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A more  i m p o r t a n t  and  f u n d a m e n t a l  l imi ta t ion  of equa- 
t ion  (8) is t he  range of appl icabi l i ty  of solubil i ty para-  
mete rs  and  hence  molar  a t t r ac t i on  cons tan ts .  HILDE- 
BRAND and  Scoxx 16 have  warned  agains t  the  use of the  
solubi l i ty  p a r a m e t e r  concep t  for polar  compounds  unless 
t he  dipole is well bur ied wi th in  the  molecule and  specific 
d i rect ional  forces are un impor t an t .  I n  order  to overcome 
this  p rob lem various a t t e m p t s  have  been made  la tely to 

Calculated and experimental z values 

Functional group Cyclohexane 1-Octanol 
Calculated Experi- Calculated Experi- 
3z mental ~z ~ r mental r 

-CH~- 0,65 0.65 0.60 0,50 
-OH --3.75 --3.50 --1.78 --1.2 
NHa- --1.22 --2.3 --0.74 --1.3 
-C1 0.55 0.7 0.62 0.47 
-CHO --0.47 --1.2 
-COOH --3.14 --2.5 --2.3 --0.47 
CHACO- 0 --0.51 --0.7 
-CH=CH~ 2.6 
CH3COO- 0.07 -0 .2  1.0 --0.3 
-CO --0,65 --0.5 
-CN --1.8 --1.25 --1.1 --0.84 
Phenyl 1,85 2.75 2.1 1.9 r 
Cyclohexyl 3,85 4.2 a 3.65 2.51 c 

Sum of squares of 3,8 6.3 
differences between 
calculated r~ and 
experimental 

Reference 14. b Reference ~a. o Reference 3. a Estimated from 
solubility data. 

ex tend  HILDEBRAND and  SCATCHARD'S equat ion  to  polar  
compounds  such as acids, alcohols and ketones  by  the  use 
of polar  17 and even ' three-dimens~onal '  solubil i ty para-  
mete rs  18 b u t  the  success has  been  ve ry  l imited.  There  is 
no reason w h y  the  above  analysis  of the  in ter - re la t ionship  
be tween  n and  F could no t  be re -examined  in such a 
m a n n e r  b u t  i t  is doub t fu l  w h e t h e r  there  would be any  
s ignif icant  i m p r o v e m e n t  in the  ~ values calculated for 
pa r t i t ion  be tween  wa te r  and  1-octanol and for polar  
groupings  in general.  I t  is therefore  concluded t h a t  F 
values are only  a r a the r  inaccura te  measure  of re la t ive  
pa r t i t i on  coefficient  t h a t  ignore differences in molar  
volumes  of funct ional  groups. In  view of the  uncer ta in t ies  
associated wi th  F values 9 and  the  p rob lems  of app ly ing  
regular  solut ion theo ry  to polar  systems,  it seems highly  
advisable  to use exper imen ta l ly  measured  pa rame te r s  
such as n for s t ruc ture  ac t iv i ty  correlat ion.  

Zusammenfassung. Molare Anz iehungskons t an t en  wur-  
den herangezogen,  um Beziehungen  zwischen chemischer  
S t ruk tu r  und  biologischer Wi rkung  zu vers tehen.  
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P R O  N A T U R A  I N T E G R A  

E d i t o r ' s  note,  U n d e r  t he  t i t le  o5 'P ro  Na tu r a  In t eg ra ' ,  papers  on f u n d a m e n t a l  research in the  field of b io-pro tec t ion  
will appear .  Over-populat ion,  under -nu t r i t ion  and changes  in e n v i r o n m e n t  have  led to ecological d i s turbances  in the  
balance  of Na tu re  which  t h r ea t en  the  exis tence of mankind .  Man is faced wi th  u n c e r t a i n t y  t h rough  the  changes  in 
his env i ronment .  This mos t  crit ical crisis can only  be over-come by  a socie ty  which has the  will to  carry out  a bio- 
phylax is  which is scientif ical ly founded,  ecologico-economically co-ord ina ted  and biopoli t ical ly  responsible.  H . M .  

The  E n v i r o n m e n t a l  Cr is i s .  C o m m e n t a r y  on the 1970 E u r o p e a n  C o n s e r v a t i o n  Year 

By Kar l  E. SCHAEFER 

Old Lyme (Connecticut 06371, USA) 

This is an a t t e m p t  to give a survey  of recent  s tudies  of 
the  env i ronmenta l  crisis in the  Uni t ed  Sta tes  and  some 
act ivi t ies  to control  it. The  d imensions  of th is  p rob lem are 
m u c h  too large to be deal t  wi th  in some d e p t h  wi th in  the  
scope of th is  paper .  E m p h a s i s  has therefore  been given to 
deve lopmen t s  which have  led to issues in the  scientific and 
publ ic  debate .  

Condi t ions  in the  Un i t ed  Sta tes  have  caused a more  
prec ip i tous  deve lopmen t  of the  env i ronmen t  crisis t han  in 
in Europe.  The in te rac t ion  of var ious  factors  involving 

the  response of t he  public to  t he  env i ronmenta l  crisis, new 
scientific f indings on the  effects of po l lu tan ts  (DDT) and 
the  coinciding popular iza t ion  of ecological concepts  lead 
to a consensus  of opinion on bio-poli t ical  measures  such 
as the  ' E n v i r o n m e n t  Pol icy Act '  passed in December ,  
1969. 

