA, b a s e d  on Brody e t a / . ,  2000

tim e o f Snow’s action), an d  the o th e r 
h arm fu l agents in  the  case studies, n o t least 
being  the tim e lag betw een exposure to the 
h arm fu l ag en t an d  the h ea lth  dam age, w hich 
was hours in  the case o f  cho lera  b u t decades 
in  the  case o f asbestos an d  m ost o f the  o th e r 
agents studied. Yet had  governm ents adop ted  
a sim ilar app ro ach  to p recau tionary  
p reven tion  as D r Snow, once the early 
w arnings on  asbestos h ad  b een  published, 
m uch  o f the tragedy an d  the huge costs o f 
asbestos exposure could have b een  averted.

1.4 . Forestalling disasters:
in tegrating science and public 
policy

Snow was working, b o th  as a scientist and  
policy-maker, in  the conditions o f scientific 
uncerta in ty  an d  political stress shared  by all 
who are  charged  w ith responsibilities for 
p ro tec ting  the public an d  the env ironm ent 
from  potentially  harm fu l econom ic activity. 
Politicians today are w orking in  similar 
conditions o f scientific uncertain ty  an d  stress 
as D r Snow, b u t now m ade m ore  difficult by 
the  h ig h er risks an d  uncerta in ties 
(econom ic, hea lth  an d  ecological) o f larger- 
scale activities (Beck, 1992) an d  by g reater 
p ressure from  the mass m ed ia  (Sm ith, 2000). 
They also work with m ore  dem ocratic 
institutions, an d  are  accountable to a better- 
educated  an d  involved citizenry w hich can 
have good access to in fo rm ation  from  the 
In te rn e t. G lobalisation an d  free trade issues 
ad d  fu rth e r com plications, as does the 
em erg ing  science o f com plexity an d  chaos, 
w hich can req u ire  m ore hum ility an d  less 
hubris in  science. It is in  these circum stances 
o f  trying to  p reven t potentially  serious and 
irreversible effects, w ithou t d isp roportionate  
costs, th a t the  precau tionary  princip le  can be 
useful. I t helps policy-makers an d  politicians, 
in  circum stances in  w hich waiting for very 
s trong  evidence o f h a rm  before taking 
p recau tionary  action, may seriously 
com prom ise public h ea lth  or the 
environm ent, or both .

Achieving consensus o n  the history of 
accep ted  hazards, such as asbestos, 
ch lorofluorocarbons (CFCs) an d  the  o th e r 
case studies, is n o t easy, b u t it is easier than  
achieving consensus on  how to deal with 
c u rren t controversies such as clim ate change, 
m obile pho n es or GMOs. T here  are  som e 
well established criteria  for he lp ing  scientists 
to  move from  ‘association’ to  ‘causation’, in  
h ea lth  hazard  identification (Hill, 1965), bu t 
th ere  are n o  generally  accepted  criteria  for 
he lp ing  politicians to m ake sound  public 
policy decisions in  the  face o f  scientific 
uncertainty, despite several good proposals 
(R affensperger an d  Tickner, 1999; Gee,
1997).

T here  is already a large lite ra tu re  on  risk 
assessm ent an d  hazard  redu c tio n  w hich can 
assist decision-m akers in  certain  
circum stances, b u t an  historical perspective 
m igh t also help . T here  is a rich  history o f 
hazards covered in  this re p o rt from  w hich 
som eth ing  o f  value can be learnt. In  chap ter
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16 lessons are  draw n th a t can help  fram e and  
identify sound  an d  effective public policy 
m easures. T hese may help  m inim ise the 
fu tu re  costs o f being  w rong abou t 
env ironm ental an d  h ea lth  risks. T here  is 
particu lar concern  to see fewer ‘false 
negatives’ in  the  fu ture , b u t the late lessons 
shou ld  also help  reduce  the sm aller bu t 
com m only feared  risk o f ‘false positives’.

Public trust in  the politicians an d  scientists 
w ho are  trying to  p ro tec t peop le  an d  the 
p lan e t from  hazards is very low, especially in 
E urope, w here BSE in the U nited  K ingdom  
an d  elsewhere, dioxins in  Belgium, an d  the 
H IV -contam inated b lood  transfusion affair in  
F rance have con tribu ted  to a genera l sense of 
m alaise. G overnm ents are aware o f  this and  
are  developing responses, such as the  EU 
W hite P aper on  E uropean  G overnance (July 
2001). This includes recom m endations for 
im proving public partic ipation  in  m anaging 
the  inter-reactions betw een science, 
technologies an d  society. This re p o rt aims to 
con tribu te  to the  debate on  the em erging 
issue o f dem ocratising scientific expertise.
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2. Fisheries: taking stock
M alcolm  MacGarvin

Fisheries have h ad  to deal with uncerta in ties 
—  with attem pts m ade to  m anage them  — 
for centuries. T he topic is th erefo re  doubly 
challenging as, while the  underly ing 
p recau tionary  princip le  is the sam e as for 
pollu tants, the  practical app roach  to 
im p lem en ta tion  is necessarily very different.

‘Late lessons’ is certainly an  app rop ria te  
topic for m arine  cap ture  fisheries. Awareness 
o f  events such as those described h e re  — 
from  the  M iddle Ages, th ro u g h  to  19th 
cen tury  Scottish fisheries, the m id-20th 
cen tury  Californian sardine fishery crash and  
the  collapse o f C anadian n o rth e rn  cod stocks 
in  the  1990s —  provide a som etim es gloomy 
awareness o f history repeating  itself. But 
th e re  are  also positive things to learn  from  
the  past. T he n eed  for an  explicitly 
precau tionary  app roach  has been  
increasingly recognised in  the  last decade. In  
areas such as the N orth  A tlantic, the 
p rincipal p rob lem  now  is find ing  a m eans to 
allow fishers to  tu rn  theory  in to  practice, 
against the  backdrop  o f short-term  econom ic 
pressures.

2.1 . Early warnings

T he relationships betw een precautionary  
attitudes, cultural perspectives, technological 
ability, an d  risks an d  benefits, are com plex. 
In  a sense th ere  is n o th in g  new in varying 
degrees o f p recau tionary  m anagem ent, and  
w arnings o f the  risk o f overexploitation. 
T h ere  is som e evidence th a t certa in  Native 
N orth  A m erican com m unities may have died  
o u t because they overexploited m arine 
resources. O thers, however, circum scribed 
th e ir  catches by rights an d  taboo, re-enforced 
by know ledge o f fish ecology. They 
m ain ta ined  substantial catches for centuries, 
for exam ple o f  salm on, in  con trast to the 
com m ercial fishers w ho displaced them  and  
ex tinguished the stocks (McEvoy, 1986).

In  m edieval E urope peop le  w ere also aware 
th a t fish could be overexploited. An early call 
for p recau tionary  action  com es from  1376- 
77 (M arch, 1953). A petition  was p resen ted  
to  the  English parliam en t calling for the 
p ro h ib ition  o f  a n e t ‘o f so small a m esh, no  
m an n e r o f fish, however small, en tering  
w ithin it can pass ou t and  is com pelled  to

rem ain  th e re in  an d  be taken... by m eans o f 
w hich in stru m en t the  fisherm en aforesaid 
take so g rea t an  abundance  o f small fish 
aforesaid, th a t they know n o t w hat to do with 
them , b u t feed an d  fatten  pigs w ith them , to 
the  g rea t dam age o f the  w hole com m ons of 
the  kingdom , an d  the destruction  o f  the 
fisheries in  like places, for w hich they pray 
rem edy.’ T he response to this assertion was to 
set u p  a com m ission ‘by qualified persons to 
inqu ire  and  certify on  the  tru th  o f this 
allegation, an d  th e reo n  le t righ t be d o n e ’. 
Between th en  an d  the late 19th cen tury  there  
were num erous attem pts in  E ngland  (as 
elsewhere) to regulate  fishing by still fam iliar 
m eans (such as, in  1716, a m in im um  m esh 
size, a b an  on  circum vention by placing one 
n e t w ithin a n o th e r an d  m in im um  fish 
landing  sizes).

2.2 . 19th century British fisheries

In  the  19th cen tury  British fisheries, as 
elsewhere, grew rapidly. U ncertain ty  abou t 
the  consequences for the  valuable h errin g  
fishery, an d  the  expansion o f trawling for 
o th e r species (recently u n ea rth ed  by a ‘lay’ 
W ick inhab itan t, h istorian  Ian  Su therland  
(Sutherland , n .d .)) provoked, am ong o th e r 
events, a series o f  official enquiries betw een 
1866 an d  1893 (Report, 1866; R eport, 1885).

2.2 .1 . Scottish  herring fishery
Many m arine fish species m arkedly fluctuate 
in  abundance  as a resu lt o f  n a tu ra l causes. In  
this, h e rrin g  an d  its relatives, such as sardine, 
can  show extrem e changes over tens o f years. 
Given this context, it took a long tim e for it to 
be accep ted  th a t fisheries could exacerbate 
such n a tu ra l cycles. In  1865 the  presc ien t 
Jam es B ertram  (B ertram , 1865, pp. 277-282) 
d o cum en ted  inshore Scottish h e rrin g  catches 
betw een 1818 an d  1863, w hen the area  of 
d rift nets carried  p e r boat grew from  4 500 to 
16 800 square yards, yet the catch fell from  
125 to  82 crans (barrels). Such figures spoke 
too plainly to h im  to ‘expend  fu rth er 
a rg u m en t’. H e w rote ‘I have always b een  slow 
to believe in  the  inexhaustibility o f the 
shoals, an d  can easily im agine tha t 
overfishing, w hich som e peop le  pooh-pooh  
so glibly, could easily be possible... As it is, I 
fear the g rea t Wick fishery m ust com e som e 
day to an  end. W hen (it) first began  the
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fisherm an could  carry in  a creel on  his back 
the  nets he  required ; now he  requires a cart 
an d  a good strong h o rse .’

Subsequent action or inaction 
B ertram ’s words proved prophetic . Yet 
several decades la te r Thom as Huxley, 
P residen t o f the  Royal Society an d  Inspector 
o f  Fisheries (no  fool, yet now  infam ous for 
his com m en t th a t ‘m arine fisheries are 
inexhaustib le’ (Huxley, 1883)), could still 
m ain ta in  for British h e rrin g  in  general 
‘n o th in g  to show, so far as I am  aware, that, 
taking an  average o f years, they w ere ever 
e ith er m ore  or less num erous th an  they are 
a t p re se n t’ (Huxley, 1881), while in  1893 a 
parliam entary  com m ittee also saw ‘no  
ind ication  o f any falling off in  the  num bers o f 
herrings to be found  off ou r coast’. 
Presum ably landings w ere equated  w ith stock 
size, w ithout allowing for increasing effort, 
a rea  covered an d  leng th  o f season.

In  the 1890s the G erm an H eincke 
established, contrary  to genera l belief, tha t 
h e rrin g  existed as isolated races, implying 
m an ag em en t at this level. B ut by th en  the 
in n erm o st shoals o f Wick an d  the Moray 
F irth  were gone. T he fishing m oved fu rth er 
offshore and, overall, N orth  Sea h errin g  
landings fluctuated  w ithout tren d  d u ring  the 
first h a lf  o f the  20th century. This was n o t so 
m uch  due  to lessons learned  an d  action  
taken, b u t to tu rm oil in  the  con tinen ta l 
E u ropean  m arkets th a t restra ined  the 
technological po ten tia l o f the new m otorised  
drifters. W hen an  ‘in d ustria l’ fishery for 
fishm eal an d  oil subsequently  developed in  
the  second h a lf o f the  20th century, b o th  the 
new technology an d  the necessary safety 
m argins were underestim ated . This b ro u g h t 
the  N orth  Sea h e rrin g  to the b rin k  of 
collapse by the 1970s, forcing a m orato rium  
on  the  fishery. T he stocks d id  recover, and  
the  industria l fishery u p o n  h e rrin g  was 
subsequently  restricted  w hen fishing 
reopened ; nevertheless the pressure from  
‘h u m an  co n sum ption ’ fisheries rem ained  so 
g rea t that, by the mid-1990s, fu rth er 
em ergency m easures h ad  to be im posed, 
un til once m ore  the  stocks recovered. 
A lthough we ap p ear to have learned  enough  
by the  late 1990s to stave off to tal collapse, it 
was hardly a m odel o f effective m anagem ent.

2 .2 .2 . T h e advent o f  steam  trawlers
A n o th er m ajor developm ent o f the  late 19th 
cen tury  was steam -pow ered trawling for 
‘dem ersa l’ fish (such as cod, haddock, 
w hiting an d  flatfish). This allowed access to

areas too dangerous or inaccessible for sail or 
oar (a n a tu ra l equivalent o f  m o d ern  ‘no-take’ 
zones), an d  increased the ability to drag and  
h au l nets, resu lting  in  m uch  bigger catches. 
Trawling divided scientists and  fishers alike. 
T he p rincipal com plaints were th a t trawling 
destroyed spawn on  the  seabed; caugh t 
im m ature fish; resu lted  in  wastage th ro u g h  
dam aged fish; in te rfe red  with o th e r fishers; 
and  th a t traw lerm en —  m obile outsiders — 
dep le ted  the trad itional g rounds o f  others. 
Interestingly, in  1883 traw lerm en based in  
Y arm outh them selves voluntarily agreed  n o t 
to w ork certa in  offshore g rounds a t certain  
seasons to avoid catching im m ature  fish, 
a lthough  this was u n d erm in ed  by o ther 
traw lerm en an d  abandoned .

Subsequent action or inaction 
In  1865 B ertram  raised such accusations 
against trawling, a lthough  he  also th o u g h t it 
was, used wisely, the best tool for certain  
fisheries (B ertram , 1865, p. 308). By 1883 
an o th e r parliam entary  enquiry  had  
com m issioned research  w hich concluded  
th a t the  im m ature catch from  trawling was 
insignificant (less th an  by trad itional 
m ultip le h o o k  an d  line ‘long-lin ing’); tha t 
m ost fish caugh t were undam aged  for sale 
an d  that, o f the com m ercial species, only 
h e rrin g  spawn lay o n  the seabed, an d  even 
h ere  it was questionable w hether injury 
w ould occur. B ut regard ing  the  effects o f 
trawling w ithin the m ost accessible inshore 
waters, M cIntosh —  the re sea rch ’s au th o r — 
stated th a t these ‘could very easily be trawled 
o u t’ an d  th a t the  suspension o f trawling 
‘w ould be a very valuable experim ent. I t 
w ould set a t rest all sorts o f notions, an d  it is 
u p o n  safe lines, an d  does no  h a rm  to 
anyone’. This was supp o rted  by Scottish 
fisheries officers, o th e r scientists, some 
traw lerm en, an d  evidence from  
n e ighbouring  countries and  the  U nited  
States. However the  enquiry  concluded  that, 
a lthough  fishers ten d ed  to  blam e each o ther 
for any decline, n a tu ra l fluctuations ‘largely 
influence the  supply o f fish’. They could n o t 
justify p ro h ib itio n  unless experim ental 
evidence ‘decisively se ttled ’ the  issue, 
because o f  the  loss o f valuable catches.

This was controversial. In  Scotland (only), 
despite the  enquiry, a political decision was 
m ade to  ban  trawling in  inshore waters, 
includ ing  the Moray an d  o th e r firths. This 
con tinued  un til the  1920s w hen  fishers, 
u n d e r pressure from  the failing h errin g  
m arket an d  searching for alternatives, started  
dragging the ir ‘se in e ’ nets, effectively using
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these as a trawl. T he initially large landings o f 
codfish and  flatfish suggested th a t the 
previous policy h ad  successfully n u rtu re d  
stocks.

2.2 .3 . C osts and b en efits
I t is possible to  give som e qualitative 
statem ents ab o u t the im m ediate  costs and 
benefits o f actions taken  in  the  19th century  
regard ing  British h e rrin g  fishing and  
trawling (M acGarvin an d  Jones, 2000). 
Scottish towns such as Wick, heavily 
d e p e n d e n t on  local h errin g  fisheries, w ent 
in to  decline. T he centralisation  th a t 
accom panied  trawling co n tribu ted  to an  
increase in  the  prosperity  o f  larger centres, 
such as Fraserburgh, P eterhead  and  
A berdeen , a t the  expense o f sm aller 
com m unities. T he sam e expansion was true 
o f  the  hom e ports o f widely ranging  trawler 
fleets sou th  o f the  border, such as Grimsby, 
H ull, Newlyn, Fleetwood an d  Swansea.

Over the  longer term , the 19th cen tury  set in 
tra in  events th a t can be traced th ro u g h  to the 
p resen t day. C oncen tra ting  o n  Scotland, 
landings an d  boat tonnage (including  bo th  
the  h e rrin g  an d  derm ersal fleet) stayed 
rem arkably constan t betw een 1898 an d  1998, 
a t ca. 333 000 tonnes and  109 000 tonnes 
respectively (Scottish Office, 1898 to 
p re se n t) . B ut the  n u m b er o f boats fell from  
11 536 to  2 661, an d  the n u m b er o f  fishers 
from  36 161 to 7 771. Sail an d  oar boats fell 
from  11 383 to  nil, an d  fossil fuel use 
increased  enorm ously. Prosperity fluctuated 
widely, b u t overall was n o t m ain tained . By the 
late 1990s the  average n e t p ro fit on  capital 
invested for the Scottish dem ersal fleet was 
ju s t  0.1 % p e r annum , according to the  2001 
E u ro p ean  Com m ission Fisheries G reen 
P aper (E uropean  Com m ission, 2001b).

O ne  can question  ju s t w hat h ad  b een  gained 
by this investm ent in  technology. B ut on  the 
benefits side, one  change has b een  a m arked  
fall in  deaths at sea (although  fishing rem ains 
d an g ero u s). In  the good years, it may also 
have provided som e individuals with a m eans 
o f  acquiring  significant capital in  a relatively 
rem ote  area  with few econom ic 
opportun ities. This could th en  be invested in  
o th e r activities, o r elsewhere, resu lting  in 
h ig h er re tu rns. In  such circum stances there  
is n o  particu lar in terest in  m ain tain ing  a 
sustainable fishery. B ut for o thers (probably 
the  majority) it was an d  is a way o f life, with a 
deeply ing ra ined  wish to m ain ta in  this for 
fu tu re  generations, an d  a sense o f being

forced down a track whose d irection  they do 
n o t control.

T he changing  catch com position for 
Scotland was broadly sim ilar to  th a t for the  
N orth  Sea as a whole d u ring  this perio d  of 
over a century. First, overall in  the  N orth  Sea, 
h errin g  caugh t for h u m an  consum ption  
becom e less im portan t. D em ersal catches 
increased an d  th en  declined  in  tu rn , being 
supp lan ted  by ‘in d ustria l’ catches (initially 
for herring , sprats an d  m ackerel, an d  later 
for species such as sand-eels) w hich grew 
explosively from  the  1950s. These peaked, for 
the  N orth  Sea as a whole, in  the  1970s with 
2.2 o f the  3.5 m illion to n n e  total catch. This 
reflects a global p a tte rn  o f ‘fishing down the 
food w eb’ (Pauly et al., 1998), p roceed ing  
from  (potentially) high-value species to 
industrial stocks lower in  the food web, and 
o f lower u n it value. O ne can surm ise th a t the 
vast rem oval o f biom ass by the  fisheries will 
have also h ad  an  im pact on  o th e r species, bu t 
com prehensive data are  scarce.

2.3. Californian sardine fishery 1920s 
to 1942

By the 1920s b o th  exploitation  strategies and  
scientific an d  m anagerial arrangem ents were 
beg inn ing  to take the ir cu rren t form . In  this 
the  C alifornian sard ine fishery was 
precocious. T he fish were originally canned  
for h u m an  consum ption, b u t sim ilar m arket 
conditions to  those faced by the  British 
h e rrin g  fishers m ean t th a t th e ir redu c tio n  to 
fishm eal an d  oil becam e far m ore  im portan t, 
driving the econom ics.

At this tim e th ere  were no  catch limits. 
C alifornian state scientists, involved in 
overseeing the fishery, were by the  mid-1920s 
em phasising w hat was clearly p recautionary  
action: ‘U nnecessary dra in  u p o n  the supply 
shou ld  be avoided un til research  has shown 
th a t it is possible to de tec t overfishing in 
tim e’ (McEvoy, 1986, pp. 160-161). Itw as the 
function  o f governm ent ‘n o t only to  aid  in 
the  g reatest possible use, b u t to  ensure  its 
con tinuance  because it is the only agency 
u n iting  all factions an d  successive 
g en era tions’ (McEvoy, 1986, p. 159). As in 
Scotland decades earlier, the  catch was no  
longer increasing in  p ro p o rtio n  to  the 
increasing effort; the  average age o f the fish 
was falling, an d  ships h ad  to travel fu rth er 
an d  fish longer —  classic signs o f overfishing. 
A lim it was recom m ended . W hile th ere  were 
uncerta in ties the  State Fisheries Laboratory 
concluded  th a t the growing intensity o f  the
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fishery was ‘fact en ough  to  m ake us sure th a t 
we are  h ead ed  for destruction  an d  a g rea t 
loss’.

2 .3 .1 . Subsequent action or inaction
T he federal authority, the U nited  States 
B ureau  o f Fisheries, took a d ifferen t view. 
W hile acknow ledging th a t the  evidence of 
dep le tion  was strong, there  was ‘n o  clear-cut 
o r convincing evidence th a t will satisfy 
everyone’ th a t the  sardines were 
overexploited. Its view was ‘to  us 
conservation m eans wise use. We do n o t 
believe in  ho ard in g  ou r fisheries resources’. 
Rather, ‘We believe very firmly tha t 
restrictions th a t are unnecessary h am p er or 
restric t legitim ate business en te rp rise ’ 
(McEvoy, 1986, pp. 162-166).

T he fishers were divided. Those 
disadvantaged by the developm ents saw 
dep le tion  as inevitable. Those beh in d  the 
expansion saw a p lo t to ‘im poverish one of 
the  few successful en terprises in  the 
D epression’; th a t any changes could be 
a ttrib u ted  to environm ental fluctuations, an d  
th a t in  any case sardines w ere so fecund  they 
w ould soon grow back. To simply discount 
th e ir  testim ony th a t the sardines were 
a b u n d an t was ‘brutal... m edieval 
scholasticism ’.

T he dispute rum bled  on  unresolved until, in  
1939, the new C alifornian G overnor rep laced  
the  state experts w ith ‘em ergency’ 
appointees, an d  the tone  o f  the reports 
changed  from  ‘unm istakable’ signs of 
dep le tion  an d  an  ‘im perative’ n eed  to reduce 
the  catches (1938) to ‘n o  reason  to be 
co n ce rn ed ’ (1942). Itw as th en  agreed  to 
increase the catch (to ‘assist the  w ar-effort’), 
b u t in  th a t year the sardine stock collapsed. It 
only began  to show signs o f a recovery in  the 
mid-1980s (San D iego N atural H istory 
M useum , 2000).

2 .3 .2 . C osts and b en efits
T h ere  are sim ilar im ponderab les regard ing  
the  im pact on  o th e r species as for the  British 
fisheries. R egarding the econom ics, the  rate 
o f  re tu rn  on  processing fishm eal an d  oil 
p rio r to the  collapse was extraordinary, with 
m any plants in  the  1930s recovering the 
en tire  investm ent in  one season (McEvoy, 
1986, p. 145).

So far as the processing com panies such as 
Starkist an d  Van Cam p were concerned , it 
could  be argued  th a t they had  followed an

optim um  econom ic strategy, effectively 
‘m in in g ’ the  fish in  a seller’s m arket as 
quickly as possible, an d  th en  shifting 
eq u ip m en t an d  operations down to South 
A m erica, with heavy involvem ent in  open ing  
the Peruvian anchoveta fishery, whose 
exploitation followed the  C alifornian m odel, 
and  w hich collapsed in  the  early 1970s 
(McEvoy, 1986, p. 155).

2.4 . N ew foundland cod

Soon after the  C alifornian experience, 
m anagers tu rn ed  to  increasingly com plex 
m athem atics in  the  a ttem p t to squeeze m ore 
from  the  lim ited  in fo rm ation  on  stock sizes, 
an d  the effect o f fishing intensity. This was 
assisted by ever increasing com putational 
powers. By the  1970s th ere  was optim ism  tha t 
past mistakes could  be avoided.

No m ore was this so th an  for the 
N ew foundland ‘n o rth e rn  co d ’ stock. This, 
historically the largest cod stock in  the  world, 
h ad  been  exploited  by E uropean  fishers since 
the  16th cen tury  (DFO, 2000). However, 
fishing intensity grew dram atically in  the 
1960s with a peak  catch o f 800 000 tonnes in  
1968, after w hich it d ro p p ed  well below those 
actually au thorised  by the  in te rna tiona l 
regulatory  body. This, the  In te rn a tio n a l 
Com m ission for the  N orthw est A tlantic 
Fishery, ICNAF, was regarded  by m any 
Canadians as ineffective (O ’Reilly H inds, 
1995), a consideration  also true  o f its 
successor, the N orthw est A tlantic Fisheries 
O rganization, NAFO (Day, 1995).

In  the late 1970s, using the th en  novel UN 
C onvention on  the Law o f the  Sea, C anada 
ex tended  its ju risd ic tion  from  12 to  200 
nautical miles, one  in ten tio n  being to b ring  
m u ch  o f this stock u n d e r its contro l. Its goal 
was to im pose w hat m any w ould even now 
consider as precau tionary  m easures, setting 
‘deliberately conservative’ restrictions on 
catches, aim ing to lim it these to ca. 20 % of 
the  stock, w ith the  in ten tio n  o f rebuild ing. 
T he D epartm en t o f Fisheries an d  O cean ’s 
calculations ind icated  th a t this was 
happen ing , an d  offshore catches by 
C anadian  trawlers increased. In  1988 the 
D ep artm en t o f Fisheries an d  O ceans (DFO) 
claim ed a ‘five fold increase in  N o rth ern  Cod 
since 1976’, an d  itw as h e ld  in  wide regard  as 
an  exam ple o f  how cautious, science-driven, 
m anagem en t could  tu rn  a ro u n d  a seem ingly 
hopeless situation.
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2.4 .1 . Subsequent action or inaction
T he only dissenting g roup  were inshore 
fishers, w ho (unlike those offshore) had  
generally  n o t u p g rad ed  the ir technology, and  
who could  n o t reconcile th e ir falling catches 
with this supposed  increase. T h e ir protests 
disregarded, they com m issioned w hat 
becam e the  Keats R eport, published  in  1986. 
Keats h igh ligh ted  the  D FO ’s own 
(dow nplayed) retrospective analyses tha t 
ind ica ted  consistent and  severe 
u nderestim ation  o f the  fishing pressure on 
the  stock since the im position  o f C anadian  
control, with ‘the  resu lt th a t we have 
consistently taken  from  1.5-3 tim es the 
(20 % o f stock) catch since 1977’ (Keats etal., 
1986). T he DFO dismissed this ‘as biased 
pseudoscience w ritten  to sup p o rt a political 
a g en d a ’ (Finlayson, 1994). Keats nevertheless 
gained  m edia  atten tion , forcing the 
com m issioning, by the federal fisheries 
m inister, o f an  official report.

This 1988 Alverson R eport h ad  authority, in 
official eyes, because it was p rep a red  by 
fisheries scientists. In  the body o f the  rep o rt 
they concluded  th a t the  stock h ad  increased 
since 1977, a lthough  after 1982 it increased 
‘probably only very slowly’. But they too 
stated  th a t the  ‘fishing m ortality actually 
exerted  has b een  considerably in  excess o f 
ta rget m ortality’ because o f the ‘consistent 
overestim ation o f the cu rren t stock size’. The 
p rob lem  was that, for any year, som e five 
subsequen t years’ data were req u ired  before 
the  estim ated fishing m ortality an d  biomass 
estim ates for the  original year ‘effectively 
converged to  the  co rrect answ er’. T he 
sh o rte r this perio d  the m ore  it simply 
reflected  the assum ed level o f  fishing 
mortality. This is a critical flaw w here a stock 
becom es so d ep le ted  th a t it depends on  the 
last few years’ b reed ing  success (now 
com m onplace for m any stocks). M oreover, if 
a  stock goes th ro u g h  a period  o f  sharp 
decline, the  m eth o d  instils a false sense of 
assurance. Alverson dem onstra ted  how 
sensitive conclusions ab o u t stock size were to 
the  wide range o f  fishing m ortality estim ates 
th a t m igh t be im plied by the data. However 
in  the  executive sum m ary this was tu rn ed  on  
its head , it being  stating th a t the DFO 
calculations o f fishing m ortality fell ‘w ithin 
the  range o f estim ates supported  by the d a ta ’, 
a lbeit a t the lower end.

T he DFO h ad  responsibility for the 
m an ag em en t o f the  release o f the  Alverson 
R eport. Publicly Alverson n o ted  th a t ‘i t ’s 
ra th e r  am azing th a t we are  as close to  each

o th e r as we a re ’. T he DFO in its response 
em phasised  th a t ‘the difference in  num bers 
overall was ab o u t 4 to 5 percent... the 
conclusions... are  quite sim ilar (with respect 
to stock size an d  cause o f  the decline in  
inshore  fisheries)... the  credibility o f  DFO 
science was n o t q u estio n ed ’. Privately the 
Alverson team  w ere less sanguine an d  there  
was an  in te rn a l reappraisal o f  DFO 
m ethodology. T he 1989 assessm ent assum ed 
th a t fishing m ortality was higher, concluded  
th a t the  stock was n o t growing, and  
recom m ended  th a t the  offshore catch be 
virtually halved.

This reappraisal was seen as an  adm ission 
th a t the DFO h ad  go t it w rong all along. This 
caused serious problem s for the 
adm inistration, as they d ep en d ed  on  the 
‘science’ touchstone as an  arb ite r to 
conflicting claims to  resources. Now the 
offshore fishers were com plaining bitterly 
th a t th ere  was no  evidence th a t stocks h ad  
fallen. T he fisheries m inister called a new 
enquiry, the 1990 H arris R eport, this tim e 
fully in d e p e n d e n t o f  DFO control. H arris 
also concluded  that, p rio r to 1989, fishing 
m ortality was probably m ore  th an  double 
th a t in tended , an d  the  stock little m ore than  
h a lf the  assum ed size, with the resu lt th a t the 
stock h ad  b een  fished a t levels th a t po in ted  
towards com m ercial extinction  —  a 
conclusion widely rep o rted  by the m edia.

T he H arris R eport cautiously concluded  th a t 
the revised DFO 1989 assessm ent was a b e tter 
approx im ation  o f reality. But also, over m any 
pages, it po in ted  to m ajor issues, n o t easily 
resolved, a t every conceivable level. ‘We acted 
in  substantial ignorance o f the  anim als in  
w hich we were principally in terested  an d  in 
alm ost total ignorance o f  the dynam ics o f  the 
ecosystems in  w hich they ex isted .’ ‘We 
con tin u ed  for too long to w ear rose tin ted  
glasses an d  to in te rp re t all da ta  in  the 
m an n e r best calculated to su p p o rt and  
confirm  the m odel o f  grow th u p o n  w hich ou r 
hearts h ad  b een  se t.’ W hat were (and  often 
still are) ‘believed to  be the best available 
m anagem en t theory, da ta  an d  assessm ent 
m ethodologies will legitim ately su p p o rt 
claims o f stock status rang ing  from  
sustainable grow th to dangerous decline’" 
(H arris, 1990).

2.4.2. C osts and b en efits
H arris estim ated th a t the to tal allowable 
catch, TAC, w ould have be red u ced  from  
235 000 tonnes in  1989 to ca. 125 000 in  1990 
to b ring  this in to  line w ith the goal o f  no
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m ore th a t 20 % stock rem oval, b u t th a t this 
‘w ould p recip ita te  social an d  econom ic 
repercussions o f a particularly  drastic 
n a tu re ’. Instead  H arris suggested a TAC of 
190 000 tonnes (ca. 30 % rem oval), a lthough  
cau tion ing  th a t ‘this may con tribu te  to 
fu rth e r dec line’. Yet this was done, a t a loss o f 
CAD 26 m illion (ca. EUR 21 m illion) o f 
landings, CAD 66.6 m illion (EUR 53 m illion) 
processed p ro d u c t an d  the  equivalent of 
som e 1 000jobs. Similar limits were set for 
1991-92. B ut during  the 1992 fishing season 
it becam e ap p a ren t th a t there  was little left to 
catch. T he situation  was far worse th an  even 
the  m ost pessimistic projections. An 
em ergency m ora to rium  was im posed in  July 
1992, initially for two years. B ut the  stock 
failed to  rebound , an d  it was n o t un til 1999 
th a t an  inshore  fishery o f ju s t  9 000 tonnes 
was perm itted . T he financial cost during  the 
1990s, includ ing  lost sales, unem ploym ent 
benefit an d  financial assistance, was in  excess 
o f  several billion C anadian dollars 
(M acGarvin, 2001a).

Som ew hat depressingly, the 2000 DFO 
assessm ent concluded  th a t 1999 catch was 
already in  excess o f the  20 % reference  level, 
som eth ing  ‘unacceptab le  u n d e r a 
p recau tionary  a p p ro ach ’, an d  th a t the  stock 
rem ained  so weak th a t even an  index  fishery 
(i.e. to m o n ito r the state o f the  stock) ‘may 
be associated with an  increased risk o f the 
inshore  (stock) declin ing  and  the offshore 
n o t recovering’.

T he 2000 DFO assessm ent also m akes it clear 
ju s t  how  little is un d ersto o d  abou t this m ost 
s tud ied  stock —  why it collapsed, why it has 
failed to  recover, w hat p ro p o rtio n  are  being 
taken  by p redato rs an d  o th e r fishing activities 
—  an d  o f the  p o o r status o f capelin, small 
fish th a t are  im p o rtan t prey for the  n o rth e rn  
cod. Even the linkage betw een inshore stocks 
an d  those offshore —  the source o f the  
original controversy —  is now o p en  to 
question. T here  is also growing awareness 
th a t the  ‘stock’ is m ade up  o f m ore  or less 
discrete local popu lations (cf. H e in ck e’s 
conclusions abou t h e rrin g  in  the  19th 
century), an d  this has considerable 
im plications for recovery program m es (Kent 
Sm edbol an d  Wroblewski, 2000). O n  the 
positive side the assessments are  freely 
available an d  the uncerta in ties clearly set out; 
attem pts are being  m ade to inco rpo ra te  ‘lay’ 
assessments o f stock streng th  m ade by fishers 
(DFO, 2000); a constructive debate  has b een  
in itia ted  concern ing  the fu tu re  o f the 
fisheries (Atlantic Fisheries Policy Review,

2000); and  m anagem en t m ethods, such as 
no-take zones, th a t are  n o t so d ep e n d e n t on 
the accuracy o r theory  o f stock assessments 
are  being  evaluated (G uénette  et al., 2000).

2.4.3. T h e hum an d im ension
As described so far, the dem ise o f  the 
n o rth e rn  cod is already a rem arkable  event, 
one th a t challenges the likely success of 
p recau tionary  approaches, still advocated, 
based on  setting a lim it o n  calculated fishing 
m ortality as p a rt o f  an  intensive reliance on 
stock m odelling  an d  p red ic tion  (see below ). 
Yet there  is m ore. Fishing for truth (Finlayson, 
1994), a rem arkable  sociological study 
com pleted  ju s t  before the final collapse, 
contains m any illum inating interviews with 
key participants, detailing the h u m an  
dim ension.

A ccording to  the views quo ted  there , DFO 
scientists w arned o f the  uncerta in ties a t an  
early stage o f C anadian m anagem ent, b u t in  
the event n o t loudly eno u g h  (ibid., p. 136). 
Pleas th en  th a t the in form ation  dem anded  
(for long-term  forecasts) was im possible to 
provide were overridden, an d  they 
apparen tly  took seriously the th rea t th a t if 
they d id  n o t do the jo b , th en  econom ists 
w ould do it for th em  (ibid., p. 135). T here  
was a double pressure to downplay the 
uncertainty; on  one side the politicians 
p leaded  for constancy an d  certainty to aid 
them  resolve disputes (ibid., pp . 132-133, p. 
142). T he scientists —  believing that, given a 
range o f estim ates, the h ighest catch would 
always be taken  —  also ten d ed  towards lower 
(and  they believed precautious) estim ates, 
and  with a g rea ter assertion o f precision  than  
the ir in te rna l assessments suggested (ibid., p. 
141). U ltim ately this public overem phasis of 
confidence hoist them  on  the ir own petard , 
w hen even the ir m ost pessimistic view tu rn ed  
ou t to be based on  underestim ates o f the 
h istoric level o f fishing mortality.

M oreover the  scientists were aware o f w ider 
shortcom ings regard ing  biological and  
physical param eters  (ibid.), fundam enta l 
sam pling problem s (ibid., pp . 73-74), and  
the often dubious n a tu re  o f scientific advice 
ham m ered  ou t each year for the  m any stocks 
in  a few weeks o f  intensive m eetings (ibid., p. 
79). H arris likened  fisheries science to  the 
P tolem aic m odel o f  the solar system (which 
p laced E arth  a t the  cen tre  o f the  universe) 
w here, w hen observations d id  n o t fit the 
theory, an  add itional layer o f com plexity was 
added , ra th e r  th an  question ing  the basic 
theory  (ibid., p. 69). This accorded  with
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strong  criticism, a t th a t tim e, from  related  
b u t separate disciplines, such as theoretical 
ecology (Peters, 1991).

However n o n e  o f this h ap p en ed  because the 
partic ipants were stupid, careless or lacking 
in  in ten t to restore  the  stock. It was a systems 
failure th a t p reven ted  fishers, scientists and  
politicians from  respond ing  to existing 
info rm ation  o r extracting  themselves from  
the  situation.

2 .5 . Precaution becom es explicit

By the  early 1990s p recau tion  had  becom e 
explicit, due b o th  to  disasters such as 
n o rth e rn  cod, an d  to its increasing 
p rom inence  in  o th e r fields. T he m ost 
significant global developm ent was the 
nego tia tion  o f  two re la ted  docum ents in  
1995: the  UN FAO Code o f C onduct for 
R esponsible Fisheries (FAO, 1995) an d  the 
U N  A greem ent on  S traddling Fish Stocks and  
H ighly M igratory Fish Stocks (UN, 1995).

T he FAO Code applies a 'p recautionary  
app roach ' to  fisheries. T he ad o p tion  o f  this 
term inology initially arose from  a 
nervousness am ongst the fishing industry 
an d  m anagers th a t the p recautionary  
'p rincip le ' was a concep t cap tu red  by 
env ironm ental NGOs, w hich m ight 
unjustifiably be used as a w eapon to 
substantially reduce  o r even h a lt fishing. 
T h e ir use o f 'app roach ' is therefo re  probably 
best seen as an  initial s ta tem ent abo u t 
ow nership o f  the  process, ra th e r th an  any 
close analysis, or fundam en ta l d ifference o f 
outcom e, arising from  this choice of 
term inology. However, as described in  the 
open ing  paragraph , there  are  advantages in 
m ain ta in ing  a d istinction  betw een a 
universally applicable princip le  an d  the 
detailed  app roach  to im p lem entation , which 
will differ from  field to  field, a lthough  this 
was n o t a d istinction  m ade by those who 
n ego tia ted  the Code.

Precau tion  in  the  Code covers uncerta in ties 
re la ting  to individual stocks, o th e r affected 
species, an d  environm ental an d  socio­
econom ic conditions. However, the  aspect 
em phasised is the m echanism  for taking 
acco u n t o f uncerta in ties in  stock assessm ent 
m odels, nam ely to de te rm ine  ‘stock-specific 
ta rget reference  points (i.e. the  ‘positive’

goal o f  op tim um  stock size), an d  a t the same 
time, the  action  to be taken  if they are 
exceeded ’ an d  ‘lim it reference  points (the 
negative goal o f the lowest acceptable stock 
size), an d  a t the  same time, the  action  to  be 
taken if they are  exceeded; w hen  a lim it 
reference p o in t is ap p roached  m easures 
should  be taken  to ensure  th a t it will n o t be 
exceeded ’. T he explicit reference  to targets, 
limits an d  p red e te rm in atio n  were novel 
developm ents.

T he U N  ag reem en t provides details, notably 
th a t ‘the  fishing m ortality ra te  th a t generates 
m axim um  sustainable yield (MSY) should  be 
regarded  as a m in im um  standard  for lim it 
reference  points (i.e. the  ‘negative’ g o a l)’. It 
is a m in im um  because the old concep t o f 
MSY (yet a widely used m eth o d  of 
calculation) is know n to overestim ate 
sustainable yields. T he im plications are 
p ro found , because m any stocks are dep le ted  
well beyond form al MSY. It continues, ‘For 
stocks w hich are n o t overfished, fisheries 
m anagem en t strategies shall ensure tha t 
fishing m ortality does n o t exceed th a t w hich 
corresponds to  m axim um  sustainable yield, 
and  th a t the  biom ass does n o t fall below a 
p redefined  th resh o ld ’. For overfished stocks 
‘the biom ass w hich w ould produce  m axim um  
sustainable yield can serve as a rebuild ing  
ta rg e t’. T he possible contrad ic tion  h ere  may 
well be the resu lt o f a nego tia ted  com prom ise 
—  it can be a m istake to  try to  in te rp re t such 
docum ents as the  p ro d u c t o f a single 
consistent m ind.

Nevertheless, overall the  U N  ag reem en t and, 
indirectly, the FAO code em phasise 
p recau tion  a t the  level o f m axim ising long­
term  yields.

2.5.1. Subsequent action or inaction
US federal guidelines (R estrepo et al., 1998) 
recognise th a t stocks should  be m anaged  in  a 
m an n er consistent w ith the  U N  ag reem en t 
and  FAO code (3). T he C anadian  position 
(Richards an d  Schnute, 2000) is th a t stocks 
m ust be equal to  o r g rea ter than , an d  fishing 
m ortality less than , th a t resulting  from  MSY; 
or for equivalent proxies to be used w here 
MSY is inapp ro p ria te  or inapplicable.

U nlike the U nited  States an d  Canada, 
fisheries responsibilities w ithin the seas 
u n d e r EU M em ber State contro l are  split.

(3) The US position and technical g u id an ce  Is of  Interes t  b ey o n d  fisheries. It requires  th e  Im p le m e n ta t ion  of
pro tec t ive  m eas u res  'ev e n  In th e  a b s e n c e  of  scientific cer ta in ty  th a t  s tocks  are  be ing  e x p lo i ted ' .  Prior to  this 
a p p ro a c h  the re  w as  a 'p e rce ived . . .  Inability to  Im p lem en t  t imely conserva tion  m easu res  w ithou t  scientific 
proo f  of overfishing. Thus, th e  p recau t ionary  ap p ro a c h  Is essentially a reversal of  th e  'b u rd e n  of  p roof '. '
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T he In te rn a tio n a l Council for the 
E xploration  o f the  Sea —  ICES —  is 
responsible for technical advice, b u t the 
responsibility for m anagem ent, includ ing  the 
setting  o f targets, resides w ith the E uropean  
Com m ission an d  M em ber States. This causes 
com plications. C urrently  ICES advice centres 
a ro u n d  Blim (biomass lower lim it) an d  a 
larger ‘p recau tionary  a p p ro ach ’ target stock 
size, Bpa, at least accord ing  to in terp re ta tions 
arising from  w ithin the FAO (Garcia, 2000). 
Two equivalent levels o f fishing m ortality 
believed to achieve these reference  po in ts are 
also used: Flim an d  Fpa. Blim is set n o t to MSY 
b u t to a level w here, if  d ep le ted  further, a 
stock ‘is in  im m ediate danger o f  collapse’ 
(Garcia, 2000, p. 22). Bpa is set inconsistently, 
dep en d in g  o n  the state o f the  stock. For 
those in  a p o o r state, such as N orth  Sea cod, 
had d o ck  an d  plaice, it is set a t or close to the 
m in im um  biologically acceptable level 
(MBAL), below w hich th ere  is ju d g e d  to be 
unacceptab le  risk th a t it could reach  Blim. 
U nfortunately  m any stocks are  ju d g e d  by 
ICES to be below Bpa, even close to  Blim (cf. 
ICES advice on  N orth  Sea cod in  2000 
(ACFM ICES, 2000a) ). This em phasis and  
in te rp re ta tio n  o f reference  poin ts has been  
seen as conflicting w ith the FA O /U N  
approach , resu lting  in  peer-group criticism 
from  w ithin the FAO (Garcia, 2000, p. 23), 
the U nited  States (R estrepo et al., 1998, p. 
24) an d  C anada (R ichards an d  Schnute, 
2000, p. 7). In  effect the earlier m anagem en t 
regim e (a goal o f  m ain tain ing  stocks above 
MBAL) often  rem ained  unchanged , 
a lthough  the language has b een  given a 
p recau tionary  gloss.

ICES may concur, no ting  th a t this use o f  lim it 
re ference  po in ts ‘is a needlessly restricted  
in te rp re ta tio n  o f  a co n cep t’ an d  —  obliquely 
—  th a t ‘the  adop tio n  o f p recautionary  
re ference  po in ts requ ires discussion with 
fisheries m anagem en t agencies’ (ACFM 
ICES, 2000b, p. 55). This illustrates the 
tensions th a t arise from  split responsibility. 
ICES itself does n o t re fer to Bpa as a ‘ta rg e t’ 
reference  po in t, b u t as a ‘bu ffer’ or a 
‘p recau tionary  reference  p o in t’ (ACFM 
ICES, 2000b, p. 2), presum ably because 
setting a ‘ta rg e t’ is seen as im pinging  on  the 
responsibilities o f the Com m ission and  
M em ber States. T he 1995 criticism by the 
C om m ission’s Scientific, Technical and 
Econom ic C om m ittee (E uropean  
Com mission, 1995) o f a m anagem en t system 
‘a t ease w ith crisis m anagem en t or an  
unwillingness or inability to  state specifically

a m ore  positive goal aim ed a t enhanc ing  the 
productivity o f  fisheries in  e ither a biological, 
econom ic or social sense’ still appears valid. 
As yet M em ber States ap p ear unwilling, or 
unable, to fund  the short-term  investm ent 
involved in  restoring  stocks to  optim al levels. 
T he E uropean  Com m ission 2000 
com m unication  on  the application  o f the 
p recau tionary  p rincip le  (E uropean  
Com m ission, 2000) argues th a t the reason  
why ICES does n o t re fer to  MSY is twofold: 
nam ely th a t for ‘a n u m b er o f stocks’ the 
conditions w hereby sustainable yields can be 
ob tained  are  ‘difficult, if  n o t im possib le’ to 
define, an d  th a t fishing pressure on  m any EU 
stocks is ‘well above th a t which would 
correspond  to  the  m axim ising o f yield’. A 
likely response is th a t establishing m axim um  
yields is no  m ore or less certa in  than  
establishing the level a t w hich stocks will 
collapse, while h igh  fishing pressure is the 
reason why the  code is necessary, n o t a 
reason  why it should  n o t be applied.

T he re lationsh ip  betw een EU policy an d  the 
FAO code an d  U N  ag reem en t certainly has 
the p o ten tia l to becom e a highly conten tious 
issue. However the  Com m ission 2001 G reen 
P aper on  the  fu tu re  o f  the  C om m on Fisheries 
Policy (E uropean  Com m ission, 2001a), while 
genera l in  scope, contains a frank 
identification  o f the  problem s as well 
providing a constructive basis for discussing 
the way forward. C oncentrating  on  the fu tu re  
ra th e r th an  dwelling overm uch on  the past 
may be the m ost constructive way forward.

Turning back to  the  code an d  ag reem en t in  
general, one p rob lem  rem ains unchanged: 
the quality o f the  data. For C anadian  
n o rth e rn  cod the  underestim ation  o f a vital 
statistic, fishing mortality, was a key factor. Yet 
a  retrospective analysis in  1999 o f fishing 
m ortality rates o f  m ajor N orth  Sea stocks for 
w hich the best data  were available (cod, 
haddock, w hiting, plaice an d  sole) found  the 
sam e fundam en ta l problem s (van Beek and  
Pastoors, 1999; ACFM ICES, 1999, p. 12).For 
cod, haddock  an d  w hiting m ortality was 
m uch  h ig h er th an  originally stated, for plaice 
th ere  was n o  correlation, an d  for sole there  
was a possible negative correlation . This too 
n o ted  th a t underestim ating  fishing m ortality 
is associated with an  overestim ate o f stock 
size. M oreover this p rob lem  h ad  been  
identified  as early as 1977. T he parallels are 
startling. O ne conclusion draw n is tha t 
N ortheast A tlantic cod can survive h ig h er 
levels o f m ortality th a t the  n o rth e rn  cod, b u t 
this seems to be based on  the circular
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arg u m en t th a t they have n o t yet crashed. 
N o rth e rn  cod also survived periods o f  in tense 
fishing pressure beyond th a t p revalen t a t the 
tim e o f the  crash.

In d eed  the goal th a t the  C anadians adop ted  
after taking over contro l o f  n o rth e rn  cod 
m an ag em en t was identical to th a t now 
advocated u n d e r the  precau tionary  
approach: to  severely curtail fishing effort 
an d  to  bu ild  up  the stock to a level above tha t 
p red ic ted  for op tim um  econom ic yields. Yet 
still it crashed. So it is legitim ate to ask 
w hether the  change —  as yet —  is sufficient.

2.6 . The ecosystem approach

A n o th er criticism  o f the U N /FA O  approach  
is th a t while it nom inally  requires p recau tion  
a t the  ecosystem level, the  practical em phasis 
rem ains on  single stock m anagem ent. 
Moreover, o n e ’s value ju d g e m e n t m igh t be to 
ta rget p recau tion  n o t a t avoiding stock 
collapses (cf. IC E S/E U ), or even ensuring  
th a t stocks are m ain ta ined  above MSY (U N /  
FAO), b u t a t p reventing  adverse effects on 
o th e r species d ep e n d e n t on  the  fish. 
G reenpeace was an  early advocate o f this in 
its 1994 p recautionary  app roach  (Earl, 1994), 
a lthough  since th en  o thers have also argued  
th a t catches, in  o rd er to be sustainable, 
shou ld  be reduced  the sam e o rd e r of 
m agnitude  as o th e r p redato rs (Fowler, 1999). 
T h ere  is thus n o  one  ‘co rrec t’ p recau tionary  
approach; it depends on  the objectives set 
(M acGarvin, 2001b). Even betw een d ifferen t 
fisheries in  the same area, ju d g em en ts  will 
necessarily differ as to the costs an d  benefits, 
an d  the acceptable risks, o f different 
elem ents o f  a p recau tionary  response, 
d e p e n d e n t on  how these im pinge on 
activities an d  interests.

Indeed , stocks can n o t be trea ted  in  isolation 
from  one another, because m any o f them  are 
m ajor p redato rs on  each o th e r (Swain et al., 
2000). Fishing one stock has im plications for 
the others. An a ttem p t is som etim es m ade to 
allow for this in  the  single species m odels, b u t 
it falls far sh o rt o f the evident complexity. 
In d eed  the gu lf betw een the  disciplines o f 
fisheries science an d  theoretical or 
com m unity ecology is rem arkable. In  the 
early 1990s p ro m in en t ecologists com m ented  
th a t fisheries m anagem en t was, for exam ple, 
a field ‘so accustom ed to inaccuracy in  its 
basic m odels th a t striking differences 
betw een m odel an d  observation are  scarcely 
no ted ... Nevertheless fisheries biologists fit

data to m odels th a t are clearly inaccurate  and  
m ake decisions on  th a t basis’.

Nevertheless th ere  are  signs o f change, w ith a 
new em phasis by regulators on  the  n eed  to 
ad o p t an  ‘ecosystem a p p ro ach ’. Notably in  
the  U nited  States (Ecosystems Principles 
Advisory Panel, 1998) b u t also w ithin ICES’s 
Advisory C om m ittee on  the M arine 
E nvironm ent (ACME ICES, 2000) and  in  
C anada (M urphy an d  O ’Boyle, 2000) there  is 
an  increasing involvem ent o f theoretical and  
com m unity ecologists an d  concepts. T he US 
re p o rt (Ecosystems Principles Advisory Panel,
1998) no tes the role o f chaotic popu la tion  
dynamics th a t may m ake systems 
fundam entally  unpredictab le . In d eed  an 
earlier study o f in teractions betw een fish 
species on  the C anadian  G rand  Banks 
suggests th a t the  m ore  realism  th a t is 
inco rpo ra ted  in to  the m odels, the m ore 
unpred ic tab le  becom e the effects o f a change 
in  any one species —  in  effect the  system may 
work as a gigantic ran d o m  n u m b er genera to r 
(Gomes, 1993).

However, the  US re p o rt also em phasises tha t 
we do know th a t ecosystems have limits 
which, w hen exceeded, can resu lt in  
irreversible changes; th a t diversity is 
im portan t; th a t systems opera te  a t m ultip le 
scales; an d  th a t boundaries, to  the  g reat 
inconvenience o f  m anagers, are  indistinct. 
‘T here  is simply n o t en ough  money, tim e or 
ta len t to develop a synthetic an d  com pletely 
in fo rm ed  view o f how fisheries opera te  in  an  
ecosystem context. T here  will always be 
unm easured  entities, ran d o m  effects, and  
substantial uncertain ties, b u t these are n o t 
acceptable excuses to delay im plem enting  an  
ecosystem-based m anagem en t strategy. ’ 
Similar conclusions have b een  draw n by 
E uropean  experts (Daan, 1998). For 
exam ple, we have b een  unab le  to fill a crucial 
gap identified  as long ago as 1914 (H jort, 
1914): tha t o f being  able to predict, from  the 
n u m b er o f eggs laid, the  n u m b er o f fish th a t 
will subsequently  m atu re  to ap p ear in  the 
stocks. However, accord ing  to  the  US 
approach , we know en ough  ab o u t ecosystem 
function ing  to do a b e tte r jo b  of 
m anagem en t th an  in  the  past. W hilst in  1919 
a Californian fisheries regu la to r req u ired  
th a t ‘p ro o f th a t seeks to change the ways of 
com m erce an d  spo rt m ust be overw helm ing’ 
(T hom pson, 1919), now the b u rd en  o f p ro o f 
is on  fisheries to take accoun t o f uncerta in ty  
regard ing  ecosystem effects. A t an  
opera tional level stakeholder involvem ent is 
essential. W hat m igh t be called a ‘second
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g en e ra tio n ’ precau tionary  approach , less 
cen tred  on  stock assessm ent m odels (even 
with th e ir p recautionary  attem pts to 
inco rpo ra te  e rro r), an d  including  error- 
resilien t concepts such as no-take zones, 
appears to be p ro duc ing  results for finfish 
an d  shellfish on  the  US Georges Bank 
(Murawski et al., 2000).

T he C anadian  ap p ro ach  in  particu lar 
h ighlights the  active involvem ent o f fishers, 
an d  the stock assessments now a ttem p t to 
inco rpo ra te  the ir know ledge (for exam ple, 
DFO, 2000), while in  n o rth e rn  E urope 
considerable a tten tio n  has been  devoted to 
the  policy im plications o f  ecosystem 
m an ag em en t (N orw egian M inistry o f the 
E nvironm ent, 1997; N ordic C ouncil o f 
M inisters, 1998). W hile a t an  early stage, and  
as yet w ithout overall consensus, taken 
to g e th er they provide the elem ents o f a new 
approach , inco rpo ra ting  p recaution , w hich 
has considerable p o ten tia l if im plem ented .

2.7. Late lessons

Fisheries provide a rich  seam  o f lessons 
regard ing  the precau tionary  approach , o f 
w ider in terest th an  to fisheries alone. These 
include:

• the d istinction  betw een the  p recautionary  
princip le  and  precau tionary  approaches 
(logical d istinction  betw een a sim ple 
'p rincip le ' an d  differing practical 
im plem enta tion  in  d ifferen t fields; also a 
'political' d istinction  as in  the  FAO Code);

• app rop ria te  levels o f p ro o f (19th  century 
Scottish fishery, 1920s C alifornian state 
scientists, 1990s US ecosystem approach);

• distinguishing betw een uncertain ty  and  
ignorance (H arris R eport, uncerta in ties 
a ttached  to estim ates, ignorance regard ing  
ecology);

• unrealistic expectations (or incredible 
claims) as to  the  ‘soundness’ o f scientific 
conclusions (specifically n o rth e rn  cod, bu t 
a genera l feature);

• drawing u p o n  historical know ledge 
(H eincke’s im portance  o f sub-stocks, 
Scottish n a tu ra l no-take zones, success o f 
areas p ro tec ted  from  trawling);

• n o t b rush ing  ‘blind  spo ts’ u n d e r the  carpet 
(H arris R eport, rose-tin ted  spectacles) ;

• avoiding dom inance by any one discipline 
or sub-discipline (the  general dom inance 
o f  stock m odellers) ;

• accoun ting  for ‘real-w orld’ conditions 
(underestim ation  o f real fishing m ortality 
an d  technologies);

• taking full accoun t o f  the  pros an d  cons of 
any one ap p ro ach  (stock assessm ent vs. 
w ider approaches);

• using lay know ledge (Native Am erican, 
Scottish 19th century  fishers, C anadian  
inshore  fishers);

• taking accoun t o f  w ider social perspectives, 
acknow ledging the  im portance  o f value 
ju d g em en ts  an d  evaluating all the  options 
available (d ifferen t in te rp re ta tions of 
p recautionary  approach);

• avoiding reliance on  ever m ore  elaborate 
m odels to  explain away predictive failures 
(H arris, P tolem aic astronom ers and  
analytical fisheries science);

• dealing  with institu tional obstacles and  
regulatory  in d ep en d en ce  (reluctance to 
address fundam enta l econom ic issues, 
b lu rred  in d ep en d en ce  o f technical advisers 
an d  policy-makers from  Californian 
sardines to  presen t);

• m ain tain ing  due  hum ility ( ‘biased 
pseudoscience’ 1986 response o f DFO to 
criticism ).

Positive changes o f a ttitude  are occurring. 
T he question  is w hether they are  h ap p en in g  
fast en ough  to stave off fu rth e r collapses. 
W hile there  will be som e in terest g roups who 
see it as in  th e ir in terest to  pursue  a sho rt­
term  strategy, the n eed  for p recau tio n  is 
generally  n o t som eth ing  th a t should  n eed  to 
be labou red  w ithin the  fishing industry. N ot 
cu tting  stocks so ‘close to  the b o n e ’ n o t only 
takes us in to  areas o f g rea ter certainty 
regard ing  the m ain tenance  o f stocks, b u t will 
also greatly increase the econom ic re tu rns 
(W hitm arsh et al., 2000). T he p rob lem  is tha t 
the n a tu ra l capital has b een  ru n  dow n so far 
th a t industry  in  m any cases can n o t absorb the 
short-term  h it necessary to rebu ild  the  stocks. 
In te rest g roups n eed  to  red irec t the ir 
a tten tio n  from  arguing  with each o th e r and  
instead learn  the language of, an d  engage 
with, the  econom ic m inistries who —  n o t 
surprisingly given the history of 
inapp rop ria te  subsidy —  have a highly 
ja u n d ic e d  view o f the m erits o f investing in 
recovery program m es.
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Fisheries: early w arnings and actions Table 2.1.

Early fisheries in th e  UK

1 3 76-77 Sett ing  up a co m m it te e  Is th e  answ er  of  th e  English par l iam ent  to  a call for p recau t ionary  actions 
In fishing by controlling th e  m esh  of  th e  ne ts

1 8 66-93 Following uncer ta in ty  a b o u t  th e  c o n s e q u e n c e s  of  f isher ies g row th  official enquir ies  take  place,  
bu t  no action Is taken

Sardine fisheries in California

Mld-1920s Californian sa rd ine  f isheries sc ientis ts call for p recau t ion  and  research

1942 C on tinuous  Inaction leads to  th e  collapse of  th e  sa rd ine  s tock  (signs of  recovery  only In mid- 
1980s)

N orth ern  cod fisheries in Canada

Late 1970s C a n a d a  s ta r ts  m anag ing  th e  nor thern  cod  f isheries up to  200  nautical miles, claiming It Is doing 
so  precautlously

1986 Keats R eport  com m iss ioned  by Inshore fishers Indicates se ve re  u n de res t im a t ion  of  th e  fishing 
p ressure

1988 Alverson Report ,  p r e p a re d  by fishery sc ientis ts , s t a te s  th a t  cons is ten t  overes t lm at lon  of the  
s tock  size leads to  overfishing

1989 A new  g o v e rn m e n t  a s se s sm e n t  r e c o m m e n d s  th a t  th e  offshore catch  should  be  halved

1990 A new  In d e p e n d e n t  a s sessm en t ,  th e  Harris Report ,  confirms overfishing

1992 The s tock  collapses and a m oratorium  Is Im posed

1999 Restart  of th e  nor thern  cod  fisheries a t  low levels, bu t  d iss iden ts  s ta te  It Is not  low en o u g h

G eneral fisheries

1990s The eco sy s tem  a p p ro a c h  slowly se t t le s  In f isheries m a n a g e m e n t  p r o c e d u re s

1995 FAO C o d e  of  C o n d u c t  for Responsib le  Fisheries and  th e  UN A g re e m e n t  on S traddling  Fish 
Stocks and  Highly Migratory  Fish Stocks are  n e g o t ia te d  and  pub lished

2001 E uropean  Com m ission  G reen  P a p e r  on th e  fu ture of  th e  C o m m o n  Fisheries Policy

2001 Positive c h a n g e s  are  occurring ,  bu t  are  they  h ap p en in g  fast e n o u g h  to  avoid fu rther  collapses?
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3. Radiation: early warnings; 
late effects

Barrie Lambert

Since the discovery o f ionising rad iation  ju s t  
over 100 years ago, it has been  apprecia ted  
th a t injudicious exposure could p roduce  
h arm fu l effects, even death . However, the 
genera l excitem ent in  the  scientific 
com m unity an d  the, often inappropria te , 
publicity which followed these discoveries 
ensu red  th a t the  dam age to health , 
particularly  in  the  long term , was n o t given 
any prom inence . T he u n d o u b ted  m edical 
diagnostic and  therapeu tic  value o f  X-rays 
an d  radioisotopes m ean t th a t cau tion  ten d ed  
to  be throw n away and  it was several decades 
before  con tro l over exposure o f the  public 
an d  workers was p u t in  place. This contro l 
has slowly evolved as m ore know ledge o f the 
processes o f in terac tion  betw een rad iation  
an d  biological tissue has accrued, b u t it has 
often  lagged b eh in d  clear evidence o f effect. 
C hanges over the  last 70 years to 
recom m endations governing rad iation  
exposure have usually b een  m ore  restrictive; 
even over the  last 20 years we have perceived 
th a t the  risk is abo u t four to five tim es larger 
th an  h ith e rto  though t. However, the controls 
have n o t always m anaged  to  adequately 
balance risk an d  benefit. To u n d erstan d  an d  
analyse the developm ent o f rad ia tion  
p ro tec tion  it is necessary to  go back m ore 
th an  100 years.

3.1. X-rays

W ilhelm  C onrad  R oentgen  is c red ited  with 
the  discovery o f X-rays a t the  University of 
W urtzburg in  1895 b u t th ere  is reasonable 
evidence th a t a n u m b er o f  o th e r physicists, 
notably G oodspeed in  1890, had  p ro d u ced  
sim ilar pene tra tin g  radiations w ithout 
appreciating  th e ir significance. R oentgen  was 
the  first to  publish  an  accoun t o f the 
p ro d u c tio n  o f X-rays (R oentgen, 1895) and  
im m ediately recognised th e ir value to 
m edical diagnosis —  in  fact he  publicised his 
w ork by sending  an  X-ray o f his wife’s h an d  to 
p ro m in en t scientists. T here  was an  
im m ediate worldwide in terest in  this tool for 
m edical diagnosis, and  because o f the 
cavalier app roach  generally ad o p ted  by 
physicians it was inevitable th a t X-ray injuries 
w ould soon appear. T he scientific an d  lay 
worlds were captivated by the new

p h en o m en o n , w hich could pen e tra te  h u m an  
tissues an d  reveal bony structures. Despite 
the  occasional om inous w arning to the 
contrary  (T hom pson, 1898), the  general 
consensus was th a t X-rays, used judiciously, 
were w ithout adverse effects. Simplistically it 
was assum ed th a t ha rm  could  n o t resu lt from  
an agen t th a t could n o t be app recia ted  by the 
senses —  ironically, this is the  very reason 
given, nowadays, for the unreasonab le  fear o f 
radiation .

T here  were reports o f  injuries as early as 1896 
—  for instance, Thom as Edison, Tesla and  
G rubbe n o ted  eye an d  skin injuries and  the 
form er, particularly, cau tioned  abou t 
excessive exposure to X-rays (Edison, 1896). 
U nfortunately, this was too  late for E d ison’s 
assistant, C larence Dally, w ho suffered from  
severe rad ioderm atitis  resulting  in  the 
am puta tion  o f his arm  an d  his subsequent 
death  in  1904. By the late 1890s th ere  were 
num erous reports  o f rad ia tion  skin burns 
and  loss o f ha ir (epilation) in  the scientific 
lite ra tu re  bearing  testim ony to  the ap p a ren t 
cavalier attitudes an d  the size o f the  doses 
w hich were being experienced . O ne o f  the 
m ore absurd  actions was th a t o f  the  well- 
know n A m erican physicist E lihu T hom son, 
who purposely exposed the little finger o f his 
left h an d  to  the  d irect beam  o f an  X-ray tube 
over a perio d  o f several days. T he inevitable 
severe dam age to his finger m ade him  
caution  against overexposure ‘...or there  may 
be cause for reg re t w hen too la te ’ (Thom son,
1896). Ironically, because o f  the  increasing 
n u m b er o f reports  o f  rad iation  injury, som e 
physicians recognised the possible 
therapeu tic  value o f the  rays an d  the first 
‘trea tm en t’ was rep o rted  in  1896 (Stone, 
1946) w hen  a w om an with advanced 
carcinom a o f the  left b reast was trea ted  in 
Chicago. A t ab o u t this tim e th ere  was som e 
pressure in  the m edia. Jo h n  D ennis, a New 
York journalist, who could possibly be 
considered  the first rad iation  ‘whistle 
blow er’, cam paigned for controls on 
radiologists and  rad iographers by licence 
issued by the state, an d  suggested th a t injury 
to a p a tien t was a crim inal act (Dennis,
1899). I t was m any decades before this was 
acted  upon.
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D espite the  repo rts  an d  cautions o f  adverse 
effects, an d  even the use o f X-rays for 
therapy, a degree o f overconfidence existed 
in  the  m edical fraternity  regard ing  the use of 
X-rays. T he theories were th a t the effects 
w ere n o t caused by the in teractions o f  the  X- 
rays themselves b u t by static electricity or 
individual sensitivity —  th ere  was even total 
den ial o f the  existence o f X-ray effects (Scott,
1897).

Perhaps the first an d  m ost im p o rtan t person  
in  the  ro le o f  rad ia tion  p ro tec tion  p io n eer 
was a Boston dentist, W illiam Rollins. Rollins, 
w ho was a H arvard  g raduate  in  dentistry  and  
m edicine, was the first to  suggest a 
‘to le ran ce ’ dose or exposure for X-rays and  
also the first to  recom m end  ways o f shielding 
an d  collim ating X-ray tubes. His criterion  or 
standard  was to expose a pho tog raph ic  plate 
outside the tube; if the p late d id  n o t fog in  7 
m inutes the  shield ing was adequate . D uring 
the  period  1900-1904 he  published  m ore 
th an  200 papers u rg ing  physicians to  use the 
m in im um  possible exposure, an d  he  m ade 
m any suggestions o n  how to red u ce  the 
exposure o f b o th  radiologist and  p a tien t 
(Rollins, 1904). This la tte r p o in t has only 
recently  been  addressed  again  by the U nited  
K ingdom ’s N ational Radiological P ro tection  
B oard (NRPB, w hich advises the 
g o v ern m en t). Rollins also recognised the 
po ten tia l for the  induction  o f cataract an d  he 
carried  ou t som e anim al experim ents tha t 
showed, am ongst o th e r effects, the  possibility 
o f  acute (teratological) dam age to  the  foetus. 
H e was the first to  w arn o f the  risks in  the X- 
ray o f w om en for the  diagnosis o f pregnancy 
(pelvim etry). However, his cautions often 
w ent u n h eed ed  —  his w arnings abou t 
pelvim etry were only revisited, a lbeit with 
re ference  to late effects, by Alice Stewart, the 
British epidem iologist, ab o u t 40 years later 
(Stewart et al., 1958). I t is notew orthy th a t h er 
w ork was also at first re jected  by the m edical 
au thorities (see below ).

I t w ould be reasonable to assum e that, once it 
h ad  b een  identified  th a t excessive X-ray 
exposure p ro d u ced  tissue dam age, care 
w ould be exercised. This was n o t so —  even 
in  1903, A lbers-Schonberg (1903) who 
p ro d u ced  a set o f  rules for the  use of 
radiologists in  p ro tec ting  themselves, 
suggested th a t the regularly used techn ique 
o f  testing the  ‘h a rd n ess’ o f the  X-ray tube by 
p lacing the  h a n d  betw een the  tube and  
fluorescen t screen was dangerous. I t m ust be 
said that, in  this period , the  absence o f  an  
ag reed  u n it o f  rad ia tion  exposure or dose was

a p rob lem  to those w ho w anted to establish 
effective standards o f p ro tec tion  —  this had  
to wait un til the  ad o p tion  o f the ro en tg en  as 
the u n it o f exposure in  1928. However, 
notw ithstanding the absence o f units, the 
first set o f pub lished  rules o f rad iation  
p ro tec tion  was p ro d u ced  by the  G erm an 
Radiological Society in  1913 (Taylor, 1979). 
Shortly after this, also in  1913, Coolidge 
invented the  hot-cathode, tungsten-target X- 
ray tube w hich con tribu ted  im m easurably to 
lower doses to  bo th  patien ts and  
rad iographers (for instance, w ith early tubes 
opera ting  a t low voltages, exposures o f  m ore 
th an  an  h o u r were co m m o n ).

3.2. Radioactivity and radioactive 
materials

U nfortunately, an o th e r hazard  becam e 
ap p a ren t very soon after R o en tg en ’s work 
because w ithin weeks H en ri B ecquerel had  
discovered radioactivity an d  then , in  1898, 
M arie an d  P ierre Curie rep o rted  the 
discovery o f  radium . T he ex ten t o f the  
hazard  o f radioactivity was n o  m ore 
recognised  th an  th a t o f X-rays an d  b o th  
B ecquerel an d  P ierre C urie suffered skin 
erythem as from  carrying sam ples of 
radioactive m aterials in  the ir pockets. 
A lthough  it was soon realised th a t rad ium  
could  be used therapeutically, for exam ple 
fo r killing m alignan t cells, for som e reason 
the  public becam e beso tted  w ith the idea o f 
rad ium  (and  radium -em anation, radon) 
being  a genera l panacea.

T he precau tionary  princip le  seem ed to  act 
even slower in  this field because n o t un til 
ab o u t 1920 was it realised th a t contro ls were 
necessary. This was in itia ted  a t least partly by 
the  use o f rad ium  in  lum inous p a in t th a t was 
used extensively in  the  First W orld War. The 
radium -activated pa in t was applied  by b rush  
an d  the  painters, mostly young w om en (in 
N ew jersey an d  elsew here), found  they could 
w ork faster an d  earn  m ore  by tipp ing  the ir 
brushes with th e ir lips —  in this way they 
ingested  considerable quantities o f radium . 
Very little a tten tio n  was paid  to industrial 
hygiene an d  the workers were irrad ia ted  
internally  from  the rad ium  they h ad  taken  in, 
externally from  accum ulations o f the  pa in t 
w hich contam inated  th e ir w orkplaces and  
from  the inhala tion  o f  radon . T he hazard  o f 
this work was n o t a t first recognised b u t in  
1924 a New York dentist, T h eo d o re  Blum, 
pub lished  a p ap er th a t iden tified  a new 
disease w hich he  called ‘rad ium  jaw ’ 
(som etim es know n as ‘phossyjaw ’) w hich he
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had  seen in  his patien ts who were ex-dial 
pain ters. H e a ttrib u ted  the  cond ition  to the  
toxicity o f phosphorus. However, a local New 
Jersey pathologist, H arrison  M artland, 
recognised the  b one  lesions as being  caused 
by rad ium  an d  in  1925 started  a study tha t 
u n ea rth ed  the w hole sorry story (M artland 
an d  H um phries, 1929). T he first bone 
sarcom a was reco rded  in  this g roup  o f 
w om en in  1923 an d  there  have b een  55 such 
cancers stud ied  in  a p o pu la tion  o f  nearly 
3 000 w om en (Rowland et al., 1983) — 
a ltogether ab o u t one  th ird  have d ied  of 
various m alignancies (including  leukaem ia 
an d  b reast can ce r). T he data  derived from  
the  experiences o f  these w om en did 
eventually set the  standard  for the  in take o f 
radioactive m aterial for m any years —  this 
was the so-called rad ium  standard . This 
s tandard  was set a t the am o u n t o f rad ium  in 
the  body w hich apparen tly  p ro d u ced  no  
effect. T here  was th en  an  assum ption o f  a 
th resho ld  for the effects b u t this was in  
accord  with the general a ttitude  in  the  years 
u p  to 1930 o f setting  a ‘to le ran ce ’ dose. The 
rad ium  standard  was set a t a level o f 
radioactivity o f 0.1 m icrocuries (3.7 
k ilobecquerels) o f rad ium  w hich would 
deliver a rad ia tion  dose o f  150 millisieverts to 
the  bone.

In  a som ew hat bizarre way, in  the  1920s 
rad ium  was looked u p o n  as a source o f hea lth  
an d  healing. This cum ulated  in  m any potions 
being  sold contain ing  radium , the m ost 
fam ous being  R adiothor. Four h u n d re d  
thousand  bottles o f this quack nostrum , 
w hich was said to  cure a range o f m aladies 
from  stom ach ulcers to im potence, were sold 
betw een 1925 and  1930. T he m ore 
dangerous aspects o f  this were h igh ligh ted  
w hen a fam ous US golfer, industrialist and  
m illionaire, E ben  Byers, d ied  from  radiation- 
in d u ced  disease after consum ing ab o u t 1 000 
bottles over a long period  o f  tim e (Macklis,
1993). This case d id  quite a lo t to encourage 
a m ore  restrictive app roach  to  the  use of 
rad ium , as d id  the d eath  o f M arie C urie in  
1934 from  (probably) aplastic anaem ia 
(which was a t the  tim e a ttrib u ted  to the 
effects o f rad ium ). Nevertheless, such use of 
rad ium  an d  rad o n  has lasted to this day in  
the  form  of, for instance, ‘em an to ria ’ w here 
rad o n  is b rea th ed  for (presum ed) beneficial 
purposes, for exam ple in  Salzburg.

3.3. Early moves towards control of 
exposure

D uring the  1920s the concep t o f  rad iation  
dose was n o t defined  b u t th ere  w ere a 
n u m b er o f reports  a im ed at restricting 
exposure. These often  quo ted  a level w hich 
could be ‘to le ra ted ’. O ne o f  these was a 
fraction  o f  the  skin ery them a dose (SED) 
w hich was suggested by an  A m erican 
physicist, A rth u r M utscheller (M utscheller, 
1925). His proposal was one h u n d re d th  of 
the  SED in  a m on th . This w ould be very 
roughly  equivalent to an  an n u a l dose lim it o f 
a b o u t 700 millisieverts (the con tem porary  
dose lim it for workers is now 20 millisieverts 
p e r year). I t is notew orthy th a t du ring  this 
p erio d  the em phasis was on  limits driven by a 
desire to con tro l the  im m ediate effects o f 
rad iation . T here  seem ed to be n o  realisation 
th a t cancer would follow after a long lag, o r 
latent, period.

Clearly th ere  was som e pressure from  w ithin 
p a rt o f  the scientific com m unity for contro l 
o f the  use o f rad ia tion  an d  with the 
establishm ent o f the In te rn a tio n a l X-ray and  
R adium  Pro tec tion  C om m ittee (IXRPC) at 
the  second In te rn a tio n a l Congress of 
Radiology in  1928 the setting o f standards 
becam e m ore  regularised. However, 
com m ents on  the m isuse o f  rad ia tion  were 
often  missing. For som e reason  in  the  early 
pontifications o f  the  IXRPC em phasis was 
p laced on  leisure activities for rad iographers 
(Desjardins, 1923). For exam ple, ‘The 
cultivation o f an  o u td o o r hobby is o f special 
im portance  to  all persons exposed to 
rad ia tio n .’ T he IXRPC eventually 
m etam orphosed  in to  the In te rna tiona l 
C om m ittee o n  Radiological P ro tection  
(ICRP) b u t again it was som e tim e before this 
com m ittee began  to recom m end  dose limits 
w ithou t conno ta tion  o f  a dose th reshold . All 
this was against a background  o f repo rts  of 
m ore  th an  200 radiologists w ho h ad  died  o f 
w hat were th o u g h t to be rad iation-induced  
m alignan t diseases (Colwell and  Russ, 1934), 
particularly  the p ioneering  British radiologist 
Ironside-B ruce in  M arch 1921. As a resu lt o f 
his d eath  there  were several press articles 
com m enting  on  the  adequacy o f shielding o f 
X-ray tubes w hich p ro m p ted  the  R oentgen  
Society ( ‘E d ito ria l’, 1921) to state ‘the 
scientific com petency o f the  press is less th an  
its ability to  write lu rid  jo u rn a lise ’.
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3.4. The post-war watershed: 
justification, optimisation, 
limitation

T he essential change in  rad ia tion  p ro tec tion  
philosophy cam e a t a m eeting  in  C anada in  
1949 (NBS, 1954) w hen it was concluded  
that, ‘th ere  may be som e degree o f risk a t any 
level o f exposu re’ an d  ‘the  risk to the 
individual is n o t precisely determ inab le  b u t 
however small is believed n o t to be zero ’. T he 
add itional philosophy from  this m eeting, 
w hich is o f g rea t im portance, was tha t 
‘rad ia tion  exposures from  whatever sources 
shou ld  be as low as prac ticab le’. This is w hat 
is now know n as the optim isation principle. 
T he risk vs. benefit (justification) principle, 
w hich is probably un ique  to rad ia tion  as a 
po llu tan t, was also in troduced .

T he ICRP was set up  to do n o  m ore  than  
m ake ‘recom m endations’ which, presumably, 
could  have b een  accep ted  or re jected  by 
national governm ents, b u t from  its incep tion  
its ro le has b een  criticised. For exam ple, it 
took n o  stand ab o u t the  testing o f nuclear 
w eapons in  the a tm osphere  w hich p ro d u ced  
worldwide fallout. In  add ition  it has generally 
b een  the work o f  individuals, ra th e r th an  the 
ICRP, w hich has p reven ted  the misuse of 
rad iation . T here  are num erous exam ples of 
the  ill-conceived use o f  rad iation , including:

• T he w idespread use o f  Pedascopes for 
fitting c h ild ren ’s shoes. These X-ray 
fluoroscopy devices were in  nearly  every 
shoe store in  the  1940s and  1950s and  could 
p roduce  rep o rted  dose rates o f 1 ro en tg en  
p e r m inute. They did n o  m ore th an  keep 
ch ild ren  am used whilst the ir paren ts 
selected shoes an d  thus the rad ia tion  doses 
received by ch ild ren  an d  shop staff were 
totally unnecessary.

• C h ildren  w ho h ad  ringw orm  were trea ted  
with X-rays to  p roduce  epila tion  b u t m any 
subsequently  developed cancer (see, for 
exam ple, R on et al., 1989).

• M ental pa tien ts were ‘tre a te d ’ w ith rad ium  
in  the 1930s.

• X-rays were used for the  rem oval of 
unw anted  hair in  beauty shops in  the 1930s 
an d  1940s.

T hese misuses o f  rad ia tion  were largely 
uncon tro lled  because th ere  were, a t tha t 
tim e, n o  specific legal regulations governing 
rad ia tion  safety, only recom m endations. In  
the  U n ited  K ingdom  legal regu lation  was first 
encapsulated  in  the  Ionising Radiations

R egulations (1961); and  la ter separately for 
m edical radiations (POPUMET, 1988).

Following the Second W orld W ar th ere  was a 
rush  to develop b o th  nuclear pow er and  
n uclear weapons. T he rad ia tion  p ro tec tion  
com m unity  was faced with the p rob lem  o f 
setting  dose limits th a t d id  n o t ap p ear to 
restric t the  expansion o f these industries — 
politics en te red  the scene. A t first the  public 
w ere beguiled  by the  prom ise o f endless 
cheap n uclear pow er b u t dem onstrations of 
nu c lear w eapons p ro d u ced  a d ifferen t 
reaction . Gradually peop le  began  to  have less 
an d  less confidence in, an d  m ore  suspicion 
of, the motives o f  governm ents, particularly  
w ith regard  to b land  reassurances ab o u t the 
effects o f radioactive con tam ination  o f the 
environm ent. This app reh en sio n  was fuelled 
by the rise o f  the  ‘g reen  m ovem ent’ an d  was 
to  a certain  ex ten tju stified  —  it is only 
surprising  th a t it took so long to develop. 
This was m aybe because the early uses of 
rad ia tion  h ad  to  a large ex ten t b een  in  
m edicine and  the  public had  a tru st o f 
doctors. However, the  motives o f the  nuclear 
industry  were seen as less likely to be for the 
good  o f the individual. Even confidence in  
m edical radiology received a jo l t  in  the late 
1950s w hen a well-known public hea lth  
epidem iologist, Alice Stewart, carried  ou t 
som e studies w hich linked radiology during  
pregnancy  (pelvim etry) w ith leukaem ia in  
ch ild ren  (Stewart et a í, 1958). This finding 
was a t first controversial an d  disbelieved but, 
a fter being  rep ea ted  by others, it is now 
accep ted  th a t th ere  is a significant risk of 
leukaem ia from  even small rad ia tion  doses 
received by the  em bryo or foetus. Nowadays 
it is recom m ended  (RCR, 1993) th a t no  
obstetrician  should  consider the  use o f  X-rays 
if  som e o th e r diagnostic tool is available. It 
has b een  estim ated (Doll, 1989) th a t abou t 
5 % o f all cases o f ch ildhood  cancer were 
caused by pelvimetry, w hich in  the U nited  
K ingdom  was abou t 75 cases each year an d  in  
the  U n ited  States abou t 300. In  could be 
claim ed th a t these num bers o f  leukaem ias 
w ould have been  saved h ad  the w ork of 
Stewart et al. b een  acted  on  earlier. A sim ilar 
an d  con tem porary  story may be unfo ld ing  in  
re la tion  to the ch ildhood  leukaem ia risk in 
proxim ity to overhead pow er lines in  the 
U n ited  States.

C ontem porary  risk estim ates for rad iation  
are  probably  m ore  quantified  an d  m ore 
soundly based th an  risks from  any o ther 
env ironm ental po llu tan t. However, th ere  are 
problem s with even these estim ates because
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they are  derived alm ost exclusively from  the 
h ea lth  records o f the survivors o f the  atom ic 
bom bings in  Ja p a n  in  1945 i.e. a t h igh  dose 
an d  dose ra te . A conservative linear dose- 
effect re la tionsh ip  is assum ed an d  it is 
therefo re  apprecia ted  th a t there  is a risk a t all 
doses. Exposures to  rad ia tion  are therefo re  
associated w ith a certa in  acceptance o f risk. 
For this reason  the  ICRP have based the ir 
philosophy (ICRP, 1977) a ro u n d  th ree  
tenets:

• Justification  —  all uses o f rad ia tion  have to 
bejustified  so th a t the  d e trim en t is offset by 
som e n e t benefit.

• O ptim isation  —  all exposures m ust be kep t 
as low as reasonably achievable, social and  
econom ic factors being  taken in to  account.

• L im itation —  all exposures m ust be below 
the  app rop ria te  dose limit.

I t  is o f  in terest to  exam ine the  first and  
second o f these tenets to  see w hat progress 
has b een  m ade in  the  100 years o f rad iation  
use, using m edical radiology as an  exam ple.

In  m edical rad ia tion  exposure it is in ten d ed  
th a t th ere  should  be som e benefit to the 
p atien t. A lthough this is usually tru e  there  
are  an  increasing n u m b er o f  occasions w hen 
it is doubtful, for exam ple the use o f X-rays as 
p a r t o f h ea lth  m on ito ring  for jo b  selection, 
o r som e screening  p rocedures. T he NRPB 
has estim ated (NRPB, 1990) th a t abou t 20 % 
o f all X-rays carried  o u t in  the  U nited  
K ingdom  are clinically unhelpfu l. T hus it has 
b een  stated in  guidance principles given to 
rad iographers th a t ‘th ere  should  be a valid 
clinical ind ication  for all exam inations of 
patien ts w here ionising rad ia tion  is u sed .’ 
This constitutes ‘ju stifica tio n ’ an d  is a m ajor 
step forw ard com pared  to the radiology of, 
say, even 40 years ago, particularly  as it refers 
to  the p a tien t an d  n o tju s t  the radiologist. In  
add ition  to this criterion, the  dose received 
by the p a tien t should  be optim ised, an d  h ere  
progress is n o t so good. T he NRPB has 
estim ated (NRPB, 1990) th a t the  total annual 
collective dose from  m edical exam inations in  
the  U nited  K ingdom  is ab o u t 16 000 m an- 
sieverts. I t also suggests a n u m b er o f p a tien t 
dose red u c tio n  m ethods w hich should  result 
in  a red u c tio n  in  this collective dose o f  abo u t 
7 500 man-sieverts, i.e. nearly  50 %. I t has 
also b een  shown, m ore  recently, th a t the 
variation  in  the  dose received a t d ifferen t 
hospitals for the sam e exam ination  can be 
m ore  th an  an  o rd e r o f m agn itude  (Wall and  
H art, 1997). Thus, a lthough  the individual 
rad ia tion  dose is now m aybe two orders of

m agnitude lower th an  60 years ago, the 
prob lem  o f optim isation o f th a t dose still 
exists.

3.5. Conclusions

Overall it can be concluded  th a t rad ia tion  
p ro tec tion  standards have slowly evolved as 
the  percep tio n  o f rad ia tion  effects has 
developed. However, th ere  have also been  
som e people, maybe ahead  o f  th e ir tim e, who 
w arned o f im pend ing  doom . Thus, there  
have always b een  periods w hen changes in  
lim its have lagged som e years b eh in d  clear 
evidence o f h a rm  to h u m an  health . T here  
are  now  substantial lobbies for changes which 
include bo th  re-in troducing  the concep t o f 
th resholds an d  considerations o f horm esis 
(small doses w hich are th o u g h t to do some 
good) —  these have b een  resisted by the 
ICRP.

R adiation  p ro tec tio n  is now firmly 
established in  legislation b o th  in  the  
E uropean  U nion  (by directives) and, 
internationally, in  the  Basic Safety Standards 
o f the  In te rn a tio n a l Atom ic Energy Agency 
(IAEA). All o f these use the 
recom m endations o f the ICRP as th e ir basis. 
In  the  U n ited  K ingdom  the  m ost recen t 
legislation w hich covers workers and  
m em bers o f the public is the  Ionising 
R adiations R egulations o f  1999. These are 
in ten d ed  to  im p lem en t EU Directive 9 6 /2 9  
(laying down basic safety standards for the 
p ro tec tion  o f the  h ea lth  o f workers an d  the 
genera l public against the dangers arising 
from  ionising rad ia tio n ). This directive will 
(eventually) be im p lem en ted  th ro u g h o u t 
E urope, an d  sim ilar regulations from  the 
IAEA should  apply in  o th e r countries. T here  
are  now, also, regulations w hich cover the  use 
o f  rad ia tion  in  m edicine an d  the lim itation  o f 
doses to patients. However, it has b een  found  
difficult to ensure th a t rad ia tion  p ro tec tion  
legislation is im p lem en ted  uniform ly and  
th ere  con tinue  to be exam ples o f careless or 
irresponsible attitudes towards rad iation  
sources an d  waste w hich have resu lted  in 
h o rren d o u s injuries an d  death , such as the 
caesium-137 in c id en t a t G oiania (R osenthal 
et a l, 1991).

Historically, less s tringen t dose limits have 
also given rise to claims from  workers for 
com pensation  for cancer allegedly caused by 
rad ia tion  exposure. In  this context, the  issue 
o f  liability for rad ia tion  in jury has som e 
lessons for o th e r ‘long la ten t p e rio d ’ 
hazardous agents. In  the U nited  K ingdom
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liability in  the nuclear industry  was originally 
state funded  (N uclear Installations Act 1965) 
b u t the  R adiation  W orkers C om pensation  
Schem e, w hich is ru n jo in tly  by trades un ions 
an d  the  nuclear industry, has b een  extrem ely 
successful in  providing an  alternative to 
litigation.

Thus, a lthough  we have lea rn t m uch  abou t 
the  risks o f rad ia tion  exposure in  the last 100 
years (probably m ore  th an  abou t any o th e r 
env ironm ental po llu tan t) we are still 
constantly having to react to new knowledge. 
For instance, the  risk rate  for radiation- 
in d u ced  cancer was perceived (by ICRP) as

four to five tim es h ig h er in  1990 as com pared  
to 1977. This resu lted  in  changes in  dose 
limits b u t was a belated  response to 
m oun ting  incontrovertib le evidence, a 
situation  w hich has b een  a recu rrin g  them e 
in  the history o f rad ia tion  p ro tection , w here 
p recau tion  has som etim es been  lacking 
despite the  clear warnings given from  the 
discovery o f  rad ia tion  to the  p resen t day. 
T hus it m ust be concluded  tha t the 
p recau tionary  p rincip le  suggests tha t 
epidem iological databases o f long-term  
effects m ust be funded  an d  m ain ta ined  for 
the fu tu re  even w hen an  im m ediate n eed  is 
n o t perceived.

Table 3.1. Radiation: early  warnings and actions

1896 Injuries from ex p o su re  to  X-rays n o te d  by Edison, Tesla and  G ru b b e .

1899 J o h n  Dennis, N ew  York journal is t , c a m p a ig n s  for licensing of  radiologis ts  and  warns of  harm from 
X-rays.

1904 D eath  of  Edison 's  assis tant  from com plica tions arising from se ve re  X-ray radloderm atl t ls .

1904 William Rollins, Harvard d e n t i s t /d o c to r ,  pub lishes  m any warn ings on X-ray hazards ,  and 
re c o m m e n d a t io n s  on p reven t ion  for radio logis ts  and pat ien ts ,  Including p re g n a n t  w o m en .

1913 First pub lished rules of  voluntary radiological  p ro tec t ion  by G erm an  Radiological  Society.

1924 N ew  York den t is t ,  T h e o d o re  Blum, Identifies 'r ad ium jaw ' In radium dial painters: bu t  wrongly 
a t t r ib u te s  this to  p h o sp h o ro u s .

1 9 25-29 Harrison M artland,  N ew  Je rs e y  pa tho log is t ,  Identifies radium as th e  cause  of  th e  j a w b o n e  cancers  
In th e  dial pa in ters  s tud ied .

1928 Estab l ishm ent  of  th e  International X-ray and  Radium Pro tec t ion  C om m it tee :  which later b e c a m e  the  
International C o m m it te e  on Radiological  P ro tec t ion  (ICRP).

1934 R eports  by Colwell and  Russ, on th e  d e a th  of  m ore  than  200  radiologis ts  from rad ia t ion-induced  
cancers .

1949 ICRP con c lu d es  th a t  th e r e  Is no d o s e  th resho ld  for rad ia t ion-induced  cance r  and op tim isa tion  of  all 
e x p o s u re s  Is crucial.

1958 Alice S tew art  r ep o r ts  th a t  'low d o s e '  X-rays t o  p re g n a n t  w o m e n  can cause  leukaemia In their  
children. N o t  genera lly  a c c e p te d  until th e  1970s.

1961 UK publ ishes  regu la t ions  covering th e  use of  radioactive su b s tan ces .

1977 ICRP u p d a te s  Its radiat ion p ro tec t ion  r e c o m m e n d a t io n s  and  links d o s e  limits to  risk.

1988 R egula tions covering radiation d o s e s  to  p a t ien ts  p ro d u c e d  In th e  UK

1990-97 NRPB rep o r ts  20  % of medical X-rays are  p ro b ab ly  clinically unhelpful; th a t  50 % of the  collective 
d o s e  to  pa t ien ts  could be  avo ided ;  and  th a t  Individual d o se s  for th e  s a m e  X-ray vary by 10Ox 
b e tw e e n  hospitals.

1990 ICRP con c lu d es  In Publication 60 tha t  th e  risk of  rad ia t ion-induced  cance r  Is 4-5 t im es  g r e a t e r  than  
e s t im a ted  In 1977 —  re d u c e s  th e  occupa t iona l  d o s e  limit to  20m Sv per  year.

1996 EU Directive on Ionising Radia tions b a s e d  on ICRP 60 which will be  m an d a to ry  on m e m b e r  s ta te s .
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4. Benzene: an historical
perspective on the American and 
European occupational setting

Peter F. Infante

4.1. Early warnings

Since the  1897 re p o rt o f Santessen, who 
observed aplastic anaem ia am ong young 
w om en engaged  in  the m anufactu re  o f 
bicycle tyres in  Sweden, an d  the  re p o rt in  the 
sam e year by LeN oir an d  Claude, who 
observed haem orrhag ing  in  a young m an 
engaged in  a dry-cleaning opera tion  in  
France, benzene has b een  know n to be a 
pow erful bone m arrow  poison. Similar 
repo rts  o f  w orkers developing benzene- 
re la ted  diseases o f the  b one  m arrow  
increased  dram atically th ro u g h  the first ha lf 
o f  the  20th century.

Between 1910 an d  1914, the first m ajor use o f 
benzene as a solvent in  the  ru b b e r industry 
took place. P roduction  o f benzene was also 
stim ulated  greatly by the dem and  for to luene 
in  the  m anufactu re  o f  explosives du ring  the 
First W orld War. E xpanded  use o f benzene in  
industry  after the  war led to an  increased  use 
o f  benzene as a solvent in  the  artificial 
lea th er industry, ru b b er goods, glue 
m anufacturing , h a t m anufacturing, 
ro togravure p rin ting , pain t, adhesives, 
coatings, dry cleaning, autom obile 
m anufacturing , tin-can assembly, as a starting 
m ateria l in  organic synthesis, in  pe tro leum  
p roducts  and  in  the  b lend ing  o f m o to r fuels.

This expansion in  the  industria l uses of 
benzene was accom panied  by a vast increase 
in  the  num bers o f rep o rted  cases o f aplastic 
anaem ia, generally  re fe rred  to as ‘benzene 
po ison ing ’. Some individuals were diagnosed 
with benzene poisoning  w ithin a few weeks o f 
initial em ploym ent and  som e d ied  w ithin a 
few m onths o f beg inn ing  the ir jo b s (H ogan  
an d  Schrader, 1923). These poisonings were 
associated w ith benzene levels rang ing  mostly 
betw een 200 ppm  (parts p e r m illion) and  
1 000 ppm . G reenburg  an d  colleagues 
(1926) m ade a survey o f  12 plants in  the 
U nited  States th a t used benzene an d  
observed th a t 32 % o f the  workers had  
abnorm ally low white b lood  cell counts 
(below 5 500 p e r cc), and  12 % had  below 
4 000 p e r cc. T he benzene exposure levels

associated w ith this extrem ely h igh  
prevalence o f abnorm al white b lood  cell 
counts were 90 ppm  an d  higher. G reenburg  
(1926) recom m ended  m edical rem oval if  an  
em ployee developed clinical sym ptom s of 
poisoning, or if  b lood  values for individual 
w orkers d ro p p ed  25 % or m ore.

Glossary

Leukaemia: a progress ive  can ce r  of  th e  b lood .  It 
can be  classified clinically by dura tion  of  th e  
d ise ase  (acute  or  chronic), and  by ch a rac te r  of the  
d isease ,  Including m y e lo g en o u s  (myeloid cells In 
excess;  lymphatic (lymphoid cells In excess);  
monocytic  (m onocy tes  In excess)

A plastic anaem ia: a condit ion  w h e re b y  th e  b o n e  
marrow falls to  p ro d u c e  e n o u g h  red  b lood  cells, 
white  b lood  cells and  pla te le ts .  There fo re  the  
Individual Is usually t ired b e c a u s e  th e r e  are  not  
e n o u g h  red  b lood  cells available,  Is suscep t ib le  to  
Infection b e c a u s e  th e re  are  no t  e n o u g h  white  
b lood  cells p re sen t ,  and  b le e d s  easily b e cau s e  
th e re  are  no t  e n o u g h  b lood  p la te le ts  available

B enzene poisoning: usually refers  to  aplastic  
anaem ia

Hypersusceptibility: a condit ion  of  Increased  
susceptibili ty  to  toxic e x p o s u re s  In relation to  th e  
a v e rag e  person

H aem opathy: an abnorm ali ty  of  th e  b lood

M u ltip le  m yelom a: a cance r  of  th e  lymphat ic 
system

4.1 .1 . First report o f  benzene-induced  
leukaem ia

In  1928, D olore an d  B orgom ano published  
the first case o f  benzene-induced  leukaem ia. 
This case o f acute lym phatic leukaem ia was 
identified  in  a pharm aceutical w orker who 
h ad  a jo b  considered  dangerous because of 
h igh  benzene exposure levels. A nother 
w orker a t the sam e p lan t d ied  o f aplastic 
anaem ia an d  the au thors were o f the op in ion  
th a t som e previous cases o f aplastic anaem ia 
rep o rted  in  association with benzene 
exposure may also have b een  leukaem ia. T he 
com pany’s m eans o f dealing with the  h igh  
exposure levels th a t caused these b lood  
diseases was to ro ta te  the  workers ou t o f the 
specific jo b  every m onth .
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4.2. Actions and inactions

4.2 .1 . E xposure recom m endations
By 1939, the  vast n u m b er o f  benzene 
poisonings am ong workers in  all parts o f  the 
w orld led  to  the  recom m endation  for the  
substitu tion  o f benzene with o th e r solvents by 
a n u m b er o f investigators (G reenburg , 1926; 
E rf  an d  Rhoads, 1939; M allory et al., 1939). 
In  1939 H unter, an d  M allory et al., rep o rted  
89 cases o f ‘po ison ing ’ an d  th ree  cases of 
leukaem ia am ong workers exposed to 
benzene in  a variety o f  occupations. Two o f 
the  ‘po isonings’ w ere associated with 
benzene levels o f less th an  25 ppm  an d  10 
ppm , respectively.

Yet, in  1946, the A m erican C onference of 
G overnm ental Industria l Hygienists 
(ACGIH) recom m ended  a lim it o f  100 ppm  
for benzene exposure in  the  w orkplace 
(ACGIH, 1946). Subsequently, the 
reco m m en d ed  value was red u ced  to 50 ppm  
in  1947 and  to  35 ppm  in 1948 (ACGIH, 
1948). Because o f evidence of 
‘hypersusceptibility’ to the  bone m arrow  
suppressing effects o f benzene, a docu m en t 
pub lished  in  1948 by the A m erican 
P etro leum  Institu te  (API) concluded  th a t the 
only absolutely safe level from  exposure to 
benzene was zero (API, 1948). This op in ion  
was based on  observations o f som e workers 
developing various b lood  diseases indicative 
o f  b one  m arrow  depression who h ad  w orked 
alongside o th e r w orkers whose b lood  counts 
w ere in  the norm al range. T he API th en  
p ro ceed ed  to recom m end  a lim it o f  ‘50 ppm  
o r less’. In  1957, the  ACGIH low ered its 
reco m m en d ed  eight-hour tim e-weighted 
average exposure lim it to  25 ppm  for 
benzene (ACGIH, 1957).

4.2 .2 . D isregard for recom m endations
In  spite o f  the recom m endations m en tioned  
above, cases o f aplastic anaem ia, an d  central 
nervous system toxicity m anifested  by 
headache, nausea, giddiness, staggering gait, 
paralysis an d  unconsciousness (leading to 
d ea th  in  13 cases in  the  U n ited  K ingdom ) 
con tin u ed  to be rep o rted  in  the 1940s and  
1950s (Browning, 1965). These symptoms o f 
the  cen tral nervous system are th o u g h t to be 
associated w ith benzene exposures ranging  
from  3 000 ppm  to 20 000 ppm  (Flury, 1928 ) 
—  levels 200 to 800 tim es h ig h er th an  the 
limits recom m ended  in  the  1940s an d  1950s 
an d  2 000 times h ig h er th an  the 10 ppm  level 
already associated w ith aplastic anaem ia by 
H u n te r  and  by M allory et al. (1939).

In  the  1950s and  1960s, an  obvious lack o f 
p recau tion  for workers exposed to benzene 
was taking place in  m any parts o f  the world, 
including  France, Italy, Russia, Turkey, the 
U nited  K ingdom , the U nited  States and  
o th e r countries, as d o cum en ted  by the 
publication  o f case reports o f  b lood  diseases 
as a resu lt o f benzene exposures well above 
levels know n to be toxic to the  b one  m arrow  
and  central nervous system o f workers. For 
exam ple, Vigliani an d  Sai ta, in  1964, 
rep o rted  th a t the  risk o f  acute leukaem ia 
am ong workers ‘heavily exposed to b en zen e ’ 
in  the ro togravure an d  shoe industries in  the 
Italian provinces o f M ilano an d  Pavia was at 
least 20 tim es h ig h er th an  for the general 
population . Vigliani (1976) rep o rted  tha t 
over 200 cases o f benzene haem opathy, 
including  34 cases o f  acute leukaem ia, had  
been  trea ted  a t the  Institu tes o f M ilano and  
Pavia betw een 1942 an d  1965. These workers 
were exposed to benzene levels ranging 
mostly from  200 to 500 ppm , with occasional 
peaks above these levels. In  1967, G oguel et 
al. rep o rted  44 cases o f  benzene-induced  
leukaem ia, mostly chronic form s, having 
occurred  in  the  Paris reg ion  o f France 
betw een 1950 and  1965.

Blood poisonings am ong workers exposed to 
benzene w ere being  docu m en ted  in  o ther 
parts o f  E urope as well. As stated by Aksoy 
(1977), because ‘benzene contain ing  glue 
adhesives were extrem ely practical and  
cheaper in  the  m arket, they rep laced  the ir 
custom ary p e tro leum  contain ing  adhesives 
with the new p ro d u c t’ in  the shoe an d  slipper 
industry in  Turkey in  1961. B enzene 
exposures experienced  by these workers were 
rep o rted  to  have b een  betw een 150 ppm  and  
650 ppm  (Aksoy, 1978). By the mid-1970s, an  
epidem ic o f aplastic anaem ia an d  leukaem ia 
am ong Turkish shoe workers began  to unfold  
as rep o rted  by Aksoy (Aksoy et. al., 1971; 
Aksoy 1977 and  1978). T he m ajority o f the 
individuals who were identified  in  the  reports 
from  these E uropean  countries as dying from  
leukaem ia as well as o th e r benzene-related  
b lood  diseases were exposed to levels shown 
decades earlier to cause benzene poisoning. 
(For a review o f case reports  o f  benzene- 
re la ted  blood  diseases associated w ith the 
countries m en tio n ed  above, see IARC, 1974.)

4.2.3. E p idem iological evidence for  
leukaem ia

B eginning in  the  early 1970s, the  University 
o f N orth  C arolina in  the U n ited  States 
published  a series o f  epidem iological studies 
dem onstrating  significant excesses of
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leukaem ia, mostly chronic  forms, am ong 
w orkers exposed to presum ably low 
atm ospheric  levels o f  benzene (M cM ichael et 
al., 1975). T he benzene exposure resulted  
prim arily  from  the use o f ru b b er solvents 
such as p e tro leu m  n aph tha , to luene, m ineral 
spirits, etc., th a t were con tam inated  with 
benzene rang ing  in  volum e from  ab o u t 1—
5 % in  the 1940s to ab o u t 0.5 % for 
p e tro leu m  n ap h th a  in  the 1970s.

In  1977, Infan te  et al. published  the  results o f 
the  first co h o rt study o f workers exposed 
specifically to benzene. T he w orkers were 
engaged  in  the  m anufacture  o f a rubberised  
food  wrap called Pliofilm. T he study 
dem onstra ted  a 5- to 10-fold risk of 
leukaem ia am ong workers exposed to 
technical-grade benzene a t levels th a t were 
generally  considered  w ithin the  various limits 
reco m m en d ed  over the  tim e period  1940- 
1971, th a t is a 10 ppm  tim e-w eighted average 
to  a m axim um  lim it o f 100 ppm  (Infan te  et 
al., 1977a). U ntil this tim e, benzene was 
considered  a cause o f leukaem ia based n o t 
u p o n  epidem iological studies, b u t ra th e r 
u p o n  case reports  o f leukaem ia an d  the 
clinical observation th a t individuals with 
benzene-induced  aplastic anaem ia an d  o ther 
b lood  diseases transfo rm ed  in to  acute 
leukaem ia.

4.2 .4 . U S attem pt to control occupational 
exposure

In  1977, on  the basis o f the  Infan te  et al. 
(1977a) study results supp lem en ted  by the 
w orld lite ra tu re  on  benzene an d  leukaem ia, 
the  US D epartm en t o f  L abor (OSHA, 1977a) 
issued an  em ergency tem porary  standard  
(ETS) th a t would have red u ced  the 
occupational benzene exposure lim it in 
w orkplace air to 1 ppm  as an  eight-hour time- 
w eighted  average. T he 1 p p m  exposure lim it 
was based o n  the  O ccupational H ealth  an d  
Safety A dm in istra tion’s (OSHA’s) policy at 
the  tim e th a t exposure to carcinogens in  the 
w orkplace should  be low ered to the  lowest 
feasible limit. Such feasibility analyses take 
in to  consideration  b o th  technological and  
econom ic feasibility.

T he new OSHA ETS was stayed in  1977, 
however, in  response to  a challenge in  the  US 
C ourt o f A ppeals by the API, who in  essence 
argued  th a t th ere  was no  increased risk o f 
developing leukaem ia as a resu lt o f benzene 
exposures below the  old lim it o f 10 ppm . 
T h en  OSHA proposed  a p e rm an en t 
standard , requested  com m ents and  h e ld  a 
public hearing  (OSHA, 1977b). In  1978,

OSHA issued a final s tandard  (OSHA, 1978) 
th a t inc luded  a 1 ppm  atm ospheric  exposure 
limit. This s tandard  was challenged  by the 
API on  the sam e grounds. T he US C ourt o f 
Appeals again vacated the  final standard , and  
th a t decision was appealed  to the Suprem e 
C ourt. In  an  u n re la ted  developm ent, 
benzene was voluntarily withdraw n from  
consum er products in  the U n ited  States after 
it was shown th a t use o f  a p a in t s tripper in  the 
h om e could g enera te  atm ospheric  levels up  
to 200 ppm  in a sho rt period  o f tim e (Young 
et al., 1978).

4.2 .5 . T h e US B enzene D ecision  and dose- 
resp onse analyses

In  July 1980, the  US Suprem e C ourt (IUD, 
1980) issued w hat has becom e know n as the  
B enzene Decision. This decision has h ad  a 
m ajor im pact on  OSHA’s ability to  control 
exposures to benzene an d  o th e r toxic 
substances in  the  workplace. T he cou rt stated 
th a t before  OSHA can p rom ulgate  any 
p e rm an en t h ea lth  standard , the  Secretary of 
L abor is req u ired  to m ake a th resho ld  
find ing  th a t a place o f em ploym ent is unsafe 
in  the sense th a t significant risks are  p resen t 
and  can be elim inated, or lessened, by a 
change in  practices. A lthough the B enzene 
Decision recognised the uncertain ties 
involved, it ind icated  th a t the de term ination  
o f ‘significant risk’ should , if  a t all possible, 
be established on  the basis o f an  analysis o f 
the best available evidence th ro u g h  such 
m eans as quantitative risk assessments. T he 
Suprem e C ourt in  its genera l guidance for 
fu tu re  OSHA rule-m aking n o ted  th a t the  
req u irem en t th a t a significant risk be 
identified  is n o t a m athem atical s traitjacket 
an d  th a t it is the OSHA’s responsibility to 
de term ine  w hat it considers to  be a 
significant risk based largely on  policy 
considerations. In  the only concrete  exam ple 
o f significant risk, the cou rt stated  th a t if, for 
exam ple, the  odds are one  in  a m illion th a t a 
person  will die from  cancer by taking a d rink  
o f ch lo rinated  water, the risk clearly could 
n o t be considered  significant. O n  the  o th e r 
hand , if the odds are one in  1 000 tha t 
regular inhala tion  o f gasoline vapours th a t 
a re  2 % benzene will be fatal, a reasonable 
person  m igh t well consider the risk 
significant an d  take app rop ria te  steps to 
decrease or elim inate it.

Since the B enzene Decision, OSHA has 
considered  an  occupational lifetim e risk 
(over a 45-year period ) o f one extra case of 
cancer, o r o th e r m aterial im pairm en t o f 
h ealth  consequence, p e r 1 000 w orkers to be



Benzene: an historical perspective  on th e  American and European occupational se tting 41

‘significant’. I t has n o t yet considered  the 
o th e r en d  o f the range —  w hat it considers to 
be a non-significant risk —  because all the 
hea lth  standards th a t OSHA has 
prom ulgated  since the  B enzene Decision, 
with the exception o f  perhaps form aldehyde, 
have resu lted  in  estim ates o f excess risk th a t 
a re  g rea ter th an  one p e r 1 000 over an  
occupational lifetime. (For quantitative 
estim ates o f risk for h ea lth  standards 
prom ulgated  by OSHA since the  Benzene 
Decision, see Infante, 1995b.)

A sti aightjacket, however, appropriate ly  
describes the  risk analyses th a t OSHA 
curren tly  engages in  p rio r to p roposing  any 
regulatory  action. T he long delay recognised 
in  OSHA prom ulgating  standards before 
1980 has now b een  superseded  by additional 
detailed  analyses o f risk re la ted  to exposure. 
W hile on  the surface such analyses may seem  
approp ria te , they have becom e encum bered  
by add itional analyses th a t take in to  accoun t 
the  m echanism  by w hich the  substances 
being  regu la ted  may cause cancer. Since the 
exact m echanism  by w hich any substance 
causes cancer (including  benzene w hich has 
b een  stud ied  for decades) has n o t been  
identified , speculation an d  a rg u m en t abou t 
various unp roven  hypotheses for cancer 
causation are  tim e consum ing. M any o ther 
issues also have b een  ad d ed  to the  debate  on  
risk assessm ent p rocedures such as w hether 
the  m ouse, the  ham ster, o r the ra t is the m ost 
app rop ria te  species to use w hen h u m an  data 
are  n o t available. Since the OSHA is requ ired  
to  review an d  com m en t on  all possible cancer 
m echanism s, appropria teness o f species, etc., 
the  en tire  ‘risk assessm ent’ process has 
crea ted  add itional years o f delay in  standard- 
setting. Instead  o f reasonable precautions 
being  p rom ulgated  by governm ent and  
em ployers, years pass as analyses are 
p e rfo rm ed  to  determ ine  the dose response 
betw een exposure an d  risk o f disease. These 
analyses can also inc lude  inco rpo ra tion  of 
speculative m echanistic data th a t have n o t 
b een  validated.

4.2 .6 . C ost in  lives o f  the p rolon ged  
regulatory process

Eleven years after the  OSHA prom ulgation  o f 
an  ETS for benzene, a new benzene standard  
th a t included  a 1 p p m  eight-hour time- 
w eighted average exposure lim it was finally 
issued (OSHA, 1987). T he new lim it was 
based on  ‘econom ic feasibility’, n o t 
e lim ination  o f ‘significant risk’, as an  
occupational lifetim e risk o f 10 extra 
leukaem ia deaths p e r 1 000 workers was

associated w ith the 1 ppm  limit. O th er 
estim ates o f leukaem ia risk, lim ited to the 
cohort data from  the N ational Institu te  for 
O ccupational Safety an d  H ealth  (NIOSH)
(as u p d a ted  by Paxton et al., 1994) and  to 
deaths from  acute m yelogenous and 
m onocytic leukaem ias only, indicate a range 
o f 0.02 to 5.1 p e r 1 000 excess deaths 
depend ing  u p o n  the estim ates o f benzene 
exposure an d  the  m odel chosen (C rum p,
1994). However, these la ter analyses are 
based o n  a follow-up perio d  o f  the  NIOSH 
co h o rt th a t results in  selection  bias for the 
reasons described below. Based on  OSHA’s 
final quantitative risk assessm ent for benzene 
and  estim ates o f extra benzene exposure 
am ong the U nited  States w orkforce during  
the 10 years th a t it took to com plete the 
benzene standard , it has b een  estim ated tha t 
an  extra 198 deaths from  leukaem ia an d  77 
extra deaths from  m ultip le m yelom a will 
eventually develop am ong  US workers as a 
result o f  the  10-year delay —  deaths th a t 
could have b een  p reven ted  (Infan te  and  
DiStasio, 1988). This estim ate o f  p reventable 
deaths from  benzene exposure did n o t 
include b lood  diseases o th e r th an  leukaem ia, 
w hich were know n a t the tim e to be caused by 
benzene exposure, the  reason  being  tha t 
there  w ere no  dose-response data available 
for the  o th e r b lood  diseases.

4.2 .7 . Expansion  o f  lym phohaem atopoietic  
diseases

T he quantitative estim ate o f extra deaths 
from  benzene exposure ind icated  above did 
n o t include non-H odgk in ’s lym phom a, which 
has b een  shown m ore  recently  to be 
associated with occupational exposure to very 
low levels o f  benzene (Hayes et al., 1997). 
Q uantitative risk assessm ent (Infante, 1997) 
based on  the 1996 Hayes et al. study results 
suggests an  extra risk o f  54 deaths from  
leukaem ia/lym phom a p e r 1 000 workers 
exposed over an  occupational lifetim e (45 
years). This risk is 54 times g rea te r th an  a 
level considered  significant by OSHA. The 
1997 Hayes et al. study results an d  dose- 
response analyses based u p o n  those data 
clearly dem onstra te  the  inadequacy o f the  1 
ppm  exposure lim it for benzene based on 
cancer risk alone. Fortunately, m ost 
occupational settings in  the  U n ited  States are 
able to achieve benzene exposure levels in  
the  range o f  0.2-0.3 ppm , or lower. 
Additionally, the US standard  includes 
provisions ancillary to the exposure lim it 
such as exposure m onitoring , m edical 
surveillance an d  hazard  tra in ing  —  all o f 
w hich should  presum ably fu rth e r reduce  the
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risk o f benzene exposure an d  re la ted  
diseases. In  add ition  to  quantitative risk 
assessment, d irec t observation o f da ta  from  
the  1997 Hayes et al. study dem onstrates 
significantly elevated relative risks for all 
lym phohaem atopoietic  cancers com bined, 
an d  for acute non-lym phocytic leukaem ia 
an d  myelodysplastic syndrom e com bined, 
am ong  the  g roup  o f workers exposed to  a 
constan t average benzene level o f  only 1.2 
p p m  for 5.5 years for a to tal cum ulative dose 
o f  6.7 ppm-years (Hayes, pers. com m ., 1999), 
w hich is a m uch  lower cum ulative dose than  
th a t allowed by a lim it o f 1 ppm  over an  
occupational lifetim e o f 45 years (45 ppm - 
years o f cum ulative d o se ). Some individuals 
w ithin the  benzene cohorts who have died 
from  leukaem ia or lym phom a experienced  
estim ated benzene exposures o f 0.5-2 ppm  
for only 1-2 years o r less (Infante, 1992).

By the  1990s, toxicologic research  
dem onstra ted  the  m ultiple-site 
carcinogenicity o f benzene in  experim ental 
anim als, an d  add itional epidem iological 
studies an d  case reports  o f  exposed workers 
expanded  the  carcinogenicity o f  benzene to 
all m ajor form s o f leukaem ia in  the  aggregate 
(Savitz an d  Andrews, 1997; Infante, 1995a; 
W ong, 1987b) an d  specifically acute 
m yelogenous leukaem ia an d  its variants 
(Hayes et al., 1997; Browning, 1965; Rinsky et 
al., 1987; Bond et al., 1986; DeCoufle et al., 
1983), acute lym phatic leukaem ia (H em b erg  
et al., 1966; Shu et al., 1988), chronic 
lym phatic leukaem ia (M cM ichael et al., 
1975;), chronic m yelogenous leukaem ia 
(Browning, 1965; G oguel et al., 1967; Tareeff 
et al., 1963; Infante, 1995a; W ong, 1987b;) 
an d  some m inor form s such as hairy cell 
leukaem ia (Aksoy, 1987; F landrin  and  
Collado, 1987), myelodysplastic syndrom e 
(Hayes et al., 1997), m yeloproliferative 
disorders (Rawson et al., 1941; Tondel et al., 
1995) as well as non-H odgk in ’s lym phom a 
(Hayes et al., 1997), including  m ultip le 
m yelom a (DeCoufle et al., 1983; Rinsky et al., 
1987; Ire land  et al., 1997; Goldstein, 1990). 
A n ‘u p d a te d ’ analysis o f  the  NIOSH benzene 
co h o rt (Infan te  et al., 1977a; Rinsky et al., 
1987) by W ong (1995) concluded  th a t the 
excess o f m ultiple m yelom a in  the  NIOSH 
co h o rt was n o  longer statistically significant. 
W ong (1995), however, changed  the 
beg inn ing  date o f  follow-up from  1950 to
1940. In  doing  so, he  in tro d u ced  selection 
bias in to  his analysis because the  com pany 
rem oved records for individuals who died  at 
one  o f the study locations for several o f the 
years p rio r to 1950. Thus, analyses o f the

NIO SH  co h o rt by W ong (1995) th a t begin  
follow-up p rio r to 1950 can n o t be relied  
u p o n  for estim ating risk o f dea th  from  
m ultip le m yelom a, o r any o th e r cause of 
death .

4.3. Discussion

T he response to  in fo rm ation  on  the toxicity 
o f  benzene has a t tim es dem onstra ted  
concern  by som e in  the  field o f occupational 
health , particularly  in  the earlier years w hen 
large num bers o f workers in  various sectors 
an d  jo b s were being  surveyed to determ ine  
the  ex ten t o f th e ir b lood  diseases. 
Nevertheless, even d u ring  this period , 
benzene exposure levels w ere n o t red u ced  to 
levels com m ensurate  w ith the  toxicity data 
available a t the  tim e, an d  the epidem ic o f 
poisonings an d  leukaem ia am ong benzene- 
exposed w orkers con tinued  th ro u g h  the first 
six decades o f the  20th century. Various 
reasons for the lim ited  public h ealth  
response an d  subsequen t overexposure and  
disease in  ligh t o f the  know ledge o f benzene 
toxicity are  apparen t.

4.3 .1 . Som e reasons for lack o f  precaution
Lack o f knowledge
T he lack o f  p recau tion  ab o u t exposure to 
benzene has b een  a ttribu ted  in  p a rt to  lack of 
know ledge o f its toxicity during  the  first four 
decades o f  the 20th century. For exam ple, 
even th o u g h  Santessen (1897) rep o rted  four 
cases o f aplastic anaem ia am ong w om en 
m anufactu ring  raincoats in  Sweden in  1897, 
exposures were n o t low ered en ough  and  
H elm er (1944) rep o rted  60 cases o f benzene 
poisoning  (58 w ere w om en) a t a single 
ra incoat m anufactu ring  facility in  the same 
coun try  in  1940 and  1941. T he epidem ic of 
benzene poisoning  in  Sweden was ascribed in  
p a r t to  a lack o f know ledge o f the  toxicity o f 
benzene by p lan t m anagem en t an d  workers 
(H elm er, 1944).

Cost o f solvents
Several investigators who surveyed 
w orkforces an d  identified  w orkers with 
various benzene-induced  b lood  diseases, 
nam ely G reenburg  an d  colleagues in  1926, 
E rf  and  R hoads in  1939 an d  M allory et al. in 
1939, recom m ended  the substitu tion  of 
benzene w ith o th e r solvents. Yet, worldwide 
consum ption  o f benzene in  the  m arketplace 
con tin u ed  to expand  after the Second W orld 
War. O n e  o f the  reasons for expanded  use of 
benzene in  the  synthetic ru b b er industry  is 
th a t it was such a good ru b b er solvent. 
A n o th er reason, as expressed by Aksoy
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(1977), is th a t benzene was cheaper than  
o th e r solvents used in  the  shoe and  slipper 
industry  in  Turkey. Thus, econom ic 
consequences led to o th e r solvents being 
rep laced  with benzene in  the Turkish shoe 
m anufactu ring  industry as late as 1961. This 
substitu tion  with benzene led to  high-level 
workplace atm ospheric  benzene 
concen tra tions an d  to  the epidem ic of 
leukaem ia, preleukaem ia, pancytopenia  and  
o th e r b lood  diseases as rep o rted  by Aksoy 
(Aksoy et a í, 1971; Aksoy, 1977 an d  1978). 
Thus, econom ic considerations in  the 1960s 
(Aksoy, 1977) fu rth e r con tribu ted  to  the 
overexposure and  subsequen t benzene- 
re la ted  diseases.

Consensus recommendations and corporate 
influence
T he 1939 reports  by H u n te r  an d  M allory et al. 
ind ica ted  th a t som e cases o f benzene 
poisoning  were associated w ith levels o f  25 
p p m  and  10 ppm . Yet, in  1946, the  ACGIH 
reco m m en d ed  a lim it o f  100 ppm . A lthough 
the  ACGIH recom m endation  for benzene 
was low ered to 35 ppm  in 1948, this level was 
still h ig h er th an  the  levels rep o rted  in  
association w ith benzene poisonings. From  
my personal experience over the  years, it is 
ap p a re n t th a t one  o f  the  problem s being 
faced in  the occupational h ea lth  com m unity 
for benzene (as well as for o th e r toxic 
substances) is th a t consensus organisations 
usually base the ir recom m ended  exposure 
levels on  w hat is easily achievable in  the 
workplace. D ata re la ted  to  level o f exposure 
an d  toxicity are  reviewed, b u t are  n o t 
translated  in to  health-based exposure-lim it 
recom m endations. C astlem an an d  Ziem 
(1988) investigated this behaviour by the 
ACGIH an d  concluded  th a t the ACGIH 
th resho ld  lim it values (TLVs) were based 
heavily on  corpora te  influence. Thus, 
consensus recom m endations were 
inadequate  an d  corpora te  in fluence may 
have played a ro le in  these recom m endations 
an d  in  the  resu ltan t p ro lifera tion  o f benzene- 
induced  diseases in  the  workplace. C astlem an 
an d  Ziem  (1988) were o f the  op in ion  th a t an  
in te rn a tio n a l effort was n eed ed  ‘to develop 
scientifically based guidelines to replace 
TLVs in  a clim ate o f openness an d  w ithout 
m anipu la tion  by invested in terests’. To date, 
this goal has n o t b een  achieved (Castlem an 
an d  Ziem, 1994).

A nti public health attitude 
(call for scientific certainty)
In  the 1970s, benzene m anufactu rers and  
users began  a new approach  for conveying

know ledge ab o u t the toxicity o f benzene to 
the  public in  general, an d  to workers and  
p lan t m anagers specifically, w hich 
con tribu ted  to  a con tinuation  o f 
overexposure to  benzene. This is the period  
w hen m anufacturers began  to h ire 
consultants to  downplay the  im portance  of 
the scientific observations re la ted  to the 
toxicity o f benzene an d  to  in troduce  
unresolvable argum ents ab o u t dose-response 
analyses, w hich h ad  an  im pact in  delaying 
m uch  n eed ed  governm ent regulations th a t 
sough t to reduce  benzene exposure in  the 
workplace. Econom ic considerations were 
again being  given a h ig h er priority  than  
concerns for public health , b u t this tim e the 
econom ic concerns ap p eared  to be based on  
the cost o f low ering exposures (OSHA,
1987), an d  perhaps on  the increasing cost of 
litigation and  liability re la ted  to workers 
con tracting  benzene-related  diseases o n  the 
jo b . This era has fostered  the developm ent of 
argum ents th a t seek to  m inim ise or 
m isrepresen t study results. In  my opin ion , it 
is p a rt o f a new an ti public h ea lth  approach  
th a t calls for scientific certainty in  term s of 
causality for every specific 
lym phohaem atopoietic  disease re la ted  to 
b enzene by exposure level. As a result, 
w orkers em ployed worldwide in  benzene 
exposure operations today may n o t be 
afforded  the app rop ria te  p ro tec tion  to  the 
ex ten t feasible in  o rd e r to reduce  th e ir risk of 
haem atopoietic  diseases an d  m any o f those 
who develop benzene-related  diseases may 
receive little or no  com pensation.

For exam ple, during  the OSHA rule-m aking 
hearings held  in  1977, it was argued  th a t the 
benzene co h o rt study conducted  by NIOSH, 
w hich dem onstra ted  a 5- to  10-fold elevated 
risk o f leukaem ia (Infante et al., 1977a), was 
m eaningless in  term s o f public health  
in terven tion  to reduce  exposures in  the 
w orkplace. A lthough  n o t persuasive, one  o f 
the argum ents raised by consultants to the 
industry  was th a t the  study h ad  simply 
identified  a ran d o m  leukaem ia cluster, and  
since clusters o f leukaem ia are  know n to 
occur in  tim e an d  space, this cluster of 
leu k aem ia ju st h ap p en ed  to be identified  
am ong  a co h o rt o f benzene-exposed workers 
(Tabershaw an d  Lam m , 1977). (See 
Tabershaw an d  Lam m , 1977, an d  Infan te  et 
al., 1977b, for a series o f argum ents and  
rebu tta l o f the study findings.) I t was fu rth er 
a rgued  th a t benzene could n o t cause 
leukaem ia in  w orkers because there  was n o  
evidence th a t benzene caused cancer in  
experim ental anim als (O lson, 1977). This
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a rg u m en t was clearly fictitious given the 
overw helm ing evidence o f carcinogenicity 
provided by the study o f hum ans. In  any case, 
shortly thereafter the evidence o f 
carcinogenicity o f benzene in  experim ental 
anim als becam e available (M altoni and  
Scarnato, 1979; NTP, 1986).

In  the 1980s, w hen OSHA again pub lished  a 
new benzene p roposal taking in to  
consideration  the  guidance offered by the 
Suprem e C o u rt’s B enzene Decision on 
de te rm ina tion  o f the significance o f h ea lth  
risk, a tten tio n  d u ring  the rule-m aking 
focused on  the dose-response analyses 
p rep a red  by OSHA an d  its consultants in  
su p p o rt o f its new standard  (OSHA, 1987). 
M ost o f the a rg u m en t addressed  the  benzene 
exposure assessm ent p o rtio n  o f the  risk 
assessment, w ith new estim ates o f  exposure 
am ong  the  benzene co h o rt m em bers being 
provided for tim e periods in  w hich there  
w ere no  exposure data available. These 
‘ed u ca ted ’ guesses by the various parties 
involved in  the rule-m aking could n o t be 
confirm ed. P roposed  governm ent regu lation  
o f  benzene, however, resu lted  in  a n u m b er o f 
new dose-response analyses an d  a p ro trac ted  
debate  ab o u t w hich exposure assessm ent was 
the  m ost app rop ria te  for use in  the 
quantitative risk assessm ent —  the  reso lu tion  
o f  w hich can never be dete rm in ed  with 
scientific certainty. A rgum ent ab o u t the type 
o f  dose-response m odel th a t was m ost 
app rop ria te  for benzene exposure an d  risk of 
leukaem ia was also raised. W hile nobody 
w ould object to debate  o n  these issues, the 
co n tinua tion  o f  the argum ents for p ro trac ted  
periods o f  tim e resu lted  in  workers an d  the 
public in  genera l being unnecessarily 
exposed to  benzene levels th a t could have 
otherw ise b een  red u ced  th ro u g h  a sho rter 
regulatory  process. Studying a subject to 
dea th  often results in  the  death  o f those we 
are  trying to p ro tec t (Infante, 1987).

In  the 1990s, the  US N ational C ancer 
Institu te  (NCI), in  collaboration  w ith the 
C hinese A cadem y o f Preventive M edicine 
(CAPM), pub lished  a series o f ongoing 
studies o f C hinese workers exposed to 
benzene. These studies (Hayes et al., 1997 
an d  1996; D osem eci et al., 1996) dem onstrate  
a dose response for exposure to  benzene and  
leukaem ia, lym phom a, myelodysplastic 
syndrom e an d  aplastic anaem ia. They also 
dem onstrate , th ro u g h  d irect observation, 
h igh  relative risks for leukaem ia, 
myelodysplastic syndrom e an d  non- 
H o d g k in ’s lym phom a as a resu lt o f  very low

average benzene exposures, such as a ro u n d  1 
ppm . Since the results o f  these well- 
conducted  studies may be used in  the  fu tu re  
by governm ents in  E urope, the U nited  States 
an d  o th e r countries for estim ating benzene- 
re la ted  diseases from  low-level exposure to 
the general popu lation , the  findings have 
b road  im plications for public h ealth  
in tervention . In  response to  the publication  
o f these studies, consultants to the chem ical 
industry have pub lished  critiques o f  b o th  the 
h ealth  findings an d  the benzene exposure 
estim ates re la ted  to those findings (Wong, 
1998 an d  1999; Budinsky et al., 1999), w hich 
in  the  o p in ion  o f som e m isrepresen t the data 
on  hea lth  effects as well as the  benzene 
exposure estim ates m ade by the N CI/CAPM  
investigators (Hayes et al., 1998; Hayes, pers. 
com m .). Some o f these same consultants 
have also expressed surprising  views abou t 
the m ore  general findings re la ted  to  benzene 
exposure and  disease (Wong, 1995 an d  1996; 
Bergsagel et al., 1999). For exam ple, based on  
his analysis o f da ta  from  the  NIOSH benzene 
co h o rt study, one  au th o r concluded  tha t 
benzene can only cause acute m yelogenous 
leukaem ia, in  contrast to  o th e r types o f 
leukaem ia, an d  th a t the  th resho ld  is betw een 
370 and  530 ppm -years o f exposure (Wong,
1995). In  this publication , he  failed to 
include data  from  his own benzene study 
w hereby he  rep o rted  a statistically significant 
dose response for benzene exposure and  
leukaem ia am ong workers whose cum ulative 
benzene exposures ranged  from  less th an  15 
ppm-years to  m ore  th an  60 ppm-years (Wong, 
1987a an d  b ). Furtherm ore , in  the  la tter 
study, n o n e  o f the  leukaem ia deaths were 
from  acute m yelogenous leukaem ia. Thus, 
the findings an d  conclusions he  drew  from  
his own study con trad ic t his op in ion  tha t 
benzene causes only acute m yelogenous 
leukaem ia an d  th a t the  cum ulative exposure 
th resho ld  is betw een 370 and  530 ppm-years.

W ong (1995) fu rth e r concluded  th a t th ere  is 
no  evidence th a t benzene exposure was 
associated w ith m ultip le m yelom a in  the 
NIOSH study because he  could  n o t identify a 
dose response based on  four cases of 
m ultip le m yelom a in  the  study population . 
Lack o f ability to  observe a dose-response 
relationship  based on  four deaths from  
m ultip le m yelom a is essentially m eaningless, 
because four cases are too  few to allow 
enough  statistical pow er to observe a dose 
response if  in  fact one  were present. In  any 
case, Rinsky et al. (1987) o f N IOSH had  
previously dem onstra ted  a significant excess 
o f d ea th  from  m ultip le m yelom a am ong the
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benzene co h o rt m em bers an d  concluded  
th a t low-level benzene exposure was re lated  
to  m ultip le myelom a. W ong (1995) has also 
a rgued  th a t benzene in  genera l is n o t 
associated w ith m ultip le m yelom a and, 
contrary  to the  findings in  the  N CI/CAPM  
study, he  has argued  th a t th ere  is no  evidence 
th a t benzene is associated with non- 
H o d g k in ’s lym phom a (Wong, 1998) — 
conclusions th a t ap p ear to be a t odds with 
the  views o f  o thers on  benzene toxicity 
(G oldstein and  Shalat, 2000; G oldstein, 1990; 
Rinsky et al., 1987; DeCoufle et al., 1983; 
Infan te , 1995a; Savitz and  Andrews, 1996 and  
1997; Hayes et al., 1998 and  2001).

T he argum ents ab o u t the  N CI/CA PM  study 
seem  rem in iscen t o f the  p ro trac ted  debate 
and  delay in  necessary governm ent action 
th a t took place after release o f the  N IOSH 
benzene study in  1977 (In fan te  et al., 1977a). 
It will be u n fo rtu n a te  if m ore p recau tion  is 
taken  with the use o f da ta  from  the N C I/ 
CAPM study th an  w ith the p ro tec tion  of 
populations exposed to  levels o f benzene tha t 
can be red u ced  w ith technology currently  
available. Scientific certainty is difficult to 
achieve, b u t stressing the  uncerta in ty  does 
n o t do justice  to the  data  on  benzene 
exposure an d  re la ted  diseases. In  the  case of 
benzene historically, taking p recau tion  to 
m ain tain  exposure levels in  the w orkplace in 
accordance with the scientific da ta  available 
at the  tim e w ould have elim inated  m uch 
needless suffering an d  dea th  am ong the 
workers. In  my op in ion , the  p ro trac ted  
a rg u m en t ab o u t the dose response for 
benzene-related  diseases am ong exposed 
workers an d  den ial ab o u t the 
lym phohaem atopoietic diseases m ost likely 
associated w ith benzene exposure is 
counterproductive to efforts to provide a 
w orkplace relatively free o f harm . W hile the 
con tinuation  o f this debate  may be 
in teresting  from  an  academ ic viewpoint, it 
also raises the question  o f w hether it may be 
m ore a reflection  o f econom ic concerns and  
poten tia l liability on  the p a rt o f  com panies 
th an  a concern  for the p ub lic ’s h ea lth  based 
on  a reasonable in te rp re ta tio n  o f available 
scientific data.

4.3 .2 . B enzen e in gasoline a continuing  
hazard

M ost consum ers an d  m any m edical 
personnel are  n o t aware o f  the fact th a t 
gasoline contains benzene. In  the U nited  
States, gasoline has con ta ined  an  average of 
ab o u t 1.5 % benzene for the  past two

decades, b u t may reach  5 % by volum e 
(Infante et al., 1990). Historically, p e tro l in  
m ost E u ropean  countries has con tained  
m ore benzene th an  US varieties and  the 
tren d  apparen tly  still existed th ro u g h  1994 
(Descham ps, 1995), b u t the  benzene co n ten t 
has supposedly been  red u ced  m ore  recently. 
N ot surprisingly, epidem iological studies, 
analyses an d  case reports  have dem onstra ted  
an  association betw een gasoline exposure 
and  leukaem ia (Schwartz, 1987; Jakobsson et 
al., 1993; In fan te  et al., 1990), o th e r b lood  
diseases (Infan te  et al., 1990; Lum ley et al., 
1990; Naizi an d  Flem ing, 1989), 
chrom osom al defects (Lum ley et al., 1990; 
H ogsted t et al., 1991) and  o ther 
m anifestations o f genetic  dam age (Nilsson et 
al., 1996). Yet, gasoline station pum ps do n o t 
provide adequate  in fo rm ation  on  the cancers 
know n to be associated w ith benzene 
exposure. N or do the  m aterial safety data 
sheets for gasoline provide the available 
evidence on  chrom osom al o r genetic 
dam age.

Because o f  this lack o f can d o u r ab o u t the 
hazards o f benzene in  gasoline, garage 
m echanics an d  highway m ain tenance  
workers take unnecessary risks by using 
gasoline as a solvent in  cleaning au to  parts 
(Infante, 1993), and  consum ers take 
unnecessary risks by using gasoline as a 
solvent an d  fail to  take the necessary 
p recautions w hen using gasoline in  various 
hom e appliances such as lawn mowers, weed 
trim m ing devices, pow er saws, etc. In  
addition , a study o f roadside vendors who 
sold re-packaged gasoline in  N igeria has 
dem onstra ted  th a t 26 % h ad  n eu tro p en ia  as 
com pared  to 2-10  % in controls, a significant 
difference (Naizi an d  Flem ing, 1989). T he 
hazards o f benzene in  gasoline have been  
recognised since a t least 1928, w hen  Askey 
(1928) rep o rted  a case o f aplastic anaem ia in  
a US w orker exposed to gasoline, an d  m ore 
recently  by the  re p o rt o f  a case o f 
myelofibrosis in  a Swedish p e tro l station 
a tten d an t (Tondel et al., 1995) and  a case o f 
aplastic anaem ia in  a US roofer w ho used 
petro l to clean seams before fitting 
rubberised  roofing  m aterial (Infan te  et al., 
1990). Despite the overw helm ing literature  
on  the hazards o f  benzene in  petro l, the 
public h ea lth  com m unity and  safety officials, 
includ ing  those em ployed by industry, have 
yet to com e to grips w ith the task of 
adequately  in form ing  workers and  
consum ers ab o u t this hazard.
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4.4. Conclusions and lessons 
for the future

T he available know ledge on  the toxicity o f 
benzene an d  the failure to take precautions 
to  p ro tec t w orkers (and  the public in 
general) in  ligh t o f this know ledge over the 
past cen tury  is cause for concern . The 
inaction  or inadequate  actions by consensus 
organisations an d  governm ents alike throw  
in to  question  the  ability o f  these 
organisations to p ro tec t the h ealth  o f  the 
public. In  the  case o f benzene exposure in 
the  workplace, the  precau tionary  p rincip le  is 
n o t relevant. R ecom m endations m ade in  the 
U n ited  States and  the  U nited  K ingdom  in the 
1920s for the substitu tion o f benzene with 
o th e r solvents know n to be less toxic to bone 
m arrow  w ent u n h eed ed  for decades even 
th o u g h  h igh  percentages o f w orkers being 
surveyed dem onstra ted  b lood  disorders. 
F u rtherm ore , benzene was n o t w ithdraw n 
from  consum er products in  the U nited  States 
un til 1978 and  this was done by 
m anufactu rers o n  a voluntary basis, an d  it has 
never been  adequately  validated.

I t is also difficult to  accep t the claim ed 
ignorance o f the  toxicity o f benzene in  the 
ra incoat m anufactu ring  industry  in  Sweden 
in  the  1940s w hen 60 cases o f b lood  
poisoning  in  a single factory were repo rted . 
Forty years earlier (in  1897) pub lished  case 
repo rts  o f aplastic anaem ia am ong w om en 
em ployed in  this same industry in  Sweden 
ap p eared  in  the  literatu re . T he claim tha t 
m an ag em en t was unaw are o f the hazards of 
benzene exposure in  such a small industry  in  
a country  know n for its h u m an ita rian  
concerns is incom prehensib le . In  the  1940s 
an d  1950s, 13 deaths from  the neuro toxic  
effects o f  benzene were rep o rted  to have 
occurred  in  the U nited  K ingdom . The 
benzene exposure levels associated with these 
acute deaths were m ost likely m ore  th an  200 
to  800 tim es the  occupational exposure levels 
reco m m en d ed  a t the  time. Clearly, this 
situation  could, an d  should , have been  
avoided h ad  th ere  been  any serious concern  
for w orker health .

W ith the  know ledge available a t the  tim e, it is 
also difficult to  u n d erstan d  how  benzene was 
substitu ted  for o th e r p e tro leum  solvents in  
the  shoe industry  in  Turkey in  1961. Aksoy 
states th a t the  substitu tion  was m ade because 
benzene was cheaper th an  the o th e r solvents.

D ata on  the costs o f benzene an d  the o th e r 
solvents in  Turkey in  the 1960s are  n o t 
available, b u t it is unlikely th a t the  difference 
could have b een  m ore  th an  a few cents a 
gallon. Yet, the epidem ic o f  leukaem ia and  
o th e r fatal b lood  diseases th a t followed this 
substitu tion h ad  to have been  very costly in  
term s o f the  w orkers’ diseases, the associated 
expenses for h ea lth  care an d  the loss of 
wages, etc. This is simply a case, as in  o th e r 
instances, o f the  cost o f p ro d u c tio n  being 
m ore im p o rtan t to the  m anufacturers th an  
the cost o f h u m an  life.

Even th o u g h  num erous case repo rts  (in  the 
thousands) o f  benzene-related  blood  
diseases, includ ing  leukaem ia, w ere rep o rted  
in  the literature , p recau tionary  m easures to 
reduce  exposure levels below those known, 
or reasonably antic ipated , to cause b lood  
diseases were n o t taken, an d  recom m ended  
exposure limits by consensus organisations 
like the ACGIH were based on  those th a t 
were easily achievable in  the w orkplace. 
A ccording to C astlem an an d  Zeim, such 
recom m endations stem m ed from  the 
partic ipation  o f  scientists em ployed by 
various co rporations on  the T hresho ld  Lim it 
Value C om m ittee th a t m ade the  exposure 
recom m endations. Thus, one o f the lessons 
to be learned , if  n o t already obvious, is th a t 
consensus organisations in  the  process of 
developing exposure limits for chem icals 
should  m ain tain  distance from  the p roducers 
o f the chem icals an d  the ir ‘consultan ts’ w hen 
evaluating evidence for the  diseases of 
concern .

Finally, affixing a w arning label on  gasoline 
pum ps th a t includes the  cancers an d  o th e r 
diseases known, o r likely to be caused by 
benzene exposure, may serve to  reduce 
unnecessary benzene exposure to  garage 
m echanics, p e tro l service station attendants, 
highway m ain tenance  w orkers and  
consum ers who fill the ir own gas tanks, b u t 
who m ore  unknow ingly use the  gasoline in 
consum er products a t hom e, an d  n o t 
infrequently  use gasoline as a solvent a t hom e 
w ithout full know ledge o f  its cancer an d  n o n ­
cancer disease risks. Failure adequately  to 
in form  the public o f the  cancers, bone 
m arrow  proliferative diseases an d  genetic 
hazards associated w ith benzene in  gasoline 
is to rep ea t o u r failures o f the 20th cen tury  in  
the 21st cen tury  an d  to  m ake a m ockery o f 
public h ealth  education .
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Benzene: early w arnings and actions Table 4.1.

1897 San tessen  rep o r t  on o b se rv e d  aplastic  anaem ia  In S w ed en  and  o th e r  r ep o r ts  sh o w  th a t  b e n z e n e  
Is a powerful b o n e  m arrow  poison

1926 G re e n b u rg  and  co l leagues  o b se rv e  abnorm ally  low white  b lood  cell coun ts  In b e n z e n e  workers

1928 Dolore and  B o rg o m a n o  publish  th e  first case  of  b e n z e n e - in d u c e d  leukaemia

1939 A n u m b e r  of  Investigators  r e c o m m e n d  th e  subs t i tu t ion  of  b e n z e n e  with o th e r  solvents , bu t  this 
was not  Im p le m e n te d

1946 American  C o n fe ren ce  of  G o v ernm en ta l  Industrial Hygienists (ACGIH) r e c o m m e n d s  a limit of  100 
ppm  for b e n z e n e  e x p o s u re ,  even  th o u g h  s o m e  cases  of  b e n z e n e  poisoning w ere  assoc ia ted  
with levels of  25 p p m  and  10 ppm

1947 R e c o m m e n d e d  value re d u c e d  to  50 ppm

1948 Further  r e d u c e d  to  35 ppm

1948 American  Pe tro leum  Institute (API) con c lu d es  th a t  th e  only abso lu te ly  sa fe  level Is zero ,  but  
r e c o m m e n d s  50 p p m  or less

1957 ACGIH lowers r e c o m m e n d e d  ex p o s u re  to  25 ppm

1950s-60s O bvious  lack of  precau t ion  for workers  e x p o s e d  to  b e n z e n e  In m any par ts  of th e  world with fatal 
c o n s e q u e n c e s

1977 Infante e t  a/, publish th e  first c ohor t  s tudy  of  workers  linking b en z e n e  ex p o su re  directly to  
leukaemia

1977 Based on th e s e  results, th e  US D e p a r tm e n t  of  Labor w an ts  to  red u ce  ex p o s u re  to  1 p p m , bu t  Is 
ch a l lenged  In th e  cour ts  by API

1978 B enzene  w as voluntar ily w ithdrawn from co n s u m e r  p ro d u c ts  In th e  United  S ta tes

1980 US S u p re m e  Court  Issues th e  Benzene  Decision severe ly  limiting regu la to ry  actions

1987 N ew  b e n z e n e  s t a n d a rd  of  1 p p m . This 10-year de lay  c au sed  m ore  th an  200  d e a th s  In th e  United 
S ta tes

1996 Studies show ing b e n z e n e - re la te d  d ise a se s  from 1 p p m  level of  ex p o su re

2001 Petrol conta ins b e n z e n e ,  giving public e x p o s u re  risk
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5. Asbestos: from 'magic' to 
malevolent mineral

David Gee and Morris Greenberg

'Looking back in the light of present knowledge, it is 
impossible not to feei that opportunities for 
discovery and preven tion of asbestos disease were 
badly missed.' Thom as Legge, ex C hief 
M edical Inspector o f Factories, in  Industrial 
maladies, 1934.

5.1. Introduction

O n 20 May 2000, the  family o f a sen ior UK 
hospital su rgeon  was aw arded GBP 1.15 
m illion  in  com pensation  for his death , a t 47, 
from  the asbestos cancer, m esotheliom a. T he 
disease was caused by exposure to ‘b lu e ’ 
asbestos dust from  dam aged  pipe insulation 
w hich was p resen t in  the com m unication  
tunnels  u n d e r M iddlesex H ospital, L ondon,

w here the surgeon  w orked for four years as a 
studen t and  tra inee, du ring  the  period  
1966-73 (British Medical Journal, 2000). The 
m ain  cause o f m esotheliom a is asbestos. It is 
now estim ated th a t som e 250 000 cases of 
m esotheliom a, w hich is norm ally fatal w ithin 
one year, will occur in  the E u ropean  LTnion 
(ELI) over the  nex t 35 years (Peto, 1999). As 
asbestos is also a cause o f lung  cancer, the 
total disease b u rd en  could be a ro u n d  
250 000-400 000 deaths, includ ing  cases o f 
the lung  disease, asbestosis, w hich was the 
first disease to be associated w ith asbestos 
exposure. Figure 5.1. shows the peak  o f 
asbestos im ports in to  the  LTnited K ingdom  
being followed som e 50-60 years la ter by the 
estim ated peak o f m esotheliom as.

Figure 5.1. U K  asbestos im ports and pred icted  m esotheliom a deaths
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N inety years before this environm ental 
exposure in  the  L ondon  hospital occurred , a 
new global public h ealth  hazard  was bo rn  
w hen m ining  for chrysotile ( ‘w hite’) asbestos 
began  in  T hetford , C anada, in  1879. Some 
years later, two o th e r types o f asbestos, ‘b lu e ’ 
(crocidolite) an d  ‘brow n’ (am osite) cam e to 
be m ined  in  Australia, Russia, South  Africa 
an d  o th e r countries, an d  the annual 
p ro d u ctio n  o f  all types o f asbestos worldwide

grew to 2 m illion tonnes in  1998. Im ports 
in to  the ELI peaked  in  the  mid-1970s and  
rem ained  above 800 000 tonnes a year un til 
1980, falling to 100 000 tonnes in  1993.

Today, a substantial legacy o f h ea lth  and  
con tam ination  costs has b een  left for b o th  
m in ing  and  user countries, an d  asbestos use 
is continu ing , now largely in  developing 
countries.



Asbestos: from 'magic ' to  malevolent mineral 5 3

T he focus o f this chap ter is prim arily  on  the 
U n ited  K ingdom  b u t the histories o f  asbestos 
have b een  sim ilar in  France, Germany, Italy, 
Scandinavia an d  the  U n ited  States 
(Castlem an, 1996), as well as in  the  m ain  
m in ing  countries o f Australia, C anada, Russia 
an d  South Africa. These histories are  now 
being  repeated , a lbeit with som e differences, 
in  Asia, Africa an d  South  Am erica.

5.2. The first 'early warnings' of
asbestosis and some responses

W ithin  20 years o f  the start-up o f asbestos 
m ining, over 100 products m ade from  the 
‘m agic m in era l’ h ad  b een  developed, b u t 
reports  o f serious disease h ad  also begun  to 
appear.

T he earliest accoun t o f the  h ealth  hazard  of 
working with asbestos was provided by Lucy 
D eane, one o f the  first W om en Inspectors of 
Factories in  the  UK. W riting in  1898, D eane 
inc luded  asbestos w ork as one  o f the  four 
dusty occupations w hich cam e u n d e r 
observation th a t year, ‘on  accoun t o f the ir 
easily dem onstra ted  danger to the h ea lth  of 
w orkers an d  because o f ascerta ined  cases of 
in jury to b ronch ia l tubes an d  lungs medically 
a ttrib u ted  to  the em ploym ent o f the  
su fferer’.

She w ent on  to  observe that: ‘the  evil effects 
o f  asbestos dust have also instigated  a 
m icroscopic exam ination  o f the m inera l dust 
by HM  M edical Inspector. Clearly revealed 
was the sharp  glass-like jag g ed  n a tu re  o f the 
particles, an d  w here they are  allowed to rise 
an d  to  rem ain  suspended  in  the air o f  the 
ro o m  in  any quantity, the  effects have been  
found  to be in jurious as m igh t have been  
ex p ec ted .’ (D eane, 1898)

Two sim ilar observations by W om en 
Inspectors followed in  1909 an d  1910. They 
ap p eared  in  the an n u a l reports  o f  HM  C hief 
Inspecto r o f Factories, w hich were widely 
circulated  am ongst policy-makers and  
politicians.

T he observations o f these laywomen m ight 
n o t have been  categorised as ‘expert 
o p in io n ’ b u t they were com peten t observers 
whose discussion o f occupational disease 
w ould have done c red it to a m edical scientist. 
T heir reports  were n o t refu ted  b u t simply 
ignored .

O ne  year after Lucy D ean e’s rep o rt, Dr 
M ontague M urray o f  C haring  Cross Hospital,

L ondon, saw the first rep o rted  case o f lung 
disease a ttribu ted  to  inhaled  asbestos dust in  
a 33-year-old m an. In  M urray’s words: ‘H e 
had  b een  a t w ork som e fou rteen  years, the 
first ten  o f w hich he was in  w hat was called 
the carding room , w hich he  said was the m ost 
risky p a rt o f the  work. H e vo lun teered  the 
sta tem ent th a t o f  the ten  peop le  w ho were 
working in  the  room  w hen he  w ent in to  it, he 
was the only survivor. I have no  evidence 
except his w ord for that. H e said they all died  
som ew here ab o u t thirty years o f  age .’ 
(Murray, 1906)

This observation was b ro u g h t to the  a tten tion  
o f the  UK governm ent inquiry  in to  
com pensation  for industria l diseases in  1906. 
In  the  sam e year, a F rench  Factory Inspector 
rep o rted  som e 50 deaths am ongst fem ale 
asbestos textile workers (A uribault, 1906). 
This re p o rt dealt with the n a tu re  o f asbestos, 
its processing an d  uses, safety an d  health  
hazards in  the sp inning  and  weaving 
processes, an d  designs for appara tus to 
cap ture  dust a t source. I t too  was largely 
ignored , b u t it was the F rench  ban  on 
asbestos, som e 90 years later, w hich led to  the 
high-profile case at the  W orld Trade 
O rganization (W TO) in  1999, discussed 
below.

T he F rench  re p o rt p rovided confirm ation of 
the  earlier observations o f  the  British W om en 
Inspectors. However, the 1906 British 
governm ent inquiry  d id  n o t include asbestos 
as a cause o f industria l disease. D r M urray 
had  stated in  evidence: ‘one hears, generally 
speaking, th a t considerable troub le  is now 
taken to preven t the inhala tion  o f the dust, 
so th a t the disease is n o t so likely to occur as 
h e re to fo re .’ (Murray, 1906)

This may have in fluenced  the  com m ittee. 
However, no  a ttem p t was m ade to check on  
the tru th  o f D r M urray’s p a tie n t’s claim  abou t 
the  deaths o f n ine  fellow workers. N or were 
the surviving workers a t th a t factory 
investigated, despite the proposals from  Lucy 
D eane ab o u t the  kinds o f  m ortality statistics 
tha t w ould be helpful.

Dr M urray’s view th a t ‘n o  evidence o f h a rm ’ 
is the  same as, ‘th ere  is evidence o f no  h a rm ’, 
is an  early exam ple o f  a com m on fallacy tha t 
has inh ib ited  the identification o f m any 
dangerous substances w hich w ere initially 
considered  to be harm less ( ‘false negatives’).

O th e r evidence ab o u t the  hazards o f  asbestos 
was n o ted  in  workers in  1910 (Collis, 1911)
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an d  in  p ioneering  dust experim ents w ith rats 
in  1911 (M erew ether an d  Price, 1930), and  
this was la ter considered  to have been  
‘reasonable g rounds for suspicion th a t the 
inhala tion  o f m u ch  asbestos dust was to some 
ex ten t h a rm fu l’, such th a t the  Factory 
D ep artm en t pressed for the installation o f 
exhaust ventilation in  the dusty processes 
(M erewether, 1933). However, subsequent 
Factory D epartm en t inquiries in  1912 and
1917 found  insufficient evidence to justify 
fu rth e r action. M eanwhile in  the  U nited  
States an d  C anada, insurance com panies had  
seen eno u g h  p ro o f  o f asbestos disease by
1918 to  decline insurance cover for asbestos 
w orkers ‘due to the assum ed in jurious 
conditions in  the  industry ’ (H offm an, 1918). 
U nfortunately, this early precau tionary  action 
was la ter forgotten , such th a t asbestos costs to 
US insurers becam e hugely dam aging in  the 
1990s.

In  1924 in  R ochdale, hom e o f the  T urner 
B rothers asbestos factory since 1880, was the 
first inquest an d  pathological exam ination  o f 
an  asbestos worker. Nellie Kershaw was 
diagnosed as having d ied  o f asbestos 
po isoning  by h e r  local doctor, D r Joss, who 
observed th a t he  saw 10-12 such cases a year. 
H is view was co rrobora ted  by pathologist Dr 
W. Cooke, who w rote the  case u p  in  the 
m edical lite ra tu re  (Cooke, 1924 an d  1927). 
In  Leeds, w here an o th e r T urner B rothers 
factory was situated, a local docto r h ad  found 
en o u g h  asbestos cases to p ro d u ce  a doctoral 
thesis (Grieve, 1927). By 1930 there  had  been  
a t least 12 deaths am ongst workers from  
these two factories with asbestosis cited as the 
cause or partial cause (Tweedale, 2000). In  
som e cases tuberculosis, h ea rt failure and  
p n eu m o n ia  com plicated  the diagnosis, as 
they did  for the n ex t few decades.

However, the  com bination  o f a t least som e of 
this evidence with two o th e r repo rts  in  the 
m edical lite ra tu re  in  1928 (Sim pson, 1928; 
Seiler, 1928), including  four cases from  
South  Africa, was sufficient to p ro m p t a 
m ajor governm ent inquiry  in to  the  effects of 
asbestos dust by D r M erewether, M edical 
Inspecto r o f Factories, an d  C. W. Price, a 
Factory Inspector an d  p io n eer o f dust 
m o n ito ring  an d  control. I t inc luded  the first 
h ea lth  study o f asbestos workers an d  found  
th a t 66 % o f those em ployed for 20 years or 
m ore  suffered from  asbestosis, com pared  to 
n o n e  o f those em ployed for less th an  four 
years, w ith an  average o f 25 % for the 363 
w orkers stud ied  (M erew ether an d  Price, 
1930). This was probably an  underestim ate ,

as only cu rren t w orkers were exam ined, 
excluding those w ho h ad  left em ploym ent 
th ro u g h  ill health . However, these results led, 
in  1931, to the  first asbestos dust contro l 
regulations, m edical surveillance and  
com pensation  a rrangem ents in  the  world. 
These rem ained  largely u n a lte red  (bu t also 
u nen fo rced ) un til 1969, w hen  new asbestos 
regulations were in tro d u ced  in  the  U nited  
K ingdom .

5.3. Early warnings on asbestos 
cancers

In  1932 in  a re p o rt to the  Trades U nion  
Congress (TU C), a freelance investigator, 
R onald  Tage, drew  a tten tio n  to  th ree 
asbestosis cases from  the  C ape Asbestos 
C om pany in  Barking, L ondon, th a t were 
com plicated  by cancer (G reenberg , 1993). 
R eports o f  lung  cancers being associated with 
asbestos ap p eared  in  the US, G erm an and  
UK m edical lite ra tu re  in  the 1930s an d  1940s 
(Lynch and  Sm ith, 1935; Gloyne, 1935; 
W edler, 1943; H euper, 1942) including  the 
1938 R eport o f  the  C hief Inspecto r of 
Factories. In  1938, w hen lung  cancer was 
generally  m uch  less prevalent, the  G erm an 
au thorities were persuaded  th a t the 
association was causal, an d  asbestos lung 
cancer was m ade a com pensatable industrial 
disease in  1943. (D ecades la ter the 
com plication  o f sm oking-induced lung 
cancer m ade the  link with asbestos th a t m uch 
h a rd e r to prove.)

A h igh  rate  o f  lung  cancer found  a t autopsy 
in  asbestosis cases was rep o rted  in  the C hief 
Inspecto r o f Factories’ A nnual R eport in  
1949 an d  industry  h ad  two unpub lished  US 
repo rts  o f an  excess o f resp iratory  cancers in  
m ice (Scheper, 1995). T h ree  in-house 
investigations o f  cancer m ortality in  the 
R ochdale district h ad  failed to find  evidence 
o f  lung  cancer in  asbestos workers (Knox, 
1952 an d  1964), b u t the  com pany doctor 
adm itted  th a t his know ledge o f statistics was 
‘n il’ (Tweedale, 2000, p. 148). In  1953, 
T urner B rothers asked R ichard Doll, an  
in d e p e n d e n t epidem iologist, to study the 
m ortality  o f R ochdale asbestos workers. H e 
found  a lung  cancer risk in  those w ho had  
b een  exposed to asbestos for 20 years or 
m ore  w hich was 10 times th a t expected  in  the 
genera l popu lation . D espite attem pts by the 
T urner directors to suppress these findings 
they were pub lished  in  the  m edical literature  
(Doll, 1955). However, it was to  be an o th e r 
30 years before the governm ent accepted 
lung  cancer from  asbestos as a
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com pensatable industrial disease, an d  th en  
only if  it was accom panied  by asbestosis. This 
was partly because fu tu re  studies were to be 
increasingly com plicated  by the rising trends 
o f  lung  cancer caused by sm oking, w hich 
Doll h ad  also discovered in  a study o f British 
doctors in  1955.

Later studies o f asbestos workers showed tha t 
the  com bination  o f the two carcinogens, 
cigarette sm oke an d  asbestos, m ultip lied  the 
risks o f  lung  cancer. Asbestos alone increased 
the  lung  cancer risk 5-fold, an d  sm oking 
alone increased  the risk 10-fold, b u t the  two 
to g e th er p ro d u ced  n o t 15 tim es the risk (an  
additive effect) b u t over 50 tim es the risk, a 
m ultiplicative o r synergistic effect. 
(H am m ond, 1979). Sm oking an d  rad iation  
from  u ran iu m  an d  o th e r m in ing  has a 
similarly synergistic effect in  rad iation  
exposed workers (Archer, 1973).

As w ith all o th e r h u m an  studies o f  asbestos 
exposure, there  was only a relatively small 
n u m b er o f w orkers w ho h ad  b een  working in  
the ‘new cond itions’ o f im proved dust 
contro l for the  20-25 years before lung 
cancer could  appear, so it was n o t possible to 
say w hat the  risks were in  1955 un til m any 
m ore  years h ad  passed, w hen again, in  
conditions o f  im proving dust control, it was 
im possible to know w hat the risks could be. 
This prob lem , w hich m igh t be called the 
‘latency lacu n a’, characteristic o f all long- 
latent-period hazards u n d e r conditions of 
technological change, is a m ajor reason  why 
preventative action  is often  too late.

5.4. Early, devastating warnings 
about mesothelioma cancer

Cases o f m esotheliom a, a norm ally very rare 
cancer o f the lin ing  o f the chest or abdom en, 
h ad  been  observed in  association with 
asbestos exposure in  the 1940s an d  1950s, bu t 
it  was n o t un til 1955 th a t D r Sleggs, a local 
docto r in  South Africa, n o ted  a n u m b er of 
these unusual cancers a t the  cen tre  o f the 
asbestos m in ing  areas an d  sen t som e to a 
pathologist, D r Wagner. T he association with 
asbestos was m ade and  they to u red  the 
m in ing  areas trying to reconstruct the history 
o f  asbestos exposure o f  those who h ad  died  
by talking to  colleagues an d  families. O u t o f 
47 cases o f m esotheliom a, they found  earlier 
asbestos exposure in  all b u t two, an d  m any of 
th em  were environm ental cases including 
ch ild ren  exposed w hen playing on  waste 
dum ps. They pub lished  the ir findings in  
1960 (W agner et a l, 1960).

This was devastating news because the 
exposure n eed ed  to cause m esotheliom a 
seem ed to  be a m atter o f  m onths only. In  
contrast, m ost lung  cancer an d  asbestosis 
cases seem  to n eed  10 or m ore  years of 
exposure to asbestos dust. T he average la ten t 
period  betw een first exposure an d  the 
m esotheliom a cancer appearing  was abou t 
40 years, in  contrast to the  20-25 years for 
lung cancer.

W agner’s p ap er provided evidence o f a very 
strong association betw een asbestos and  
m esotheliom a, b u t by 1964 m ost experts 
accepted  th a t the  rela tionsh ip  was causal, 
based m ainly on  the studies o f D r Selikoff in 
the  U nited  States an d  Dr N ewhouse in  the 
U nited  K ingdom . B oth w orked 
independen tly  o f the  industry, using case 
data from  unions an d  hospital records 
respectively.

Selikoff had  observed th a t 15 o u t o f 17 
patients from  the sam e asbestos 
m anufacturing  p lan t h ad  asbestos diseases, 
b u t as he  was refused access to com pany 
records he  used trade  u n io n  records to  show 
th a t the  users o f asbestos, such as insulation  
workers, w ere a t even g rea te r risk than  
m anufacturing  workers: o f the  392 workers 
exam ined with 20 years or m ore  asbestos 
exposure, 339 h ad  asbestosis. T he lung 
cancer ra te  was seven tim es norm al, an d  a 
n u m b er h ad  m esotheliom a (Selikoff et al., 
1964). T he excess o f lung  cancer only 
becam e statistically clear after 25 years of 
follow-up o f workers, illustrating one o f  the 
serious lim itations o f so called ‘negative’ 
cancer studies, w hich is th a t the pow er of 
such studies to de tec t long-latent-period 
cancers can be very low unless som e 20-30 
years o f  follow-up has b een  possible.

Selikoff was to be described as a ‘d isturbing 
sore th u m b ’ by an  industry  representative 
from  the Asbestos Textile Institu te  
(Tweedale, 2000, p. 183, foo tnote  17). This 
was a sim ilar sen tim en t to th a t expressed by 
the ex C hief M edical Inspecto r o f Factories, 
Dr Legge, w riting in  his th en  capacity as 
M edical Adviser to  the TUC in 1932 abou t 
R onald Tage, w hom  he said the TUC could 
be ‘qu it o f’ by paying him  a small fee 
(G reenberg , 1993).

T he practice o f  attacking the  purveyors of 
news ab o u t hazards h ad  b een  well illustrated 
by Ibsen in  his play, A n  enemy of the people 
(1882), in  w hich the local docto r notices a 
h ealth  hazard  which, if fully recognised,
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w ould th rea ten  the econom y o f the local 
town. H e descends from  public h e ro  to 
public enem y as the econom ic im plications 
o f  his observations com e to be realised by the 
mayor, the  m ed ia  an d  m ost o f the citizens.

N ewhouse used the long-term  pathology 
records collected by the L ondon  H ospital 
betw een 1917 and  1964 to show that, o f  76 
m esotheliom a cases, over 50 % had  
occupational or dom estic exposure (lived in  
the  house o f  an  asbestos w orker), whilst of 
the  others, one  th ird  lived w ithin h a lf a mile 
o f  the  Cape asbestos factory (Newhouse and  
T hom pson, 1965). I t was to  be 30 years later 
th a t ch ild ren  exposed to asbestos in  the  
n e ig h b o u rh o o d  o f factories an d  who later 
developed m esotheliom a becam e the first 
successful environm ental exposure cases 
against T urner B rothers in  the  U nited  
K ingdom  (Tweedale, 2000, p. 272).

B oth  Newhouse an d  Selikoff p resen ted  the ir 
findings a t a conference in  New York in  
O ctober 1964, organised by the New York 
Academ y o f Sciences. A study o f D oll’s g roup  
o f  w orkers from  the  regu la ted  areas o f the 
R ochdale factory was p resen ted  as 
supporting  the view th a t ‘it is possible tha t 
the  specific occupational hazards to life have 
b een  com pletely e lim inated ’, perhaps 
a n o th e r exam ple o f the  ‘latency lacu n a’ 
(Knox et al., 1965) But n e ith e r Selikoff n o r 
the  UK Factory D epartm en t found  such 
evidence o f  falling disease rates, m ainly 
because they were includ ing  severe cases o f 
dust exposure am ongst the  users, n o tju s t  the 
m anufacturers o f asbestos, for w hom  dust 
conditions were relatively better, a t least in 
the  regu la ted  factory p ro d u c tio n  areas.

This failure to appreciate  the  ‘w orst case’ 
asbestos exposure scenarios was p a rt o f the 
reason  for the  delayed an d  inadequate  
responses to asbestos. Ju lian  Peto, asbestos 
cancer researcher, has described the focus of 
asbestos cancer studies on  factories, ra th e r 
th an  users, as a ‘stupid  m istake’ (Peto, 1998).

This view was shared  by a fo rm er d irec to r of 
the  w orld ’s biggest asbestos company, Jo h n s 
Manville, w hen reviewing why, a lthough  still 
profitable, it filed for bankruptcy  in  1982 as a 
m eans o f  dealing with asbestos po llu tion  
claims. H e argued  th a t m edical research, 
assiduous com m unication , insistent w arnings 
an d  a rigorous dust reduc tion  program m e 
‘could  have saved lives an d  w ould probably 
have saved the stockholders, the industry

and, for th a t m atter, the  p ro d u c t’ (Sells,
1994).

5.5. Actions and inactions by
regulatory authorities and others

T he asbestos regulations o f  1931 were only 
partially enforced, th ere  being only two 
prosecutions betw een 1931 an d  1968 
(D alton, 1979). T heir focus on  ju s t  parts of 
the  m anufactu ring  process m ean t th a t the 
riskier user activities were neglected. 
However, the issue o f dangerous asbestos was 
n o t neglected.

From  1964 to  1975 the  m edia  in  b o th  the 
U n ited  States an d  the U nited  K ingdom  kep t 
asbestos h igh  on  the political agenda (Sunday 
Times, 1965). T he ITV p rogram m e The World 
in Action in  1971, and  the BBC Horizon in  
1975, ab o u t conditions at C ape’s Acre Mill 
asbestos p lan t in  Yorkshire, U nited  K ingdom , 
h elp ed  to  initiate action  by authorities, such 
as a Parliam entary  O m budsm an R eport in to  
asbestos regu la tion  en fo rcem en t a t the 
factory. This re p o rt was in itia ted  by local MP 
M ax M adden, w ho lodged an  official 
com plain t against n on -en fo rcem en t o f  the 
asbestos regu lation  o f 1931. T he re p o rt was 
very critical o f  the  Factory Inspectors, an d  the 
governm ent resp o n d ed  by appo in ting  a 
governm ent inquiry, the  Sim pson 
C om m ittee, in  1976. M eanwhile, the  1931 
asbestos regulations h ad  b een  u p d a ted  in  
1969, an d  a lim it for factory asbestos dust 
exposure o f 2 m illion fibres p e r cubic m etre  
(m 3) o f air was to  be gradually in troduced .

U nfortunately  this ‘hygiene s tan d ard ’ d id  n o t 
inc lude  consideration  o f  the lung or 
m esotheliom a cancer hazards. I t was la ter to 
be strongly criticised an d  associated with 
h igh  asbestosis levels (one w orker in  10 
w ould ge t the  disease) b y ju lia n  Peto  in  
evidence to the  Sim pson inquiry  (Peto,
1978).

T he Sim pson R eport cam e o u t in  1979 with 
the  following recom m endations: a ban  on 
‘b lu e ’ asbestos, w hich h ad  already been  
w ithdraw n by the  industry; a ban  on 
insu lation  spraying, w hich was also largely 
defu n c t by then; contractors were to be 
licensed for the rem oval o f asbestos; an d  the 
asbestos lim it was to be red u ced  to 1 m illion 
f ib re s /m 3 (o r 1 fibre p e r m illilitre) by 1980 
for ‘w hite’ asbestos, w ith a target o f 0.5 
m illion f ib re s /m 3 (0.5 f /m l)  for ‘b row n’ 
asbestos, w hich was considered  to be m ore 
hazardous th an  white. An asbestos fibre th a t



Asbestos: from 'magic ' to  malevolent mineral

is visible is ab o u t the d iam eter o f a h u m an  
hair, 40 m icrons, b u t it is com posed o f  a 
b und le  o f  abo u t 2 m illion fibrils th a t can be 
released by abrasion o r physiological 
processes in  the body (Selikoff an d  Lee, 
1978). E lectron  m icroscopy is n eed ed  to 
accurately m on ito r the  p resence o f such 
fibrils in  air or tissues.

T here  was, and  still is, scientific controversy 
abou t the  relative cancer an d  asbestosis 
potencies o f  the th ree  types o f asbestos, with 
w hite often being  regarded  as less hazardous 
th an  blue or brown. By 1986 the  W orld 
H ealth  O rgan ization’s In te rna tiona l Agency 
for R esearch on  C ancer (IARC) had  
concluded  th a t all th ree  types were 
carcinogenic and, as w ith o th e r carcinogens, 
there  was no  know n safe level o f exposure to 
any o f them .

T here  was n o  sim ilar hygiene standard  for 
the pub lic’s p ro tec tion  from  airbo rne  
asbestos dust un til the late 1980s, w hen the 
lowest lim it detectable by the prevailing dust 
m on ito ring  m ethod , optical microscopy, was 
recom m ended  by the UK H ealth  an d  Safety 
Executive (100 000 f ib re s /m 3 o r 0.1 f /m l) .

In  1982, Yorkshire TV screened  a two-hour 
docum entary  a t p rim e viewing time, 
featuring  Alice Jefferson, a 47-year-old who 
had  con tracted  m esotheliom a w hen working 
for a few m on ths a t C ape’s Acre Mill asbestos 
p lan t. Alice, a Fight for Life had  an  im m ediate 
im pact, even th o u g h  som e, like Sir R ichard 
Doll, criticised the  program m e for being 
unscientific an d  em otional. T he governm ent 
responded  to the program m e by 
im plem enting  the Sim pson inquiry  
recom m endations and, in  1984, by 
in troducing  the asbestos licensing 
regulations an d  a fu rth e r low ering o f the 
exposure limits to  0.5 m illion f ib re s /m 3 
(0.5 f /m l)  for white an d  0.2 m illion fib res/ 
m 3 (0.2 f /m l)  for brow n asbestos. A voluntary 
labelling schem e was in tro d u ced  for some 
uses.

Pressure for fu rth e r im provem ents 
con tin u ed  to com e from  local MPs, som e 
trade  un ions an d  peop le  rep resen ting  
victims, such as asbestos widow, Nancy Tait. 
She help ed  reveal th a t the  T urner B ro thers’ 
asbestos com pensation  arrangem ents, such 
as GBP 1 a week for the  widows o f workers 
w ith asbestosis, h ad  b een  largely u nchanged  
since the 1930s.

H er work h e lp ed  to  force T urner B rothers to 
im prove th e ir com pensation  awards.

New regulations were in tro d u ced  in  1987 and  
tigh tened  fu rth e r in  1989. In  1998 the 
governm ent ad o p ted  a ban  on  all form s of 
asbestos, w hich was im p lem en ted  the 
following year, along w ith an  EU ban, w hich 
is to  be im p lem en ted  by M em ber States by 
2005. C anada filed a trade barriers com plain t 
against the  F rench  an d  EU ban  a t W TO, b u t 
this was re jected  by the W TO Disputes Panel. 
C anada appealed  against this ru ling  to the 
W TO A ppellate Body, w hich found  in  favour 
o f France an d  the EU (see Box 5.1.)

Box 5 .1 .
W T O  upholds French and EU ban on asbestos
In 1997 France b a n n e d  all forms of a s b e s to s  fibres 
and  p ro d u c ts  In o rd e r  to  p r o te c t  th e  health  of 
w orkers  and consum ers .  Existing 'w hi te '  a s b e s to s  
p ro d u c ts  could be  e x e m p t  on an excep t ional ,  
te m p o ra ry  and  annual ly reviewed basis,  If no 
effective su b s t i tu te  materials w ere  available th a t  
p o s e d  a lower health  risk to  w orkers  handling them . 
C a n ad a  o b je c te d  to  this ban a t  th e  W T O  bu t  th e  
W T O  found  In favour of  France In S e p te m b e r  2000  
(WTO, 2000). C a n ad a  a p p e a le d  to  th e  A ppe l la te  
Body th e  W TO  and  th e  EU c ro ss -ap p e a led  to  uphold  
th e  main findings of  th e  panel and  to  s e e k  correc tion  
of  so m e  'e r ro rs '  of  th e  pan e l 's  In te rp re ta t ions  and 
conclusions. The US c ro ss -a p p e a le d  ag a ins t  the  
pane l 's  j u d g e m e n t  th a t  glass f ibres w ere  as 
ca rc inogenic  as a s b es to s .  The A pel la te  Body Issued 
a r e p o r t  In early 2001 (WTO, 2001), o u t  of  which a 
n u m b e r  of  main points  arose ,  which also have 
Implications for o th e r  haza rd o u s  ag en ts :
•  all forms of  a s b e s to s  ('white ',  'b ro w n '  and  'b lue')  

are  carcinogenic;
•  th e r e  Is no known th resho ld  of  sa fe ty  for this 

carc inogen ;
•  th e  risk from 'w hite '  a s b e s to s  In p ro d u c ts  Is based  

on ev idence  which ' t e n d s  to  sh o w ' a risk rather  
than  not;

•  w orke rs  handling a s b e s to s  p roduc ts ,  such as 
building and brake  lining workers ,  are  a t  risk from 
a s b e s to s  exposu re ;

•  th e r e  Is no W T O  re q u i re m e n t  for coun tr ies  to  
p rovide  quan t i ta t ive  risk a s se s sm e n t  da ta :  
qualitative ev idence  Is sufficient;

•  countr ies  can b ase  the ir  h ea l th /  e n v i ro n m en t /  
animal welfare m e a s u re s  on qualif ied and 
r e s p e c te d  scientific op in ions held by only a 
minori ty of  scientists: 'a  M e m b e r  Is no t  ob l ig ed ,  In 
se t t ing  health  policy, au tomatically  to  follow 
w hat ,  a t  a given t ime, may cons t i tu te  a majority 
scientific op in ion ' (p. 64). This m e a n s  th a t  a WTO 
Panel n e e d  no t  necessari ly reach Its decis ion, on 
th e  scientific ev idence ,  b a s e d  on a 'p r e p o n d e r a n t  
w e ig h t  of  th e  ev id en ce ' ,  b u t  on a lower level of 
proof;

•  th e  efficiency of  th e  'con tro l led  use ' of  a s b e s to s  
p ro d u c ts  w as  no t  d e m o n s t r a t e d  and th e  residual 
risk to  th e  w orkers  w ould  still b e  significant; this 
risk m a n a g e m e n t  op t ion  could no t  be  relied on to  
p r o te c t  w orkers '  health , and th e re fo re  w as  n o t  a 
r e a so n a b le  'a l ternative ' m easu re  to  th e  a s b e s to s  
ban;

•  In d e te rm in ing  w h e th e r  a s b e s to s  su b s t i tu te s  such 
as  glass fibre w e re  'like' p roduc ts ,  four  criteria 
have b e e n  d e v e lo p e d  by W TO, Including th e  
p ro p e r t ie s  and en d  uses of  a su b s ta n c e ,  and  th e  
t a s te s  and  habits  of  consum ers .  Based on th e se  
criteria, th e  A p p e l la te  Body found  th a t  th e  panel 
had e r red  In finding th a t  g lass fibre p ro d u c ts  w ere  
'like' p roduc ts :  they  w e re  not,  principally b e cau se  
they  w e re  n o t  as  carcinogenic.
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T he W TO procedu res for dealing with the 
k ind  o f scientific an d  technological 
com plexity involved in  asbestos an d  o ther 
h ea lth  an d  environm ental hazards has been  
criticised by one  o f  the  scientific advisers 
involved in  the  W TO asbestos case 
(Castlem an, 2001).

M eanwhile the an n u a l UK cancer d eath  rate 
from  m esotheliom a an d  lung cancer from  
asbestos is estim ated by the  H ealth  an d  Safety 
Com m ission (H ealth  an d  Safety Com m ission, 
1994—95) to be a ro u n d  3 000 deaths p e r year 
an d  rising (see Figure 5.1.). Despite huge 
am ounts o f research, m any issues of 
biological m echanism s an d  dose-response 
relationships rem ain  unclear, illustrating the 
lim ited  relevance o f  m ore  research  to 
disease.

5.6. The costs and benefits of actions 
and inactions

I t is beyond the scope o f this case study to 
provide a detailed  evaluation o f the  full costs 
an d  benefits o f the  asbestos story (see 
Castlem an, 1996, p. 8 -9 ). However, a few 
illustrative figures will indicate the 
dim ensions o f such an  evaluation. A t a 
com pany level, T urner B rothers m ade 
a rrangem ents in  1994 to  pay up  to GBP 1 
b illion in  asbestos claims. T he insurance 
underw riters L loyd’s o f L on d o n  faced n ear 
collapse in  the early 1990s from  US po llu tion  
claims, m any o f w hich were for asbestos 
h ea lth  com pensation  an d  clean-up costs.

If  lives are valued a t EUR 1 m illion each, 
w hich is com m on in tran sp o rt studies, th en  
the  costs o f the  estim ated 400 000 E uropean  
asbestos cancer deaths expected  over the 
n ex t few decades is EUR 400 billion. The 
h u m an  costs in  term s o f suffering are  n o t 
calculable. Rem oving asbestos from  buildings 
safely a t the  en d  o f th e ir life will cost fu rth er 
billions. Earlier actions to reduce asbestos 
exposure could have saved m any o f these 
costs.

A D utch  illustration  o f som e o f the  po ten tia l 
savings from  earlier risk red u c tio n  actions 
has estim ated th a t a ban  in  1965, after the  
m esotheliom a evidence h ad  b een  widely 
accepted, instead o f in  1993, w ould have 
saved the country  som e 34 000 victims and  
NLG 41 billion in  build ing and  
com pensation  costs. This is com pared  to  the 
52 600 victims an d  NLG 67 billion guilders in  
costs expected  over the  perio d  1969- 2030, 
estim ated by the D utch M inistry o f  H ealth

and  Social Security (H eerings, 1999). In  the 
U nited  States, asbestos com pensation 
settlem ents reach ed  USD 2 billion, with 
Lloyds syndicates paying a ro u n d  h a lf o f that.

O n  the  o th e r hand , asbestos has b ro u g h t 
som e benefits, includ ing  em ploym ent. In  
1919 it was estim ated th a t fires in  the  w orld ’s 
theatres in  the  1870s and  1880s caused 2 216 
deaths, 95 % o f w hich could have b een  saved 
by asbestos fire insulation, it was claim ed 
(Sum m ers, 1919). Asbestos bo iler insulation  
saved energy, an d  asbestos brake linings 
saved lives, th o u g h  the ex tra  vehicle speeds it 
allowed com plicates the p icture. T he Lancet, 
a UK m edical jo u rn a l, a rgued  in  1967 th a t ‘it 
w ould be ludicrous to  outlaw this valuable 
and  often  irrep laceable  m aterial in  all 
circum stances (as) asbestos can save m ore 
lives th an  it can possibly e n d an g e r’ (Lancet, 
1967). A part from  th e ir gross underestim ate  
o f the h ea lth  im pacts o f asbestos, for w hich 
the ir expertise was a t least relevant, the 
replaceability o f asbestos is a technological 
an d  econom ic question  w hich doctors are 
n o t well qualified to ju d g e . L ittle evidence 
was p resen ted  to  substantiate th e ir a rgum en t 
th a t asbestos was ‘irrep laceab le’.

Substitutes for m ost uses o f asbestos were 
available by the 1970s and , in  som e cases, 
m uch  earlier -  m any US oil refineries were 
insulated  with m ineral wool in  the  1940s and  
1950s (Castlem an, 1996, pp. 456-457). The 
slow spread  o f asbestos substitutes was partly 
because asbestos industry  cartels w orked to 
in h ib it the ir spread  (Castlem an, 1996, pp. 
34— 38), an d  partly because the  m arket price 
o f asbestos was very low com pared  to its full 
p roduction , h ea lth  an d  environm ental costs. 
This failure o f m arket prices to reflect full 
env ironm ental an d  h ea lth  costs is the 
com m on cause o f delay in  rep lacing  
hazardous m aterials.

Many jobs, m uch  p ro fit an d  h igh  dividends 
were g enera ted  by asbestos. T urner B ro thers’ 
profits rose strongly after 1947 an d  peaked  at 
alm ost GBP 9 m illion a year in  1965 
(Tweedale, 2000, p. 9). These profits suffered 
little from  the ill h ea lth  and  con tam ination  
costs o f asbestos, w hich were ‘ex ternalised ’ 
on to  w orkers w ith disease, th e ir families, the 
h ealth  service, insurance carriers and  
build ing  owners.

An often  igno red  b u t significant non- 
financial benefit o f asbestos com pensation  
trials is th a t they frequently  uncover m any o f 
the contrad ictions betw een com pany words
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on  asbestos an d  the ir actions to reduce 
hazards (Castlem an, 1996).

5.7. W hat are the lessons of the 
asbestos story?

Asbestos offers m any lessons th a t are  relevant 
to  num erous o th e r agents or activities tha t 
have long-term  hazardous impacts.

1. T he experiences o f  victims, lay people  
an d  ‘co m p eten t observers’, such as 
factory inspectors an d  family doctors, 
shou ld  be taken  seriously by 
governm ental an d  o th e r authorities, and  
followed up  by app rop ria te  
investigations. They can antic ipate  the 
views o f scientific experts, som etim es by 
m any years.

2. T he early warnings o f  1898-1906 in  the 
U n ited  K ingdom  an d  France were n o t 
followed up  by the k ind  o f long-term  
m edical an d  dust exposure surveys o f 
workers th a t w ould have been  possible a t 
the  tim e, an d  w hich w ould have helped  
stren g th en  the case for tigh ter controls 
o n  dust levels. Even now, leading asbestos 
epidem iologists can conclude: ‘It is 
u n fo rtu n a te  th a t the  evolution o f the 
epidem ic o f asbestos-induced 
m esotheliom a, w hich far exceeds the 
com bined  effects o f all o th e r know n 
occupational industria l carcinogens, 
c an n o t be adequately  m o n ito red .’
(Peto, 1999)

Long-term  environm ental an d  hea lth  
m on ito ring  rarely m eets the short-term  
needs o f anyone, thus requ iring  
particu lar institu tional arrangem ents if it 
is to m ee t society’s long-term  needs.

3. T he laws on  preven tion  and  
com pensation  in tro d u ced  in  the U nited  
K ingdom  in  1931-32 were n o t well 
im plem ented , an d  the sanctions were 
trivial, a p a tte rn  th a t was rep ea ted  down 
the  long history o f asbestos.

4. If  early w arnings h ad  b een  heeded , and  
b e tte r con tro l m easures adop ted , e ither 
before  1930 as Dr Legge, C hief M edical 
Inspecto r o f Factories, and  o thers 
(G reenberg , 1994; B artrip, 1931) have 
no ted , or in  the 1950s and  1960s, w hen 
new cancer hazards em erged  and  
econom ic circum stances were good, then  
m uch  tragic loss w ould have been  
avoided. A ction to curb  asbestosis p rio r

to  the  discovery o f  the cancers w ould at 
least have m inim ised the im pact o f these 
la te r ‘surprises’.

M ore strategically, tigh ter regu la tion  o f 
asbestos would have raised its m arket 
price to cap ture  m ore  o f its costs o f 
p ro d u c tio n  and  use, thereby  stim ulating 
the  innovation  th a t belatedly led to be tte r 
an d  often  cheaper substitutes, as well as 
to  im proved engine an d  build ing  designs 
th a t generate , a t source, less waste heat.

5. Econom ic factors played a key ro le as in  
o th e r cases o f worker, public and  
environm ental hazards. These include 
the  em ployers’ n eed  for profits an d  the 
w orkers’ n eed  for jobs, w hich can 
toge ther p ro d u ce  an  alliance w hich may 
n o t be in  the long-term  interests o f 
w orkers o r society. T he g reater the size of 
the  ‘ex te rn a l’ cost o f harm  (dam age costs 
n o t bo rn e  by the com panies), the g reater 
the  chance th a t these diverging private 
an d  social costs will inh ib it preventative 
action. Only w hen full dam age costs, 
includ ing  health , build ing  m ain tenance  
an d  site con tam ination  costs, are bo rne  
by the po llu ters via the ‘po llu ter pays’ 
princip le, an d  th ro u g h  liability 
provisions, regulations, taxes, etc., can 
the private an d  social costs o f econom ic 
activity be b ro u g h t closer together, thus 
allowing the  m arket place to operate  
m ore efficiently. Penalties on 
w rongdoing by em ployers also n eed  to be 
com m ensurate  with the costs they inflict 
on  others, if  private an d  social costs and  
benefits are to be m ore  closely aligned. 
B ut this is n o t easy. It is very difficult for 
governm ents to overcom e pow erful 
econom ic in terests th a t usually opera te  
on  the sam e sh o rt tim escales as m ost 
politicians, an d  to im p lem en t decisions 
th a t are  in  the best, longer-term  interests 
o f society, if they are  perceived as 
im posing short-term  costs o n  pow erful 
groups. Again, app rop ria te  institu tional 
a rrangem ents are n eed ed  to  help  m eet 
society’s long-term  interests: a 
‘governance’ issue th a t is taken  up  in  the 
final chapters o f  this report.

6. O ne o f the  m ain  reasons for the failure to 
im p lem en t con tro l m easures was the view 
th a t ‘c u rren t exposures to  asbestos dust 
a re  so m uch  lower th an  past exposures 
an d  shou ld  therefo re  be safe’, a view 
offered to the  UK com m ittee o f  inquiry 
in to  com pensation  for industria l diseases
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by D r M urray in  1906, an d  rep ea ted  by 
m any o thers ever since. As th ere  is a 10- 
40-year la ten t period  betw een asbestos 
exposure an d  the diseases it causes, by 
the tim e th a t evidence o f ‘today’s’ 
exposure risks becom es available, m any 
years o f generally  reducing  dust levels 
have ensued, m aking it once again 
possible to  say th a t risks in  the  new 
‘today’ are m uch  less th an  in  the  past, or 
non-existent. T he p o in t can n o t be 
proved decisively one way or the o th e r 
un til an o th e r 20-40 years have passed. 
This ‘latency lacu n a’, w hich is com m on 
to all long-latent-period hazards, is an  
illustration o f the  com m on erro r o f 
assum ing th a t ‘absence o f evidence of 
h a rm ’ m eans ‘evidence o f absence o f 
h a rm ’. It does not.

In  the  absence o f  good evidence tha t 
today’s exposures to carcinogens are safe, 
it is wiser to  apply the p recau tionary  
princip le, an d  assum e they are unsafe, 
especially if  the disease (o r ecological 
im pacts) from  h ig h er exposures have no  
know n th resho ld  o f exposure below 
w hich th ere  are n o  effects.

This is a key lesson th a t is relevant to  all 
long-latent-period hazards. The 
particu lar preventative m easures th a t 
would th en  be req u ired  w ould d ep en d  
on  the p roportionality  p rincip le  —  the 
expected benefits from  prevention, 
including  any ‘secondary benefits’, would 
n eed  to  be significant in  re la tion  to the 
costs o f achieving such prevention.

This m ore precau tionary  app roach  to 
uncerta in ty  an d  ignorance would also 
involve switching the  c u rren t bias w ithin 
norm al scientific m ethods away from  
avoiding ‘false positives’ (with its 
associated bias o f p roducing  ‘false 
negatives’ such as asbestos) towards 
p roducing  a b e tte r balance betw een false 
positives an d  false negatives. This would 
increase the chances o f genera ting  the 
costs o f restricting a substance or activity 
th a t m igh t la ter tu rn  o u t to be safe. 
However, the  asbestos case strongly 
suggests th a t society would gain overall 
from  a m ore  ethically acceptable and  
econom ically efficient balance betw een 
genera ting  false positives an d  false 
negatives.

7. Im plem enta tion  o f preventative 
m easures was also inh ib ited  by the

healthy survivors fallacy. This needs to be 
widely com m unicated  an d  avoided as it 
gives rise to  a genera l b u t false 
reassurance o f safety, as it does w ith the 
general hazard  o f  sm oking. It was first 
described in  re la tion  to asbestos by Lucy 
D eane in  1898:

‘Even w hen the evil reaches such grave 
p roportions as to  be capable o f easy and  
tragic proof... th ere  is always a certain  
p ro p o rtio n  o f ‘old w orkers’ —  the 
survivors o f  the ir m ates —  w ho are found  
in  every unhealthy  industry  an d  who... 
ap p ear to thrive on  th e ir unhealthy  
calling. In  less obvious unhealthy  
conditions the only convincing p ro o f o f 
actual injury, viz., reliable com parative 
statistics o f mortality, o r o f h ealth  
standards, is practically unatta inab le  in  
the  case o f any given factory, or a t any 
rate w ith the  tim e an d  opportun ity  a t 
p resen t a t our disposal.’ (D eane, 1898).

This a rg u m en t has b een  used th ro u g h o u t 
the  history o f asbestos. For exam ple, Dr 
Knox, the  T urner B ro thers’ UK com pany 
doctor, on  visiting the C anadian  asbestos 
m ines in  1952, said: ‘I am  assured th a t 
m any workers over 70 years o f age are  still 
em ployed an d  are  active an d  vigorous.’ 
(G reenberg , 2000) This view was also 
p resen ted  to one  o f  the au thors o f  this 
case study (DG) w hen he  visited UK 
asbestos p lants in  the 1980s as the  un io n  
h ealth  an d  safety adviser. W orkers 
po in ted  to the re tired  workers w ho had  
w orked m ore  th an  20-30 years or so in  
the  factory w ithout m uch harm , an d  who 
were able to tu rn  up  to  the annual 
p ensioners’ party. Such pensioners were 
cited as p ro o f o f the low o r absen t risks of 
asbestos. This could be called the 
‘p ensioners’ party  fallacy’, as it was the 
workers w ho did  n o t m ake it to  the  party 
who provided the p ro o f o f  harm , and  
the ir deaths, o r illnesses, m ade them  
relatively invisible to cu rren t workers. As 
D eane observed, healthy survivors 
n eed ed  to be re la ted  to non-survivors via 
appropriate ly  analysed m ortality statistics.

8. I t seem s necessary to  establish speedy, 
affordable an d  tran sp aren t 
com pensation  arrangem ents, based on 
agreed  liabilities, as soon as any harm ful 
effects becom e known, so as to bo th  
increase the  incentives to  p reven t fu rth e r 
harm  an d  to im prove the chances of 
record ing  accurate exposure histories.
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Elem ents o f such anticipatory  
com pensation  a rrangem ents were 
established in  the  early days o f the 
nuclear industry  w hen the  state in  m any 
countries took on  fu tu re  liabilities for 
nuclear accidents, at least up  to certain  
limits (for exam ple the  UK N uclear 
Installations Act, 1965). A un ique  
exam ple seems to be the  radiation- 
induced  cancer com pensation  schem e 
for workers a t British N uclear Fuels (see 
the chap ter on  R ad ia tion ).

9. Views should  be taken from  a wide range 
o f all relevant disciplines an d  the 
‘ig no ran t ex p e rt’ shou ld  be curbed. 
Specialists in  one discipline, for exam ple 
m edicine, provided ‘e x p e rt’ opinions 
abou t o th e r disciplines such as dust 
m onito ring  an d  contro l (occupational 
hygiene an d  ventilation eng ineering) or 
asbestos substitutes availability. These 
op inions were often  m istaken b u t w ent 
largely unchallenged , an d  this 
con tribu ted  to  m isplaced com placency 
(G reenberg , 2000).

10. It is necessary to antic ipate  ‘surprises’ 
an d  take care w ith substitutes. If  asbestos 
substitutes rep ro d u ce  the  sam e physical 
form  as asbestos -  long, respirable (< 3 
m icrons in  d iam eter) an d  durab le  fibres 
—  it is likely th a t they too  will be 
carcinogenic (Roller and  Pott, 1998), as 
was p red ic ted  by the UK H ealth  and  
Safety Executive in  1979, and  later 
confirm ed by the  IARC for som e form s of 
synthetic m ineral fibres. However, 
m ineral wool an d  glass fibre ap p ear to  be 
m uch  less hazardous th an  asbestos, and  
they can be m anufactu red  to be good 
en ough  for insu lation  b u t n o t as th in , or 
durab le  eno u g h  in  h u m an  tissue, to be 
carcinogenic. ‘C lean’ p ro d u c tio n  and  
user techniques tha t m inim ise exposures 
to  a tm osphere , w hether occupational or 
environm ental, via ‘closed lo o p ’ an d  eco- 
efficient systems, are  th erefo re  essential 
w ith w hatever m aterials are being  used. 
This th en  m inim ises the  size o f any fu tu re  
‘su rp rise’ im pacts from  substitutes, w hich 
is an  im p o rtan t benefit o f  applying the 
precau tionary  princip le.

Asbestos: early warnings and actions Table 5.1.

1898 UK Factory Inspec tor  Lucy D ean e  warns of harmful and  'evil' effects of  a s b e s to s  dust

1906 French factory  rep o r t  of  50 d e a th s  In fem ale  a s b e s to s  textile workers  and  re c o m m e n d a t io n  
of  contro ls

1911 'R easo n a b le  g ro u n d s '  for suspicion, from ex p e r im e n ts  with rats, th a t  a s b e s to s  dus t  Is 
harmful

1911 and  1917 UK Factory D e p a r tm e n t  finds Insufficient ev idence  to  justify fu rther  actions

1918 US Insurers refuse cover  to  a s b e s to s  workers  d u e  to  assu m p t io n s  a b o u t  Injurious co ndit ions 
In th e  Industry

1930 UK M e re w e th e r  Report  finds 66 % of long- te rm workers  In Rochdale factory  with a sbestos is

1931 UK A s b e s to s  Regula tions specify  dus t  control In m anufacturing  only and  c o m p e n sa t io n  for 
a sbes tos is ,  bu t  this Is poorly  Im p le m e n te d

1 9 3 5 -4 9 Lung cance r  cases  r e p o r te d  In a s b e s to s  m anufacturing  workers

1955 Doll es tab l ishes  high lung cance r  risk In Rochdale  a s b e s to s  workers

1 9 5 9 -6 0 M eso the l iom a cance r  In workers  and public Identified In South  Africa

1962/64 M eso the l iom a can ce r  Identified In a s b e s to s  workers , In n e ig h b o u rh o o d  'b y s ta n d e rs '  and In 
relatives, In th e  United  Kingdom and  th e  United  S ta tes ,  a m o n g s t  o thers

1969 UK A s b e s to s  Regula tions Improve controls,  bu t  Ignore users and  cancers

1982-9 UK m edia ,  t r a d e  union and  o th e r  p ressure  p rovokes  t igh ten ing  of  a s b e s to s  contro ls  on 
users and  p ro d u ce r s ,  and  s t im ula tes  subs t i tu tes .

1 9 9 8 -9 9 EU and  France ban  all fo rm s of  a s b e s to s

2000-01 W T O  u p ho lds  EU/French bans  agains t  C a nad ian  ap p ea l
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6. PCBs and the precautionary 
principle

Janna G. Koppe and Jane Keys

6.1. Introduction

Polychlorinated  biphenyls (PCBs) are 
ch lo rinated  organic com pounds th a t were 
first synthesised in  the  laboratory  in  1881. By 
1899 a pathological cond ition  nam ed  
chloracne h ad  b een  identified , a painful 
disfiguring skin disease th a t affected people  
em ployed in  the  ch lo rinated  organic 
industry. Mass p ro d u ctio n  o f PCBs for 
com m ercial use started  in  1929. Thirty-seven 
years elapsed before PCBs becam e a m ajor 
public issue, recognised  as environm ental 
pollu tants, an d  a danger to  anim als and  
hum ans. Large-scale p ro d u c tio n  worldwide, 
an d  in  particu lar in  som e eastern  E uropean  
countries, con tinued  un til the  mid-1980s. 
PCBs are  the first obvious exam ple o f a 
substance th a t was n o t in tentionally  spread 
in to  the  environm ent, b u t nevertheless 
becam e w idespread an d  bioaccum ulated  to 
h igh  concentrations.

PCBs are m ixtures o f synthetic organic 
chem icals with the  sam e basic chem ical 
s tructure , an d  sim ilar physical p roperties, 
th a t range in  n a tu re  from  oily liquids to waxy 
solids. PCBs were well received in  the 
m arketplace as they rep laced  products tha t 
w ere m ore  flam m able, less stable an d  bulkier. 
This new g roup  o f chem icals facilitated the 
p ro d u c tio n  o f  smaller, ligh ter an d  w hat were 
th o u g h t to  be safer electrical equ ipm ent. In  
the  U nited  States the  use o f  PCBs was very 
im p o rtan t in  the Second W orld War. PCBs 
were prim arily used in  electrical equ ipm ent, 
such as capacitors an d  transform ers, because 
o f  th e ir insulating p roperties an d  resistance 
to  h igh  tem peratures. Over the  years the 
n u m b er o f  uses o f  PCBs increased to include 
use as heat-transfer fluids in  h ea t exchangers, 
as hydraulic fluids, as ingred ien ts in  PVC 
plastics, paints, adhesives, lubricants, 
carbonless copy p ap er an d  as im m ersion oil 
for m icroscopes. Sealants conta in ing  PCBs 
w ere widely used for constructing  and  
renovating  buildings. Between 1929 an d  1988 
the total world p ro d u c tio n  o f  PCBs 
(excluding the USSR an d  C hina) was 1.5 
m illion tonnes.

By the  late 1930s M onsanto, the  US p ro d u cer 
o f PCBs, was certainly aware o f adverse h ealth  
effects in  workers exposed to PCBs. For 
exam ple, in  1936 several w orkers a t the  
Halowax C orpora tion  in  New York City 
exposed to  PCBs (th en  called ch lo rinated  
d iphenyls), an d  re la ted  chem icals called 
ch lo rinated  naph thalenes, were affected by 
chloracne. T h ree  workers d ied  an d  autopsies 
o f two revealed severe liver dam age. Halowax 
asked H arvard  University researcher Cecil K. 
D rinker to  investigate. D rinker p resen ted  his 
results a t a 1937 m eeting  a tten d ed  by 
M onsanto, G eneral Electric, Halowax, the  US 
Public H ealth  Service an d  state hea lth  
officials from  M assachusetts and  
C onnecticut. Like the Halowax workers, 
D rin k er’s test rats h ad  suffered severe liver 
dam age. Sanford Brown, the p resid en t o f 
Halowax, concluded  the m eeting  by stressing 
the ‘necessity o f  n o t creating  m ob  hysteria on  
the p a rt o f w orkm en in  the p lan ts’ (Francis, 
1998). T he results were pub lished  b u t did 
n o t gain the w ider a tten tio n  o f  policy-makers 
(D rinker et al., 1937). D rin k er’s article did 
however p u t the  occupational m edicine 
community, labour regulators and  
m anufacturers on  notice as to  the concerns 
su rround ing  PCBs.

T he first w arning th a t PCBs were becom ing 
ubiquitous in  the env ironm en t cam e from  
S0ren  Jensen . In  1966 Jensen , while working 
on  DDT (dichlorodiphenyltrichloroethane), 
fortuitously detec ted  unknow n m olecules in  
the m uscle o f white-tailed sea eagles in  
Sweden. T he levels were appreciably h igher 
in  the fish-eating sea eagles th an  in  fish 
collected from  the  sam e areas. So he 
concluded  th a t the m olecules m ust be 
persisten t in  living tissues an d  n o t easily 
b roken  down. T he mystery chem icals were 
extrem ely resistan t to  degradation , being 
unaffected  even w hen boiled in  concen tra ted  
su lphuric  acid. I t took two fu rth e r years of 
study for Jen sen  to be able to dem onstrate  
th a t they w ere PCBs. In  1969 S0 ren  Jen sen  
published  his findings (Jensen et al., 1969) 
w hich showed rem arkably h igh  PCB 
concentrations in  a large p ro p o rtio n  o f  the 
Baltic Sea fauna (See Figure 6.1.). PCBs had  
en te red  the env ironm en t in  large quantities
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fo r m ore  th an  37 years an d  were 
b ioaccum ulating  along  the food chain.

In  the  1960s it becam e ap p a ren t tha t the 
fertility o f all th ree  seal species occurring  in  
the  Baltic Sea was in  decline. By the 1970s 
nearly 80 % o f  the fem ales were infertile. 
Some studies drew a link  w ith the p resence of 
persisten t po llu tan ts —  high  levels o f  DDT 
an d  PCBs h ad  b een  reco rd ed  in  all th ree  
species. A clear co rrela tion  was found  
betw een the  pathological u te rin e  changes 
an d  elevated concentrations o f 
contam inants, particularly  PCBs. F u rther 
studies appeared  to  link h igh  PCB levels no t 
only w ith reproductive disorders in  seals bu t 
w ith o th e r sym ptom s such as dam age to  skin 
an d  claws, intestines, kidneys, ad renal glands 
an d  skeleton (Swedish Environm ental 
P ro tec tion  Agency, 1998).

T he first well-publicised w arning tha t PCBs 
could  be harm fu l to hum ans cam e from  an 
accident in  1968 in  Jap an  w ith a mass 
poisoning  am ong 1 800 peop le  w ho ingested 
con tam inated  rice oil. T he  rice oil was found  
to  contain  a large am o u n t o f K anechlor 400, 
a  b ran d  o f PCB, tha t was believed to  have 
leaked from  a heating  p ipe in  the  factory 
(K im burgh et al., 1987). This resu lted  in 
serious h ea lth  problem s for those w ho had  
consum ed the contam inated  oil (see Box 
6.1.). T he im pact o f  this inc iden t was such as 
to  give rise to a new w ord in  the  Japanese 
language — Yusho —  or Japanese  rice oil 
disease. M any debates ensued  as to w hether it 
was the  PCBs or the ir breakdow n products 
th a t h ad  caused these effects. However, it was 
ag reed  th a t PCBs tha t h ad  b een  subjected  to 
heating  d id  have harm ful effects on  hum ans 
an d  tha t if PCBs were p resen t in  places where 
food was processed accidents like this one 
could  happen .

In  the late 1960s press reports  abou t the 
presence o f PCBs in  the  env ironm en t began 
to  ap p ear an d  in  response M onsanto 
launched  its public defence, denying tha t the 
chem icals w ere PCBs. ‘T he Swedish an d  
A m erican scientists... imply that 
po lychlorinated  biphenyls are  ‘highly toxic’ 
chem icals,’ M onsanto said in  a widely 
d istribu ted  statem ent. It continued: ‘This is 
simply n o t true. T he source o f m arine-life 
residue identified  as PCB is n o t yet known. It 
will take extensive research , on  a worldwide 
basis, to confirm  o r deny the  initial scientific 
conclusions.’ (Francis, 1998)

DDT, PCBs and effects on Baltic Sea fauna
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Source: Bernes, C. (2001) 
'Will t im e heal every 
w o u n d '

Nevertheless in  1969 M onsanto privately took 
a d ifferen t view in its in te rna l ‘Pollu tion 
abatem en t p la n ’, w hich adm itted  tha t ‘the 
prob lem  involves the  en tire  U n ited  States, 
C anada an d  sections o f  E urope, especially 
the  U nited  K ingdom  an d  Sweden.... o ther 
areas o f  E urope, Asia an d  Latin  A m erica will 
surely becom e involved. Evidence of 
con tam ination  (has) b een  shown in  som e of 
the  very rem ote parts o f the w orld .’ T he p lan  
also stated tha t stopping the p ro d u ctio n  of 
PCBs was n o t an  op tion  as it would cause 
‘profits to cease an d  liability to soar because 
we w ould be adm itting  guilt by o u r ac tions’ 
(Francis, 1998).
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Box 6 .1 . The Yusho accident
The first clinical sign w as  a s t r a n g e  skin d isease  
with conjunctivitis, swelling of  eyelids and 
chloracne.  The victims' w hole  bodies ,  including the  
extremities ,  w e re  co v e red  with acne- llke pustules . 
The m o s t  co m m o n  sy m p to m s  w e re  p igm en ta t io n  
of nails, skin and  m ucous  m e m b ra n e s ;  increased  
sw ea t ing  of  th e  palms;  se v e re  h ead ac h e ;  swollen 
joints and  fee lings of  w eakne ss .  A b o u t  half of the  
victims c o u g h e d  persis tently  with ex p ec to ra t io n  
resulting in a chronic bronchitis . T h ese  respiratory  
sy m p to m s  co r re la te d  with PCB levels in th e  b lood.  
It t o o k  m ore  than  10 years  for th e s e  sy m p to m s  to  
decline.
Som e of th e  vict ims w e re  p r e g n a n t  w h e n  th ey  
c o n su m e d  th e  PCB -con tam ina ted  oil. Of 11 bab ie s  
born  to  th e s e  m o thers ,  tw o  w e re  stillborn. All w ere  
'C oca-C ola '  co loured ,  g ro w th - re ta rd e d ,  had 
Increased eye d ischarges  and  nail p igm en ta t ion .  
Follow-up s tud ies  of  th e  children sh o w e d  their  
g row th  to  b e  h a m p e re d ,  the ir  IQs to  b e  low, and 
their  d e m e a n o u r  genera lly  ap a th e t i c  and  dull. 
There  w a s  an Increased  morta li ty of  th e  w hole  
g ro u p  of Yusho p a t ien ts  d u e  to  m alignancies of  the  
liver and  respira tory  sys tem . Their b o d y  b u rd en  of 
dioxins w as  a b o u t  450  m icrogram s dioxin toxic 
equ ivalen t  level p e r  kilogram, no t  Including the  
a m o u n ts  of  phenobarb ita l- l ike  PCBs (Masuda, 
1994).

6.2. Growing evidence of
persistence, presence and 
toxicity

D uring  the 1970s the  evidence th a t PCBs 
w ere ubiquitous environm ental pollu tants 
con tin u ed  to build . PCBs were found  in  
rem ote  areas such as the Arctic. In  the 
N etherlands, large am ounts o f PCBs were 
found  to be en te rin g  the  env ironm ent from  
the  River R hine. A t Lobith, on  the G erm an 
border, inputs m easured  betw een 1976 and  
1981 ranged  from  14 300 kg to  24 000 kg. 
M ost o f the  PCBs were a ttached  to  fine silt in  
suspension; consequently  the levels in  the 
sedim ents were h ighest w here the  flow rates 
o f  the  rivers were low. T he sedim ents in 
R otterdam  h a rb o u r h ad  the  h ighest 
concen trations —  12-24 m g /k g . As these 
sedim ents were used for reclaim ed land, this 
resu lted  in  the  N etherlands being 
con tam inated  a t the ra te  o f  5 000 kg o f PCBs 
a year. Fatty fish caugh t off the  D utch  coast 
were highly po llu ted . Eels from  the rivers and  
lakes, tested  in  1977 an d  1988, con tained  
3.0-131 m g /k g  o f  PCBs (CBS, 1980; Greve 
an d  W egm an, 1983). PCBs were found  in 
fish, m ink, seabirds an d  in  hum ans; these 
studies provided fu rth e r evidence th a t PCBs 
bioaccum ulate. Evidence o f  actual or 
suspected h a rm  caused by the ir 
b ioaccum ulation  was also being  docum ented  
(see the case study o n  the  G reat Lakes).

W hat also becam e c learer th ro u g h o u t the 
1970s was an  u n derstand ing  o f the  m ajor

reason  for the d isagreem ent betw een those 
who said PCBs were harm fu l in  low quantities 
and  those who said they were not. I t was 
found  th a t d ifferen t form s —  ‘congeners’ — 
o f PCBs have d ifferen t num bers and  
positions o f ch lorine atom s th a t determ ine  
the m o lecu le’s physical an d  chem ical 
p roperties. Studies in  the late 1970s 
recognised the  significance o f these d ifferen t 
congeners, a lthough  a t first the  differences 
were wrongly a ttrib u ted  solely to the  level of 
ch lorination . This proved too simplistic, and  
after confusing the  debate  for a while it 
becam e evident th a t b o th  the position  and  
n um bers o f  the  ch lo rine atom s h ad  an  effect 
on  toxicity —  an d  th a t d ifferen t congeners 
have d ifferen t effects (see Box 6.2.).

6.3. Action from industry and 
governments in the 1970s

In  1971 M onsanto realised th a t its public 
position  was u n tenab le  an d  voluntarily 
lim ited  the  types o f PCB m ixtures th a t had  
the  overall g roup  trade nam e A roclor to 
those con tain ing  less th an  60 % chlorine 
substitu tion  (by w eigh t). They also 
re fo rm ula ted  one A roclor to reduce  the 
percen tage  o f h igher-ch lorinated  PCBs. This 
move was based on  the  th en  cu rren t scientific 
op in ion  th a t m olecules w ith fewer ch lorine 
atom s were less toxic. U nfortunately, as 
described above, this op in ion  was soon found  
to  be an  oversim plification.

In  1972, as a resu lt o f the  reports  concern ing  
the  presence an d  effects o f PCBs in  the 
environm ent, Sweden b an n ed  these 
substances for ‘o p e n ’ uses, such as in 
sealants, pain ts an d  plastics, w hich resu lted  in  
uncon tro lled  losses to the  environm ent. T he 
first in te rna tiona l governm ental action was in  
February  1973, w hen  the  O rganisation for 
E conom ic C o-operation an d  D evelopm ent 
(OECD) m ade C ouncil Decision C(73) 1 
(Final) on  p ro tec tion  o f  the env ironm en t by 
con tro l o f po lychlorinated  biphenyls. T he 
O EC D ’s decision was taken  as a resu lt of 
‘concerns ab o u t environm ental 
con tam ination  by PCBs, an d  the ir h ea lth  and  
env ironm ental effects’ (OECD, 1973). T he 
decision req u ired  use in  new open  products 
to  be b an n ed  in  OECD m em ber states. 
However, large am ounts con tin u ed  to be 
used  in  supposedly ‘closed systems’ such as 
transform ers, probably as the technical 
problem s an d  costs o f m easures n eed ed  to 
rep lace them  were considered  prohibitive.
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In  the U nited  States, Congress also 
resp o n d ed  to  the  dangers associated with the 
use o f PCBs an d  o th e r toxic chem icals. In  
1976 the  Toxic Substances C ontro l Act was 
passed. A lthough the act covered the 
regu la tion  o f all chem ical substances, the 
severity o f the th rea t posed  by PCBs resu lted  
in  a section (6(e) ) devoted solely to PCBs. No 
o th e r chem icals received such singular 
a tten tion . D uring  the  debate  over the Senate 
version o f the  act, Senator Nelson, the  au th o r 
o f  Section 6 (e), n o ted  th a t PCBs were 
w idespread in  the  env ironm ent an d  th a t they 
posed  significant po ten tia l dangers to h u m an  
h ea lth  an d  to wildlife (U nited  States C ourt of 
A ppeal, 1980). T he section req u ired  that, 
one  year after the  act cam e in to  effect, PCBs 
could  only be m anufactu red , processed, 
d istribu ted  an d  used in  a ‘totally enclosed 
m a n n e r’. E ighteen  m onths later, all 
m anufacture, processing and  d istribu tion  of 
PCBs was p roh ib ited . P roduc tion  in  the 
U n ited  K ingdom  ended  in  1978 an d  in  the 
U n ited  States in  1979. However, elsewhere, 
an d  in  particu lar in  som e eastern  E uropean  
countries, large-scale p ro d u c tio n  con tinued  
u n til the  mid-1980s (Boersm a et al., 1994).

6.4. Scientific understanding
becomes more sophisticated

In  1979 cam e an o th e r costly rem in d er o f how 
PCBs can cause serious h a rm  to h u m an  
health . In  Taiwan 2 000 peop le  were 
po isoned  by po llu ted  rice oil. T he  accident, 
nam ed  Yucheng, received m ore  publicity and  
follow-up th an  the Yusho acciden t o f the 
1960s, dem onstrating  how awareness o f PCBs 
as an  environm ental p o llu tan t was changing. 
Cases with the typical clinical features as seen 
in  the  Yusho illness were rep o rted . The 
ch ild ren  b o rn  to  po isoned  m others becam e 
the  subjects o f a long-term  h ea lth  study. A 
q u arte r o f the ch ild ren  d ied  before the  age o f 
four years as a resu lt o f respiratory  infections. 
A t the  age o f e igh t years the ch ild ren  still had  
nail deform ities an d  chron ic  otitis m edia  
(m iddle ear inflam m ation) to g e th er with 
bronchitis. Follow up  studies o f the  adu lt 
victims ofY ucheng showed an  increase in  
skin allergies, chloracne, headache, spine 
an d  jo in t  diseases and  goitre (Guo, 1999).

A fu rth e r developm ent in  the  understand ing  
o f  the  p h en o m en a  occurred  in  the  1980s, 
w hen  it was realised th a t PCBs change during  
b ioaccum ulation  an d  b iodégradation  in  the 
environm ent. This allowed m any o f the 
earlier inconclusive studies to  be

re in te rp re ted  and  the apparen tly  conflicting 
evidence to  be resolved. B ioaccum ulation 
th ro u g h  the  food chain  tends to concen tra te  
congeners o f h ig h er ch lo rine conten t, 
p roducing  residues th a t are considerably 
d ifferen t from  the  original A roclor m ixtures 
(Schwartz et al., 1987; Oliver and  Niimi,
1988). B ioaccum ulated PCBs ap p ear to be 
m ore toxic th an  com m ercial PCBs because 
som e toxic congeners can be preferentially  
re ta in ed  (Aulerich et al., 1986; H ornshaw  et 
al., 1983). M ink th a t were fed G reat Lakes 
fish con tam inated  with PCBs showed liver 
and  reproductive toxicity com parable to 
m ink  fed th ree  times the quantity  o f A roclor 
1254 (H ornshaw  et al., 1983).

Evidence o f  PCB con tam ination  o f hum an  
breast m ilk also becam e ap p a ren t in  the  
1980s. D ue to  the h igh  level o f PCBs in  the 
D utch environm ent, the  levels o f these 
chem icals in  the D utch p o pu la tion  rem ain  
am ong the  h ighest in  the  world, with average 
PCB co n ten t in  adipose tissue rang ing  from
1.6-2.5 m g /k g  fat (Greve an d  W egman, 
1983).

In  the  1980s cam e the  first pub lished  studies 
on  possible developm ental effects in  
ch ildren . Exam ples o f endocrine  d isruption  
becam e apparen t. T he penises o f boys 
affected by the  Yucheng acciden t were 
underdeveloped  and  —  a n o th e r sign of 
endocrine  d isrup tion  in  the  p ren a ta l period  
—  the ir understan d in g  o f spatial 
relationships was d im inished, an  abnorm ality  
also seen in  boys o f m others using 
p hénobarb ita l in  pregnancy (Dessens et al.,
1998). C hildren  are m ore  vulnerable to the  
toxic effects o f  PCBs th an  adults because they 
have developm ental periods, so called 
‘windows o f tim e’, w hen  m etabolic systems 
develop (see also the  case study on  D ES). 
D uring the in trau te rin e  developm ent o f  a 
child and  in  the postnatal period , m any 
processes take place th a t fix hom eostatic  
systems to  states th a t th en  persist th ro u g h o u t 
life. Exam ples include a steady body 
tem pera tu re  o f 37 degrees Celsius; the 
setpoints for circulating h o rm o n e  levels; and  
the function ing  o f the  im m une system. This 
‘fetotoxicity’ rep resen ted  a new paradigm  for 
toxicology, one w here b o th  dose an d  tim ing 
is im portan t. A n a tu ra l exam ple is the 
exposure to viral rubella  in fection  in  the  first 
th ree  m on ths o f gestation w hen the d ifferen t 
organs are form ed. D epend ing  on  the day o f 
developm ent o f the  organs the  h e a r t o r a leg 
or an  eye or the  bra in  is m alform ed.
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Figure 6.2. Biphenyl skeleton structure

Source: Seren  J e n se n

Chlorine subs t i tu t ions  in posit ions 2 and  6 in the  
biphenyl are  known as o r tho-pos i t ion  subs ti tu t ions ,  in 2 
and  4 as m etapos it ion  substi tu t ions ,  and at  th e  four 
locations as a paraposi t ion  subs ti tu t ion .

Figure 6.3. D ibenzofuran skeleton structure

Source: S eren  J e n s e n
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Figure 6.4. D ibenzo-p-d ioxin  skeleton structure

Source: S eren  J e n s e n
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Box 6 .2 . Explanation o f th e  toxic ity  o f PCBs by 
Soren Jensen
The basic biphenyl chemical form is show n in Figure 
2. Theoretically 209 chlorinated biphenyls are 
possible, but  th e  g re a te r  th e  n u m b er  of  chlorine 
a tom s a lready p re sen t  In th e  molecule, the  more 
difficult It b e c o m e s  for further  substitution of 
hydrogen  with chlorine. Only 135 c o n g en e rs  have 
be e n  found In technical p roduc ts  or  In biota.
In m ost  PCB c o n g e n e r s  chlorine a to m s  are  quite  
evenly d is t r ibu ted  b e tw e e n  th e  tw o  phenyl rings. 
From a toxlcologlcal v iew poin t  posit ions 2 and 6 
are  th e  m ost  Im portan t  (see Figure  6.2.) —  th e s e  
are  called th e  o r th o  positions. The chlorine a tom  is 
ra ther  bulky, so  m any chlorine subs t i tu t ions  In 
position 2 and  6 will force th e  biphenyl to  twist 
a round  th e  axis. M ost  m olecu les  have tw o  or m ore  
chlorine m olecu les  in th e  o r th o  position. Less 
f re q u e n t  are  m olecu les  with only on e  chlorine 
a tom  in an o r th o  position, and in this case  th e  
molecule is m ore  planar (flat). Finally th e  non-o r tho  
co n g e n e rs ,  called th e  co-p lanar  PCBs, are  only 
p re sen t  in t race  a m o u n ts  in technical p roducts .  
Polychlorinated d ibenzofu rans  (see Figure 6.3.) are 
c re a te d  as accidenta l  b y -p roduc ts  during th e  iron- 
catalysed  synthesis  of  PCB. They are  also fo rm ed  
during fires in o x y g e n -p o o r  env ironm en ts  such as 
fires in PCB-containing transform ers ;  in p ro d u c ts  
used as hea t- t ransfe r  ag en ts ;  and  in o th e r  ty p e s  of 
PCB w as te s  e x p o s e d  to  h e a t  or fire. 
Polychlorinated d ibenzo-p-d iox ins  (see Figure 6.4.) 
are  closely re la ted  to  th e  d ibenzofurans .  The 
2 ,3 ,7 ,8 - te t ra  ch loro c o n g e n e r  w as first found  as a 
by -p roduc t  in th e  2 ,4 ,5-trich loro-phenoxy-acid  
herbicides.  TCDD ( te t rach lorod ibenzoparad iox in)  
is also fo rm ed  in fires w here  chlorine is p resen t .  
TCDD is th e  m os t  toxic s u b s ta n c e  of  which we 
know, this be ing  th e  result  of  Its Interaction with a 
vital cell cy toplasm  prote in  known as th e  Ah- 
recep to r ,  which in turn affects enzym e product ion .  
This effect,  via th e  A h-rec ep to r ,  Is o f ten  simply 
refe rred  to  as a 'dioxin-like effect '.  TCDD Is a liver 
and  nerve, and  b o n e -m a rro w  toxin and 
carc inogenic  In hum an beings .
Different chlor ina ted  dioxins have b e e n  given a 
TEF-value (toxic equ ivalen t  factor),  w here  the  
ability of  TCDD to  Induce aryl-hydrocarbon- 
hydroxylase activity via th e  Ah- r e c e p to r  w as given 
th e  value 1. The d ifferent  ch lorinated  
d ibenzofu rans  could be  given a TEF-value as they  
have b e e n  p roven  to  p o ss e s s  a dioxin-llke effect . 
G enerally  th e  effec t  Is s o m e w h a t  lower than  the  
dioxin with th e  sa m e  subs t i tu t ion  pat tern .
The ability to  p o ss e s s  a dioxin-like effect Is linked 
bo th  to  th e  planarity of  th e  m olecu le  and  the  
specific chlorine subs t i tu t ion  pa t te rn .  S o m e  PCB 
c o n g e n e r s  are  planar e n o u g h  to  have a small 
dioxin-llke effect —  especially  th e  non-o r tho  
co n g e n e rs .  The  sa m e  Is true,  at  a still lower TEF- 
value, for th o se  PCB m olecu les  with only o n e  o r tho  
chlorine.  The total dioxin-llke effect is, however, 
th e  TEF-value multiplied by th e  to tal  am o u n t  
p re sen t .  As a result  th e  ne t  dioxin-like effect of  the  
o n e  or tho  c o n g e n e r s  can be  substantia l ,  as  they  
are  p re se n t  In o rgan ism s at  a relatively high level. 
The  majority of  th e  PC B -congeners  in biological 
sa m p le s  as  well as  In technical p ro d u c ts  have tw o  
or m ore  o r th o  subs t i tuen ts ;  th e y  are  t o o  tw is ted  to  
bind to  th e  A h - re c e p to r  and their  TEF-value Is 
zero .  They  p o ss e s s  how ever  a phenobarblta l-l lke 
effect , affecting various enzym es  in a different 
m an n er  from dioxins.
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P renatal exposure to PCBs an d  furans 
(polychlorinated  d ibenzofurans, or PCDFs, 
see Box 6.2.) was associated with negative 
behavioural effects am ongst the Yusho 
offspring. T he ch ild ren  were apathetic  and  
u n in te rested  in  the ir surround ings (H arada, 
1976). Monkeys prenatally  exposed to PCBs 
exhib ited  hyperactive behaviour during  
infancy, followed by inactivity a t four years of 
age (Bowman and  H eironim us, 1981). The 
four-year-old ch ild ren  o f m others whose diets 
h ad  inc luded  significant am ounts o f fish 
from  Lake M ichigan also displayed reduced  
activity in  re la tion  to th e ir body bu rdens o f 
PCBs (Jacobson et al., 1990). F urtherm ore , a t 
the  age o f 11 years, ch ild ren  m ore  highly 
exposed in  the  p ren a ta l perio d  h ad  lower IQ- 
test scores, an d  showed difficulties in  verbal 
com prehension  an d  red u ced  ability to 
concen trate. They were also m ore  th an  twice 
as likely to be two years b eh in d  in  read ing  
skills an d  w ord com prehension  (Jacobson 
an d  Jacobson , 1996). F u rth er research  has 
dem onstra ted  negative effects as a resu lt o f 
p ren a ta l exposure to background  levels o f 
PCBs in  the  U n ited  States, C anada and 
w estern E urope (see Box 6.3.).

6.5. Government action in the 1980s 
and 1990s

T he N orth  Sea m inisterial conferences, in  
con junction  w ith the Oslo an d  Paris 
conventions on  the p ro tec tion  o f  the 
N ortheast Atlantic, have b een  im p o rtan t 
in te rna tiona l fora th a t have stim ulated  action 
on  hazardous substances. At the first N orth  
Sea conference in  1984, it was agreed  th a t the 
phasing ou t o f the use an d  discharge o f  PCBs 
should  be intensified. A t the second N orth  
Sea conference in  1987 targets were agreed  
to  reduce  discharges o f ‘substances th a t are 
toxic, persisten t an d  liable to b ioaccum ulate’ 
by the  o rd e r o f 50 % by 1995 (DoE, 1987).

In  1987, the  OECD m ade a fu rth e r decision 
on  PCBs, on  the  basis th a t ‘cu rren t controls 
o f  polychlorinated  b iphenyl have n o t led  to a 
clear an d  consistent downward tren d  of 
environm ental levels o f PCBs. Previous 
concerns ab o u t environm ental 
con tam ination  by PCBs, an d  the ir h ea lth  and  
env ironm ental effects rem ain  unabated . New 
concerns have arisen over the  use o f PCBs 
particularly  in  situations w here highly toxic 
p roducts such as ch lo rinated  dioxins or 
ch lo rinated  d ibenzofurans m igh t be 
p ro d u ced  by the ir decom position  in

fires.’(OECD, 1987). T he decision 
recom m ended  th a t m em ber countries 
should  cease the  m anufacture, im port, 
export an d  sale o f PCBs by 1 Jan u ary  1989. 
T he decision also called for the  acceleration  
o f the  w ithdraw al o f PCBs from  use.

D uring the 1980s som e national governm ents 
issued h ea lth  advice suggesting the reduction  
o f consum ption  o f PC B -contam inated fish 
and  tim e limits o n  breast-feeding. T he advice 
was controversial an d  heavily debated  
because o f the positive benefits to h ea lth  
from  b o th  breast-feeding an d  the 
consum ption  o f fish (Fuerst et al., 1992).

In  1990 the th ird  N orth  Sea conference 
agreed  a specific p lan  to phase ou t the  use o f 
PCBs by 1999 and  safely dispose o f them  by 
the sam e date (DoE, 1990). In  1995 the 
B arcelona C onvention for the P ro tection  o f 
the  M ed iterranean  Sea against Pollu tion  
agreed  to  ‘reduce, by the  year 2005, 
discharges an d  emissions w hich could reach  
the m arine environm ent, o f  substances which 
are toxic, persisten t an d  liable to 
b ioaccum ulate, in  particu lar 
organohalogens, to levels th a t are n o t 
harm ful to m an  or n a tu re  with a view to the ir 
g radual e lim ination ’. In  the  sam e year 
Sweden p ro h ib ited  the use o f old equ ip m en t 
w hich con ta ined  PCBs.

At the May 1995 m eeting  o f the  U nited  
Nations E nvironm ent P rogram m e (UNEP) 
Governing Council, Decision 18 /32  was 
adop ted  on  persisten t organic pollu tants 
(PO Ps). This decision resu lted  in  a n u m b er 
o f studies an d  m eetings cu lm inating in  
N ovem ber 1995 with the W ashington 
D eclaration, an  ag reem en t to a global 
p rogram m e o f action  to phase o u t POPs, 
including PCBs. T he declaration  was signed 
by 100 national governm ents.

In  1996 Directive E C 96/59  o f  the  E uropean  
U nion  called for the  elim ination  o f PCBs and  
PCTs (polychlorinated  triphenyls) an d  the ir 
phase-out by 2010. However, transform ers 
filled with PCB oil are  still in  use. As they 
becom e older an d  rust, the  chances of 
leakage in to  the env ironm en t increase.

Some 100 years after the first serious adverse 
effects h ad  b een  docum ented , closure had  
finally b een  reach ed  on  the seriousness of 
the  th reat. However, the  toxic legacy will 
rem ain  for m any decades.
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Box 6 .3 . Further research on fe to tox ic ity
In R o t te rdam  and G ron ingen  In th e  N ether lands ,  
start ing In 1990 and 1991, a s tu d y  w as  pe r fo rm ed  
to  Investigate  th e  effects of  p renata l  ex p o s u re  to  
back g ro u n d  levels of PCBs and  dioxins on grow th  
and  d e v e lo p m e n t  of th e  child (Hulsman, 1996; 
K o o p m an -E s seb o o m ,  1995; Patand in ,  1999; 
Lanting, 1999). T he to tal  s tu d y  g ro u p  cons is ted  of 
400  healthy  m other-in fan t  pairs, of  which half the  
infants w e re  b reas t - fed  and half b o t t le -fed .  Prenatal 
PCB ex p o s u re  w as  e s t im a te d  by th e  PCB-sum (PCB 
c o n g e n e r s  118, 138, 153 and  180) In m aternal  
b lood and  cord b lood  and  th e  total dioxin toxic 
equ iva len t  level (TEQ) In th e  m o th e r 's  b re a s t  milk 
(17 dioxin and  a total of  8 dioxin-like PCB 
c o n g e n e r s  —  3 planar , 3 m o n o -o r th o  and  2 d l-ortho  
PCBs). Postnatal  dioxin ex p o s u re  w a s  ca lcula ted  as 
a p ro d u c t  of  th e  total dioxin TEQ level In b re a s t  milk 
multiplied by th e  w e e k s  of  b reas t- feed ing .
Of th e  m ea s u re d  PCB c o n g e n e r s  118, 138, 153 and 
180, th e  first is dioxin-like, b u t  th e  last th re e  are 
phenobarblta l- l lke .  In genera l  63 % of th e  total  
a m o u n t  of  PCBs In hum an b re a s t  milk Is o r th o ­
su b s t i tu ted  n o n - p lanar (PCB-22, -52 ,-138 ,  -153 and 
-180) —  th a t  Is phenobarblta l- l lke  PCBs. Curren t  
b o d y  ex p o s u re  to  th e  PCB c o n g e n e r s  118, 138, 153 
and  180 w as  m ea s u re d  in p lasm a a t  42 m o n th s  of 
a g e  (Patandin, 1999).
The s tu d y  d e t e c t e d  hyperactivity and  slower  m ean  
reaction  t im es  in relation to  th e  cur ren t  PCB levels 
in th e  children a t  42 m o n th s  of  ag e .  Irritability and 
hyperactivity are  well-known s ide-effec ts  of  th e  use 
of  p hénoba rb i ta l  in ch ildhood .  At th e  a g e  of  42 
m o n th s  a t ten t io n  during free  play behav iour  was 
r e d u c e d  relative to  umbilical cord  PCB 
concen t ra t io n s  and  m aternal  PCB e x p o s u re .  This 
pers is ten t  effec t  on behav iour  from d a m a g e  th a t  
h a p p e n e d  prenatal ly  is similar to  th a t  found  by 
Ja c o b s o n  (Jaco b so n  e t a / . ,  1990; Patand in ,  1999). 
Effects of p renata l  PCB ex p o s u re  w e re  also 
adverse ly  a s soc ia ted  with neurological  o u tc o m e  at  
18 m o n th s  of  a g e  (Hulsman e t  al., 1995), b u t  this 
w as  no longer  s e e n  a t  42 m o n th s  of  a g e  (Lanting, 
1998b).  In con tras t ,  prenata l  and lactational  
ex p o su re  to  dioxin-like PCBs and  dioxins w as  not  
show n to  affect a t ten t ion  and  activity a t  42 m on ths  
of a g e  (Patandin, 1999).
Thus,  negat ive  effec ts  on cognit ive and behavioural 
d e v e lo p m e n t ,  as  d e m o n s t r a te d  by J a c o b s o n  and 
th e  Dutch study,  are  re la ted  to  th e  prenata l  or 
cur ren t  accum ula ted  ex p o su re  to  phenobarb l ta l -  
llke PCBs and  not  to  dioxin-like PCBs.
A s tu d y  by Seegal  and  Schantz  (Seegal and  Schantz, 
1994) also d e m o n s t r a te d  th e  dif ferent  effec ts  of 
phenobarblta l- l lke  PCB c o n g e n e r s  and  dioxin-like 
PCB co n g e n e rs .  M onkeys e x p o s e d  to  d l-ortho  
PCBs w e re  Impaired on simple spatia l 
discrimination and  reversal p rob lem s.  However, 
t h o se  m onkeys  e x p o s e d  to  TCDD 
( te t rach lorod ibenzoparad iox in)  p e r fo rm e d  b e t t e r  
than  th e  control g ro u p .  The d i-o r tho -subs t i tu ted  
PC B -congeners  t e s te d  in a du l t  m onkeys  are  
d o p a m in e  neuro tox ican ts .  They  re d u c e  th e  a m o u n t  
of d o p a m in e  by Inhibiting tyrosine hydroxylase —  
th e  enzym e which contro ls  th e  rate  a t  which 
d o p a m in e  is syn thesised .  It Is p ro b a b le  th a t  this is a 
long- te rm  or even  p e rm a n e n t  effec t  (Seegal and 
Schantz, 1994). A particular concern  is th is may 
have Implications relating to  an increased  incidence 
of  Parkinson 's  d isease .
D essens  found  Impaired spatia l ability In human 
adu lts  w h o  had b e e n  prenatal ly  e x p o s e d  to  
anticonvulsants  (most ly phénobarb i ta l )  (Dessens e t  
al., 1998). The new  d isease  enti ty  'la te 
haem o r rh a g lc  d isease  of  th e  new -born ' ,  first 
d e t e c t e d  in th e  late 1970s in Ja p a n  and  w es te rn  
E urope  and  originally a t t r ib u ted  to  vitamin K 
def iciency, m igh t also be  re la ted  to  th e  effec ts  of 
phenobarblta l- l lke  PCBs (Koppe e t a / . ,  1989; 
Bouwm an, 1994). Prenatal ex p o s u re  to  b a ckground  
levels of dioxin-like PCB c o n g e n e r s  has also b e e n  
show n to  affect thyroid ho rm o n e  m etabo l ism  (Plulm 
e t a / . ,  1992; K o o p m an -E s seb o o m  e ta / . ,  1994).

6.6. Routes of environmental 
exposure

W hen products contain ing  PCBs decom pose, 
o r are destroyed by fire, significant am ounts 
o f  the  PCBs survive, because o f the ir stability. 
D uring  fires in  oxygen-poor environm ents, 
an d  w here PCBs are otherw ise b roken  down, 
highly toxic polychlorinated  dibenzofurans 
can be fo rm ed  an d  released (see Box 6.2.). 
T h ere  have also b een  accidental releases of 
PCBs an d  associated contam inants in to  the 
env ironm en t via leakage from  ‘sealed’ PCB 
fluid com partm ents d u ring  com m ercial use 
o f  transform ers an d  capacitors, an d  from  the 
im p ro p er disposal o f  eq u ip m en t or products.

By the  late 1990s, even organisations 
generally  critical o f  ‘over-regulation’ o f 
industry  h ad  accep ted  that: ‘In  the past, 
discharges o f PCB-laden wastes in to  rivers, 
stream s, an d  o pen  landfills were considered  
acceptable, legal, an d  hazard-free practices. 
PCBs were also som etim es in tentionally  
released in to  the  env ironm en t —  for 
exam ple, to reduce  dust emissions from  d irt 
roads, or as ex tenders in  som e agricultural 
pesticide form ulations. In  retrospect, these 
practices were inapp ro p ria te  an d  potentially 
h a rm fu l.’ (ASCH, 1997)

O nce released, PCBs can volatise or disperse 
as aerosols, providing an  effective m eans of 
tran sp o rt in  the environm ent. S trong south  
to  n o rth  air flows, especially over west 
Eurasia, selectively favour the accum ulation  
o f  PCBs an d  certain  pesticides in  the  Arctic, 
once regarded  as a pristine env ironm ent 
(AMAP, 1997). PCBs, toge ther with the 
pesticides DDT, H C H  and  HCB, are 
detectable a t low concen trations (0.01-40 
nanogram s (one thousand-m illionth  o f a 
gram ) p e r gram  dry w eight) in  all sam ples of 
freshw ater surface sedim ents from  Alaska, 
n o rth e rn  C anada, G reenland, Norway, 
F inland an d  Russia (1995 and  1996). 
Freshw ater an d  m arine ecosystems ten d  to 
con ta in  h ig h er levels o f PCBs th an  terrestrial 
ecosystems. B iom agnification o f  PCBs is 
especially significant in  food webs dom inated  
by organism s with a h igh  fat conten t. 
Additionally, species overw intering a t lower 
a ttitudes deliver POPs an d  m etal bu rdens to 
the  Arctic during  the sum m er (H olden,
1970; AMAP, 1998).

H um ans absorb PCBs from  ingestion, 
inhala tion  an d  th ro u g h  the skin, a lthough  
over 90 % o f exposure is via food (T heelen  
an d  Lie, 1997). A nim al fat is the m ajor



PCBs and th e  precautionary  principle 71

source o f PCBs. O nce absorbed, PCBs 
equilibrate am ong lipid com partm ents in  the 
w hole body due to the ir h igh  affinity for, 
notably, triglycerides an d  cholesterol esters 
an d  th e ir lower affinity for phospholip ids and  
cholesterol (L anting et al., 1998a). In  the 
liver PCBs in te rfe re  with enzyme systems 
im p o rtan t for detoxification (M atthews and  
A nderson, 1975).

6.7. The most recent PCB accident

D espite the  various in tern a tio n a l and  
national regulations an d  legislation, releases, 
w hether accidental o r deliberate, are 
inevitable. In  Belgium, in  January  1999, 
chickens were found  to have b een  fed a 
m ix ture  o f anim al fats m ixed with 8-50 litres 
o f  PCBs an d  furans. A lthough the source of 
PCBs has n o t b een  proven  it was strongly 
suspected  th a t they derived from  the illegal 
disposal o f  old transform ers. Levels in 
chickens and  eggs were h igh, varying for 
2,3,4,7,8 PCDF from  1 299 picogram s (one 
m illion-m illionth o f a gram ) p e r gram  in 
chicken fat to  1 103 p g /g  in  egg yolk. Total 
d ioxin  (toxic equivalent level o r TEQ) was 
respectively 958 an d  685 p g /g  fat (Hens,
1999). A ccording to  W H O  guidelines the 
to lerab le  daily in take o r TDI for peop le  is 1-4 
picogram s dioxin p e r kg bodyw eight p e r day 
(W HO, 1999). T he discovery was only m ade 
because the  levels were so h igh  as to cause 
chick edem a (swelling o f  tissue due  to 
increased  fluid c o n te n t) . I t is likely th a t o ther 
food con tam ination  incidents have occurred  
a t lower levels before an d  will con tinue  to 
occur in  fu ture. This was u n d erlin ed  in  2000, 
a year later, w hen  in  an o th e r p a rt o f  Belgium  
m ore  anim al food was found  to be 
con tam inated  with PCBs an d  dioxins.

In  1999 Belgian toxicologists pub lished  an  
analysis o f  the in c id en t an d  suggested th a t it 
was very unlikely th a t the isolated episode o f 
con tam ination  in  Belgium  w ould have caused 
h ea lth  effects in  the  general population . 
W ithou t providing data on  the  background 
levels o f PCBs in  the Belgian popu lation , they 
speculated  th a t a two- to  three-fold increase 
w ould be com parable w ith levels in  the  1980s 
o f  those regularly eating  contam inated  
seafood (B ernard  et al., 1999). This fails to 
take in to  accoun t D utch studies showing the 
effects o f background  levels o f PCBs and 
dioxins on  u n b o rn  babies. Since the  PCB 
levels in  the Belgian p o pu la tion  are 
com parable to those o f  the D utch, the ir 
s ta tem ent is som ew hat surprising  and  
appears rem in iscen t o f Sanford Brown o f the

Halowax C orpora tion  in  1937 w hen 
endeavouring  ‘n o t to alarm  the  w orkforce’. 
O ne can legitim ately w onder ju s t  how m uch 
we have learned  since then .

6.8. Conclusion

By the  1930s th ere  was already evidence, 
som e a t a low level o f  proof, th a t PCBs could 
po ison  people. This in fo rm ation  was largely 
re ta in ed  w ithin the  industry, an d  does n o t 
ap p ear to have b een  widely circulated 
am ongst policy-makers o r o th e r stakeholders. 
T he application  o f the p recau tionary  
princip le  a t th a t tim e w ould have p revented  
the  toxic legacy th a t now exists.

Thirty  years later, by the  en d  o f the 1960s, 
th ere  was a h igh  level o f proof, m ainly due  to 
the  Yusho accident, th a t in  certain  
circum stances PCBs, or the ir breakdow n 
products, such as dibenzofurans, could cause 
serious h a rm  to h u m an  health . T he findings 
o f S0ren  Jen sen  also offered a h igh  degree of 
p ro o f  th a t PCBs did bioaccum ulate an d  were 
p resen t in  the  Baltic food  chain. A lower, b u t 
still substantial level o f p ro o f o f  the  adverse 
reproductive effects o n  m arine m am m als was 
also available from  the Baltic seal studies. 
H ad  precau tionary  action  a t a level o f p ro o f 
less th an  ‘beyond reasonable d o u b t’ been  
acceptable to, an d  app lied  by, policy-makers 
o f th a t era, th e ir action  would still have 
resu lted  in  a m ore  m anageable, less costly 
p rob lem  th an  we are  faced with today. Many 
years o f use o f  PCBs w ould have b een  
avoided.

T he 1960s evidence, w ith a tten d an t worries 
o f  fu tu re  liabilities, is likely to have b een  a 
factor th a t in fluenced  M onsanto to 
refo rm ulate  som e o f its PCB products in 
1971. U nfortunately  this action  was based on 
in te rp re ta tio n  o f the  th e n  curren t, bu t 
incom plete, scientific know ledge o f how 
PCBs could  cause harm .

D uring the 1970s evidence increased b o th  o f 
the  environm ental tran sp o rt o f PCBs to  the 
rem otest parts o f the  world an d  o f the 
p o ten tia l o f PCBs to cause harm . PCBs were 
becom ing  w idespread in  the env ironm ent 
even th o u g h  generally n o t being 
in ten tionally  spread. It took un til the  early 
1970s for any governm ent to act an d  even 
th en  these actions only affected new ‘o p e n ’ 
uses o f PCBs. By the late 1970s some 
governm ents h ad  accep ted  th a t th ere  was a 
g rea te r risk o f harm  an d  enacted  legislation 
to  stop new ‘closed’ uses o f  PCBs. A t this
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p o in t th ere  was n o  action by any governm ent 
to  address the  p rob lem  o f existing uses o r the  
cleaning up  o f contam inated  sites. I t is 
p robab le  th a t the  technical difficulties an d  
costs o f such actions were the reasons beh ind  
this ha lf m easure. By the  late 1970s, a few 
countries h ad  called for all p ro d u c tio n  to 
end . By this tim e alternatives to PCBs in 
closed uses were available.

In  the  1980s a d eep er u n derstand ing  
developed as to  how  PCBs caused harm . This 
did  m uch  to  increase the level o f certainty 
because som e discrepancies betw een studies 
could  now be explained  as due  to  d ifferen t 
PCB congeners. D uring this tim e the first 
evidence th a t PCBs could affect the u n b o rn  
child  was published. T he N orth  Sea states 
ag reed  th a t there  was a danger an d  in  1987 
ad o p ted  the political asp iration  to  reduce  
inpu ts to the  m arine env ironm ent by ‘the 
o rd e r o f’ 50 %, by 1995.

Also in  1987 the  OECD accep ted  th a t the 
level o f concern  h ad  increased an d  cu rren t 
legislation h ad  n o t b een  effective. A t this 
p o in t all OECD countries agreed  to  en d  all 
new uses o f  PCBs by 1989. This tim e the risk 
posed  by existing uses o f PCBs was fully 
acknow ledged and  the in tro d u c tio n  of 
‘con tro ls’ was recom m ended , as well as the 
rem oval o f PCB eq u ip m en t in  certain  
circum stances. Nevertheless, p ro d u c tio n  of 
PCBs still con tin u ed  in  several countries.

A lthough n in e  states w ithin the  N orth  Sea 
ca tchm en t agreed  in  1990 to phase o u t the 
use o f  all PCBs, it took un til the  mid-1990s, 
an d  the UNEP W ashington D eclaration, for a 
significant global response to em erge, 
acknow ledging the  p rob lem  an d  agreeing 
the  n eed  to  act on  PCBs in  use.

Even today som e o f the science is still being 
debated . M uch o f this is to do with the 
d ifferen t effects o f  com m ercial PCB mixes 
an d  those found  in  the  environm ent, 
especially those th a t have been  
bioaccum ulated . I t could be argued  th a t 
fu rth e r scientific study a t an  earlier time

w ould have allowed an  earlier resolution. 
However, it could  also be argued  th a t the  call 
for m ore  science can also be used as a reason 
to delayjustifiable action.

T he resistance o f PCBs to deg radation  m eans 
they are  expensive to  destroy. As a resu lt o f 
the m any delays, a large percen tage  o f 
h istoric PCB p ro d u ctio n  has escaped beyond 
ou r con tro l in to  the environm ent. W ide 
dispersal, an d  bioaccum ulative properties, 
m eans th a t in  m any cases PCBs are  in  places 
w here th e ir recovery an d  destruction  is n o t 
possible. Also, in  m any countries w here they 
are still in  use, the  facilities for safe 
destruction  do n o t exist.

In  1999, d u ring  the negotiations for a global 
convention to  phase o u t all POPs, a tten tion  
was focused on  PCBs still in  use, particularly  
those posing a risk due to  acciden t or 
leakage. W hile this focus on  preven tion  o f 
fu rth e r releases is essential, it is also 
necessary to pay g rea ter a tten tion  to our 
response to  the  h igh  levels o f PCBs th a t are 
already in  the  environm ent. Behavioural 
problem s an d  respiratory  diseases affecting 
ch ildren , two o f today’s m ost im p o rtan t 
p roblem s in  paediatrics, could be due, in  
substantial part, to  in toxication w ith PCBs. 
T here  is an  u rg en t n eed  to find  ways of 
reducing  c u rren t body b u rdens o f these 
chem icals in  people. O f course, no  
equivalent action  is possible for o th e r species.

PCBs also h igh ligh t issues such as who ju d g es 
w hat risks are  acceptable, an d  w hether all 
stakeholders are fairly rep resen ted  in  this 
debate. B oth  PCBs an d  dioxins are  fetotoxic. 
Is it acceptable to to lerate risks for 
involuntary exposure to u n b o rn  babies, w hen 
this may affect the ir fu tu re  capabilities and  
those o f th e ir offspring?

At alm ost every stage governm ent action  was 
taken  only w hen th ere  was a h igh  level o f 
scientific proof. T he non-application o f  the 
p recau tionary  princip le  has left us w ith a 
legacy, the total effects an d  costs o f  w hich can 
only be guessed at.
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PCBs: early w arnings and actions Table 6.1.

1899 Chloracne  identified in workers  in chlor ina ted  o rgan ic  industry

1929 Mass p roduc t ion  of  PCBs for commercial  use beg ins

1936 M ore workers  a f fec ted  by chloracne and  liver d a m a g e

1937 Chloracne  and liver d a m a g e  o b se rv e d  in e x p e r im e n ts  with rats. Results did not  gain a t ten t ion  from 
policy-makers bu t  bo th  labour  regu la to rs  and  m anufac tu re rs  w ere  m a d e  aw are  of  th e  concerns  
su r rounding  PCBs

1966 J e n s e n  discovers unknown m olecu les  in se a  e ag le s  in S w e d e n  —  only in 1969 w as  he ab le  to  
d e m o n s t r a te  th a t  they  w ere  PCBs

1968 Poisoning of  1 800 p e o p le  w ho  had in g e s te d  P C B -con tam ina ted  rice oil in Ja p a n  gives rise to  a new 
J a p a n e s e  word :  Yusho —  rice oil d ise ase ,  and to  the  first well-public ised warning th a t  PCBs are 
harmful to  hum ans

1970s High levels of  PCBs found  in infertile seals  of  th re e  d ifferent  spe c ie s

1972 S w e d e n  bans  'o p e n '  uses of  PCBs

1976 Toxic S u b s tan c es  Control Act  (United States)  —  PCBs to  be  used  only in a ' to tally  enc losed  m anner '

1979 2 000 p e o p le  again  po iso n e d ,  in Taiwan, by pollu ted  rice oil. Fol low-up research  s h o w ed  tha t  25 % 
of children  born  of  p o iso n e d  m o th e r s  d ied  b e fo re  th e  a g e  of  four years

1980s Evidence of  PCB con tam ina t ion  of  b reas t  milk

1990s PCBs as soc ia ted  with IQ and  brain effects  in children e x p o s e d  in u te ro  to  m o th e r s '  PCB- 
c o n tam in a ted  diets .  Fetotoxicity  r e p re se n ts  a new  pa rad ig m  for toxicology

1996 EU directive to  eliminate PCBs, with p h a s e -o u t  by 2010

1999 Chicken food  c o n ta m in a te d  with PCBs is found  in Belgium
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7. Halocarbons, the ozone layer and 
the precautionary principle

Joe Farman

7.1. Overview

In  the second ha lf o f the  last cen tury  some 
23 million metric tonnes of chlorofluorocarbons 
(CFCs), abou t 11 m illion tonnes o f m ethyl 
chloroform , 2.5 m illion tonnes o f carbon  
te trach lo ride  an d  4 m illion tonnes o f a 
hydrofluorocarbon  (HCFC-22) were released 
in to  the  atm osphere. All o f these 
halocarbons have atm ospheric lifetimes (4) 
long  eno u g h  for them  to be transpo rted  to 
the  stratosphere. T he am o u n t o f  ch lorine in  
the  stra tosphere  today is betw een six and  
seven tim es w hat it was in  1950. T here  is an  
ozone ho le  over A ntarctica from  S eptem ber

to D ecem ber each year, less systematic bu t 
nevertheless large ozone losses in  the Arctic, 
an d  m odera te  ozone losses in  the  m iddle 
latitudes o f b o th  hem ispheres. T he evidence 
w hich allows us to  conclude, beyond 
reasonable doubt, tha t halocarbons are 
responsible for the  dam age to  the  ozone 
layer, is set ou t in  a series o f five reports 
p rep a red  by the W orld M eteorological 
O rganization (WMO) for the Parties to  the 
U n ited  N ations V ienna C onvention and  
M ontreal Protocol (WMO, 1985, 1989, 1991, 
1994 an d  1999). As a result o f this dam age, 
th ere  will be serious im pacts includ ing  an 
increase in  skin cancer (see Figure 7.1.).

Figure 7.1.
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This g r a p h  il lus trates  t h e  a p p r o x i m a t e  t im e  lags  b e t w e e n  CFC p r o d u c t io n ,  t h e  r esu lt in g  d e p l e t i o n  o f  t h e  s t r a t o s p h e r i c  o z o n e  
layer a n d  s u b s e q u e n t  ex t ra  p e n e t r a t i o n  of  UV rad ia t ion  a n d  t h e  im p a c t  th is  will ev e n tu a l ly  h av e  on  inc reas ing  t h e  b a c k g r o u n d  
r a t e  o f  skin cancer ,  g iven  t h e  3 0 - 4 0  y e a r  a v e r a g e  l a te n t  p e r i o d  for  such  c a n ce r s .  Reality is far m o r e  c o m p l e x  th a n  th is  s c h e m a t i c  
illus tra tion. For  e x a m p le ,  t h e r e  a r e  o th e r  o z o n e - d e p l e t i n g  ch em ica ls  (HCFCs,  HFCs a n d  m e thy l  b ro m id e ) ;  t h e  o z o n e  ho le  var ies  
w ith  la t i tude ,  t i m e  o f  t h e  y e a r  a n d  m e te o r o l o g ic a l  c o n d i t ion s ;  t h e  in c r e a s e d  UV rad ia t ion  var ies  b e t w e e n  d i f fe ren t  w a v e l e n g th s  
a n d  with  la t i t u d e  a n d  c lou d  cover;  a n d  t h e  skin c a n c e r  e x c e ss  c o m e s  on  t o p  of a rising b a c k g r o u n d  ra t e  o f  skin cancer , with  
di ffe rentia l e f fec ts  on  t h e  d i f f e re n t  ty p e s  o f  skin cancer ,  such  as  m a l ig n a n t  m e la n o m a  a n d  n o n - m a l ig n a n t  skin c a n ce rs .  H u m an  
b e h a v io u r  is al so  a d e t e r m i n in g  e f fec t  in skin cancer . H eal th  e f fec ts  al so  in c lud e  ca ta r a c t s  a n d  im m u n e  r e s p o n s e  s u p p r e s s i o n .  
H ow ever ,  t h e  f ig ure  il lus trates  t h e  main  r e l a t ion sh ip s  a n d  t i m e  lags  b e t w e e n  C F C  p r o d u c t io n  a n d  skin cancer , a n d  t h e  ' s u c c e s s '  
in s t o p p i n g  C F C  p r o d u c t io n  a n d  av e r t in g  m u c h  m o r e  skin c a n c e r  f rom  o z o n e  d e p l e t i o n  th a n  w h a t  is n o w  e x p e c t e d .  (Slaper, e t  
al., 1996).

(4) Lifetimes are  given as e-folding t imes.  The ra te of  removal  of  a cons t i tuen t  is p roport ional  to  its
concen tra t ion ,  so  tha t ,  in th e  a b s e n c e  of emissions, th e  residual co ncen tra t ion  af ter  N lifetimes is e _N tim es  
th e  initial concen tra t ion .
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T he en d  o f w hat m ight be called the CFC 
episode o f industria l history is alm ost in  
sight. T he consum ption  (consum ption  = 
p ro d u c tio n  + im ports —  exports) an d  m ost 
p ro d u c tio n  o f CFCs, halons an d  m ethyl 
ch loroform  have already ceased in  developed 
countries. Exceptions include feedstock use, 
a  few so-called essential uses (5) an d  an  
allowance to supply the needs o f developing 
countries whose own phase-out schedule 
began  with a freeze in  1999 an d  culm inates 
in  cessation o f supply in  2010. The 
reductions in  releases are  the  basis on  which 
the M ontreal Protocol (signed in  S eptem ber 
1987 an d  com ing in to  force on  1 January
1989) and  its la ter am endm en ts and  
adjustm ents have b een  hailed  as a m ajor 
success.

However the cessation o f releases is n o t the 
en d  o f the story for the  a tm osphere  and  for 
the ozone layer. M ethyl ch loroform  has the 
shortest a tm ospheric lifetim e, abou t 5 years, 
o f the  m ajor ozone depleting  substances

(ODS), an d  only abou t 2 % o f  the cu rren t 
a tm ospheric concen tra tion  will rem ain  after 
four lifetimes, o r 20 years. CFC-12, on  the 
o th e r h an d , has a lifetim e o f abou t 100 years 
and  the  concen tra tion  in  the  a tm osphere  in  
2100 will be at least 37 % o f  w hat it is today. 
T he last sta tem ent is qualified because even 
in  developed countries w here p ro d u c tio n  has 
ceased releases con tinue  from  the bank  of 
past p ro d u c tio n  held  in  equ ip m en t and  
plastic foams; this was estim ated to  be 791 
kilo tonnes in  1995. T he p ro d u c tio n  peaked  
in  1988 an d  ceased in  developed countries at 
the  en d  o f  1993. W hilst th ere  is some 
p ro d u ctio n  in  C hina, Ind ia  and  Korea, due to 
cease in  2002, the cu rren t releases come 
p redom inan tly  from  the bank  in  developed 
countries, estim ated at 70 k ilo tonnes in  1995 
and  being  ru n  down at abo u t 4 % p e r year. 
This h a lon  has an  atm ospheric  lifetim e of 
abou t 65 years, an d  its a tm ospheric 
concen tra tion  will con tinue  to increase un til 
abou t 2020, unless the pro toco l is am ended  
to requ ire  the  destruction  o f banked  halons.

Historical and pro jected  to ta l chlorine and brom ine loadings o f th e  troposphere Figure 7.2.
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Reactive b rom ine  is sca led  in pp tv  on th e  right,  and  in p p b v  of  equ ivalen t  chlorine on th e  left. The  c o m b in ed  
loading is ex p re ss e d  as equ ivalen t  chlor ine.  The line at  2.5 p p b v  of  equ ivalen t  chlorine ind ica tes  th e  loading in the  
late 1970s.

(5) T h ese  include medical use of  CFCs in m e te r e d  d o s e  inhalers (now largely rep laced  by HFCs or  PFCs —  
perfluorocarbons)  and th e  use of  halons in fire p ro tec t ion  sy s tem s  in military e q u ip m e n t .
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As a guide to past an d  p ro jec ted  dam age to 
the  ozone layer the sim plest ind icato r is the  
com bined  loading o f ch lorine an d  brom ine 
in  the troposphere , expressed as equivalent 
ch lorine. M olecule for m olecule, b rom ine is 
som e 58 tim es m ore effective th an  ch lorine 
in  destroying ozone: equivalent ch lo rine = 
ch lo rine + 58 x brom ine. Estimates o f the 
historical and  p ro jec ted  loadings are shown 
in  Figure 7.2. O p in ion  is divided over ju s t  
how  far back in  tim e dam age to  the  ozone 
layer can be traced, b u t it has becom e 
conventional to regard  a level o f 2.5 ppbv 
(parts p e r billion by volum e) o f  equivalent 
ch lorine, first reached  in  the late 1970s, as 
significant. U n d e r the  latest am endm ents 
(1997) to  the p ro toco l a re tu rn  to this level is 
expected  betw een 2050 and  2060. For 
com parison it can be n o ted  th a t u n d e r the 
original protocol, the  L ondon  am endm ents 
o f  1990 an d  the C openhagen  am endm en ts of 
1992, th ere  was n o  guaran tee  th a t the  
equivalent ch lorine loading  w ould ever 
re tu rn  to 2.5 ppbv. T he adjustm ents in 
V ienna in  1995 did  finally achieve a p ro jected  
re tu rn , an d  the am endm ents in  M ontreal in  
1997 b ro u g h t the re tu rn  a few years nearer. 
T he failure to  act m ore  decisively in  the  early 
negotiations can be seen perhaps as the 
Parties to  the p ro toco l setting consensus 
before  effectiveness; in  re tro spect it seems 
th a t the  negotia tors consistently took the 
view th a t it w ould be easier to get ag reem en t 
a t the  n ex t m eeting  (6) .

Should the CFC episode have b een  avoided? 
C ould it have b een  avoided? T hree  sketches 
o f  industria l an d  environm ental history may 
help  to  p u t these questions in  perspective.

7.2. Early history

T he first episode is set a t the en d  o f the  19th 
century. T he ch lo rinated  derivatives o f  the 
sim pler hydrocarbons had  b een  studied, 
find ing  incidentally  m any com pounds for 
w hich th ere  are  n o  significant sources 
outside the laboratory. M ost ODS are 
com pounds o f th a t sort. C arbon 
te trach lo ride  was being p roduced  
industrially; it was used as a solvent, for dry 
cleaning and  in  fire extinguishers. M ethyl 
ch loroform  was know n but, surprisingly in

view o f developm ents after 1950, found  no  
application. A Belgian chem ist, Swarts, had  
laid the foundation  o f the  study of 
fluorinated  hydrocarbons, m aking CFC-11 
an d  CFC-12 by the  catalysed reaction  of 
hydrofluoric acid w ith carbon  tetrach loride. 
At the tu rn  o f the  cen tu ry  ozone was an  
im p o rtan t industria l chem ical. In  an  episode, 
now largely igno red  in  textbooks, it was 
widely used in  applications rang ing  from  the 
chem ical laboratory  to m unicipal services. It 
was the m ost pow erful ox idan t known, left no  
objectionable residue, an d  was easy, if 
som ew hat expensive, to m ake. It was used to 
sterilise public w ater supplies an d  to  purify 
the air in  the  C entral L ond o n  u n d e rg ro u n d  
railway system. As a b leaching agen t an d  a 
d eo d o ran t o f oils, waxes an d  fats, it was 
widely used in  the  m anufactu re  o f linen, 
cotton, pain t, varnish, lino leum  and  
perfum es. It was used as a preservative for 
food, an d  refrigerated  w arehouses an d  ships 
were often  equ ip p ed  with portab le  ozonisers. 
L ittle was know n ab o u t ozone as a na tu ra l 
constituen t o f  the atm osphere. 
M easurem ents a t R ouen  in  1857 h ad  shown 
th a t the  m ixing ratio  n ea r the g ro u n d  was 
a b o u t IO8 (10 ppbv) (H ouzeau, 1857), and  
quite dense netw orks o f stations undertak ing  
such m easurem ents had  b een  set up , m ost 
notably in  Belgium  and  France. It h ad  been  
in ferred  from  the cut-off a t sh o rt wavelengths 
o f the solar spectrum  th a t m uch  larger 
m ixing ratios m ust occur in  the  u p p e r 
a tm osphere. A t the  tu rn  o f the  cen tury  there  
was a com fortable feeling am ong 
m eteorologists th a t the therm al structure  of 
the a tm osphere  was simple: tem pera tu re  
decreased with h e ig h t a t a ra te  th a t was well 
understood , an d  the decrease should 
con tinue to the  lim it o f the  atm osphere . This 
com placency was shaken in  1901 w hen 
Teisserenc de B ort (see, for exam ple, Goody, 
1954) rep o rted  th a t the  decrease stopped, 
often quite abruptly, a t a h e ig h t o f abou t 
11 km, an d  th a t from  th ere  to ab o u t 14 km, 
the g reatest h e ig h t a tta ined  by his 
instrum ents, the tem p era tu re  rem ained  
alm ost constant. A t first he  called his 
discovery the  iso therm al layer, b u t later 
suggested the  words troposphere , to deno te  
the well-mixed lower region, and  
stra tosphere  for the reg ion  above, in

(6) Pa rag ra p h  9(c) of Article 2 of th e  Montreal  Protocol s t a te s  'In taking such decisions, th e  Parties shall make 
every effort to  reach a g r e e m e n t  by consensus .  If all efforts a t  co n sen su s  have b e e n  ex h a u s te d  and  no 
a g r e e m e n t  reached ,  such decis ions shall, as  a last resort,  be  a d o p t e d  by a tw o-th irds major ity v o te  of  th e  
Parties p re se n t  and  voting  rep re sen t ing  a t  least 50% of th e  total co n s u m p tio n  of  th e  contro lled  s u b s ta n c e s  of
the  Parties. ' No issue has y e t  b e e n  p u t  to  a v o te .  Pa rag ra p h  11 of th e  s a m e  article s t a te s  'N o tw iths tand ing  
the  provisions co n ta in ed  in this Article, Part ies may take  m ore  s t r in g en t  m easu res  than  th o se  required  by this
Article.' It has b e e n  invoked only once ,  by th e  E uropean  Union in March 1991, su g g e s t in g  tha t ,  on th e  whole, 
the  n e g o t ia to r s  have b e e n  qu i te  c o n te n t  to  p ro c e e d  a t  a p ace  com p a t ib le  with consensus .



Halocarbons, th e  ozone layer and th e  precautionary  principle 7 9

recogn ition  o f its h igh  static stability. R outine 
soundings o f the stra tosphere  h ad  to await 
cheap  portab le  radio, lightw eight 
instrum ents an d  im proved balloons. A start 
was m ade in  1933, b u t the  successive effects 
o f  econom ic recession an d  world war m ade 
progress slow un til the  1950s.

7.3. The 1930s —  the CFC industry 
is born

T he second sketch is for the decade cen tred  
on  1930. By th en  ch lo rine h ad  largely 
rep laced  ozone as an  industria l b leaching 
an d  sterilising agent. I t was cheap, as large 
am ounts were p ro d u ced  as a by-product of 
the  electrolysis o f rock salt, a process 
in tro d u ced  to  satisfy the  growing dem and  for 
caustic soda for p rep arin g  shee t m etal for 
pain ting . A Norwegian, Eric Rotheim , 
app lied  for a p a ten t for the  aerosol con ta iner 
(spray can) p rincip le  in  1926. (T here  is no  
reco rd  o f use on  a large scale un til the 
Second W orld War, w hen  insecticide sprays 
w ere n eed ed  in  the  Pacific sector. Mass 
p ro d u c tio n  started  in  the  U nited  States in 
1947 an d  in  G erm any in  1953.) In  1929 
T hom as Midgely, a t G eneral M otors in  the 
U n ited  States, conducted  a survey o f 
chem icals suitable for use as refrigerants, and  
reco m m en d ed  CFC-12 an d  CFC-11 as 
efficient, non-toxic an d  non-flam m able. Du 
P o n t started  industrial p ro d u c tio n  o f CFC-12 
in  1930 and  o f  CFC-11 in  1934.

By this tim e, the  ozone layer h ad  been  
discovered and, considering  the resources 
available, quite  com prehensively investigated. 
T he an n u a l variation  in  ozone am o u n t had  
b een  m easured  a t stations rang ing  from  the 
Arctic Circle to New Zealand, largely th ro u g h  
the  efforts o f D obson an d  his collaborators at 
O xford, following u p  the  p io n eer 
m easu rem en t o f  Fabry an d  Buisson in 
France. T he b road  features o f the  vertical 
d istribu tion  o f  ozone h ad  b een  established, 
by ground-based m easurem ents o f light 
scattered  from  the  zen ith  sky a t twilight 
(Götz, M eetham  an d  D obson), an d  by the 
R egeners a t Stuttgart, who sen t a small solar 
spectroscope up  on  a balloon  to 31 km, at 
w hich p o in t it h ad  passed th ro u g h  abou t 
70 % o f the  ozone layer. These two very 
d ifferen t techniques gave results th a t agreed 
rem arkably well. To com plete this sketch it 
should  be m en tio n ed  th a t in  1930 C hapm an 
pub lished  the first theoretical trea tm en t of 
the  form ation  o f atm ospheric  ozone (for 
m ore  on  all this see, for exam ple, Goody, 
1954). W ithin its lim itations, equilibrium

photochem istry  in  a static a tm osphere, it 
gave a fair accoun t o f the  u p p e r p a rt o f the 
ozone layer (above 30 km ), b u t failed 
com pletely to  explain  the  observed variations 
o f ozone with latitude an d  season. M ore th an  
50 years were to  pass before realistic air 
m otions could be in co rpo ra ted  in to  m odels 
o f the  ozone layer, an d  even today there  
rem ains a fascinating in terplay  betw een 
uncertain ty  in  the  chem istry an d  uncertain ty  
in  the dynamics o f the  atm osphere.

7.4. The 1970s —  the seeds of doubt

C oncern  abou t the effect o f h u m an  activities 
o n  the ozone layer becam e an  in te rna tiona l 
issue in  1970. Initially fears were expressed 
a b o u t the emissions o f  n itrogen  oxides, 
carbon  m onoxide and  w ater from  the 
p ro jec ted  com m ercial fleets o f supersonic 
stratospheric tran sp o rt (SST) aircraft. These 
were h eed ed  —  the  U n ited  States ab andoned  
developm ent o f SSTs, an d  the com bined  total 
o f A nglo-French C oncordes an d  Russian 
Tupolev-144s never exceeded  40 aircraft. 
A tten tion  th en  shifted to the  CFC industry, 
w hich h ad  expanded  enorm ously th ro u g h o u t 
the  1960s. A survey, using a recently 
developed device capable o f  m easuring small 
traces o f CFCs, h ad  shown th a t these gases, 
released largely in  the  n o rth e rn  hem isphere, 
h ad  spread  worldwide (Lovelock et a í, 1973). 
M oreover the ir concen trations were such as 
to indicate th a t processes rem oving CFCs 
from  the troposphere  m ust be extrem ely slow 
—  virtually all o f the am ounts released were 
still in  the a tm osphere. In  1974 sem inal 
papers by A m erican scientists po in ted  ou t 
th a t CFCs were so stable th a t they would 
eventually reach  the stra tosphere, tha t 
ch lorine would be released th ere  by 
photolysis, an d  th a t an  ozone-destroying 
chain reaction  would ensue (M olina and  
Rowland, 1974; C icerone et al., 1974). A 
vigorous debate followed, w hich was to 
con tinue for over a decade.

The first significant move was the  ag reem en t 
in  1977 for a research-orien ted  ‘w orld p lan  of 
action on  the ozone layer’, an d  the 
establishm ent by the U nited  Nations 
E nvironm ent P rogram m e (UNEP) o f a 
C oord inating  C om m ittee on  the O zone 
Layer, to oversee the p lan. It is notew orthy 
th a t representatives o f non-governm ental 
organisations (NGOs) were given the  rig h t to 
a tten d  m eetings o f  the  com m ittee. In  the  
U nited  States an  effective public cam paign, 
stim ulated by the earlier debate  o n  the 
im pact o f  supersonic aircraft, resu lted  in
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regulations in  1977 p roh ib iting  the  use o f 
CFCs as aerosol p ropellants. Canada, Norway 
an d  Sweden took sim ilar action. E u ropean  
env ironm ental g roups were a t the tim e 
concen tra ting  on  the issue o f acid rain , and  
th e re  was little public pressure on  
governm ents over CFCs. However in  1980 
E uropean  Council D ecision 8 0 /372  was 
passed, aim ing to freeze the p ro duc tion  
capacity for CFC-11 an d  CFC-12, an d  to 
red u ce  th e ir use in  aerosols by a t least 30 % 
from  1976 levels by the en d  o f 1981. The 
effect o f these m easures on  releases is n o t 
easily seen. Releases h ad  fallen sharply a few 
years before the m easures cam e in to  force, 
largely as a resu lt o f a dow nturn  in  w orld 
trade following a crisis in  the oil m arket. The 
red u c tio n  in  use in  the aerosol sector was 
quickly offset by increased use in  the foam- 
blowing sector. T he E uropean  freeze was 
little m ore  th an  a token  gesture, since m ost 
p lan t was ru n n in g  well below its full capacity.

For all that, these m easures ap p ear to be the 
first, an d  last, unequivocal application  o f  the 
p recau tionary  princip le  in  the ozone story. It 
was the  only action taken  before the evidence 
against CFCs h ad  becom e com pelling. T he 
1977 US C lean Air Act explicitly states tha t 
‘n o  conclusive proof... b u t a reasonable 
ex pecta tion ’ o f  harm fu l effects is sufficient to 
justify  action  (US EPA, 1987). This was in 
stark  con trast to the ‘wait an d  see’ a ttitude 
ad o p ted  by industry. D u Pont, the  w orld ’s 
first an d  largest p ro d u cer o f CFCs, h ad  set 
this o u t in  a full page in  the New York Times 
(30 Ju n e  1975). I t declared  that: ‘Should 
repu tab le  evidence show th a t som e 
fluorocarbons cause a h ea lth  hazard  th ro u g h  
d ep le tion  o f the ozone layer, we are  p rep ared  
to  stop p ro duc tion  o f the offending 
com p o u n d s.’ I t was to deny the existence of 
repu tab le  evidence un til 1986. Nevertheless, 
it should  be acknow ledged th a t the  industry, 
th ro u g h  the Chem ical M anufacturers 
Association (an  in tern a tio n a l fund ing  
agency), th ro u g h o u t this tim e gave 
substantial financial su p p o rt to  institutes and  
individuals engaged  in  research  in to  the 
ozone problem .

In  the  early 1980s, the  p rob lem  o f the ozone 
layer seem ed to  have settled  down. 
C om putational m odels p red ic ted  only small 
long-term  reductions o f ozone, an d  this was 
in  reasonable accord  w ith observations, 
w hich showed n o  significant trend . 
N egotiations for an  in te rna tiona l convention 
on  the ozone layer, started  by UNEP in  1981,

proceeded  slowly. W hile the U n ited  States 
favoured a range o f  controls on  the  use of 
CFCs in  various applications, E urope argued  
for a cap on  p ro d u ctio n  capacity. T he 
differences could n o t be bridged , an d  the 
V ienna C onvention for the P ro tec tion  o f the 
O zone Layer, agreed  in  M arch 1985, 
con ta ined  only pledges to cooperate  in  
research  and  m onitoring , to exchange 
inform ation  o n  CFC production , an d  to  pass 
con tro l protocols only if  and  w hen justified . 
By this tim e the U nited  States was n o t 
p rep ared  to act unilaterally, claim ing th a t as a 
resu lt o f its earlier action, its p rodu c tio n  of 
CFC-11 an d  CFC-12 had  fallen from  46 % o f 
the w orld total in  1974 to 28 % in  1985. 
T here  was som e consolation for those 
advocating controls; the  Parties to  the 
C onvention gave UNEP im m ediate  au thority  
to convene w orking g roup  negotiations for a 
protocol, to be signed if possible in  1987.

7.5. The Montreal Protocol and the  
ozone hole

T he M ontreal P ro tocol was, indeed , signed 
on  16 Septem ber 1987, after a hectic  last 
w eek o f controversy. R ichard B enedick, the 
ch ie f US negotiator, la ter claim ed th a t this 
too  was an  application  o f the p recautionary  
principle. A sim pler in te rp re ta tio n  would be 
th a t the  w orking g roup  h ad  b een  overtaken 
by events. O zone dep le tion  over A ntarctica 
h ad  b een  rep o rted  in  Nature (Farm an et a í, 
1985) in  May 1985, m uch  m ore  severe th an  
any p red iction , an d  confirm ed by NASA in 
O ctober 1985. In  rep o rtin g  the NASA results, 
the  Washington Post gave the world the 
expressive term  ‘ozone h o le ’. D u Pont, 
rem in d ed  o f its s ta tem ent in  1975, w rote to 
its CFC custom ers in  S eptem ber 1986, 
declaring  th a t it now accepted  the n eed  for 
som e controls (Cagin an d  Dray, 1993, p. 
308). Also in  1986, the US N ational O zone 
E xpedition  (NOZE) to  M cM urdo Station in 
A ntarctica had  p ro d u ced  m uch  evidence to 
su p p o rt the view th a t the  dep le tion  was 
chem ically driven. In  Septem ber 1987 
a tten tio n  was again focused o n  A ntarctica, 
w ith press releases expected  from  NOZE II, 
an d  from  the US A irborne A ntarctic O zone 
E xperim en t (AAOE) whose planes h ad  flown 
from  P u n ta  Arenas in  Chile in to  an d  u n d e r 
the  ozone hole. T he tim ing o f the 
an n o u n cem en t o f the pro toco l m akes sense 
only as a pre-em ptive move astutely designed 
to  preserve som e credibility for the 
negotiators, an d  to give industry  tim e for 
orderly  reorganisation .
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Success, com prom ise, m uddle, failure —  all 
these term s have b een  used to describe the 
1987 protocol. T here  can be no  d o u b t th a t it 
was a psychological b reak th rough . However 
the  term s were tem pered  by w hat was 
th o u g h t practicable, the ultim ate objective 
was n o t clearly defined, and  releases 
increased  rapidly in  the  perio d  before  the 
n ex t full m eeting  o f the Parties. T he p ro tocol 
was ratified an d  cam e in to  force on  1 January  
1989, in  line w ith the tim etable. T he review 
p ro ced u re  was set in  m otion  a t once. By th en  
a consensus on  the m ain  scientific issues had  
b een  reached , NGOs h ad  fough t vigorous 
cam paigns for public awareness, an d  industry 
was respond ing  m uch  faster to the prob lem  
th an  h ad  initially seem ed possible. T he 
L on d o n  am endm en ts in  1990, a lthough  
substantially s tronger th an  the original 
protocol, nevertheless were d isappoin ting  by 
com parison  with statem ents m ade by m ost of 
the  Parties in  p repara to ry  m eetings.
However, in  add ition  to the  changes in  the 
controls, two im p o rtan t decisions were taken. 
I t  was agreed  th a t there  should  be full reviews 
every two years instead o f every four, an d  it 
was ag reed  (in  a new Article 10) to establish a 
M ultilateral F und  for the  Im p lem en ta tion  of 
the  M ontreal Protocol (MFMP) to  help  
developing countries reduce  th e ir 
d ep en d en ce  on  ODS.

T he m ain  concern  in  these negotiations was 
to  rep lace CFCs quickly with new chemicals, 
hydrochlorofluorocarbons (HCFCs) and  
hydrofluorocarbons (HFCs) being the 
options p re fe rred  by industry  (7) . Some 75 % 
o f the global p ro d u ctio n  o f  CFCs was in  the 
hands o f  13 groups o f com panies, who were 
quite co n ten t to close down old CFC p lan t if 
the p ro toco l would allow reasonable tim e for 
the industry to p ro fit from  investm ent in  
HCFC an d  HFC production . T he negotiators 
readily accep ted  this; these transitional 
substances were m ade subject to guidelines 
ra th e r th an  contro ls an d  th e ir fu tu re  was left 
open-ended , as consensus could  n o t be 
reached  on  a phase-out date (8) . In  my view, 
this app ro ach  was deeply flawed. Technical 
surveys h ad  already shown th a t large 
quantities o f CFCs an d  halons were released 
unnecessarily by p oo r w orking practices; the 
quantities o f rep lacem ents n eed ed  were

m uch less th an  cu rren t consum ption. M ore 
em phasis should  have b een  p laced on 
p ru d e n t long-term  goals, w ith active 
encou ragem en t o f  the developm ent o f 
halocarbon-free an d  energy-efficient 
technologies, to p ro tec t the  ozone layer, to 
slow down the forcing o f clim ate change and  
to reduce  the cost o f raising living standards 
in  developing countries. T he MFMP has been  
spen t largely on  the  rep lacem en t o f CFCs by 
HCFCs, an d  m ore  m oney is now n eed ed  to 
phase-out HCFCs. It w ould surely have been  
b e tte r to stim ulate m ore radical changes in 
technology from  the outset.

T he m ost recen t full m eeting  o f the Parties 
was in  Beijing, C hina, in  early D ecem ber 
1999, w hen 129 governm ents were 
represen ted . Two notew orthy events had  
taken place during  the  p repara tions for the 
m eeting . In  M arch 1999 the MFMP approved 
USD 150 m illion to  fund  the  com plete 
closure over the  n ex t 10 years o f CFC 
p ro duc tion  in  C hina, now the w orld’s largest 
p ro d u cer an d  consum er o f  CFCs and  halons. 
A week before the  m eeting  the MFMP 
approved USD 82 m illion to lead to the 
com plete phase-out o f CFC p ro d u c tio n  in  
India, the  w orld ’s second largest p ro d u cer of 
CFCs. A t the  m eeting  the Parties agreed  to 
raise an  add itional USD 440 m illion for the 
MFMP; the fund  has d isbursed m ore  th an  
USD 1 billion since 1991. New contro ls were 
adop ted  for HCFCs, includ ing  a b an  o n  trade 
in  these chem icals w ith countries th a t have 
n o t yet ratified  the 1992 am en d m en t (for 
phase-out o f H C FC s). A com plete phase-out 
by 2002 o f the p ro duction  o f  the  recently 
m arketed  chem ical, b rom och lo rom ethane, 
was agreed. A Beijing D eclaration was 
adopted , calling for con tinued  efforts to  halt 
illegal trade in  ODS. T here  was one b rief 
glim pse o f the  p recau tionary  principle: the 
Scientific an d  Econom ic Assessm ent Panels 
were asked to propose m eans to p reven t the  
developm ent and  m arketing  o f new ozone- 
depleting  chem icals (9) . Im p o rtan t issues 
th a t were n o t resolved include the  possible 
destruction  o f h a lon  banks, an  earlier phase­
ou t for m ethyl b rom ide an d  reducing  the 
c u rren t scale o f CFC an d  h a lon  consum ption  
in  Russia an d  o th e r countries w ith econom ies 
in  transition.

(7) HCFCs are  o zo n e  d ep le t in g  su b s tan ces ,  b u t  much less harmful than  CFCs. HFCs have zero  o zo n e  dep le t ion  
po ten t ia l ,  b u t  th e y  are  powerful g re e n h o u s e  gases .

(8) T here  w e re  sha rp  differences of  opin ion  on th e  d a te  by which p h a s e -o u t  could b e  ach ieved .  Targets  r an g ed  
from 2010  to  2040.

(9) For m ore  Information on th e  Beijing m ee t in g  visit th e  w e b  site: h t tp : / /w w w .l l sd .ca /o zo n e /m o p 1 1 /

http://www.llsd.ca/ozone/mop11/
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7.6. Late lessons

T he re p o rt in  1985 o f rap id  an d  severe 
seasonal destruction  o f ozone over A ntarctica 
was an  outcom e o f systematic long-term  
m easurem ents, begun  solely for scientific 
exploration . It took everyone by surprise, 
includ ing  the au thors. T he accep ted  view was 
th a t the effects o f CFCs shou ld  be seen first a t 
h igh  altitudes (30-50 km) in  the tropics, and  
th a t any changes in  the  lower stra tosphere  in  
po lar regions w ould be very slow. As it 
h ap p en ed , two o th e r groups were close to 
challenging the accepted  view — Japanese 
scientists h ad  p resen ted  anom alous ozone 
profiles from  A ntarctica, b u t w ithout 
identifying a systematic trend , an d  NASA 
scientists were re-exam ining very low ozone 
am ounts flagged as ‘suspect’ by th e ir software 
in  initial retrievals o f  satellite data. This was 
before  the  In te rn e t, an d  the  absence o f 
effective collaboration , whilst regrettab le, was 
n o t unco m m o n  in  institutions w ith stre tched  
resources. I t shou ld  also be n o ted  th a t the  
ozone com m unity was ju s t  com pleting the 
first o f  the WMO reports  —  an  onerous task 
for au tho rs an d  reviewers. T he fund ing  o f 
long-term  m o n ito ring  rem ains a serious 
prob lem . It is simply n o t practicable to 
provide open-ended  fund ing  a t the  level 
n eed ed  to cope with uncovering a m ajor 
environm ental issue.

Recession an d  war restricted  the grow th of 
the  CFC industry. From  1930 to  1948 the 
cum ulative releases o f  CFC-12 an d  CFC-11 
w ere only 25 an d  5 k ilo tonnes respectively. 
T he n ex t two decades b ro u g h t spectacular 
grow th —  in 1970 the annual releases were 
300 and  207 kilotonnes. People h ad  been  
p e rsuaded  to buy CFCs an d  throw  them  away 
(aerosols). Industry ’s d ream  o f ‘w onder 
chem icals’ was apparen tly  com ing true. This 
was the  tim e w hen it m igh t reasonably have 
b een  asked w hether such developm ent was 
sustainable.

T h ere  can be little d o u b t th a t a conventional 
risk assessment, in  say 1965, w ould have 
concluded  th a t there  were n o  know n 
grounds for concern . It would have n o ted  
th a t CFCs were safe to hand le , being 
chem ically very inert, non-flam m able, and  
having very low levels o f  toxicity. They were 
good  h ea t insulators, an d  som e were 
excellen t solvents, m ixing readily with a wide 
range o f o th e r organic substances. The

assessm ent m igh t have po in ted  o u t th a t it was 
n o t know n w hat happens to CFCs w hen they 
are  released to the a tm osphere , b u t w ould no  
d o u b t have added  th a t they h ad  been  
released for m ore  th an  30 years w ith no  
a p p a ren t harm  being  done. T here  would 
probably have b een  a long list o f 
recom m endations for fu rth e r research. In  
retrospect, it is easy to see th a t these should  
have inc luded  investigating the  ultraviolet 
and  in frared  spectra  o f CFCs, m easuring 
the ir a tm ospheric concentrations, and  
identifying th e ir decom position products. As 
it happens, th ere  w ere h in ts o f the risk to the  
ozone layer available (W eigert, 1907; N orrish 
and  Neville, 1934 (10)) if  it h ad  been  
recognised  th a t atom ic ch lorine an d  fluorine 
m igh t be released from  CFCs in  the  u p p e r 
a tm osphere. B ut they w ould surely have been  
dism issed on  the g rounds th a t th ere  would 
be a t least 10 000 tim es m ore ozone than  
CFCs a t the  relevant altitudes.

I t is ju s t  possible th a t such an  assessm ent 
m igh t have accelerated  the research  n eed ed  
to  m ake ou t a plausible case against CFCs. 
But, as history shows, a plausible case 
b ro u g h t only lim ited action. Serious 
negotiations d id  n o t begin  un til severe 
dep le tion  h ad  occurred , an d  strong evidence 
found  to link it w ith CFCs. T he pro trac ted , 
an d  frequently  am ended , schedule for phase­
o u t o f ODS suggests that, even a t this stage, 
p recau tionary  m anagem en t o f the 
env ironm en t was n o t upp erm o st in  the 
m inds o f policy-makers.

T he recen t decision (2001) o f  the US 
adm in istra tion  n o t to ratify the  Kyoto 
Pro tocol on  Clim ate C hange will have 
d isappo in ted  m any who were h o p ing  th a t the 
experience gained  with the  M ontreal 
P ro tocol w ould facilitate getting  agreem ents 
fo r fu rth e r p ro tec tion  o f the  global 
environm ent. O ne o f  the  lessons should  have 
b een  th a t n e ith e r governm ents n o r 
m ultinational com panies have a m andate  for 
global experim ents, even w hen such 
experim ents consist solely o f ‘business as 
usual’. T he CFC issue provides a stark 
w arning. Practices th a t ap p ear to be 
reasonable w hen in tro d u ced  (in  this case 
w hen  th ere  were huge gaps in  the 
u n d erstan d in g  o f  atm ospheric  processes) 
may later (as understan d in g  im proves) be 
seen to be lead ing  to a m ajor global p rob lem  
th a t can n e ith e r be avoided, n o r rapidly

(10) T hese  tw o  p a p e r s  r e p o r t  labora to ry  ex p e r im e n ts  on th e  d eco m p o s i t io n  of  o zo n e  pho tose n s l t l sed  by
chlorine.  T hey  are cited In a sys tem atic  review of s t ra to sphe r ic  chemistry, d a t e d  1977, bu t  th e re  Is noth ing to 
s u g g e s t  th a t  th e y  had any Influence on w orkers  In th e  1960s and  early 1970s.
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alleviated. T here  is a deep-seated paradox  
here . Short-term  safety appears to dem and  
th a t synthetic chem icals in  everyday use 
shou ld  be non-reactive. It has taken  a long 
w hile for it to be realised  tha t this m eans that 
they will be extrem ely persistent.

It should  n o t be assum ed tha t environm ental 
science has reach ed  the  stage w here all

hazards can be foreseen. All too often  
technology outstrips the science n eed ed  to 
assess the risks involved. If  there  is to be a 
solution, policy-makers m ust lea rn  to 
recognise, m uch  m ore  rapidly th an  they have 
in  the past, w hen ignorance has been  
rep laced  by understand ing , however 
rudim entary.

Halocarbons: early warnings and actions Table 7.1.

1907 Laborato ry  e x p e r im e n ts  by W e ig e r t  on th e  d eco m p o s i t io n  of  o zo n e  pho to se n s l t l sed  by chlorine

1934 D itto  by Norrish and  Neville

1973 Global  survey of  CFCs by Lovelock e t  a/, show ing the ir  distr ibution In th e  a tm o s p h e re  w orldwide

1974 Molina and  Rowland publish  their  theore tica l  a rg u m e n ts  th a t  CFCs would b e  des troy ing  th e  ozone  
layer

1977 United S ta te s  bans  CFCs In ae roso ls  b a s e d  on ' r e a s o n a b le  e x p e c ta t io n '  of  d a m a g e ,  fol lowed by 
C a n ad a ,  Norway and  Sw eden .

1977 Research -o r ien ted  'world plan of  act ion on th e  o zo n e  layer' a g r e e d ,  ov e rsee n  by UNEP

1980 E uropean  decision restr icting use of  CFCs In ae rosols ,  bu t  rising use In refr igerators ,  etc. 
marginalises this restr iction

1985 UNEP Vienna C onvention  for th e  p ro tec t ion  of th e  o zo n e  layer a g re e s  research ,  monitoring ,  
Information e x c h a n g e  and  restrictions If and  w hen  justified

1985 Farman, G ard iner  and  Shanklin publish  results show ing hole In o zo n e  layer over  Antart ica

1987 M ontreal  P rotocol on p ro tec t ion  of  th e  o zo n e  layer Is s igned ,  with phas ing  ou t  of  ozo n e  dep le t ing  
s u b s ta n c e s  for bo th  d e v e lo p e d  and dev e lo p in g  countr ies  within d ifferent  t lm esca les

1990s Increasing f inance to  d e ve lop ing  countr ies  to  help th em  red u ce  their  d e p e n d e n c e  on o zone  
d e p le t in g  s u b s ta n c e s

1997 A m e n d m e n t s  to  th e  M ontreal  Protocol In o rd e r  to  res to re  levels of chlorine by 2 0 5 0 -6 0

1999 Beijing Declaration calling for efforts to  s to p  Illegal t r a d e  In o zo n e  d ep le t in g  su b s ta n c e s
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8. The DES story: long-term 
consequences of prenatal 
exposure

Dolores Ibarreta and Shanna H. Swan

8.1. Introduction

In  1970, H erbst and  colleagues rep o rted  an 
u n p reced en ted  finding; they h ad  diagnosed 
a ra re  vaginal cancer (vaginal clear-cell 
adenocarcinom a) in  seven young wom en, a 
cancer th a t h ad  never before  b een  seen in  
this age g roup  in  this hospital (H erbst and  
Scully, 1970). T he following year, these 
au tho rs pub lished  the startling finding tha t 
seven o f the eigh t cases (one m ore  h ad  been  
identified), b u t n o n e  o f  32 m atched  controls, 
h ad  b een  prenatally  exposed to the  synthetic 
oestrogen  diethylstilboestrol (DES) (H erbst 
et al., 1971). Seven m onths after this 
publication , the  US Food and  D rug 
A dm inistration (FDA) w ithdrew  approval for 
use o f DES by p reg n an t w om en, for w hom  
this p o te n t synthetic oestrogen h ad  been  
p rescribed  since 1947 in  the m istaken, b u t 
w idespread, belief th a t it p revented  
spon taneous abo rtion  (m iscarriage). In  fact, 
this apparen tly  in n o cen t trea tm en t proved to 
be a tim e bom b for the infants exposed 
du ring  the  first th ird  o f pregnancy. T he 
discovery th a t DES was a transplacental 
carcinogen  (and  was shown after 1971 to  also 
be a tera togen  —  causing b irth  defects) 
occurred  only 10 years after the  awful 
discovery (James, 1965) th a t the  use of 
thalidom ide by w om en in  early pregnancy 
caused severe lim b reductions. T hese tragic 
lessons forced scientists to  ab an d o n  the ir 
com m only held  view o f the  foetal 
env ironm en t as a safe place, p ro tec ted  by the 
p lacental ‘b a rr ie r’, an d  replace it with an  
understan d in g  o f the  ex trem e vulnerability 
o f  the  developing foetus, for w hom  any 
m aternal exposure th a t occurred  during  
critical periods h ad  the po ten tia l to  alter 
developm ent, even long after b irth .

8.2. Optimistic beginnings

O estrogens are steroid horm ones, m ade 
prim arily  in  the  fem ale ovaries an d  the  m ale 
testes, th a t act by b ind ing  to  oestrogen 
receptors. O estrogens, toge ther w ith the 
o th e r so-called sex ho rm ones (progestins and  
an d ro g en s), are req u ired  for the  regu lation  
o f  rep ro d u c tio n  an d  the developm ent of

secondary characteristics in  b o th  m ales and  
females. In  1938, Charles D odds and  
colleagues form ula ted  DES, the first orally 
active synthetic oestrogen (D odds et al., 
1938). This synthetic (non-steroidal) 
oestrogen has been  estim ated to be five times 
as p o ten t as oestradiol, the  m ost p o ten t 
naturally  occurring  oestrogen  in  m am m als 
(N oller and  Fish, 1974). DES is inexpensive 
an d  sim ple to synthesise an d  the developing 
pharm aceutical industry  quickly began 
worldwide production ; DES was m arketed  
u n d e r m ore th an  200 b ran d  nam es. Like 
o th e r pharm aceuticals p ro d u ced  a t th a t time, 
DES und erw en t very lim ited toxicological 
investigations. It rapidly becam e p o pu lar in  a 
wide variety o f  treatm ents, includ ing  those 
for m enopausal sym ptom s an d  prostate 
cancer. O th e r therapeu tic  uses were 
suppression o f lactation, post-coital 
con tracep tion  (m orning-after pill) an d  post­
m enopause syndrom e (N oller an d  Fish, 
1974). I t was later used as a grow th p ro m o te r 
in  chicken, sheep  an d  cattle (Aschbacher, 
1976).

A m ong the m ultip le uses o f  DES was th a t for 
the p reven tion  o f  spon taneous abortion  
(m iscarriage). I t was believed in  the  1940s 
th a t spon taneous ab o rtion  was the resu lt o f a 
decrease in  oestrogen  levels, now recognised 
as a consequence, n o t a cause (Sm ith, 1948). 
As early as 1941, Karnaky an d  o thers began  
experim en ting  with the use o f  very h igh 
doses (100 m g adm in istered  intram uscularly  
in to  the cervix daily) in  w om en ‘th rea ten in g  
to a b o rt’, an d  d eem ed  the d rug  effective for 
this purpose, stating th a t th ere  were no  
adverse consequences to m o th er or foetus 
(Karnaky, 1942). T he use o f DES for 
p reven tion  o f m iscarriage was fu rth e r 
p ro m o ted  by the work o f Olive an d  G eorge 
Smith, who conducted  m ultiple 
(uncon tro lled ) trials o f  DES for use in 
p regnancy th ro u g h o u t the  1940s and  
published  extensively regard ing  its 
effectiveness (Sm ith, 1948; Sm ith et al.,
1946).

Paradoxically, Charles Dodds, the scientist 
who first synthesised DES, a discovery for
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w hich he  was later knighted, speculated  years 
la ter abou t the  m inim al testing o f new drugs 
a t tha t tim e. Reviewing the  history of 
stilboestrol (an o th e r com m on term  for DES), 
suggested by D odds h im self (D odds et al., 
1938), he  n o ted  that n o  long-term  toxicity 
tests o f this synthetic oestrogen  h ad  been  
conducted . H e stated: ‘I suppose we have to 
be very thankfu l tha t it (DES) d id  prove to  be 
such a non-toxic substance.’ (Dodds, 1965) 
U nfortunately, w hen  D odds wrote this the  
long-term  consequences o f DES h ad  no t 
b een  discovered.

8.3. Tragic consequences

R eports tha t DES increased  cancer incidence 
in  laboratory  anim als ap p eared  as early as 
1938 (Lacassagne, 1938; Geschickter, 1939; 
Shim kin an d  Grady, 1941; G reene and  
Brewer, 1941). Since those early reports, 
extensive research  has dem onstra ted  an  
increased incidence o f cancer o f the  
m am m ary glands, cervix an d  vagina in  
m ultip le ro d e n t species in  response to DES.

However, un til 1971 there  was little evidence 
suggesting tha t m aternal use o f DES could 
result in  cancer an d  reproductive 
abnorm alities in  hum ans, 20 years after 
exposure.

T he 1971 case-control study o f H erbst and  
colleagues identifying p ren a ta l exposure to 
DES as the  likely cause o f a rare  an d  often 
fatal vaginal cancer in  young w om en was 
startling and  u n p reced en ted . This case- 
contro l study was followed w ithin a few 
m onths by a second, corroborative, case- 
contro l study (G reenw ald et al., 1971). The 
rela tionsh ip  betw een DES use by p regnan t 
w om en an d  the occurrence  o f vaginal clear­
cell adenocarcinom a is clearly ap p a ren t in  
Figure 8.1. As can be seen, th ere  is a 
rem arkable co rrespondence  betw een sale o f 
DES (rep resen ted  h ere  by m arket sales 
figures p ro d u ced  by a large and  
representative US m anufac tu rer during  
litigation) an d  diagnosis o f this cancer 20 
years la ter (M elnick et al., 1987).

M arke t sales o f 25 m g DES vs. cases o f clear-cell cancer by year o f diagnosis Figure 8.1.
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Source: D. Ibarreta and  S. 
H. Swan
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This shocking finding finally raised a red  flag 
concern ing  the dangers o f DES use by 
p reg n an t w om en, as well as providing 
convincing evidence o f  the  p o ten tia l hazards 
th a t exposure o f the p reg n an t w om an to 
pharm aceuticals (and  o th e r chem icals) pose 
to  the  foetus. As a resu lt o f this study, the 
FDA released a bu lle tin  in  N ovem ber 1971 
stating th a t DES use was con traind icated  
(m ust n o t be used) d u ring  pregnancy (US 
D ep artm en t o f H ealth , E. an d  W elfare,
1971). Tragically, the use o f  DES by p reg n an t 
w om en con tinued  even after 1971 outside 
the  U n ited  States an d  in  som e countries was 
rep o rted  m any years la ter (Direcks and  
t ’H oen , 1986). T he n u m b er o f w om en who 
took  DES is know n imprecisely, b u t the 
N ational Institutes o f H ealth  has estim ated 
th a t it was used by 4.8 m illion p reg n an t 
w om en in  the U n ited  States alone. Total 
exposure (to  m others, sons and  daughters) 
worldwide has b een  estim ated to be 10 
m illion  (see Box 8.1.).

L ater studies, includ ing  follow-up o f a large 
co h o rt o f  DES-exposed w om en (DESAD 
cohort, for DES-adenosis) showed th a t these 
‘DES d au g h ters’ exhib ited  a wide range of 
reproductive trac t abnorm alities. These 
inc luded  epithelial changes (such as vaginal 
adenosis) as well as structural changes such 
as cervical stenosis (narrow ing o f the  cervical 
open ing) an d  u te rin e  m alform ations. Unlike 
vaginal clear-cell adenocarcinom a, w hich was 
extrem ely rare  am ong DES-exposed w om en, 
these abnorm alities were com m on, 
particularly  in  w om en whose m o thers had  
b een  prescribed  DES in  early pregnancy. 
T hese changes, a t least som e o f w hich were 
found  to be prevalen t even before b irth  
(Johnson  et al., 1979), resu lted  in  serious 
reproductive consequences for those 
affected. T he risk o f  all adverse pregnancy 
outcom es, including  ectopic pregnancy 
(em bryo a ttach m en t outside the u terus), 
spon taneous abo rtion  an d  p rem atu re  
delivery, were significantly increased (Swan,
1992). W hile studies on  ‘DES sons’ have been  
m uch  m ore  lim ited, several have 
dem onstra ted  increased rates o f genital 
abnorm alities in  these m en  (G oldberg  and  
Falcone, 1999).

8.4. DES ineffective for prevention of 
miscarriage

A fter the  first claims o f the effectiveness of 
DES for the  p reven tion  o f m iscarriage, 
several studies were carried  ou t to  assess its 
efficacy, w ith m ixed results. As these studies

becam e m ore  rigorous, the su p p o rt for the 
use o f DES declined. Finally, in  the  early 
1950s, two random ised, p lacebo-contro lled  
trials were conducted . T he larger o f these 
trials, conducted  by D ieckm ann et al. (1953), 
rep o rted  n o  statistically significant 
differences in  adverse pregnancy  outcom es 
w hen DES was com pared  to  a placebo. T he 
au thors concluded  (as d id  the au tho rs o f the  
second, sm aller trial) th a t DES was ineffective 
in  the p revention  o f  m iscarriage and  
com plications in  late pregnancy. In  spite o f 
this, the d rug  con tinued  to be prescribed  
even to w om en w ithout previous pregnancy 
problem s. An advertisem ent for one  o f the 
DES congeners (DesPlex) read, 
‘R ecom m ended  for ro u tin e  prophylaxis in  all 
p regnancies’ (see Figure 8.2.).

A reanalysis o f  D ieckm ann’s data was 
published  in  1978, after the  long-term  
carcinogenic and  teratogenic  effects o f DES 
were know n (Brackbill and  Berendes, 1978). 
T he au thors reanalysed D ieckm ann’s 
pub lished  data an d  found  th a t DES actually 
increased the risk o f  the endpo in ts it was sold 
to prevent. T he m ethods used in  the 
reanalysis were n o t new, an d  h ad  been  
available in  1953. As the au tho rs no ted , had  
the data b een  p roperly  analysed in  1953, 
nearly  20 years o f  unnecessary exposure to 
DES m igh t have b een  avoided. T he fact tha t 
this d rug  was prescribed  for two decades after 
its lack o f efficacy was clearly dem onstra ted  
illustrates a massive failure o f the system.

In  fact, it was n o t the lack o f efficacy th a t 
triggered  the end  o f  DES m arketing  for use 
in  pregnancy, b u t a fortu itous accident. If  the 
seven cases originally detec ted  by H erbst and  
colleagues h ad  b een  diagnosed in  several 
d ifferen t m edical centres, ra th e r  th an  at 
M assachusetts G eneral H ospital (where DES 
use had  been  h igh  because the Sm iths had  
conducted  th e ir early experim ents on  DES 
th e re ), the dangers o f DES m igh t well have 
gone unrecognised . T he cancer th a t DES 
caused in  young w om en (vaginal clear-cell 
adenocarcinom a) is extrem ely rare. I t is 
estim ated to have occurred  in  less th an  one 
in  every 1 000 exposed daughters (M elnick et 
al., 1987). In  fact, the  registry established by 
H erbst in  1972 to actively register all cases o f 
adenocarcinom a o f the genital tract in  young 
w om en has iden tified  fewer th an  800 cases 
worldwide. Thus, this cancer an d  its link to 
DES could well have gone undetec ted . H ad  
this occurred, it is unlikely th a t DES- 
associated genital trac t changes, w hich can 
only be identified  by a physician conducting
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a special DES exam ination, an d  the m ultip le 
reproductive consequences o f DES exposure, 
would ever have b een  identified.

8.5. Assessing the extent of the 
damage

T he young age o f  the w om en affected m ade 
the  n eed  for early detection  o f vaginal clear­
cell adenocarcinom a critical. I t was o f crucial 
im portance  to identify the exposed 
p op u la tio n  so th a t screen ing  an d  early 
detec tion  could help  p reven t fatal 
consequences. To assem ble data on  this rare 
cancer, H erbst an d  co-workers established 
the  Registry o f Clear-Cell A denocarcinom a of 
the  G enital Tract in  Young Females in  1972 
(H erbst et al., 1972). Because it becam e 
evident, from  several studies in  w hich DES 
cohorts h ad  b een  screened, th a t DES also 
h ad  caused extensive non-cancerous DES 
changes o f the  fem ale genital tract, in  1976 
the  N ational C ancer Institu te  established a 
co h o rt o f  over 3 000 DES-exposed w om en

T he story of DES is far from  over. M any o f the 
youngest w om en exposed in utero are  n o t yet 
30. T he know n consequences o f  its use will 
con tinue  to ap p ear as this co h o rt ages. In  
addition, the co h o rt m ust be followed to 
identify unknow n consequences, includ ing  a 
possibly increased cancer risk with age. The 
use o f experim ental anim al m odels may help  
address som e o f these concerns ab o u t the 
fu tu re  since the m ouse appears to be a good 
m odel in  w hich to study the effects o f

and  close to  1 000 unexposed  controls for 
long-term  follow-up. This DESAD has proved 
invaluable for identifying the  range of 
adverse consequences o f DES exposure. 
U nfortunately, n o  com parable co h o rt of 
‘DES sons’ has ever b een  established.

T he exact n u m b er o f individuals exposed to 
DES in utero is unknow n, b u t estim ates range 
from  2-10  m illion (see Box 8.1.). A study 
funded  by the E uropean  Com m ission and  
published  in  1991 (Direcks et al., 1991) 
a ttem pted  to estim ate the prevalence o f  DES- 
affected w om en in  E urope. E ighteen 
countries were surveyed by m eans of 
questionnaires. This study found  th a t use was 
g reatest in  G reat Britain, F rance an d  the 
N etherlands, followed by Belgium, Ire land , 
Portugal an d  Spain. T he survey concluded  
tha t DES h ad  b een  prescribed  during  
pregnancy, to a g rea ter or lesser extent, in  all 
countries surveyed except Sweden and  
Hungary.

developm ental exposure to DES 
(M cLachlan, 1993). Such studies o n  ageing 
m ice may be useful in  pred icting  DES-effects 
as the  exposed h u m an  p o pu la tion  ages, as 
will con tinued  follow-up o f exposed cohorts.

W hat will h ap p en  to  subsequen t generations 
o f the  DES-exposed wom en? T here  is 
considerable in terest in  m on ito ring  the 
g ran d ch ild ren  o f DES-treated w om en. 
Studies in  m ice have shown an increased

Box 8 .1 . Use o f DES to  p revent m iscarriage in Europe and th e  U nited  States

Country Period prescribed A pp ro x im ate  num ber 
o f pregnancies

Source: Direcks e t  a/., 
1 9 91 , unless o therw ise  
indicated

Belgium 1950-65

Czechoslovakia 1 9 5 8 -7 6 63 000

France 1950-77 200 000 
60 000-240  000

Pons e t  a/., 1988 
Direcks e t  a/., 1991

G erm any -1 9 7 7 200 000

Ireland 1950-76 Wingfield , 1992

Italy -  1960 (?)

N e the r lands 1947-75 189 0 0 0 -3 7 8  000 H anselaar  e t  a/., 1991

Norway 1948-72 Palmlund e t  a/., 1993

Portugal 1 9 60-70

Spain 1953-77  (1983?) 25 000 Garcla-Alonso e ta / . ,  
1988

United  Kingdom 1940-71 (1973?) 7 0 0 0 -8  000 Klnlen e t  a/., 1974

United  S ta tes 1943-71 2-6 million G o ld b e rg  and  Falcone, 
1999
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susceptibility to tu m o u r fo rm ation  in  the 
th ird  genera tio n  (Newbold et al., 1998), 
suggesting the  DES g ran d ch ild ren  may also 
be at increased  cancer risk (Miller, 1999). 
This is a question th a t will take m any years to 
resolve.

8.6. Lessons from the DES story

I t is worthw hile asking how this tragic event 
m igh t have b een  p reven ted  an d  w hat lessons 
can be learned  from  it. First, the  DES story 
dem onstrates th a t long-term  an d  h id d en  
effects o f ho rm o n al exposure (as was learned  
from  the  thalidom ide story an d  o ther 
chem ical exposures) are  possible, an d  th a t 
such consequences may be devastating. 
T herefo re , ex trem e caution  should  be taken 
before  exposing p reg n an t w om en to 
substances th a t may alter the  endocrine  
system, especially du ring  foetal developm ent. 
T he DES episode also dem onstra ted  th a t the 
absence o f  visible an d  im m ediate teratogenic 
effects can n o t be taken  as p ro o f  o f  the 
absence o f reproductive toxicity. DES 
represen ts n o t only the  first transplacental 
h u m an  carcinogen, b u t also the clearest 
exam ple o f  h u m an  endocrine  d isruption. 
A lthough the doses o f  DES adm in istered  to 
p reg n an t w om en were far h ig h er th an  usual 
env ironm ental levels o f synthetic chemicals, 
DES rem ains a clear w arning o f  the 
consequences o f p ertu rb in g  the endocrine  
system th ro u g h  synthetic chemicals.

W hat precau tionary  action  m igh t have 
p reven ted  the  use o f DES by p reg n an t 
wom en? First, no  long-term  toxicity tests were 
ever carried  out. DES is a synthetic oestrogen 
an d  the  carcinogenicity po ten tia l of 
oestrogens was already know n even during  
the  initial experim ental use o f DES (Cook 
an d  Dodds, 1933). Adverse effects o f DES on 
anim als h ad  b een  pub lished  (Shim kin and  
Grady, 1941; G ardner, 1959; D unn  and 
G reen, 1963), b u t they were largely 
d isregarded. It was also know n a t the time 
th a t chem icals could  cross the  placental 
‘b a rr ie r’. T here  were early indications o f 
adverse effects o f exposure to oestrogens 
du ring  developm ent (G reene et al., 1939) 
an d  Karnaky in  his early experim en ta tion  
with DES n o ted  darkened  areo lae (the  area 
a ro u n d  the n ipple) an d  linea  alba (the  line 
ru n n in g  from  the pubis to  the navel) in 
exposed new borns, ind icating  the 
oestrogenic action  o f DES o n  the  fem ale 
offspring (Karnaky, 1945). This evidence 
rem ain ed  largely ignored , a lthough  some 
m odest attem pts to p in p o in t the risks can be

found  in  the  literature . For exam ple, in  1948, 
B ernard  Laplan, a physician w ho believed in 
the efficacy o f DES, expressed reservations 
a b o u t possible long-term  effects: ‘The 
possibility o f  som e la ten t effects on  the 
reproductive an d  endocrine  system o f the 
in fan t resulting  from  the h igh  dosage 
oestrogen therapy  m ust be b o rn e  in  m ind  as 
ind icated  by the w ork o f G reene, Burrill, and  
Ivy in  experim en tal anim als. Furtherm ore , 
we w ould avoid this therapy  in  any pa tien t 
with a family history o f m alignan t disease.’ 
(Laplan, 1948)

Second, it m igh t have b een  recognised in  
p rem arke t testing th a t DES was never 
effective for the preven tion  o f m iscarriage. 
T he m ethods used in  the  clinical trials 
conducted  in  1951-52 th a t dem onstra ted  this 
h ad  b een  available before  1947 w hen DES 
was p u t o n  the  m arket for use in  pregnancy 
w ithout adequate  p ro o f o f efficacy. A 
properly  conducted  an d  analysed clinical 
trial m igh t have avoided the  en tire  episode.

T he fact th a t DES was n o t pa ten ted , an d  very 
inexpensive to p roduce , m ade it extrem ely 
profitable. This, plus the  absence o f obvious 
acute toxic effects, undoub ted ly  con tribu ted  
to the rapidity with w hich its use spread  
worldwide. T he w idespread use o f DES was 
undoub ted ly  fu rth e red  by the faith in  the 
advances o f  science an d  the belief in  m an- 
m ade solutions to n a tu re ’s problem s tha t 
were prevalen t du ring  the  post-Second W orld 
W ar era. U ndoubted ly  those prescrib ing DES 
believed it was safe an d  effective, and  b o th  
‘m o d ern  an d  scientific’. In  the  N etherlands, 
for exam ple, the  use o f  DES was particularly 
p rom inen t, aided  in  p a rt by its en d o rsem en t 
by the Q u e e n ’s gynaecologist (Brahams, 
1988). Consequently, th e re  was strong 
pressure o n  physicians to prescribe DES. In  
1952, R obinson an d  Shettles found  DES 
ineffective w hen com pared  to u n trea ted  
cases an d  therefo re  d iscouraged its use. They 
discussed in  the ir article the ‘p ee r p ressu re ’ 
th a t doctors w ere subjected  to: ‘T he synthetic 
oestrogen, diethylstilbestrol, has m ore 
recently  becom e a p o p u la r form  o f therapy  in  
th rea ten ed  abortion . T he public has b een  so 
frequently  told o f  the virtue o f this d rug  
th ro u g h  articles appearing  in  lay jo u rn a ls  
th a t it now requires a courageous physician 
to refuse this m edication. T he mass of 
pharm aceutical literature , extolling the 
w onders o f  this drug, has also ren d e red  m ost 
p ractitioners am enable  to  his p a tie n t’s 
dem ands. This situation, together with the 
u nderstandab le  desire to do som ething
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positive toward rescuing a teetering  
pregnancy, has resu lted  in  the  w idespread 
use o f DES in th rea ten ed  a b o rtio n .’ 
(R obinson an d  Shettles, 1952)

T he role o f  an o th e r im p o rtan t s takeholder in 
the  wide use o f DES, the  pharm aceutical 
industry, should  be exam ined. 
P harm aceutical retailers an d  advertising 
p ro m o ted  the effectiveness an d  safety o f DES 
to doctors an d  consum ers. T he 
pharm aceutical industry  igno red  the lack o f 
efficacy o f th e ir p ro d u c t an d  failed to assess 
its adverse h ea lth  effects. In  fact, some 
m anufactu rers p ro m o ted  it as a panacea for 
use in  all pregnancies (see Figure 8.2.).

T he eagerness o f the pharm aceutical 
com panies to sell this profitable p ro d u c t was 
co m pounded  by the  failure o f  m edical and  
regulatory  agencies to react rapidly to  the 
em erg ing  evidence. W hile the  FDA 
a n n o u n ced  th a t DES was con tra ind ica ted  for 
use in  pregnancy  only m on ths after H e rb s t’s 
pub lication  in  1971 (US D epartm en t of 
H ealth , E ducation  an d  W elfare, 1971), in  
E urope the delay to w ithdrawal was as long as 
12 years. It was n o t un til 1974 tha t the  D utch 
M inistry o f H ealth  advised th a t DES should  
n o t be given to  p reg n an t w om en (Palm lund 
et al., 1993); in  France, it was n o t un til 1977 
th a t na tional au thorities included  the 
con tra ind ica tion  for p regnancy  in  the 
labelling o f the d rug  (E pelboin  an d  Bulwa,
1993). In  som e countries, such as Spain, 
th ere  are  reports  o f use as late as 1983 
(Direcks et al., 1991). In  addition , 
underdeveloped  countries rem ained  an  open  
m arket for DES for m any years. As recently  as 
1985, DES products were used in  m aternity  
care in  Brazil, Costa Rica, Kenya, Mexico, 
Peru , Rwanda and  Zaire. In  the  early 1990s, it 
was still p rescribed  du ring  pregnancy  in  
Mexico, U ganda an d  Poland  (Palm lund, 
1996).

DES con tin u ed  to be used for a variety o f 
therapeu tic  uses for years after the  evidence 
o f  its adverse effects h ad  b een  widely 
publicised. This inc luded  use as a post-coital 
contraceptive. Since DES is less th an  100 % 
effective in  term inating  pregnancy, the  use o f 
a chem ical potentially  carcinogenic to the 
foetus was n o t perm issible. In  1973, the  FDA 
discouraged the use o f DES as a 
contraceptive, restricting  it to  em ergency 
situations such as rape  or incest (Mills, 1974). 
T he use o f DES as a grow th p ro m o te r (see 
chap ter on  H orm ones as grow th prom oters) 
began  in  the  1950s an d  en d ed  after a hea ted

A dvertisem en t fo r DES

Source: D es Plex, 
an o n y m o u s

battle in  1979. Gradually use for o th e r 
therapeu tic  purposes decreased  an d  in  the 
spring o f 1997 Eli Lilly, the  last, and  
p redom inan t, m anufactu rer o f  DES in  the 
U nited  States ceased p ro d u c tio n  (Pat Cody, 
pers com m .).

T here  has b een  significant progress in  m ost 
key areas o f d rug  assessm ent since 1970, in 
part spu rred  by the consequences o f DES and  
thalidom ide. In  fact, the en tire  field o f 
teratology was established in  response to 
these episodes. Toxicity testing is m uch  m ore 
com prehensive and  th o ro u g h  an d  sound 
evidence o f efficacy is now req u ired  before  a 
drug  is m arketed . R egulatory au thorities are 
also m uch  m ore  alert to rep o rtin g  o f  adverse 
drug  reactions an d  m ore  inclined  to  take 
action th an  they were in  the  1960s and  1970s. 
N onetheless several areas o f concern  rem ain:

• drugs th a t were m arketed  p rio r to cu rren t 
m ore  stringen t regulations may n o t have 
b een  adequately evaluated w ith respect to 
efficacy or toxicity;

• m on ito ring  an d  surveillance in  patients 
taking drugs is n e ith e r consistent n o r 
com prehensive. M oreover, it is difficult to 
dem onstra te  an  association betw een a drug  
an d  a h ea lth  ou tcom e tha t is delayed a n d /  
or prevalent;

• form alised risk /b en e fit analyses o f new 
drugs (as well as o th e r chem icals) are  no t 
widely utilised;

• d rug  surveillance (and  evaluation of 
h u m an  h ea lth  risks from  o th e r chem icals) 
should  n o t be lim ited to  detection  o f gross
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m alform ations an d  cancers; such lim ited 
surveillance w ould likely have m issed m ost 
o f the  adverse effects o f DES.

It is clear, in  h indsight, tha t the  concerns 
expressed by scientists regard ing  the 
m arketing  o f a drug  w ith know n carcinogenic 
po ten tia l shou ld  have b een  heeded . Failure 
to  do so reflects the  prevalent attitudes 
towards h ealth  risks, an d  an  absence of 
p recau tionary  th inking. T he lack o f a timely 
response by m anufactu rers an d  regulators 
after DES was dem onstra ted  to be a 
transp lacen tal h u m an  carcinogen  in  1971 
can n o t be excused so easily. Even after the 
tragic consequences o f  DES use in  pregnancy 
were confirm ed, econom ic interests 
p redom inated , resulting  in  a ‘wait an d  see’ 
approach .

Those considering  the wisdom of 
precau tionary  action today w ould do well to 
consider the history o f DES. This d rug  was a 
know n anim al carcinogen, a suspect h u m an  
carcinogen an d  a d rug  th a t h ad  b een  shown 
to p ro d u ce  observable changes in  the 
offspring o f  w om en exposed in  pregnancy. 
Even if  m arketing  in  1947 could have been  
justified  on  the  basis o f insufficient evidence 
o f harm , after DES was proven to  be 
ineffective for use in  pregnancy in  1953 a 
review o f its risks an d  benefits should  have 
resu lted  in  im m ediate con tra ind ica tion  o f 
this use. At th a t p o in t th ere  was n o  longer 
any justification  for subjecting consum ers to 
any carcinogenic risk in  the  absence o f any 
benefit. H ad  DES b een  w ithdraw n for use in  
p regnancy at tha t tim e, the unnecessary  and  
tragic exposure o f m illions o f m others, sons 
and  daughters could have b een  avoided.

Table 8.1. DES: early warnings and actions

1938 DES synthesised

1938 First rep o r t  of  Increased  cance r  Incidence In animals af ter  DES administrat ion

1939 First rep o r t  of  DES adm in is te red  to  pa t ien ts

1942 A pproval  of DES by th e  A m erican  Council of  Pharm acy  and  Chemistry

1942 First rep o r t  of  DES used  for p reven t ion  of  abor t ion

1947 US Food  and  Drug Administrat ion  (FDA) a p p ro v e s  DES for th e  t r e a tm e n t  of  th r e a t e n e d  or 
habitual abor t ion

1948 Use of  DES Increases following publication of  large-scale s tu d y  In th e  US

1953 First large p lacebo-con tro lled  ran d o m ised  trial show s DES Ineffective In th e  p reven t ion  of 
miscarr iage

1970 Published rep o r t  of  seven  cases  of  vaginal  clear-cell ad e n o c a rc in o m a  In y o ung  w o m e n

April 1971 Prenatal  DES ex p o s u re  Is linked to  vaginal  clear-cell a d e n o ca rc in o m a

N o v e m b e r  1971 FDA withdraw s approval  of  DES for use by p re g n a n t  w o m en

1972 Registry of Clear-Cell  A d e n o c a rc in o m a  of th e  Genital Tract In Young Fem ales  Is 
es tab l ished

1978 Reanalysls of  1953 Dieckmann d a ta  show s th a t  DES actually Increased  th e  risk of 
miscarr iage and  o th e r  a d v e rse  p re g n a n c y  o u tc o m e s

1985 Last r e p o r te d  use of  DES by p r e g n a n t  w o m e n  world-wide
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9. Antimicrobials as growth
promoters: resistance to common 
sense

Lars-Erik Edqvist and Knud Borge Pedersen

9.1. Introduction

An antib iotic  is defined  as a substance 
p ro d u ced  by m icroorganism s th a t inhibits or 
kills o th e r m icroorganism s. Synthetic 
antim icrobial substances are re fe rred  to as 
chem otherapeuticals. T he w ord 
‘an tim icrob ial’ (as a n o u n ) is often used to 
encom pass any substance o f natural, semi­
synthetic or synthetic origin th a t kills or 
inhibits the  grow th o f a m icroorganism .

T he antim icrobial e ra  began  in  1910 with the 
in tro d u c tio n  o f Salvarsan in to  the therapy  of 
syphilis an d  expanded  in  the  1930s w hen the 
first chem otherapeuticals (su lphonam ides) 
m ade th e ir way in to  clinical use in  h u m an  
m edicine. T he antibiotic, penicillin, was 
discovered by A lexander Flem ing (Fleming, 
1929) b u t was n o t in tro d u ced  for therapy 
un til 1941. Shortly after its in tro d u c tio n  for 
use in  hum ans, penicillin  was used in  anim als 
for the  trea tm en t o f various bacterial 
diseases.

A ntim icrobials are  probably  the single m ost 
im p o rtan t discovery in  the  history o f 
m edicine. They were considered  m iracle 
drugs. Over the  years they have saved 
m illions o f  lives by killing bacteria  th a t cause 
som e o f the w orst infectious diseases in  m an 
an d  animals.

9.1 .1 . A ntim icrobials for growth prom otion
T he grow th p rom oting  p roperties  of 
antim icrobial agents in  farm  anim als were 
discovered in  the late 1940s. Trials w here 
fe rm en ta tion  waste from  tetracycline 
p ro d u c tio n  was fed to  chickens as a source o f 
vitam in B12 revealed th a t the chickens fed the 
waste grew m ore  rapidly th an  did  the 
controls. I t was soon found  th a t this effect 
was n o t due to the  vitam in co n ten t o f the 
feed b u t to residual tetracycline (Stokstad 
an d  Jukes, 1949). T he practice o f  feeding 
sub-therapeutic doses o f antim icrobials over 
long periods o f tim e was readily ad o p ted  and  
soon becam e an  in teg ra ted  p a rt o f the 
p ro d u c tio n  systems developed in  
industrialised  anim al husbandry. A part from  
increased  grow th rate  a n d /o r  increased feed

conversion, exam ples o f  o th e r observed 
effects o f antim icrobials a t low doses are 
im proved egg p ro d u c tio n  in  laying hens, 
increased litter size in  sows an d  increased 
m ilk yield in  dairy cows.

A ntim icrobial grow th p rom oters are  freely 
accessible an d  sold over the counter, while 
antim icrobial drugs for therapy  in  m ost cases 
are available on  prescrip tion  only. T he use of 
antim icrobial grow th p rom oters over four 
decades has undoubted ly  co n tribu ted  to the 
developm ent o f c u rren t anim al p ro duc tion  
systems. Use o f antim icrobial grow th 
prom oters apparen tly  provides som e 
p ro tec tion  against certa in  diseases p rom oted  
by in tensification  an d  allows, for exam ple, 
unphysiological early w eaning an d  h igh 
stocking rates, raising questions o n  anim al 
ethics an d  anim al welfare.

9.1.2. D evelopm ent o f  resistance
Most antim icrobials are p ro d u ced  by 
m icroorganism s an d  existed long before they 
were used as m edicinal drugs. 
M icroorganism s p ro d u ce  antim icrobial 
substances to kill o th e r m icroorganism s in  
o rd er to  create a fo u nda tion  for the ir own 
survival an d  p ropagation . T he bacteria  
exposed to  antim icrobials develop strategies 
for survival; developm ent o f resistance is one 
such strategy. This follows the classical 
concep t o f survival o f  the fittest an d  it is thus 
n o t surprising th a t antim icrobial resistance 
has probably  existed for as long as have 
bacteria.

C oncern  abou t penicillin  resistance m ore  or 
less accom panied  its in trod u c tio n  as a 
m edical d rug  in  the early 1940s. The 
discoverer o f penicillin  A lexander Fleming, 
in  a new spaper interview  by the New York 
Times (1945), w arned th a t misuse of 
penicillin  could have the resu lt tha t 
‘m icrobes are educated  to resist pen ic illin ’. 
Increasing resistance was n o ted  in  several 
im p o rtan t bacteria  know n to cause infectious 
disease. By the  early 1950s the p rob lem  o f 
antim icrobial resistance was well 
acknow ledged in  the  m edical, veterinary  and  
pharm aceutical press.
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O riginally it was th o u g h t th a t acquired  
resistance in  a bacterium  only occurred  
th ro u g h  m uta tion  in  existing genes, w hich 
w ould m ean  th a t the  resistance tra it w ould be 
confined  to the  m u tan t clone an d  spread o f 
resistance confined  to th a t clone (vertical 
transm ission). In  the 1960s it was shown tha t 
resistance, in  add ition  to  m utation , could 
also be developed th ro u g h  the up take of 
existing genes. In  this case, the resistance 
tra it th ro u g h  m obile genetic  elem ents can 
also spread  to o th e r bacterial clones, to o ther 
bacterial species an d  even to o th e r genera  
(horizontal transm ission) (for a review see, 
for exam ple, Amabile-Cuevas an d  Chicurel,
1992).

9.2. The first early warning

9 .2 .1 . T h e Swann C om m ittee
In  the mid-1960s growing concern  over food- 
b o rn e  infections with m ulti-drug-resistant 
salm onella in  the  U nited  K ingdom  led  the 
governm ent to  establish an  in d e p e n d e n t 
advisory com m ittee in  1968. T he task o f the 
com m ittee, chaired  by Professor M ichael 
Swann, was to exam ine the issue of 
transferable antim icrobial resistance an d  the 
consequences for h u m an  an d  anim al health  
arising from  the use o f antim icrobials for 
grow th p ro m o tio n  an d  in  veterinary 
m edicine. T he Swann C om m ittee (Swann, 
1969) ju d g e d  the data available ‘a sufficiently 
sound  basis for ac tio n ’ an d  the p rincipal 
recom m endations on  antim icrobial growth 
p rom oters w ere that: ‘perm ission to supply 
an d  use an  antib io tic w ithout prescrip tion  for 
add ing  to  anim al feed should  be restricted  to 
the  antibiotics which:
• are o f  econom ic value in  livestock 

p ro d u ctio n  u n d e r U n ited  K ingdom  
farm ing conditions;

• have little or n o  application  as therapeu tic  
agents in  m an  or animals;

• will n o t im pair the  efficacy o f a prescribed  
therapeu tic  antib io tic  or antibiotics 
th ro u g h  the developm ent o f  resistant 
strains o f organism s.’

R ecom m endations on  specific drugs were 
also included , for exam ple: ‘tylosin should  
n o t be available w ithout prescrip tion  for use 
as a ‘feed ’ an tib io tic .’

A no ther recom m endation  was the 
estab lishm ent o f a single p e rm an en t 
com m ittee w hich ‘should  have overall 
responsibility for the  w hole field o f use o f 
antibiotics an d  re la ted  substances w hether in

m an, anim als, food preservation, or for o ther 
pu rposes’.

9.3. Subsequent action or inaction

9.3 .1 . Im plem entation  and d ilution o f  the 
Swann R eport

T he recom m endations in  the Swann R eport 
w ere based o n  less th an  full scientific 
certainty an d  created  m uch  debate an d  cries 
fo r m ore  research, an d  faced strong 
opposition  from  the pharm aceu tica l industry 
an d  farm ing com m unity  in  the  U nited  
Kingdom . B ut m ost o f  the m ain 
recom m endations were ad o p ted  in  the 
U n ited  K ingdom  an d  later on  in  the 
E u ro p ean  U nion  (EU).

However, subsequen t governm ents in  the 
U n ited  K ingdom  gradually d ilu ted  the 
recom m endations o f the Swann R eport. The 
recom m endation  to  establish an  overarching, 
s trong  an d  p e rm an en t com m ittee 
responsible for the  w hole field of 
antim icrobial usage was n o t fully 
im plem ented . For exam ple, no  
epidem iological studies to m on ito r 
antim icrobial resistance developm ent were 
set up.

A gainst the  Swann recom m endations, the  EU 
accep ted  the m acrolides tylosin and  
spiram ycin as grow th prom oters in  1975. This 
has probably b een  one  o f the  m ajor reasons 
for the  w idespread m acrolide resistance in, 
fo r exam ple, en terococci and  cam pylobacter 
from  pigs. Use o f the antim icrobial growth 
p ro m o te r avoparcin was ex tended  to o ther 
species, such as ad u lt cattle, against the 
Swann recom m endations an d  its use 
increased  from  the mid-1970s a t ab o u t the 
sam e tim e th a t its m edical equivalent, 
vancom ycin, started  to  com e in to  hospital 
use.

O n e  o f the scientific argum ents p u t forw ard 
to  su p p o rt this use o f antim icrobials for 
grow th p rom otion  was th a t the low dose 
presen ts a special case in  selecting for 
resistance. For exam ple, W alton (1988) 
stated: ‘In  practical term s the use o f  a sub- 
le thal o r a sub-inhibitory antibiotic 
concen tra tion  is th erefo re  unab le  to select 
resistan t strains from  a bacterial population , 
an d  in  this respect the Swann R ep o rt’s 
conclusion an d  recom m endations were in  
e rro r.’ However, the recen t bans on  
avoparcin, virginiam ycin and  tylosin followed 
the  publication  o f studies dem onstra ting  tha t
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this view (W alton’s am ongst others) was 
w rong.

W orldwide, th ere  are  g rea t differences in  the 
regulatory  con tro l o f  antim icrobials for 
therapy, prophylaxis an d  grow th p rom oting  
purposes. In  som e countries, such as the 
U n ited  States, low doses o f tetracycline and  
penicillin  are  still used as feed additives for 
prophylaxis an d  grow th p rom otion  w ithout 
veterinary  prescrip tion , while therapeu tic  
antim icrobials are  often prescription-only 
m edicines.

9.3 .2 . T h e Swedish ban
Similar to  the  situation  in  o th e r countries, 
som e Swedish scientists viewed the practice of 
ro u tin e  add ition  o f antim icrobials to anim al 
feeds w ith scepticism. Following the 
recom m endations o f the Swann Com m ittee 
in  the U n ited  Kingdom , a b ro ad er debate  was 
in itiated , w hich eventually led to a 
reassessm ent o f  the use o f antim icrobials as 
feed additives (LBS, 1977).

A working g roup  o f the  B oard o f A griculture 
concluded, am ong o th e r things, that: ‘the 
use o f antib io tic  feed additives entails a risk 
o f  increased resistance in  bacteria  b u t as the 
substances in  use are  m ainly active against 
gram-positive bacteria  from  w hich resistance 
is n o t transferred , the im pact o f such 
developm ent is neg lig ib le.’ O n  the o ther 
h an d , a negative a ttitude  to all kinds of 
additives am ong consum ers was n o ted  by the 
group . T he benefits, in  term s o f increased 
p ro d u c tio n  and  p revention  o f  certain  
diseases, w ere also acknow ledged (LBS, 
1977). Legislative changes, especially in  the 
requ irem en ts for approval, were p roposed  in  
o rd e r to m itigate possible risks.

At the  sam e tim e, farm ers were growing 
increasingly sceptical towards feed 
antim icrobials. They were concerned  th a t the 
con tin u ed  use o f antim icrobials m igh t harm  
consum er confidence. T he F ederation  of 
Swedish Farm ers (LRF) m ade a policy 
statem ent, declaring  th a t Swedish agricu ltu re  
a im ed towards a m ore  restric ted  and  
con tro lled  use o f  antibiotics. In  a le tte r to the 
M inistry o f A griculture in  1984, the  LRF 
requested  a ban  on  the  use o f antibacterials 
as feed additives.

In  response to  the  above, the  M inistry of 
A griculture d rafted  a new Feedingstuffs Act 
(G overnm ent Bill 1984/85). A m ong o ther 
things, the  draft p roposed  th a t the  use of 
antim icrobials in  feed should  be restricted  to

trea tm en t, p reven tion  o r cure o f  diseases, 
m ean ing  th a t th e ir use for grow th p rom otion  
should  n o t be allowed. T he basis cited for 
this am en d m en t was the  risk o f increased 
resistance, especially the  risk o f cross­
resistance to o th e r substances an d  the risk of 
increased susceptibility o f anim als to 
salm onella an d  o th e r en teric  pathogens. T he 
governm ent also stressed th a t ‘there  is 
uncertain ty  on  the long-term  effects o f the 
con tinuous use o f feed contain ing  
chem otherapeu tics’ (G overnm ent Bill 
1984/85).

T he Feedingstuffs Act was passed by 
parliam en t in  N ovem ber 1985 and  cam e in to  
force in  Jan u ary  1986. Since th en  
antim icrobials, w hether in  feed  or 
adm inistered  otherw ise, have only been  
allowed for therapy  an d  on  veterinary 
prescrip tion , an d  as a resu lt the total 
consum ption  o f antim icrobials was greatly 
reduced  from  a ro u n d  50 tonnes in  1985 to 
a ro u n d  20 tonnes in  1996 (SOU, 1997).

D uring the accession negotiations w ith the 
EU, Sweden was g ran ted  a tem porary  
derogation  from  E uropean  legislation 
concern ing  the use o f antibiotics as growth 
p rom oting  feed additives. In  su p p o rt o f the  
Swedish view the M inistry o f A griculture 
appo in ted  a com m ission to  collect an d  review 
scientific data o n  antib iotic  growth 
prom oters. In  1997 the  com m ission 
p resen ted  its re p o rt and  am ong  o th e r points 
n o ted  th a t ‘antim icrobial feed  additives can 
at levels perm itted  in  feed ing  stuffs, be used 
for trea tm en t or p reven tion  o f anim al 
disease, w hich is in  violation o f  C ouncil 
Directive 7 0 /5 2 4 /E E C ’ (SOU, 1997). 
A ccording to this directive, as am ended  in  
9 6 /5 5 /E E C , Article 3a, au thorisa tion  o f an  
additive shall be given only if  a t the level 
perm itted , trea tm en t o r preven tion  o f anim al 
disease being  excluded.

T he com m ission concluded  th a t ‘the risk for 
increased resistance associated w ith the 
general use o f  antib io tic  grow th prom oters is 
far from  negligible an d  the po ten tia l 
consequences are  serious for bo th  anim al 
and  h u m an  h e a lth ’ (SOU, 1997).

T he m agn itude  o f the  risk is difficult to fully 
establish because o f the com plexity o f the 
prob lem  an d  the lack o f p e rtin e n t data. The 
re p o rt ou tlined  the research  req u ired  to be 
u n d ertak en  in  a 17-step causal chain, assessed 
the m in im um  tim e req u ired  to und ertak e  the 
research  to  be 5-10 years, an d  also th a t the
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research  h ad  to be u n d ertak en  for each 
resistance gene an d  for each antim icrobial 
substance, w ith subsequen t updates o f the 
risk assessment.

T he re p o rt w ent o n  to  ask who w ould bear 
the  costs o f waiting to  do fu rth e r research , or 
o f  taking action th en  to restrict 
antim icrobials —  the risk-m aker or the risk- 
taker? T he com m ission finally urged: ‘As the 
risks involved are  o f u n certa in  m agnitude, 
the  decisions on  risk m anagem en t are 
particularly  difficult. T he risk can obviously 
n o t be excluded with certainty, n o r can it be 
dete rm in ed  as acceptable. Scientists may 
declare th a t the  in fo rm ation  is inadequate  
for decision m aking, b u t for the 
policym akers, failure to  take action  is n o t a 
n eu tra l position  b u t rep resen ts a positive 
decision to do no th ing . In  a clim ate of 
uncertain ty  it is p referab le  to show cau tion .’ 
(SOU, 1997)

9 .3 .3 . T h e ban o f  avoparcin
In  M arch 1995 , w hen the  first in form ation  
on  the  occurrence o f avoparcin- and  
vancom ycin-resistant en terococci in  pigs and  
poultry  h ad  becom e available (Klare et al., 
1995; Bates et al., 1994; A arestrup, 1995), the 
D anish farm ers’ organisations agreed  with 
the  feeding industry  th a t th ere  would be a 
voluntary cessation in  the use o f avoparcin in  
anim al feed to red u ce  the spread  of 
antim icrobial resistance. This was followed by 
a governm ental ban  im p lem en ted  on  20 May 
1995 an d  rep o rted  to  the E uropean  
Com m ission as requested  by the  safeguard 
clause o f C ouncil Directive 70 /524 /E E C . 
A ccording to this a M em ber State can, as a 
resu lt o f new in form ation , tem porarily  
suspend  the  use o f an  approved  feed additive 
if  its use constitutes a danger to  anim al or 
h u m an  health .

T he scientific background  for the  D anish ban  
was the  dem onstration :
• o f cross-resistance betw een avoparcin and  

vancomycin;
• th a t the resistance is transferable;
• th a t the use o f avoparcin as a growth 

p ro m o te r selects for vancom ycin-resistant 
en terococci an d  th a t vancom ycin-resistant 
en terococci can be transferred  to  hum ans 
via the food chain  (DVL, 1995).

In  Norway the use o f avoparcin was 
suspended  in  Ju n e  1995, an d  in  G erm any the 
governm ent issued a b an  on  avoparcin in  
Jan u ary  1996.

In  May 1996 the EU Scientific C om m ittee on 
Anim al N utrition  (SCAN) concluded  th a t 
fu rth e r evidence was req u ired  to  establish a 
risk to h u m an  health , anim al h ea lth  or the 
env ironm ent caused by avoparcin. However, 
the com m ittee accep ted  th a t serious 
questions concern ing  the safety o f avoparcin 
h ad  been  raised an d  stated th a t the feed- 
additive use o f avoparcin should  be 
reconsidered  a t once if  it were shown tha t 
transfer o f resistance was possible from  
anim al to hum an . T he E uropean  
Com m ission, however, p roposed  th a t in  the 
clim ate o f uncerta in ty  an d  to avoid taking 
any risk, a tem porary  ban  should  be placed 
on  the use o f  avoparcin as a feed additive in  
all EU M em ber States. This was ag reed  by a 
qualified m ajority vote o f  the S tanding 
C om m ittee o n  Feedingstuffs in  D ecem ber 
an d  the b an  cam e in to  force on  1 A pril 1997.

9.3.4. D anish ban o f  virginiamycin
O n 16 January  1998, the D anish governm ent 
b an n ed  all use o f  virginiam ycin as a grow th 
p ro m o te r in  D enm ark, due  to a risk o f 
selection o f streptogram in-resistant 
en terococci in  pigs and  poultry  (A arestrup et 
al., 1998). T he step was taken  to p ro tec t 
h u m an  h ealth  an d  to preserve the lifespan o f 
Synercid, w hich was th en  undergo ing  
hospital trials b u t w hich has now been  
licensed for the trea tm en t o f  certain  multi- 
drug-resistant infections in  hum ans.

9.3.5. EU  bans four antim icrobial growth 
prom oters

O n 14 D ecem ber 1998, the  agriculture 
m inisters o f the EU M em ber States voted in 
favour o f a p roposal to ban  the use o f  four 
antim icrobial grow th p rom oters from  July 
1999: virginiamycin, bacitracin zinc, tylosin 
p hosphate  an d  spiram ycin. T he b an  was 
subm itted  by the  E uropean  Com m ission as ‘a 
p recau tionary  m easure to  m inim ise the risk 
o f developm ent o f resistant bacteria  an d  to 
preserve the efficacy o f certa in  antibiotics 
used in  h u m an  m ed ic in e’. T he 
pharm aceutical industry  p ro tested  against 
the decision an d  called for fu rth e r scientific 
facts abou t the  risks involved in  the use of 
antim icrobial grow th prom oters. Afterwards, 
the decision was challenged  before the 
E uropean  C ourt o f Justice by the 
m anufactu rer o f  virginiamycin, w ho called 
for an  a n n u lm en t o f  the en tire  decision. 
Final ru ling  in  the  case is n o t expected 
before the en d  o f the  year 2001.
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9.3 .6 . Avilamycin
T he latest exam ple o f an  antim icrobial 
grow th p ro m o te r from  the EU list of 
approved  products showing cross-resistance 
with a po ten tia l h u m an  d rug  
(everninom ycin) is avilamycin (Aarestrup,
1998). However, the m anufacturers of 
everninom ycin have recently  w ithdraw n it 
from  hospital trial worldwide.

9.3 .7 . Scientific reports and  
recom m endations

In  1997 the W orld H ealth  O rganization  
(W HO) organised a scientific m eeting  which 
addressed  the m edical im pact o f  the use of 
antim icrobials in  food anim als. T he m eeting  
concluded  th a t ‘the  m agnitude o f the 
m edical an d  public h ea lth  im pact o f 
antim icrobial use in  food anim al p roduction  
is n o t know n’ (W HO, 1997). The 
recom m endations from  the  m eeting  stated: 
‘Increased  concerns regard ing  risks to public 
h ea lth  resulting  from  the use o f 
antim icrobial grow th p rom oters indicate th a t 
it  is essential to  have a systematic approach  
towards rep lacing  grow th p rom oting  
antim icrobials with safer non-antim icrobial 
a lternatives.’

T he Invitational EU C onference o n  The 
M icrobial T h rea t he ld  in  C openhagen , 
D enm ark, in  1998, reached  a sim ilar 
conclusion an d  stated: ‘M ost o f those a t the 
conference considered  the use of 
antim icrobials for grow th p ro m o tio n  was n o t 
ju stified  and  th a t it was essential to have a 
systematic app roach  towards replacing 
grow th p rom oting  antim icrobials with safer 
non-antim icrobial alternatives including  
b e tte r farm ing p ractice .’ (T he C openhagen  
R ecom m endations, 1998)

T he conference was organised by the ch ief 
m edical officers o f the  EU M em ber States 
an d  inc luded  b o th  m edical and  veterinary 
au thorities an d  researchers, representatives 
o f  farm ers’ organisations, the  pharm aceutical 
industry  an d  the anim al feed industry.

Because o f concern  over the im plications for 
h u m an  and  anim al hea lth  o f the rapidly 
increasing ra te  o f  developm ent of 
antim icrobial resistance, the E uropean  
C om m ission (DGXXIV) asked the  Scientific 
S teering C om m ittee (SSC) to evaluate the 
cu rren t position  regard ing  the  prevalence 
an d  developm ent o f  antim icrobial resistance, 
an d  to exam ine its im plications for h u m an  
an d  anim al health , particularly  w ith regard  to 
the  developm ent an d  m anagem en t of

infections. In  1999 the SSC concluded  in  its 
re p o rt th a t ‘action  needs to be taken 
prom ptly  to  reduce  the  overall use of 
antim icrobials in  a balanced  way in  all areas: 
h u m an  m edicine, veterinary m edicine, 
anim al p ro d u c tio n  an d  p lan t p ro tec tio n ’ 
(SSC, 1999). In  re la tion  to antibiotics for 
anim al grow th the  SSC recom m ends th a t ‘the 
use o f agents from  classes w hich are  o r may 
be used in  h u m an  or veterinary m edicine 
should  be phased  o u t as soon as possible and  
ultim ately abo lished’.

In  the  newly issued ‘G lobal Principles for the 
C on ta inm ent o f  A ntim icrobial Resistance 
due to A ntim icrobial Use in  Animals 
In ten d ed  for F ood’, W H O  recom m ends tha t 
the  use o f  antim icrobial grow th prom oters 
th a t belong  to classes o f antim icrobial agents 
used (o r subm itted  for approval) in  hum ans 
should  be te rm ina ted  or rapidly phased  ou t 
in  the absence o f  risk-based evaluations 
(W HO, 2000).

9.4. Advantages and disadvantages 
of the use of growth promoters

Over the  en tire  period  du ring  which 
antim icrobial agents have b een  used as 
grow th p rom oters th ere  has b een  g reat 
em phasis on  the advantages o f these feed 
additives as a m eans to im prove farm  anim al 
p ro d u c tio n  an d  productivity. M uch less 
a tten tio n  has b een  d irec ted  towards possible 
side-effects, an d  the n u m b er o f in d e p e n d e n t 
scientific studies is relatively small com pared  
to  studies an d  congress contribu tions 
supp o rted  by the pharm aceutical industry.

N ot un til recently, w hen the occurrence of 
vancom ycin-resistant en terococci in  anim als 
was found  to be associated w ith the use of 
avoparcin as an  additive to  anim al feed and  
the  possible consequences for h u m an  h ealth  
w ere m ade clear, d id  the n u m b er of 
in d e p e n d e n t research  studies dealing with 
these aspects increase significantly.

In  the  last few years substantial scientific 
evidence has shown th a t the use of 
antim icrobial grow th p rom oters in  food 
anim als contribu tes to the  problem s o f 
antim icrobial resistance in  hum ans. This has 
m ost convincingly b een  shown for 
vancom ycin-resistant enterococci.

A lthough the w idespread use of 
antim icrobials in  h u m an  m edicine 
undoub ted ly  is o f m ore  im portance  for the 
em erg ing  antim icrobial resistance problem s



98  Late lesson s from early warnings: th e  precautionary principle 1 8 9 6 -2 0 0 0

in  hum ans, this canno tjustify  ignorance of 
po ten tia l h u m an  h ea lth  risks re la ted  to  the 
use o f antim icrobials in  food anim als. The 
con tinuous use o f antim icrobials in  feed is 
one  o f the  m ajor sources o f overuse and  
m isuse o f antim icrobials in  anim al farm ing.

This ongoing  debate has m ade it clear th a t 
the  usage o f antim icrobial agents as feed 
additives is a com plex issue, w ith im plications 
n o t only for h u m an  an d  anim al h ea lth  bu t 
also for anim al welfare, food safety, 
env ironm ental aspects an d  for the 
developm ent o f  p ro d u ctio n  systems, feeding 
practices and  m anagem ent. Some o f the 
positive an d  negative effects o f antim icrobial 
grow th p rom oters are  listed in  Table 1.

9.5. Conclusions and lessons for 
the future

T he original early w arning in  the Swann 
R eport on  the risk o f antim icrobial resistance 
sp reading  am ongst anim als, an d  from  
anim als to  hum ans, was based on  a low level 
o f  scientific proof, b u t o n  a com peten t 
m icrobiological assessm ent th a t foresaw 
possible adverse consequences o f the 
con tinuous use o f therapeu tic  antim icrobial 
agents in  anim al feed. T he recom m endations 
w ere clearly precautionary, a lthough  the 
w ord ‘p recau tio n ’ was n o t actually used in  
the  Swann Report.

S ubsequent scientific research, developed 
prim arily  during  the 1990s, has shown th a t 
transferable resistance is n o t restric ted  to 
certa in  bacteria  (gram -negative), b u tis  m uch 
m ore  w idespread w ithin the  m icrobiological 
universe, an d  th a t genes can easily move n o t 
only betw een closely re la ted  bacterial species, 
b u t also even betw een genera. T hese results 
confirm  th a t the  Swann R eport was bo th  
accurate in  its evaluation o f da ta  a t the  tim e 
an d  far-sighted in  its assessm ent o f fu ture 
trends.

T he justification  for the  la ter d ilu tion  o f  its 
conclusions an d  com prom ises on  its 
recom m endations was based m ainly on 
narrow  considerations o f w hat was precisely 
know n ra th e r  th an  on  taking accoun t o f  w hat 
was n o t known, o f the  ignorance w ithin the

field an d  the possible consequences for 
w idespread antim icrobial resistance. In  o th e r 
words science th a t em braces com plexities, 
uncertain ties an d  unknow ns with m ore 
hum ility an d  less hubris  is needed .

Furtherm ore , scientific com m ittees w hich are 
responsible for the  evaluation o f confidential 
in fo rm ation  from  industry, should  consist o f 
a b ro ad  panel o f in d e p e n d e n t an d  up-to-date 
experts, w ith relevant expertise and  
experience from  all o f  the disciplines th a t are 
im plicated  in  a b road  assessm ent o f the risks, 
benefits an d  technological options involved. 
In  this case, expertise from  h u m an  m edicine 
w ould have b een  particularly  valuable for 
every risk assessment.

T he experience from  this case suggests th a t 
assessments o f  risk n eed  to be m uch  wider, 
taking in to  accoun t b o th  positive and  
negative im pacts, the long-term  
m icrobiological an d  ecological effects on 
h u m an  an d  anim al h ealth  an d  the 
environm ent, an d  alternative options, such as 
b e tte r anim al husbandry  (see Table 9.1.).

As the risks involved are  o f uncerta in  
m agnitude, the  decisions on  risk 
m anagem en t are particularly  difficult. T he 
risk can obviously n o t be excluded with 
certainty, n o r can it be dete rm in ed  as 
acceptable. In  a clim ate o f uncerta in ty  it is 
p referab le  to  show caution. In  this situation 
decision-m aking needs to involve p recau tion , 
particularly w hen it is unacceptable, 
in h u m an  an d  une th ica l to wait for u ltim ate 
proof, w hen h u m an  fatalities could be 
involved.

A nother clear lesson from  this case study is 
th a t stakeholders o th e r th an  regulatory  
bodies, such as the  farm ers an d  the ir 
organisations, can take voluntary steps in 
advance o f  legislation to stop the use o f 
p roducts w hich cause concern  an d  loss of 
confidence am ongst consum ers. In  this case 
they, as well as the  Swann C om m ittee, have 
been  vindicated  by history. C om m on sense 
and  far-sighted use o f good scientific 
evidence w hich can p red ic t serious im pacts 
should  n o t be igno red  whilst waiting for 
u ltim ate proof.
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Positive and negative effects o f antim icrobial g row th  prom oters on som e broad issues o f animal production Table 9.1.

Broad issue Positive e ffect N eg ative  effect

Animal health Certain  d ise ases  —  primarily en ter ic  
—  may b e  contro lled  to  s o m e  ex ten t

Limits t r e a tm e n t  possibilities  d u e  to 
d e v e lo p m e n t  of  antimicrobial resis tance; 
masks sub-clinical d isease  and  Infection;  limits 
Incentives for hygienic Im provem en ts

Hum an health N one Transfer  of  resis tance to  hu m an s  with 
Increased societal cos ts  for health  care;  
sh o r te n s  e co n o m ic  life of  medical 
antimicrobials;  occupat ional  hazards  th ro u g h  
e x p o s u re  to  aerosol  and  d us t  c o n tam in a ted  
with antimicrobials

Animal welfare Alleviates  and  d a m p e n s  signs of 
d isease

C a m o u f lag es  s t ress  a s soc ia ted  with sub-clinical 
d isease ;  allows h igher  s tocking rates

Environment Better  utilisation of animal feed ;  less 
m anure

Increases th e  env ironm enta l  pool of  antibiotic 
resis tance  g en es ;  antibiotic res idues

Animal h usba ndry Increased  p roduc t ion  and  Improved 
productivity

Stimula tes  Increased  Intensif ication of  animal 
p roduc t ion

Produc t ion  sys tem Lower labour  d e m a n d  d u e  to  
possibility of m ore  Intense product ion  
m e th o d s

H am p ers  th e  d e v e lo p m e n t  of  animal-fr iendly 
p roduc t ion  sys tem s

Animal feed N one C a m o u f lag es  bad  fe e d  quality; h am p ers  
Im p ro v em en ts  In feed  formulation and 
d e v e lo p m e n t  of  a l ternatives

Antim icrobials: early warnings and actions Table 9.2.

1945 A lexande r  F lemming warns aga ins t  misuse of penicillin as 'm ic ro b e s  are  e d u c a t e d  to  resist'

1950s Antibiotic resis tance widely r ecogn ised  — vertical transmission.

1960s Horizontal  transmiss ion recognised

1969 Swann C o m m it te e  r e c o m m e n d s  se ve re  restrictions on antimicrobials  In animal feed

1970s Most Swann re c o m m e n d a t io n s  Initially Im p le m e n te d  In th e  United Kingdom and  EU

1975 Swann re c o m m e n d a t io n s  are  relaxed: tolysln and  spiramycin still p e rm i t ted  as g row th  p ro m o te r s  as 
hum an equivalents ;  vancomycin  c o m e s  Into use

1977 Swedish Agriculture Board cons iders  po tentia l  risk of  antibiotic  resis tance,  bu t  conc lu d es  It Is 
negligible

1984 Swedish farm ers  ask for g o v e rn m e n t  ban on antimicrobials  In animal f e e d  b e c a u s e  of health  and 
c o n s u m e r  concerns

1985 Swedish ban  on g ro u n d s  of  antibiotic  resis tance In animals and  'unce r ta in '  long- te rm  effects

1997 Swedish rep o r t  conc lu d es  th a t  risk of  antibiotic  resis tance  In hum ans Is 'far from negligible '

1997 W H O  scientific m ee t in g  conc lu d es  th a t  It Is 'e ssentia l  to  rep lace  g row th  p rom oting  antimicrobials '

1998 EU b a n s  four antlmclroblals  In animal feed  as 'p recau t io n a ry '  m easu re .

1999 EU Scientific S teer ing  C o m m it te e  r e c o m m e n d s  p h a s e -o u t  of  antimicrobia ls  th a t  may be  used  In 
hum an/an lm al  th e ra p y

1999 Pharm aceutica l  Industry o p p o s e s  EU bans  and  tak es  EU to  th e  E uropean  Court;  ju d g e m e n t  e x p e c te d  
en d  2001

2000 W H O  re c o m m e n d s  ban on antimicrobials  as  g row th  p ro m o te r s  If used  In hum an th e ra p y  and  In 
a b s e n c e  of r isk-based evaluation.
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In  D ecem ber 1952 a dense sm og —  a m ix ture 
o f  fog an d  coal sm oke —  descended  on 
L ondon . Records from  L o n d o n ’s hospitals 
show ed th a t m ore  th an  2 000 peop le  died 
from  the exposure to  air po llu tan ts during  
one  week, an d  th ere  was strong pressure th a t 
this should  never h ap p en  again. Yet the  1952 
L on d o n  sm og in c id en t was n o t un ique  
(B rim blecom be, 1987; Ashby, 1981). Worse 
sm og incidents h ad  occurred  previously in 
L ondon , an d  the air quality there , as well as 
in  o th e r cities in  the  U nited  K ingdom  was 
actually im proving, n o t de teriorating . W hat 
was new was the political an d  social set-up 
after the  war, w hich m ean t th a t the public was 
n o  longer willing to accept the  situation. The 
in c id en t was also well docum ented , b o th  with 
respect to h ea lth  effects an d  air quality. The 
m easurem ents m ade by the scientists a t St 
B artholom ew ’s H ospital showed th a t the 
concen trations o f sm oke particles and  
su lphur dioxide reached  several m illigram s 
p e r cubic m etre. A parliam entary  
com m ission p rep a red  a special re p o rt nam ed  
after its C hairm an, Sir H ugh  Beaver.

T he rem edies th a t the  Beaver R eport could 
propose were m odest. L on d o n  was entirely 
d ep e n d e n t on  coal for heating  an d  energy 
purposes, an d  coal contains su lp h u r which 
can only partly be rem oved p rio r to use. So, 
the  subsequen t C lean Air Act instead 
considered  the sm oke co m p o n en t o f  the air 
po llu tion , allowing the local councils to 
establish ‘smoke-free areas’, in  w hich the 
infam ous coal fireplaces were to be rep laced  
w ith m ore  efficient com bustion  units, 
electricity an d  ‘smokeless fu e l’. Emission 
sources o th e r th an  dom estic fireplaces were 
to  be ‘as far as possible’ smokeless. A revision 
o f  the  Alkali Act in  1958 provided the Alkali 
Inspecto ra te  w ith m ore au thority  in  re la tion  
to  industria l po llu tion  sources, b u t d id  n o t 
specify em ission limits o r standards. ‘Best 
practicable m eans’ was the governing 
principle. In  practice this m ean t th a t the 
m ain  m eth o d  o f reducing  su lphur dioxide 
(S 0 2) concentrations a t g ro u n d  levels was 
the  use o f  tail chimneys, in  p ro p o rtio n  to the 
em itted  am ounts. These were obvious steps 
in  the  rig h t direction , b u t slow, an d  a second

smog in c id en t th a t occurred  in  1962 with 
abou t 800 add itional deaths fu rth er 
dem onstra ted  the n eed  for action.

Oil from  the  M iddle East becam e available in  
large quantities after 1950, an d  was to 
becom e the  m ain  source o f  energy in  w estern 
E urope du ring  the  following two decades 
(Mylona, 1996). As refin ing  was relatively 
primitive, a substantial fraction  o f  the 
p ro duc tion  was heavy o r residual fuel oil, 
with a su lphu r co n ten t o f 2.5-3 %. Gas oils 
with less th an  1 % su lphu r were also 
m arketed  as fuel oil for use in  small boilers 
and  in  the  dom estic m arket. Heavy fuel oil 
was used in  the new electrical pow er 
genera ting  p lants in  m any countries in  
Europe, particularly  in  countries w ith no  
indigenous coal deposits, b u t also in  the 
U nited  Kingdom . It was also used in  boilers 
for cen tral heating  in  large build ing  
com plexes, hospitals an d  o th e r service 
buildings, an d  in  industry. However, growing 
environm ental awareness in  the 1960s led  to 
concern  in  cities across E urope abou t air 
quality, an d  restrictions w ith respect to the 
use o f d ifferen t qualities o f fuel oil an d  th e ir 
su lphu r conten ts began  to appear. In  fact, 
som e cities had  experienced  black sm oke 
and  S 0 2 concen tra tion  levels com parable to 
those in  L ondon, b u t caused by the use of 
su lphur-contain ing fuel oil w ith im p ro p er 
com bustion.

T he O rganisation  for Econom ic Co­
opera tion  an d  D evelopm ent (OECD) h ad  set 
up  an  E nvironm ental Section in  E urope in  
the  late 1960s and  after 1971 representatives 
o f the  m em ber countries would m ee t in  an  
Air M anagem ent Sector G roup to discuss 
com m on problem s an d  experience. In  tu rn , 
this g roup  took  up the problem s o f u rb an  air 
po llu tion , acid ra in  an d  photochem ical 
ox idan t form ation, an d  m ade useful 
con tribu tions to th e ir solution.

T he question o f air quality standards, or 
guidelines, was particularly  useful in  
connection  with the p lan n in g  o f new 
industries an d  licensing o f com bustion 
sources. T here  was a good deal o f  reluctance
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to  accept fixed limits, w hich were m ainly 
in tro d u ced  to E urope u n d e r the  in fluence o f 
the  exam ple o f  the US C lean Air Act (U nited  
States o f Am erica, 1970). However, Professor 
Law ther o f St B artholom ew ’s had  already 
dete rm in ed  (W HO, 1972), on  the basis o f the 
deaths during  the L ondon  smog, th a t h ealth  
dam age occurred  w henever concentrations 
o f  S 0 2 an d  black sm oke, respectively, rose 
above 500 an d  250 m icrogram s p e r cubic 
m etre  (Mylona, 1996). Since concentrations 
o f  pollu tan ts are  extrem ely d ep e n d e n t on  
w eather conditions, air quality standards have 
to  be fixed a t considerably lower average 
levels, in  o rd e r to  safeguard the public 
against harm fu l exposures. C ountries have 
h ad  d ifferen t attitudes to  the establishm ent 
o f  air quality standards, an d  particularly  to 
th e ir  en fo rcem en t in  re la tion  to em ission 
controls. Nevertheless, by collecting the 
available d ocum en ta tion  ab o u t hea lth  
effects, the  W orld H ealth  O rganization 
(W HO) has since 1979 reco m m en d ed  air 
quality guidelines th a t set a standard  for the 
po llu tion  ab a tem en t work in  E urope (W HO, 
1979 an d  1987).

10.1. Dead fish, dying forests

Increasing energy consum ption  in  E urope 
du ring  the 1960s resu lted  in  a large increase 
in  emissions o f  S 0 2. M uch o f the  increased 
energy consum ption  was in  the  form  of 
electricity, p ro d u ced  in  large therm oelectric  
pow er plants, and  the  S 0 2 was released from  
chim neys m ore th an  100 m etres tail. As a 
consequence o f this, as well as from  the 
increased  chim ney heights in  industry  an d  in  
cities, surface air quality was gradually 
im proved in  spite o f  the increased emissions.

O ptim istic representatives o f the  electricity 
genera ting  industry  were con fiden t th a t the 
emissions could  be d ilu ted  an d  dispersed to 
levels th a t were n o t harm ful.

This was n o t so. W hile British an d  o th e r 
E u ropean  countries were striving to im prove 
the u rb an  air quality, energy consum ption  
and  total emissions o f su lphur dioxide in  
E urope increased dramatically, as shown in 
figure 10.1. In  Sweden the  soil scientist H ans 
E gnér h ad  in itia ted  m easurem ents o f air and  
p rec ip ita tion  chem istry across E urope 
(E gnér et al., 1955), supported  by the 
m eteoro logist C. G. Rossby. T heir prim ary 
in terest was the supply o f  p lan t n u trien ts  by 
precip itation , an d  the link w ith m eteorology. 
However, in  1968 one o f th e ir  colleagues 
exam ined the results an d  concluded  th a t the 
p rec ip ita tion  was becom ing  m ore acidic as a 
resu lt o f increasing S 0 2 emissions, and  
coup led  this to  observations o f  acidification 
o f  Swedish rivers. Svante O d én  chose to 
p resen t his results w ith sweeping statem ents 
o f  the ir im plications, n o t only in  a bulky 
re p o rt b u t also in  a new spaper article (O dén, 
1968 an d  1967). Sweden chose also to  give 
this as a case study a t the 1972 UN 
env ironm en t conference in  Stockholm , with 
evidence o f the  dispersion, deposition  and  
effects o f S 0 2 an d  ‘acid ra in ’ (Sweden, 1971). 
As in tended , the  creative p resen ta tion  o f  this 
in fo rm ation  caugh t the  in te rest o f the 
in te rn a tio n a l com munity. Was it really 
possible th a t releases o f S 0 2 in  England 
could  change the w ater quality in  
Scandinavia, causing fish deaths and  
reducing  forest p roduction? Clearly, m ore 
docum en ta tion  was needed .
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Plans for a m ore  com prehensive study o f  the 
transpo rt o f air pollu tan ts across na tional 
boundaries in  E urope had  b een  discussed in  
the  OECD Air M anagem ent Sector G roup 
since 1969. In  1972 a cooperative study was 
launched , w ith the partic ipation  o f  11 
m em ber countries. O f the  E uropean  OECD 
countries only Spain, Portugal an d  Italy 
decided  n o t to participate, because they felt 
th a t the  issue was n o t relevant to  the ir 
situations. By a rran g em en t w ithin the  N ordic 
countries, the N orw egian Institu te  for Air 
R esearch (NILU) was given the task of 
coord inating  this long-range transpo rt o f air 
po llu tan ts p rogram m e. T he re p o rt was 
com pleted  in  1977, establishing exports and  
im ports w ithin the  countries o f E urope and  
determ in ing  the re lationsh ip  betw een 
em issions an d  deposition  o f su lphur 
com pounds (OECD, 1977). It was now quite 
clear th a t acidification in  Scandinavia could 
be quantitatively re la ted  to em issions in 
several E u ropean  countries, an d  tha t these 
countries were responsible for the dam age 
w hich occurred  from  acid rain . A very 
am bitious N orw egian research  program m e 
h ad  b een  started  in  1972 on  acid 
p rec ip ita tion  an d  its effects on  forests and  
fish, and  by 1976 an  in terim  re p o rt was 
p rep a red  w hich showed w idespread

acidification o f rivers an d  lakes, an d  strong 
docum enta tion  o f the  declin ing stocks of 
bo th  tro u t an d  salm on in  such areas 
(Braekke, 1976). T he re p o rt was n o t 
released, however, as the  p ro ject was 
p resen ted  to an  in tern a tio n a l aud ience in 
Ju n e  1976 (Knabe, 1976; Ambio, 1976). The 
suspected effects on  forests were, however, 
m uch m ore  difficult to dem onstrate . T he 
SNSF pro ject was finalized in  1980 (O verrein  
et ai., 1980; D rabl0s, 1980).

A lthough strong scientific evidence was now 
available, resistance to change was strong. An 
editorial in  the UK-based scientific jo u rn a l 
Nature (N ature, 1977) claim ed tha t acid ra in  
was a m illion-dollar p rob lem  w ith a billion- 
dollar solution, referring  to  the  value o f  the 
fish an d  the costs o f  installing an d  operating  
flue gas cleaning on  electric pow er plants. 
T he reply from  Erik Lykke (Lykke, 1977) at 
the  N orw egian M inistry o f the E nvironm ent 
stated tha t this was obvious, bu t th a t the cost- 
benefit analysis was incom plete. E m itter 
countries such as the  U nited  K ingdom  
should  also consider the  dam ages caused by 
releases o f SO , in  the ir own countries, to 
health , m aterials, agricu lture  an d  to  natu ra l 
ecosystems. If  all these dam ages were 
considered, the  econom ic benefits of
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reducing  the emissions w ould also be 
obvious. I t was n o t a case o f  E urope vs. 
Scandinavia, it was E urope versus itself.

A cost-benefit study carried  out, again by the 
OECD (OECD, 1981), confirm ed th a t the 
value o f the  lost fish popu lations was small in 
econom ic term s. T he perceived costs in  
term s o f tim ber p ro d u c tio n  were also n o t 
particularly  significant, b u t the  dam age 
caused to  buildings an d  construction  
m aterials was shown to entail com parable 
costs to th a t o f reducing  em issions by flue gas 
cleaning and  fuel desulphurisation .

In  the  event, the oil com panies w ould also 
b enefit from  fuel desulphurisation , because 
o f  the  h ig h er profits from  ligh t an d  low- 
su lp h u r distillation products, com pared  to 
heavy fuel oil. T he oil com panies were well 
aware o f this, an d  h ad  already started  
restructu ring  the  refinery  industry  to 
p ro d u ce  less heavy fuel oil, and  m ore  light 
an d  m edium  distillates, rem oving as m uch  as 
70 % o f the  crude o il’s su lphur co n ten t in  the 
process. This move was also a resu lt o f the 
h igh  oil prices following the 1973 oil crisis, 
w hich m ade w estern E uropean  countries 
aware o f the ir reliance on  the oil supply for 
electricity p roduction . This resu lted  in  the 
conversion o f oil-fired pow er p lants to  coal 
an d  build ing o f new coal-burning pow er 
plants, while France switched to the use of 
n uc lear energy for electricity production .

T he situation  in  cen tral an d  eastern  E urope 
was different. In  the  G erm an D em ocratic 
R epublic (GDR), Czechoslovakia and  
Poland, energy an d  industria l p ro duc tion  
h ad  b een  increased m ainly by the  use o f large 
am ounts o f low quality coals with h igh  
su lp h u r contents, as the old, high-quality coal 
seams were depleted . T he results were 
dram atic as the S 0 2 emissions in  these 
countries increased by a factor o f  10 from  
1960 to 1985, w hen  these th ree  countries 
alone em itted  m ore S 0 2 th an  all o th e r 
countries in  northw est E urope together.

To com bat acid ra in  an d  S 0 2 emissions 
w ithout the partic ipa tion  o f the Eastern  bloc 
countries was clearly n o t possible. East-West 
political relationships were tense d u ring  the 
Cold War period , an d  the discussions in  the 
C onference o f Security an d  C ooperation  in 
E urope in  H elsinki in  1975 were difficult. In  
fact, the  two factions could reach  ag reem en t 
on  one issue only: coopera tion  o n  the issue 
o f  a irbo rne  pollu tants. C ountries from  b o th  
sides agreed  to establish coopera tion  u n d e r

the E conom ic Com m ission for Europe 
(ECE), in  Geneva, with partic ipation  from  
the W orld M eteorological O rganization and  
the U nited  N ations E nvironm ent 
P rogram m e. A cooperative program m e for 
m onito ring  an d  evaluation o f  long-range 
transm ission o f a irbo rne  po llu tan ts in  
E urope (EMEP), was in itia ted  in  1976, and  
was followed by the  C onvention on  Long- 
range T ransboundary  Air Pollu tion  
(CLRTAP), in  1979. This convention 
expressed the signatories’ in ten tions to 
investigate the  problem , to exchange 
in fo rm ation  abou t emissions as well as 
effects, an d  to reduce, as m uch  as possible, 
emissions causing harm fu l effects. The 
convention also set u p  a n u m b er o f task 
forces an d  cooperative program m es in  
add ition  to EMEP, w hich were to  p rep are  
assessments in fo rm ation  for fu tu re  p ro tocol 
negotiations.

By this time, forest decline h ad  becom e a h o t 
issue in  E urope. Following releases by 
G erm an forest scientists a t the  University o f 
G öttingen  (U lrich et al., 1980), a series o f 
articles in  the  G erm an p opu lar jo u rn a l Der 
Spiegel exposed the issue o f ‘neuartiger 
W aldschäden’, or new forest dam age. It 
ap p eared  th a t forest dam age was w idespread 
across Germany, b u t m ainly along the b o rd er 
with the  GDR an d  Czechoslovakia. I t was also 
m ost p ro n o u n ced  in  freely exposed trees, in 
hilly areas an d  on  ridges. T he sym ptom s were 
quite general, an d  m igh t be in te rp re ted  as 
genera l stress, a lthough  need le  yellowing 
im plied  m agnesium  deficiency a t som e sites. 
D ifferent schools o f  th o u g h t offered a t least 
th ree  d ifferen t explanations, b u t n one  
satisfied a s tringen t cause-effect relationship . 
B oth soil acidification an d  d irect action o f air 
pollu tan ts were held  to be responsible, 
con tinu ing  the division o f op in ion  dating  
back to w hen  concerns first em erged  in  
G erm any in  the 19th century. M eanwhile, 
reports  o f even m ore  serious forest diebacks 
cam e from  B ohem ia an d  Poland. In  the 
b o rd e r areas betw een the GDR and  
Czechoslovakia, several square k ilom etres of 
dead spruce forest were p resen t in  the  areas 
now identified  as those w ith the h ighest 
concentrations an d  deposition  o f a irbo rne  
su lphur com pounds an d  acidity (M oldan et
a l, 1992).

By this stage, public op in ion  an d  the press 
had  b een  alerted . Acid ra in  an d  fish-kills in  
rem ote  lakes an d  rivers were identified  in  
N orth  A m erica as well as in  E urope. W hen 
forests an d  terrestrial ecosystems were so
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apparen tly  endangered , the situation  seem ed 
obvious to  the public, even if  the  scientists 
d id  n o t agree on  the m echanism s.

In  M arch 1983 the  official C ouncil o f 
E nvironm ental Advisers in  G erm any issued a 
re p o rt to  the  G erm an B undestag  re lating  to 
forest dam age (Council o f  Environm ental 
Advisers, 1983). In  th e ir op in ion , flue gas 
desu lphurisation  should  already have been  
installed a t coal-fired pow er p lants w here 
em issions exceeded  400 m illigram s p e r cubic 
m etre  o f S 0 2. B ut the  council was n o t 
convinced by the scientific exp lanation  o f the 
new forest dam age, an d  cau tioned  th a t S 0 2 
em ission reductions m igh t n o t im prove this 
particu lar situation. A ction justified  on  this 
basis alone m ig h tjeo p ard ise  the  credibility of 
the environm ental policy if  subsequently 
found  to be incorrect. In  its own words:

‘As long as the preventive m easures aim  at 
reducing  the  em issions o f the  po llu tan ts in 
question w ithin the  scope o f a long-term  
strategy an d  in  app rop ria te  relation , th ere  is 
hardly any danger o f th e ir being  classified as 
unreasonable . This is also valid if  the 
im m ission situation in  clean air areas can 
only be im proved slowly as a resu lt an d  if 
positive influences on  the vegetation can 
initially only be surm ised. A balanced 
reduc tion  o f the  em issions m eans th a t one 
m ust p roceed  from  the objective criteria 
w hich speak for g rea ter o r lesser hazard  
po ten tia l o f  the individual pollu tants, and  
th a t one  m ust reduce  the total spectrum  
p ropo rtio n a l to  the  apprehension , n o t in  an  
unsystem atic m an n e r or only u n d e r the 
influence o f certa in  p o p u la r fears.’

Since m uch  o f the  dam aged forest was 
located  n ear the borders with G erm any’s 
ne ighbouring  countries, in te rna tiona l 
coopera tion  in  research  an d  policy 
developm ent was also necessary.

10.2. The 1985 CLRTAP Protocol and 
beyond

T he 1985 CLRTAP Protocol, com m itting 
countries to  30 % red u c tio n  in  su lphur 
emissions, was carried  th ro u g h  by the so- 
called 30 % club, consisting o f the  N ordic 
countries, the  N etherlands, Switzerland and  
Austria, a n d jo in e d  by the  Federal Republic 
o f  Germany. Two countries d id  n o t sign the 
protocol, Po land  an d  the  U nited  K ingdom . A 
som ew hat superfluous research  program m e 
carried  o u t by the UK Royal Society an d  the 
research  academ ies in  Norway an d  Sweden

concluded  th a t acid ra in  d id  ind eed  kill fish 
(M ason, 1992), an d  the C hairm an o f the 
C entral Electricity G enerating  B oard in  the  
U nited  K ingdom  was im pelled  to explain to 
the  UK Prim e M inister th a t the  accusations 
m ade by the Norw egian governm ent 
regard ing  the long-range im pact o f the 
U nited  K ingdom ’s coal-burning pow er 
stations w ere scientifically well founded .

Several severe w inters w ith p ro longed  
anticyclonic conditions an d  easterly flow over 
n o rth e rn  E urope provided strong rem inders 
o f the  d e te rio ra tion  o f  the env ironm ent in 
the  Eastern  bloc countries during  the 1980s. 
Over large areas o f Germany, including 
w estern Germany, levels o f S 0 2 an d  black 
sm oke were observed th a t far exceeded the 
air quality guidelines reco m m en d ed  by W HO 
(B ruckm ann et a l, 1986). This experience 
again dem onstra ted  th a t tail stacks d id  n o t 
necessarily solve the  p rob lem  o f air po llu tion  
with the increased  em issions o f S 0 2 th a t had  
occurred . H ealth  warnings were issued to the 
inhab itan ts o f West Berlin, w hich were 
gleefully com m ented  on  by the  official news 
services in  the GDR. B ut the  source was East 
Germany, toge ther w ith the  ad jo in ing  parts 
o f Po land  an d  Czechoslovakia, in  the  so- 
called ‘black triang le’. T he collapse o f the 
com m unist regim es w hich followed was in  
m any ways re la ted  to the  uneconom ic 
developm ent o f  energy-consum ing heavy 
industries in  these countries, an d  to  the 
collapse o f  the Soviet em pire w hich h ad  paid  
for the p roducts w ith expensive fuel oil and  
p e tro leum  products.

N egotiations for a follow-up pro toco l on 
su lp h u r emissions took advantage o f this new 
situation (ECE, 1994). In  addition , G erm any 
an d  som e o th e r countries h ad  started  on  an  
am bitious program m e o f em ission 
reductions, installing flue gas 
desu lphurisation  and  denitrification  in  b o th  
new an d  old coal-burning electric pow er 
plants. In  add ition  to  desu lphurised  oil 
p roducts, n a tu ra l gas from  Russia an d  from  
the  N orth  Sea was available to  replace coal 
an d  sulphur-containing fuel oil. By now, also, 
the  scientific knowledge accum ulated  in  the 
various bodies and  task forces u n d e r the 
CLRTAP could be used to ensure a cost- 
efficient use o f  the em ission reductions in  
re la tion  to environm ental dam age.

O ne  o f the m ain  reasons for the  wish to 
reduce  the emissions con tin u ed  to be forest 
dam age, w hich h ad  b een  dem onstra ted  in  
m any countries th ro u g h  series o f  national
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inventories o f tree  vitality, involving 
assessments o f crown th in n in g  an d  lea f and  
need le  yellowing. However, th ere  was still no  
consensus w ith respect to  the cause, n o r was 
th e re  any ind ication  o f quantitative cause- 
effect relationships. T he problem , therefore , 
h ad  to be attacked from  a n o th e r angle, m ore 
p recau tionary  th an  the prevailing approach , 
w hich cam e to  be know n as the  ‘critical lo ad ’ 
concep t (Nilsson et a l, 1988). By definition, 
the  critical load is the  h ighest deposition  o f a 
p o llu tan t th a t does n o t change the ecosystem 
in  an  unacceptab le  way. For soil acidification 
this im plies a deposition  o f  su lphur (and 
n itrogen ) w hich is balanced  in  re la tion  to the 
release o f  base cations (such as calcium ) 
from  the  w eathering  o f soil m inerals. In  the 
case o f lakes an d  rivers the acid in p u t m ust be 
less th an  the leaching  o f base cations in  the 
w atersheds. T he critical loads may be derived 
from  soil surveys, or surveys o f lake chemistry, 
an d  have b een  extensively m apped  all over 
E urope (H ette lingh  et a l, 1991), providing a 
ra tional basis for the negotia tions o f the  1994 
su lp h u r protocol. Because the su lphur 
deposition  exceedances were m ainly located 
in  n o rth e rn  E urope, an d  because o f the state 
o f  technical developm ents, em ission 
reductions were largely called for in  this area. 
I t  also proved to be too difficult to satisfy the 
m ost stringen t requ irem en ts w ith respect to 
critical loads: only a 60 % gap closure was 
found  to be achievable for the  grids w here 
the  relative exceedances o f  the critical loads 
were the highest.

T hese in tern a tio n a l negotiations also have 
im plications for u rb an  air quality. I t has long 
b een  realised th a t reducing  air po llu tan t 
concen trations in  the  cities will have added  
benefits for h u m an  h ea lth  as well as in  term s 
o f  reducing  m ateria l dam age. New and  
stringen t lim it values for S 0 2 and  o th e r air 
pollu tan ts are now included  in  E uropean  
U nion  legislation, taking in to  accoun t b o th  
the benefits o f im proved air quality an d  the 
desirability o f reducing  emissions (E uropean  
Com mission, 1999). I t is in teresting , however, 
to see th a t the  short-term  lim it for p ro tec tion  
o f h u m an  health , w hich is set a t 350 
m icrogram s p e r cubic m etre  for one  hour, is 
still n o t very m uch  lower th an  the  values 
p roposed  on  the  basis o f the  experience from  
the L on d o n  smog. Limits are also set for 24- 
h o u r exposure, a t 125 m icrogram s p e r cubic 
m etre. I t would seem  th a t progress has been  
slow, as this lim it was exceeded  for 34 % of 
E u ro p e ’s p o pu la tion  in  1990 (S tanner et a l, 
1995).

Dam age due to air po llu tan ts has been  
substantial to m aterials an d  historical 
m onum ents, particularly  to  m asonry and  
iron  constructions. As concen trations rise 
above 10-20 m icrogram s p e r cubic m etre  the 
dam age to build ing  m aterials and  historical 
m onum en ts significantly exceeds the  natu ra l 
degradation  occurring  in  clean environm ents 
(Coote et a l, 1991). D isfigurem ent of 
m edieval o rnam ents an d  o th e r build ing 
details in  carved sandstone, sculptures and  
o th e r works o f art, and  stained-glass windows, 
are  am ong the  costs n o t easily quantified. 
However, a n u m b er o f  retrospective studies 
have shown th a t the costs o f  reducing  the 
em issions have m ore  th an  been  recovered in  
term s o f generally  red u ced  m ain tenance 
costs for buildings and  steel constructions in 
the  u rb an  environm ent.

Su lphur dioxide emissions over n o rth e rn  
E urope have now  b een  red u ced  by m ore 
th an  50 % since the  m axim um  in  1980. 
T h ro u g h  the  use o f clean fuels, particularly 
n a tu ra l gas, concen tra tion  levels in  the  u rb an  
environm ents have been  even m ore reduced . 
In  the  U nited  Kingdom , average u rb an  
co n cen tra tion  levels have been  red u ced  by 
m ore  th an  70 %. A new an d  m ore  stringen t 
p ro toco l to  the  CLRTAP has been  nego tia ted  
(ECE, 1994), w hich will lead to fu rth e r S 0 2 
em ission reductions. T he m ain  em phasis is 
shifting towards in teractions betw een 
pollu tan ts such as n itrogen  oxides, am m onia 
an d  volatile organic hydrocarbons, the 
com bined  acidifying effects o f su lphur and  
n itro g en  deposition, the fo rm ation  of 
pho tochem ical oxidants, an d  the 
eu troph ica tion  effect o f  transboundary  
tran sp o rt o f n itrogen  com pounds.

T he acid lakes an d  stream s show a slow, b u t 
steady, recovery (Skjelkvâle et a l, 1998). Even 
forest vitality is im proving, accord ing  to  the 
latest surveys (ECE and  EC, 1997), a lthough  
the  evidence is n o t unam biguous. It seems 
th a t the  tro u t an d  salm on populations, 
however insignificant in  econom ic term s, 
have played an  im p o rtan t educational p a rt in  
m aking E urope u n d erstan d  the  full 
im plications o f the emissions o f  air 
pollutants.

10.3. Late lessons

So w hat ro le has p recau tion  played in  this 
story? G enerally action  has only b een  taken 
on  the basis o f p ro o f  beyond reasonable 
doubt, and  protagonists have felt com pelled 
to  justify action  on  such a basis. O nly w hen 
the  issue was taken  to  the  in te rn a tio n a l level



Sulphur dioxide: from protec tion  of human lungs to  rem o te  lake restora tion  1 0 7

could  significant change occur. I t was 
relatively easy for the  Scandinavian countries 
to  argue for action, as the  initial percep tion  
was th a t they were bearing  m ost o f the costs, 
b u t few o f the  benefits, o f fossil fuel 
com bustion  in  o th e r countries. T he U nited  
K ingdom  regarded  itself as bearing  h igh  
costs b u t gaining little benefit from  action  to 
reduce  long-distance transpo rta tion  of 
su lp h u r emissions; arguably it was only w hen 
it  was apprecia ted  th a t acid ra in  had  costs 
closer to hom e th a t the political clim ate 
changed . In  the case o f eastern  E urope, the 
countries could  n o t afford the short-term  
costs involved, no  m atter w hat the  m erits of 
action. T h ro u g h o u t the  early history o f S 0 2 
po llu tion  and  acid rain, the p recautionary  
app ro ach  was altogether absent, mainly 
because decision-m akers h ad  lim ited 
u nderstan d in g  o f the  problem s. T he tail 
stack app roach  was a clear exam ple o f the 
re luctance to accep t effects beyond the 
im m ediately obvious.

All this was to change perceptibly w hen the 
issue cam e to  be the subject o f  an  ECE 
convention, w hich was also seen as an  
im p o rtan t in stru m en t in  the  im provem ent of 
political relations betw een eastern  and 
w estern E uropean  countries in  the  1980s. 
A n o th er m ajor e lem ent was the  political 
p ressure o f the  G reen  Party in  Germany. It is 
notew orthy th a t the G erm an C ouncil of 
E nvironm ental Advisers was concerned  tha t 
statem ents abou t forest dam age, couched  
unjustifiably as a scientific fact, established in 
term s o f  p ro o f beyond doubt, could 
u n d erm in e  the  w ider basis for action  if  these 
shou ld  subsequently  be dem onstra ted  as 
u n founded . If  th e re  was genera l acceptance 
o f  the n eed  for action  based on  a lower 
s tandard  o f p ro o f —  a p recau tionary  
app ro ach  —  such poten tia l problem s could

be side-stepped. In  reality, the council’s 
a rg u m en t was for the  record . Politically, the 
decision h ad  already b een  taken.

At the in te rna tiona l level, the  m achinery  o f 
the  CLRTAP h ad  to find  a ra tional approach  
to  negotiations ab o u t the  lim itation and  
red u c tio n  o f  S 0 2 emissions. In  princip le, the 
task was to find  an  app ro ach  w hich 
m inim ised the adverse effects, while 
distributing the  costs o f  em ission reductions 
evenly am ong the  d ifferen t countries. The 
m any task forces an d  com m ittees w ithin the 
convention provided substantial scientific 
advice an d  know ledge for this task, and  
served also to  guaran tee  th a t the  signatories’ 
national interests were taken  in to  account. 
W hat the task force on  effects cam e up  with 
was the  critical load concept. This can be 
regarded  as re la ted  to the  p recautionary  
app roach  because it aims a t a situation  w here 
no  dam age or adverse effects are expected  to 
occur. This has the  effect o f shifting the 
b u rd en  o f proof, from  dem onstrating  and  
calculating in  econom ic term s the  dam age 
w hich could occur in  the  fu tu re  from  
decreased grow th o f forests, o r loss o f species, 
to the  relatively sim ple task o f de term in ing  
w hich level o f deposition  can be accepted 
w ithout perceptib le  chem ical changes in  soil 
com position. W ith respect to  water 
acidification, the  critical loads calculated also 
rep resen t som e sim plifications, w hich are 
accepted  only because o f reasonably wide 
safety m argins regard ing  the  survival o f 
sensitive species.

Thus, while n o t exactly rep resen ting  an  
application  o f the  precau tionary  principle, 
the  application  o f critical loads rep resen ts a 
ra tional way o f dealing w ith uncerta in ties 
regard ing  the environm ental effects o f  acid 
rain.
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Table 10.1. Sulphur dioxide: early warnings and actions

1952 A d e n s e  s m o g  kills m ore  than  2 000 p e o p le  In London

1952 The Beaver R eport  p r e p a re d  by a par l iam entary  com m iss ion  p r o p o s e s  m o d e s t  r em ed ies

1962 S econd  s m o g  Incident kills 800 p e o p le  In London

1968 Acidification of  precip itat ion  and rivers In S w e d e n  Is linked to  su lphur dioxide emiss ions In o th e r  
countr ies

Late 1960s An OECD Air M a n a g e m e n t  S ec to r  G ro u p  Is se t  up, con tr ibuting  to  solving air p ro b lem s

1972 Further  ev idence  of  acidification of Swedish lakes p r e s e n te d  to  th e  UN e n v ironm en t  co n fe rence ,  
S tockholm

1972 OECD acid rain s tu d y  Is launched

1972 OECD p ro g ra m m e  on long-range  t r a n sp o r t  of  air po l lu tants  Is launched

1977 OECD rep o rt  Is pub l ished ,  d e te rm in ing  th e  relationship b e tw e e n  emiss ions and  d ep o s i t io n s  of 
su lphur  c o m p o u n d s

1979 C onvention  on L ong-range  T ran sb o u n d ary  Air Pollution (CLRTAP) Is a g re e d

1979 W H O  re c o m m e n d s  air quality guidelines,  se t ting  a s t a n d a rd  for th e  pollution a b a t e m e n t  work 
In E urope

1980s Forest  d e a th  from 'acid  rain' In G erm any ,  Poland,  Czechoslovakia and  North America

1985 CLRTAP Protocol a g re e s  30 % reduc t ion  In su lphur  emiss ions

1988 The EU directive on large com b u s t io n  plants  Is pub l ished ,  and  a m e n d e d  In 1988. T h ese  were  
very efficiently u sed  by G erm an y  agains t  th e  British o p p os i t ion  to  emission contro ls

1994 S econd  su lphur  p ro toco l ,  b a s e d  on th e  critical load c o n c e p t  tha t  had a lready  b e e n  m a p p e d  all 
over  Europe
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11. MTBE in petrol as a substitute 
for lead

Martin Krayer von Krauss and Poul Harremoës

11.1. Introduction

A core no tio n  o f sustainability is th a t of 
futurity, w hereby developm ent in  the  p resen t 
shou ld  n o t com prom ise the ability o f fu tu re  
generations to m eet th e ir needs. A lthough it 
may n o t be possible for us to p red ic t exactly 
w hat the needs o f the fu tu re  will be, we can 
respond  by developing p rocedures for 
m aking robust and  flexible decisions.

T he goal o f this case study is to exam ine how 
foresight, em bodied  in  the  p recautionary  
princip le , can lead to  robust an d  flexible 
decisions th a t m eet the  needs o f the  present, 
b u t th a t can be ad ap ted  to  m eet the 
changing  needs o f the  fu ture. Recently there  
has b een  m uch  debate over the  use o f m ethyl 
tert-butyl e th er (MTBE) in  petro l. C oncerns 
in  particu lar over the  po ten tia l for 
con tam ination  o f g roundw ater supplies have 
p ro m p ted  regulative au thorities in  w estern 
nations to reassess the risks associated with 
the  use o f MTBE.

A fter p resen ting  the background, this case 
study will exam ine w hether, a t the  tim e of 
M TBE’s in troduction , it w ould have been  
possible for the  petrochem ical industry  and  
regulatory  agencies to  foresee th a t MTBE’s 
physical, chem ical an d  m icrobiological 
p roperties m igh t eventually be deem ed  to be 
undesirab le  characteristics. T he analysis will 
th e n  be p u rsu ed  to illustrate how foresight, 
in  the  form  o f som e essential p recau tionary  
questions, can be app lied  to arrive a t robust 
an d  flexible decisions.

T he editing  o f  this con tribu tion  was finished 
on  10 May 2001. U ndoubtedly, the debate  on 
MTBE will con tinue after th a t date an d  some 
aspects o f the p ap er may be quickly outdated , 
b u t it is h o p ed  th a t the  p ap e r will be a 
valuable con tribu tion  to  the  debate on  the 
precau tionary  principle.

11.2. Lead in petrol

T he toxicity o f lead  has b een  know n to m an 
since an c ien t times. T he R om ans were aware 
o f  the  fact th a t the  lead they used to m ake 
th e ir  utensils was poisoning  people. T he field 
o f  occupational h ealth  form ally established

the toxicity o f  lead in  the  1800s. A lready in  
the early 1920s, a t the  very beg inn ing  o f the 
autom obile industry, the  wisdom  o f using 
lead in  p e tro l was questioned . T he debate 
was reign ited  in  the  1960s. T here  developed 
a w idespread consensus th a t a long-term  
tren d  o f rising a irbo rne  lead concentrations 
was undesirab le  an d  it was eventually decided 
by m ost w estern nations to phase o u t lead in  
petro l. T he gradual phase-out o f  lead in  
pe tro l began in  the  late 1970s and  by the 
mid-1990s, m ost w estern countries had  
phased  o u t lead in  petro l. As a substitute to 
lead, the  petrochem icals industry chose 
MTBE.

11.3. The MTBE case

T he choice o f MTBE as an  eng ine anti- 
knocking ag en t to replace lead was m ade on 
the  basis o f a variety o f  advantageous 
properties: it is a low-cost an d  easily 
p ro d u ced  chem ical w ith favourable transfer 
an d  b lend ing  characteristics; it can  be 
p ro d u ced  a t the  refinery; it b lends easily 
w ithou t separation  in  petrol; an d  the b lend  
can be transferred  th ro u g h  existing p ipelines 
(Squillace et al., 1996).

Com m ercial p ro d u c tio n  o f MTBE started  in 
E urope in  1973 and  in  the U nited  States in  
1979 (DeW itt & Com pany Inc., 2000). Italy 
in tro d u ced  MTBE in to  p e tro l in  the  late 
1970s, followed by o th e r E uropean  countries, 
m ainly in  the  mid-1980s. Total worldwide 
ann u al p ro d u c tio n  was ab o u t 21.4 m illion 
tonnes in  1999. Roughly 3.3 m illion tonnes of 
MTBE were p ro d u ced  in  the E uropean  
U n ion  (EU) in  1999. Some 2.3 m illion 
tonnes were used domestically, 1.1 m illion 
tonnes were exported  an d  0.2 m illion tonnes 
w ere im ported  (DeW itt & C om pany Inc.,
2000). In  1995 MTBE was the th ird  m ost 
p ro d u ced  organic chem ical in  the U nited  
States, a t approxim ately  8.0 m illion tonnes 
p e r  year (Johnson e t al., 2000). MTBE is 
th erefo re  a very h igh  production-volum e 
chem ical.’

In  the  U nited  States, the  use o f  MTBE greatly 
increased  following the  1990 am endm ents to 
the  C lean Air Act requ iring  pe tro l 
‘oxygenates’, such as MTBE or ethanol, to be
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added  to  p e tro l to  reduce  atm ospheric 
concen tra tions o f carbon  m onoxide (CO) or 
ozone. In  Jan u ary  1995 a special b lend  of 
p e tro l (dubbed  ‘re fo rm ula ted  gasoline’, 
RFC) contain ing  m ore  MTBE was in troduced  
for use in  m etropo litan  areas in  the U nited  
States th a t h ad  severe ozone pollu tion  
problem s. T he p resen t average MTBE 
co n ten t in  RFC in the U nited  States is 
a ro u n d  11 % (NSTC, 1997; ENDS Env. Daily,
2000). T here  is also a large volum e o f 
conventional pe tro l sold in  the  U n ited  States, 
w ith a 2 -3  % MTBE conten t.

In  the  EU, the application o f MTBE was 
regu la ted  by a 1985 directive (8 5 /536 /E E C ) 
on  additives to petro l, by which n o  M em ber 
State can p revent the  use o f  organic 
oxygenates a t concen tra tions lower th an  
regu la ted  by the directives. For MTBE this is 
a  m axim um  o f 15 % by volum e. In  1999 in  
the  EU, the average was 2.1 %, calculated 
from  the total consum ption  figures on  m o to r 
p e tro l an d  MTBE consum ption. Actual 
concen tra tions o f  MTBE in  pe tro l are highly 
variable, from  0 to  15 %, d ep en d in g  on 
p e tro l grade, oil com pany an d  country 
(Finnish EPA, 2001).

In  the following sections we will a ttem p t to 
sum m arise the  relevant background 
inform ation . As the aim  is to exam ine the 
po ten tia l use o f  the  precau tionary  principle, 
particu lar a tten tion  will be focused o n  areas 
o f  uncertain ty  w ithin c u rren t scientific 
knowledge.

11.4. The benefits of MTBE

T he original pu rpose  o f add ing  MTBE to 
pe tro l was to preven t ‘knock ing’. In  add ition  
MTBE o r o th e r oxygenates allow m ore 
com plete com bustion, w hich in  tu rn  leads to 
a red u c tio n  o f CO emissions and  a reduced  
em ission o f precursors for ozone form ation  
(K oshland et al., 1998). MTBE also achieves 
some elevation in  the  octane ra ting  tha t 
alternative com ponen ts o f fuel such as 
benzene (a class 1 carcinogen) an d  o ther 
arom atics provide.

T he role o f  MTBE in  reducing  air emissions 
has however b een  questioned. In  this respect, 
it is im p o rtan t to distinguish betw een the 
general effects o f  using RFC an d  those 
associated specifically with the p resence o f 
MTBE in RFC. D uring the  1990s the  U nited  
States saw a significant decrease in  CO, low- 
level ozone an d  n itro g en  oxide (N O x) 
po llu tion  in  m ajor cities using RFC. But,

a lthough  the use o f RFC results in  significant 
reductions in  autom otive po llu tan t emissions 
relative to  conventional petro l, studies have 
shown th a t CO, N O x an d  volatile organic 
com pound  (VOC) emissions are  n o t 
significantly affected by including  MTBE in 
pe tro l (NRC, 1996). In  a m ore recen t re p o rt 
investigators concluded  th a t the  use o f 
oxygenates in  RFC h ad  a negligible im pact 
on am bien t ozone concen trations (NRC,
1999). I t has also b een  rep o rted  th a t the 
benefits o f MTBE are  decreasing, because 
these mostly apply to o lder vehicles, w hich 
are progressively being  rep laced  by vehicles 
with m ore  effective em ission controls (Keller 
et al., 1998b).

11.5. The impacts of MTBE

11.5.1. Persistency in  groundwater
C oncerns regard ing  the use o f  MTBE began  
to  arise following studies ind icating  tha t 
MTBE moves a t ab o u t the sam e speed  as 
groundw ater, m aking it a very m obile 
chem ical (Barker et al., 1990). These 
concerns becam e w idespread following a 
re p o rt pub lished  by the US Geological 
Survey in  1996. O f VOCs analysed in  sam ples 
o f  shallow am bien t g roundw ater collected 
from  eigh t u rb an  areas during  1993-94, 
MTBE was the  second m ost frequently  
detec ted  chem ical (Squillace et a í, 1996). Its 
solubility is in  the o rd e r o f  50 000 m g/1 
(m illigram s p e r l itre ) . A level o f 10 % MTBE 
in pe tro l gives an  equilib rium  concen tra tion  
in  w ater o f  the o rd e r o f 5 000 mg/1.

Persistency can be discussed in  term s of 
physical, chem ical o r m icrobiological 
persistency. U ncertain ties concern ing  the 
persistency o f  MTBE in  soil an d  groundw ater 
still rem ain . MTBE is rapidly p h o to d eg rad ed  
in  the atm osphere. T he available data in  the  
sub-surface is lim ited, th ere  being  few well- 
docum en ted  reports  concern ing  a ttenuation  
o f MTBE in the field. Two studies have shown 
tha t b iodégradation  could  n o t be detec ted  in  
the  g roundw ater u n d e r field conditions 
(B orden et a í, 1997; Schirm er and  Barker,
1998). However, in  subsequen t laboratory  
studies, a very slow b u t m easurable 
b iodégradation  was observed (L andm eyer et 
al., 1998). Each o f these th ree  investigations 
occurred  u n d e r  aerobic conditions. The 
results o f  field investigations have shown tha t 
MTBE can be deg raded  anaerobically 
(Sufflita and  M orm ile, 1993; M orm ile et al., 
1994; Yeh and  Novak, 1994; H u rt et al., 1999). 
But significant rates o f  MTBE degradation , 
e ither biologically (Eweis et a í, 1998a an d  b)
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o r chem ically have only b een  observed u n d e r 
laboratory  conditions. Thus, because o f its 
h igh  solubility, m obility an d  persistency, 
MTBE poses a po ten tia l risk to groundw ater.

11.5.2. A esthetics
T he aesthetic im pact o f MTBE 
con tam ination  o f g roundw ater is 
considerable. T he p o ten t terpene-like o dour 
in  w ater is detectable by peop le  a t very low 
concentrations. T he o d o u r th resho ld  was 
d e te rm in ed  to be 180 g/1 (m icrogram s p er 
litre) in  D enm ark  (Larsen, 1997), b u t as low 
as 5 g/1 in  C alifornia (CAL-EPA, 1999). Based 
on  c u rren t m on ito ring  data, MTBE has been  
shown in  som e cases to be p resen t in  
drink ing  w ater a t concen trations exceeding 
taste an d  o d o u r thresholds.

Relatively small am ounts o f MTBE may thus 
re n d e r  large reserves o f  g roundw ater useless. 
W hen  the  taste an d  o d o u r th resho ld  in  water 
is exceeded, con tam inated  drink ing  w ater is 
norm ally n o t used, requ iring  the  utilisation 
o f  alternative supplies. W hen a large and  
im p o rtan t g roundw ater reservoir is 
con tam inated  the consequences can be 
rem arkable, b o th  in  term s o f  cost and  
disruption.

Leaking u n d e rg ro u n d  storage tanks and  
spillage from  overfilling the tanks are  the 
m ain  cause o f  g roundw ater con tam ination  
(F innish EPA, 2001). T he severity o f the  
consequences may vary greatly betw een 
countries d ep en d in g  on, for exam ple, the 
level o f g roundw ater utilisation for drink ing  
w ater an d  the cond ition  o f p e tro l station 
u n d e rg ro u n d  storage tanks. T he n u m b er of 
po llu tion  cases varies significantly from  
country  to country  in  the EU. T he EU risk 
red u c tio n  re p o rt (Finnish EPA, 2001) states 
th a t ‘MTBE concen trations are currently  n o t 
rou tinely  m o n ito red  in  groundw ater. T here  is 
only lim ited  data  on  MTBE concen tra tion  
tre n d s’. In  a recen t re p o rt to the  E uropean  
Com m ission (A rthur D. L ittle L im ited, 2001) 
it is stated th a t ‘little public in form ation  is 
available across M em ber States regard ing  
m o n ito ring  o f g roundw ater contam ination  
by M TBE’. T he re p o rt refers to unpub lished  
data  as a significant source o f inform ation, 
com bined  w ith data available from  six 
M em ber States (D enm ark, F inland, France, 
Germany, Sweden an d  the U nited  K ingdom ). 
I t  concludes th a t ‘n o n e  o f the findings 
ind icated  w idespread or serious groundw ater 
con tam ination  by MTBE on  the sam e scale as 
the  USA’. However, accord ing  to the EU risk 
assessm ent study, the  ‘d o cum en ted  cases

provide sufficient justification  for concern  
th a t MTBE poses a risk for the aesthetic 
quality o f  d rink ing  w ater from  groundw ater 
supplies’. T he EU risk redu c tio n  re p o rt 
states: ‘It isjustified  to  conclude th a t MTBE is 
causing a risk for the aesthetic quality o f 
drink ing  water. ’ (Finnish EPA, 2001)

11.5.3. Cancer
T he classification o f the  carcinogenicity of 
MTBE is the  focus o f a con tinu ing  
controversy (see Box 11.1.). T he recen t EU 
risk assessm ent concluded  th a t MTBE was a 
b o rderline  case for classification as a 
carcinogen (Finnish EPA, 2001). 
N onetheless, the  E uropean  Chem icals 
B ureau has decided  th a t MTBE should  n o t 
be classified as a carcinogen (Dixson-Decleve,
2001). For the  purpose o f this case study, it is 
notew orthy th a t the issue o f carcinogenicity 
was n o t addressed un til long after the  
m arketing  o f  MTBE as a h igh  p roduction- 
volum e chem ical: n o  com prehensive p ré ­
m arketing  carcinogenicity testing was carried  
out. Even today, after in -depth  investigations, 
uncertain ties ab o u t the carcinogenicity of 
MTBE rem ain . T he ongoing debate  in  the 
U nited  States an d  the EU over the  
classification o f MTBE illustrates the 
difficulty o f dealing w ith uncertain ty  and  
b o rderline  results.

11.5.4. Asthm a
A sim ilar debate  is taking place regard ing  
w hether the  use o f MTBE in pe tro l has 
con tribu ted  to an  increase in  u rb an  asthm a. 
In  an  editorial pub lished  in  the  Archives of 
Environmental Health in  February 2000 
(Joseph, 2000), concerns were raised over 
epidem iological studies ind icating  an  
increase in  the occurrences o f  asthm a and  
o th e r conditions o f resp iratory  a n d /o r  
inflam m atory natu res in  the years following 
the in troduc tion  o f  MTBE to the cities o f 
Philadelphia  (Joseph, 1997) and  New York 
(C rain et al., 1994; L eighton  et al., 1999). The 
past five years have seen reports  o f alarm ingly 
h igh  rates (above 20 %) o f  asthm a am ong 
ch ild ren  in  several large cities on  the  east 
coast o f the  U nited  States w here MTBE was 
in  use (M angione et a í, 1997; M cBride, 1996; 
Hathaway, 1999; L eighton  et al., 1999). I t has 
been  suggested th a t the  increase in  asthm a is 
due to an  unknow n exhaust p ro d u c t of 
MTBE com bustion en te ring  the  am bien t air 
(Joseph, 1999; Leikauf et a í, 1995).

T he University o f California, Davis re p o rt 
states th a t it is plausible th a t com bustion 
products o f MTBE could exacerbate or even
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cause asthm a, b u t th a t there  have b een  no  
studies to date designed to address this issue. 
T hey conclude th a t ‘there  is little evidence at 
p resen t e ith er to im plicate or exonerate  
MTBE as a cause or exacerbating  factor in 
asthm a’ (Keller et al., 1998b).

11.5.5. O ther im pacts
T here  are a few investigations indicating  th a t 
MTBE may function  as an  endocrine

disrup ter (Williams et al., 2000; M oser et al., 
1998; Day et a l, 1998). However, the 
m echanism s by w hich MTBE may disrupt 
endocrine  systems rem ain  u nclear and  
fu rth e r research  is requ ired . In  this respect, 
the  EU risk assessm ent concluded: ‘Because 
the data is n o t considered  to  be sufficient, no  
NOAEL (no  observed adverse effect level) is 
assigned.’ (F innish EPA, 2001)

Box 11.1. Carcinogenicity —  com plex science, borderline results and conflicting interests

Com prehens ive  investigat ions of carcinogenicity w ere  
initiated in the  1990s. Evidence from th ree  animal 
bloassay studies d e m o n s tra te d  th a t  chronic exposure  
to MTBE —  either  by Inhalation or  orally —  causes 
cancers In animals. MTBE Inhalation exposure  caused 
an Increased Incidence of kidney and testicular 
tum ours  In male rats (Bird e t  a/., 1997; Chun e t  a/.,
1992), and liver tum ours  w ere  Identified In mice 
(Burlelgh-Flayer e ta / . ,  1992). Oral administrat ion of 
MTBE p roduced  a statistically significant Increased 
Incidence of lymphomas and leukaemias In female rats 
and tes ticular  tum ours  In male rats (BeIpoggl e t  a/., 
1995 and 1998).
Based on these  results. It would  se em  tha t  MTBE 
Induces benign and malignant tum ours  a t  multiple 
sites. In multiple species,  and via multiple routes of 
exposure .  However , th e  results have b een  criticised on 
th e  g rounds th a t  th e  'conduc t  and report ing In the  
carcinogenici ty studies Is Inadequa te ,  Interpretation of 
th e  ob ta ined  results Is difficult and a relation of the 
obse rved  Increases In tum our  Incidences to MTBE- 
admlnlstrat lon Is ques t ionab le .  Moreover, rodent- 
specific mechanisms of action have been  es tablished 
for several of  the  tum ours  Induced by MTBE, thus 
making the  results Inapplicable to  man.'  (Dekant,
2 0 0 0 )

According to  the  International Agency for Research on 
C ancer  (IARC) of the  World Health Organization 
(WHO), no analytical epidemiological studies have 
ad d re sse d  a possible association of  MTBE with human 
cancer.  IARC concluded  th a t  because  there  Is 
' In adequa te  evidence  In hum ans ' for carcinogenicity, 
and only 'limited ev idence '  for experimental  animals, 
'MTBE Is not  classifiable as to  Its carcinogenicity to 
hum ans ' (IARC, 1999). The US National Toxicology 
P rogram 's  (NTP's) Board of  Scientific Counselors 
v o ted  6 to  5 no t  to  list MTBE as being ' reasonably  
anticipated to  be  a human carc inogen ' (BSC, 1998). 
The International P rog ram m e on Chemical Safety 
(IPCS), a joint p ro g ram m e of th e  International Labour 
Organisation, th e  United Nations Environment 
P rog ram m e and WHO, e c h o e d  th e  lARC's conclusion, 
r ecom m ending  th a t  In o rder  to  provide quantitative 
gu idance  on relevant limits of exposure  and to  
es t im ate  risk, the  acquisition of additional  d a ta  In 
several areas remains necessary (IPCS, 1 999).
O th e r  Institutions and Individual scientists have 
dec ided  th a t  the  ev idence  provided by th e  animal 
bloassay studies Is sufficient to  conclude th a t  MTBE Is 
likely to  cause cancer  In hum ans and should therefore  
be labelled a p robab le  human carcinogen (Mehlman,
2000). A review of the  existing studies  by the 
University of California (Keller e ta / . ,  1998b), Indicated 
tha t  MTBE Is a potential human carcinogen,  al though 
further studies would be  n e e d e d  to  make a conclusive 
determination .  The White House National Science and 
Technology Council concluded  th a t  ' the re  Is sufficient 
evidence  th a t  MTBE Is an animal carc inogen ' and that  
' the  w eigh t  of ev idence  suppor ts  MTBE as having 
carcinogenic hazard potential for hum ans ' (NSTC,
1997). The US Environmental Pro tection Agency (EPA) 
concluded  th a t  ' the  w eigh t  of  evidence  Indicates tha t

MTBE Is an animal carcinogen, and MTBE poses  a 
carcinogenic potential  to  hum ans ' (US EPA, 1997). 
The most  recen t  In-depth review of the  available 
carcinogenici ty da ta  was perfo rm ed  by the  Finnish 
EPA In the  con tex t  of  th e  EU Risk A ssessm en t  on 
MTBE (Finnish EPA, 2001). In th e  draft  risk a s sessm en t  
report ,  the  conclusion on carcinogenici ty sta tes: 
'There are Indications of carcinogenici ty In two 
species. However the  t r e a tm e n t  relation of  the  
occurred  tum ours  Is equivocal In so m e  studies (mouse 
adenom a)  and the  relevance of the  m o d e  of  action Is 
ques t ionab le  In o thers  (Leydlg cell). Moreover, the 
tum ours  a p p e a r  mostly a t  very high and systemlcally 
toxic doses ,  and MTBE Is not  geno tox lc  in v itro  or  in 
vivo. On the  o ther  hand, the  human relevance of the  
testicular Interstitial a d e n o m a s  obse rved  In rats on two 
s e p a ra te  rat strains canno t  be  n eg lec ted .  In addition, 
s o m e  uncertainty remains as to  th e  significance of the 
lymphatic tum ours found, especially In the  light of  the  
limitations of the  s tudy and s o m e w h a t  Inadequa te  
s tudy  quality reporting. The rappor teu r  considers  
MTBE as a borderl ine case be tw een  non-classlflcatlon 
and  Carcinogenici ty Ca tegory  3.' (Finnish EPA, 2001) 
The classification and labelling of  MTBE for hazard was 
discussed by the  Working G roup  on the  Classification 
of  D angerous  Substances  a t  th e  European Chemicals 
Bureau In N o v em b er  2000. A proposal to classify 
MTBE as a carcinogen In C a tegory  3, with an R40 risk 
phrase was rejected (R40 s ta te s  th a t  a subs tance  poses 
'possib le  risk of Irreversible effects') (Dixson-Decleve,
2 0 0 1 ).

The p ro b ab le  basis for this decision Is tha t  It Is 
generally  a c c e p te d  tha t  there  Is a threshold 
concentra t ion  below w hlch  no effects can be  observed 
for carcinogenic  subs tances  tha t  are no t  mutagenic .  
For MTBE, several in v itro  mutagenici ty  assays with 
m etabolic  activation are positive, while in v ivo  studies 
are  negative. It Is believed th a t  the  positive responses 
occur when cells in v itro  are e x p o s e d  extracellularly to 
th e  MTBE m etabo li te  fo rm aldehyde,  and tha t  
fo rm aldehyde  will no t  exer t  this effect when It Is 
g e n e ra te d  Intracellularly, In the  Intact organism. For 
this reason, MTBE Is reg a rd ed  as non-m utagen lc  
(Finnish EPA, 2001).
Thus th e  level of  concern  for MTBE Is not  as high as It 
would  be  for a m utagen ic  carcinogen w here .  In theory, 
effects can be  ex p e c te d  a t  all doses ,  right down to 
Infinitely small concentrat ions. For non-m utagenlc  
carcinogens , the  effect Is often con n ec ted  to  som e 
o th e r  d a m a g e  to  th e  t a rg e t  o rgan,  for Instance the 
kidney or  liver. The high regenera tion  and growth of 
cells tha t  then takes place In connection with tissue 
regenera t ion  In the  d a m a g e d  organ can be 
accom pan ied  by an Increased tum our  production .  For 
th e  primary d a m a g e  on th e  t a rg e t  organ,  the re  will be 
a th reshold  value.  This threshold  value Is the  no 
obse rved  adverse  effect level (NOAEL). By remaining 
below the  threshold  value, d a m a g e  to  th e  organs Is 
p reven ted ,  as Is the  formation of  tum ours  (stergaard,
2001). Thus, th e  risk of carcinogenici ty po se d  by such 
subs tances  Is cons idered  m anageab le .
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11.5.6. MTBE in  drinking water
In  late 1995, the  au thorities in  the  city o f 
Santa M onica in  C alifornia de tec ted  MTBE 
in  a well th a t supplied  the  city with drink ing  
water. By Ju n e  the  following year the prob lem  
h ad  escalated an d  the  city au thorities were 
forced  to shu t down som e o f the potable 
w ater supply g roundw ater wells. A review of 
know n an d  suspected petro leum  spill sites 
iden tified  ab o u t 10 po ten tia l sources o f 
con tam ination  w ithin 1 kilom etre o f the  well 
field (Johnson et a í, 2000). As a resu lt o f the 
MTBE con tam ination  the city lost 71 % o f its 
local w ater supply. A bout h a lf  its total water 
consum ption  m ust now be b o u g h t from  
outside sources a t a cost o f USD 3.5 m illion a 
year (Rodriguez, 1997). Some MTBE plum es 
have o rig inated  from  very small spills. For 
exam ple, a spill resulting  from  a single 
autom obile accident in  Standish, ME, led to 
MTBE tran sp o rt th ro u g h  m ore th an  0.7 
k ilom etres o f  frac tu red  rock an d  the 
con tam ination  o f m ore  th an  20 dom estic 
wells (Johnson et al., 2000; H u n te r  et al.,
1999). By now  th ere  are m any docum en ted  
cases o f MTBE pollu tion  o f groundw ater in  
the U nited  States, the n u m b er is increasing 
an d  w here po llu tion  occurs the 
consequences can be serious. Assuming 
trea tm en t by g ranu lar activated carbon, the  
cost o f purifying MTBE con tam inated  
drink ing  water sources could be enorm ous, 
due to  the extrem ely low concen tra tion  limits 
for MTBE in drink ing  water (in  the  o rd e r of 
5 to  30 g /1 ) . T he cost o f dealing with 
u n d e rg ro u n d  storage tank  an d  p ipeline leaks 
an d  spills could be o f  the  o rd e r o f  tens to 
h u n d red s o f m illions o f dollars p e r year in  
California alone (Keller et a í, 1998a). This 
however could change in  ligh t o f  yet 
u npub lished  results from  work indicating 
th a t MTBE could potentially  be biologically 
degraded  in  ord inary  waterworks using sand 
filtration (Arvin, 2001).

11.6. Responses

In  D enm ark, a re p o rt on  MTBE was 
pub lished  in  1998 (Milj0 og 
E nergim inisteriet, 1998). T he in tro d u c tio n  
acknowledges: ‘In  1990 T he D anish EPA 
received info rm ation  from  Professor Erik 
Arvin, Institu te  for E nvironm ental Science 
an d  Engineering, Technical University o f 
D enm ark, th a t there  m igh t be a p rob lem  in 
re la tion  to groundw ater, because o f the  
m obility an d  ap p a ren t persistency in 
groundw ater.’ T he D anish EPA did  n o t 
consider th a t to be a p rob lem  a t the  time, 
because leakage from  tanks was considered  a

m inor problem , and  ‘because problem s with 
gasoline com ponen ts were rarely found  in 
groundw ater a t the  tim e’. In  1998, the 
D anish EPA in tro d u ced  a tentative lim it for 
drink ing  water a t 30 g/1.

In  California, the  first US state to suffer the 
consequences o f  MTBE, the California 
Legislature created  a task force w ithin the 
University o f  California. T he task force 
evaluated the available evidence, p roduced  
an  assessm ent o f h ea lth  an d  environm ental 
im pacts an d  m ade several recom m endations 
to the G overnor an d  the  Legislature, 
including  the  phase-out o f  MTBE (Keller et 
aí, 1998b). As a result, a G overnor’s 
Executive O rd er in  M arch 1999 
recom m ended  developing ‘a tim etable by 
July 1, 1999 for rem oval o f MTBE from  petro l 
a t the earliest possible date, b u t no  la ter than  
D ecem ber 31, 2002’ (Davis, 1999). The 
University o f C alifornia study also concluded  
that: ‘A lesson to be lea rned  from  the MTBE 
story is th a t add ition  o f any chem ical 
com pound  to  the env ironm en t in  quantities 
th a t constitu te a significant fraction  o f the 
total co n ten t o f gasoline may have 
u nexpec ted  environm ental consequences. 
T herefo re, we recom m end  a full 
environm ental assessm ent o f any alternative 
to M TBE.’ T he in ten tio n  h e re  is to 
em phasise th a t any alternative to  MTBE 
should  u n d erg o  a full assessm ent p rio r to  its 
in troduction . This m easure is in  particu lar 
due to  the ‘p o ten tia l adverse h ea lth  effects 
associated with incom plete  com bustion 
p roducts o f e th an o l’. T he re p o rt also 
observed that: ‘T he c u rren t struc tu re  o f state 
agencies w hich focus on  specific m edia  (land, 
air, w ater), leads to fragm ented  and  
incom plete  environm ental im pact 
assessm ents.’

A ‘Blue R ibbon P an e l’ was established by the 
US EPA in 1998 ‘in  response to  the growing 
concerns from  State an d  local officials and  
the p u b lic ’ (Blue R ibbon Panel, 1999). T he 
re p o rt o f Septem ber 1999 concluded  inter 
alia: ‘T he Panel agreed  broadly that, in  o rd er 
to m inim ise c u rren t an d  fu tu re  th reats to 
drink ing  water, the  use o f  MTBE shou ld  be 
reduced  substantially. Several m em bers 
believed th a t the use o f MTBE should  be 
phased  ou t com pletely.’ O ne lesson, the 
p anel concluded, is that: ‘In  o rd e r to p revent 
fu tu re  such incidents... EPA should  conduct a 
full, m ulti-m edia assessm ent (o f effects on  air, 
soil, an d  w ater) o f any m ajor new additive to 
gasoline p rio r to in tro d u c tio n .’ In  M arch 
2000, the US EPA an n o u n ced  th a t steps
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would be taken to  ‘significantly reduce  or 
e lim ina te ’ MTBE as a pe tro l additive, as a 
‘possible carc inogen’ an d  in  o rd e r ‘to  p ro tec t 
A m erica's d rink ing  water supplies’ (ENDS 
Env. Daily, 2000).

11.7. Present trends

T he fu tu re  in  the  U nited  States is likely to see 
a shift towards o th e r oxygenates such as 
ethanol, as well as equivalent non-oxygenated 
petrols, w hich m eet the  strict em ission 
requ irem en ts (Keller et a l, 1998b; CEC, 
1998). In  E urope, the  com paratively low use 
o f MTBE has m ean t th a t concerns and  
possible problem s associated w ith MTBE 
have developed la ter th an  in  the U nited  
States (M orgenro th  an d  Arvin, 1999). The 
EU regulations in tro d u ced  on  fuel quality 
covering b o th  pe tro l an d  diesel in  1998 
(9 8 /7 0 /E E C ) call for com pounds such as 
benzene (class 1 carcinogen) an d  overall 
arom atics to be red u ced  in  steps by the years 
2000 an d  2005. This could resu lt in  an  
increase in  the  use o f MTBE in  E urope. In  
A ugust 2000 the D anish EPA placed MTBE 
on  its list o f undesirab le  substances and  
an n o u n ced  th a t it p lan n ed  to in troduce  
econom ic instrum ents to discourage the use 
o f MTBE. T he recen t EU risk assessm ent of 
MTBE concluded  th a t because o f the  risk 
th a t MTBE poses to g roundw ater reservoirs, 
risk reduc tion  m easures are justified  (Finnish 
EPA, 2001). A re p o rt to the  E uropean  
Com m ission on  risk red u c tio n  for 
u n d e rg ro u n d  storage tanks was released on  
19 A pril 2001 (A rthur D. L ittle Lim ited,
2001) as a supp lem en t to  the  risk reduction  
re p o rt w ritten in  connection  with the risk 
assessm ent (Finnish EPA, 2001). T he reports 
stress the  d ifference betw een the US and  EU 
situations. T he an tic ipation  is th a t ‘MTBE 
octane requ irem en ts will settle ou t in  the  1-4 
p e rcen t volum e range, d ep en d in g  on  the 
available octane, an d  will still be well below 
the 10-15 p e rcen t currently  used in  
refo rm ula ted  gasoline in  the USA’. Many EU 
countries have recently  ad o p ted  regulatory  
m easures against leakage from  u n d e rg ro u n d  
storage tanks to  ensure th a t the  risk o f 
groundw ater con tam ination  ‘rem ains low in 
the fu tu re ’. T he re p o rt points a t the risks 
posed by existing u n d e rg ro u n d  storage tanks 
n o t com plying with the new regulations in  
the in terim  period  un til full enforcem ent. 
T he regulations are  an tic ipated  to have taken 
full effect by 2005. T he re p o rt em phasises the 
n eed  for ‘strong en fo rcem en t o f the 
u n d e rg ro u n d  storage tank  specifications’ and

suggest ‘penalties to prove an  effective 
d e te rre n t’.

Accordingly, it seem s th a t the position  in  the 
EU tends to be th a t oxygenates such as 
MTBE should  have th e ir place to im prove 
com bustion an d  help  reduce  emissions o f 
CO and  organic com pounds. T he increased 
risk associated w ith leaking u n d erg ro u n d  
storage tanks is seen as a technical p rob lem  
tha t can be m anaged  by risk reduction . 
However, studies in  the U nited  States have 
shown th a t even sophisticated, double-walled 
u n d e rg ro u n d  storage tanks with detectors 
may leak u n d e tec ted  due to im p ro p er 
installation (C ouch an d  Young, 1998). This 
explains the  push  for ‘strong  en fo rcem en t’ 
and  follow-up m on ito ring  o f g roundw ater in  
the  re p o rt to the  E u ropean  Com m ission 
(A rthur D. Little Lim ited, 2001).

11.8. Discussion in relation to the 
precautionary principle

O u r analysis will first take a historical 
perspective in  o rd e r to h igh ligh t the 
questions th a t could  have b een  asked at the 
tim e o f the  in tro d u c tio n  o f MTBE in the 
early 1980s. T he objective h ere  is to  illustrate 
the  p o ten tia l o f applying foresight as p a rt o f 
the  precau tionary  princip le.

As early as 1954, studies were published  
ind icating  the very low biodegradability  of 
the  e th e r family (Mills an d  Stack, 1954). By 
1960, the resistance o f  e thers to  biological 
degradation  h ad  becom e textbook 
know ledge (Sawyer, 1960). O n  this basis we 
consider it reasonable to believe th a t a t the 
tim e o f the  in tro d u c tio n  o f MTBE, 
com peten t chem ists an d  m icrobiologists 
could have an tic ipated  th a t MTBE m igh t be 
persisten t in  groundw ater. D ocum entation  
for this a rg u m en t has however n o t been  
found. It appears th a t the  first w arnings 
against persistency o f MTBE in groundw ater, 
based on  the first experim ental facts 
(a lthough  only a t the laboratory  scale), were 
pub lished  in  1990 (Barker et a í, 1990; Jen sen  
an d  Arvin, 1990). However, the regulatory  
agencies d id  n o t reac t to these first warnings. 
I t was n o t un til the  full-scale results em erged  
in  1996 th a t the regulatory  system was alerted  
to the seriousness o f  the problem . T h a t delay 
is d o cum en ted  in  the U n ited  States and  
D enm ark.

O n  the o th e r hand , it is reasonable to  believe 
th a t th ere  were n o  indications o f any obvious 
harm fu l effects associated with MTBE a t the



1 1 6  Late lesson s from early warnings: th e  precautionary principle 1 8 9 6 -2 0 0 0

tim e it was chosen to replace lead in  petro l. 
Accordingly, the  fundam en ta l issue is n o t 
w hether a persisten t and harm fu l chem ical 
poses an  unaccep tab le  risk. T he fundam enta l 
issue is w hether o r n o t the  prevailing 
know ledge was adequate  a t the  tim e to 
foresee th a t persistency in  itself m ight 
eventually be considered  problem atic.

11.8.1. T h e h istorical perspective
W idespread concern  over the persistency o f 
chem icals first arose following the 
pub lication  o f the  landm ark  book Silent 
spring (Carson, 1962). In  h e r  book, Carson 
described the disastrous effects o f  large-scale 
applications o f pesticides on  insects, birds 
an d  ecosystems. A t the  time, the  debate  was 
closely connected  to  w hat was know n as the 
‘dirty d o zen ’ o f pesticides, now re fe rred  to  as 
persisten t organic pollutants, o r POPs. In  
connec tion  to  this debate, research  on 
b iodegradability  an d  mobility, as well as o th e r 
characteristics o f pesticides, has been  
ongoing  since the  early 1960s.

A sim ilar debate em erged  in  E urope in  the 
early 1960s, following incidences o f foam ing 
in  rivers caused by the use o f  non- 
b iodegradable  detergents. T he soap and  
d e te rg en t industry  becam e actively involved 
in  efforts to  develop criteria  and  
m ethodology  for testing the persistency / 
degradability o f detergen ts (ASDA, 1965; 
Swisher, 1987) as d id  the O rganisation for 
E conom ic C o-operation an d  D evelopm ent 
(OECD, 1970).

I t w ould therefo re  ap p ear th a t industry  and  
regulators w ould have h ad  reason to  suspect 
th a t persistency could entail com plications 
w hen  p resen t in  com bination  with 
detrim en ta l p roperties. T he experience with 
pesticides an d  detergents provided scientific 
evidence th a t in  com bination  w ith certain  
o th e r chem ical p roperties, persistency could 
cause lasting undesirab le  effects, such as 
persisten t toxicity or foam ing rivers.

Based on  this, we may fu rth e r ask if a t the 
tim e o f the in tro d u c tio n  o f  MTBE th ere  were 
any indications th a t society was form ulating 
an d  im plem enting  responses to  address the 
issue o f  chem ical persistency com bined  with 
o th e r negative characteristics.

In  1978/79, an  OECD w orking g roup  o n  test 
m ethods for degradation  an d  accum ulation  
was fo rm ed  to p io n eer the developm ent of 
the  specific d e te rg en t m ethods in to  m ore 
genera l m ethods for m easuring persistency

(OECD, 1981). At these workshops, 
representatives from  governm ents, industry 
and  academ ia discussed the technical details 
o f the already accepted  concep t of 
persistency. As well as the  OECD, a n u m b er 
o f governm ental, industria l an d  n o n ­
governm ental organisations were active in 
developing standard  test m ethods for 
b iodegradability  during  the  1970s an d  the 
early 1980s (US EPA, 1979; ECETOC, 1982; 
ISO, 1984).

Persistency ap p eared  early in  the 
developm ent o f EU environm ental 
legislation as an  undesirab le  p roperty  o f a 
chem ical (E uropean  Com m ission, 1967 and  
1984). A ccording to the sixth am en d m en t 
(E uropean  Com m ission, 1979) to the  EC 
classification an d  labelling directive for new 
substances (E uropean  Com m ission, 1967) 
ad o p ted  in  Septem ber 1979, all new 
substances in ten d ed  to be m anufactu red  or 
m arketed  in  the  EU m ust be notified  to  the  
com peten t au thority  in  one  o f the M em ber 
States. This pre-m arketing  notification  m ust 
be accom panied  by a set o f  data on  the 
identity, use an d  properties o f the substance. 
T he size o f the  data  set is d ep e n d e n t on  the 
foreseen production-volum e o f the  substance 
involved. Together with toxicity, 
bioaccum ulative po ten tia l an d  suspected 
carcinogenicity, persistency could trigger a 
classification as ‘particularly  dangerous to  the 
env ironm en t’.

However, MTBE was n o t legally b o u n d  to 
these ‘new substance’ regulations, w hich only 
applied  to chem ical substances th a t were n o t 
m arketed  w ithin the EU in the  10 years p rio r 
to 18 S eptem ber 1981. Because MTBE had 
b een  m arketed  p rio r to this date, it was 
classified as an  ‘existing substance’ in  the EU. 
R egulations for the evaluation an d  contro l o f 
existing substances were ad o p ted  in  1993 
(E uropean  Com m ission, 1993). T he Finnish 
E nvironm ental Institu te  is currently  
conducting  the  risk assessm ent o f MTBE 
req u ired  u n d e r this regulation. D raft versions 
o f the risk assessment, already re fe rred  to, 
becam e available by the end  o f  2000. T he 
final version is expected  during  2001.

T he large am o u n t o f effort ded icated  to 
developing test m ethods for persistency 
indicates th a t a t the tim e society did in  fact 
deem  it im p o rtan t to identify persistency in  a 
chem ical. T he subsequen t inco rpo ra tion  in to  
law o f persistency as being  an  undesirable 
characteristic o f  a chem ical fu rth e r indicates 
th a t society was ind eed  p rep a red  to
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im p lem en t responses to  address the  im pact 
o f  chem ical persistency in  com bination  with 
o th e r negative characteristics.

At the  tim e it could have b een  expected  tha t 
the  pro jec ted  h igh  production-volum e o f 
MTBE w ould have given rise to concern . 
T hese concerns could  have p ro m p ted  fu rth er 
investigations, a lthough  th ere  was no  
req u irem en t a t the time. Such investigations 
w ould have revealed the  persistency o f MTBE 
to decision-m akers.

H ad  industry  an d  regulators taken  accoun t of 
the  persistency o f MTBE, it is reasonable to 
assum e th a t they could have considered  the 
following question: does MTBE exhib it any 
o th e r characteristic which, w hen com bined  
w ith persistency, requires a response by 
society due  to the  risks involved?

As has b een  m en tio n ed  previously, the  taste 
an d  o dour problem s associated w ith MTBE 
have b een  know n for a long time. These 
were, however, overlooked during  the 
screening  o f  MTBE. It seem s th a t the 
possibility th a t MTBE could pose a th rea t to 
groundw ater reservoirs was never considered. 
F u rtherm ore , the  carcinogenicity o f MTBE 
did  n o t start to  be investigated in  detail un til 
the  1990s and  the  classification o f  MTBE with 
regard  to carcinogenicity rem ained  
u n certa in  long after the  in tro d u c tio n  o f  the 
chem ical as a h igh  production-volum e 
chem ical. T h ere  is no  d o u b t th a t the 
in tro d u c tio n  o f a h igh  p ro d u c tio n  chem ical 
displaying a com bination  o f persistency, taste 
an d  o dour characteristics, po ten tia l 
carcinogenicity an d  o th e r adverse effects 
could  have sparked concern  in  the  early 
1980s. Studies should  therefo re  have been  
done  a t th a t time.

T he choice o f  MTBE as a long-term  
rep lacem en t to  lead in  p e tro l was n o t 
g ro u n d ed  in  p recau tion , as the  possible 
th reats associated w ith the choice w ere n o t 
adequately  characterised. By applying 
foresight, it could  have b een  possible for the 
petrochem icals industry  an d  regulative 
au thorities to identify th a t the persistency of 
MTBE could eventually becom e problem atic.

11.8.2. T he m odern-day perspective
O f all the  negative features o f MTBE, 
persistency is un ique  in  th a t it im plies 
irreversibility. A persisten t chem ical rem ains 
p resen t in  the  env ironm en t long after its use 
has b een  discontinued, thus dram atically 
increasing the  risk associated w ith a false

diagnosis o f know n detrim en ta l effects, and  
with o th e r de trim enta l effects o f w hich 
science is still unaw are. Indeed , the release of 
persisten t chem icals in to  the env ironm ent 
begs the following questions: should  a 
response be im p lem en ted  on  the  sole basis of 
persistency, and  should  persistency m otivate 
systematic, com prehensive an d  th o rough  
investigations o f  perceivable negative effects?

These questions are still p en d in g  today, b u t 
the  h igh  p rodu c tio n  volum e an d  the  h igh  
solubility o f MTBE should  definitely give rise 
to concern . T he list o f know n negative 
features o f  chem icals, o th e r th an  persistency, 
is still expanding. O nly now, for exam ple, are 
we beg inn ing  to  investigate the  m echanism s 
tha t induce  endocrine  d isruption. Should 
new info rm ation  becom e available 
associating any new negative effect to  a 
persisten t chem ical, the  financial and  
technological resources req u ired  for 
rem ed ia tion  are  likely to be ou t o f  reach  
once this chem ical is spread  th ro u g h o u t the 
environm ent.

In  this case the in te rp re ta tio n  o f  the 
p recautionary  p rincip le  is th a t the  risk of 
being w rong an d  the  po ten tia l consequences 
should  always be considered. In  the  case of 
persisten t chem icals, th a t risk is significantly 
g rea ter th an  w ith o th e r chem icals due to 
irreversibility. Lack o f full scientific 
u n derstand ing  o f  cause-effect relationships 
canno t be used as an  excuse to  postpone 
action. M oreover, scientific uncerta in ty  and  
ignorance w arran t p recau tionary  m easures.

11.8.3. A lternatives
T he p recau tionary  app roach  invokes the 
principle o f substitution, seeking ou t safer 
alternatives to potentially  harm fu l activities. 
T here  is n o  d o u b t th a t MTBE is a reasonably 
b e tte r op tion  th an  lead. However, because we 
have reason to  believe th a t there  could be 
irreversible d e trim en ta l effects associated 
with the use o f  MTBE, we also have to 
investigate substitu tion as an  alternative to 
risk reduction . T here  are alternatives to 
MTBE an d  it is likely th a t m ore  could  be 
discovered if sufficient research  were 
conducted  in  this direction. Thus, the  
im p o rtan t follow-up question  in  the 
im plem enta tion  o f the  p recautionary  
approach  is: w hat is the  status o f  the 
alternatives to MTBE? T he m ost recen t 
accoun t is p resen ted  in  the EU re p o rt o n  risk 
redu c tio n  d rafted  in  connection  with the risk 
assessm ent (Finnish EPA, 2001)
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T he m ost com m only considered  alternatives 
to  MTBE include o th e r oxygenates, 
im proved engine technology an d  altered  
p e tro l com position  (M orgenro th  an d  Arvin, 
1999; CEC, 1998).

O th e r oxygen-containing com pounds 
inc lude  ethanol, ETBE (ethyl tert-butyl 
e th e r), TAME (tert-amyl m ethyl e th e r), and  
DIPE (di-isopropyl e th e r). However, o th e r 
oxygenates could  also have adverse im pacts 
on  the environm ent. For exam ple, the area 
o f  agricultural land  req u ired  to  grow the 
p lan t m atter for the  p ro d u c tio n  o f biological 
e thano l would be significant an d  the 
ecological im pact o f the  fertilisers and  
pesticides req u ired  to p roduce  this crop n eed  
to  be considered. M oreover, e thano l 
p ro d u c tio n  requires considerable am ounts of 
energy an d  this op tion  may n o t lower 
g reenhouse  gas emissions significantly w hen 
the  en tire  p ro d u c tio n  cycle is considered. 
O th e r e thers could have h ealth  effects sim ilar 
to  those o f MTBE which, as we have no ted , 
are  n o t fully understood .

A n o th er alternative is the  in tro d u c tio n  of 
vehicles w ith im proved engine technology, 
such as gasoline d irect in jection  (GDI). At 
p a r t load, GDI does n o t requ ire  as h igh  an  
octane ra ting  as conventional engines. At full 
load  however the  differences are  n o t as 
im portan t. W ith the redu c tio n  o f the  
arom atics in  pe tro l being  called for in  
E urope, the  add ition  o f oxygenates would 
rem ain  necessary even with im proved engine 
technology.

A n o th er widely considered  alternative could 
be to  im prove the  com position o f the petro l. 
A n increase in  the  octane ra ting  o f the  petro l 
could  be achieved by changing the  structure  
o f  the  ‘b ran ch  a lkanes’ in  petro l. This op tion  
may however be opposed  by the 
petrochem icals industry, as it w ould imply 
process changes a t the  refinery, entailing 
m ajor investm ent costs.

T he use o f  MTBE as a pe tro l additive to 
reduce  em issions o f  pollu tan ts from  m oto r 
vehicles is indicative o f  a deep er issue of 
w hich MTBE is only the sym ptom . As 
countries like Ind ia  and  C hina pursue  the 
process o f industrialisation, it is clear th a t 
fu tu re  generations can n o t afford to  opera te  a 
mass transit system resu lting  in  the em ission 
ofV O Cs, CO, carbon  dioxide, NOx an d  o ther 
pollutants. A lthough the above m en tio n ed  
alternatives could im prove the cu rren t 
situation, it is n o t likely th a t the  benefits they

provide will be significant eno u g h  to m eet 
the needs o f  fu tu re  generations. Thus, the 
p recau tionary  p rincip le  w ould now  beckon  
us to invest seriously in  the  developm ent of 
alternatives entirely  d ifferen t from  the ones 
considered  above.

In  this respect, som e E uropean  governm ents 
have been  advocating a response d irected  at 
the very driving forces th a t lead to 
environm ental degradation . In  essence, they 
are question ing  the  basic n eed  for a mass 
transit system. For exam ple, the  position  of 
the cu rren t governm ent in  D enm ark  is th a t 
w ith advances in  com m unication  
technologies, personal vehicles are 
increasingly becom ing  a ‘w an t’ versus a 
‘n e e d ’. They have th erefo re  enacted  various 
econom ic policies th a t aim  to discourage 
citizens from  driving personal vehicles.

A no ther p o in t o f view is th a t society will 
always have a n eed  for a m eans o f rap id  
transporta tion , b u t th a t a radical shift in  
engine technology can elim inate the 
pressures exerted  on  the  env ironm en t by 
personal transport. O ne  exam ple o f such a 
technological in terven tion  is the  hydrogen 
fuel cell. T he  em ission by-products o f  this 
system are lim ited to  oxygen an d  water. Pilot 
projects using hydrogen-based fuel cell buses 
have been  set up , for exam ple, in  Chicago 
and  Vancouver.

A feature o f all these options is th a t n o n e  of 
them  has b een  investigated to the  p o in t 
w here they could be im p lem en ted  on  a wide 
scale in  the  sh o rt term . As we are currently  
realising the problem s associated w ith the use 
o f MTBE, foresight w ould beckon us to 
actively research  an d  develop alternatives to 
this option.

11.8.4. C ost-benefit analysis
A cost-benefit analysis should  ideally 
inco rpo ra te  all costs an d  all benefits —  or a 
reasonable approx im ation  thereof. In  the 
face o f ignorance, a cost-benefit analysis is of 
only lim ited value to decision-m akers and  
cannot, o f itself, form  the sole basis for a 
policy decision. Nevertheless, a systematic 
an d  com prehensive assessm ent o f all the 
options can serve as an  im p o rtan t tool for 
the ir relative assessment, even u n d e r 
situations o f partia l ignorance.

A cost-benefit analysis on  the use o f MTBE in 
California was conducted  in  1998 (Keller et 
aí, 1998a). T he analysis exam ined  the 
hu m an  h ealth  benefits derived from
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contro lling  air pollu tion , an d  th en  analysed 
the  costs associated w ith the use o f MTBE 
across the following categories:

• h u m an  h ealth  costs due to an  increase in  
cancer cases caused by air po llu tion  from  
MTBE an d  its com bustion by-products 
(aldehydes);

• costs o f  averting h u m an  h ea lth  dam ages 
th ro u g h  w ater trea tm en t o r by using 
alternative w ater supplies;

• d irec t costs paid  by the consum ers in  the 
form  o f increased p e tro l prices as well as 
decreased pe tro l efficiency due to the 
oxygenates;

• m on ito ring  costs;
• recreational costs;
• ecosystem dam age.

T he analysis com pared  the costs an d  benefits 
o f  using MTBE, o f  using e thanol, an d  o f  the 
use o f non-oxygenated p e tro l with e ither 
to luene  o r iso-octane. C onventional pe tro l 
sold p rio r to the  in trod u c tio n  o f RFC was 
used  as a baseline com parison.

T he air quality benefits associated w ith the 
th ree  options were essentially the  same, as all 
form ulations achieve approxim ately  the  same 
red u c tio n  in  CO and  ozone precursors 
emissions. T he air quality benefits o f the 
th ree  options were estim ated to  be relatively 
m inor, betw een USD 14 m illion an d  USD 78 
m illion  p e r year.

T he w ater trea tm en t costs associated with 
MTBE m ade it the  m ost expensive option, 
w hen  all costs were considered. Based on  an  
estim ate o f  the n u m b er o f  g roundw ater 
supplies an d  surface w ater reservoirs 
curren tly  contam inated  w ith MTBE, the 
estim ated aggregate cost o f w ater trea tm en t 
in  C alifornia was found  to be betw een USD 
340 m illion an d  USD 1 480 m illion p e r year. 
T hese costs were based o n  the  prem ise tha t 
con tam inated  w ater would be trea ted  to a 
concen tra tion  below 5 g/1 using granu lar 
activated carbon. As described earlier, there  
m ay be cheaper m ethods. For n o n ­
oxygenated pe tro l an d  e thano l blends, the 
d ifferential cost o f rem ed ia tion  a n d /o r  w ater 
trea tm en t relative to conventional pe tro l 
w ould be small. O th e r im p o rtan t costs 
associated w ith the use o f  MTBE included  the 
d irec t price paid  by consum ers for 
oxygenated pe tro l (USD 435 m illion to  USD 
1 055 m illion p e r year), an d  the po ten tia l loss 
o f  recreational boating  activities in  o rd e r to 
p reven t this source o f  MTBE con tam ination  
o f  surface w ater reservoirs (USD 160 m illion

to USD 200 m illion p e r year). T he re p o rt 
concluded  th a t non-oxygenated petro l 
achieves air quality objectives a t the least cost, 
followed by ethanol-based pe tro l 
form ulations.

Given the ignorance su rround ing  our 
u n derstand ing  o f the h ea lth  effects o f  MTBE, 
a cost-benefit analysis will always be 
provisional. I t is possible th a t m any po ten tia l 
costs still rem ain  unknow n to us. For 
exam ple, if  new  info rm ation  becam e 
available establishing a clear link betw een the 
use o f  MTBE an d  an  increase in  asthm a 
occurrences, the h ea lth  costs associated with 
the op tion  o f MTBE would increase 
significantly. O n  the  o th e r hand , if  new 
info rm ation  showed th a t MTBE could be 
degraded  in  m unicipal waterworks, the  costs 
associated w ith MTBE could decrease 
significantly.

But on  the basis o f  w hat is currently  known 
with reasonable certainty, w ater trea tm en t 
costs m ake MTBE a very expensive option . 
Furtherm ore , if  we assum e a worst-case 
scenario for the h ea lth  effects o f  using 
MTBE, the cost o f  correction  o f  dam age 
would increase even further, far outw eighing 
the cost o f prevention . It is widely ag reed  tha t 
in  the  pursu it o f the p recautionary  princip le, 
the  cost o f any precau tionary  m easures taken 
should  be p ro p o rtio n a te  to the  benefits tha t 
can be achieved by them . T he potentially  
very h igh  costs associated with MTBE would 
therefo re  justify a proportionate ly  costly 
response.

It rem ains u nclear who should  be held  
responsible for the  costs in cu rred  as a result 
o f the  use o f  MTBE. O u r analysis suggests 
th a t b o th  industry  an d  society (rep resen ted  
by regulators) were short-sighted in  the ir 
decision to  replace lead in  pe tro l w ith MTBE. 
Because o f this, it is difficult to single ou t who 
will bear the cost for the response. W ho is the 
polluter, who should  pay? U ntil now, the 
m ajority o f the  costs associated with the use 
o f MTBE have b een  b o rn e  by society in  the 
form  o f risk reduction , water trea tm en t or 
alternative w ater supply costs, costs to 
industry carried  over to consum ers and  
h u m an  h ea lth  costs. T he consequences of 
any decision re lating  to ou r mass transit 
system will be far reaching. Because o f this, 
foresight w ould now beckon society to select 
those alternatives to MTBE th a t are  based on 
best environm ental practices, even if  these 
alternatives are  m ore  costly in  the sho rt term . 
T he alternatives selected m ust be the best for
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the  needs o f  the  p resen t day an d  for the 
needs o f  the future.

11.9. Conclusion

By applying foresight a t the tim e o f the 
in tro d u c tio n  o f MTBE, it could  have been  
possible to p red ic t th a t the  persistency of 
MTBE would eventually be deem ed  
problem atic  by society. T he persistency, 
m obility and  h igh  p ro d u c tio n  volum e o f 
MTBE should  have p ro m p ted  systematic, 
com prehensive investigations in to  
perceivable adverse characteristics o f the 
substance. This could have identified  taste 
an d  odour problem s an d  suspicions of 
carcinogenicity  o f  MTBE a t an  earlier stage, 
an d  could  have acquitted  the  chem ical o r 
confirm ed suspicions.

T he risk to g roundw ater due to persistency 
an d  the strong  o d o u r an d  taste o f MTBE was 
igno red  for a long tim e b u t has now been  
recognised. T he classification o f  MTBE with 
regards to its carcinogenicity rem ains 
uncerta in , long after its in tro d u c tio n  as a 
h igh  production-volum e chem ical. A state of 
n ea r ignorance characterises ou r knowledge 
o f  the  possible endocrine  d isrupting  and  
asthm a inducing  effects o f MTBE. A dditional 
research  is still recom m ended  in  these areas.

Because o f its persistency in  groundw ater, the 
use o f MTBE poses an  ongoing, everlasting 
risk o f having irreversible adverse effects. 
T hese adverse effects could com e in the form  
o f know n effects such as taste an d  odour in  
con tam inated  d rink ing  water, as well as in  the 
form  o f presently  unknow n adverse effects.

T he key question o f  p rincip le  is: does 
persistency alone, w ithou t ind ication  o f o ther 
adverse effects, give reason to apply the 
precau tionary  principle? It seems reasonable 
to conclude th a t systematic, com prehensive 
and  th o ro u g h  investigations in to  all known 
possible adverse effects should  be exercised 
before any release o f  large volum es o f a 
persisten t chem ical in to  the environm ent. 
These investigations shou ld  be reo p en ed  and  
p u rsued  as new categories o f adverse effects 
are  discovered. It also seems reasonable to 
answer that, because persisten t chem icals 
expose us an d  fu tu re  generations to a variety 
o f possible negative effects o f  w hich we are 
still ignoran t, alternatives to the  use o f 
persisten t chem icals should  be sough t ou t 
w henever possible. T here  are  now  a 
considerable n u m b er o f  exam ples of 
persisten t chem icals (including 
ch lorofluorocarbons, polychlorinated  
biphenyls and  tributyltin) th a t caused 
unw elcom e ‘surprises’ with serious 
consequences.

Foresight beckons us to investigate 
alternative decisions thoroughly  an d  to 
reconsider these alternatives w hen we realise 
the lim itations o f the  c u rren t decisions. Best 
environm ental practices, like risk reduction , 
should  be pursued . D ue to the  possibility o f 
risk redu c tio n  being  insufficient, research  
an d  developm ent in to  alternatives should  be 
actively encouraged  in  o rd e r to re n d e r  them  
feasible as soon as possible. Such th o rough  
investigations ensure th a t decisions are 
robust an d  flexible so th a t they may be 
adap ted  to  un fo reseen  circum stances in  the 
fu ture. Thus, foresight, em bodied  in  the 
p recau tionary  princip le, is the  g u aran to r o f 
futurity w ithin the  concep t o f sustainability.
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MTBE: early w arnings and actions Table 11.1.

1954 First scientific p a p e r  d e m o n s t r a t e s  low b iodegradab i l i ty  of th e  e th e r  family In w a te r

1960 Information a b o u t  t a s te  and  o d o u r  In w a te r  and  low b iodegradab i l i ty  available In t e x tb o o k

1990 First Indications of  th e  po tentia l  for g r o u n d w a te r  pollution with MTBE at  labo ra to ry  scale

1990 Significant Increase In use of MTBE In th e  United S ta te s  d u e  to  a m e n d m e n t s  to  th e  Clean Air Act

1990 C o m p reh en s iv e  Investigations of  carcinogenicity  Initiated In th e  1990s

1995 MTBE d e t e c t e d  In wells tha t  supp l ied  drinking w a te r  In Santa  Monica, California. T h ese  had to  be  
closed  and  th e  city lost 71 % of Its local w a te r  supply

1996 C o n c e rn s  b e c o m e  w id e s p re a d  following a US Geologica l  Survey repo r t

1997 Field s tu d ie s  d e m o n s t r a te  th a t  MTBE Is highly so luble , mobile and  pers is ten t  and  th e re fo re  a 
potentia l  risk to  g ro u n d w a te r

1998 A Danish EPA re p o r t  ac k n o w le d g e s  th a t  th e  g o v e rn m e n t  w as Informed In 1990 tha t  MTBE might 
give rise to  g ro u n d w a te r  p ro b lem s  and  p re se n t s  an action plan for MTBE rem ed ia t ion  and  risk 
reduction

1999 California r e c o m m e n d s  removal  of MTBE from petrol  as s o o n  as poss ib le ,  bu t  not  later than  end  
2002

2000 Indications th a t  MTBE m ight  be  linked to  as th m a  In so m e  US cities

2000 Indications th a t  MTBE m ight  be  an endoc r ine  d isrup te r

2000 US EPA a n n o u n c e s  tha t  s t e p s  will b e  taken  to  significantly re d u c e  or  eliminate  MTBE as a petrol 
additive

2000 Danish EPA p laces MTBE on Its list of  undes irab le  su b s ta n c e s

2001 EU repor ts  on analysis of  risks and  risk reduc t ion  re la ted  to  MTBE. E uropean  Chemicals  Bureau 
d e c id e s  th a t  MTBE should  no t  be  classified as a carc inogen

2001 The d e b a t e  g o e s  on
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12. The precautionary principle and 
early warnings of chemical 
contamination of the Great Lakes

Michael Gilbertson

12.1. The first significant early 
warnings

T he grow th o f chem ical m anufactu ring  an d  
use o f  o rganoch lo rine  com pounds in  the 
20th cen tury  has resu lted  in  global 
con tam ination  w ith a wide variety o f toxic 
an d  persisten t o rganoch lo rine  residues. 
Probably the  m ost significant ‘early w arn ing’ 
was the pub lication  o f  Silent spring by R achel 
C arson (1962). This book  com piled  the 
existing evidence o f previous early w arnings 
o f  the  effects o f  o rganoch lo rine  pesticides on 
fish an d  wildlife an d  w arned  particularly  of 
the  th rea t posed by these chem icals in  
re la tion  to cancer in  hum ans.

O ne  area  o f N orth  A m erica w here the 
scientific an d  policy im plications o f 
o rganoch lo rine  con tam ination  have been  
intensively studied, particularly  since the 
pub lication  o f  Silent spring, is the  G reat Lakes 
basin. T he U nited  States an d  C anada share a 
boundary  in  four o f the  five G reat Lakes. 
Early w arnings o f the con tam ination  o f this 
large ecosystem cam e from  a variety of 
sources, n o t only as chem ical analytical 
observations o f the  p resence o f residues of 
these o rganoch lo rine  com pounds, b u t also as 
observations o f effects on  populations o f wild 
organism s, an d  particularly  p redato ry  birds.

T he first analytical results o f the  p resence of 
o rganoch lo rine  com pounds in  organism s in  
the  G reat Lakes were pub lished  by D r Joseph  
Hickey an d  co-workers an d  concerned  the 
b ioaccum ulation  o f DDT (d ich lorodiphenyl 
trich lo roe thane) an d  m etabolites, and  
d ie ld rin  in  a Lake M ichigan food chain 
(Hickey et al., 1966). A dditional 
o rganoch lo rine  pesticides includ ing  lindane, 
heptachlor, a ld rin  and  e n d rin  were iden tified  
in  sam ples o f  Lake Erie w ater (Pfister et al.,
1969). A fter the  discovery o f  polychlorinated  
biphenyls (PCBs) in  a white-tailed sea eagle 
in  Sweden (Jensen, 1966), analytical m ethods 
were developed to  detec t the  presence o f 
PCBs (Reynolds, 1969) in  G reat Lakes 
samples. Subsequent application  o f these 
m ethods led to  the  find ing  o f 
hexach lo robenzene in  sam ples o f eggs of

com m on terns from  H am ilton  H arbour, 
O n tario  (G ilbertson an d  Reynolds, 1972). 
T he flam e re ta rd an t an d  pesticide m irex  was 
subsequently  iden tified  in  fish sam pled from  
Lake O ntario  (Kaiser, 1974).

T he first repo rts  o f the effects o f 
o rganoch lo rine  com pounds on  G reat Lakes 
popu lations o f birds were those o f D r Jo sep h  
H ickey’s students and  co-workers (Keith, 
1966; Ludwig an d  Tomoff, 1966) who 
do cum en ted  the effects o f DDT an d  
m etabolites, and  d ie ld rin  on  rep ro d u c tio n  
an d  m ortality in  Lake M ichigan h errin g  gulls. 
Previous observations o f the  decline in  the 
p o pu la tion  an d  reproductive failure o f 
F lorida bald  eagles h ad  b een  published 
(Broley, 1952; Broley, 1958) b u t research  on 
G reat Lakes bald  eagles d id  n o t start un til the 
mid-1960s, by w hich tim e m ost o f  the 
pop u la tio n  had  b een  destroyed (S p ru n t et al., 
1973). T he first observation o f changes in  
eggshell quality was rep o rted  by naturalists 
visiting P igeon Island in  Lake O n tario  in  
1963 (Edwards et al., 1963) w hen two soft- 
shelled  eggs w ere found  in  the  n est o f a pair 
o f  double-crested corm orants. T he first 
pub lished  observation o f  a defo rm ed  chick of 
a G reat Lakes fish-eating b ird  was o f a 
juven ile  bald  eagle (Grier, 1968). Systematic 
studies o f the  incidence o f deform ities in  the 
chicks o f  various species o f  colonial fish- 
eating  b ird  were u n d ertak en  in  the early 
1970s (G ilbertson et al., 1976). In  the mid- 
1960s, th ere  was an  ou tb reak  o f ad u lt an d  kit 
m ortality  in  ranch  m ink  th a t fed on  fish from  
the  G reat Lakes th a t h ad  serious effects on 
this econom ic activity (H artsough, 1965).

C oncerns ab o u t the  possible effects o f 
o rganoch lo rine  com pounds on  h u m an  
h ea lth  were first addressed  in  1974 in  a 
co h o rt o f G reat Lakes fisherm en (H um phrey,
1983). C onsum ption  o f contam inated  fish 
resu lted  in  elevated levels o f PCBs in  hum ans 
b u t was n o t associated w ith any recognised 
acute effects in  fish eaters. These concerns 
w ere h e ig h ten ed  in  the spring o f 1978, w hen 
Lois Gibbs, a residen t living in  a housing 
developm ent bu ilt nex t to  the Love Canal, 
N iagara Falls, New York started  to  investigate
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the  incidence o f diseases in  h e r  com m unity 
an d  the  possible rela tionsh ip  to  the 20 000 
tonnes o f toxic wastes th a t had  b een  disposed 
o f  in  the canal by the H ooker Chem ical 
C om pany du ring  the  previous 20 years. 
T hese inquiries set off a series o f psycho­
social dynamics w ithin families, am ong 
w orkers, an d  betw een com m unities and  
institu tions such as the  local university, 
hospitals, churches and  the  m edical 
p rofession (Levine, 1982). O u t of 
desperation , Lois Gibbs organised  h e r 
n e ighbours in to  the  Love Canal 
H om eow ners Association an d  struggled for 
m ore  th an  two years for relocation . O pposing 
the  g ro u p ’s efforts, though, were the 
chem ical m anufacturer, O ccidental 
P etro leum  w hich h ad  b o u g h t the  H ooker 
C hem ical Company, an d  local, state and  
federal governm ent officials w ho insisted tha t 
the  leaking toxic chem icals, includ ing  dioxin, 
the  m ost toxic chem ical known, were n o t the 
cause o f  h igh  rates o f b irth  defects, 
m iscarriages, cancers an d  o th e r h ealth  
problem s. Finally, in  O ctober 1980, P residen t 
Jim m y C arter delivered an  Em ergency 
D eclaration w hich m oved 900 families from  
this hazardous area  an d  signified the victory 
o f  this grassroots m ovem ent. In  1981, Lois 
Gibbs resp o n d ed  to  the  growing public 
p e rcep tio n  o f the  pervasive n a tu re  o f the 
con tam ination  an d  created  the C en ter for 
H ealth , E nv ironm ent an d  Justice (form erly 
Citizens C learinghouse for H azardous 
W astes), an  organisation th a t has assisted 
m ore  th an  8 000 grassroots groups with 
organisational, technical an d  general 
in fo rm ation  nationw ide.

In  1980, based on  the concerns raised in  the 
prelim inary  studies o f  elevated levels o f PCBs 
in  fish eaters as well as the  concerns a t the 
Love Canal, a co h o rt o f infants was 
established to investigate the  developm ental 
effects o f  m aternal consum ption  o f  Lake 
M ichigan fish contam inated  with persisten t 
toxic substances. A t b irth , infants exposed to 
the  h ighest levels o f  PCBs w eighed less and  
h ad  sm aller head  circum ferences (Fein et al.,
1984) an d  exhib ited  one o r m ore 
behavioural deficits (Jacobson et al., 1984). 
Subsequent assessm ent an d  testing ind icated  
th a t the  grow th re ta rd a tio n  was irreversible, 
an d  th a t th ere  were effects on  short-term  
m em ory a t seven m on ths an d  a t four years, 
an d  effects on  a tten tio n  (Jacobson et al., 
1990; Jacobson  an d  Jacobson, 1993). Testing 
a t 11 years o f  age ind icated  th a t the  ch ild ren  
m ost highly exposed in utero had  IQ  scores 
th a t were m ore  th an  six points below the

reference  g roup  (Jacobson and  Jacobson, 
1996). T he strongest effect was on  m em ory 
and  a tten tion , an d  the  m ost highly exposed 
ch ild ren  were th ree  tim es m ore  likely to  have 
low average IQ  scores and  twice as likely to  be 
at least two years beh in d  in  read ing  
com prehension .

12.2. Date and nature of subsequent 
action or inaction

T he info rm ation  abou t the  p resence and  
effects o f o rganoch lo rine  chem icals in  the 
G reat Lakes in  the  1960s h ad  been  
foreshadow ed n o t only by the publication  of 
Silent spring in  1962, b u t also by surveys in  the 
U nited  K ingdom  o f the  risks to workers 
applying pesticides (1951), residues in  food 
(1953) and  risks to wildlife (1955) (cited in 
Cook, 1964). In  1961 the au thorities decided 
on  a voluntary b an  o n  the use o f  aldrin, 
d ie ld rin  an d  hep tach lo r for seed dressing for 
spring-sown cereals. F u rther restrictions were 
decided  in  1964 based on  the observations o f 
h igh  m ortality o f seed-eating birds an d  the 
w idespread decline o f the  pereg rin e  falcon 
(Ratcliffe, 1972). These moves were opposed 
by the Shell C hem ical C om pany w hich stated 
(Robinson, 1967): ‘the  correlations betw een 
the  tim e o f usage o f a ld rin /d ie ld r in  an d  the 
declines in  populations are difficult to assess 
as th ere  is insufficient quantitative data  which 
can be used to  establish precise relationships 
for any o f the rap to r species. I t is im possible 
from  these surveys to establish, in  a rigorous 
m anner, the n a tu re  o f the rela tionsh ip  
betw een the usage o f a ld rin /d ie ld r in  and  the 
b reed ing  status o f the  pereg rine  falcon .’

This scepticism  was m irro red  on  the  o th e r 
side o f the  Atlantic. L inda Lear (1997), in  
h e r  b iography o f R achel Carson, has detailed 
the  in tense controversy su rro u n d in g  the use 
o f  o rganoch lo rine  pesticides in  the  1950s and  
1960s and  the  partisan  review o f the US 
N ational Academ y o f Sciences N ational 
R esearch C ouncil in  its highly controversial 
re p o rt en titled  ‘Pest con tro l and  wildlife 
re la tionsh ips’. T he serialised publication  of 
parts o f Silent spring in  the  New Yorkerin 1962 
resu lted  in  a le tte r from  genera l counsel o f 
the  Velsicol C hem ical C om pany to H ou g h to n  
Mifflin, pub lisher o f Silent spring, th rea ten ing  
legal action  unless the  last instalm en t in  the 
New Yorkerwas cancelled (Lear, 1997). After 
pub lication  o f Silent spring, the N ational 
A gricultural Chem icals Association (NACA) 
p ro d u ced  an d  d istribu ted  a critical 
in fo rm ation  book let en titled  ‘Fact an d  fancy’ 
an d  sen t it w ith letters to  editors o f  m agazines
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an d  new spapers indicating  th a t fu tu re  
advertising revenues m igh t be affected if 
Silent springwere to receive favourable reviews 
(Lear, 1997).

In  N ovem ber 1963 th ere  was a massive fish 
kill in  the lower Mississippi River th a t was 
eventually traced  to the  organoch lo rine  
pesticide en d rin  an d  its chem ical 
m anufactu ring  by Velsicol Chem ical 
C om pany a t M em phis. T he political response 
was to  stim ulate the  p ro d u c tio n  o f a draft 
C lean W ater Bill an d  a precau tionary  ru ling 
by Stewart U dall as Secretary o f the 
D ep artm en t o f the  In te rio r p roh ib iting  the 
use o f pesticides w here th ere  was a 
reasonable  d o u b t ab o u t safety (Lear, 1997). 
B ut even four years later, the  Shell Chem ical 
C om pany (1967) pub lished  a re p o rt tha t 
stated: ‘T he im plication o f e n d rin  in  the  
1963 Mississippi River fish kill has n o t been  
verified by recen t stud ies’.

T he au thorities in  the U nited  States were 
re lu c tan t to take action  an d  the US 
D ep artm en t o f  A griculture responsible for 
reg istra tion  o f  pesticides ten d ed  to align itself 
w ith the  pesticide m anufacturers and  the 
farm ers. A suit b ro u g h t by Victor Y annacone 
in  1966 on  b eh a lf o f  the B rookhaven Town 
N atural Resources C om m ittee to  stop the use 
o f  DDT by the Suffolk County (Long Island, 
New York) M osquito C ontro l Com m ission, 
led  to the  fo rm ation  o f the  Environm ental 
D efense Fund in  1967. This g roup  o f lawyers, 
scientists and  econom ists eventually b ro u g h t 
a suit against the  US D ep artm en t of 
A griculture, first in  W isconsin and  
subsequently  in  W ashington, DC, to cancel 
the  reg istration  o f DDT. Responsibility for 
pesticide reg istration  was transferred  to  the  
newly fo rm ed  US E nvironm ental P ro tection  
Agency, an d  the  E nvironm ental Defense 
F und  suit eventually led  to jud ic ia l 
adm inistrative decisions to suspend the 
registrations o f  DDT, in  1972, an d  dieldrin , in  
1973. In  C anada, Professor D onald  C han t 
(1969), on  b eh a lf o f the  newly form ed 
Pollu tion  P robe at the  University o f  Toronto, 
successfully p e titioned  the  M inister o f H ealth  
an d  W elfare an d  the M inister o f A griculture 
to  ban  DDT an d  rela ted  pesticides. These 
national decisions h ad  an  im m ediate effect 
on  the  concen tra tions o f o rganoch lo rine  
pesticides in  the  G reat Lakes env ironm ent 
th a t was reflected  in  gradual im provem ents 
in  the status an d  rep ro d u c tio n  o f  bald  eagles 
(Grier, 1982).

O th e r national an d  in te rna tiona l decisions 
were being m ade th a t affected the 
concen trations o f  o rganoch lo rine  
com pounds in  the G reat Lakes. T he 1972 
Federal W ater Pollu tion  C ontro l Act laid the 
groundw ork  for regulating  p o llu tan t 
discharges in to  US waters. In  C anada, the 
1970 revisions to the Fisheries Act were being 
used to im p lem en t federal controls o n  w ater 
pollu tion. In  1970, M onsanto, as the  sole 
m anufactu rer o f PCBs in  N orth  Am erica, 
an n o u n ced  th a t it was restricting the sale of 
PCBs for o p en  uses, such as adhesives, 
sealants, ch lo rinated  rubber, special paints 
and  fire-resistant hydraulic fluids (M onsanto, 
1970).

At the reg ional level, the  governm ents o f the 
U nited  States an d  o f C anada h ad  re fe rred  
the m atter o f the po llu tion  o f the lower G reat 
Lakes to the In te rn a tio n a l Jo in t Com m ission 
(IJC). W hile the  prim ary concern  in  the 
1960s was eu troph ica tion  o f the G reat Lakes, 
particularly Lake Erie, the  re p o rt o f  the IJC 
(1969) drew a tten tion  to  the p resence of 
organoch lo rine  com pounds in  fish and  
wildlife. T he re p o rt led  to  the  nego tia tion  of 
the 1972 G reat Lakes W ater Quality 
A greem ent signed by P residen t N ixon and  
Prim e M inister Trudeau. In  the  1970s, new 
info rm ation  ab o u t the  p resence an d  effects 
o f persisten t toxic substances in  the  G reat 
Lakes was affecting the political and  
regulatory  processes in  bo th  countries. For 
exam ple, the  find ing  o f m irex  in  Lake 
O ntario  fish (Kaiser, 1974) led  to a New York 
State p ro h ib ition  o f  the possession o f  fish 
caugh t in  Lake O ntario . This p recau tionary  
app roach  was, however, m et with such 
flagran t violation o f  the regu lation  th a t it was 
rescinded  after only a few m onths.

Similarly, w hen the G reat Lakes W ater 
Quality A greem ent was renego tia ted  in  1978, 
it included  a precau tionary  policy which 
stated th a t ‘the d ischarge o f any or all 
persisten t toxic substances be virtually 
e lim inated’. However the  politics o f  the 
1980s were very different, in  b o th  countries, 
from  those o f the  1970s w hen the  G reat 
Lakes W ater Quality A greem ent was 
renegotia ted . T he statem ents ab o u t the 
effects o f  persisten t toxic substances on  G reat 
Lakes wildlife an d  hum ans were m e t with 
scepticism  by governm ent officials and  
dem ands for p ro o f o f  a causal relationship  
before ‘massive’ app rop ria tions and  
expend itu res o f  public o r private funds on 
rem edial works.
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1 2.3. Consequences of institutional 
responses

T he past 30 years have b een  a period  in 
w hich these institu tional responses have led 
to  significant im provem ents in  w ater quality 
in  the  G reat Lakes an d  particularly in 
re la tion  to decreases in  the  sources, loadings 
an d  concen trations o f persisten t toxic 
substances. Early in  the  process, ind icator 
organism s, such as lake tro u t an d  the eggs o f 
h e rrin g  gulls (Pekarik and  W eseloh, 1998) 
w ere selected an d  analysed to follow the 
trends in  concentrations. T he evidence from  
these analyses dem onstra te  th a t the 
concen tra tions decreased m arkedly betw een 
a b o u t 1975 an d  the early 1980s (Stow et al.,
1999). T he trends in  concen trations have 
generally followed a first o rd e r decline, and  
while technically the decreases con tinue  at 
the sam e logarithm ic rates, in  practice the 
curves have becom e non-zero  asym ptotes at 
concentrations th a t are  still o f toxicological 
significance.

For exam ple, the  p resen t concen trations of 
PCBs in  w ater are ab o u t two orders o f 
m agn itude  h ig h er th an  the established w ater 
quality criterion  for the  p ro tec tion  o f  h u m an  
h ealth  based on  a cancer risk assessment.
T he changes in  the politics in  b o th  countries 
in  the  1980s do n o t seem  to have led  to the  
level o f con tro l o f releases o f o rganoch lo rine 
com pounds or to the clean-up o f non -po in t 
sources, such as contam inated  landfill sites, 
sedim ents an d  atm ospheric  emissions, tha t 
are req u ired  to  p ro tec t h u m an  health . T he 
question rem ains w hether p resen t levels are 
affecting h u m an  developm ent an d  w hether 
the effects are  serious en ough  to w arran t 
im plem enting  the stringen t requ irem en ts of 
the G reat Lakes W ater Quality A greem ent, 
particularly  concern ing  resto ra tion  o f water 
quality.

In  1990, the late Dr H elen  Daly set up  a team  
to replicate the  Lake M ichigan 
epidem iological studies by establishing a 
co h o rt cen tred  on  Oswego, New York and  
com prised o f  infants whose m others had  
ea ten  Lake O ntario  fish. W hile the 
researchers d id  n o t find the  same 
relationship  betw een m aternal fish 
consum ption  p rio r to  pregnancy an d  effects 
on  body w eight an d  h ead  circum ference, the 
sam e behavioural effects were observed 
(Lonky et al., 1996). In  addition , based on  ra t 
studies (Daly, 1993), it was shown th a t the 
infants o f the  m others with the h ighest fish 
consum ption  could n o t ad ap t to frustrating

events. Subsequent chem ical analytical 
determ inations have shown the  specific 
re la tionsh ip  betw een these behavioural 
anom alies an d  p renata l exposures to  the 
highly ch lo rinated  biphenyls (Stewart et al., 
2000 ).

To address the  pervasive scepticism  o f the 
1980s and  1990s, a small g roup  o f scientists 
started  applying new m ethods (Fox, 1991) 
for in tegrating  evidence to  in fer causal 
relationships betw een the observed injury to 
wildlife an d  h u m an  hea lth  an d  exposures to 
persisten t toxic substances. This process has 
resu lted  in  a series o f case studies linking the 
effects in  a variety o f organism s, including  
hum ans, w ith specific chem ical causes 
(reviewed in  G ilbertson, 1996. T here  has, 
however, b een  a variety o f objections to this 
approach . For exam ple, O ’B rien (1994) has 
objected  th a t the approach  is n o t 
precautionary. T he precau tionary  principle 
is, by definition, applicable to  circum stances 
in  w hich th ere  is a h igh  degree o f 
uncertainty. T he application  o f  this a posteriori 
process is designed to reduce  uncerta in ty  
using all the  existing evidence to  infer a 
causal relationship , thereby  p rec lud ing  the 
special n eed  for applying the p recautionary  
p rincip le.

Similarly, the  application  o f post-norm al 
science (Funtowicz an d  Ravetz, 1993) to  the 
im p lem en ta tion  o f the  G reat Lakes W ater 
Quality A greem ent, based on  the  prem ises of 
system com plexity an d  uncertainty, has 
recently  resu lted  in  a singular legitim acy for 
m ulti-causal ecological statem ents (Shear, 
1996; H artig  et al., 1998; D onahue, 1999). 
This supposed  com plexity and  uncerta in ty  
has n o t been  inconven ien t to those interests 
re lu c tan t to  im p lem en t the  costly rem edial 
policies con ta ined  in  the G reat Lakes W ater 
Quality A greem ent. In  contrast, the  causal 
statem ents o f  the toxicologists are  based on  
the in teg ra tion  o f a diversity o f evidence 
draw n from  trad itional science based on 
sim ple linear systems. These yield, first, a 
h igh  degree  o f certainty, an d  thus dispense 
w ith the  n eed  to apply the p recau tionary  
princip le. Second, the causal relationships 
could  be used as a reliable and  scientifically 
defensible basis for rem edial action  to  restore 
w ater quality. This is particularly  valuable in  
situations, such as the  G reat Lakes, w here 
w ater quality has b een  chronically im paired  
by releases o f persisten t toxic substances and  
w here organism s, including  hum ans, have 
already b een  in ju red  over a long period  o f 
tim e. R em edial actions, based o n  these
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statem ents, to  address the  extensively 
con tam inated  sedim ents an d  to  secure the 
leaking chem ical landfill sites, could be 
precau tions against the  p ro d u c tio n  of 
a n o th e r g enera tion  o f infants prenatally  
exposed to  chem icals th a t profoundly  alter 
structu ral an d  functional developm ent 
(C olborn  an d  C lem ent, 1992; C olborn  et al., 
1998). In  this sense, th e re  is a pow erful 
cognitive dissonance betw een the scientific 
in fo rm ation  p ro d u ced  d u ring  the past 20 
years on  the injury to h ea lth  (Johnson et al., 
1998 an d  1999) and  the  response of 
governm ents to  im plem enting  the policies 
con ta ined  in  the G reat Lakes W ater Quality 
A greem ent.

12.4. Costs and benefits

W hat have b een  the  costs an d  benefits o f 
these actions an d  th e ir d istribu tion  across 
time? T here  have b een  significant 
im provem ents in  the  past 20 years in  the 
developm ent and  application  o f  m ethods for 
estim ating costs an d  benefits in  re la tion  to 
chem ical po llu tion  (see, for exam ple, 
Swanson an d  Vighi, 1998). A few cost and  
benefit analyses have b een  u n d ertak en  o f the 
effects o f persisten t toxic substances in  the 
G reat Lakes an d  o f th e ir rem oval from  
discharges, contam inated  landfill sites and  
sedim ents. For exam ple, Burtraw  and  
K rupnick (1999) have described m ethods to 
m easure h ea lth  benefits in  m onetary  and  
non-m onetary  term s in  the con tex t of 
reductions in  po llu tan ts as p a rt o f a 
p rogram m e to im prove G reat Lakes w ater 
quality.

In  the  developm ent o f  the G reat Lakes W ater 
Quality G uidance (US EPA, 1993) u n d e r the 
C lean W ater Act, th ere  was an  analysis o f the 
costs an d  benefits. Increm en tal costs were 
calculated for add itional construction  o f 
trea tm en t facilities an d  process changes 
includ ing  po llu tion  preven tion  an d  waste 
m inim isation  program m es; for additional 
m on ito ring  program m es; an d  for p re ­
trea tm en t program m es. These were 
evaluated for 316 m ajor m unicipal 
dischargers, 272 m ajor industria l dischargers 
an d  3 207 m inor dischargers using four 
d ifferen t scenarios. N on-point sources were 
n o t covered. T he total ann u al costs o f 
com pliance in  the  U nited  States were 
estim ated in  1992 to  be betw een USD 80 and  
USD 200 m illion (ca. EUR 80-200 m illion) 
dep en d in g  o n  the scenario.

T he D etro it W astewater T reatm ent P lan t is 
one o f the  largest p o in t sources to  the  G reat 
Lakes and  discharges m ore  th an  100 
kilogram s o f PCBs p e r year. Since 1971, 
nearly  USD 1 billion has b een  spen t in  
u pgrad ing  the sewer in frastructure  an d  USD 
120 m illion was recently  spen t in  im proving 
the opera tio n  th ro u g h  construction  o f a 
p um ping  station. T here  are  plans for 
add itional im provem ents costing USD 1 
billion, including  an  increase in  the  prim ary 
trea tm en t capacity. W hether these costs will 
resu lt in  im provem ents in  the  PCB discharge 
from  the  p lan t is uncertain .

T here  are  also a few studies o f the  costs and  
benefits o f rem edia l actions for chem ical 
landfill sites. O ne study was u n d ertak en  
(Sudar and  Muir, 1989) concern ing  the 
leaching o f o rganoch lo rine  po llu tan ts from  
four o f  the  largest dum p sites located  n ex t to 
the N iagara River, upstream  from  Lake 
O ntario . T he following th ree  options were 
exam ined: n o  action; containm ent; and  
rem oval an d  therm al destruction, with 
consideration  o f sh o rt an d  long tim e 
horizons, and  from  the  view point o f who pays 
an d  who benefits, with d ifferen t d iscount 
rates. T he cheapest op tion  is containm ent, 
th ro u g h  capping the waste site an d  collecting 
an d  treating  the contam inated  groundw ater, 
involving costs o f  USD 100 m illion w ith a 10- 
year horizon, an d  nearly  USD 300 m illion 
with a 35-year horizon. This op tion  essentially 
leaves the p rob lem  to an o th e r generation . 
T he m ost expensive op tion  is also 
con ta inm en t with leaks that, over a 100-year 
horizon, w ould cost m ore  th an  USD 19 
billion. T he rem oval an d  therm al destruction  
op tion  for the four sites would entail capital 
expend itu res o f ab o u t USD 50 m illion and 
ann u a l operating  costs o f ab o u t USD 75 
m illion for 15 years. T he no  action  option, 
over 35 years and  100 years, respectively, 
w ould cost society m ore  th an  USD 1 billion 
an d  16 billion. These sam e costs to society 
w ould be involved if industry  spen t abou t 
USD 300 m illion over 35 years or USD 3 
billion over 100 years an d  was unsuccessful in  
stopping  the p lum es from  reach ing  the face 
o f the N iagara Gorge. These estim ates were 
for four dum p sites, b u t th ere  are  several 
h u n d re d  a ro u n d  the G reat Lakes basin tha t 
are leaking persisten t toxic substances.

T he G reat Lakes Science Advisory B oard of 
the In te rn a tio n a l Jo in t Com m ission recently  
to u red  n in e  o f the hazardous waste sites in 
the N iagara Falls area. Extensive eng ineering  
work has b een  successfully u n d ertak en  to
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in te rcep t an d  trea t con tam inated  
groundw ater leachate from  the hazardous 
waste sites an d  p reven t m ovem ent to  the 
N iagara River an d  to Lake O ntario . However, 
these are costly systems to construct and  
m aintain . For exam ple, a t the  O ccidental 
C hem ical C orp o ra tio n ’s Hyde Park 
hazardous waste site betw een 1998 an d  2000, 
som e 100 m illion gallons o f water (ca. 375 
m illion litres) were in te rcep ted  an d  treated , 
an d  betw een 1989 an d  2000, nearly  300 000 
gallons o f non-aqueous phase liquids (ca.
1.135 m illion litres) were collected and  
destroyed. T he ann u al opera tio n  and  
m ain tenance  costs a t this site alone are  USD 
2 m illion. Many o f the  rem edial costs bo rne  
by the  industries are  unavailable, b u t 
available rem edial costs to  industry  and  
governm ents, in cu rred  to date for the New 
York landfill sites, are  a t least USD 370 
m illion. R em ediation  costs at New York 
hazardous waste sites are expected  to total 
over USD 630 m illion (US EPA an d  NYSDEC, 
2000). T here  is a n eed  for estim ates o f  the 
benefits th a t will accrue from  rem edial 
actions a t these an d  a t o th e r sites a ro u n d  the 
G reat Lakes, o r public and  political support 
for these costly schem es is likely to  wane.

T he costs o f rem ed ia tion  o f con tam inated  
sed im en t in  the  US p a rt o f the G reat Lakes 
have b een  detailed  (US EPA, 1998) with 
ab o u t USD 580 m illion spen t on  38 sed im ent 
rem ed ia tion  projects since 1985. However 
this only represen ts a small fraction  o f work 
necessary. Costs o f rem edial w ork for the 
O u tboard  M arine C orpora tion  site at 
W aukegan, in  Illinois, were USD 21 m illion 
to  rem ove 136 000 kilogram s o f PCBs from  
OMC property. A fu rth e r 900 kilogram s o f 
PCBs is in  the  navigational channel an d  will 
be rem oved starting  in  2002, a t an  estim ated 
cost o f USD 12-14 m illion w hich will include 
construction  o f a confined  disposal facility. 
Similarly, estim ates for trea tm en t costs for 
rem edial w ork on  the sedim ents o f H am ilton  
H arb o u r range from  CAD 60 m illion to 1 
billion. T here  seem  to be few benefits 
analyses to su p p lem en t these cost estimates.

12.5. Conclusions and lessons for 
the future

T he G reat Lakes have provided a valuable if 
unw itting laboratory  for studying the effects 
o f  o rganoch lo rine  com pounds, n o t only on 
the  h ealth  o f wildlife an d  hum ans, b u t also 
on  the  political responses to po llu tion  o f 
large ecosystems with persisten t toxic 
substances. T he reco rd  indicates the

extraord inary  lengths o f tim e betw een the 
in troduc tion  o f a new technology, the 
detection  o f an  effect, the  dem onstra tion  o f a 
causal relationship , an d  the app rop ria te  and  
sufficient response from  the  au thorities 
(Lawless, 1977). I t is only after m ore  than  
ha lf a cen tury  o f exposures to 
organoch lo rine  com pounds from  the  G reat 
Lakes th a t scientists are beg inn ing  to 
com p reh en d  the  scale o f dam age th a t 
occurred  to  h u m an  h ea lth  an d  to wildlife.

Over this long perio d  o f tim e, scientists have 
been  faced with a dilem m a o f w hether, on 
the one  h an d , to  investigate in jury  to 
populations o f fish, wildlife an d  hum ans 
suspected to have b een  caused by persisten t 
toxic substances, o r to m ake a special p lea  to 
stop the sources an d  exposures even th ough  
they originally h ad  little m ore  th an  a 
suspicion. Ironically, even th o u g h  a causal 
re la tionsh ip  has now  b een  proven betw een 
the in jury  to h ealth  an d  exposures to 
persisten t toxic substances, G reat Lakes 
scientists have found  it difficult to 
com m unicate th e ir scientific evidence w ithin 
the social, econom ic and  political contexts in  
w hich th e ir work is u n d ertak en  to effect 
rem edial actions. These various case studies 
dem onstrate  th a t the leng th  o f tim e betw een 
the in tro d u c tio n  o f a new technology, 
p ro d u c t o r undertak ing , the  discovery o f its 
deleterious effects, an d  the regulatory, 
jud ic ia l or adm inistrative action  to reduce  
exposures, is seldom  less th an  25 years.

T he existing evidence concern ing  the 
persistence o f the  organoch lo rine  
com pounds released in to  the  G reat Lakes 
during  the past 60 years indicates th a t it will 
probably be several m ore  decades before the 
necessary rem edial actions will have reduced  
concentrations sufficiently to p ro tec t h u m an  
rep ro d u c tio n  and  developm ent from  
chem ically induced  injury, particularly  from  
consum ption  o f  contam inated  G reat Lakes 
fish. T he scientific aspects are  characterised  
by a h igh  degree o f certainty. In  essence, we 
are engaged in  the  trans-generational 
transm ission n o t only o f the  legacy of 
con tam ination  an d  the associated dilem m as, 
b u t also o f  chem ically induced  injury to  the 
structural an d  functional developm ent of 
exposed infants. But for the  health , fisheries 
and  environm ental researchers and  
adm inistrators th ere  is a com plex array of 
social, econom ic an d  political dilem m as. For 
exam ple, should  h ea lth  adm inistrators draw 
a tten tion  to the  con tam ination  and  
recom m end  th a t ch ild ren  an d  w om en of
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child-bearing age should  n o t eat G reat Lakes 
fish, o r w ould this advice jeopard ise  
com m ercial, sport an d  tribal fisheries 
interests? Similarly, should  h ea lth  and  
environm ental researchers re p o rt on  the 
in jury to  fisheries an d  wildlife populations, 
an d  on  the injury to  h u m an  h ealth  from  the

con tinu ing  exposures to elevated 
concentrations o f  persisten t toxic substances? 
O r would the requisite  response to this 
in form ation  by the environm ental 
adm inistrators rep resen t an  apparen tly  
im possible financial b u rd en  for the  LIS and  
C anadian  taxpayers?

Table 12.1. G reat Lakes: early warnings and actions

1962 S ile n t sp rin g  by Rachel Carson Is th e  signif icant early warning of  th e  effects of  o rganoch lorine  
pes t ic ide s  on fish and  wildlife as well as th e  th r e a t  of can ce r  In hum ans

1963 First obse rva t ion  of  c h a n g e s  In eggshe l l  quality on Pigeon  Island In Lake O ntar io

1966 Hickey e t  a/, publish  th e  first analytical results of  th e  p re se n c e  of  o rganoch lo r ine  c o m p o u n d s  In 
o rgan ism s  In th e  G re a t  Lakes

1969 DDT and  re la ted  pes t ic ides  are  b a n n e d  In C a n ad a

1972 DDT Is b a n n e d  In th e  United  S ta te s  (dieldrin Is b a n n e d  In 1973) and  gradual  Im p ro v em en ts  In 
wildlife beg in  In th e  G rea t  Lakes

1974 C o n c e rn s  of  poss ib le  effects  of  o rganoch lo r ine  c o m p o u n d s  on hum an health

1978 Associat ion  of  Incidence of  d ise ases  (high ra tes  of  birth d e fec ts ,  miscarr iages, cancers ,  etc.) In Love 
Canal, Niagara Falls with th e  d isposal of toxic w as te s  (Including dioxin) d e n ie d  by Hooker  Chemical 
C o m p a n y

1978 R enego t ia t ion  of th e  G rea t  Lakes W a te r  Quality  A g re e m e n t ,  Including a p recau t ionary  policy, but  
It Is no t  p roperly  Im p le m e n te d

1980 P re s id en t 's  E m e rg en cy  Declaration m oves  900 families from th e  h azardous  Love Canal area

1984 Stud ies  show  that ,  at  birth, Infants e x p o s e d  to  high levels of  PCBs (maternal consu m p tio n  of  Lake 
Michigan c o n ta m in a te d  fish) w e ig h ed  less and  had smaller  h e a d s

1996 Stud ies  of  Lake O nta r io  a f fec ted  children publ ished  th a t  o b se rv e d  s a m e  behavioural  e ffects  as In 
a f fec ted  children  from Lake Michigan

2000 The specific  relationship b e tw e e n  behavioural  anom alies  and  prenata l  ex p o s u re s  to  the  highly 
ch lor ina ted  b iphenyls Is d e te rm in e d

2000 Reluctance to  u n d e r tak e  costly  remedial  ac t ions  even  af ter  causal relationship Is proven
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13. Tributyltin (TBT) antifoulants: a 
tale of ships, snails and imposex

David Santillo, Paul Johnston and William J. Langston

13.1. Introduction

T h ere  is little d o u b t that, w ithout som e form  
o f control, the  accum ulation  o f m arine 
fouling  com m unities on  vessels an d  m an- 
m ade structures a t sea increases drag and, in  
the  case o f vessels, fuel consum ption, with 
substantial consequences in  term s of 
econom ics an d  emissions. T here  is n o  doubt, 
also, th a t tributyltin  (TBT) com pounds (and  
the  less widely used triphenyltins) are 
extrem ely effective an d  relatively econom ical 
as an tifou ling  biocides, con tribu ting  to the 
rap id  take-up o f organotin-based paints by 
the  shipping industry  an d  small b o a t owners 
in  the  1970s. These two argum ents have 
form ed the  basis o f the defence o f TBT 
antifou ling  form ulations since the first 
undesirab le  consequences o f  the ir use 
becam e ap p a ren t in  the  late 1970s, and  
in d eed  are  still cited today by p ro p o n en ts  of 
th e ir  con tinued  suitability (for exam ple, see 
Evans, 2000; Abei, 2000). W hat is missing 
from  such evaluations, o f course, is p ro p er 
consideration  n o t only o f  the quantifiable 
financial losses suffered by the  aquacu ltu re  
industry  an d  im posed u p o n  h a rb o u r 
au thorities as a resu lt o f the  w idespread 
application  o f TBT paints, b u t also o f  the  
b ro ad er environm ental ‘costs’ w hich led 
initially to restrictions on  use an d  w hich now 
u n d erlie  the  decision for a global phase-out.

T he TBT story presents, in  som e ways, a 
ra th e r  unusual case study. Firstly, the 
w idespread use o f TBT paints is a relatively 
recen t developm ent, w ith its origins in  the  
late 1960s. Secondly, initial concerns abo u t 
adverse effects were raised d u ring  the period  
in  w hich its use becam e m ost popular, 
concerns th a t led rapidly to som e national 
an d  reg ional restrictions. Thirdly, the adverse 
effect m ost com m only associated w ith TBT, 
th a t o f  im posex in  m arine gastropod 
m olluscs resulting  from  in te rfe ren ce  with 
s tero id  h o rm o n e  m etabolism , rep resen ted  a 
highly sensitive, chemical-specific 
p h en o m en o n . This factor con tribu ted  greatly 
to  the early acceptance o f a d irect causal 
re la tionsh ip  and, in  tu rn , o f  the n eed  for 
controls. T he pa in t m anufacturers, in  
concert with o th e r in terested  parties, 
m o u n ted  challenges to  restrictions im posed

in the 1980s, b u t the  streng th  o f  the  evidence 
for severe effects on  biota, includ ing  regional 
ex term ination  o f som e species, could  hardly 
be denied .

T he p roh ib ition  o f the  use o f  TBT paints on 
vessels u n d e r 25 m etres in  length , effective in 
France from  1982, in  the U nited  K ingdom  
from  1987 an d  m ore  widely from  the en d  of 
the  1980s and  early 1990s, d id  m u ch  to 
im prove the situation w ithin m arinas and  
sheltered  harbours w here use on  leisure craft 
had  p redom inated . Some reg ional recovery 
o f affected m ollusc popu lations has since 
been  recorded . T h ro u g h  the  late 1980s and  
1990s, however, a p ictu re  o f  m ore  w idespread 
TBT con tam ination  an d  population-level 
effects em erged, co inciden t w ith im proved 
m onito ring  an d  understan d in g  o f  the 
properties an d  environm ental d istribu tion  of 
organotins. Vos et al. (2000) estim ate th a t 
im posex has now b een  d o cum en ted  in  the 
wild for as m any as 150 species o f m arine 
p rosob ranch  snails worldwide. Evidence 
relating  the  prevalence o f im posex to density 
o f sh ipping traffic, along with po o r recovery 
o f affected popu lations in  som e areas and  
w idespread accum ulation  o f butyltin residues 
in  m arine m am m als, led to  renew ed calls for 
p roh ib itions to be ex tended  to use on  all 
vessels, irrespective o f size. As we stand on  the 
b rink  o f ju s t  such a p roh ib ition , developed 
u n d e r the auspices o f  the In te rna tiona l 
M aritim e O rgan iza tion’s M arine 
Environm ental P ro tec tion  C om m ittee 
(MEPC), w hat can we learn  from  the  process 
o f its evolution?

13.2. The emergence of the TBT 
problem

O rgano tin  com pounds were first developed 
as m oth-proofing agents in  the  1920s, and  
only later used m ore widely as bactericides 
an d  fungicides (M oore et al., 1991). 
D ibutyltin an d  tributyltin com pounds have 
b een  p ro d u ced  since the late 1940s 
(L aughlin  an d  L inden, 1985), a lthough  use 
o f  TBT in  m arine antifouling  pain ts dates 
only from  the  1960s (Balls, 1987; ten  Hallers- 
Tjabbes, 1997) and  th en  initially as a booster 
b iocide in  copper-based form ulations. As a 
resu lt o f its superio r effectiveness over
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copper (Wade et al., 1988a), the use o f TBT 
paints by private an d  com m ercial users 
accelerated  greatly in  the 1970s, during  
w hich these form ulations cap tu red  a m ajor 
p ro p o rtio n  o f the  antifouling  m arket (Evans,
2000). ‘Free association’ paints, w hich 
released  the b iocide rapidly a t first bu t 
dem an d ed  freq u en t reapplication , were 
gradually rep laced  by ‘self-polishing 
copolym er’ form ulations w hich ensured  a 
m ore  constan t release o f biocide and  
red u ced  repain ting  frequency.

A t the  sam e tim e as its explosive increase in  
use, the  first observations were m ade o f TBT 
effects on  non-target organism s. W hile 
toxicity to fouling organism s was in ten tional, 
its propensity  for w ider im pacts on  the 
m arine  env ironm ent h ad  b een  grossly 
underestim ated . An early focus on  acute 
effects, especially m ortality (L aughlin  and  
L inden , 1987), failed to identify sub-lethal 
consequences o f p ro longed  exposure in  
som e taxa. For exam ple, im posex (the 
developm ent o f  m ale sexual structures in 
fem ales) can be in itia ted  in  som e gastropod 
m olluscs by TBT in  the  low ng /1  (parts p er 
trillion) range (Bryan et al., 1986; Alzieu, 
1998), concen trations also know n to cause 
shell deform ity an d  larval m ortality (Alzieu et 
a l, 1986).

T he p h en o m en o n  o f im posex was first 
described by Sm ith (1971), from  studies o f 
the  A m erican m ud-snail (Nassarius obsoletus) 
in  the  vicinity o f  harbou rs on  the US east 
coast. A round  the  sam e time, B laber (1970) 
reco rd ed  the appearance  o f a penis in  fem ale 
dogwhelks (Nucella lapillus) in  Plym outh 
Sound, U nited  K ingdom , a t m uch  g reater 
prevalence close to  the  h a rb o u r th an  fu rth er 
away. D espite the severity o f the 
p h en o m en o n , however, the  causal agen t 
rem ained  unknow n. Only as analytical 
capabilities im proved in  the  late 1970s and  
early 1980s was the  connection  with shipping 
m ade and  the ex ten t o f  dam age already done 
recognised.

Two reg ional case histories were instrum enta l 
in  identifying low-dose effects o f TBT and  
in itiating  developm ent o f  the  first regional 
controls; the  collapse o f the  shellfish industry 
in  A rcachón Bay (Atlantic coast o f France) 
an d  the  rep o rtin g  o f  w idespread im posex in  
dogwhelks from  so u th ern  UK coastal waters.

13.3. Arcachon Bay

U ntil the  mid-1970s, A rcachon Bay h ad  been  
an  im p o rtan t area  for oyster ( Crassostrea 
gigas) cu lture, w ith p ro d u ctio n  o f 10 000- 
15 000 tonnes p e r year (Evans, 2000) 
covering substantial areas o f the  tidal m ud  
flats. T he bay was also p o p u la r w ith leisure 
craft, with vessel num bers increasing from  
7 500 in  the mid-1970s to  15 000 a t the start 
o f  the  1980s. Estim ated inpu ts o f  TBT to the 
bay peaked  a t a ro u n d  8 kg p e r day (Ruiz et 
a l, 1996).

Im posex was first observed in  the bay in  1970, 
affecting the  p reda to ry  gastropod  Ocenebra 
erinacea (oyster drill), leading rapidly to its 
n ea r ex tirpation  from  the bay (Gibbs, 1993). 
TBT was identified  as the responsible agen t 
only in  the  early 1980s.

H ad  the adverse effects b een  lim ited to the 
loss o f this species, considered  a pest w ithin 
the  shellfish industry  for its dam age to oyster 
stocks, little if  any action  may have followed. 
However, this early w arning was quickly 
followed by failure o f the  oyster stocks 
themselves. D espite a no rm al spaw ning event 
in  sum m er 1976, few o f the  larvae survived. 
Larval settlem ent largely failed th ro u g h  the 
late 1970s and  in to  the 1980s, resulting  in 
massive financial losses by the shellfish 
industry. By 1981, ann u al oyster p ro duc tion  
h ad  fallen to only 3 000 tonnes (Ruiz et a l, 
1996). In  add ition  to  reproductive failure, 
ad u lt oysters w ere ren d e red  unsaleable by 
shell defo rm ation  leading, in  severe cases, to 
‘ball-shaped’ specim ens (Alzieu etal., 1989).

Such observations pre-dated  analytical 
techn iques sensitive enough  to  describe in  
detail environm ental distributions o f TBT. 
Alzieu et al. (1986) provided the first reliable 
survey o f organotins in  the  waters o f 
A rcachon Bay, while sed im ent data  w ere n o t 
available un til the  1990s (Sarradin  et a l,
1994). Nevertheless, the severity o f im pacts 
on  the ecology o f A rcachon Bay, m anifest in 
heavy financial losses, was sufficient to 
stim ulate relatively swift action  by the  F rench  
governm ent. Acting on  the best in fo rm ation  
available linking the oyster collapse to the 
p resence o f TBT, France was the first country 
to  in troduce  legislation p roh ib iting  the 
application  o f TBT paints to small 
(< 25 m etre) vessels, in  1982 (M ichel and 
Averty, 1999a). These controls undoubted ly  
m arkedly red u ced  TBT inputs from  m arinas 
th ro u g h o u t France. In  the case o f  A rcachon, 
im p lem en ta tion  was probably aided  by the



Tributyltin (TBT) antifoulants: a ta le  of ships, snails and im posex 1 37

local provenance o f  m any boat-owners and  
th e ir  in terest in  preserving a local industry. 
T h e ir effectiveness in  addressing m ore 
w idespread TBT con tam ination  rem ains 
questionable, however (M ichel an d  Averty, 
1999a).

13.4. UK harbours and coastal waters

Following B laber’s (1970) observations in  
Plym outh Sound, o th e r research  began  to 
identify im posex as a m ore  w idespread 
prob lem . Frequency o f im posex in  N. lapillus 
was g reatest close to ports an d  harbours, 
a lthough  evidence was also growing for the 
spread  o f the  p h en o m en o n  th ro u g h  coastal 
w aters o f the  so u th ern  U nited  K ingdom  
(Bryan et a l, 1986 and  1987). In  addition , 
W aldock and  T hain  (1983) linked the  failure 
o f  attem pts to in tro d u ce  Pacific oyster 
cu lture in to  the  U nited  K ingdom  in  the early 
1980s to TBT exposure ra th e r  th an  to  fine 
sed im en t particles as previously thought. 
R eproductive failures an d  shell deform ities 
in  the  U n ited  K ingdom  showed m any 
parallels with those reco rd ed  in  A rcachon 
Bay.

Based on  em erg en t concerns, the  UK 
governm ent in tro d u ced  contro ls on  the sale 
o f  TBT paints for use on  small vessels in  1985. 
T hese included  contro ls on  retail sales, 
guidelines for hand ling  paints an d  the setting 
o f  an  environm ental quality target (EQT) of 
20 ng /1  TBT (8 ng /1  as tin ), a level 
considered  a t the  tim e to be sufficiently 
protective o f  m arine b io ta  (W aldock et a l,
1987). TBT concen trations in  m any coastal 
waters consistently exceeded  the EQT. 
Moreover, as understan d in g  developed 
th ro u g h  the 1980s, it becam e clear th a t 
concen trations well below the EQ T could 
cause severe effects.

Sterilisation o f fem ale dogwhelks occurs a t 
TBT concen trations as low as 3-5  n g /1  TBT 
(Gibbs et a l, 1988), with alm ost all fem ales 
affected once concen trations reach  10 ng/1  
and  m ore  fundam enta l changes a t h ig h er 
concentrations (including  testes 
developm ent an d  suppression o f  egg 
p ro d u c tio n ).

D uring the 1980s, butyltin concentrations 
exhib ited  strong seasonal trends re lating  to 
boating  activity an d  m ain tenance. Sum m er­
tim e concen trations in  m arinas regularly 
exceeded  100 ng /1  an d  occasionally 1 000 
ng /1  (W aldock et a l, 1987). L angston et a l
(1987) rep o rted  similar concen tra tions in

m arina waters w ithin Poole H arb o u r 
(sou thern  U n ited  K ingdom ). These m arinas 
regularly served 5 000 leisure craft, engaged 
in  hu ll m ain tenance  an d  berth ing . Even 
beyond the m arinas, TBT concentrations 
above 100 ng/1  were som etim es 
encoun tered . T he overlap betw een field 
concentrations an d  those know n to have 
severe developm ental effects highlights the 
ex ten t o f the  p rob lem  faced, an d  illustrates 
the  inadequacy o f the  EQ T as a protective 
instrum ent.

Evidence con tin u ed  to accum ulate during  
the 1980s. Bryan et al.’s (1986) study of 
dogwhelks in  southw est E ngland  was 
particularly influential, concluding: ‘th a t the 
incidence o f  ‘im posex’... is w idespread, tha t 
all populations are  affected to  som e degree... 
Populations close to centres o f boating  and  
sh ipping activity show the  h ighest degrees of 
im posex’.

T he study also n o ted  th a t the  rap id  increase 
in  im posex in  P lym outh Sound strongly 
coincided w ith con tem porary  increases in 
TBT applications, an d  revealed a strong 
correlation  with tissue concen trations of 
organo tin  residues. T he significance o f this 
study was profiled  in  Septem ber the  same 
year in  the jo u rn a l Marine Pollution Bulletin 
( ‘TBT linked to  dogw helk dec line’, 1986), in  
m any ways m arking w ider acceptance o f the 
central ro le o f TBT in observed declines.

T he geographical ex ten t o f the TBT problem  
in E urope h ad  b een  recognised  by the late 
1980s (Bailey an d  Davies, 1988a an d  1989; 
Gibbs et al., 1991). Balls (1987) rep o rted  that 
use o f  TBT paints on  salm on-farm ing cages 
had  resu lted  in  con tam ination  o f  a Scottish 
sea loch, an d  n o ted  the generally h ig h er 
prevalence o f im posex w ithin sea lochs used 
for aquaculture . Cleary an d  S tebbing (1987) 
h igh ligh ted  the  add itional concern  of 
accum ulation o f organotins in  the  lipid-rich 
sea-surface microlayer, a th rea t considered  
particularly relevant to buoyant fish larvae 
(because o f  resu lting  exposure during  
sensitive developm ental periods) and  
in tertida l organism s (exposed to the 
m icrolayer du ring  tidal ebb an d  flow) (Cleary 
et a l, 1993). C oncerns over persistence and  
im pacts in  sedim ents were also em erging at 
this tim e (L angston et a l, 1987; L angston and  
Burt, 1991).

Faced with the  accum ulation o f research, the 
UK governm ent considered  options for 
fu rth e r re ta il restrictions and, in  January
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1987, reduced  the  m axim um  perm issible 
co n ten t o f organotins in  applied  paint, 
h e lp ed  by technological developm ents (Side,
1987). T hese limits were rapidly superseded, 
however, by the in tro d u c tio n  in  May 1987 o f a 
to tal b an  o n  the  re tail sale o f TBT pain t 
(W aldock et al., 1987 an d  1988) for use on 
vessels u n d e r 25 m etres an d  on  fish cages 
(earlier voluntary m easures having failed 
adequately  to address this la tte r ap p lica tio n ). 
A t this tim e, w ork by the UK W ater Research 
C entre  was u n d e r  way to recom m end  
env ironm ental quality standards (EQS) for 
o rgano tin  com pounds in  w ater (Zabel et a l,
1988), involving consideration  o f toxicity and  
environm ental behaviour o f a range of 
organotins. I t becam e ap p a re n t th a t for TBT, 
in  particular, no-effect levels could n o t be 
achieved in  the env ironm en t w ithout use 
restrictions. Two years later, an d  in  
recogn ition  o f the low-dose effects, the  1985 
EQ T was rep laced  by an  EQS o f only 2 ng/1  
(Cleary, 1991).

In  Ju n e  1987, the  Paris Com m ission 
(PARCOM), responsible for adm inistering  
the  Paris C onvention (1978), recognised tha t 
the  use o f  TBT paints was causing ‘serious 
po llu tion  in  the  inshore areas o f  the 
C onvention waters (NE A tlan tic)’ (PARCOM, 
1987). PARCOM R ecom m endation  87 /1  
called for a harm on ised  b an  on  re tail sales 
for application  to p leasure boats an d  fish 
cages and, fu rtherm ore , for consideration  o f 
restrictions for seagoing vessels and  
underw ater structures.

T ho u g h  strong  in  in ten t, it quickly becam e 
ap p a re n t th a t PARCOM could  n o t achieve 
restrictions w ithin the com m ercial sh ipping 
sector. As this issue h ad  already b een  re fe rred  
to  the  In te rn a tio n a l M aritim e O rganization  
(IM O ), PARCOM instead tu rn ed  its a tten tion  
to  inputs from  docking activities, especially 
hu ll m ain tenance  operations, in  PARCOM 
R ecom m endation  8 8 /1  (PARCOM, 1988). 
T he effectiveness o f  such m easures rem ains 
difficult to evaluate, th o u g h  it is indisputable 
th a t shipyards an d  docks rem ain  im p o rtan t 
p o in t sources o f organotins.

13.5. A  global pollutant

C oncerns over the  im pacts o f TBT soon 
ex tended  worldwide, lead ing  to a series of 
na tional and  reg ional m easures towards the 
en d  o f the  1980s. T he ann u a l O ceans 
symposia, organised  by the US M arine 
Technology Society, did m uch  to dissem inate 
the  growing body o f research  (Wade et a l,

1988b; K rone et al., 1989). T he NO AA (US 
N ational O ceanic an d  A tm ospheric 
A dm inistration) Mussel W atch program m e 
h igh ligh ted  the ubiqu itous d istribu tion  of 
butyl tins in  bivalves from  US coasts (Wade et 
a l, 1988a an d  b; U h ler et a l, 1989), while 
work in  New Zealand confirm ed 
accum ulation  in  sedim ents (King et a l,
1989). P rohibitions addressing small vessels 
were adop ted  in  the  U n ited  States in  1988, 
followed in  1989 by sim ilar m easures in  
C anada, New Zealand an d  Australia, an d  by 
E uropean  legislation in  1991 harm onising  
controls th ro u g h o u t the  EU (Evans, 2000).

13.6. Effectiveness of controls on 
small vessels

Retail restrictions undoub ted ly  resu lted  in  a 
m ajor shift away from  the  use o f TBT pa in t 
on  leisure craft (although  the ex ten t o f 
illegal application  rem ains unknow n) and  
substantial reductions in  inputs. In  som e 
regions a t least, this was m anifest in  partial 
recovery o f m ollusc populations. In 
A rcachon Bay, m onito ring  o f the  
effectiveness o f  regulations in  reducing  water 
co lum n concentrations o f butyltins was 
lim ited  by the  h igh  detec tion  limits o f early 
analytical m ethods. W hile Alzieu et al. (1986) 
were able to dem onstra te  th a t concentrations 
fell from  900 ng /1  tin  in  1983 to  below 100 
ng/1  by 1985, it took un til the  late 1980s to 
confirm  th a t concentrations h ad  fallen below 
10 ng/1  in  m ost parts o f the bay. 
H ydrodynam ic d isturbance has largely 
p reven ted  reconstruction  o f sed im ent 
concen tra tion  trends (Ruiz et a l, 1996).

Recovery o f the  oyster beds, an d  resum ption  
o f com m ercial operations, in  the mid-1980s 
provided the first in d irec t evidence o f the 
effectiveness o f the ban. Indeed , the  recovery 
o f the bay is frequently  cited as an  illustration 
o f how  the lim ited controls o f the  1980s 
‘solved’ the TBT prob lem  (N icholson and  
Evans, 1997; Evans, 2000), a view which has 
m e t substantial d isagreem ent.

Evidence for partia l recovery o f  severely 
affected m ollusc popu lations certainly exists 
from  several parts o f E urope. For exam ple, 
M inchin (1995) rep o rted  recovery o f the  
flame shell (Lima hians) an d  associated flora 
in  M ulroy Bay (Ire lan d ), previously 
decim ated th ro u g h  use o f TBT on  salm on 
cages betw een 1981 an d  1985. In  the 
sheltered  in le t o f  Sullom  Voe, Shetland 
Islands, an d  ad jacen t Yell Sound, im posex in 
dogwhelks was significantly less prevalen t in
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1995 th an  in  1991 (H ard ing  et a l, 1997) 
although  overall prevalence rem ained  high. 
Evans et a l  (2000a) suggest th a t th ere  has 
b een  a m ore  genera l recovery in  UK 
dogw helk populations over the  last decade.

O th e r studies provide less cause for 
optim ism . M inchin et a l  (1997) stressed tha t 
recovery o f dogw helk popu lations in  
Ballybegs (Ireland) h ad  been  slower than  
expected , an d  recoveries in  Sullom  Voe and  
Yell Sound occurred  against a con tinu ing  
h igh  background  o f im posex, an d  con tinued  
absence o f  dogwhelks from  w orst affected 
areas. In  C anada, St-Jean et a l (1999) n o ted  
th a t butyltin concen trations in  b lue mussels 
(Mytilus edulis) an d  sedim ents from  the 
so u th e rn  G ulf o f St Lawrence rem ained  
rem arkably h igh  eight years after retail 
restrictions. Despite initial declines in  French  
coastal waters, dissolved TBT concentrations 
have since stabilised an d  rem ain  a t levels 
often  well in  excess o f those know n to cause 
adverse effects in  some species (M ichel and  
Averty, 1999a). In  som e areas o f A rcachon 
Bay, concen trations rem ained  h igh  enough  
to  cause im posex in  sensitive species 10 years 
after the 1982 regulations (Ruiz et a l, 1996). 
Similar concerns have b een  voiced for UK 
estuarine an d  coastal locations (Cleary, 1991; 
L angston et a l, 1994).

T he underly ing  causes o f con tinued  
con tam ination  an d  failure o f ecosystems fully 
to  recover undoub ted ly  differ from  location 
to  location. In  som e cases (e.g. H u e t et a l,
1996), isolated b u t significant illegal use o f 
TBT paints o n  small vessels has been  
im plicated, while o th e r researchers have 
stressed the  im portance  o f release from  
historically contam inated  sedim ents 
(W aldock et al., 1990; L angston et al., 1994). 
H igh  larval sensitivities (Gibbs, 1993) and  
long life histories (Rees et a l, 1999) 
u ndoub ted ly  also con tribu te  to the  slow rate 
o f  recovery o f som e species.

Potentially the  m ost significant single 
co n trib u to r to  con tinued  w idespread 
p resence o f TBT in the m arine environm ent, 
however, an d  curren tly  the m ost fiercely 
debated , is use on  seagoing vessels.

13.7. The significance of seagoing 
vessels

At the  tim e o f the  first national an d  regional 
prohibitions, the use o f TBT paints on 
com m ercial and  m ilitary ships was viewed as a 
lesser concern  because, it was argued, those

vessels spen t m ost o f th e ir opera tional lives 
on  the o pen  seas. Nevertheless, these ships 
use inshore waters an d  p o rt facilities on  a 
regular basis. T he scale o f TBT inputs from  
hull m ain tenance  o f large vessels has been  
recognised for som e tim e. W aldock et al.
(1988) reco rd ed  TBT in  wash water from  a 
naval frigate a t approxim ately 1 m illion times 
the  lowest biologically effective 
concentrations, an d  estim ated total in p u t 
from  cleaning a single vessel a t 100 g o f freely 
available TBT. Includ ing  TBT b o u n d  to 
paint-chips, w hich m igh t act as a long-term  
reservoir o f butyltins to the environm ent, led 
to estim ates o f  alm ost 1 kg TBT p e r vessel p er 
cleaning operation . G uidelines to contro l 
inputs from  such operations have b een  in  use 
in  m any countries for som e tim e, a lthough  
th e ir effectiveness is difficult to  evaluate.

Studies su rround ing  the Sullom  Voe oil 
term inal (Bailey an d  Davies, 1988b) provide 
evidence for significant inpu ts o f  organotins 
from  no rm al tran sp o rt operations o f TBT- 
coated ships. A lthough uses on  small service 
vessels an d  m arker buoys con tribu ted  to early 
inputs, m ore  recen t inpu ts arise 
predom inan tly  from  m ovem ents o f oil 
tankers themselves. Significant con tribu tions 
from  heavy com m ercial traffic have also been  
h igh ligh ted  in  the  G ulf o f St Lawrence (St- 
Je a n  et al., 1999).

W hile ongoing  inpu ts from  com m ercial 
sh ipping  to coastal waters are  now generally 
accepted , the significance o f such sources to 
rem ote  coastal an d  offshore areas rem ains 
the subject o f  in tense debate  (ten  Hallers- 
Tjabbes, 1997; Evans, 2000). This is despite 
the increasing body o f evidence supporting  a 
link  betw een density o f sh ipping traffic and  
occurrence o f biological effects 
(p redom inan tly  im posex) in  offshore waters. 
A m ong the first to h igh ligh t im posex in  the  
com m on w helk (Buccinum undatum) from  
the o pen  N orth  Sea an d  describe a positive 
co rrelation  with sh ipping intensity w ere ten  
H allers-Tjabbes et al. (1994). Similar 
correlations have since b een  rep o rted  in  the  
Strait o f Malacca, connecting  the  Bay of 
B engal w ith the South  C hina Sea (Sw ennen et 
a l, 1997; H ashim oto  et a l, 1998), and  in  
rem ote  parts o f the  G alician coast (Ruiz et a l,
1998). Cadee et al. (1995) speculated  th a t 
organotins m igh t be responsible for local 
destruction  o f whelks in  the  D utch W adden 
Sea. M ore recently, Davies et al. (1998) 
estim ated total an n u a l inpu ts o f  68 tonnes 
TBT to the  N orth  Sea from  shipping, with
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con tinuous leach ing  from  pain ted  hulls w hen 
in  p o rt o r u n d e r way the  m ajor contributor.

N icholson an d  Evans (1997) provided 
fu rth e r evidence supporting  the p ioneering  
w ork o f ten  H allers-Tjabbes et al. (1994) b u t 
questioned  the significance o f w hat they 
te rm ed  ‘m ild ’ im posex against a background 
o f overexploitation  by shell fisheries. T h ere  is 
little doubt, however, th a t detection  of 
populationdevel effects in  offshore regions 
was an  im p o rtan t factor underly ing  calls for 
the  ex tension  o f restrictions in  the  mid- 
1990s.

D uring  the sam e period , the  truly global 
n a tu re  o f the TBT prob lem  was 
acknow ledged (Ellis and  Pattisina, 1990; 
K annan  et a l, 1995a, b an d  c). T hough  data 
rem ain  lim ited for areas outside E urope and  
N orth  Am erica, recen t studies in  Jap an  and  
the  Philippines (H arino  et a l, 1998a, b, c and  
1999; P ru d en te  et a l, 1999) have gone some 
way towards redressing the  balance, 
confirm ing (as suspected) the occurrence of 
sim ilar relationships.

R ecen t research  has also h igh ligh ted  the 
w idespread accum ulation  o f organotins in  
organism s h ig h er in  the  food chain, 
includ ing  cetaceans. Iwata et al. (1995) were 
am ong  the  first to de term ine  concentrations 
in  m arine m am m als, suggesting th a t the  h igh 
levels reco rded  (up  to 10 parts p e r m illion 
(ppm ) in  porpoise  liver) reflected  a low 
po ten tia l for m etabolism  o f these 
com pounds. Tanabe et al. (1998) later 
ex tended  the data  set, includ ing  species from  
N orth  Pacific an d  Asian coastal waters. 
K annan  et al. (1996) described butyltin 
accum ulation  in  do lphin , tu n a  an d  sharks 
from  the  M editerranean , no ting  m arkedly 
d ifferen t ratios o f TBT breakdow n products 
w ithin the d ifferen t taxa. First reports  o f 
butyltin  residues in  E uropean  cetaceans and  
seals, includ ing  in  pelagic cetaceans th a t feed 
in  rem ote  offshore waters, w ere published  by 
Ariese et al. (1998) and  Law et al. (1998 and
1999).

A lthough uncerta in ty  rem ains, evidence 
suggests th a t accum ulation  o f  butyl tins in  top 
p reda to rs m igh t adversely effect the im m une 
system. K annan  et al. (1997) rep o rted  h igh 
levels o f TBT an d  its breakdow n products 
(prim arily dibutyltin) in  bo ttlenose do lphins 
associated w ith m ortality events on  the US 
A tlantic an d  G ulf coasts. Similar correlations 
have b een  rep o rted  for Californian so u th ern  
sea otters (Enhydra lutris nereis) exhibiting

various infectious diseases (K annan et a l, 
1998).

H u m an  intake o f organotins from  seafood, 
especially from  fish farm ed in  TBT-treated 
cages, has long b een  recognised (Davies and  
McKie, 1987; Ishizaka et a l, 1989). Only m ore 
recently, however, has such in take been  
evaluated. Cardwell et al. (1999) rep o rted  
th a t residues were widely detectable in  US 
seafood b u t th a t estim ated intakes were 
significantly below levels ju d g e d  to be o f 
concern  for h u m an  health . In  contrast, 
Belfroid et al. (2000) concluded  th a t average 
intakes o f TBT from  seafood could  lead to 
exceedance o f to lerable daily intakes based 
on  m ore  sensitive im m unotoxicological en d ­
poin ts for som e products re ta iled  in  N orth  
A m erica, E urope an d  Asia, while stressing 
that, for the  m ajority o f  countries, da ta  were 
simply unavailable.

13.8. Progress towards a global 
phase-out

D espite uncerta in ties regard ing  ‘far-field’ 
effects, con tam ination  o f the m arine 
env ironm en t w ith organotins is clearly a 
persisten t an d  pervasive problem . In  1995, 
an d  in  spite o f a decision by MEPC in  1994 
th a t no  fu rth e r controls were necessary, 
m inisters a t the  fo u rth  C onference o n  the 
P ro tec tion  o f the  N orth  Sea in  Esbjerg 
agreed: ‘to u ndertake  concerted  action 
w ithin IM O aim ing a t a worldwide phase-out 
o f  the use o f TBT on  all sh ips’ (MINDEC,
1995).

T h e ir p re fe rence  for global action w ithin 
IM O, in  com m on w ith the position  taken  by 
the  OSPAR (C onvention for the  P ro tection  
o f  the  M arine E nv ironm ent o f the N ortheast 
A tlantic) Com m ission, recognised the  limits 
o f  reg ional m easures in  addressing a 
transboundary  problem . O n  the basis o f 
em erg ing  research, MEPC agreed  in  1996 to 
look again a t the  n eed  for a global TBT ban  
(ten  Hallers-Tjabbes, 1997). T he possibility 
o f  such a ban  was explicitly recognised  at 
M EPC’s 40th session (MEPC, 1997), m arking 
a sea change in  the th ink ing  o f th a t 
com m ittee. D raft m andato ry  regulations 
w ere duly adop ted  the  following year (MEPC, 
1998).

T he deadlines now  inco rp o ra ted  in  the  d raft 
In te rn a tio n a l C onvention on  the C ontro l of 
H arm fu l Anti-fouling Systems (2003 for 
phase-out o f  application  o f  o rgano tin  paints, 
2008 for th e ir p resence on  ship hulls) were
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ad o p ted  u n d e r IM O Assembly R esolution 
A.895(21) in  N ovem ber 1999, an d  form al 
ad o p tio n  o f the  convention is expected  in  
2001 .

13.9. The question of alternatives

W ith the advent o f  such a progressive 
m easure, a tten tio n  is focusing increasingly 
on  the  availability o f effective an d  
econom ically viable alternatives to TBT 
(Evans et a l, 2000b). I t is clear th a t som e o f 
the  p repara tions in  use p rio r to  the 
w idespread in tro d u c tio n  o f  TBT (including 
those contain ing  m ercury  or arsenic 
com pounds) are  n o t acceptable alternatives. 
Copper-based systems generally requ ire  
booster biocides in  o rd e r to  be effective, 
biocides w hich themselves may p resen t 
add itional problem s. Those contain ing  the 
triazine herb icide Irgarol 1051, used 
extensively in  som e areas as a rep lacem en t 
for TBT on  leisure craft, are com m only cited 
exam ples. W idespread occurrence o f this 
herb ic ide  in  certa in  estuaries (Scarlett et a l,
1997), coup led  with d irec t effects o n  p lan t 
grow th in  the field (D ahl and  Blanck, 1996; 
Scarlett et a l, 1999), in  som e ways m irro r 
early findings w ith respect to TBT.

Some com m entators use such exam ples as 
justification  against substitu tion o f TBT in 
com m ercial sh ipping  applications (Abei, 
2000; A bbott et al., 2000). This is a som ew hat 
negative argum ent. T he m ore  app rop ria te  
question  is, can fouling con tro l be achieved 
w ithou t recourse to such highly toxic, 
persisten t an d  bioaccum ulative substances?

R esearch in to  use o f n a tu ra l antifouling  
chem icals is developing rapidly (Clare,
1998), th o u g h  com m ercial application  may 
rem ain  som e tim e away. Perhaps the m ost 
prom ising con tem porary  solution is biocide- 
free, ‘non-stick’ coatings w hich simply 
p resen t a physical barrie r to  settlem ent. Such 
coatings have been  com m ercially available 
for m any years, an d  re ta in  a significant 
m arke t share for leisure craft. T heir viability 
an d  perfo rm ance  on  larger vessels rem ain  
u n d e r  evaluation, a lthough  applicability for 
fast-moving craft has b een  dem onstrated . 
A lthough significant technical issues rem ain  
to  be resolved, advances towards antifouling  
m echanism s w hich do n o t release hazardous 
substances to the  sea w ould seem  desirable.

13.10. Late lessons from the TBT story

T he above discussions ind icate  the degree to 
w hich the hazards o f  TBT were initially 
underestim ated . I t was initially assum ed, for 
exam ple, based on  acute toxicity tests th a t 
concen trations in  the  ug/1  (m icrogram s p er 
litre) range were necessary to initiate 
biological effects an d  that, as a consequence, 
an  EQ T o f 20 ng /1  would be sufficiently 
protective. I t  quickly becam e ap p a ren t that, 
even if  the  EQ T could be m e t (and  it was 
greatly exceeded  in  som e areas), severe 
biological effects could be expected. H ad  the 
endocrine-m ediated  m echanism s underly ing 
im posex (M atthiessen an d  Gibbs, 1998) been  
identified  earlier, the  po ten tia l for low-dose 
effects would have b een  clear. O f course, 
m uch  o f our know ledge o f o rgano tin  toxicity 
has b een  ob tained  th ro u g h  h indsigh t an d  is 
likely to con tinue  to develop (Langston,
1996; B ouchard  et a l, 1999; M orcillo and  
Porte, 2000). In  the  m eantim e, it may be 
h o p ed  th a t the  lessons gained  will allow 
earlier identification and , w herever possible, 
avoidance o f  fu tu re  problem s in  advance.

T he persistence o f organotins, perm itting  
th e ir accum ulation  and  w ider dissem ination, 
was also underestim ated . Early pred ictions 
th a t TBT w ould degrade rapidly in  surface 
waters (see reviews by Sim m onds, 1986 and 
Lee et a l, 1989) failed to  accoun t for the  high 
lipophilicity an d  sedim ent-binding properties 
o f organotins in  seawater. Half-life estim ates 
in  the o rd e r o f days for eu troph ic  surface 
waters m ust be contrasted  w ith u p  to several 
years for residues in  n u trien t-poor waters 
(M ichel and  Averty, 1999b) an d  m arine 
sedim ents (de M ora et a l, 1989), especially 
anaerobic  sedim ents. T he persistence o f TBT, 
an d  toxicity to  sed im ent com m unities, raises 
the  p rospect o f delayed recovery o f dam aged 
ecosystems (Langston et a l, 1994; D ahllof et 
a l, 1999) an d  represen ts a substantial legacy 
to  be b o rn e  by au thorities responsible for 
d redg ing  operations. This prob lem  is only 
now  receiving form al recogn ition  w ithin 
in tern a tio n a l conventions (L ondon  
C onvention 1972, OSPAR C onvention 1992) 
regulating  the  dum ping  o f dredge m aterials 
a t sea.

O rgano tin  b ioaccum ulation  was also 
underestim ated , an d  the  specific ro le o f 
biofilms in  enhancing  bioaccum ulation  and  
toxicity has only recently  b een  recognised 
(Labare et a l, 1997). A ccum ulation in  top 
p reda to rs was simply n o t envisaged.
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H indsigh t is a w onderfu l thing, o f  course. 
Nevertheless, increasing awareness of 
pathways an d  in teractions w ithin the m arine 
environm ent, coup led  with an  appreciation  
o f  the ir com plexity an d  inde te rm ina te  n a tu re  
(Santillo et a l, 1998), should  equip  us to 
reduce  or even avoid the  po ten tia l for fu tu re  
TBT-style scenarios involving o th e r persisten t 
organic pollutants.

Two key factors co n tribu ted  to early 
ignorance o f the  geographical ex ten t o f the 
TBT problem : low sensitivity o f  analytical 
m ethods an d  absence, in  m ost regions, o f 
adequate  baseline data on  the d istribution  
an d  ecology o f non-com m ercial species. The 
first o f these was subject to an  unavoidable 
process o f m ethods developm ent, partly 
overcom e by the h igh  specificity o f  im posex 
as a b iom arker for TBT exposure. The 
second lim itation  illustrates a m ore general 
concern  w hich could have b een  avoided 
th ro u g h  g reater focus on  the  collection o f 
‘base line’ data. W here such data  were 
available (e.g. southw est E n g lan d ), they were 
invaluable in  the early detection  o f  effects on 
non-com m ercial species. T hough  frequently  
u n d erra ted , baseline studies play a vital role 
in  the early detec tion  o f adverse trends and  
may consequently  serve the application  o f 
precau tion . Equally im p o rtan t is the  n eed  for 
con tinu ing  long-term  m onito ring  o f TBT- 
affected areas, as this will provide us with 
un iq u e  insights in to  recovery o f pollu tant- 
dam aged  environm ents.

T he con tinuation  o f the TBT prob lem  in 
coastal waters o f  Jap an  (Iwata et a l, 1995; 
H arino  et a l, 1998a an d  b ), despite a national 
b an  o n  all applications o f TBT for m arine 
antifouling, clearly illustrates the  
transboundary  n a tu re  o f  the prob lem . It 
w ould seem  th a t universal, global restrictions 
are  the only way to address the  totality o f  the 
TBT prob lem  an d  to achieve environm ental 
quality standards in  all coastal systems.

Finally, th o u g h  the selection o f alternatives to 
hazardous chem icals is never a sim ple task, 
this does no tjustify  inaction . Several o f  the 
existing TBT ‘alternatives’ carry the ir own 
problem s, th ough  thankfully, o n  a global 
scale, n o n e  has yet proved as dam aging as 
TBT. In  selecting app rop ria te  alternatives, 
those w hich do n o t rely on  the release o f 
hazardous substances to the  m arine 
env ironm en t should, perhaps, be viewed

m ost favourably. B roader consideration  of 
problem s may give rise to m ore  beneficial 
solutions th an  sim ple ‘chem ical for chem ical’ 
substitution.

13.11. Conclusions: precaution or 
retrospective action?

T he use o f o rgano tin  antifoulants has and  
continues to resu lt in  w idespread and  
som etim es severe environm ental effects. 
U nusually in  the field o f  ecotoxicology, the 
evidence linking cause and  effect (with 
respect to TBT-induced im posex) is 
irrefutable. Vos et a l (2000) re fer to the 
p h e n o m en o n  as ‘the  best exam ple o f 
endocrine  d isrup tion  in  invertebrates th a t is 
causally linked to an  environm ental 
p o llu tan t’.

I t  w ould be difficult to argue, therefo re , th a t 
any o f  the  actions to  address TBT to date 
have been  precautionary, resulting  as they 
have from  extensive docum en ta tion  o f 
ecological im pacts. Actions have 
undoub ted ly  con tribu ted  towards 
rem edia ting  the m ost severe problem s, bu t 
this is n o t p recau tion . T he 1987 UK 
restrictions, for exam ple, stem m ed from  a 
realisation th a t environm ental 
concen tra tions were already well above those 
know n to cause chronic effects an d  had  
already resu lted  in  w idespread declines in  
gastropod  populations. I t could  be argued, 
similarly, th a t ag reem en t o f the  IMO 
convention w hich will b ring  abou t 
elim ination  o f o rgano tin  antifoulants has 
com e only after the  consequences o f 
con tin u ed  use have b een  well docum ented . 
A lthough the  significance o f this global, 
legally b ind ing  treaty should  n o t be 
underestim ated , it too  is fundam entally  
retrospective in  action.

C om plete phase-out o f o rgano tin  paints from  
the  global sh ipping  fleet by 2008 will m ark  
the  closure o f an  im p o rtan t ch ap ter in  the 
TBT story. Persistence in  sedim ents an d  long- 
lived b io ta  will rem ain  to be addressed, bu t 
w idespread inputs from  sh ipping  should , at 
least, be a th ing  o f  the  past. O rgano tin  inputs 
will continue, o f  course, th ro u g h  th e ir use as 
additives in  a wide range o f consum er 
products. W hether efforts to address these 
em erg ing  challenges will draw o n  the  lessons 
o f  the past rem ains to  be seen.
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TBT: early w arnings and actions Table 13.1.

Early 1970s Rapid Increase In th e  use of  TBT antifouling pain ts  on vesse ls  of  all sizes and  first r epo r ts  of 
Im posex  In marine snails (Blaber, 1970; Smith, 1971)

1976-81 R e p e a te d  failure of  larval s e t t l e m e n t  leads to  near  collapse of  oyste r  fishery, A rcachon  Bay, 
France

1982 France In troduces  legislat ion prohibit ing th e  use of  TBT pain ts  on small vessels

1985 First contro ls  In troduced  In United  Kingdom limiting concen t ra t io n s  of  TBT In paints

1986 Bryan e t  a/. (1986) rep o r t  w id e s p re a d  Im posex  In d ogw helks  on so u th e rn  co as t  of United 
Kingdom, linked to  TBT

Ja nua ry  1987 United  Kingdom a n n o u n c e s  fu rther  restrictions on TBT c o n te n t  of  app l ied  antifouling paint

May 1987 United  Kingdom In troduces  ban on retail sale of TBT paint for use on vesse ls  < 25 m and 
on fish ca g e s

Ju n e  1987 PARCOM R e co m m e n d a t io n  87/1 calls for similar ban  over  entire  conven t ion  a rea  
(N ortheas t  Atlantic)

1988 United  S ta te s  In troduces  restr ictions.  W ald o ck  e t  a/. (1988) highlight significance of  Inputs 
from shipyards

1989 Restric tions In troduced  In C a n ad a ,  Australia and N ew  Zealand

1991 H arm onised  ban on retail sale of  TBT paint In troduced  at  E uropean  Union level

1994 Early rep o r ts  of  Im posex  In whelks from offshore a reas  of North  Sea linked to  shipping 
activity

1995 Ministerial declara t ion  of  fourth  North  Sea con fe ren ce  (Esbjerg) com m its  to  working for 
global  p h as e -o u t  of  TBT pain t  within IMO

1997 C o n c e p t  of  global  phase  ou t  of  o rgano t in  contain ing  pain ts  a g r e e d  at  MEPC's 40 th  sess ion

1998 Draft m an d a to ry  regu la t ions  a im ed  at  such a p h a s e -o u t  a d o p t e d .  OSPAR (Convention for 
th e  P ro tec t ion  of th e  Marine Environment of  th e  N o r th eas t  Atlantic) pr ioritises o rgano t in s  
for act ion to  c eas e  all re leases.  C essa tion  of  all r e leases  of o rg an o t in s  to  marine 
env ironm ent ,  u nde r  OSPAR's haza rd o u s  su b s ta n c e s  s t r a te g y  In 2020

N o v e m b e r  1999 D eadl ines  for p h a s e -o u t  a d o p t e d  u n d e r  IMO A ssem bly  Resolution A.895(21)

2001 Text of  International C onvention  on th e  Control  of  Harmful Antl-fouling System s to  be  
finalised.  In 2003 w orldwide prohibit ion on new  application  of  o rg an o t in  antlfoulants  to  all 
vessels  and In 2008 th e  existing o rg an o t in  antifouling co a t ings  will be  rep laced  on all 
vessels  w orldwide
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14. Hormones as growth promoters: 
the precautionary principle or a 
political risk assessment?

Jim W . Bridges and Olga Bridges

14.1. Introduction

O estrogenic steroid ho rm ones ( ‘oestrogens’) 
have a crucial ro le in  cellular regu lation  in  all 
vertebrate  species. T he levels req u ired  to 
b ring  ab o u t such changes are very low, 
a ro u n d  0.1-1 p g /m l (picogram s p er 
m illilitre) o f serum . It has b een  know n for 
over five decades th a t oestrogens affect the 
developm ent o f the  m ale reproductive system 
o f m am m als (Zuckerm an, 1940). 
N onetheless, oestrogenic steroid  ho rm ones 
are  often called ‘fem ale h o rm o n es’. T he 
fem ale reproductive system initially develops 
in dependen tly  o f the  h o rm o n e  regulatory  
system. This m eans th a t by defau lt an  anim al 
is fem ale if h o rm o n e  stim ulation  is absent 
(W ilson an d  Lasnitzki, 1971). N onetheless, in  
b o th  sexes oestrogens are  n eed ed  for fertility.

At a level above the  physiological one, 
na tu ra l oestrogens p ro d u ced  by m am m als, 
such as oestradiol-l7ß, have a lasting effect 
on  males. E xperim ental studies have shown, 
for exam ple, th a t the  adm in istra tion  o f 
oestrad io l-l7ß  to mice, rats, gu inea pigs and  
rabbits, du ring  b o th  foetal and  p erinata l life, 
can  resu lt in  significant defects in  the 
p itu itary-hypothalam ic function  in  males. 
This, in  tu rn , may d isrup t testicular function  
du ring  adu lth o o d  (Takasugi, 1979; O rgebin- 
Crist et al., 1983; Davies an d  Danzo, 1981; 
Brow n-G rant et al., 1975).

For m axim um  grow th a com bination  o f bo th  
oestrogens an d  androgens (m ale horm ones) 
is requ ired . T he grow th p rom oting  effects 
are  a ttribu ted  principally to  the  ability of 
com binations o f  oestrogens an d  androgens 
to  increase the re ten tio n  o f dietary n itrogen  
th ro u g h  p ro te in  synthesis th ro u g h  several 
m echanism s (E uropean  Com m ission, 1996). 
A fter the  Second W orld War, the  recogn ition  
o f the  grow th p rom oting  p roperties o f 
oestrogens, e ith er alone or in  com bination  
with androgens, led to th e ir in troduc tion  as a 
tool to increase m eat p roduction . 
D iethylstilboestrol (DES), as a cheap, be tter 
absorbed  analogue o f the  n a tu ra l ho rm o n e  
oestradiol-l7ß , becam e the favoured growth

p ro m o te r for cattle, sheep  an d  poultry  in  
m any countries (Schmidely, 1993).

As with m any steroid  grow th prom oters, DES 
was adm in istered  as an  im p lan t u n d e r the 
skin o f young anim als or as a feed additive. In  
the  early 1970s concerns ab o u t its safety were 
raised w hen DES was confirm ed to be a 
h u m an  carcinogen. In  the  scientific 
community, however, consensus was reached  
th a t the  h ea lth  risk was insignificant. The 
DES residues in  m eat were very low (below 
the lim it o f analytical detection) com pared  to 
those w hich individuals were exposed to 
w hen DES was used as a drug. Use o f  DES as a 
grow th p ro m o te r con tin u ed  in  some 
M em ber States o f the  E uropean  U n ion  (EU) 
longer th an  in  the  U n ited  States. I t was finally 
b an n ed  for this use th ro u g h o u t the  EU in 
1987 because o f uncerta in ty  as to  w hether 
there  was a definable ‘n o  effect’ dose for its 
po ten tia l tu m o u r inducing  effects in  hum ans 
(E uropeanC om m ission , 1996), a lthough  
som e M em ber States h ad  in tro d u ced  an  
earlier ban. In  the  U n ited  States a totally 
d ifferen t p a tte rn  o f events took place. DES 
was b an n ed  initially as a grow th p ro m o te r in 
1972 on  the  g rounds th a t it was a carcinogen, 
violating the so-called 1958 D elaney Clause. 
This clause prohib its food for h u m an  
consum ption  th a t contains carcinogenic 
substances, b u t was very difficult to apply in  
practice because the m ajority o f foods 
con ta in  trace am ounts o f  carcinogenic 
substances. However, public op in ion  ensured  
th a t the  clause rem ained  o n  the  statute 
books. T he regulators h ad  b een  forced to 
refe r to ‘m in im um  detectable levels’ in  
justifying th e ir inaction  regard ing  the 
D elaney Clause in  the  case o f  DES. T he US 
Food an d  D rug A dm inistration (FDA) 
estim ated th a t the  econom ic b u rd en  to the 
consum ers from  a DES ban  w ould be 
approxim ately USD 500 m illion p e r annum . 
T he calculation o f this estim ate involved a 
n u m b er o f questionable assum ptions. T he 
estim ated h ea lth  risk was 1 cancer in  133 
years (Jakes, 1976).

In  1974 the use o f DES as a grow th p ro m o te r 
was tem porarily  re instated  because o f
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procedu ra l deficiencies in  the  original bill 
b an n in g  DES in  the U nited  States. The 
farm ing lobby m ade strong claims regard ing  
the  serious econom ic consequences o f a 
fu rth e r ban. T hese claims were m ade despite 
the  fact th a t th ere  were alternative growth 
p rom oters already o n  the  US m arket (see 
Table 14.1.). T he ‘b rea th in g  space’ enabled  
the  pharm aceutical industry  to develop 
add itional h o rm o n a l grow th prom oters. At 
the  sam e tim e a scientific debate  was taking 
place on  w hat residue level o f DES could be 
regarded  as w ithout significant risk to h u m an  
health . In  1976 the FDA set the  m in im um  
detectable level o f  DES (the regulatory  level) 
a t 2 ppb  (parts p e r b illion). T he FDA 
estim ated th a t levels o f  DES in m eat were o f 
the  o rd e r o f 0.5 ppb  (M cM artin, 1978), bu t 
was n o t able to  verify this estim ate by 
m easurem ents. T he safety o f oestrogens in  
the  oral contraceptive pill an d  the  h igh  levels 
o f  n a tu ra l oestrogens in  p reg n an t w om en 
were cited as crucial evidence o f low residues 
o f  DES in  food being  w ithout risk to the 
consum er. This a rg u m en t d id  n o t take in to  
accoun t th a t young ch ild ren  w ith low natu ra l 
levels o f oestrogens were the likely ‘a t risk’ 
g roup  (M cM artin, 1978). T he FDA also 
om itted  the fact th a t DES has m any structural 
differences from  b o th  oestradiol an d  the 
oestrogenic com ponen ts o f the oral 
contraceptive pill.

In  1979 DES was finally b an n ed  because 
th ere  were n o  toxicological g rounds for 
identifying a residue level below w hich a 
carcinogenic effect w ould n o t occur (Jakes, 
1976).

T he concerns o f the  h igh  cost to the 
consum er from  a DES b an  were probably 
groundless. W hen the b an  was eventually 
im p lem en ted  there  was little evidence o f a 
sustained increase in  the costs o f m eat 
p roduction . In  the case o f the U n ited  States 
the lack o f increase in  costs could  be 
explained  by the availability o f alternative 
grow th p rom oters and, in  part, by the  w rong 
assum ptions m ade in  the  prelim inary  
calculation o f costs. I t is w orth  no ting  tha t 
the FDA has con tin u ed  to su p p o rt the  use of 
o th e r oestrogenic com pounds as grow th 
p rom oters in  cattle, (including  oestradiol, 
tren b e lo n e  an d  zeranol) because o f  the 
perceived im portance for the econom ic 
efficiency o f m eat p roduction .

In  1982, an  EU expert working g roup  (the 
Lam m ing C om m ittee) com prising m em bers 
o f the  Scientific C om m ittee for Food an d  the

Scientific C om m ittee for A nim al N utrition  
(the lead com m ittee for issues concern ing  
grow th p ro m o te rs), reach ed  an  in terim  
conclusion th a t oestradiol an d  several o th e r 
grow th p rom oters with a ho rm o n al action 
were safe as a grow th p rom oting  ag en t in 
cattle. This decision was clearly u n p o p u lar 
with the  EU officials. F u rther work was 
carried  o u t by the Lam m ing C om m ittee over 
the n ex t few years, b u t this d id  n o t change its 
opin ion . T he com m ittee was d isbanded  in 
1987 an d  the EU did  n o t publish  its in terim  
conclusions. However, m em bers o f  the 
com m ittee pub lished  the ir opinions 
independen tly  o f the  EU in  the  scientific 
lite ra tu re  (Lam m ing et al., 1987).

In  1988, a risk assessm ent by the Jo in t E xpert 
C om m ittee o n  Food (JECFA) o f the W orld 
H ealth  O rganization  (W HO) and  the Food 
and  A griculture O rganization  reached  a 
sim ilar conclusion to  th a t o f  the  Lam m ing 
C om m ittee. JECFA used the  standard  
app roach  for risk assessments still em ployed 
by scientific advisory com m ittees today. 
JECFA only considered  the  following 
(JECFA/W HO, 1988):

• risk w hen the grow th p rom oters are  used 
accord ing  to au tho rised  use (th o u g h  a t the 
tim e an d  since th ere  have b een  indications 
o f significant accidental o r deliberate 
misuse, w hich m igh t be expected  to lead  to 
h ig h er m eat residues) ;

• individual grow th p rom oters (ra th e r than  
th e ir com binations);

• data  provided by the  m anufacturers.

Shortly after the publication  o f  JECFA’s 
conclusions the EU issued a ban  n o t only on 
the  use o f oestradiol b u t also on  the use of 
o th e r na tu ra l an d  synthetic stero id  horm ones 
as grow th prom oters. This b an  was first 
ad o p ted  in  1985 b u t was d isputed  before  the 
E uropean  C ourt by the  U nited  K ingdom . It 
was an n u lled  because o f p rocedu ra l 
deficiencies. T he b an  was finally agreed  in
1988. It encom passed a b an  on  the  use o f 
oestradiol 17-ß, testosterone, p rogesterone, 
zeranol, trenbe lone  acetate an d  m elengestro l 
acetate w ithin M em ber States. In  1989 it was 
ex ten d ed  to  im ports from  th ird  world 
countries except w here such grow th 
p rom oters were already b an n ed  or countries 
w ere opera ting  horm one-free cattle export 
p rogram m es. This action  could be regarded  
as an  application  o f the  p recau tionary  
principle, a lthough  the princip le  was n o t 
form alised a t the  time.
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I t is im p o rtan t to analyse the  reasons why the 
E uropean  Com m ission decided  to  overrule 
the  views o f  bo th  com m ittees. T h ree  factors 
ap p ear to have h ad  a particu lar influence on 
the  C om m ission’s decision regard ing  DES’s 
use as a grow th prom oter:

• firstly, the  scientific evidence th a t DES, 
w hich h ad  b een  extensively used  as a 
grow th p rom oter, caused vaginal clear-cell 
adenom a in young w om en (H erbst and  
Bern, 1988);

• secondly, increasing public concern  abo u t 
the hea lth  risks from  horm ones generally. 
T he first genera tio n  oral contraceptive pill 
was b lam ed for increased incidence of 
b reast cancer an d  throm bosis;

• thirdly, several epidem iological studies 
published  a t the  tim e claim ed tha t 
oestrogenic environm ental con tam ination  
could resu lt in  anom alies in  growth, sexual 
developm ent an d  puberty. In  P uerto  Rico 
over 10 000 cases o f anom alous sexual 
developm ent, includ ing  p rem atu re  
developm ent o f breasts an d  body h a ir and  
pseudo precocious puberty, were rep o rted  
(Perez-Comas, 1988).

These changes were associated by the au thors 
with h igh  serum  total oestrogens. However, 
the source o f the  oestrogen  contam ination  
was n o t clearly identified . Similar adverse 
effects were observed in  Italy, believed to 
resu lt from  accidental con tam ination  o f food 
by DES (Fara et al., 1979). In  addition , in  
1980, analysis o f  Italian baby food m ade with 
hom ogen ised  veal showed the p resence of 
DES a t significant levels. This was claim ed to 
resu lt from  im plants th a t were n o t rem oved 
after s laughtering  o f  animals.

I t  is evident th a t the h u m an  risk associated 
with the  use o f oestradiol an d  oestradiol- 
re la ted  com pounds is governed by m any 
in te rre la ted  factors:

• the  n a tu re  o f the  grow th p rom oter(s) used, 
the  site an d  dose adm inistered  to cattle an d  
the tim e period  w hich has elapsed betw een 
its adm in istra tion  an d  the  slaughter o f  the 
anim al;

• the  am o u n t o f m eat an d  m eat p roducts 
derived from  slaughtered  anim als trea ted  
w ith the grow th p rom oters w hich is 
consum ed by an  individual over an  
ex tended  period  o f  time;

• in d irec t con tact w ith substances with 
oestrogenic p roperties th ro u g h  
environm ental con tam ination  o r o th e r 
form s o f exposure;

• the susceptibility o f the  individual 
consum er.

In  addition , th ere  exists a po ten tia l for 
accidental or deliberate m isuse o f oestradiol 
an d  o th e r horm onally  re la ted  substances in  
the  cattle industry. This m isuse may take 
several forms:

• use o f a dose h ig h er th an  considered  
acceptable;

• a com plex m ix ture o f oestrogenic steroids;
• an  inapp rop ria te  in jection  site;
• failure to rem ove an  in jection  site o r an  

im p lan t (likely to have m uch  h igher 
h o rm o n e  levels th an  elsew here) from  a 
s laughtered  anim al;

• a sh o rten ed  w ithdrawal period;
• use o f illegal substances.

Illegal use o f  grow th p rom oting  substances in  
M em ber States was the subject o f  the  1989 
P im enta R eport. T he re p o rt found  no  
evidence in  the use o f  oestradiol-l7ß , bu t 
nonetheless endorsed  the ban  because it 
facilitated controls an d  consum er confidence 
in  m eat. T here  have b een  claims th a t the  EU 
b an  o n  steroid  ho rm ones has led to  illegal 
use, n o t only o f  the ‘safer’ steroids b u t also 
the  m ore  toxic ones, such as DES (Loizzo et 
al., 1984). In  o th e r words, the  ban  may have 
led  to  an  increased risk to the  consum er, 
ra th e r th an  a red u c tio n  in  risk. In  the 
absence o f a substantial regu lar m onito ring  
program m e, the ex ten t o f such m isuse and  
the  consequen t increased risk, if  any, to  the 
consum er is h a rd  to gauge. It is no ted , 
however, th a t DES was detec ted  last year in 
US m eat im ported  in to  Switzerland.

In  m ost rep o rted  cases o f accidental 
con tam ination  o f food by oestrogenic 
substances, the  anom alous effects have been  
considered  to be transien t an d  reversible. 
However, the  long-term  effects o f exposure of 
p rep u b escen t ch ild ren  to oestrogenic 
substances are  as yet unknow n. T he absence 
o f a dem onstrab le  th resho ld  concentration , 
below w hich th ere  is n o  effect, adds to this 
uncerta in ty  (E uropean  Com m ission, 1996).

14.2. Impacts of oestrogenic 
compounds on wildlife

This issue was n o t considered  by e ither the 
Lam m ing C om m ittee or JECFA. Two sources 
o f in fo rm ation  have em erged  on  possible 
im pacts o f  oestrogenic com pounds on  the 
environm ent, namely:
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• effects o f  n a tu ra l an d  synthetic oestrogens 
themselves on  endocrine  function  in 
wildlife;

• effects o f  non-steroid  chem icals w hich 
im pact wildlife th ro u g h  endocrine  
d isruption .

No com prehensive studies were conducted  
un til the  late 1980s. However, th ere  was 
sufficient in fo rm ation  g enera ted  in  the  1970s 
to  raise concern  abou t the environm ental 
im pacts o f com pounds w ith oestrogenic 
p roperties. For exam ple, it was rep o rted  in  
1970 th a t d ich lorodiphenyl trich lo roethane  
(DDT) decreased oestradiol b lood  levels and  
deposition  o f m edullar bone (Scientific 
C om m ittee o n  V eterinary M easures R elating 
to  Public H ealth , 1999). It was suggested th a t 
the  oestrogenic p roperty  o f DDT was 
responsible for the  observed effect.

G row th reduc tion  was observed in  catfish 
exposed to DES as long ago as 1972, 
ind icating  th a t DES was likely to affect a wide 
range o f species in  the env ironm en t (Peakall,
1970) .Johnstone  et al. (1978) subsequently  
described a significant suppression o f bo th  
leng th  an d  w eight o f rainbow  tro u t following 
dietary adm inistra tion  o f oestradiol-l7ß  
(Bulkey, 1972).

A n u m b er o f chem icals widely p resen t in  the 
env ironm en t (DDT, polychlorinated  
biphenyls (PCBs) an d  alkylphenols) d isrup t 
oestrogen  recep to r function  in  wildlife 
(Johnstone et al., 1978; M ueller an d  Kim, 
1978; Reijnders, 1986; B ergm an an d  Olsson, 
1985; A ulerich et al., 1985). Fém inisation of 
m ale birds (having b o th  ovarian and  
testicular tissue) was in d u ced  by 
eth iny loestrad io l-l7a  (D elong et al., 1973).

T he studies cited above were ignored  until 
the late 1980s, w hen concerns regard ing  the 
possible im pact on  the env ironm ent o f 
veterinary drugs an d  grow th p rom oters were 
raised. This was discussed in  the 1989 Collins 
R eport, b u t n o  in -dep th  evaluation resulted. 
This may be ascribed to the  lack o f  in terest of 
d rug  agencies in  the  env ironm en t and  to  the 
widely held  assum ption th a t any excreted  
drugs o r grow th prom oters w ould be in  a very 
d ilu ted  form  an d  quickly degrade in  the 
environm ent. T he ex ten t o f  the 
environm ental im pact o f  the use of 
oestrogenic grow th p rom oters rem ains to  be 
established. T he recen t in tern a tio n a l 
w orkshop on  ho rm ones an d  endocrine 
disrupters in  food an d  w ater (in  C openhagen  
in  2000) confirm ed concerns abou t this issue.

14.3. W hat were the uncertainties
regarding the use of oestrogenic 
growth promoters for human 
health?

First, oestrogenic grow th p rom oters were 
in tro d u ced  to im prove efficiency in  cattle 
p roduc tion . H um an  h ea lth  issues, possible 
env ironm ental im pacts an d  farm  anim al 
w elfare were n o t given significant a tten tion . 
H istological changes in  the  prostate  and  
bortho lin ic  g land  have been  detec ted  in  
cattle following oestradiol-l7ß 
adm inistration . However, the  physiological 
significance o f these changes rem ains 
unclear.

Second, residues o f  the  com pounds in  m eat 
w ere subsequently  m easured  an d  shown to be 
low (in  the  case o f  oestradiol-l7ß w ithin the 
‘physiological ra n g e ’), a lthough  w hat 
constitutes the  physiological range continues 
to  be controversial. T he o th e r lim itation in  
these studies was the suitability o f the 
analytical m easurem ents. O ne aspect o f this 
is the failure to assay m etabolites with 
po ten tia l oestrogenic activity, for exam ple 
oestradiol esters.

T he EU has con tinued  to encourage 
scientific evaluation o f  the safety o f these 
grow th prom oters. In  1995 in  Brussels the 
E uropean  C om m ission organised an  
in tern a tio n a l conference on  growth 
p rom oters and  m eat p roduction , involving 
the  m ajor s takeholder groups. No definitive 
conclusions were drawn. T he ex p ert opinions 
o f  the  Scientific C om m ittee on  Veterinary 
M easures R elating to  Public H ealth  have 
b een  pub lished  since. T he conclusion of 
b o th  op inions is th a t fu rth e r a tten tio n  needs 
to  be given to  the exposure o f sensitive 
popu la tions to  these substances because of 
the  possible effects on  the  im m une system, 
the  endocrine  system an d  cancer. T he EU is 
also sponsoring a n u m b er o f ongoing 
research  projects in  this area. JECFA 
continues to ho ld  to its original view th a t 
each  o f the  grow th horm ones w ith steroid­
like action  is safe for the  consum er.

P repuberta l boys are  iden tified  as being at 
risk. T he reliability o f  m easurem ents o f the ir 
endogenous levels an d  p ro d u ctio n  of 
oestrogens is very questionable since these 
levels were close to  the limits o f detection. It 
m eans th a t any add itional exogenous 
oestrogen  represen ts a relatively h igh 
percen tage  o f the total body oestrogen. This 
is particularly  relevant in  the  con tex t o f  the
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safety criterion  app lied  by the FDA, tha t 
in take o f any h o rm o n e  from  food should 
constitu te less th an  1 % o f the  individual’s 
daily endogenous p roduction .

N either possible h u m an  exposure via release 
o f  oestrogenically active excreta from  cattle 
in to  the  environm ent, n o r possible effects on 
wildlife, were properly  taken  in to  account.

Public concern  in  E urope was in itia ted  by the 
association o f DES with vaginal clear-cell 
adenom a an d  increasing worries ab o u t the 
carcinogenic effects o f som e horm ones. I t is 
p e rtin e n t in  this regard  th a t recen t research  
has dem onstra ted  th a t oestradiol-l7ß 
(a lthough  a na tu ra l h o rm o n e), is a genotoxic 
carcinogen. This find ing  has fu rth e r fuelled 
the  debate on  w hat is a safe level.

14.4. Has the approach adopted by 
the European Commission 
proved to be sound?

T h ere  is a growing consensus th a t cancer of 
the  b reast in  w om en and  prostate  cancer in  
m en  may be p ro m o ted  by h igh  oestrogen 
exposure. N orth  A m erica has one o f the 
h ighest b reast cancer rates in  the  world, 
while Asia an d  Africa have m uch  lower rates. 
T he p a tte rn  is similar for p rostate  cancer. It 
has been  n o ted  th a t w om en with h igh  levels 
o f  oestrogen, particularly free oestrogen, 
have a h ig h er risk o f  b reast cancer 
developm ent (Adkins, 1975). Studies on 
m ig ran t populations indicate this risk is 
principally due to environm ental ra th e r than  
genetic  factors.

T h ere  is, so far, n o  good  evidence th a t the EU 
ban  on  the use o f grow th p rom oters has 
p ro tec ted  the h ea lth  o f the  public. However, 
it  can also be argued  th a t in  those countries 
w here these grow th p rom oters have 
con tin u ed  to be used, reliable evidence has 
n o t b een  accum ulated  on  th e ir safety to the 
consum er. A lthough poten tia l risks to the 
env ironm en t have b een  identified , no  
conclusive evidence th a t grow th prom oters 
constitu te a significant environm ental risk 
has b een  p roduced .

T he case for DES use as a grow th p ro m o ter 
was a purely econom ic one. T h ere  was no  
benefit e ith er for the  cattle (o r o th e r species 
to  w hich DES was adm inistered) o r for the 
environm ent. A gricultural specialists 
con tinue  to debate  the  ex ten t o f the  benefits

o f anabolic steroids as grow th prom oters. 
T he econom ic consequences o f this parting  
o f the  ways betw een the  U nited  States and  
the EU w ith regard  to anabolic steroids as 
grow th p rom oters are  very considerable and  
have yet to be fully evaluated. T he divergence 
o f op inions has led to  a trade dispute 
betw een the EU an d  the U nited  States 
(H enderson  et al., 1988). From  1989, the 
U nited  States took unilaterally  retaliatory 
m easures in  the form  o f a 100 % ad valorem 
duty o n  a variety o f EU exports a t a value of 
USD 93 m illion (ca. EUR 93 m illion) p er 
annum . In  1996 these m easures were 
w ithdraw n as n o t com patible with W orld 
Trade O rganization (W TO) law. In  1997 the 
legal basis for the EU ban  was challenged by 
the U nited  States an d  C anada in  fro n t o f a 
W TO panel. T he p anel found  largely against 
the  EU. O n  appeal, several o f the grounds 
were reversed. T he only aspect w here the 
p a n e l’s view was u p h e ld  was th a t the  EU had  
in  its b an  n o t focused specifically en ough  on 
residue in  m eat o f each grow th horm one. 
T he d ispute raises the  issue o f w here the 
benefit o f d o u b t should  lie. An issue o f 
concern  is th a t attem pts to resolve the 
p rob lem  are being  m ade in  the  absence of 
any form al m echanism s for trad ing  risks and  
benefits for the  public. Potential 
environm ental im pacts o r anim al welfare 
issues have n o t been  considered  in  this 
dispute.

T he EU is curren tly  experiencing  sanctions 
against its exports o f the  o rd e r o f  GBP 100 
m illion (ca. EUR 160 m illion) p e r annum . 
T he success o f the U nited  States in  the W TO 
hearings on  anabolic steroid  grow th 
p rom oters has encouraged  fu rth e r actions on 
o th e r products w here the  EU has adop ted  a 
p recau tionary  app roach  on  h ea lth  grounds. 
T he question  is w hether, if the EU applies the  
p recau tionary  princip le  on  h ea lth  grounds to 
any p ro d u c t(s), it w ould prove acceptable to 
the W TO. Some issues have, however, been  
clarified by the W TO appeal, nam ely a 
sanitary p ro tec tion  m easure (including  a 
ban) can be perm itted  if  supp o rted  by a risk 
assessment, even if  this:

• is n o t necessarily quantitative in  natu re;
• takes in to  accoun t real w orld issues such as 

difficulties in  contro l m easures;
• is based o n  ‘qualified an d  respected  

sources’(W T/D S, 1997), even if these are 
in  the  m inority.
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Table 14 .1 . US FDA  approval dates fo r anabolic agents

T rade  nam e A nabolic  a g e n t A p p ro v e d  d a te

Synovex-S 200 mg p r o g e s t e r o n e /

20 mg oestradio l  b e n z o a te

2 0 /2 /1 9 5 6

Synovex-H 200 mg te s to s t e r o n e  p ro p io n a te /  

20 mg oestradio l  b e n z o a te

16 /7 /1958

Raigo 36 mg zeranol 

O r  12 mg zeranol

5 /1 1 /1 9 6 9

MGA 0 .2 5 -0 .5 0  m g /d a y  MGA 3 /6 /1977

14.5. Overall conclusions

T he EU took action  in  1985 an d  again  in 
1988 to  ban  grow th p rom oters w ith a stero id­
like action, principally in  response to public 
concern  abou t involuntary an d  u n n a tu ra l 
h o rm o n e  exposure. This action  was n o t at 
the  tim e supp o rted  by the E U ’s own scientific 
com m ittee (the  Lam m ing C om m ittee) n o r 
th a t o f W H O  (JECFA). It is ap p ro p ria te  to 
apply the precau tionary  princip le  in  those 
situations w here the  science base is 
in adequate  to confirm  the safety o f  a 
p roduct. N either com m ittee was req u ired  to 
properly  characterise the degree of 
uncerta in ty  in  the ir assessment. As this 
question  was never asked, the  original EU 
b an  was, in  reality, a political risk assessment.

M ore recen t scientific research, however, 
probably ju s  tifies the application  by the  EU 
o f the precau tionary  princip le to con tinue 
the ban.

T he hand ling  o f the  issue o f steroid 
ho rm ones as grow th p rom oters has w ider 
im plications in  determ in ing  acceptability o f 
the use o f chem ical substances, nam ely that:

• it is very im portan t, in  arriving at the ir 
conclusions, th a t scientific com m ittees are 
requested  to identify the uncerta in ties in  
th e ir assessments;

• rigorous an d  tran sp aren t m echanism s m ust 
be developed for evaluating risks against 
benefits.

Table 14.2. H orm ones as g row th  prom oters: early warnings and actions

1970s C o n c e rn s  a b o u t  g row th  p ro m o te rs '  sa fety, as  DES confirm ed a hum an carc inogen

1972 Peakal  pub lishes  th a t  DES likely to  affect a w ide range  of  sp e c ie s  In th e  env ironm en t  (wildlife) but  
this w as Ignored  until th e  late 1980s

1972 DES b a n n e d  as a h o rm o n e  g row th  p ro m o te r  In th e  United  S ta tes

1974 Use of  DES re ins ta ted  In th e  United S ta tes

1976 US Food and  Drug Adm inistra t ion  (FDA) se ts  th e  minimum d e t e c t a b l e  level of  DES

1979 D E S b a n n e d a g a l n o n t h e  g ro u n d s  of  th e  Impossibili ty of  Identifying levels be low  which It would  not 
b e  carc inogenic

1982 EU e x p e r t  working g ro u p  (Lamming C o m m it tee )  conc lu d es  th a t  s o m e  g ro w th  p ro m o te r s  are  safe

1985 First EU ban  Is a d o p te d ,  Ignoring results from th e  Lamming C o m m it te e  b e c a u s e  th e  s c o p e  of  their 
a s se s sm e n ts  had not  b e e n  b ro ad  e n o u g h

1987 Lamming C o m m it te e  d i s b a n d e d  by EU and  the ir  results w ere  not  pub lished

1988 Ban of severa l g row th  p ro m o te r s  t h r o u g h o u t  th e  EU b a s e d  on uncer ta in ty  of their  effec ts  on 
h um ans

1988 W H O /F A O  Jo in t  Expert  C o m m it te e  on F ood ,  using s ta n d a rd  risk a s sessm en ts ,  r each es  sa m e  
conclusions as  Lamming C o m m it te e

1989 EU ban  e x t e n d e d  to  o th e r  g row th  p ro m o te r s  and  to  Im ports  from third world countr ies

1989 Pim enta  R eport  finds Illegal use of  g row th  p ro m o te r s  In s o m e  M e m b e r  S ta tes

1989-96 USA tak es  unilateral retal ia tory m eas u res  on EC ex p o r ts

1995 E uropean  Com m ission  o rg an ises  an International c o n fe ren ce  on g row th  p ro m o te r s  and m ea t  
p roduc t ion  w h ere  uncer ta in ties  remain regard ing  effects on th e  Immune sys tem , en d o c r in e  sys tem 
and  cancer

1999 The EU Scientific C o m m it te e  on Veterinary M e asu res  Relating to  Public Health publishes  a repo r t  
conclud ing  th a t  no th resho ld  levels can be  def ined  for six g row th  p ro m o te rs

2000 International w orkshop  on h o rm o n e s  and  endoc r ine  d isrup te rs  In fo o d  and  w a te r  confirms Impacts  
on  the  e n v ironm en t  (wildlife) of  ve te r inary  d rugs

2001 EU still suffers from sanction  to  Its e x p o r ts  of  a round  EUR 160 million p e r  year
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15. 'Mad cow disease' 1980s-2000: 
how reassurances undermined 
precaution

Patrick van Zwanenberg and Erik Millstone

15.1. Introduction

Many o f the  UK policy-makers w ho were 
directly responsible for taking policy 
decisions o n  bovine spongiform  
encephalopathy  (BSE) p rio r to M arch 1996 
claim  that, a t the  time, the ir app roach  
exem plified the  application  o f an  u ltra  
p recau tionary  app roach  an d  o f rigorous 
science-based policy-making. (n ) We argue 
th a t these claims are  n o t convincing because 
governm ent policies were n o t genuinely 
precau tionary  an d  did  n o t properly  take in to  
accoun t the im plications o f the available 
scientific evidence.

T he BSE saga is enorm ously  com plex and  
this accoun t is necessarily selective. I t is, 
however, essential to appreciate  th a t UK 
public policy-making was hand icap p ed  by a 
fundam enta l tension. T he d ep artm en t 
responsible for dealing  with BSE has been  
the M inistry o f A griculture, Fisheries and  
Food (MAFF), an d  it was expected 
sim ultaneously to p rom ote  the  econom ic 
interests o f farm ers and  the food industry  
whilst also p ro tec ting  public h ea lth  from  
food-borne hazards. T he evidence cited h ere  
suggests th a t because MAFF was expected 
sim ultaneously to m ee t two contradictory  
objectives it failed to m ee t either.

15.2. A  new cattle disease

T he first cases o f BSE were officially 
acknow ledged in  N ovem ber 1986. The 
pathological characteristics o f  the  new cattle 
disease closely resem bled  scrapie, a 
transm issible spongiform  encephalopathy  
(TSE) th a t is endem ic in  the  UK sheep 
popu lation . TSEs are  a g roup  o f very poorly 
understood , u n trea tab le  an d  invariably fatal 
b ra in  diseases th a t afflict b o th  anim als and  
hum ans. Creutzfeldt-Jakob disease (CJD) is 
the  best know n h u m an  TSE.

MAFF scientists suspected th a t BSE h ad  been  
caugh t from  sheep  infected  with scrapie and  
was being transm itted  th ro u g h  con tam inated

feed. T he re n d e red  rem ains o f sheep, cattle 
and  o th e r anim als were routinely  
inco rp o ra ted  in to  anim al feedstuffs. 
C ontam inated  feed was quickly confirm ed as 
the  p rincipal vector o f  the  disease b u t 
w hether BSE had  in  fact derived from  
scrapie, o r from  a spon taneous TSE in cattle, 
or from  a n o th e r source, rem ains unclear.

T here  was n o  evidence th a t eating  sheep 
m eat from  scrapie-infected anim als could 
cause CJD, b u t unfortunately  policy-makers 
could n o t be sure th a t the agen t w hich 
caused BSE h ad  in  fact derived from  scrapie. 
M oreover, even if  the scrapie p a th o g en  had  
ju m p e d  species in to  cattle, policy-makers 
could n o t be sure th a t BSE would 
subsequently  have the sam e transm ission 
characteristics as scrapie. Experim ental 
evidence ind icated  th a t it was th e n  n o t 
possible to p red ic t w hat the  host range o f a 
given strain  o f  scrapie w ould be once it h ad  
ju m p e d  to  an o th e r species (K im berlin et al., 
1987). Even if  policy-makers assum ed th a t 
BSE was pathogen ic  to hum ans they could 
n o t quantify the risk. No one  knew, for 
exam ple, w hich cattle tissues, if  any, w ould be 
free o f the  infectious agent, o r w hat the  levels 
o f infectivity in  the  various tissues w ould be, 
or how  this could vary over the  period  of 
incubation, an d  n o  one  knew if there  m ight 
be a th resho ld  o f h u m an  exposure below 
w hich the  risk w ould be negligible. In  the  late 
1980s th ere  was no  test th a t could reliably 
d etec t the path o g en  in  live anim als before 
clinical symptoms appeared . Asym ptom atic 
cattle could n o t be iden tified  n o r 
d ifferen tia ted  from  cattle w hich were 
un infected .

As soon as the first cases o f BSE h ad  b een  
diagnosed sen ior officials realised th a t BSE 
posed a possible risk to h u m an  h ea lth  (BSE 
Inquiry, 1999b, para. 22). As the  U n d er 
Secretary in  MAFF’s A nim al H ealth  G roup 
told his colleagues in  early 1988: ‘... we do 
n o t know w hether (BSE) can be passed to 
hum ans... T here  is no  evidence th a t people  
can be infected, but we cannot say there is no

(11) Gillian S h ep p a rd  (BSE Inquiry transcript ,  1998, 15 D ece m be r ,  pp. 10-11);  J o h n  G u m m e r  (BSE Inquiry 
t ranscrip t ,  1998, 8 D ece m be r ,  p. 50).
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risk... we have to face up to the possibility that the 
disease could cross another species gap’ (em phasis 
added ) (BSE Inquiry, 1999c, para. 59). 
Policy-makers h ad  n o  choice b u t to take 
u rg e n t decisions ab o u t a novel disease the 
im plications o f  w hich were unknow n.

15.3. Initial decisions

In  the early stages o f  the  BSE epidem ic a wide 
spectrum  o f possible policy responses was 
available to policy-makers. T he spectrum  
ranged  from  the  m ost to the least 
precautionary. They could also be ranked  in 
term s o f th e ir likely costs, b u t the  o rd e r was 
th e n  reversed. T he total e rad ication  o f the 
disease an d  its p a th o g en  from  agriculture 
an d  foods w ould have requ ired , inter alia, the  
slaughter an d  exclusion from  the food chain  
o f  all the  anim als w hich h ad  received feed 
known, or suspected, to have been  
con tam inated  with the pathogen . As there  
w ere no  ways o f know ing w hich batches of 
feed were contam inated , an d  because alm ost 
all dairy herds h ad  received feed contain ing  
m eat an d  bone m eal, an d  because the 
m ajority o f the  b ee f h e rd  were b red  from  
dairy herds, th a t w ould have entailed  
slaughtering  alm ost the en tire  British h e rd  
w hich m igh t have cost in  the o rd e r o f GBP 
12-15 billion (12). O n  the  o th e r hand , there  
w ere num erous o th e r options w hich could 
have b een  selected, w hich w ould have 
substantially red u ced  the risks w ithout 
spend ing  a g rea t deal o f public money. These 
m igh t have included, for exam ple, a ban  on 
the  use o f anim als from  affected herds as 
h u m an  food, o r a ban  on  the  use in  the food 
chain  o f all bovine tissues th a t were suspected 
o f  h a rb o u rin g  the  pathogen ic  agent, or even 
ju s t  a ban  on  the use o f clinically affected 
anim als as h u m an  food. In  1987, an d  the  first 
h a lf  o f 1988, approxim ately  1 200 clinical 
cases o f BSE were reco rd ed  (though  a t tha t 
tim e the disease was n o t notifiable an d  the 
actual incidence m ust alm ost certainly have 
b een  h igher) an d  m ost o f those were sold as 
h u m an  food. T he costs o f com pensation  for 
rem oving those clinically diseased anim als 
w ould have b een  no  m ore  th an  GBP 1 000 
p e r anim al, totalling approxim ately GBP 1.5 
m illion. It is n o t yet possible to estim ate the 
h a rm  w hich eating  those anim als may have 
caused.

Box 15 .1 . Early warnings

R e n d ered  animal s l a u g h te rh o u s e  w a s te s  have b e e n  
recycled Into animal feed  since a t  least the  
b eg inn ing  of  th e  20th  cen tury  (Cooke,  1998). The 
known risks o f t h a t  practice Included the  
transmiss ion,  recycling and amplifica tion of 
p a th o g e n s .  T hose  concerns  p r o m p te d  th e  1979 
Royal Com m ission  on Environmental Pollution to  
r e c o m m e n d  minimum process ing  s t a n d a rd s  In the  
render ing  Industries (RCEP, 1979). Before the  
Labour g o v e rn m e n t  could follow th a t  advice, they  
lost th e  1979 election .  It Is n o t  y e t  c lear w h a t  effect  
such regu la t ions  m igh t have had In diminishing the  
BSE e p id e m ic  b e c a u s e  th e  Incoming Conservative 
g o v e rn m e n t  d e c id e d  to  w ithdraw  th e  p ro p o s e d  
regulat ions,  d e e m in g  th e m  to  b e  unnecessa ry  and 
excessively restr ict ive. The T h a tch e r  g o v e rn m e n t  
Indicated th a t  th e  Industry should  be  left to  dec id e  
for Itself how Its e q u ip m e n t  should  be  o p e r a t e d  
(Barclay, 1996, Section II B, p. 13). After  1996, 
minimum process  s t a n d a rd s  w e re  In troduced  In the  
render ing  Industry and  deact iva t ion  ex p e r im en ts  
have b e e n  c o n d u c te d  and  are  In p rog ress .  W e  
migh t eventually  learn w h a t  th e  effec t  on th e  
s p r e a d  of  TSE a g e n t s  w ould  have b e e n  If th o se  
s ta n d a rd s  had b e e n  In troduced  In 1979.
In th e  m id-1970s th e  US D e p a r tm e n t  of  Agriculture  
d e c id e d  th a t  ca rcasses  of s h e e p  and  g o a t s  afflicted 
with, or e x p o s e d  to , sc rap ie  should  no t  be  used  In 
hum an or animal foods ,  par tly to  p rev en t  
transmiss ion of  sc rap ie  to  o th e r  flocks bu t  also 
b e c a u se  of  their  concern  a b o u t  a possible  link 
b e tw e e n  sc rap ie  and  CJD  (Martin, 1998). No similar 
action w as  taken  In th e  United  Kingdom. If BSE w as 
Indeed  c au sed  Initially by scrapie  jum ping  from 
s h e e p  to  catt le  th e n  similar, relatively Inexpensive, 
restrictions m igh t have p re v e n te d  th e  BSE 
ep idem ic .
The possibility th a t  BSE m igh t t ransm it  to  hum ans 
w as  reco g n ised  by ve te r inary  officials In MAFF as 
soon  as th e  d isease  w a s  first d ia g n o s e d  In 1986; 
how ever  they  th o u g h t  th a t  th e  probabil ity  th a t  BSE 
migh t b e  p a th o g e n ic  to  hum ans  w as  a cce p ta b ly  
slight. The earl iest  d o c u m e n te d  official 
a c k n o w le d g e m e n t ,  of  which w e  are  aw are ,  th a t  th e  
probabil ity  of  transmiss ion m igh t  be  m ore  than  
re m o te  w as  m a d e  a t  a m ee t ing  a t  th e  National  
Insti tute for Biological S ta n d a rd s  and  Control In 
May 1988. The m inu tes  of  a m ee t in g  r e p o r te d  the  
conclusion th a t  'b y  ana logy  (with scrapie  and  CJD) 
BSE may be  transmissible  to  hum ans '  (BSE Inquiry, 
1999c,  para.  186). Senior  g o v e rn m e n t  advisers  
par t ic ipa ted  In th a t  m ee t ing .
B e tw een  1990 and 1995, ev idence  gradually  
e m e r g e d  Indicating th a t  BSE exh ib i ted  dist inct  
t ransmiss ion characteris t ics  from scrapie  In s h e e p ,  
thus  Indicating th a t  BSE had an unknown and 
unpred ic tab le  host  range .  The m ost  significant 
ev idence  w as  th e  discovery, from 1990 onw ards ,  
t h a t  BSE w as  transmissible , via fo o d ,  to  d o m es t ic  
cats, a sp e c ie s  th a t  Is no t  su scep t ib le  to  scrapie . 
Evidence th a t  BSE could cause  CJD  did no t  e m e rg e  
until 1995 w h e n  c ases  of  an unusual form of CJD 
(later called variant  CJD) In exceptionally  young  
p e o p le  b e g a n  to  b e  d iscovered .  The t e m p o ra l  and 
g eograph ica l  associat ion b e tw e e n  th e  tw o  d ise ases  
w as  circumstantial ev idence  of causation .
In 1996 and  1997 d irec t  ev idence  Indicative of  a 
causal relationship b e tw e e n  BSE and  variant  CJD 
w as  p ro d u c e d .  This Included s tu d ie s  Indicating th a t  
th e  pa thologica l  and clinical f ea tu re s  of  BSE and 
variant CJD  w e re  Identical whilst  bo th  differed from 
th e  distinctive fea tu re s  of  sc rap ie  and  spo rad ic  CJD.

(12) Assuming a co m p e n sa t io n  rate  of GBP 865 p e r  s la u g h te red  cow  (the real ra te  of  co m p e n s a t io n  paid to
farm ers  In 1996), a herd of  ap p rox im ate ly  12 million cattle ,  th e  cos ts  of  s laughte ring  and Incinerating cattle,  
and  th e  knock-on effects on e m p lo y m e n t  p r o d u c e s  a maximum e s t im a te d  figure  of  GBP 15 billion ( 'Cash for 
cows ',  1996).
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Even if the  science h ad  b een  massively less 
uncerta in , scientific considerations would 
never by themselves have ind icated  w here on 
the  policy spectrum  an app rop ria te  response 
w ould have been . Policy-makers h ad  to m ake 
political ju d g em en ts  ab o u t w hich actions to 
take, an d  how the costs should  be d istributed 
betw een public an d  private sources.

O ne  p rob lem  with taking any regulatory  
m easures, as th en  seen from  the  perspective 
o f  the UK governm ent, was th a t any 
regulatory  response —  in d eed  any adm ission 
th a t consum ing m eat, m ilk or dairy products 
from  British cattle m igh t be harm fu l — 
w ould have u n d erm in ed  dom estic and  
in te rna tiona l confidence in  the  safety of 
British b ee f w ith adverse consequences for 
the  m eat industry. Even the virtually cost-free 
op tion  o f sharing  info rm ation  abou t the 
disease with those outside MAFF m igh t have 
a lerted  dom estic consum ers and  po ten tia l 
im porters o f UK cattle an d  m eat to  the 
p resence o f a new potentially  fatal zoonotic 
disease. Fear o f those consequences, an d  a 
re luctance to increase public expend itu re , 
d om inated  policy-making in  MAFF for the 
first 20 m on ths o f the  epidem ic. For 
exam ple, w hen MAFF’s C hief V eterinary 
O fficer first told his m in ister ab o u t BSE he 
w arned  th a t ‘... the  d isorder could have 
potentially  serious im plications, n o t only 
dom estically b u t for UK exports’. H e advised 
th a t it was n o t app rop ria te  to im pose 
regulatory  restrictions, no tin g  th a t 
‘irresponsible o r ill-inform ed publicity is 
likely to be unhe lp fu l since it m igh t lead to 
hysterical dem ands for im m ediate, d racon ian  
G overnm ent m easures an d  m igh t also lead 
o th e r countries to  re ject UK exports o f  live 
cattle an d  bovine em bryos an d  sem en ’ (BSE 
Inquiry, 1999b, pp. 27-28). Even the op tion  
o f  m aking the  disease notifiable, an  essential 
tool for disease surveillance, was rejected  in 
part, because, as one  official p u t it, such 
action  ‘... m igh t imply to the  genera l public 
we know som eth ing  they d o n ’t, like the m eat 
o r m ilk is a source o f danger for h u m an s’ 
(Phillips et al., 2000, Vol. 3, para. 2.130).

As the epidem ic rapidly began  to  escalate, 
UK policy-makers n o t only chose to  avoid 
taking any regulatory  action  a t all, b u t they 
also decided to try to  keep in fo rm ation  abou t 
BSE w ithin the  confines o f the  ministry. O ne 
o f  MAFF’s scientists la ter recalled: ‘... in  
D ecem ber 1986 w hen recogn ition  o f the 
disease began  to crystallise, we were a t the 
C entral V eterinary L aboratory  p laced u n d e r 
strict confidentiality as to discussing it with

outside p eop le ...’ (BSE Inquiry, 1999b, p.
13). As the Phillips Inquiry  in to  BSE 
concluded, during  the first h a lf o f 1987 
‘... th ere  was a policy o f  restricting, even 
w ithin the State V eterinary Service, the 
dissem ination o f any in fo rm ation  ab o u t the 
new disease’ (Phillips et al., 2000, Vol. 3, para. 
2.137). M ost o f the scientific research  
community, the  m edical profession, and  
senior officials an d  m inisters in  o ther 
governm ent departm ents d id  n o t learn  abou t 
BSE un til early 1988.

In  February 1988, w ith the  m ed ia  beg inning  
to devote a tten tio n  to  the  new cattle disease 
and  increasing num bers o f  affected cattle, 
senior MAFF officials changed  th e ir views 
and  reco m m en d ed  th a t th e ir m inisters 
in troduce  a slaughter an d  com pensation  
policy for clinically diseased cattle which, at 
the  tim e, were being sold for h u m an  food. 
Officials argued , privately, th a t w ithout a 
slaughter policy the  governm ent w ould be 
held  responsible if  it later transp ired  tha t 
BSE was transm issible to hum ans. The 
A griculture Minister, J o h n  MacGregor, 
rejected  th a t advice. T he m in iste r’s private 
secretary explained  why: ‘H e (the  m inister) 
does n o t see how we could proceed without 
being clear where the offsetting savings are coming 
from... M ore im portantly... the  a rg u m en t tha t 
slaughter com pensation  policy w ould help  to 
stem  the spread  o f the disease (advocated in  
these papers) is precisely the one sugar bee t 
growers have b een  m aking, an d  w hich we 
have strongly an d  publicly b een  rejecting. H e 
also thinks th a t action along the lines 
recommended now would make the export position 
much worse, n o t b e tte r’ (em phases added) 
(M inute, 1988).

T he governm en t’s policy was n o t 
precautionary. Its prim ary objective was 
ra th e r one  o f  trying to dim inish, as far as 
possible, the short-term  adverse im pact o f 
BSE on  the  profitability o f  the food industry 
and  the  level o f  public expend itu re .

15.4. Expert advice and regulatory 
controls

In  mid-1988, an d  for the first time, a small 
ex p ert advisory com m ittee was set up  to 
provide advice on  BSE. This only o ccu rred  at 
the  insistence o f the  C hief M edical Officer 
(CM O) a t the  D ep artm en t o f H ealth , who 
was first in fo rm ed  abou t the  new disease only 
in  M arch 1988 —  17 m on ths after MAFF was 
first a le rted  (BSE Inquiry, 1999c, para. 115). 
T h a t only occurred  because agriculture
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m inisters were advised by th e ir officials th a t 
they n eed ed  the su p p o rt o f  the  CMO for the 
m in isters’ decision n o t to rem ove clinically 
affected cattle from  the h u m an  food chain 
(BSE Inquiry, 1999c, para. 76).

T he advisory com m ittee, u n d e r the 
chairm anship  o f Sir R ichard Southwood, 
insisted on  the day o f  th e ir first m eeting  (20 
Ju n e  1988) th a t clinically affected cattle 
shou ld  cease to  go in to  the  h u m an  and  
anim al food chains an d  th a t farm ers should  
be com pensated . A no ther m ajor change 
occu rred  w hen MAFF announced , on  the 
very sam e day, th a t they would be in troducing  
a ban  on  the use o f potentially  con tam inated  
ru m in an t p ro te in  in  ru m in an t feed. T he feed 
b an  only app lied  to rum inants. Anim als such 
as pigs an d  pou ltry  could still be fed w ith the 
con tam inated  p ro te in  even th o u g h  no  one 
knew w hether o r n o t they m igh t also be 
susceptible to BSE. MAFF officials h ad  in  fact 
considered, an d  th en  rejected, a ban  on 
feed ing  ru m in an t p ro te in  m eal to  all anim als 
because th a t w ould have deprived the 
ren d erin g  industry o f its p rincipal m arket 
(the  bulk  o f anim al p ro te in  was fed to pigs 
an d  poultry) (BSE Inquiry  transcript, 1998, 
29June, p. 35). Senior veterinary  officials 
w ere nevertheless aware th a t th e ir decision 
was a gam ble. In  Ju n e  1988, the C hief 
V eterinary Officer, Keith M eldrum , adm itted  
privately to a colleague th a t ‘the m ost we 
could say is th a t any ru m in an t p ro te in  fed to 
(pigs) m igh t contain  the  ag en t o f BSE or 
scrapie. W hether or n o t infection  w ould be 
established in  the  pig an d  w hether it m ight 
replicate is u nknow n’ (BSE Inquiry  
transcript, 1998, 16June, p. 99). O ne 
u n fo rtuna te  consequence o f th a t decision 
was th a t for the  n ex t six or so years cross­
con tam ination  occurred  betw een feed 
destined for cattle an d  feed destined  for 
o th e r anim als, greatly p ro long ing  the BSE 
epidem ic.

A lthough Southw ood’s advisory com m ittee 
had  b een  quick to  insist th a t clinically 
affected anim als be rem oved from  the 
hu m an  food chain  it d id  n o t recom m end  
controls on  the use in  food o f sub-clinically 
infected  anim als, the tissues o f w hich would 
also h a rb o u r the  infectious agent. (In  the 
absence o f  an  an te-m ortem  diagnostic test 
any controls w ould have h ad  to have been  
im posed on  the en tire  British herd .) 
Southw ood acknow ledged in  M arch 1996, 
after the acute BSE crisis erup ted , th a t a ban  
on  the use o f all cattle brains m igh t n o t have 
b een  a politically feasible op tion  in  1988. H e

explained: ‘We felt it was a no-goer. They 
(MAFF) already th o u g h t o u r proposals were 
pretty  revolu tionary’ (New Scientist, 1996).

A b an  on  the  use o f cattle brains an d  o th e r 
offal from  all cattle in  the h u m an  food supply 
was in tro d u ced  by MAFF in  N ovem ber 1989, 
n in e  m onths after the Southw ood Com m ittee 
rep o rted . T h a t regu lation  was only 
in tro d u ced  after it em erged  th a t one o f the 
governm en t’s own ex p ert advisers h ad  told 
officials, in  confidence, th a t he  had  
u n d ertak en  private consultancy work for the 
p e t food industry  an d  h ad  subsequently 
reco m m en d ed  a bovine offal ban  in  p e t food, 
an d  after m inisters decided th a t they d id  n o t 
wish to be upstaged  by the  m eat p roducts 
industry  an d  the p e t food industry  b o th  of 
w hich h ad  told MAFF th a t they w ould be 
unilaterally  rem oving bovine offals from  their 
p roducts  (BSE Inquiry, 1999e, paras 87-89 
an d  135).

T he ru m in an t feed ban, the slaughter and  
destruction  o f  affected cattle, an d  w hat 
becam e know n as the  specified bovine offal 
(SBO) b an  were all in  place by the end  o f
1989. T he controls were n o t designed to 
erad icate the BSE agent, however, b u t only to 
dim inish  the risk. For exam ple, the tissues 
selected  for the  SBO b an  were chosen  n o t 
because they alone h a rb o u red  the infectious 
ag en t b u t because they could m ost easily be 
rem oved, an d  because they were o f  the  lowest 
com m ercial value. T here  were no  
experim en tal data, a t th a t time, indicating  
w hich cattle organs m igh t be con tam inated  
w ith the  pathogen , a lthough  analogies with 
o th e r species an d  the ir TSEs ind icated  tha t 
m any o th e r tissues w ould also have carried  
the  agent. For exam ple, lym ph nodes and  
p e rip h era l nerves w ould alm ost certainly be 
highly infectious b u t could n o t practicably be 
rem oved an d  organs such as the liver would, 
by analogy with o th e r TSEs, also contain  
(lower) levels o f  the infectious agen t bu t 
w ere com m ercially valuable (BSE Inquiry, 
1999e, para. 85). Moreover, the  SBO ban  
excluded  cattle u n d e r six m on ths old. T he 
carcasses o f  calves were n o t norm ally split in  
abatto irs so the rem oval o f th e ir spinal cords 
w ould have raised abatto ir costs. The 
exclusion o f calves w ould only have been  
sensible if  one  could  have assum ed tha t 
vertical transm ission o f BSE from  cow to calf 
could  n o t occur. T h a t assum ption was 
im plausible because it was already known 
th a t scrapie did transm it from  ewes to the ir 
lam bs and  because MAFF did  n o t start 
fund ing  research  in to  m aternal transm ission
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o f BSE un til 1989 (Barclay, 1996, p. 16; 
Nature, 1990).

T he delay in  im plem enting  the principal 
regulations also m ean t th ere  h ad  already 
b een  rep ea ted  h u m an  exposures to the  
pa thogen . For exam ple, from  mid-1988, after 
Southw ood recom m ended  th a t all clinically 
affected cattle be destroyed, to the  end  of 
1989, w hen  the  SBO ban  was actually 
in troduced , an  estim ated 30 000 infected  
cattle th a t were a t least halfway th ro u g h  the 
average incubation  period  for BSE h ad  been  
consum ed (Dealler, 1996).

1 5.5. Constructing a house of cards

In  1987, UK policy-makers ad o p ted  the 
hypothesis th a t BSE was an  innocuous 
version o f  scrapie an d  they struggled to 
rem ain  w edded  to it, in  the  face o f 
accum ulating  evidence to  the contrary, 
because th a t narrative enabled  the  UK 
governm ent to  offer a reassuring and 
optim istic m essage by suggesting th a t the 
p resence o f BSE in British dairy an d  b eef 
h erds posed  n o  th rea t to h u m an  health . 
MAFF repeatedly  asserted th a t their 
reassuring statem ents were fully supported  by 
scientific evidence, expertise an d  advice. 
T h a t was, however, a m isrepresen tation .

Policy-makers were repeatedly  told, b o th  by 
the  scientific experts on  w hom  they claim ed 
to  rely, and  by the w ider scientific 
com m unity, th a t it was im possible to be 
certa in  th a t consum ing m eat, m ilk an d  dairy 
p roducts from  anim als w ith BSE posed  no  
risk. For exam ple, in  May 1990, the 
governm en t’s Spongiform  E ncephalopathy 
Advisory C om m ittee (SEAC) to ld  policy­
m akers that: ‘in  the p resen t state of 
know ledge, it would n o t be justified  to state 
categorically th a t th ere  was no  risk to 
hum ans, an d  it was n o t ap p ro p ria te  to insist 
on  a zero risk’ (BSE Inquiry  transcript, 1998, 
24 M arch, p. 71). M inisters an d  sen ior policy­
m akers insisted otherwise in  public. O n  7 
Ju n e  1990, for exam ple, the A griculture 
M inister to ld  the H ouse o f  C om m ons th a t 
th ere  was ‘... clear scientific evidence tha t 
British b ee f is perfectly  safe’ (Hansard, 1990, 
co lum n 906). Policy-makers repeatedly  
claim ed a certainty which was unavailable 
an d  w hich they knew to be unavailable. 
Occasionally policy-makers acknow ledged 
th a t they could n o t be certa in  th a t BSE was 
an  innocuous form  o f scrapie, b u t they always 
claim ed th a t regulatory  contro ls in tro d u ced  
in  N ovem ber 1989 p reven ted  all potentially

con tam inated  m ateria l from  en te ring  the 
food chain  (Radio Times, 1992).

R egulatory controls were never in tended , 
however, to elim inate exposure to  the  BSE 
agent, b u t only to  dim inish  exposures, and  
MAFF scientists an d  expert advisers m ade 
sure th a t sen ior policy-makers knew th a t (see, 
for exam ple, BSE Inquiry, 1999e, para. 275). 
For exam ple, in  1990 SEAC p ro d u ced  a draft 
docum en t ab o u t the safety o f b ee f in ten d ed  
for the  C hief M edical Officer, in  w hich it 
m ade statem ents such as: ‘som e o f the  edible 
offal... th a t have on  rare  occasions 
dem onstra ted  low titres o f infectivity are  n o t 
included  in  the  offal b a n ’ an d  ‘there  are 
som e w ho insist on  n o th in g  less th an  an  
absolute guaran tee  o f safety. No scientist is in  
a position  to  do th a t a t p resen t for British (or 
Irish) b e e f’ (em phasis in  original) (Phillips et 
a l, 2000, Vol. 11, para. 4.120). T hat 
d ocu m en t was circulated  w ithin the 
D epartm en t o f H ealth  an d  MAFF for 
suggested am endm ents. T he MAFF official 
who subsequently  forw arded the  d ocum en t 
to m inisters told those m inisters, an d  o ther 
MAFF officials, that: ‘the m ost potentially  
inflam m atory pieces o f drafting  in  earlier 
versions (including  the citations above) have 
now b een  ed ited  o u t’ (Phillips et a l, 2000, 
Vol. 11, para. 4.118). But th en  as Phillips 
concluded, in  a m em orable  phrase, m inisters 
and  officials followed an  ap p ro ach  to 
in fo rm ation  provision ‘whose object was 
sedation ’ (Phillips et a l, 2000, Vol. 1, para. 
1179).

T he assertion th a t b ee f was entirely  safe was 
n o t only m isleading b u t it also m ade it 
increasingly difficult for MAFF to take a 
range o f o th e r precau tionary  steps. Any new 
regulatory  m easure, no  m atter how useful or 
cheap, risked n o t only raising questions 
abou t the  governm en t’s reassurances, b u t 
m ight also provoke serious doubts ab o u t the 
logic o f n o t in troducing  fu rth e r an d  m ore 
expensive contro ls (zero risk was always going 
to be unatta inab le  w ithout slaughtering  and  
restocking the en tire  British h e rd  and  
cleaning ou t the feed c h a in ) . In  o th e r words, 
partial reductions in  risk were difficult from  
the p o in t o f  view o f p resen tation ; the only 
credible options, given the  rhetoric , were to 
draw a line, m ain tain  th a t it p rovided total 
p ro tec tion  an d  stick to it, o r alternatively to 
try to eradicate the ag en t entirely.

N um erous precau tionary  m easures w ere n o t 
therefo re  in troduced , n o t because o f the ir 
im m ediate costs b u t because o f  th e ir liability



162  Late lesson s from early warnings: th e  precautionary principle 1 8 9 6 -2 0 0 0

to  u n d erm in e  the governm en t’s reassuring 
message. For exam ple, m echanically 
recovered m eat (MRM) was widely 
acknow ledged to con ta in  residual pieces o f 
potentially  highly infectious nervous tissue 
(BSE Inquiry  transcript, 1998, 6 July, pp . 104— 
106 and  127). B anning MRM w ould have 
m ade explicit the  risks associated with 
p e rip h era l nervous tissue, m ost o f w hich 
could  n o t practicably be rem oved from  the 
carcass. As the m inutes o f  a m eeting  h e ld  at 
MAFF in  Septem ber 1989 indicate: 
‘M echanically recovered m eat (MRM) —  the 
possible danger raised by several o f those 
consulted  was recognised an d  during  the 
discussion th ere  was an  expression o f the 
illogicality o f  w hat was being  d one  and  in  
particu lar how easy it w ould be to have to 
concede the possible dangers o f  m aterial 
o th e r th an  those listed in  the  p roposed  ban. 
I t  was ag reed  n o t to  raise i t ’ (BSE Inquiry, 
1999e, para. 263).

In  February 1990 the  Institu te  of 
E nvironm ental H ealth  Officers (IEH O ), 
whose m em bers were responsible for 
en forcing  controls in  slaughterhouses, raised 
concerns with MAFF ab o u t existing practices 
for rem oving cattle brains from  heads, none  
o f  which, the  IEH O  argued, could be 
accom plished w ithou t contam inating  the 
h ead  m eat. T he IEH O  sensibly 
reco m m en d ed  th a t all rem oval o f  h ead  m eat 
should  take place p rio r to splitting the skull 
for the  rem oval o f the  brain . A lthough 
agricu lture m inisters h ad  ‘qualm s’ abou t the 
practice o f  rem oving brains before  rem oving 
h ead  m eat, an d  felt th a t the practice ou g h t to 
be b anned , civil servants argued , successfully, 
th a t n o  new controls shou ld  be in troduced . 
As a sen ior official in  MAFF’s M eat Hygiene 
Division explained to  the M inister for Food: 
‘A m endm en t regulations w ould fuel debate 
on  BSE generally and, inevitably, lead to 
dem ands for sim ilar action  on  spinal cords... 
A ban  o n  splitting (spinal colum ns) would 
have grave consequences for the  industry  and  
for the  export trade. N or would it en d  with 
spinal cords. C oncern  would th en  be 
d irected  a t nerve trunks an d  lym ph nodes, 
w hich can n o t be rem oved from  carcasses’ 
(BSE Inquiry, 1999f, p. 7).

Again, a cheap, sim ple an d  risk-reducing 
m easure was avoided in  o rd e r to m ain tain  a 
reassuring an d  m isrepresentative message 
ab o u t safety an d  to  coun terac t political 
pressure for ever m ore  p recautionary  
controls. If MAFF h ad  publicly acknow ledged 
some o f the  uncerta in ties an d  risks, and

adm itted  th a t som e m easures o f contro l 
m igh t be too im practical a n d /o r  too 
expensive, an d  th erefo re  th a t a lower bu t 
acceptable level o f  risk m igh t have to be 
to lerated , policy-makers m igh t have found  it 
easier to  in troduce  precau tionary  contro l 
m easures w ithou t th rea ten in g  the  m inistry’s 
credibility.

As events an d  evidence eventually p ro m p ted  
add itional regulatory  controls, it becam e 
increasingly h a rd  to reconcile those 
responses w ith the  governm en t’s reassuring 
narrative, particularly  if  those additional 
regulations m ade explicit fu rth e r areas w here 
controls ou g h t to  be in troduced . Policy­
m akers therefo re  som etim es m isrepresen ted  
th e ir reasons for in troducing  regulations in 
an  a ttem p t to  p reven t th e ir narrative from  
unravelling. For exam ple, MAFF insisted tha t 
the SBO ban  was n o t necessary o n  scientific 
g rounds (see, for exam ple, H ouse o f 
C om m ons A griculture C om m ittee, 1990, pp. 
9 an d  71), an d  it was th erefo re  difficult to 
convince industry  an d  o th e r stakeholders 
th a t those regulatory  m easures were crucially 
im p o rtan t for public health . In  1995, during  
u n an n o u n ced  visits by en fo rcem en t officers 
to UK abattoirs, som e 48 % were found  to be 
failing to com ply with the SBO regulations 
(H ouse o f C om m ons A griculture an d  H ealth  
Select C om m ittees, 1996, p. 10). As a 
representative o f  those responsible for 
enforcing slaughterhouse regulations p u t it: 
‘We w ere being  given the message th a t really 
there  probably wasn’t a p rob lem  anyway so 
this was maybe a b it o f  window dressing as 
opposed  to serious public h ealth  m atters...’
(Panorama, 1996).

It was n o t only new regulatory  m easures, 
however, th a t th rea ten ed  the  governm en t’s 
claims th a t risks w ere zero. Sustaining the 
governm en t’s reassuring message also 
en tailed  th a t unw elcom e info rm ation  and  
evidence could u n d erm in e  the  official 
narrative. E xpert advisers were therefo re  
carefully selected an d  those who did  n o t 
share the  m inistry’s policy fram ework, o r who 
m igh t refuse to acquiesce to restrictions on 
the dissem ination o f inform ation , were 
excluded. As one MAFF official p u t it: ‘... you 
have to tu rn  to  ex ternal bodies to  try to give 
som e credibility to public p ronouncem en ts, 
you are  very d ep e n d e n t therefo re  on  w hat 
the C om m ittees th e n  find... Really the key to 
it is setting up  the  C om m ittee, w ho is on  it, 
an d  the n a tu re  o f th e ir investigations’ (BSE 
Inquiry  transcript, 1998, 29Ju n e , pp. 79-81). 
Some experts were also excluded because
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Box 1 5 .2 . The European dimension

A lthough  BSE first e m e r g e d  In th e  United  Kingdom, 
It s p r e a d  to  o th e r  countr ies ,  especially  In continenta l  
Europe,  as a c o n s e q u e n c e  of  t r a d e  In animals and 
feedstuffs .  Individual M e m b e r  S ta te s  and  the  
E uropean  Com m ission  have th e re fo re  had to  grap p le  
with m any of  th e  s a m e  difficulties and  d i lem m as as 
th e  United  Kingdom. Coun tr ies  such as Ireland, 
Portugal  and  France have had sufficiently high ra tes  
of  BSE that ,  during  th e  1990s, the ir  g o v e rn m e n ts  
reco g n ised  th e  n e e d  to  establish contro ls  on their 
d o m e s t ic  p roduc t ion  sys tem s.  O th e r  countr ies ,  with 
lower Incidences of  BSE, such as Belgium, the  
N e th e r lan d s  and  Italy occas io n ed  s o m e  concern  and 
regu la to ry  activities, b u t  primarily In relation to  
t r a d e d  animals and  feedstuffs .  The  various 
jurisdictions have, never the less ,  r e s p o n d e d  In quite  
d ifferent  ways, r ega rd le ss  of  their  levels of  Industrial 
d e v e lo p m e n t  or  th e  n u m b e r  of BSE cases  In each  
country. A full a c c o u n t  of  how  and why th o se  
r e sp o n se s  differed Is b ey o n d  th e  sc o p e  of  this case 
s tudy  (19). N ever theless ,  It Is c lear th a t  th e  location of 
responsibili t ies for BSE policy-making w as 
fu n dam en ta l  In framing th e  ways  In which th e  BSE 
p rob lem  w as def ined ,  ev a lua ted  and  r e s p o n d e d  to. 
In genera l ,  t h o se  jurisdictions In which Industrial 
sponso rsh ip  and  responsibili ty for co n su m er  
p ro tec t ion  w e re  located  within th e  sa m e  Institut ions 
(e.g. Ireland) a d o p t e d  less p recau t ionary  a p p ro a c h e s  
to  p ro tec t ing  public health  than  th o se  w here  
sponso rsh ip  and  regula t ion  w e re  split or  sha red  
b e tw e e n  m ore  than  on e  Insti tution (e.g.  Austria) 
(BASES, n.d.).
For exam ple ,  within th e  E uropean  Commission,  prior 
to  2000, responsibili ty for BSE policy w as  located  
primarily within DG III (with responsibili ty for the  
E uropean  Union's  (EU) Internal m arke t  and 
enterprise)  and  DG VI (with responsibili ty for 
agriculture and  fisheries). A l though  th e  United 
Kingdom In troduced  d o m e s t ic  legislation banning 
th e  use of  co n ta m in a te d  ruminant p ro te in  for use In 
rum inant feed  In J u n e  1988, a t  which po in t  It 
Informed th e  E uropean  Com m ission  of  Its actions, 
EU-wlde legislation to  control th e  s p re a d  of  BSE w as 
no t  In troduced  for a n o th e r s lx  years .  After  J u n e  1988, 
th e  United  Kingdom con t inued  to  e x p o r t  
c o n ta m in a te d  feed  to  o th e r  M e m b e r  S ta te s  and 
s o m e  of th a t  w as  su b s e q u e n t ly  fed  to  cattle .  For 
exam ple ,  e x p o r ts  of m e a t  and  b o n e  meal to  th e  EU 
had ju m p e d  from 12 553 to n n e s  In 1988 to  25 005 
to n n e s  In 1989 (European  Parl iament, 1997, p. 8). In 
th e  s u m m e r  of 1989, th e  Com m ission asked  the  
United  Kingdom to  In troduce an e x p o r t  ban  on th o se

feedstu f fs  bu t  th e  United  Kingdom refused to  d o  so  
(BSE Inquiry, 19 99d ,  para. 257). The Com m ission  has 
since claimed th a t  It did no t  have th e  legal basis Itself, 
prior to  th e  Single E uropean  Act, to  ban  e x p o r ts  of  
UK m e a t  and  b o n e  meal (al though th e  European  
Par l iament has d isp u ted  th a t  assertion);  Instead the  
Com m ission Invited all M e m b e r  S ta te s  to  In troduce  a 
national  ban on th e  Im port  from th e  United  Kingdom 
of rum inant-der ived  m e a t  and  b o n e  meal (European 
Parl iament, 1996, p. 10). S o m e  M e m b e r  S ta te s  then  
did so, or  had a lready  In troduced  such a ban (e.g. th e  
Nether lands) ,  whilst  so m e  did no t  ban  Im ports  of  UK 
m e a t  and  b o n e  meal until much later (e.g. Portugal).  
The E uropean  Com m ission  did no t  Insist on an EU- 
w lde  ban on th e  feed ing  of  rum inants  with m e a t  and 
b o n e  meal until 1994. N o t  until 1996 did the  
Com m ission ban  th e  e x p o r ts  of  UK p ro d u c e d  m e a t  
and  b o n e  meal (and all o th e r  ca t t le  products) .  The 
E u ro p ean  Parl iament has con c lu d ed  th a t  the  
Com m ission consistently  su b o rd in a te d  the  
p ro tec t ion  of  animal and  public health  to  
m a in ten an ce  of  th e  Internal m arke t  (European 
Parl iament, 1997).
As a result  of th e  1996 BSE crisis, th e re  has b e e n  an 
on-go ing  reorgan isa t ion  of scientific advice and food 
sa fe ty  policy-making In b o th  th e  European  
Com m ission and  M e m b e r  S ta tes .  In th e  E uropean  
Com m ission,  th e  scientific advisory sys tem  has b e e n  
re fo rm ed  and  m a n a g e m e n t  of  scientific advice has 
m oved  to  DG XXIV, now  r e n a m e d  DG SANGO or the  
Direc to ra te  Genera l  for Health and  C o n su m er  
Pro tec t ion .  In 2000, th e  regu la to ry  and sponso rsh ip  
functions of  DG III and  DG VI w e re  split and  th e  
regu la to ry  functions w e re  also transfe r red  to  DG 
SANGO. The E uropean  C om m iss ion 's  2000  W hite  
P a p e r  on food  sa fe ty  has now  p ro p o s e d  a further  
Institutional  split by p ropos ing  th e  crea tion  of  a 
E u ro p ean  Food Authori ty  to  p rovide  In d e p e n d e n t  
sc ie n c e -b a se d  advice to  DG SANGO (European  
Com m ission,  2000). A n a lo g o u s  reform s and 
pro p o sa ls  for reform have occurred  In m any  of  th e  
M e m b e r  S tates .
As of  2000, m any  Individual M e m b e r  S ta te s  have 
d iscovered  th a t  they  have rising c ases  of  BSE (e.g. 
France and Ireland) and  th o se  countr ies  th a t  
previously th o u g h t  th e y  m igh t b e  free of  th e  d isease  
have d iscovered  c ases  a m o n g s t  the ir  d o m e s t ic  cattle 
popu la t ion  (e.g.  G e rm a n y  and  Spain). Substantial 
historical d if fe rences  In th e  ty p es  of  contro ls  th a t  
have b e e n  Im p o sed  by d if ferent  M e m b e r  Sta tes ,  and 
th e  e x t e n t  to  which th o se  contro ls  have b e e n  
e n fo rc ed ,  will m ean  th a t  s o m e  jurisdictions face 
co n s id e rab le  animal and  public health  cha l lenges  for 
m any  years.

th e ir  institu tional location m igh t provide the 
w rong im pression. For exam ple, the UK 
Public H ealth  L aboratory Service (PHLS) — 
the  established disease surveillance 
institu tion  in  the  U nited  K ingdom  for new 
an d  em erging diseases —  was always 
excluded  from  BSE policy. As the  Welsh C hief 
M edical O fficer has recalled: ‘the  basis o f the 
consistent opposition  to the  involvem ent of 
the  PHLS was the anxiety th a t the ir 
involvem ent would be tan tam o u n t to 
adm itting  the  possibility o f  a h u m an  h ealth  
risk (Phillips et al., 2000, Vol. 11, para. 4.28).

Senior policy-makers also a ttem p ted  to 
ensure th a t the  com m issioning, conduct an d  
rep o rtin g  o f BSE research  were tightly 
contro lled . M any key experim ents were never 
started  o r were seriously delayed, 
in fo rm ation  an d  evidence were som etim es 
w ithheld, an d  data  an d  m aterials w ere n o t 
always shared  with o th e r researchers. For 
exam ple, a ran d o m  post-m ortem  survey of 
anim als in  abatto irs w ould have help ed  to 
provide estim ates o f the  num bers o f infected  
b u t asym ptom atic anim als en te ring  the 
h u m an  food chain. T he laboratory  resources

(13) National r epo r ts  a b o u t  th e  policy re sp o n s e s  to  BSE In 11 European  countr ies ,  c o n d u c te d  as p a r t  of  a
E uropean  Com m ission  sp o n s o re d  research  project, provide m ore  Information. T h ese  are  avai lable at: h t tp : / /
www. upm f-g renob l  e.fr/l n ra /se  rd/BAS E S/
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w ere available an d  the  costs would have been  
relatively low b u t only one  such survey has 
b een  conducted  in  the U nited  K ingdom  and  
th a t was in  1999 an d  only in  cattle th a t were 
n o t p erm itted  to  en te r the  h u m an  food 
chain. A crucially im p o rtan t experim en t to 
see w hether cattle fed on  rations deliberately 
in fected  w ith scrapie would get BSE was n o t 
started  un til 1996 (BSE Inquiry  transcript, 
1998, 11 M arch, p. 132). O nce BSE becam e 
notifiable, all infected  cattle brains becam e 
the  property  o f MAFF an d  the m inistry 
showed ex traord inary  re luctance to  provide 
som e o f the  m ost sen ior scientists in  the  
U n ited  States w ith pathogen ic  m ateria l (BSE 
Inquiry, 1999a, paras 493-505). A 
precau tionary  ap p ro ach  to policy-making, on 
the  o th e r han d , w ould have involved 
p ro duc ing  an d  dissem inating far m ore 
in fo rm ation  an d  evidence.

15.6. The failures and eventual
collapse of the policy edifice

In  the years following the Southw ood R eport, 
MAFF’s reassuring narrative repeatedly  and  
progressively unravelled. It d id  so partly 
because the  scientific evidence, w hich was 
never entirely  reassuring, becam e 
progressively less reassuring, because the 
m inistry’s contro l o f the  diffusion of 
in fo rm ation  was im perfect, and  because 
actors an d  agents outside the m inistry’s 
con tro l took in d e p e n d e n t decisions. This 
occu rred  despite MAFF’s vigorous attem pts 
to  sustain the  policy in  the face o f its in h e re n t 
weaknesses an d  accum ulating  counter­
evidence.

By late 1995 a lengthy series o f events and  
evidence h ad  obliged MAFF progressively to 
tigh ten  regulations, th ough  in  a reactive, 
ra th e r  th an  in  an  anticipatory, fashion. By 
then , a growing p ro p o rtio n  o f the national 
an d  global scientific an d  research  com m unity 
h ad  becom e increasingly concerned  abou t 
the  risks from  BSE. MAFF’s policy eventually 
collapsed in  M arch 1996 after a new variant 
o f  CJD (now, with the  passage o f time, 
labelled variant o r vCJD) h ad  em erged  in  the 
U n ited  Kingdom , an d  after SEAC had  
concluded  th a t consum ing food 
con tam inated  w ith BSE was the m ost 
p robab le  cause.

Box 15 .3 . The costs o f BSE

BSE has had substantia l ,  and  as y e t  Incom plete ,  
ramifications, s o m e  of which can b e  def ined  In 
m o n e ta ry  t e rm s  b u t  o th e r s  of  which are 
Incalculable.
In 1998, th e  cumulative e x p en d i tu re  by UK 
agricultural  d e p a r tm e n t s  In r e sp o n se  to  th e  BSE 
crisis, from 1996 to  2001, w as  fo rec as t  to  be  GBP 
4.2 billion (House of  C o m m o n s ,  1999). T he bulk of 
t h a t  e x p en d i tu re  was, and  will be ,  for 
co m p e n s a t in g  commercial  en te rprises ,  especial ly 
co m p e n s a t io n  to  farm ers  for th e  removal  of  cattle 
over  30 m o n th s  of  a g e  from th e  hum an food  chain 
and s u p p o r t  to  th e  s laughte ring  and  render ing  
Industries . The f igures also Include ex p e n d i tu re  on 
research  p r o g ra m m e s  and  administrat ion .  O th e r  
cos ts  since 1996 th a t  have b e e n  b o rne  by public 
ex p e n d i tu re  Include th e  public Inquiry Into BSE, at  
an e s t im a te d  GBP 25 million (Farmers Weekly  
Interactive Service,  1999).
The cos ts  to  th e  private se c to r  of  BSE have also 
b e e n  cons iderab le .  The  ban  on British b e e f  ex p o r ts  
In March 1996 led to  th e  c o m p le te  loss of  a t r a d e  
w or th  GBP 700 million p e r  yea r  (DTZ Pleda 
Consult ing, 1998). In th e  first 12 m o n th s  since 
March 1996, th e  to tal  value of  th e  m arke t  for UK 
p ro d u c e d  b e e f  fell by an e s t im a te d  36 % In real 
te rm s  (a com bina t ion  of  loss of  e x p o r ts  and the  
d ro p  In d o m e s t ic  d em an d ) ,  am ou n t in g  to  an 
e s t im a ted  loss of  value a d d e d  to  th e  UK e c o n o m y  
of GBP 1.15 billion (DTZ Pleda  Consult ing, 1998). 
It would  b e  p r e m a tu re  to  try to  provide precise 
e s t im a tes  of  th e  to tal  cos ts  of  BSE, n o t  least 
b e c a u se  w e  still c a n n o t  e s t im a te  how m any p e o p le  
will eventually  su c cu m b  to  new  variant  CJD; th e re  
may be  no m ore  th an  a n o th e r  100 cases,  or  the re  
may eventually  be  up to  a million (Colllnge, 1999).

1 5.7. Conclusions

BSE was always going to be a difficult issue to 
apply a precau tionary  app roach  to once it 
h ad  b een  discovered in  the  UK cattle herd . 
In  N ovem ber 1986, m any infected  cattle had  
already been  consum ed an d  even a t tha t 
stage it w ould have b een  hugely expensive to 
eradicate.

Nevertheless, th ere  was a g rea t deal w hich 
the  governm ent could  have done  to dim inish 
the  risks to consum ers, an d  in  the long ru n  to 
the  m eat industry  an d  to the  Exchequer, 
especially if  they h ad  openly acknow ledged 
w hat the  scientific evidence did, an d  did  no t, 
indicate. Instead  the UK governm ent claim ed 
to  be p ruden tly  p ro tec ting  public health , 
while in  practice it covertly subord inated  the 
p ro tec tion  o f public h ea lth  to the  su p p o rt of 
agricu ltural sales, w ith a view also to 
m inim ising state in terven tion  an d  public 
expend itu re . T he regulations w hich were set 
were, consequently, too  little an d  too late, 
an d  even th en  they were n o t properly  
enforced. M oreover too little was invested in  
scientific research  an d  the involvem ent of
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in d e p e n d e n t scientists was actively 
discouraged.

If  the UK governm ent h ad  ad o p ted  a 
genuinely  p recautionary  approach , it would 
have necessitated, firstly an d  m ost 
fundam entally, refo rm ing  policy institutions 
so as to  separate responsibilities for 
regu la tion  from  those o f sponsorship. The 
BSE saga has provoked a reappraisal o f  the 
ways in  w hich risks to  public and  
environm ental h ea lth  are  assessed and  
m anaged  in  the  U nited  K ingdom . Since May 
1997, the  UK governm ent has acknow ledged 
th a t th ere  was a fundam enta l con trad ic tion  at 
the  core o f MAFF’s rem it, an d  tha t 
recogn ition  in fo rm ed  the  decision to  create 
the  Food Standards Agency.

A precau tionary  ap p ro ach  w ould also have 
necessitated acknow ledging how little ‘sound  
science’ was available, an d  w ould have 
involved o pen  an d  accountable discussions of 
the  possible costs an d  benefits o f  taking, or 
failing to take, a wide range o f  d ifferen t 
possible courses o f action. A F reedom  of 
In fo rm ation  Act m igh t have the  effect of 
in itiating  a cu ltural change in  the  way policy­
m aking bodies rep resen t scientific evidence. 
A n institu tional separation  betw een those 
responsible for providing scientific advice, 
risk assessments an d  research  an d  those 
responsible for regulatory  policy-making 
m igh t also have encouraged  m ore o pen  and  
robust discussion o f possible risks. 
F u rtherm ore , the  m ore su p p o rt th ere  is for 
research, conducted  by a wide range of 
disciplines an d  in terdiscip linary  groups and  
in  a wide range o f institu tions w ith open  
access to evidence an d  data, the  h a rd e r it 
w ould be to conceal uncertain ties, and  
therefo re  the  uncerta in ties m igh t be m ore 
readily dim inished.

O ne  o f the factors which, p rio r to M arch 
1996, h e lp ed  MAFF to sustain its optim istic 
narrative was the  willingness o f expert 
scientific advisers to acquiesce to an  
a rran g em en t u n d e r w hich the  scientists 
p rovided advice w hich was based on  b o th  
scientific an d  non-scientific considerations 
b u t w hich was rep resen ted  to  the general 
public as if  it was purely  scientific. T h a t suited 
m inisters because it allowed them  to argue 
th a t they were do ing  what, an d  only what, 
th e ir  scientific advisers recom m ended , an d  it 
fla tte red  the scientists by rep resen ting  them  
as authoritative an d  influential. A m ore 
p recau tionary  app roach  could have been  
expected  if  the  ro le o f the  scientific advisers

Box 15 .4 . Conclusions from  th e  Phillips Inquiry

In Ja nua ry  1998, an Inquiry Into BSE w as  se t  up by 
th e  Labour g o v e rn m e n t  to  'es tablish  and  review 
th e  history of  th e  e m e r g e n c e  and  Identification of 
BSE and  variant CJD  and  of  th e  action taken  In 
r e sp o n se  to  It up to  20 March 1996' and  ' to  reach 
conclusions on th e  a d e q u a c y  o f t h a t  r e sponse ,  
taking Into a c co u n t  th e  s t a te  of  kn o w led g e  a t  the  
t im e '.  The Inquiry c o m m it tee ,  chaired  by Lord 
Jus t ice  Phillips, r e p o r te d  In O c to b e r  2000  after  
having taken  oral and  writ ten  ev idence  from over  
600 witnesses .
The 16-volume re p o r t  focused  primarily on 
p ro c e d u re s  ra ther  than  o u tco m es ;  In d eed ,  the  
Inquiry t e a m  w as  re luc tan t  to  c o m m e n t  on the  
e x te n t  to  which policy w as  or  w as  no t  
p ro p o r t io n a te ,  preferr ing Instead to  highlight 
Issues of  com m unica t ion  within and ou ts ide  
g o v e rn m e n t ,  th e  use of  ex p e r t  advice and 
c o o p e ra t io n  b e tw e e n  g o v e rn m e n t  d e p a r tm e n ts .  
Phillips' main criticism w as  th a t  public policy was 
d o m in a te d  by th e  political ob jec tive  of  reassuring 
th e  public. The  Inquiry te a m  m ain ta ined ,  
never the less ,  th a t  a p p ro p r ia te  policy decis ions 
w ere  taken  a l though  th e y  w e re  no t  always timely, 
p roper ly  d e s ig n e d ,  or  a d e q u a te ly  Im p le m e n te d  or 
en fo rced .
Two of  th e  conclusions r e ach ed  by Phillips and  his 
co l leagues  w e re  th a t  ' th e  g o v e rn m e n t  w as  anxious 
to  ac t  In th e  b e s t  In teres ts  of  hum an heal th '  and 
th a t  'It w as  n o t  (the Ministry of Agriculture , 
Fisheries and F o o d 's  (MAFF)) policy to  lean In 
favour of  th e  agricultural p ro d u c e rs  to  the  
d e t r im e n t  of  th e  c o n s u m er ' .  It Is, how ever ,  difficult 
to  se e  how th e  ev idence  available to  th e  Inquiry, 
s o m e  of which Is sum m ar ised  In this case s tudy, Is 
cons is ten t  with th o se  conclusions.
The Phillips R eport  con ta ins  160 Individual lessons.  
Many of  th e s e  are  specific to  animal health  policy 
and agricultural  p roduc t ion  pract ices  b u t  th e  main 
g ener ic  conclusions concern:
• th e  a p p ro p r ia te  use and  role of  advisory 

co m m it tees ;
• th e  m a in ten an ce  of  sufficient  In-house 

exper t ise ;
• g r e a te r  co o p e ra t io n  b e tw e e n  animal and 

hum an health  professionals;
• th e  p ro p e r  Im p lem en ta t ion ,  o p e ra t io n  and 

e n fo rc e m e n t  of  policy m easures ;
• coord inat ion  of  research  to  diminish policy­

re levant uncertainties;
• th e  principle th a t  uncer ta in ty  can justify action;
• th e  Im portance  of  establishing credibility and 

trust;
• com m unica t ion  of  uncertainty;
• o p e n n e s s  and  t ransparency .
Many of  th o se  conclusions are  re levant to  d e b a t e s  
a b o u t  p recau t ion  b u t  n one  p rov ided  an explicit 
discussion of w h a t  p recau t ion  m igh t Imply In 
practice for th e  c o n d u c t  of  policy-making and 
research.

had  b een  m ore  strictly delineated , an d  open  
to expert an d  public scrutiny. Since risk 
assessments are  always fram ed by socio­
econom ic considerations, the  responsibility 
for articulating  an d  justifying those fram ing 
assum ptions should  be the responsibility of 
dem ocratically accountable m inisters, and  
expert scientific advisers should  be 
responsible for showing how they have 
ga thered  an d  in te rp re ted  all the  app rop ria te  
evidence. Since M arch 1996, m em bers o f
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SEAC have becom e m ore in d e p e n d e n t than  
th e ir  predecessors. W hen advising on  the 
possible risks from  eating  4b eef on  the b o n e ’ 
SEAC set ou t the possible consequences of 
various courses o f action, an d  explicitly 
ind icated  the decisions w hich m inisters

w ould have to take. Policy-making on  BSE has 
becom e m ore precautionary, an d  in  p a rt that 
has b een  because it has becom e m ore open  
and  accountable, especially following the 
creation  o f the  U nited  K ingdom ’s new Food 
Standards Agency.

Table 15.1. BSE: early warnings and actions

Mid-1970s United  S ta te s  bans  sc rap ie- in fected  s h e e p  and g o a t  m ea ts  from cattle food  chain

1979 UK Royal Com m ission  on Environmental Pollution recogn ises  risks of  p a th o g e n s  In animal feed  
and  r e c o m m e n d s  minimum process ing  s t a n d a rd s  In render ing  Industries

1986 First cases  of  bovine spongifo rm  e n c e p h a lo p a th y  (BSE) are  officially a c k n o w le d g e d

1988 First d o c u m e n te d  official a c k n o w le d g e m e n t  th a t  BSE may b e  transmissible  to  hum ans

1988 S o u th w o o d  C o m m it te e  Is se t  up and  r e c o m m e n d s  th a t  clinically a f fec ted  catt le  should  no t  go  
Into hum an and  animal food

1989 Ruminant f e e d  ban,  s la u g h te r  and  des truc t ion  of  affec ted  cattle and  specified 
bovine offal (SBO) ban

1995 A lm ost 50 % of th e  aba t to ir s  ch ecked  are  found  to  b e  falling to  com ply  with th e  SBO ban

1995 Evidence th a t  BSE may cause  C reu tz fe ld t-Jakob  d isease  (CJD)

1996 At last, e x p e r im e n ts  s ta r t  to  s e e  w h e th e r  cattle fed  on rations de l ibera te ly  Infected with sc rapie  
would  g e t  BSE

1996 BSE crisis, af ter  a new  variant of  CJD e m e r g e d  In th e  United  Kingdom and consum ing  BSE 
c o n ta m in a te d  food  w as c o n s id e red  th e  m ost  p ro b a b le  cause

1 9 9 8 -
2000

The Phillips Inquiry tak es  p lace and  Its 16-volume rep o r t  Is pub l ished .  Its conclusions d o  no t  se em  
sufficiently r igorous on judg ing  g o v e rn m e n t  actions over  t ime.  T h ese  conclusions s t a te  th a t  
ap p ro p r ia te  policy dec is ions had b e e n  taken ,  a l though  not always timely, or  a d e q u a te ly  
Im p le m e n te d  or  e n fo rc ed .
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16. Twelve late lessons
Editorial team

16.1. Introduction

T he case studies provide a w ealth o f ‘late 
lessons’ for fu tu re  policy. To a ttem p t to 
sum m arise th em  all w ould effectively 
replicate the  studies. R etu rn ing  to the four 
b ro ad  questions th a t we posed to the  au thors 
an d  trying to distil a n u m b er o f specific 
lessons seem ed m ore useful. These th en  
m igh t be applied  to fu tu re  policy in  o rd e r to 
m inim ise repe tition  o f the  mistakes —  or at 
least the  oversights —  o f the past.

T he first question posed was w hen was the 
first credible scientific early warning? T he 
second was w hen an d  w hat were the m ain  
actions or inactions on  risk redu c tio n  taken 
by regulatory  an d  o th e r responsible bodies? 
T he key p o in t h e re  is the  leng th  o f  the gap 
betw een the  specific p rob lem  being 
identified  an d  effective action  being taken. 
T he answer for m any case studies was th a t the 
gap was long, certainly m any years or 
decades, and  in  som e cases over a century. 
This m igh t n o t be so surprising before  the 
n eed  for the precau tionary  princip le  had  
b een  explicitly iden tified  in  the 1970s and  
1980s. B ut even after that, exam ples of 
unequivocal p recau tionary  action  were 
relatively scarce. I t is also no tab le  that, while 
the  precau tionary  princip le  debate has 
som etim es b een  characterised  as a battle 
betw een the E uropean  U n ion  (EU) and  
N orth  Am erica, the  case histories suggest 
a n o th e r story, one o f  d ifferen t degrees of 
acceptance o f the  n eed  for p recau tion  w ithin 
d ifferen t institu tions in  b o th  N orth  A m erica 
an d  Europe.

In  m any o f the  case studies, adequate  
in fo rm ation  abou t po ten tia l hazards was 
available well before  decisive regulatory  
advice was taken, b u t the  in fo rm ation  was 
eith er n o t b ro u g h t to the a tten tio n  o f the 
app rop ria te  decision-m akers early enough, 
o r was d iscounted  for one  reason  or another. 
I t  is also tru e  th a t in  som e o f the  case studies, 
early w arnings —  an d  even ‘loud  and  la te ’ 
w arnings —  were effectively ignored  by 
decision-m akers because o f short-term  
econom ic and  political in teractions (see the 
case studies on  asbestos, PCBs, the  G reat 
Lakes, an d  su lphur dioxide and  
acid ification).

T he th ird  question  was w hat were the 
resulting  costs an d  benefits o f the  actions or 
inactions? This proved to be the  m ost 
difficult question  for the  case study au thors 
to answer, a t least in  a com prehensive 
m anner. In  p a rt this is due to the  background  
o f m any o f ou r au thors, who are generally 
technical experts in  the field, ra th e r  th an  
experts in  assessing the econom ic costs and  
benefits, or the  w ider pros an d  cons of 
action. B ut this is also an  intrinsically difficult 
an d  controversial area. T here  is no  credible 
way o f reducing  the pros an d  cons of 
alternative courses o f action  to a single 
figure, econom ic o r otherw ise, n o t least 
because o f the  prob lem  o f com paring 
incom m ensurables an d  because the  pros and  
cons are unlikely to be spread  evenly across 
all in terest groups. T here  are constructive 
ways o f dealing with these com plications, b u t 
ultim ately a genera l analysis lay beyond the 
scope o f the c u rren t publication.

However, dealing w ith som e aspects o f costs 
an d  benefits is inevitable w hen addressing 
the fo u rth  question  posed  to the authors, 
namely, ‘w hat lessons can be draw n th a t may 
help  fu tu re  decision-m aking?’. For the  
purposes o f this publication, this is a key 
issue.

T he E uropean  Scientific Technology 
O bservatory (ESTO) p ro jec t on  
technological risk an d  the  m anagem en t o f 
uncerta in ty  (see, for exam ple, Stirling, 1999) 
provided the initial fram ing o f this analysis. 
This sets ou t a com prehensive structure  for 
the consideration  o f issues re la ting  to 
p recau tion . N ot only d id  this he lp  in 
organising the consideration  o f the lessons, it 
also gave an  opportun ity  to  test or elaborate 
m any o f the  po in ts arising from  the ESTO 
studies against the  large body o f historical 
m aterial con ta ined  in  the  case studies. Most 
o f the key issues th a t em erged  from  the case 
studies could  be addressed by 12 late lessons:

1. Acknowledge an d  respond  to  ignorance, 
as well as uncerta in ty  an d  risk, in  
technology appraisal an d  public policy­
m aking.

2. Provide adequate  long-term  
environm ental an d  h ealth  m onito ring  
an d  research  in to  early warnings.



Twelve late lessons 1 6 9

3. Identify an d  w ork to  red u ce  ‘b lind  spots’ 
an d  gaps in  scientific knowledge.

4. Identify  an d  reduce  in terdiscip linary  
obstacles to learning.

5. Ensure th a t real world conditions are 
adequately accoun ted  for in  regulatory  
appraisal.

6. Systematically scrutinise the claim ed 
justifications an d  benefits alongside the 
po ten tia l risks.

7. Evaluate a range o f alternative options 
for m eeting  needs alongside the  op tion  
u n d e r  appraisal, an d  p rom ote  m ore 
robust, diverse an d  adaptable 
technologies so as to  m inim ise the costs 
o f  surprises and  m axim ise the benefits of 
innovation.

8. Ensure use o f  ‘lay’ an d  local knowledge, 
as well as relevant specialist expertise in 
the  appraisal.

9. Take full accoun t o f the assum ptions and  
values o f d ifferen t social groups.

10. M aintain the regulatory  in d ep en d en ce  of 
in terested  parties while re ta in ing  an 
inclusive app roach  to in fo rm ation  and  
o p in ion  gathering.

11. Identify  an d  reduce  institu tional 
obstacles to learn ing  an d  action.

12. Avoid ‘paralysis by analysis’ by acting to 
reduce  p o ten tia l h a rm  w hen th ere  are 
reasonable g rounds for concern .

T he distinctions betw een these d ifferent 
aspects are  in ten d ed  to be illustrative, ra th e r 
th an  definitive. Many are clearly in terlinked. 
Some m igh t be com bined  toge ther o r fu rth e r 
distinguished. However, the  issues 
sum m arised h e re  provide a basis for the 
practical im plem enta tion  o f the 
p recau tionary  princip le. M any o f the lessons 
re la te  to  the type, quality, processing an d  
utilisation o f in fo rm ation  set w ithin the 
con tex t o f a m ore  participative and  
dem ocratic  process. Such an  in teg ra ted  and  
com prehensive process o f hazard  and  
options appraisal clearly needs to be re la ted  
to  the likely scale o f the po ten tia l 
consequences (environm ental, social, 
econom ic) o f the  activity in  question.

In  elaborating these lessons the ru le  was of 
n o t to  in troduce  m ateria l ex traneous to the  
case studies. However, in  a final section some 
m ore  genera l po in ts are  raised, which 
a ttem p t to set the conclusions w ithin the 
con tex t o f o th e r developm ents in  the  field.

1 6 .2 .  T w e lv e  la te  le s s o n s

16.2.1. R esp on d  to ignorance as w ell as 
uncertainty

A central lesson o f this book  concerns the 
im portance  o f recognising an d  fully 
understan d in g  the  n a tu re  and  lim itations o f 
ou r knowledge. W hat is often  re fe rred  to as 
‘uncerta in ty ’ actually h ides im p o rtan t 
technical distinctions (see Box 16.1.). All the 
activities in  the  case studies were subjected  to 
som e form  o f (form al or inform al) 
assessm ent o f risk. W hat rem ained  neglected , 
however, was the  virtual certainty th a t there  
w ould be factors th a t rem ained  outside the 
scope o f the  risk assessment. This is the  
dom ain  o f ignorance —  the  source of 
inevitable surprises, o r u n p red ic ted  effects.

No m atte r how sophisticated know ledge is, it 
will always be subject to som e degree of 
ignorance. To be a le rt to  —  an d  hum ble  
ab o u t —  the  po ten tia l gaps in  those bodies of 
know ledge th a t are  inc luded  in  o u r decision­
m aking is fundam ental. Surprise is inevitable. 
Ju s t as one basis for scientific research  is the 
an tic ipation  o f positive surprises — 
‘discoveries’ —  so it will always yield the 
correspond ing  p rospect o f negative surprises. 
By th e ir na tu re , com plex, cumulative, 
synergistic o r in d irec t effects in  particu lar 
have traditionally  b een  inadequately  
addressed  in  regulatory  appraisal.

T hus a key e lem ent in  a p recautionary  
ap p ro ach  to regu lation  involves a g reater 
willingness to acknow ledge the possibility of 
surprise. This does n o t m ean  resorting  to 
b lanket opposition  to innovation. But 
acknow ledging the  inevitable limits of 
know ledge leads to g rea te r hum ility  abo u t 
the  status o f the  available science, requ iring  
g rea te r care an d  deliberation  in  m aking the 
ensu ing  decisions. I t also leads to  a 
b road en in g  o f  appraisals to  inc lude  m ore 
scientific disciplines, m ore  types o f 
in fo rm ation  an d  knowledge, and  m ore 
constituencies.

T he consequences o f ignorance can be 
dram atic, as dem onstra ted  by the case study 
on  halocarbons. P rior to  the hypothesis o f a 
m echanism  for stratospheric ozone dep le tion  
in  1974, the  now well-known im pact of 
ch lorofluorocarbons (CFCs) was a very 
s trong  candidate  for ignorance ex tending  
over m any decades. N ot only the likelihood, 
b u t the very possibility o f  an  ‘ozone h o le ’ was 
unapprec ia ted . Chem icals th a t were relatively 
in e r t an d  ben ign  u n d e r ‘n o rm a l’ conditions
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Box 16 .1 . Risk, uncerta inty and ignorance

The p recau t ionary  principle Is s e e n  principally as  a 
w ay  to  deal  with a lack of  scientific certainty. A basic 
fo unda t ion  for our  conclus ions concerns  th e  na tu re  of 
scientific cer ta in ty  Itself. T here  Is an u rg en t  n e e d  for 
a m ore  c o m p le te  and  sys tem atic  bas is for thinking 
a b o u t  th e  d ifferent  ways In which scientific 
uncer ta in ty  may p e rv a d e  regu la to ry  appraisal.
First th e re  Is th e  familiar condit ion  of  risk, as formally 
def ined  In probabil ity  theory .  This Is w h ere  all 
poss ib le  o u t c o m e s  are  known In ad v an ce  and  w here  
the ir  relative likelihood can b e  a d e q u a te ly  e x p re ss e d  
as  probabilit ies .  W h ere  this condit ion  prevails, risk 
a s se s sm e n t  Is a valid t e c h n iq u e  th a t  can save lives, 
p rev en t  d a m a g e  to  th e  e n v ironm en t  and  provide a 
r o b u s t  bas is for decis ion-m aking.  Still, the  
ju d g e m e n t s  over  w h a t  Is de f ined  as a t  risk, and  over 
th e  right ba lance  to  strike In decis ion-m aking,  are 
necessari ly laden with subjective as su m p t io n s  and 
values .
U nder  th e  condit ion  of uncertainty, as formally 
def ined ,  the  a d e q u a t e  empirical  or theore t ica l  basis 
for assigning probabil it ies  to  o u tc o m e s  d o e s  not  
exist. This may be  b e c a u se  of  th e  novelty  of  the  
activities co n c e rn e d ,  or  b e c a u s e  of com plex i ty  or 
variability In their  con tex ts .  Either way, conventional  
risk a s se s sm e n t  Is to o  narrow In sc o p e  to  be 
a d e q u a t e  for applica tion  u nde r  cond i t ions  of 
uncertainty. A l though  t e c h n iq u e s  such as  safety  
factors , scenar io  or sensit ivity analysis can b e  useful, 
th e y  d o  no t  provide a w ay  a d e q u a te ly  to  assess  the  
Im pacts  of  d ifferent  op t ions .  Here, m ore  than  ever, 
ju d g e m e n t s  a b o u t  th e  right ba lance  to  strike In 
decis ion-m aking are  laden with subjective 
assu m p t io n s  and values .
Many case  s tu d ie s  In this b o o k  Involve exam ples  
w h e re  regu la to ry  appraisal  lab o u red  no t  only u n d e r  a 
lack of  cer ta in ty  as to  th e  likelihood of  d ifferent  
o u tc o m e s ,  b u t  w h e re  s o m e  of th e  possibili ties 
th em se lv e s  rem ained  unknown. Here,  decis ion­
making Is f aced  with th e  continual p ro s p e c t  of 
surprise. This Is th e  condit ion  formally known as 
ignorance. Even m ore  than  uncertainty, this 
u n d e rsco res  th e  n e e d  for a healthy humility over  the  
sufficiency of  the  available scientific k n o w le d g e  and, 
crucially, for an Institutional capac ity  for o p e n  
reflec tion on th e  qua l l ty an d  utility of  available bo d ie s  
of  k n ow ledge .  Regula to ry  appraisal m ust  explicitly 
a d d re s s  th e  Implica tions of  al ternative a s sum ptions  
and  systematically  d o c u m e n t  how th e s e  relate to  th e  
persp ec t iv es  of  dif ferent  social g ro u p s  and  to  the  
env ironm ent .
O n c e  It Is ac k n o w le d g e d  th a t  th e  likelihood of  certain 
o u t c o m e s  may no t  b e  fully quantif iable , or  w here  
certain o th e r  possibilities  may remain entirely 
u n a d d re ss e d ,  th e n  uncer ta in ty  and Ignorance ,  ra ther  
than  m ere  risk character ise  th e  s i tuation. The 
ad o p t io n  of  robust ,  t r a n s p a re n t  and  accoun tab le  
a p p ro a c h e s  to w a rd s  th e  various a s p e c t s  of  risk, 
uncer ta in ty  and  Ignorance  can be  Identified as on e  
crucial m e a n s  of  regaining public conf idence  In 
regu la to ry  decis ion-making.
The decis ion-m aking p rocess  n e e d s  to  be  m ore  
explicit and  sys tem atic  a b o u t  th e  level of p roo f  
n e e d e d  to  justify reducing  hazards. Exam ples Include 
'scientifically b a s e d  suspic ion ',  ' r e a s o n a b le  g ro u n d s  
for concern ' ,  th e  'b a lance  of e v id e n c e '  and 'b e y o n d  
reasona b le  d o u b t ' . f s e e  Table  16.1., In th e  last section  
of  this chap te r ,  and  Its e labo ra t ion  In th e  last pa r t  of 
this report) .  There  Is th e re fo re  a range of  cho ices of 
levels of  p ro o f  for d e te rm in ing  th e  basis for action, 
each  with d ifferent  cos t  and  benef i t  Implica tions for 
d if ferent  g roups .  T h ese  d if ferent  levels of  proof  
provide a m o re  soph is t ica ted  basis for th e  weigh ing  
up of  po ten tia l  benef i ts  and  harm than  d o  simple 
p r o n o u n c e m e n ts  of  truth or  falsity.

(and  less conventionally hazardous th an  the 
substances they rep laced) tu rn ed  o u t to 
behave very differently u n d e r conditions tha t 
were n o t considered  in  the  risk appraisal.
T he effects o f the synthetic oestrogen 
diethylstilboestrol (DES) on  the  nex t 
genera tion  o f the  trea ted  p a tien t cam e as a 
com plete surprise, while the  accum ulation  of 
organotins in  top predators, arising from  
tributyltin (TBT) antifoulants was simply n o t 
envisaged. A ccording to  the au thors o f the  
antim icrobials case study: ‘T he justification  
for the later d ilu tion  o f (the  Swann 
C om m ittee’s) conclusions an d  com prom ises 
on  its recom m endations was based m ainly on  
narrow  considerations o f  w hat was precisely 
know n ra th e r th an  o n  taking accoun t o f w hat 
was n o t known, o f the ignorance w ithin the 
field ... In  o th e r words science th a t em braces 
com plexities, uncertain ties and  unknow ns 
with m ore  hum ility an d  less hubris is 
n e e d e d .’

T he lesson seems clear. R ather th an  focusing 
only o n  the  m ost straightforw ard an d  d irect 
im pacts, the process o f regulatory  appraisal 
should  ex tend  a tten tio n  to  as wide a range of 
conditions an d  effects as can reasonably be 
anticipated . W hilst accepting  th a t even the 
b roadest appraisal processes may still fail to 
foresee ‘surprises’, th ere  is m uch  th a t can be 
done to guard  against som e o f the 
consequences o f the  ub iqu itous experience 
o f ignorance an d  surprise.

This insight lies a t the  h ea rt o f the case 
studies an d  is a cen tral e lem en t o f  w hat it 
m eans to  be precautionary. A t first sight, 
respond ing  to ignorance may seem  to ask the 
im possible. How can strategies be devised to 
preven t outcom es, which, by defin ition  are 
n o t known? Yet the case studies suggest th a t it 
is possible to do ra th e r  be tte r th an  in  the 
past.

For exam ple, a lthough  n o t quite as sim ple as 
it seems, accoun t can be taken  o f the 
po ten tia l irreversibility o f actions, even if  the 
consequences m igh t n o t be known. For 
halocarbons, po lychlorinated  biphenyls 
(PCBs) and  m ethyl tert-butyl e th e r (MTBE), 
as artificial chem icals, th e ir very novelty 
m igh t be taken as a w arning sign. E nough 
was know n a t the outset regard ing  th e ir 
persistence in  the env ironm en t to serve as 
an o th e r warning. They w ould also readily 
disperse to becom e ubiquitous th ro u g h o u t 
the physical env ironm ent —  one m ore 
w arning. I t could  have b een  deduced  from  
the ou tset th a t if  these substances were
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released in to  the  environm ent, an d  if  a 
p rob lem  subsequently  developed, it would 
take m any years for b o th  them  an d  the 
p rob lem  to ‘go away’. T he G reat Lakes case 
study illustrates long-term  hazards associated 
w ith o th e r persisten t organic pollu tan ts 
(PO Ps). For o th e r cases, while it may n o t 
have been  know n in  the first instance how 
irreversible an  action  was, w hen this did 
becom e ap p a ren t regulators were often  slow 
to react. I t was relatively quickly established 
th a t TBT was m ore  persisten t th an  first 
assum ed; an d  the  p erm an en ce  o f  asbestos 
dust has been  know n to be p a rt o f the 
p rob lem  for m any decades. In  n e ith e r case 
d id  hazard  red u c tio n  actions take accoun t of 
the  long-tem  effect early enough . If 
persistence an d  bioaccum ulation  are used as 
screening  for elim inating poten tia l hazards, 
th en  the  size an d  seriousness o f fu tu re  
‘surprises’ are  likely to be smaller.

O f course, irreversibility is n o t restricted  to 
the  possible consequences o f  chemicals. 
Resistance to  antim icrobials, it is now known, 
is long term . For fisheries, stocks can take a 
long tim e to  recover from  a crash, if  ever. 
C onsideration  o f  the irreversibility, o r slow 
reversibility, o f actions is a necessary 
co m p o n en t o f a m ore  broadly based 
app ro ach  to the appraisal process. T he scale 
o f  the po ten tia l hazard, particularly if  global, 
w here th ere  is only one  ‘exp erim en ta l’ 
m odel, is also a relevant consideration  in  the 
appraisal.

T he case studies also provide some 
confirm ation  th a t p o ten tia l problem s can be 
an ticipated . For antim icrobials in  anim al 
husbandry, confidence over the  low risks o f 
transm ission o f antib io tic  resistance to 
h um ans was progressively qualified as new 
u nderstand ings developed. Yet as early as the  
1960s the UK expert Swann C om m ittee had  
an tic ipated  m any o f the  subsequen t 
difficulties. This early exam ple o f sensitivity 
to  possible sources o f ignorance was 
subsequently  overw helm ed by scientific over­
confidence in  the  safety o f  antim icrobials. 
Similarly, for PCBs, early results —  such as 
those ob ta ined  in  anim al testing in  1937 — 
m igh t have b een  taken as m ore  o f  a warning.

If  a harm fu l p roperty  o f a chem ical is 
identified , th en  it may be p ru d e n t to 
consider th a t this may be correlated  with 
o th e r potentially  harm fu l b u t less obvious 
effects. O f the case studies, short-term  acute 
effects th a t w ere readily iden tified  p receded  
—  som etim es by m any decades —  less

obvious chron ic  problem s for su lphur 
dioxide emissions, ionising radiation , 
benzene, asbestos, TBT an d  PCBs. However 
this should  n o t necessarily be taken  as a 
general rule. At the  very least the relationship  
is an  asym m etrical one. W hile the  presence 
o f acute effects may be correlated  with 
chronic im pacts, chronic effects will n o t 
necessarily be p receded  by acute ones —  as 
illustrated by bovine spongiform  
encephalopathy  (BSE) an d  halocarbons. 
Similarly, harm fu l effects seen in  wildlife can 
be useful ‘sen tine l events’ w arning us of 
po ten tia l hazards for hum ans. This calls for 
in teg ra ted  ecological an d  h ea lth  hazard  
appraisals.

It is also necessary to draw a distinction 
betw een a cond ition  o f  ignorance th a t is 
located  a t the  p o in t o f decision-m aking itself 
and  a cond ition  o f ignorance endem ic 
th ro u g h o u t society as a whole. T he fo rm er 
p red icam ent, w hich m igh t be term ed  
‘institu tional ig n o ran ce’, refers to  a situation 
w here in fo rm ation  relevant to the  decision 
may be ex tan t in  society, b u t is n o t available 
to the  decision-m akers. H ere, the  consequen t 
‘surprises’, th o u g h  they can be serious, may 
be quite localised. This p rob lem  is 
exem plified in  m ost o f the  case studies in  this 
book. It can be rem ed ied  by a series o f 
provisions for m ore  effective com m unication  
and  social learn ing . T he la tter cond ition  o f 
‘societal ig n o ran ce’ is m ore  intractable. This 
prob lem  is also exem plified in  m any o f the  
case studies (including BSE) an d  requires 
ra th e r d ifferen t rem edies, involving scientific 
research  an d  the  fostering  o f g rea ter 
diversity, adaptability an d  flexibility in  
decision-m aking an d  technological choices. 
These issues are re tu rn e d  to in  the  final 
section o f this chapter.

16.2.2. R esearch and m onitor for ‘early 
w arnings’

G eneral research  an d  long-term  m onito ring  
can be dism issed as being  too expensive and  
unfocused. Yet w ell-planned research  and  
m onito ring  are essential to the systematic 
identification  o f areas o f uncertainty. I t is, 
however, necessary to consider how to 
conduct genera l m onito ring  to increase the 
prospect o f  timely alerts to p roblem s arising 
ou t o f ignorance. Awareness o f uncerta in ty  
and  ignorance helps the posing of 
app rop ria te  research  questions for scientific 
evaluation. It follows th a t the adequate  
funding  o f research  an d  m onito ring  
in ten d ed  to  pick up  early warnings is central
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to  a robust ap p ro ach  to regulatory  appraisal 
o f  p o ten tia l hazards.

T he case study on  halocarbons an d  the ozone 
hole  carries a m ixed message. It was ‘curiosity 
d riven ’ genera l research  for an o th e r purpose 
th a t resu lted  in  the discovery o f stratospheric 
ozone dep le tion  in  the  A ntarctic. T he 
discovery was essentially serendip itous (see 
n ex t sec tio n ). W hile em phasising the  value of 
purely  academ ic scientific enquiry, it is hardly 
a reassuring reflection on  the status o f 
deliberate  m onitoring .

M any case studies ind icate  the value of 
tho rough , long-term , m onitoring . W hile for 
asbestos, benzene an d  PCBs evidence was 
accum ulating o f the  adverse h ea lth  effects as 
early as the  19th century, no  ro le was th en  
played by systematic m onitoring . D ata were 
eith er n o t collated (benzene), or becam e 
available only in  a slow an d  ra th e r  ad hoc 
fashion over a period  o f  m any decades. 
Presum ably the assum ption was m ade th a t if 
th e re  were harm fu l effects, evidence would 
em erge o f its own accord  an d  in  good tim e 
for corrective action. A d ifferen t a ttitude 
could  have p reven ted  harm fu l effects a t an  
earlier stage. As for the  cu rren t relevance, if 
the  tren d  is for h u m an  actions to becom e 
geographically m ore  w idespread an d  less 
reversible, th en  the use o f the ‘world as a 
labo ra to ry ’ becom es increasingly 
problem atic. I t is probably still true  th a t in 
m any cases the underly ing  assum ption 
rem ains th a t any m ajor problem s will em erge 
in  good tim e for corrective action. However, 
th e re  ou g h t to  be m ore  ecological an d  
biological surveillance o f the  only b iosphere  
we have.

I t is also a feature  o f the case studies tha t 
even ‘critical p a th ’ issues, iden tified  a t an  
early stage, were n o t necessarily followed up 
in  a timely or effective fashion. For BSE, 
research  in to  a n u m b er o f  crucial issues was 
n o t u n d ertak en  in  the  U n ited  K ingdom  until 
late in  the  story. BSE was first iden tified  as a 
new  disease in  cattle in  1986, b u t research  to 
verify its supposed absence o f  m aternal 
transm ission in  cattle —  im p o rtan t to the 
early position  o f the  UK M inistry of 
A griculture, Fisheries an d  Food (MAFF) — 
was n o t in itia ted  un til 1989. Ultim ately it 
showed th a t m aternal transm ission d id  occur. 
Similarly, experim ents concern ing  the 
transm issibility o f  sheep scrapie to cattle (a 
favoured hypothesis o f the source o f  the 
disease) were n o t begun  un til 1996. No 
surveys o f  the  n u m b er o f infectious b u t

asym ptom atic cattle en te ring  the food chain  
have ever b een  conducted . Yet, th ro u g h o u t 
this period, reassurances on  the  p a rt o f  the 
UK governm ent con tinued  prom inen tly  to 
cite the  absence o f evidence, w hen no  
evidence was actually being  sought. This was 
a classic exam ple o f  ‘no  evidence o f h a rm ’ 
being m isin terp re ted  as ‘evidence o f no  
h a rm ’.

Similar delays in  the conduc t o f relevant 
scientific research  are  d ocum en ted  in  o ther 
cases. R egarding the  rou tine  use of 
antim icrobials in  livestock m anagem ent, 
concerns over the im plications o f the 
developm ent o f resistance, iden tified  by the 
1967 Swann C om m ittee, were n o t followed 
up  un til the  1990s. This was despite 
longstanding  know ledge th a t w idespread 
antib iotic  usage could lead to the rap id  
developm ent o f resistance. Likewise for 
asbestos, there  was no  systematic m onito ring  
o f  h ealth  im pacts, despite clear w arnings and  
recom m endations on  m ortality studies 
betw een 1898 an d  the 1920s, an d  despite the 
fact th a t techniques for w orkforce health  
m o n ito ring  were well w ithin the capabilities 
o f  the day. T he au tho rs o f  the  TBT case study 
concluded  that: ‘T hou g h  frequently  u n d e r­
ra ted , baseline studies play a vital ro le in  the 
early detection  o f  adverse trends an d  may 
consequently  serve the application  o f 
p recau tio n ’. T he case studies on  MTBE and  
PCBs also com m ent on  the relative lack o f 
research  o n  identified  causes o f  concern. 
M onitoring  alone is n o t enough . A dequate 
repo rting , d issem ination an d  utilisation of 
research  an d  m on ito ring  results are  also 
essential.

However, n e ith e r long-term  m onito ring  
specifically, n o r environm ental science in 
general, offers a panacea. They may answer 
som e questions, b u t they raise o thers an d  the 
science progresses from  relatively sim ple and  
often  linear p roposition  to m ore  dynam ic 
an d  com plex ‘system ’ science. R esearch may 
convert som e aspects o f ou r ignorance into 
uncerta in ty  —  an d  even uncertain ties in to  
risks —  b u t this will n o t necessarily be the 
case. T here  are  exam ples w here research  can 
com pound  uncerta in ty  an d  reveal new 
sources o f ignorance. For fisheries, a 
C anadian  m athem atical m odel o f the 
in teractions betw een various fish species 
suggested th a t these becam e m ore 
unpred ic tab le  as progressively m ore 
biological da ta  were in co rpo ra ted  in to  the 
m odel. For the G reat Lakes, intensive 
research  am plified the uncertain ties. It
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progressively raised m ore  questions ab o u t the 
possible causes o f the  observed bird  
po pu la tion  crashes. At face value this 
presen ts a serious challenge to the  no tion  
th a t fu rth e r scientific research  is necessarily a 
p recau tionary  m easure, or ind eed  w hether 
b ro ad en in g  o u t the appraisal process to 
d ifferen t disciplines is necessarily 
p recau tionary  (see Identify an d  reduce  
interdiscip linary  obstacles to learning, 
below ). O f course, w here th o ro u g h  research  
genuinely  reveals th a t concerns over 
particu lar agents are u n fo u n d ed  —  perhaps 
by dem onstrating  a convincing alternative 
m echanism  for an  observed effect —  th e n  it 
is in  no  way precau tionary  to  persist in 
restricting  the original ag en t o f concern .

O th e r case studies, such as those on  
antim icrobials, su lphur dioxide an d  PCBs, 
illustrate the  open ing  up  o f  the research  
dom ain  an d  o f sources o f  ignorance as 
increasing com plexities are  discovered. 
Finally, as the antim icrobials case study 
illustrates, hazard  appraisals should  be as 
specific as possible abou t the n a tu re  o f  the 
scientific question  th a t fu rth e r research  
needs to  address; the tim e such research  may 
take an d  the  source o f  the fund ing  needed; 
an d  the  in d ep en d en ce  o f the relevant 
organisation  carrying it out. T he appraisal 
shou ld  also say, as the  Swann R eport did, 
w hether actions to reduce  hazards should  
h ap p en  before  o r after the research  is 
com pleted .

16.2.3. Search out and address ‘b lind  sp ots’ 
and gaps in  sc ien tific know ledge

Several o f  the  case studies illustrate b lind 
spots existing w ithin the d o m in an t discipline 
involved in  the  regulatory  appraisal process. 
For halocarbons the chem ical m echanism  for 
d ep le tion  o f stratospheric ozone was 
identified  in  the  prestigious jo u rn a l Nature in 
1974. Nevertheless, this did n o t p revent 
regulatory  neg lect un til firm  em pirical 
evidence o f actual effects becam e available. 
Even then , as has already b een  no ted , the 
m an n e r o f the  em ergence o f th a t em pirical 
evidence presents a salutary lesson. The 
confirm ation  o f  an  A ntarctic ‘ozone h o le ’ in 
1985 was essentially by accident —  a by­
p ro d u c t o f an  exp erim en t conducted  for 
o th e r purposes. A dedicated  satellite 
observation program m e to m onito r 
stratospheric ozone had  earlier detected  
m ajor depletion , b u t the  results were 
considered  suspect an d  set aside. This 
provides a p e rtin e n t exam ple o f w here 
assum ptions ad o p ted  in  analysis can prejudge

the results, lead ing  to serious b lind  spots for 
policy-making. In  this case these were n o t 
only a t the  cen tre  o f the  m ain  scientific 
disciplines involved in  regulatory  appraisal, 
bu t they involved b o th  the theoretical 
m echanism  an d  the em pirical evidence.

A b lind  spo t w ithin a scientific discipline was 
also ap p a ren t in  the case o f agricultural 
antim icrobials. Evidence available in  1968 to 
the  UK Swann C om m ittee allowed explicit 
antic ipation  o f a series o f po ten tia l 
environm ental, anim al welfare an d  h u m an  
h ealth  problem s th a t were to becom e of 
pressing concern . A lthough initially 
influential, the  Swann recom m endations 
becam e m arginalised over the  ensuing 
decades. H ad  they b een  im plem ented  and  
sustained, they m igh t a t least have m itigated 
the difficulties now  recognised. Similarly, for 
MTBE the key problem atic p roperty  of 
persistence was ap p a ren t at the outset, and  
this m igh t reasonably have b een  expected  to 
lead to m ore  questions over the  po ten tia l 
environm ental problem s o f w idespread use 
o f this chem ical th an  were actually raised in  
the  form al regulatory  process. In  the case of 
TBT, rates o f degradation  were based on 
assum ptions ab o u t the n a tu re  o f  the m arine 
env ironm ent th a t were evidently inco rrec t 
for m any areas. For ho rm ones as grow th 
prom oters th ere  was a failure to appreciate  
th a t young ch ild ren  with low n a tu ra l levels o f 
oestrogens were the likely ‘a t risk’ group. 
R adiation risk estim ates o f typical doses long 
overlooked the  uncerta in ties resu lting  from  
their derivation largely from  the hea lth  
records o f the survivors o f  the atom ic 
bom bings in  Jap an  a t an  atypical h igh  dose 
and  dose rate.

A nother b lind  spo t can occur w here the 
adop tion  o f a new practice is held, o f itself, to 
have solved historic problem s. For asbestos 
successive claims were m ade th a t past h ealth  
im pacts were due to  conditions th a t h ad  been  
superseded. T he long lineage o f claims th a t 
‘the disease is n o t so likely to occur (in 
fu ture) ’ can be traced back to  1906. W ith 
each successive m in o r increm ental 
im provem ent in  conditions, the  persisten t 
risks associated w ith the new conditions 
would th en  in  tu rn  take fu rth e r decades to 
becom e evident. Remarkably, w hen the 
recognised m agnitude o f the  h ea lth  effects 
eventually p ro m p ted  asbestos substitution, 
this was initially a ttem p ted  with fibrous 
m inerals th a t shared  som e o f the  properties 
th a t h ad  led to the  effects o f asbestos (such as 
fibre size). In  th e ir tu rn , these substitutes also
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cam e —  eventually —  to be recognised as 
sources o f essentially similar, if  m uch  lower, 
risks. For su lphur dioxide, the build ing of 
taller smokestacks, while he lp ing  to 
am eliorate local effects, d id  n o t address the 
w ider p rob lem  arising from  cumulative 
em issions an d  long-range transport.

A m ore  p recautionary  app roach  therefo re  
m eans systematically searching ou t b lind  
spots a t the h ea rt o f the  disciplines 
historically involved in  the  regulatory  
process. This will be easier if  m ultiple 
relevant disciplinary an d  o th e r sources of 
know ledge are engaged, he lp ing  to stim ulate 
the  som etim es uncom fortab le  in teractions 
th a t will be m ore  likely to expose false 
assum ptions an d  o th e r questions. This leads 
directly to the n ex t lesson.

16.2.4. Identify  and redu ce interdisciplinary  
obstacles to learning

W here effects th a t are  the  dom ain  o f a 
particu lar specialist field may initially be 
m ore  p ron o u n ced , or discovered a t an  
earlier stage, this can lead  to a situation 
w here regulatory  appraisal becom es unduly  
dom inated  by, even ‘captive’ to, a particu lar 
discipline. This can lead to  a form  o f 
‘institu tional’ ignorance, as opposed  to the 
society-wide ignorance discussed above. For 
b o th  asbestos an d  ionising rad ia tion  the 
setting o f standards was strongly in fluenced  
by the  p reoccupation  o f m edical clinicians 
w ith im m ediate  acute effects. In  b o th  cases, 
the  toxicology an d  epidem iology o f long­
te rm  chronic effects rem ained  relatively 
neglected . T he in troduc tion  o f MTBE was 
based o n  bodies o f knowledge concern ing  
engines, com bustion  an d  air po llu tion . The 
w ater po llu tion  aspects associated with 
persistence an d  significant taste an d  odour 
problem s were essentially d isregarded, 
th o u g h  the in fo rm ation  was available. For 
su lp h u r em issions the regulatory  appraisal 
was initially focused on  h u m an  h ealth  
concerns. W hen ecological effects becam e 
apparen t, a regulatory  process constructed  to 
address h ea lth  issues experienced  problem s 
assim ilating an d  reacting  to these. Similarly, 
for the  use o f  ho rm o n al grow th p rom oters in  
livestock, the  initial em phasis was also on  
h u m an  h ealth  effects. A lthough concerns 
over the  im pact o n  wildlife were raised, they 
initially ap p eared  to a ttrac t little a tten tion  
from  the  regulators.

In  contrast, for b o th  livestock antim icrobials 
an d  BSE, considerations o f  the  h u m an  
im pacts were initially m arginalised by the

regulatory  focus on  veterinary science. 
Indeed , for antim icrobials this concern  
underlay  the early 1968 recom m endation , by 
the Swan C om m ittee, th a t a single advisory 
process be established w hich ‘should  have 
overall responsibility for the  w hole field of 
use o f antibiotics an d  re la ted  substances 
w hether in  m an, anim als, food preservation, 
or for o th e r pu rp o ses’. This 
recom m endation  was n o t taken up, in  the 
U nited  K ingdom  or elsewhere, for m any 
years. In  the case o f BSE, UK veterinary 
officials considered  the  possibility o f 
transmissibility to hum ans as acceptably 
slight. This contrasts w ith the a ttitude  in  the 
U nited  States, w here the possible link 
betw een sheep scrapie an d  h u m an  
Creutzfeldt-Jakob disease (CJD) h ad  been  
regarded  as a possibility since the 1970s, 
w hen the  entry  o f in fected  anim als in to  the 
food chain  was banned .

16.2.5. Ensure that real w orld  conditions are 
fully accounted  for

‘Real w orld’ conditions can be very d ifferen t 
from  theoretical assum ptions, an d  these 
differences can have serious consequences. 
In  p rincip le  this p rob lem  is well recognised, 
and  it is possible to considerably reduce  
exposure to  oversights o f this type. Yet in  
practice the  case studies reveal a variety of 
incom plete  assessments, resu lting  in  
e rroneous regulatory  appraisals and  
decisions.

In  the h u m an  sphere  it is often assum ed tha t 
technologies will p e rfo rm  to the specified 
standards. Yet real life practices can be far 
from  ideal; an d  it may be a long tim e before 
we realise th a t this is the case. Som etim es 
actions are taken  th a t ap p ear to be in  
defiance o f p rio r experience. T he leakage 
from  p e tro l station storage tanks was 
underestim ated  in  the  US regulatory  
appraisal o f MTBE an d  so led to an  
u nderestim ation  o f the  resu lting  exposures. 
A lthough storage tanks can be redesigned  to 
reduce  the chance o f leakage, this benefit 
can be lost by in co rrec t installation. For PCBs 
it was assum ed th a t these could be 
constrained  w ithin ‘closed’ operating  
systems. This proved im possible, resu lting  in 
accidents such as Yusho an d  Yucheng, losses 
from  poorly m ain ta ined  eq u ip m en t an d  even 
illegal disposal in to  the  h u m an  food chain. 
Similarly optim istic assum ptions as to the 
p erfo rm ance o f en g in eered  con ta inm en t 
equipm ent, or the  efficiency of 
decom m issioning, also played a ro le in 
reducing  the  effectiveness o f  halocarbon
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con tro l m easures. W hile som e aspects o f 
public exposure to benzene have received 
rigorous control, these are n o t necessarily the 
rou tes o f  g reatest exposure. T he failure to 
develop m itigation  practices, o r even 
w arnings, regard ing  benzene exposure via 
p e tro l is one notab le  exam ple. For the 
clinical use o f rad iation , the im portance  o f 
establishing, an d  using, the optim al dose for 
any exam ination  can be traced  back to 1949. 
Yet the dosage for the  sam e exam ination  in  
d ifferen t hospitals can still vary by a factor o f 
100. A nd for grow th p rom oters scientific 
advisory com m ittees such as the  W HO /  FAO 
J o in t E xpert C om m ittee on  Food considered  
only a restricted  range o f options, including  
ju s t  those circum stances relating  to 
au tho rised  use, an d  assessments o f individual 
grow th prom oters, ra th e r th an  in  
com bination . They also gave little a tten tion  
to  the misuse o f grow th horm ones, such as 
h ig h er doses th an  recom m ended , 
inapp ro p ria te  in jection  sites, failure to 
w ithdraw  h o rm o n e  im plants from  
slaugh tered  anim als and  sho rtened  
w ithdraw al periods.

A gap can also o pen  betw een assum ptions 
an d  the real w orld w hen applications change 
w ithout co rrespond ing  adjustm ents to the ir 
regulation , such as the expansion o f the use 
o f  asbestos in  consum er products and  
housing  as well as bo iler insulation. Asbestos 
is also no tab le  for the  long delay before it was 
acknow ledged th a t real w orld conditions 
m ean t th a t users (o r even local residents 
a ro u n d  a factory), as well as workers, could 
be a t risk from  exposure. Significantly, the 
2001 W orld Trade O rganization  A ppellate 
Body ru ling  on  asbestos concluded  tha t 
‘con tro lled  u se ’ risk m anagem en t could n o t 
be re lied  on  to  p ro tec t w orkers’ h ea lth  in  real 
w orld conditions.

In  som e cases th ere  will be deliberate  non- 
com pliance. A part from  the  illegal disposal o f 
PCBs already no ted , this inc luded  po o r 
practice in  the  agricu ltural use of 
antim icrobials th a t increased the  spread  of 
resistance, an d  the circum vention of 
a ttem p ted  regu lation  o f fisheries th a t he lped  
dep le te  stocks. Similarly, unrealistic 
assum ptions were m ade ab o u t the 
im p lem en ta tion  o f changes to UK 
slaughterhouse practices as a crucial p a rt o f 
the  response to  the  BSE crisis. Acute h u m an  
effects observed in  Puerto  Rico an d  Italy were 
b lam ed o n  the illegal o r in co m p e ten t use of 
anim al grow th prom oters. Similarly, the

sm uggling o f  halocarbons is th rea ten in g  the 
effectiveness o f  global controls.

False assum ptions ab o u t the  real world also 
affect our in te rp re ta tio n  o f  events in  the 
n a tu ra l environm ent. T he PCBs case study 
describes the  surprising  po ten tia l for these 
chem icals (along w ith certa in  o th e r POPs) to 
concen tra te  d isproportionately  on  a global 
scale in  high-latitude regions. Also for PCBs, 
in  the  real w orld b ioaccum ulated  PCBs were 
found  to be d isproportionately  m ore  toxic, 
with the resu lt th a t the effects were g reater 
than  those ind icated  by experim ents using 
the original com m ercial form ulations. For 
fisheries, stock assessm ent m odels ten d  to 
concen tra te  on  single stocks, downplaying 
the in teractions betw een stocks or o ther 
m arine species. T here  are  enorm ous, 
perhaps insoluble, prob lem s in  b roaden ing  
the scope using the stock m odelling 
approach . Nevertheless, the single stock 
app roach  does n o t reflect actual conditions. 
T he u nexpec ted  consequences of 
ha locarbon  degradation  in  the stratosphere 
is a n o th e r exam ple o f the unan tic ipated  
com plexity o f the  real world. In  these, and  
m any o th e r cases, the behaviour o f  real 
na tu ra l systems can prove far rem oved from  
the standard  assum ptions m ade in  regulatory  
appraisals an d  consequen t decisions. T he 
issue o f h o rm o n e  grow th p rom oters 
illustrates how the  real w orld also contains 
groups o f particularly  sensitive individuals 
(young boys, for exam ple) who may react 
differently to exposures com pared  with 
assum ptions based on  the  ‘average’ response.

16.2.6. Systematically scrutinise and justify  
the claim ed ‘p ros’ and ‘con s’

O ne featu re  o f  debates ab o u t environm ental 
risk is how  all protagonists typically call for 
g rea ter an d  m ore  systematic a tten tio n  to be 
paid  to the  claim ed benefits o f the 
technologies in  question. Som e are 
concerned  th a t u n d u e  a tten tion  on, or 
inaccurate  apprecia tion  of, the  risks m ight 
dim inish recogn ition  o f the an tic ipated  
benefits o f the ir favoured technologies. 
O thers are  concerned  th a t the justification  
for new technologies, an d  claims as to the ir 
efficacy, are insufficiently critically 
scrutinised. E ither way, b o th  positions 
effectively call for the regulatory  appraisal 
process to m ore  deliberately and  
systematically exam ine the claims m ade 
abou t the benefits o f  a technology or 
p roduct, includ ing  an  identification  and  
assessm ent o f the conditions u n d e r w hich the
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claim ed benefits m ight, o r m ight not, 
m aterialise.

Problem s can arise from  the  partial 
assessm ent o f environm ental p ro tec tion  
m easures. Raising the  h e ig h t o f smokestacks 
an d  shifting to smokeless fuel w ere an  
effective response to  the serious episodes of 
resp iratory  illness from  E uropean  su lphur 
em issions an d  u rb an  air po llu tion  in  the 
1950s. Yet this very effectiveness may have 
inh ib ited  a tten tio n  to the  problem s o f long­
distance tran sp o rt o f acid gases an d  the 
consequen t acceleration  o f environm ental 
problem s in  vulnerable areas. This was a 
classic case o f an  end-of-pipe ‘so lu tion ’ only 
creating other, less visible hazards. A m ore 
in teg ra ted  ap p ro ach  eventually red u ced  all 
the  problem s. Similarly, because MTBE 
apparen tly  prom ised a sim ple solu tion  to  the 
serious environm ental problem s caused by 
lead  emissions from  m oto r vehicles, the  
environm ental problem s associated w ith taste 
an d  o d o u r in  com bination  w ith persistency in  
g roundw ater were perhaps m ore readily 
overlooked th an  m igh t otherw ise have been  
the  case. T he in tro d u c tio n  o f ho rm o n al 
grow th p rom oters can also be considered  to 
be an  exam ple o f narrow  an d  partia l 
assessments o f the  pros an d  cons. H u m an  
h ea lth  issues, possible environm ental im pacts 
an d  farm  anim al welfare were ‘n o t given 
significant a tte n tio n ’, accord ing  to  the case 
study authors.

A no ther d im ension  o f the  su lphur dioxide 
case study was th a t the  d istribu tion  o f the 
pros an d  cons betw een the U nited  K ingdom  
an d  the Scandinavian countries was very 
different, or a t least was perceived to be very 
different. In  re la tion  to the effects on  the 
n a tu ra l environm ent, Sweden seem ed to be 
suffering the m ost. I t was only w ith the 
realisation o f m ajor dam age to  buildings in  
the  U nited  K ingdom  —  caused by air 
po llu tion  —  th a t b o th  countries realised tha t 
they were suffering from  the  im pact o f  acid 
emissions.

In  two cases, BSE an d  fisheries (the  C anadian  
cod collapse), the  pros an d  cons o f taking 
early action  were identified  p rio r to the  
event. B ut because the  uncerta in ties were 
significant, an d  the financial costs o f action  
h igh, lim ited action  was taken. This resulted  
in  the far g rea ter costs (m any o f w hich were 
an tic ipated) w hen  the  m easures proved 
inadequate . In  the  case o f  fisheries, even in  
the  absence o f stock collapses, m ajor 
econom ic, social an d  environm ental benefits

accrue from  allowing dep le ted  stocks to 
recover.

O ne m ight th ink  m edicines w ould be 
validated for efficacy. However, for DES, the 
data from  1953 trials showed th a t DES was 
ineffective as a m eans o f reducing  risks of 
spon taneous abo rtion  in  certain  groups o f 
m others an d  tha t it was positively harm ful. 
This seems n o t to have b een  apprecia ted  at 
the time. As a resu lt the rate  o f  redu c tio n  in  
use o f the d rug  was m ore g radual th an  m ight 
have b een  the  case; th ere  was no  regulatory  
action; an d  m arketing  con tin u ed  unabated . 
It was n o t for an o th e r 20-30 years th a t use of 
this d rug  was actually b an n ed  in  d ifferen t 
countries, in  response to  the  discovery o f  an  
increase in  a rare  cancer o f the vagina in 
daughters o f  trea ted  w om en. H ad  g reater 
critical a tten tio n  b een  paid  at the  outset to 
the claims o f efficacy, th en  som e o f these 
second-generation  cancers m igh t have been  
avoided.

A step beyond passive assessm ent o f the  pros 
and  cons is actively d irec ted  p rio r to 
justification. Ionising rad ia tion  is a rare  
exam ple o f  such a ‘justification  p rin c ip le ’, 
developed by the  In te rn a tio n a l C om m ittee 
on  Radiological P ro tection  in  the 1950s. This 
was a response to the bu rgeon ing  o f a variety 
o f dubious or ineffective uses o f radioactive 
m aterials (for instance in  coun tering  
ringw orm , fitting shoes for ch ildren , the 
cosm etic rem oval o f ha ir and  the trea tm en t 
o f m en ta l d iso rders). Yet even w ith this 
criterion , the  degree to w hich exposure to 
ionising rad ia tion  is justified  by the benefits 
rem ains o pen  to  question. Surveys of 
rad iography practices over the past decade or 
so conclude that, while doses have reduced  
drastically, a large p ro p o rtio n  o f m edical X- 
rays are  still o f doub tfu l clinical use. The 
redu c tio n  o f  the use o f antim icrobials, 
initially in  Sweden, can also be considered  to 
be an  exam ple o f  the w ider assessm ent o f the 
pros an d  cons.

T he app rop ria te  allocation o f costs and  
benefits is an  essential p re-condition  for 
optim ising resources betw een technological 
options. A host o f  risk m anagem en t m easures 
are  available u n d e r the b road  rem it o f the 
‘po llu te r pays p rin c ip le ’ —  including  taxes, 
subsidies an d  liability regim es, w hich offer a 
way to  ensure m ore  equitable social 
d istributions o f the  costs an d  benefits 
associated w ith risk governance decisions. 
T he failure, in  cases like asbestos, 
halocarbons an d  PCBs, to  reflect full
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environm ental an d  h ealth  costs in  m arket 
prices gave these p roducts an  unjustifiable 
advantage in  the  m arketplace. This in  tu rn  
h e lp ed  to  keep technically superio r 
substitutes off the m arket for longer th an  was 
optim al from  society’s p o in t o f view. 
A lthough the  m echanism s for the 
in ternalisation  o f ex ternal environm ental 
costs an d  the practical im p lem en ta tion  of 
liability regim es are  controversial, such 
m easures are  essential if  b o th  efficiency and  
equity objectives are  to  be addressed 
effectively.

16.2.7. Evaluate alternatives and prom ote  
robust, diverse and adaptable 
solu tions

Even w here the pros are scrutinised 
alongside the cons, if a tten tion  is restricted  
simply to isolated technologies o r p roducts 
th e n  im p o rtan t practical insights may be 
missed. O ne concern  is that, once a 
technological com m itm ent is m ade, a host of 
institu tional an d  m arket processes act to 
re inforce its position, even if  m arkedly 
in ferio r to  po ten tia l alternatives.

So while in  princip le the function  o f  MTBE 
m igh t be substitu ted  by alternative 
oxygenates such as b ioethanol, im proved 
engine technology or an  increase in  the 
octane ra ting  o f the  fuels themselves, little 
form al scrutiny ap p eared  to have been  
u n d ertak en  a t the  tim e o f ad o p tion  o f  MTBE. 
In  California, the search  for a successor to 
MTBE has recognised th a t all the  p roposed  
alternatives m ust be fully evaluated. The 
au tho rs o f the  TBT case study n o te  tha t 
‘B roader consideration  o f prob lem s may give 
rise to m ore  beneficial solutions th an  sim ple 
‘chem ical for chem ical’ substitu tion’, and  
give exam ples o f such alternatives. For 
ionising rad iation , substitutes for the 
diagnostic use o f X-rays rem ain  
underu tilised . T he ozone-depleting 
p roperties  o f  second-generation CFC 
substitutes were perhaps also unduly  
to lerated , simply because o f th e ir relatively 
low im pacts w hen com pared  with the original 
substances, an d  the  existence o f  m ore benign  
substitutes or alternative approaches was n o t 
p roperly  looked at. A nd while effective 
h usbandry  practices n o t involving the 
rou tin e  large-scale adm inistering  of 
antim icrobials are  increasingly used in  a 
n u m b er o f E uropean  countries, these m ore 
b en ign  alternatives are n o t actively 
p rom oted .

This raises som e challenging issues ab o u t the 
rela tionsh ip  betw een regulatory  processes 
and  p ro d u c t developm ent by private 
com panies. T he p rom otion  an d  p ro duc tion  
o f alternatives needs to take place w ithin a 
cu lture o f ‘eco-efficiency’, ‘clean p ro d u c tio n ’ 
and  closed-loop m ateria l flows so as to 
m inim ise the  size o f any fu tu re  ‘surprises’ in  
the  use an d  im pact o f technologies. These 
issues are re tu rn ed  to in  the  concluding  
section o f this chapter.

16.2.8. U se ‘lay’ and loca l know ledge as w ell 
as all relevant specialist expertise

T he im portance o f ensuring  th a t regulatory  
appraisal includes the  full range o f  relevant 
disciplines has already b een  covered. A 
re la ted  b u t d istinct lesson concerns drawing 
u p o n  know ledge held  by lay people. These 
may include industry workers, users o f the 
technology an d  peop le  w ho live in  the 
locality or, because o f th e ir lifestyle or 
consum ption  habits, stand to  be m ost 
strongly affected. T he p o in t is n o t th a t lay 
people  are necessarily m ore know ledgeable 
or environm entally  com m itted. R ather the 
benefit o f a ttend ing  to lay know ledge rests in  
its com plem entary  character, its som etim es 
firm er g rou n d in g  in  real w orld operational 
conditions —  as already discussed —  an d  the 
associated ind ep en d en ce  from  the narrow  
professional perspectives th a t can be a 
downside o f specialist expertise. O ften  too, 
lay know ledge o f  a technology or risk may be 
based on  d ifferen t assum ptions ab o u t w hat is 
salient, o r w hat degree o f con tro l is 
reasonable to  expect or require , w hereas 
technical specialists may simply respond  to 
g ran ted  au thority  w ithout fu rth e r reflection.

O ne p ro m in en t con tribu tion  from  lay 
knowledge relevant to the  regulatory  process 
concerns w orkplace awareness o f em erging 
patterns o f ill health . T he histories o f usage 
o f asbestos an d  PCBs provide exam ples 
w here workers were aware o f w hat regulators 
subsequently  recognised to be a serious 
problem . Similarly, local com m unities may 
becom e aware o f unusual concentrations of 
ill h ea lth  before  the authorities, such as the 
Love C anal exam ple cited in  the G reat Lakes 
case study.

A nother form  o f lay know ledge concerns 
rem edial m easures. Fisheries h igh ligh t 
several aspects and, a lthough  fishers can be 
less precau tionary  ab o u t stock dep le tion  than  
others, th ere  are m any exam ples w here 
fishers wish to ac t in  a p recau tionary  m an n er 
bu t are  p reven ted  from  doing  so because o f a
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systems failure. T here  is an  increasing 
em phasis in  C anada an d  elsewhere on  the 
n eed  to involve fishers in  m anagem ent, and  
take full accoun t o f the ir know ledge and  
perspectives. Similarly for livestock 
antim icrobials, Swedish farm ers’ knowledge 
o f  alternative anim al husbandry  techniques 
allowed them  to p rom ote  anim al h ealth  and  
grow th w ithout the large-scale use o f 
antim icrobials. N ot only did they bring 
valuable insights to the  regulatory debate, 
b u t they were able to und ertak e  voluntary 
controls in  advance o f  regulatory  
requ irem ents. A no ther aspect to em erge 
from  this case study is the n eed  for 
know ledge to be widely based in  o rd e r for 
less harm ful alternatives to be effectively 
im p lem en ted  —  in d eed  it is fundam enta l to 
ensuring  th a t the existence o f possible 
alternatives is actually recognised.

A n o th er aspect o f lay know ledge is w here 
w orkers know th a t real practices do n o t 
m atch  the theoretical assum ptions o f risk 
assessors. T he UK slaughterhouse rules over 
BSE separation  o f  ‘specified bovine offal’ 
from  m eat were widely flaunted , yet failures 
in  the  inspection  regim e m ean t th a t this was 
n o t draw n to the a tten tio n  o f the  regulators. 
In  this case, w orkers in  the industry  in  
question  were apparen tly  b e tte r in fo rm ed  
ab o u t the  opera tional realities th an  were 
high-level regulatory  advisers an d  officials.

O f course lay knowledge should  be subject to 
the  same intensity o f critical scrutiny as 
specialist expertise. Lay perspectives are  n o t 
im m une to  the pitfalls an d  difficulties n o ted  
in  these conclusions —  an d  may be m ore 
vulnerable. O ne exam ple is the ‘p ensioners’ 
party  fallacy’ am ongst asbestos workers who 
p o in ted  to the  p resence o f healthy 
pensioners a t the  firm ’s Christm as party  as 
evidence o f the  ap p a ren t harm lessness o f 
asbestos.

Nevertheless, workers, users an d  neighbours 
evidently can b ring  im p o rtan t in fo rm ation  to 
the  regulatory  appraisal process, requ iring  
g rea te r a tten tio n  to be devoted to  the 
developm ent o f m ethods to  enable those 
g roups with potentially  valuable knowledge 
to  provide this, an d  for this to  be fully taken 
in to  account. Such b road en in g  o f  the 
know ledge base can stren g th en  the appraisal, 
im prove governance an d  democracy, and  
enhance  the acceptability an d  legitim acy o f 
the  process.

16.2.9. Take account o f  w ider social 
in terests and values

G athering  available know ledge is n o t the only 
reason for open in g  up  the appraisal process. 
H istorically th ere  is little d o u b t th a t social 
and  political conflicts can be aggravated by a 
regulatory  p reoccupation  with expert 
ju d g em en ts  an d  a lack o f a tten tio n  to public 
perspectives an d  values. In  p a rt this relates to 
a w ider assessm ent o f the  pros an d  cons, as 
already discussed. T he m eeting  o f  specialists 
an d  in terest g roups w ith d ifferen t viewpoints 
can be productive, he lp ing  ensure  a reflective 
approach , an d  allowing the im plicit 
assum ptions o f all parties to be tested. The 
Swedish farm ers in  the  antim icrobials case 
study show how lay views can help  ensure tha t 
the regulatory  process rem ains (o r becom es) 
a ttached  to prevailing ethical an d  socio­
cultural values.

It is im plicit th a t the  in tu itions em bodied  in  
public values may som etim es prove quite 
robust in  re la tion  to the  fram ing o f the 
regulatory  science itself. An aversion to 
situations far outside the  bounds o f norm al 
experience, o r a t least a desire to  p roceed  
with caution, can  certainly be defended  as a 
ra tional response to  uncertainty. A key 
feature  o f  the public reaction  to the 
em erging evidence o f BSE in the  late 1980s 
was the surprised  revulsion th a t rum inan ts 
were being fed on  offal and  bodily wastes. It 
seems likely th a t avoiding offal in  ru m in an t 
feed w ould have a t least significantly lim ited 
the scale o f the  subsequen t BSE an d  CJD 
problem s. Similarly, h ad  w idespread public 
misgivings over the  use o f antim icrobials in 
anim al husbandry  b een  heeded , the 
developm ent o f resistance w ould have been  
h eld  in  check. T he fisheries study illustrates 
how the objectives o f a p recau tionary  
app roach  —  to p reven t stock collapses, to 
m ain tain  m axim um  sustainable yields or to 
ensure the p ro tec tion  o f  o th e r species — 
d ep en d  o n  the  value ju d g em en ts  o f  the 
in terest groups.

16.2.10. Maintain regulatory in d ep en d en ce  
from  econom ic and political special 
interests

A m ajor e lem en t o f a b ro ad er app roach  to 
regulatory  appraisal is to ensure th a t an  
app rop ria te  distance is m ain ta ined  betw een 
those responsible for regulatory  appraisal 
and  various co n tend ing  in te rest groups 
seeking to in fluence the ir decisions. I t is a 
necessary p a rt o f the regulatory  process tha t 
claims over the pros an d  cons should  be 
actively advanced an d  argued  by in terested
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parties. I t th en  becom es a m atter for 
in d ep en d en t, accountab le institu tions to 
adjudicate betw een the con tend ing  claims.

T h ere  is evidence in  the case studies tha t 
in terested  parties are  often  able to unduly  
in fluence regulators. As a resu lt decisions 
th a t m igh t reasonably have b een  m ade on 
the  basis o f the available evidence were n o t 
taken. B enzene was dem onstra ted  to be a 
pow erful b one  m arrow  poison in  1897; the 
p o ten tia l for acute respiratory  effects o f 
asbestos was first iden tified  in  1898; an d  the 
first cases o f  PCB-induced chloracne were 
d o cum en ted  in  1899, w ith effects on  workers 
know n by the  late 1930s. Yet it was n o t un til 
the  1960s an d  1970s tha t significant progress 
began  to  be m ade in  restricting  the  dam age 
caused by these agents. O ne factor in  the 
slow UK response to BSE was th a t the 
governm ental regulatory  body was 
responsible first to  the  industry  an d  only 
second to consum ers. Similarly, the 
tem porary  lifting o f the  ban  on  DES as a 
grow th p ro m o te r in  the  U nited  States in  1974 
followed strong  pressure from  the farm ing 
lobby, an d  occurred  despite the availability o f 
alternatives.

I t is also no tab le  how poorly substantiated  
som e o f the sustained ‘re fu ta tions’ o f critical 
findings have been . This was true  o f the 
identification o f  PCBs as w idespread 
environm ental po llu tan ts in  the 1960s an d  of 
the  UK response to  the  im pact o f acid 
deposition  in  the  1970s and  early 1980s. 
Asbestos provides a clear exam ple of 
persisten t obstruction  an d  m isinform ation by 
vested interests, an d  o f drastic m iscalculation 
in  the  w ider regulatory  process. The 
accum ulation  o f m edical and  pathological 
evidence, while having very little im pact on 
regulation , was sufficient to  m ake parts o f the  
US an d  C anadian insurance industry  wary 
ab o u t providing cover by 1918; a 
p recau tionary  attitude  th a t ironically was n o t 
m ain ta ined  as evidence accum ulated  —  an 
e rro r th a t was to cost the insurance industry 
billions o f dollars. A lthough benzene had  
b een  unequivocally iden tified  as a h u m an  
carcinogen, h u m an  h ealth  p ro tec tion  
m easures con tinued  to be im peded  by claims 
over a lack o f evidence for anim al 
carcinogenicity. Similarly dem onstrably 
erroneous claims (based, for exam ple, on  
basic statistical errors) w ere la ter repea ted  
regard ing  evidence o f  effects arising from  
very low benzene exposures.

Even w here the evidence is essentially n o t 
contested, data  an d  reports  are  som etim es 
suppressed, or publishers in tim idated , as 
rep o rted  in  the G reat Lakes case study. For 
antim icrobials, research  th a t m igh t have 
been  expected to reinforce a critical position  
was delayed. Efforts were m ade in  the  case of 
BSE an d  asbestos unjustifiably to d iscredit 
in d e p e n d e n t critics. In  the  C alifornian 
sardine fishery in  the  1930s, critical agency 
scientists were dismissed. ‘Shooting the 
m essenger’ has b een  a typical response to 
those bearing  d isturb ing  news ever since 
Galileo, b u t it rarely, if  ever, p rom otes societal 
welfare. BSE provides an  explicit exam ple of 
in d e p e n d e n t expert advisory com m ittees 
who advise the  regulators subjecting 
themselves to self-censorship, based on  a 
ju d g e m e n t o f  w hat was ‘realistic’ or 
‘achievable’. T he Southw ood BSE Com m ittee 
considered  in  1988 th a t a b an  o n  the use o f 
all cattle brains in  the h u m an  food chain  
m igh t be justified  on  scientific grounds, b u t it 
was considered  n o t to  be a politically feasible 
option.

R egulatory appraisal frequently  fails due  to 
the  d ep en d en ce  o f risk assessm ent on 
in form ation  p ro d u ced  an d  owned by the  very 
actors whose products are  being  assessed. 
In d e p e n d e n t sources o f risk in fo rm ation  are 
a necessary, if  n o t sufficient, cond ition  of 
in d ep en d en t, rigorous an d  trustw orthy 
regulatory  appraisal. In d e p e n d e n t 
in fo rm ation  ab o u t risks an d  possible risks was 
often lacking in  the  cases studied. In  som e of 
the  exam ples cited above, for exam ple 
benzene, PCBs, asbestos, halocarbons and  
DES, know ledge concern ing  hazards was 
available long before any regulatory  action 
was decided. N ot all o f these cases 
dem onstrate  the  delaying or distorting  effect 
o f n o n -in d ep en d en t sources o f  such 
knowledge. N evertheless, the em ergence of 
hazard  evidence can be accom panied  by 
vigorous th ough  often  low public profile 
in terpretative jockeying to try to justify  
inaction . W hat is very difficult to d ispute is 
th a t h ad  such info rm ation  —  from  w herever 
it em erged  —  b een  taken to  be the rightful 
subject o f con tro l an d  dissem inated by an  
in d e p e n d e n t public body whose very raison 
d ’etre was the  provision o f salient public policy 
inform ation, th en  the correspond ing  
in terpretative debate  ab o u t policy 
in terven tion  would have b een  m ore  open, 
and  m ore  pluralistic. Diverse interests would 
have b een  m ore  equitably, thoroughly  and  
probably m ore  rationally rep resen ted . 
In d e p e n d e n t in fo rm ation  institutions, allied
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to  co rrespond ing  rights, resources and  
responsibilities, are  thus a key e lem en t of 
au th en tic  regulatory  in d ep en d en ce  an d  
ro bust governance an d  appraisal. This is 
increasingly being  recognised, for exam ple 
by the  shifting o f advisory com m ittees from  
‘p ro d u c e r’ d irectorates in  the  E u ropean  
Com m ission (for exam ple, agricu lture) to 
the  H ealth  an d  C onsum er D irectorate. T he 
setting  up  o f in d e p e n d e n t food agencies in 
som e M em ber States an d  a t the EU level also 
reflects this concern  for m ore  in d ep en d en t 
hazard  appraisal institutions.

16.2.11. Identify  and reduce institutional 
obstacles to learning and action

T he progressive unfo ld ing  o f  the  asbestos, 
benzene an d  PCB episodes from  the  late 19th 
cen tury  provide various exam ples o f how 
short-term  horizons, notably governm ent and  
business cycles, can m ilitate against social 
welfare in  the  m ed ium  an d  long term . 
However, institu tional obstacles against 
timely p ro tec tion  o f  h ea lth  an d  the 
env ironm en t can take o th e r form s as well. 
T he case studies illustrate th ree  o th e r areas 
w hich can p resen t difficulties: those resulting  
from  periods o f transition  (for exam ple 
betw een succeeding elected  adm inistrations) 
o r from  tensions betw een d ifferent 
departm en ts o r levels o f  governm ent and  
‘th e ir’ agencies, an d  the  issues th a t can  arise 
from  differing national approaches.

O ne instance w here a change in  political 
adm in istra tion  may have co n tribu ted  to  poor 
im p lem en ta tion  o f  p rio r know ledge is 
p rovided by the case o f BSE. A n official UK 
com m ission in  1979 recom m ended  the 
setting o f m in im um  processing standards in  
the  ren d erin g  industries. A new 
adm in istra tion  la ter th a t year decided  to 
w ithdraw  the resu lting  p roposed  regulations, 
deem ing  them  to be an  unnecessary  b u rd en  
on  industry. I t is n o t clear to w hat ex ten t such 
tigh ter standards m igh t actually have 
inh ib ited  the la ter BSE outbreak, b u t it is 
no tab le  th a t the im p lem en ta tion  o f standards 
o f  this so rt fea tu red  p rom inently  am ong th a t 
sam e governm en t’s la ter responses to  the 
BSE crisis in  1996.

Similarly, in  the  C alifornian sardine fishery, 
w hat was in  effect a p recau tionary  
program m e o f stock conservation was 
reversed with a change in  governm ent. T he 
C alifornian fishery also provides a clear 
exam ple o f tension  betw een d ifferen t levels 
o f  governm ent, albeit da ting  back to the  
1930s, w here the  state agency’s

recom m ended  precau tionary  action  was 
strongly opposed  by the US Federal B ureau 
o f Fisheries on  the  g rounds th a t it would 
unduly  in h ib it com m ercial activity. An 
exam ple o f similarly fraugh t com m unication  
betw een d ifferen t governm ental departm en ts 
may be found  in  the case o f BSE in  the 
U nited  K ingdom . H ere, the  D epartm en t of 
H ealth  was n o t in fo rm ed  by MAFF ab o u t the 
em ergence o f  the  new disease un til som e 17 
m onths after MAFF was first alerted , an d  only 
th en  because its assent was req u ired  for a 
decision n o t to  rem ove clinically affected 
cattle from  the h u m an  food chain. 
R egulatory agencies can face a difficult 
re la tionsh ip  with governm ent, w ho can 
exercise m ore  o r less subtle influence, even 
w here the agency has explicit in dependence . 
Difficulties can also arise w here the 
regulatory  agency becom es p a rt o f  the  issue 
th ro u g h  its past decisions. B oth situations are 
illustrated  by BSE, w here identification  and  
recogn ition  o f  the  p rob lem  was in fluenced  
and  delayed as a consequence o f w ider policy 
considerations (the econom ic im pact on 
farm ing) an d  the concern  th a t lack of 
consistency would u n d erm in e  the credibility 
o f governm ent an d  agencies alike.

Scepticism over the  scientific results ob tained  
in  o th e r countries was a key featu re  o f the  
a ttitude o f UK regulatory  au thorities to the 
su lphur emissions in  the  mid-1980s. 
A lthough research  results suggesting bo th  
the seriousness o f the environm ental effects, 
an d  the identity  o f the  responsible agent, 
were accepted  in  Norway in  1976, it was n o t 
un til 1985 th a t the  scientific case for a causal 
link was acknow ledged in  the U nited  
K ingdom . As already no ted , d u ring  this 
p eriod  the d istribu tion  o f pros an d  cons was 
perceived to be unevenly balanced  betw een 
the contesting  parties, an d  it w ould n o t have 
b een  surprising if  this in fluenced  the level o f 
scepticism  on  the  p a rt o f the  U nited  
K ingdom .

Similar tensions have existed betw een 
Sweden an d  the EU in the  case of 
antim icrobials, w here d ifferen t regulatory  
systems were based on  d ifferen t 
presum ptions. W hatever one may consider to 
be the  pros an d  cons o f the  argum ent, EU 
m em bersh ip  requ irem en ts were an  
institu tional obstacle to the  con tinued  
im plem enta tion  o f a na tional policy. At a 
d ifferen t level, global problem s clearly 
requ ire  a global response. This is b ro u g h t 
in to  focus by the circum stances su rround ing  
the TBT issue. H ere, effective action to
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regulate  the  use o f antifouling biocides on  
the  hulls o f w ide-ranging com m ercial vessels 
is d ep e n d e n t on  ag reem en t w ithin global 
institu tions such as the  In te rn a tio n a l 
M aritim e O rganization.

For BSE it is no tab le  th a t the sam e scientific 
evidence was available to  the U nited  States 
an d  the  U n ited  K ingdom  in  the mid-1970s 
concern ing  the transm ission o f  scrapie and  
possible links betw een scrapie an d  CJD. 
However, it led the US D epartm en t of 
A griculture, b u t n o t the  UK MAFF, to decide 
th a t scrapie-affected anim als should  n o t be 
used  in  h u m an  or anim al foods. The 
d ifferen t tim ing o f national decisions on  the 
use o f DES b o th  as a pharm aceutical and  as a 
grow th p ro m o te r in  anim als also illustrates 
how  widely decisions can vary even th ough  
based on  the  sam e inform ation . In  these, and  
o th e r exam ples, institu tional obstacles 
ap p ear to  have played a role.

16.2.12. A void  paralysis by analysis
T he genera l ten o r o f  the lessons so far is to 
‘know m o re ’, for exam ple by searching ou t 
b lind  spots w ithin disciplines, reach ing  ou t to 
o th e r disciplines, accessing lay and  local 
knowledge, an d  taking accoun t o f  w ider 
social perspectives. O ne response is to ask 
how  m uch  inform ation  is en ough  to justify 
action  to reduce  po ten tia l hazards. An 
obvious concern  is th a t o f the danger o f 
paralysis by analysis w here e ith er in fo rm ation  
overload or lack o f political will leads to a 
failure o f timely hazard  redu c tio n  m easures. 
O ne  exam ple is the  evidently anti- 
p recau tionary  ‘straigh tjacket’ im posed u p o n  
US benzene regu lation  by a Suprem e C ourt 
decision, w hich req u ired  layer u p o n  layer o f 
add itional in fo rm ation  before  regulatory  
action  to reduce  risks was possible.

Experts have often  argued  a t an  early stage 
th a t ‘we know en o u g h ’ to take protective 
action. For antim icrobials the UK Swann 
C om m ittee in  1969 concluded: ‘despite the 
gaps in  o u r knowledge... we believe... on  the 
basis o f evidence p resen ted  to  us, th a t this 
assessm ent is a sufficiently sound  basis for 
action... the cry for m ore  research  shou ld  n o t 
be allowed to  h o ld  up  ou r 
recom m endations’. O th er case studies, such 
as asbestos an d  BSE, suggest th a t m ore, or 
better-targeted, research, a t an  earlier stage, 
w ould have help ed  m inim ise fu tu re  costs. 
Similarly, for fisheries, the  Ecosystems 
Principles Advisory Panel to the  US Congress 
concluded: ‘T here  will always be unm easured  
entities, ran d o m  effects, an d  substantial

uncertain ties, b u t these are  n o t acceptable 
excuses to  delay im plem enting  an  ecosystem- 
based m anagem en t strategy.’

O n  the  o th e r hand , the G reat Lakes study 
argued  th a t m ore  uncerta in ty  was genera ted  
as the field was o p en ed  up  to new  disciplines, 
and  th a t this ind eed  could lead  to  paralysis by 
analysis if  a p recau tionary  app roach  was 
applied. T he G reat Lakes case raises a very 
im p o rtan t issue th a t is best un d ersto o d  by 
appreciating  the significant distinction 
betw een this an d  the  o th e r case studies. Most 
deal w ith concerns raised in  re la tion  to 
particu lar iden tified  agents. T he issue in  such 
cases is the  ‘prospective’ assessm ent o f risks, 
starting w ith an  agen t an d  seeking possible 
effects. T he G reat Lakes case, however, is an  
exam ple o f a ra th e r different, ‘retrospective’ 
process. This starts w ith the docum enting  of 
a series o f m anifest h ea lth  or environm ental 
effects an d  seeks the identification  of 
possible agents. T he b ro aden ing  o u t of 
prospective appraisal is p recau tionary  
because it has the effect o f focusing a tten tion  
on  a g rea ter n u m b er o f  possible effects. T he 
b roaden ing  ou t o f retrospective appraisal, 
however, may have the effect o f raising 
uncerta in ties over the basis for regulating  
individual agents.

As has b een  p o in ted  o u t in  discussing 
m onitoring , it is in  n o  way precau tionary  to 
persist in  restrictions o f the  w rong agent. 
However, the precau tionary  p rincip le  applies 
as m uch  to  uncerta in ties over agents as to 
those over effects. If  a broad-based 
retrospective process raises scientific 
uncerta in ties o r am biguities ab o u t the 
g rounds for targeting a particu lar agent, the  
p recautionary  principle may nonetheless be 
invoked, entirely  legitimately, to defend  
con tinued  action  on  this agent, un til such 
uncerta in ties are resolved.

T he fact th a t the precau tionary  p rincip le  was 
n o t invoked in  this fashion in  the  G reat Lakes 
case is m ore a reflection  of the  value 
ju d g em en ts  in  the  prevailing legal and  socio­
political con tex t th an  it is o f intrinsic 
inconsistencies in  the  concep t o f p recau tion  
itself. T he prospects for successful appeal to 
the  precau tionary  p rincip le  will d ep en d  on  
the cu lture  w ithin w hich the appeal is m ade. 
If the cu lture  is n o t p rep ared  to act even 
w hen th e re  is dem onstrab le evidence of 
cause an d  effect, th en  appeals to  p recau tion  
are unlikely to succeed. In  reality the 
regulatory  and  w ider cu ltu re  o f  a society may 
vary betw een these extrem es, an d  even
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betw een d ifferen t regulatory  sub-cultures (cf. 
the  differing US ap p ro ach  in  the  case studies 
o n  BSE, fisheries, MTBE, benzene an d  the 
G reat L akes).

W hether or n o t the  n eed  for m ore 
in fo rm ation  risks ‘paralysis by analysis’ o r is 
m erely p a rt o f a ‘p ru d e n t and  careful 
evaluation’ o f  the situation, will be 
in fluenced  by the individual, social or 
in te rest g ro u p ’s assessm ent o f the likely pros 
an d  cons as they im pinge u p o n  them . If  the 
benefits o f  taking early precau tionary  action 
are  large, an d  the  adverse consequences 
deem ed  relatively small, an d  if  these are 
evenly spread  across in te rest groups, th en  
early action  is likely to be considered. If  the 
advantages are less certa in  and , like the costs, 
are  very unevenly spread  across d ifferen t 
in te rest groups, o r tim e periods, th en  
reach ing  consensus abou t the  app rop ria te  
am o u n t o f research, o r ab o u t actions to 
reduce  hazards, will be m ore  difficult.

O f course, it may be th a t in  som e cases it will 
be necessary to severely curtail or end  
innovation  in  a particu lar field or 
technological d irec tion  w here societyjudges 
the  risks to be unacceptab le . B ut th ere  is an  
enorm ous difference betw een the 
discouraging o f a particu lar innovatory 
pathway, an d  the  channelling  o f innovation  
in to  alternative routes. As illustrated  by 
asbestos, halocarbons, PCBs and  
antim icrobials, the  curta ilm ent o f  a 
particu lar op tion  may actually serve to foster 
an d  intensify innovation  in  o th e r areas. I t 
may also provide a com petitive edge to the 
econom ies o f the countries leading such 
innovations. T he in te lligen t use o f  foresight 
an d  the precau tionary  p rincip le  may 
there fo re  n o t only reduce  overall costs to 
society o f  som e econom ic developm ents, bu t 
can stim ulate innovation , encourage be tte r 
an d  m ore  systems-based science, and  
im prove public decision-m aking.

Som e o f these w ider im plications o f a m ore 
p recau tionary  app roach  to  po ten tia l hazards 
an d  innovation are fu rth e r e laborated  in  the 
n ex t section.

16.3. The w ider implications of 
precaution

T he 12 b road  lessons for policy-making on 
risk ju s t  described have b een  developed 
u n d e r  a n u m b er o f  criteria. First, they are 
well g ro u n d ed  in  the  em pirical detail of 
particu lar case studies. Second, they are

sufficiently genera l in  n a tu re  to  be found  
relevant to virtually any risk m anagem en t 
problem . T hird , taken  together, they address 
a balanced an d  fairly com prehensive range of 
considerations, spanning  a large p a r t o f the 
cu rren t debate  o n  the  m an ag em en t o f 
hazards and  the  im plem enta tion  o f the 
p recau tionary  princip le. Finally, a lthough  
necessarily general in  na tu re , they are 
sufficiently concrete  to in form  practical 
policy m easures an d  institu tional procedures, 
even th ough  the precise n a tu re  o f these in  a 
given case will necessarily be defined  by 
variable local circum stances.

T h a t said, it is n o t possible to antic ipate  in  
one sh o rt discussion, or one set o f  ‘lessons’, 
the full range an d  diversity o f  detailed 
practical p recau tionary  m easures and  
procedures, still less to explore the  specific 
contex tual considerations bearing  o n  their 
application. Such m atters are  the subject o f a 
wide an d  b u rgeon ing  lite ra tu re  (see, for 
exam ple: O ’R iordan an d  C am eron, 1994; 
H ard ing  and  Fisher, 1999; R affensperger and  
T ickner 1999; Stirling, 1999; O ’R iordan  et a í, 
2001). A lthough n o t always labelled  as 
‘p recau tio n ’, m any o f these lessons have 
b een  strongly developed an d  e laborated  by a 
variety o f in fluentia l policy studies in  
industrialised countries over recen t years.

In  the  U nited  States, for instance, the 
sem inal study by the N ational Research 
C ouncil (NRC), ‘U nderstand ing  risk’ (NRC,
1996) and  the subsequen t re p o rt by the 
p residentia l com m ission (O m en  et a í, 1997) 
d ocum en ted  the lim itations o f conventional 
narrow  risk assessm ent an d  h igh ligh ted  the 
im portance o f  interdisciplinary, lay 
know ledge an d  divergent stakeholder 
viewpoints in  the  characterisation o f  risk 
issues an d  o f  app rop ria te  assessm ent 
approaches. T he 1998 re p o rt o f the UK Royal 
Com m ission on  E nvironm ental Pollu tion  
developed this them e (RCEP, 1998), 
u nderscoring  the  po ten tia l significance o f 
uncertain ty  an d  d ifferen t ‘fram ing 
assum ptions’ in  the  shaping and  
in te rp re ta tio n  o f form al appraisal. In  France 
(Kourilsky an d  Viney, 1999) 
recom m endations on  im plem enta tion  o f the  
p recau tionary  p rincip le  stressed the  n eed  to 
organise systematically national expertise 
capacities, includ ing  b o th  scientific and  
technical expertise, alongside econom ic and  
social expertise. In  Germany, the  im portance 
o f m ore  broad-based discursive p rocedures is 
recognised in  the  m ajor re p o rt o f the 
G erm an Advisory C ouncil on  G lobal C hange
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—  WBGU (WBGU, 2000). T he developm ent 
o f  the  Swedish chem icals policy is based on  
recogn ition  o f m any o f the  lessons n o ted  
h e re  concern ing  the fundam en ta l lim itations 
o f  risk assessment, particularly  the use of 
persistence an d  bioaccum ulation  as ‘p rox ies’ 
for unknow n b u t possible im pacts.

Various specialists have also detailed  the 
genera l points o f these lessons in  respect of 
the  structural lim itations o f EU regulatory 
risk assessm ent o f genetically m odified 
organism s (GMOs) (vanD om m eln , 1997). In  
the  ligh t o f  these cogen t critiques o f the 
overly reduction ist an d  narrow  character of 
E u ro p ean  scientific risk assessm ent o f  GMOs, 
it  is w orth  rem em bering  th a t this same EU 
risk assessm ent is regarded  by US 
coun terparts  as irrationally  exaggerated 
w hen m easured  against w hat they define as 
‘sound  science’. At any rate, it is abundantly  
clear th a t in  m ost o f these issues, a scientific 
fram ing o f the  questions as if  they were all 
resolvable by existing or available know ledge 
o f  risks is radically incom plete  —  an d  n o t 
only in  respect o f the answers, b u t m ore 
particularly  in  respect o f the  questions which 
are  deem ed  salient to address even if  answers 
are  difficult o r im possible to achieve.

In  the ligh t o f  recogn ition  o f these w ider 
dim ensions, som e practical yet m ore  broadly 
based institu tional p rocedures such as 
consensus conferences an d  scenario 
w orkshops have b een  developed in  D enm ark  
an d  the  N etherlands to try to articulate 
public questions an d  values w ith respect to 
scientific p resum ptions ab o u t the  answers, 
an d  these have b een  exported  widely over 
recen t years (R enn et a l, 1996). In  the 
U n ited  K ingdom , the  advent of new ‘strategic 
com m issions’, on  food, h u m an  genetics, and  
agricu ltural genetics an d  environm ent, is a 
recen t innovation  th a t opens up  the  risk 
policy process in  the way suggested by some 
o f these lessons. D etailed policy appraisals in 
areas such as BSE (Phillips et a í, 2000) an d  
m obile phones (IEGMP, 2000) have seen 
various o f these lessons explored  in  some 
detail, w ith specific recom m endations on 
how to han d le  issues such as institu tional 
conflicts o f  in terest an d  unrealistic 
expectations o f  the role o f  science as a 
touchstone, or arbiter, o f ultim ate tru th .

T he twelve lessons shou ld  be useful aids to 
policy-making. However, one should  avoid 
caution  against over-reliance on  any single set 
o f prescrip tions for w hat constitutes a 
‘precau tionary  ap p ro ach ’ in  any given case.

T he im plem enta tion  o f  the p recau tionary  
principle involves drawing on  an  en tire 
spectrum  o f m ethods, p rocedures and 
instrum ents, m any falling on  the  same 
con tinuum  as o rthodox  risk m anagem en t 
approaches. T he business o f decid ing u p o n  
one particu lar set o f responses ra th e r than  
an o th e r m ust necessarily rem ain , a t som e 
level, an  essentially political business — 
subject to  all the  norm al processes o f ra tional 
policy deliberation, professional review and  
dem ocratic  debate  and  accountability.

Finally, it is w orth  rem em bering  th a t the 
p recautionary  p rincip le  began life as an  
environm ental policy app roach  b u t it has 
been  rightly recognised th a t constructive and  
effective environm ental policy dem ands 
in teg ra tion  o f environm ental objectives in to  
all areas o f decision-m aking and  
technological, as well as public policy, 
com m itm ent. T herefo re  it is axiom atic th a t a 
p ro p e r fram ew ork for m easured  an d  effective 
p recautionary  policy-making m ust 
encom pass these w ider dom ains, even if only 
indirectly. Beyond the twelve lessons, some 
general princip les an d  specific practical 
messages are  proposed , covering the 
relationships betw een p recau tion  and  
science, p recau tio n  an d  innovation, and  
p recau tion  and  governance.

16.3.1. Precaution and scien ce
T he precau tionary  princip le  raises im p o rtan t 
issues for science. Some are to do with w hat 
m any m ight perceive as the m echanics o f 
science, such as issues o f statistical p ro o f and  
the fram ing o f hypotheses. B ut it also raises 
som e very fundam en ta l in terdisciplinary 
issues regard ing  the very n a tu re  of 
know ledge-gathering.

‘Statistical proof’ and the fram ing of hypotheses 
For the  environm ental sciences, issues of 
p ro o f an d  p recau tion  often  com e up  via the 
in te rp re ta tio n  o f statistics. Given th a t it is 
im possible to prove a hypothesis (such as ‘all 
swans are w hite’), only to  disprove it (the 
discovery o f Australia, an d  with it the 
A ustralian black sw an), the  statistical 
w orkaround is to a ttem p t to falsify a ‘null 
hypothesis’. This is the  opposite o f  the 
hypothesis o f interest, for exam ple tha t 
chem ical concentrations have increased. If 
an  increase exceeds, by som e arbitrary  
threshold , th a t which m igh t be expected by 
chance fluctuation, the  nu ll hypothesis is 
rejected  an d  it is assum ed th a t an  increase 
has occurred . However it is still possible tha t 
the  resu lt is a freak an d  th a t the increase is
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due to chance. This is know n as a ‘Type I ’ 
statistical error, o r a ‘false positive’. 
Traditionally th ere  has b een  a strong 
em phasis on  avoiding Type I errors. In  the 
exam ple here , a reco rded  increase in  the 
chem ical w ould be assum ed to reflect a real 
underly ing  change only if  th ere  is a very 
small probability  o f the  change occurring  by 
chance —  typically less th a t 1 in  20 or 1 in

100 (a result tha t is significant at the  95 % o r 
99 % level). In  effect n o t being w rong is 
m ore im p o rtan t th an  being safe. However 
this issue is being  increasingly recognised in  
policy. Table 16.1. gives som e exam ples of 
policy action taken  at d ifferen t levels of 
proof. This is fu rth e r e laborated  in  the 
‘Im plications’ p a rt o f  this report.

Table 16.1. D ifferen t levels o f p roo f fo r d iffe ren t purposes: som e illustrations

Verbal description Examples

'B eyond all r ea so n a b le  d o u b t ' Criminal law; Swedish chemical law, 1973 (for ev idence  of  'safe ty ' 
from manufacturers)

'Balance of  ev id en ce ' In te rgovernm enta l  Panel on Climate C h a n g e ,  1995 and  2001

'R easo n a b le  g ro u n d s  for concern ' E uropean  Com m ission  com m unica t ion  on th e  p recau t ionary  
principle

'Scientific suspicion of  risk' Swedish chemical law, 1973, for ev idence  requ ired  for regu la to rs  to  
take  p recau t ionary  action on po tentia l  harm from s u b s ta n c e s

But th ere  is an o th e r fundam enta l statistical 
p rob lem . Because environm ental m onito ring  
is expensive it is usually lim ited  in  scope. Yet 
the  sm aller the  sam ple size a n d /o r  the 
g rea te r the  n a tu ra l variation, the  less likely it 
is th a t a real increase could  be identified  
th ro u g h  the statistical noise. T he possibility 
o f  calling a real effect false is know n as a 
‘Type I I ’ error, or a ‘false negative’. 
U nderw ood (1999) concluded  ‘Typically 
th e re  has b een  little concern  abo u t Type II 
error. T he chances o f e rring  in  ‘favour’ o f the 
env ironm ent (a Type I e rro r) is deliberately 
kep t small, w hereas the chances o f erring  
‘unfavourably’ to environm ental issues is 
not! ’ A great deal o f m oney can be wasted, 
for exam ple o n  expensive ship-borne m arine 
m onitoring , if  the actual am o u n t o f sam pling 
th a t can be carried  ou t on  a few trips has no  
p rospect o f separating  adverse effects from  
statistical noise, tha t is, it has low statistical 
pow er (HELCOM , 1996). O n top o f this 
com e com plications arising from  the 
form ulation  o f  the  hypothesis to be tested, 
an d  o f experim ental design: for exam ple, 
asking the w rong question; dismissing a 
factor from  assessm ent due to an  e rroneous 
p rio r assum ption tha t it is un im portan t; 
decid ing w hen, w hat and  how  frequently  to 
m onitor; the  im portance  to  be accorded  to 
ra re  events; or deciding how to deal with 
com plex interactions, or non-linear 
responses such as chaos.

Similarly, even small misclassifications of 
exposure in  epidem iological studies can 
resu lt in  m ajor reductions in  relative risks, 
w ith associations being  m ore  likely to  be 
m issed th an  falsely im plicated  (C opeland et

at., 1977). In  general, the  pow er of 
epidem iological studies to de tec t relevant 
risks is critical b u t often  overlooked, leading 
to a false sense o f  security from  so-called 
‘negative’ studies th a t fail to  find  a risk.

T he bias in  science towards avoiding false 
positives inevitably involves genera ting  false 
negatives, which, if  they are  h u m an  an d  or 
environm ental disasters, as in  m ost o f these 
case studies, is n o t sound  public policy. 
Clearly, such a bias in  favour o f genera ting  
false negatives does n o t conform  to the 
p recau tionary  princip le, an d  is an  issue that 
is taken  up  briefly in  the  ‘Im plications’ part 
o f this report.

W hile such issues are  often  seen as simply a 
m atter o f scientific ju d g em en t, in  fact they 
lead on  to som e ra th e r  d eep er points.

Fundamental issues
T he com m only used w ord ‘uncerta in ty ’ 
needs to be d ifferen tia ted  a t least in to  risk, 
uncerta in ty  an d  ignorance. A wider 
exam ination  o f ju s t how ag reem en t can be 
reached  on  w hat are  the  ‘facts’ w ould have to 
take accoun t o f  o th e r d istinct dim ensions 
such as complexity, indeterm inacy, ambiguity, 
an d  the n a tu re  o f d isagreem ent (Wynne, 
2001; Stirling, 1999). T he concep t o f 
p recau tion  has resu lted  in  new th inking  in 
the fields o f sociology o f science an d  in  
philosophy, an d  w ith it the  recogn ition  of 
new kinds o f  ignorance underly ing  the very 
processes o f know ledge p rocu rem en t. 
A uthors such as K rohn an d  Weyer (1994) 
have explained how  full know ledge o f the 
consequences o f innovations can only be
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gained  by treating  society an d  the  larger 
env ironm en t as them selves the experim ental 
laboratory. This p o in t has p ro fo u n d  though  
as yet unrealised  im plications for dem ocratic  
policy-making ab o u t new, an d  ind eed  
existing, technologies.

Society’s growing com m itm ent to the  
p recau tionary  princip le  is essentially a 
response to a growing tension  betw een two 
aspects o f science: its grow ing innovative 
powers were increasingly o u tru n n in g  its 
capacity to anticipate the  consequences. 
M oreover, too  often  from  w ithin the scientific 
com m unity th ere  was a denial o f  the w aning 
ability to  p red ic t those consequences. This 
encouraged  the  reasonable dem ocratic  
response o f dem and ing  m ore  
circum spection. This circum spection was n o t 
a b o u t innovation an d  risk themselves, bu t 
a b o u t o u r ability to know. In  o th e r words, it 
was ab o u t science an d  its p resum ed  powers. 
I t  is n o t a t all anti-scientific to raise such 
questions. In d eed  it could  be said th a t it is 
anti-scientific to  deny them . T here  is n o th ing  
scientific ab o u t the  ‘p re ten ce  a t know ledge’ 
(von Hayek, 1978). Such p re ten ce  has the 
consequence o f u n d erm in in g  the authority  
an d  credibility o f the  institu tions o f  science 
—  society’s m ost pow erful intellectual 
resource.

W ith this in  m ind  som e fu rth e r observations 
are  relevant. For exam ple, in  discussions 
betw een peers, it is accep ted  th a t the na tu re  
o f  scientific p ro o f  is essentially com plex, 
open , an d  always provisional. Yet externally it 
has in  som e quarters becom e a req u irem en t 
th a t science provide the policy process b o th  
w ith sim ple answers an d  certainty. This dual 
identity  for ‘science’ causes considerable 
tensions, n o t least because the  con trad iction  
betw een in trinsic provisionality and 
p re te n d e d  certainty often  goes 
unacknow ledged —  b u t not, it appears, 
unno ticed .

This brings us to  a deep dislocation betw een 
policy institu tions and  the  public abo u t 
understand ings an d  represen ta tions of 
scientific uncerta in ty  and  ignorance. Public 
surveys in  re la tion  to GMOs on  b o th  sides of 
the  A tlantic (Levy and  Derby, 2000; W ynne et 
al., 2000), indicate th a t non-experts do m ake 
a basically co rrec t distinction betw een 
uncerta in ty  an d  ignorance. W hilst scientific 
risk assessm ent focuses on  (known) 
uncertain ties, public concerns instead cen tre  
on  unacknow ledged ignorance lying beh in d  
even the best science. Especially with the

rap id  expansion o f very novel innovations, a 
m ajor public concern  is the  possible 
consequences o f ignorance. T he reaction  can 
be sum m ed up  as ‘if  we can never fully know 
the consequences, th en  we h ad  b e tte r a t least 
ensure th a t the purposes driving the 
enterprise, an d  the in terests w hich control 
the  responses to the  resu ltan t surprises, are 
good on es’ (W ynne, 1992 an d  2001). In  
o ther words the issues o f w hat are  the driving 
purposes an d  who benefits are forem ost in  
p eo p le ’s m inds.

Yet the policy response, in  o rd e r to reassure 
the public, has often b een  to intensify 
research  on  identified  uncertain ties, with the 
in ten tio n  o f  dem onstrating  in tellectual 
m astery o f the  issue, an d  to show th a t 
concern  ab o u t (know n) risks is unfounded . 
These policy responses to  w hat are believed 
to be m isconceived public dem ands for zero 
risk an d  zero uncerta in ty  are futile, because 
they presum e the problem s o f public m istrust 
lie with the p u b lic ’s e rroneous expectation  o f 
certainty, an d  the  p u b lic ’s supposed 
m isunderstandings o f science, risk and  
uncertainty. This institu tional approach  
fundam entally  m isunderstands typical public 
attitudes an d  expectations; an d  it only feeds 
public m istrust by inadvertently  
dem onstrating  its own denial o f ignorance 
and  lack o f  intellectual m astery —  w hich the 
public appears intuitively to understan d  
ra th e r b e tte r th an  does institutionalised 
science itself.

Thus w hereas som e views critical of 
p recau tion  see it as pan d erin g  to populist 
anti-science sen tim ent, in  the  form  of 
supposed dem ands for certainty before 
sanctioning any innovative com m itm ent, 
there  is am ple evidence th a t peop le  are 
typically quite ready to accep t a m uch  m ore 
radical k ind o f  uncerta in ty  th an  institu tional 
science is able to acknow ledge —  nam ely 
ignorance, an d  correspond ing  lack of 
control. As Stirling (1999) an d  colleagues 
have e laborated  in  detail elsewhere, the  
p recautionary  p rincip le  has n o th in g  to do 
with anti-science, an d  everything to do with 
the re jection  o f  reductionist, closed and  
arbitrarily narrow  science in  favour of 
sounder, m ore  rigorous an d  m ore  robust 
science.

Perhaps the m ost fundam enta l general 
insight to em erge is th a t scientific 
uncertainty, like scientific know ledge itself 
w hen deployed to provide au thority  to policy, 
is em phatically n o tju s t  a private m atte r for
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scientific bodies to autonom ously  resolve, 
define, o r otherw ise in te rp re t on  b eh a lf of 
the  public policy dom ain, before it is 
ren d e red  visible to the latter. As the NRC 
(1996) in  the  U nited  States and  the  RCEP 
(1998) in  the  U nited  K ingdom  
in dependen tly  concluded, p rio r questions 
n eed  public deliberation. These include: 
w hat questions should  the science be 
addressing, w hat are the salient factors and  
w hat genera l princip les should  define good 
science (for exam ple, the  balance betw een 
com prehensiveness an d  precision) for 
environm ental policy, as distinct from  o ther 
m ore  confined  dom ains such as engineering  
risks.

T hese questions lead  on  to  the im portance  of 
distinguishing betw een facts an d  values. I t is 
som etim es assum ed that, having agreed  to 
ad o p t a precau tionary  approach , this should  
autom atically lead to one ‘co rrec t’ outcom e. 
This is an  oversim plification. W hat is a t issue 
itself will vary. P referred  outcom es will also 
vary d epend ing  on  p eo p le ’s interests, 
objectives an d  values. As P o p p er p o in ted  ou t 
long  ago, it is rationally im possible to derive a 
proposal for a policy from  facts alone 
(Popper, 1962). Policies th a t unduly  
em phasise the  factual basis o f decisions, 
w ithou t explicitly acknow ledging and  
engaging w ith the  value ju d g em en ts  th a t are 
also p a rt o f such decisions, are  unlikely to 
achieve consensus, or a t least acceptance, 
w here substantial divisions o f op in ion  exist. 
(RM NO,2000)

I t is for these reasons th a t the involvem ent of 
stakeholders in  regulatory  appraisal needs to 
begin  a t the beg inn ing  ra th e r  th an  being 
artificially confined  to the  later ‘risk 
m an ag em en t’ stages o f the  conventional 
approach . T he stages o f hazard  an d  risk 
appraisal, m anagem en t an d  com m unication  
are  n o t sequential, as in  the  trad itional 
m odel, b u t req u ire  stakeholder involvem ent 
a t the  earliest stage. This has b een  recognised 
by the  NRC, the  RCEP an d  the Nice C ouncil 
o f  M inisters conclusions on  the 
precau tionary  p rincip le  in  2000.

Again, it is em phasised th a t the raising of 
such issues shou ld  n o t be seen as creating  a 
new form  o f ‘paralysis by analysis’. T he case 
studies, and  the lessons th a t em erge, do 
provide a positive an d  robust way forward. 
B ut if these com plexities are n o t explicitly 
addressed, progress will be slower an d  the 
m istakes m ade will be m ore  serious.

16.3.2. Precaution and innovation
In  the In tro d u c tio n  it was n o ted  that, the 
G erm an Vorsorgeprinzip ( ‘foresigh t’ or 
‘p recau tionary ’ princip le) o f the 1970s 
considered  the  stim ulation  o f innovation, 
em ploym ent and  forw ard p lann ing  to be 
in tegral com ponen ts o f the  p recau tionary  
princip le. An overarching princip le  arising 
from  all the case studies, as well as from  
m uch  w ider analysis an d  experience, is tha t 
the polarised  processes o f technological 
innovation  an d  risk regu lation  n eed  to 
becom e less separate an d  antagonistic. Many 
o f the lessons are as applicable to the 
innovation  process itself as to the  regu lation  
o f the  resulting  products an d  technologies. 
Indeed , accom m odating them  w ithin the 
innovation  process could overcom e the 
adversarial re la tionsh ip  betw een innovation 
and  regulation.

For exam ple, trad itional risk assessments o f 
chem icals concen tra te  on  the risks associated 
with a particu lar chem ical. T he use o f  the 
chem ical is identified , b u t this identification  
o f use is n o t th en  used in  a m ore  in teg ra ted  
way to assess the po ten tia l o f alternatives. I t is 
n o t the  first tim e th a t the  n eed  for the 
in tegra tion  o f innovation an d  risk regulation, 
and  for the  in teg ra tion  o f  technology- 
appraisal approaches m ore  generally is 
identified. I t is addressed, for instance (at 
least in  part), by the techniques of 
constructive technology assessm ent (CTA) 
developed in  the  N etherlands (Rip et a í, 
1996; W ynne et a l, 2001). CTA starts from  
recogn ition  th a t technologies are  m ore than  
hardw are. T heir p rom otion  an d  adop tion  
depends u p o n  the goals, relationships, 
understand ings an d  skills o f  d ifferen t sectors 
o f society. T he g rea ter the  scope, power, 
com plexity or in terconnectedness o f  the 
technological systems concerned , the  m ore 
im p o rtan t a consideration  o f these social and  
institu tional aspects becom es. In  essence, 
CTA attem pts to foster the recogn ition  o f this 
neg lected  b u t fundam en ta l d im ension  of 
technology an d  innovation. By a variety of 
m eans it aims to  im prove in tegration , from  
the outset, o f  the perspectives o f innovators, 
regulators, users an d  o th e r stakeholders. In  
this way, innovation  benefits from  creative 
inputs a t a stage w hen these may realistically 
be harnessed, ra th e r  th an  forcing such wider 
social in terac tion  simply to take the form  of 
an  (often  adverse) dow nstream  reaction  to a 
technology already developed th ro u g h  a 
m ore  closed process. T he analysis underly ing 
CTA recognises how technological systems 
otherwise have a tendency  to ‘lock-in’ to
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particu lar configurations a t a relatively early 
stage in  the ir developm ent, thus foreclosing 
o th e r options and  raising the costs o f shifting 
to  alternatives. T he particu lar technologies 
th a t gain ascendancy in  this way may do  so 
for arb itrary  reasons w hich have n o th in g  to 
do  with in trinsic qualities, an d  everything to 
do  with chance an d  first-leader advantage. 
CTA attem pts to h igh ligh t such questions 
an d  to  provide the intellectual resources for 
resolving them .

T he potentially  positive rela tionsh ip  betw een 
regu la tion  an d  innovation  is also em phasised 
in  the technological options analysis (TOA) 
approach , developed in  the U nited  States 
(Ashford, 1981 an d  1994; Tickner, 2000). 
H ere, a variety o f practical p rocedures are 
rou tinely  em ployed in  o rd e r to  include 
consideration  o f ‘off the  shelf’ an d  ‘on  the 
h o rizo n ’ alternatives alongside the 
technology or process in  question. Again, like 
CTA, TOA can be p erfo rm ed  by regulatory  
agencies or private com panies, d ep en d in g  on 
the  context. Together, they form  p art o f a 
b ro ad er cu ltu re  o f  ‘alternatives assessm ent’ 
(O ’Brien, 2000), w hich highlights the 
im portance  o f  innovation  and  understands 
this as an  open-ended  process, subject to 
deliberate  choices an d  com m itm ents. These 
innovative approaches rep resen t a m ore 
reflective an d  in te lligen t ap p ro ach  to the 
design, assessment, choice and  
im p lem en ta tion  o f technologies. By 
addressing innovation  a t the earliest stages, 
they offer a m eans to  im p lem en t the lessons 
developed h ere  in  a fashion th a t m inim ises 
econom ic inefficiencies an d  social tensions, 
an d  actively fosters innovation  pathways th a t 
a re  m ore sustainable over the  longer term .

T he p rom otion  o f robust, diverse an d  
adaptab le  technologies n o t only helps to 
stim ulate innovation  b u t it can also provide 
‘in su ran ce’ against surprises, such as the case 
study exam ples o f the asbestos cancer, 
m esotheliom a, an d  the halocarbon  dam age 
to  the  ozone layer. This is because the  size of 
any fu tu re  surprises will be sm aller if  there  
are  several com peting  technologies th a t are 
being  used to m ee t h u m an  needs, ra th e r 
th an  ju s t  one, global, n ea r m onopoly, as was 
the  case with asbestos, halocarbons and  
PCBs. Diverse technologies an d  o th e r ways o f 
m eeting  needs can help  deal with the 
seem ingly in tractab le p rob lem  o f ‘societal 
ig n o ran ce’ an d  a tten d an t surprises.

16.3.3. Precaution and governance
‘G overnance’ is abou t the  m an n e r in  w hich 
som ething is governed by m ethods of 
m anagem en t an d  systems o f regulations, be 
they form al o r inform al. M ore broadly, it 
refers to the conduc t o f life or business in  
general an d  the  m ode o f living, o r behaviour, 
in  society. T he challenges w hich the 
p recautionary  p rincip le  heralds involve m ore 
than  simply new decision rules an d  technical 
instrum ents, and  this im plies a learn ing  
process in  public policy, industry, science and 
civil society a t large. H ere  th ree  aspects of 
governance relevant to p recau tio n  are 
considered, namely: how  cu rren t institutions 
associated w ith the appraisal o f risk m ight 
evolve to  take accoun t o f p recaution ; the  
relevance o f participatory  approaches and  
subsidiarity; an d  the im portance  o f g rea ter 
awareness w ithin civil society, including 
ethical awareness, so as to b e tte r exercise 
bo th  rights an d  responsibilities.

Evolution, not revolution 
Beyond the  disciplines o f CTA, th ere  are  a 
variety o f perspectives to be found  am ong 
established approaches to the  regulatory 
appraisal o f risk w hich could  be 
constructively en larged  an d  developed. 
Suitably am ended  an d  in te rp re ted , m any of 
these offer ways to respond  to the  lessons 
discussed here . M ulti-criteria m apping  
(M CM ), for instance, com bines the flexibility 
and  scope o f  qualitative approaches w ith the 
transparency an d  specificity o f quantitative 
disciplines. I t offers one way to  accom m odate 
a diverse array o f stakeholder perspectives 
with d ifferen t technical and  scientific factors, 
including uncertain ties, w ithou t placing 
u n d u e  constrain ts on  the d ivergent fram ings 
o f the  issues in  question  (Stirling an d  Mayer, 
1999). Likewise, life cycle analysis (LCA) has 
developed an  array o f m ethods to ensure  tha t 
a tten tion  extends to encom pass the  full 
technical life cycles an d  resource chains 
associated with d ifferen t options (van den  
Berg, 1995). Cost-benefit analysis, for all its 
idiosyncrasies an d  serious lim itations, is 
unusual in  u p h o ld in g  the  im portance, 
em phasised in  these lessons, o f  considering 
the ‘p ro s’ (justifications an d  benefits) 
alongside the ‘cons’ (risks an d  costs) (H anley 
and  Spash, 1993). A lthough ra th e r 
in frequently  used, sensitivity an d  scenario 
analysis techniques offer ways to  explore the 
im plications o f d ifferen t assum ptions and  
perspectives an d  so be m ore  ‘h u m b le ’ abou t 
the  status o f any particu lar u n derstand ing  of 
a risk issue (G odet, 1992).
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O ne b road  ap p ro ach  th a t has em erged  over 
the  past decade or so, in teg ra ted  
env ironm ental assessm ent (IEA), offers an  
arch itec tu re  for constructing  a new synthesis 
o f  these kinds o f positive attribu tes in  existing 
approaches to the  appraisal o f  the  pros and  
cons o f con tend ing  alternatives (EFIEA,
2000; D ow latabadi an d  Rotm ans, 2000). 
Specifically developed to  address large, 
com plex environm ental problem s, IEA 
provides a m eans to in tegrate  such m ethods 
in to  the  k ind  o f broad-based, m ulti­
perspective and  m ore  hum ble an d  open- 
en d ed  app roach  h igh ligh ted  in  these lessons. 
IEA in  its p resen t form  addresses the 
in terface  betw een science-engineering and  
policy with em phasis on  the n eed  for 
interdisciplinarity; in teg ra tion  across the 
environm ental m edia: water, air an d  soil; 
mass balance accoun ting  in  society and  
sectors; an d  analysis o f alternatives. In  view of 
the  lessons identified  in  the  case studies, 
equal em phasis on  the  following issues would 
im prove the perspectives o f  IEA: m ore 
openness an d  delibera tion  ab o u t fram ing 
agendas; distinguishing betw een risk, 
uncerta in ty  an d  ignorance; taking be tte r 
accoun t o f  the risk an d  consequences o f 
being  wrong; accoun ting  for all values; 
expansion o f cost-benefit analysis to the 
appraisal o f  w ider pros an d  cons (as defined  
in  this book); an d  m uch  earlier involvem ent 
o f  these b ro ad er concerns in  the relevant 
decision-m aking processes. H ere, the use of 
‘what-if’ scenarios an d  partic ipatory  scenario 
developm ent techn iques can assist greatly in  
the  m anagem en t o f  surprises and  
uncertain ties.

Participatory approaches and subsidiarity 
T he  historic tren d  o f  legal an d  econom ic 
regu la tion  has b een  to centralise a t global, 
reg ional o r national governm ent level, an d  to 
d isenfranchise m any in terest groups. W hile 
th ere  are  signs o f change, attem pts to  create 
partic ipatory  approaches are as vulnerable as 
any o th e r initiative to centralising pressures. 
For exam ple, the  consensus conference, 
w ithou t safeguards, can potentially  
d egenera te  in to  little m ore  th an  a form  of 
consu lta tion  driven by the spo n so r’s agenda. 
A ppeals p rocedures may also involve 
participatory  approaches, b u t a t far too  late a 
stage in  the  process o f  regu lation  to  deal with 
anything o th e r th an  m arginal issues. It 
follows from  the ‘late lessons’ tha t 
partic ipation  o f  in terest groups should  be at 
an  early stage, broadly drawn, an d  carried  
dow n to the app rop ria te  local level.

O f course, local involvem ent is only 
m eaningfu l in  the con tex t o f dem ocratically 
legitim ate strategic fram eworks o f  innovation  
and  overall policy. T he basic p o in t is th a t 
often  experts involved in  technological 
developm ents —  an d  officials in  governm ent 
—  n eed  b e tte r sensitivity to  (often  u n d er­
articulated) public values, priorities and  
concerns, a t a variety o f levels, from  local to 
in ternational. This can be achieved w ithout 
the n eed  for w hat w ould be paralysing 
indiscrim inate full public partic ipation  in  
every single decision. In  add ition  to 
E uropean  exam ples already m entioned , 
th ere  are  also developm ents outside the EU 
worthy o f evaluation. These include the 
environm ental laws o f New Zealand, w here 
the principle o f subsidiarity has been  
in tro d u ced  as an  alternative ap p ro ach  to 
centralised regu la tion  (M inistry for the 
E nvironm ent, 2001), an d  w here the  stated 
aim  is for p rocedures for local partic ipation  
and  consensus-building to take p rom inence  
over cen tral regulation. B oth the 
developm ent an d  im plem enta tion  of 
A ustralia’s ocean policy include significant 
attem pts to involve stakeholders (N ational 
O ceans Office, 2000). A m ong m any o ther 
findings, the research  underly ing the  ocean 
policy m ade the  relevant p o in t th a t the views 
o f local in terest g roups are n o t necessarily 
identical to th e ir na tional or in te rna tiona l 
equivalents, be these, for exam ple, 
env ironm ental non-governm ental 
organisations or industry.

T he tools for participatory  approaches are  in 
various stages o f developm ent, an d  the 
challenges are  far from  trivial (Brookes, 
2001). B ut this has to be set against 
trad itional approaches, w here the costs o f 
failure can also be h igh, as illustrated  by the 
public rejection  o f irrad ia ted  foods, the 
ab an d o n ed  a ttem p t to dum p the N orth  Sea 
B ren t Spar oil installation  an d  the  response 
to GMOs.

Awareness and ethics
Participatory approaches can n o t work 
w ithout he ig h ten ed  awareness, in te rest and  
engagem ent on  the  p a rt o f  stakeholders and  
the public a t large. B roadening  the scope o f 
environm ental assessm ent will have a lower 
chance o f success w ithou t a developm ent of 
society’s attitudes, responsibilities an d  ethics 
in  re la tion  to the  environm ent. Parallel 
efforts are  n eed ed  to increase society’s 
awareness, foster d iscrim inating involvem ent, 
and  increase the  educational basis for 
consensus building, by increased know ledge
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o f all aspects o f  the  env ironm en t over the 
w hole range o f the disciplinary spectrum . 
This process starts a t hom e an d  school and  
reaches its full po ten tia l by engagem en t in  
partic ipatory  p rocedu res as a m atter o f 
in te rest an d  com m itm ent. In  stating this 
in d o c trina tion  to any one  p o in t o f view is n o t 
im plied, b u t ra th e r the  developm ent o f  skills 
to  critically assess argum ents, express a p o in t 
o f  view an d  engage in  the  dem ocratic  
process.

A re la ted  area  is the professional 
com m unication  o f the issues su rro u n d in g  
p recau tion . It is evident th a t a t least some 
com m unication  o f the  com plexities involved 
is necessary to move forw ard, for the  sake all 
in te rest groups. I t is therefo re  ironic th a t the 
m edia  an d  o th e r professional 
com m unicators have b een  m oving in  the 
opposite direction, em phasising only 
‘positive know ledge’ and  the  ‘clear and  
sim ple m essage’ in  a sound-bite culture. This 
tends to exclude the  com m unication  of 
ignorance, o f com plexity an d  of 
responsibility in  face o f the  essential limits of 
all knowledge.

T here  is also an  ethical an d  cultural issue 
raised by the im p o rtan t need  for institu tional 
recogn ition  o f ignorance as well as 
uncertainty. This arises because o f  the way in 
w hich the ethical boundaries o f 
acknow ledged responsibility for uncertain ties 
ab o u t the  consequences o f h u m an  innovative 
com m itm ents have b een  draw n by scientific 
knowledge. Any possible fu tu re  consequence 
w hich lies beyond existing scientific 
know ledge an d  predictability  is deem ed  by 
defin ition  to be beyond responsibility. This is 
defined  as such even th o u g h  it is know n th a t 
such surprises will occur as a resu lt o f choices 
an d  com m itm ents. T he precau tionary  
p rincip le  im plies the  need , as a m atte r of 
cu ltural change, for society’s institu tions to 
en large existing no tions o f  ethical 
responsibility to  encom pass these unknow ns, 
w hich are  p red ictab le  in  princip le  even 
th o u g h  n o t in  specifics. Suggestions have 
b een  m ade as to how this process of 
in tellectual en la rg em en t m igh t begin, 
starting  with the twelve late lessons.

This re p o rt expresses the  h o n est conviction 
th a t to achieve sustainable environm ental 
policies an d  a properly  balanced  practice o f 
the  precau tionary  princip le  requires the 
ach ievem ent o f a cu ltural shift towards a 
g rea te r civil sense o f responsibility and

involvem ent in  policy-making (including 
science policy an d  technological in n ovation ). 
This in  tu rn  will dem and  th a t the expert-led 
institutions o f  science, industry  an d  policy 
learn  to  trust, to challenge an d  to build  the 
opportun ities an d  the  fram eworks for civil 
society to take on  those responsibilities.

From  the  case studies, the 12 late lessons and  
these w ider considerations o f  science, 
innovation an d  governance, it is evident tha t 
the  precau tionary  princip le —  the  n eed  to 
exercise fo res ig h t—  once accepted, leads far 
beyond the  sim ple definition. R ather it is 
playing its p a rt in  the  developm ent o f civil 
society an d  policy-making during  the early 
21st cen tury  which, it appears, will have its 
own distinctive character, as g rea t in  its 
differences as those w hich set ap a rt previous 
centuries.
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17. Conclusions

T he case studies reviewed in  this book  show 
th a t th ere  is m uch  tha t can be lea rn t from  
history. Such learn ing  begins w ith two basic 
observations:

• Regulatory appraisal an d  contro l o f 
technologies an d  econom ic developm ent 
involves balancing the costs o f  being  too 
restrictive on  innovation  with the  hazards 
an d  costs o f being  too  permissive, in  
situations o f scientific uncerta in ty  and  
ignorance. T he case studies provide m any 
exam ples w here regulatory  inaction  led  to 
costly consequences th a t were n o t —  and  
som etim es could n o t have b een  — 
foreseen.

• T he case studies also provide m any 
exam ples w here ‘early w arnings’, an d  even 
‘loud  and  la te ’ w arnings, were clearly 
ignored; w here the  scope o f hazard  
appraisal was too narrow ; an d  w here 
regulatory actions were taken  w ithout 
sufficient consideration  o f  alternatives, or 
o f the  conditions necessary for the ir 
successful im p lem en ta tion  in  the real 
world.

If  m ore  account, scientifically, politically and  
economically, is taken  o f  a richer body of 
in fo rm ation  from  m ore diverse sources, th en  
society may do  substantially be tte r in  the

fu tu re  at achieving a be tte r balance betw een 
innovations an d  th e ir hazards. Discussion o f 
the case studies led  to the distillation of 
twelve late lessons which, if  app lied  to fu tu re  
decision-m aking, could help  achieve this 
b e tte r balance.

T he p recau tionary  princip le  is an  
overarching fram ew ork o f  th ink ing  that 
governs the use o f foresight in  situations 
characterised  by uncerta in ty  an d  ignorance 
an d  w here there  are  potentially  large costs to 
b o th  regulatory  action  an d  inaction.

However, the in trinsic difficulties o f applying 
the precau tionary  p rincip le  to  issues of 
complexity, uncerta in ty  an d  controversy are 
com pounded  by a lack o f ag reem en t on  the 
defin ition  and  m eanings o f  key terms.

T he table below is a con tribu tion  to clarifying 
the m ean ing  o f six basic concepts tha t lie at 
the h ea rt o f this debate. W hat is som etim es 
loosely re fe rred  to  as ‘uncerta in ty ’ m ixes up 
the analytically distinct concepts o f ‘risk’, 
‘uncerta in ty ’ an d  ‘ig n o ran ce’. T he public 
action  concepts o f ‘p rev en tio n ’, 
‘p recau tionary  p rev en tio n ’, an d  ‘p recau tio n ’ 
can th en  be usefully re la ted  to these th ree  
states o f knowledge, as in  Table 17.1.

Table 17.1. U ncertain ty and precaution —  tow ards a clarification o f term s

Situation S ta te  and dates o f know ledge Exam ples o f action

Risk 'K now n ' Impacts; 'k now n ' probabil it ies  e .g .  
a s b e s to s  causing respira tory  d isease ,  lung 
and  m eso th e l io m a  cancer,  1 9 6 5 -p re s e n t

Prevention: action t ak en  to  re d u c e  known 
risks e .g .  e l iminate e x p o s u re  to  a s b e s to s  dust

U ncertain ty 'K now n ' Impacts; 'u n k n o w n ' probabil it ies e .g . 
antibiotics In animal feed  and  assoc ia ted  
hum an resis tance  to  t h o s e  antibiotics,  1 9 6 9 -  
p resen t

Precautionary prevention: action taken  to  
red u ce  po ten tia l  hazards  e .g .  r e d u c e /  
e liminate  hum an ex p o su re  to  antibiotics In 
animal feed

Ignorance 'U nknow n ' Im pacts  and  th e re fo re  'unknow n ' 
probabil it ies  e .g . th e  'su rpr ises '  of 
ch lo rofluorocarbons  (CFCs) and  o zo n e  layer 
d a m a g e  prior  to  1974; a s b e s to s  
m eso th e l io m a  cance r  prior to  1959

Precaution: action taken  to  antic ipate ,  
Identify and  re d u c e  th e  Impact  of  'surpr ises ' 
e .g .  use of  p ro p e r t ie s  of  chem icals  such as 
p e rs is tence  or b ioaccum ula t ion  as 
'p re d ic to r s '  of po tentia l  harm; use of  the  
b ro a d e s t  poss ib le  so u rces  of  Information, 
Including long te rm  monitoring;  p rom otion  of 
robust ,  diverse and  a d a p ta b le  t e ch n o lo g ie s  
and  social a r ra n g e m e n ts  to  m e e t  n eed s ,  with 
few er  technolog ical  'm o n o p o l ie s '  such as 
a s b e s to s  and  CFCs

T he procedures for dealing  with the key elem ents o f the  ‘good  governance’ which
situations o f risk, uncertain ty  an d  ignorance is n eed ed  to  regain  public confidence in
n eed  to be fair, tran sp aren t an d  accountable,
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policy-making o n  technologies, th e ir benefits 
an d  po ten tia l hazards.

M ost o f  the cases in  this book  involved costly 
im pacts on  b o th  public h ealth  an d  the 
environm ent, two fields o f science an d  policy­
m aking th a t have becom e specialised and  
som ew hat polarised  d u ring  the last 100 years. 
Individuals experience the ir h ea lth  an d  the ir 
env ironm en t as one, in te rco n n ec ted  reality: 
science, regulatory  appraisal and  policy­
m aking n eed  to be similarly in tegrated . Late 
lessons should  m ake som e con tribu tion  to this 
in teg ra tion  o f hea lth  an d  environm ent.

T he scope o f regulatory  appraisal needs to be 
b ro ad en ed  to include adequate  
consideration  o f relevant social issues 
alongside the  physical, chem ical, biological 
an d  m edical aspects o f technologies.

Involving a wide range o f stakeholders, and  
taking accoun t o f th e ir values an d  in terests at 
the  earliest stage o f the appraisal an d  choice 
o f  technological an d  social options for 
m eeting  h u m an  needs, brings two key 
benefits. I t  n o t only augm ents the 
in fo rm ation  available to policy-making, b u t 
may also im prove public trust in  society’s 
capacity to  con tro l hazards, w ithout 
necessarily stifling innovation or 
com prom ising science.

R ecen t controversies over em erging 
technologies such as genetically m odified 
organism s an d  oil-rig disposal have m uch  to 
do  with public values an d  scientific 
uncertain ties, in  contrast to the  previously 
low em phasis on  values an d  to the  dem and  
fo r unequivocal scientific p ro o f  before  action 
to  reduce  hazards. An o p en  recogn ition  of 
this changing con tex t for such controversies 
is a first step towards th e ir im proved 
governance.

However, the  inclusion o f d ifferen t socio­
political perspectives in  regulatory  appraisal 
becom es n o t ju s t  a m atter o f b e tte r policy­
m aking: it can m ake for b e tte r science as 
well.

For exam ple, reduction ist science an d  linear 
causality are  useful approaches, b u t they are 
lim ited. They do n o t cope well w ith the 
dynam ics o f  com plex an d  som etim es chaotic 
systems, characterised  by feed-back loops, 
synergisms, thresholds, and  eq u ilib ria / 
instability issues, an d  linked by m ulti-factoral 
an d  in te rd e p e n d e n t causal chains. Such 
com plex reality dem ands b e tte r science,

characterised  by m ore  hum ility an d  less 
hubris, w ith a focus on  ‘w hat we d o n ’t know ’ 
as well as on  ‘w hat we do know ’.

O ne im p o rtan t consequence of 
acknow ledging b o th  scientific uncertain ties 
(including ignorance) an d  the urgency of 
hazard  redu c tio n  in  situations o f h igh  stakes 
is the  n eed  for ag reem en t on  the sufficiency 
o f evidence o f  harm ful effects th a t is requ ired  
to justify action. Such ‘levels o f  p ro o f’ can 
vary from  the  ‘reasonable g rounds for 
co n ce rn ’ o f the  E uropean  C om m ission’s 
C om m unication on  the Precautionary  
Principle, to the ‘beyond reasonable d o u b t’ 
o f crim inal law. C hoosing w hich level to use 
in  particu lar situations involves a decision 
th a t can radically shift the  size, n a tu re  and  
distribu tion  o f  the  costs o f  being  w rong. This 
is a key political decision w ith p ro found  
ethical im plications. T he level o f p ro o f th a t is 
app rop ria te  for particu lar issues depends 
u p o n  the size an d  n a tu re  o f the po ten tia l 
harm , the claim ed benefits, the  available 
alternatives, an d  the  po ten tia l costs o f being 
w rong in  b o th  directions, ie o f acting or n o t 
acting in  the  con tex t o f uncertainty, 
ignorance an d  h igh  stakes. This type of 
public decision-m aking is n o t unknow n: 
m ilitary in telligence has long adop ted  
similarly p recautionary  approaches to 
uncertain ty  an d  h igh  stakes, w here the costs 
o f being  w rong can be catastrophic.

17.1. Late lessons from early warnings

T he case studies in  this book  b o th  support 
an d  illustrate the  n eed  for the twelve late 
lessons derived from  the cen tury  o f history 
reviewed.

1. Acknowledge an d  respond  to ignorance, 
as well as uncertain ty  and  risk, in  
technology appraisal an d  public policy­
m aking.

2. Provide adequa te  long-term  
environm ental an d  hea lth  m onito ring  
an d  research  in to  early warnings.

3. Identify an d  w ork to reduce  ‘b lind  spots’ 
an d  gaps in  scientific knowledge.

4. Identify an d  reduce  in terdisciplinary 
obstacles to learning.

5. Ensure th a t real world conditions are 
adequately  accoun ted  for in  regulatory  
appraisal.

6. Systematically scrutinise the  claim ed 
justifications an d  benefits alongside the 
po ten tia l risks.

7. Evaluate a range o f alternative options 
for m eeting  needs alongside the op tion
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u n d e r appraisal, and  p rom ote  m ore 
robust, diverse an d  adaptab le 
technologies so as to m inim ise the costs 
o f surprises an d  m axim ise the benefits o f 
innovation.

8. Ensure use o f ‘lay’ an d  local knowledge, 
as well as relevant specialist expertise in  
the appraisal.

9. Take full accoun t o f the assum ptions and  
values o f d ifferen t social groups.

10. M aintain the regulatory  in d ep en d en ce  o f 
in terested  parties while re ta in ing  an  
inclusive app roach  to  in fo rm ation  and  
op in ion  gathering.

11. Identify an d  reduce  institu tional 
obstacles to learn ing  an d  action.

12. Avoid ‘paralysis by analysis’ by acting to 
reduce  po ten tia l h a rm  w hen th ere  are 
reasonable g rounds for concern .

M ost o f  these lessons involve im provem ents 
in  the  quality, availability, utilisation and  
processing o f  in fo rm ation  in  public policy­
m aking o n  env ironm en t an d  health . 
However, n o n e  o f the  lessons would 
them selves rem ove the dilem m as o f decision­
m aking u n d e r situations o f uncerta in ty  and  
h igh  stakes. They can n o t eradicate

uncertain ties or avoid the consequences of 
ignorance. However, they w ould a t least 
increase the  chances o f antic ipating  costly 
im pacts, o f achieving a be tte r balance 
betw een the pros an d  cons o f technological 
innovations, an d  o f  m inim ising the costs of 
unp leasan t surprises. T he use o f the 
precau tionary  p rincip le  can also bring 
benefits beyond the  red u c tio n  o f h ea lth  an d  
environm ental im pacts, stim ulating bo th  
m ore  innovation, via technological diversity 
and  flexibility, an d  b e tte r science.

T he ‘late lessons’ may also help  to achieve a 
b e tte r balance betw een p ro p o rtio n a te  and  
precau tionary  public policies, recognising 
th a t over-precaution can also be expensive, in  
term s o f lost opportun ities for innovation 
an d  lost lines o f  scientific inquiry.

It is the  cen tral conclusion o f this re p o rt tha t 
the very difficult task o f  m axim ising 
innovation  whilst m inim ising hazards to 
peop le  an d  th e ir environm ents, w hich is 
ultim ately a m atter o f political discourse, 
could be m ore successful if  it em braced  the 
twelve late lessons from  the histories o f 
hazards reviewed.
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