A review of these  deve lopmen t s  in the  Uni ted  Sta tes  
was wr i t t en  a t  the  suggest ion of Professor  H. MISLIN, who 
is concerned  wi th  the  fo rmula t ion  of a biopolit ic for 
Europe,  based on Ecology 1. 
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Through  the  good offices of Dr. N. SOMBART of the  
Eu ropean  Council I have  become acqua in ted  wi th  t he  
excel lent  and  es tens ive  long-range p lann ing  of E u r o p e a n  
countr ies  to contro l  env i ronmen ta l  pollut ion.  These 
efforts  will receive par t icu lar  emphas i s  dur ing  the  1970 
Eu ropean  Conservat ion  Year,  to  which th is  art icle is 
p resen ted  as a t r ibute .  

The pas t  decade  has  wi tnessed  an ex t r ao rd i n a ry  
s t eady  growth  of technology associated wi th  an a la rming  
decline of t he  qua l i t y  of the  env i ronment .  A l though  con- 
servat ionis ts  and some ecologists have  a lways expressed 
the i r  concern  abou t  the  growing env i ronmen ta l  deter iora-  
t ion it was no t  unt i l  Rachel  Carlson's  book s The Si lent  
Spr ing  appeared  in 1962 t h a t  the  env i ronmen ta l  pol lu t ion  
became a m a t t e r  of extens ive  public discussion. I t  took  
7 years  unti l  the  par t ia l  res t r ic t ion  of DDT was announced .  
We en te r  the  sevent ies  wi th  a full ' E n v i r o n m e n t a l  Crisis' 
and are conf ron ted  wi th  the  need for far - reaching deci- 
sions. 

The global scale of env i ronmen ta l  pol lut ion has been  
clearly d o c u m e n t e d  in the  1968 AAAS Synlpos ium 3 to 
which I refer  in the  subsequen t  discussion. Recen t  s tudies  
of a tmospher ic  CO 2 have  led to the  conclusion t h a t  abou t  
half  of all fossil CO~ released by man  since the  19th cen- 
tu ry  has no t  been t aken  up by the  ter res t r ia l  b iomass  and 
the  oceans but  has  accumula ted  in the  a tmosphere .  The 
CO2 excess (compared wi th  the  a tmospher ic  CO2 level in 
the  year  1850) found  in 1968 in the  a tmosphe re  is esti-  
ma ted  at  11~ and  is pro jec ted  to rise to 27% by  the  year  
2000 (J. M. MITCHELL4). Using a m a t h e m a t i c a i  model  of 
the  whole a tmosphere ,  MANABE 5 calculated t h a t  a 25% 
increase in a tmospher ic  CO~ by the  year  2000 would re- 
sult in an increase of 0.8~ in a tmospher ic  t e m p e r a t u r e  
which could have  a s ignif icant  effect  upon the  c l imate  on 
the  ea r th ' s  surface. Al though  the  rise of a tmospher ic  CO2 
is a widely accepted  fact, there  is not  ag reemen t  on the  
possible effects on the world climate.  The mos t  recent  
review of the  a tmospher ic  CO 2 problem G discusses the  role 
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of pho tosyn thes i s  and calcium carbona te  coral reef build-  
ing in the  ma in t enance  of the  a tmospher i c  CO 2 level. The 
ra te  a t  which the  oceans can absorb  CO~ from the  a tmo-  
sphere  is slow in compar i son  wi th  the  ra te  a t  which in- 
dust r ia l  m a n  is add ing  it. Wor ld-wide  cl imatic  and  
ecological consequences  of an increased a tmospher ic  CO s 
level canno t  be p red ic t ed  wi th  cer ta in ty ,  bu t  the  likely 
p rospec t s  call for in t e rna t iona l  act ions  to control  emis- 
sions. The CO 2 p rob lem is also discussed in the  b road  
c o n t e x t  of air  pol lu t ion in a recent  special  repor t  of the  
Amer ican  Chemical  Society ~. The same repor t  also dis- 
cusses in d e p t h  wa te r  pollut ion,  solid was te  disposal,  and  
pes t ic ides  in the  env i ronment .  

The recent  rap id  spread  of cities across the  U n i t ed  
Sta tes  and  the  associa ted increase in au tomobi le  t raff ic  
had  lead to  a mass ive  increase in air con tamina t ion .  
V. SCHAEFER 8 repor ted  a 10-fold increase in a i rborne  
par t ic les  dur ing the  last  10 years  in m a n y  places in the  
Un i t ed  States.  P lumes  of po l lu tan ts  ar is ing from large 
cities near  the  oceans, like New York, have  been found for 
h u n d red s  of miles out  a t  sea. Similar  observa t ions  have  
been made  over  the  seas sur rounding  the  Bri t ish  Isles and 
o ther  par t s  of Europe  (HOGANg).  I n a d v e r t a n t  w ea t he r  
modif ica t ions  have  been caused by  a tmospher i c  pollut ion.  
A good example  has been repor ted  by CHAGNON 10. l i e  
observed in the  downwind  area of Chicago-Il l inois-Gary- 
Ind iana  u rban  complex  of large steel mills and h ighways  a 
31~ increase in prec ip i ta t ion ,  38%) rise in the  n u mb er  of 
t hunde r s to rms ,  and 240~ increased of hail incidences 
since 1925. These changes  in wea the r  were found to show 
a correla t ion wi th  steel p roduc t ion  over  the  years.  

The oceans are considered the  u l t in la te  sink for m a n y  
pol lu tants .  I t  is well known t h a t  DDT is t r anspor t ed  by  
r ivers and collected in the  oceans. DI)T produced  in the  
Un i t ed  Sta tes  has been found in the  penguins  of the  
Antarc t ic  region. Winds  also play a grea t  role in the  
t r anspor t  of pesticides.  GOLDBEaG n repor ted  tha t  pest i-  
cides used in Africa were t r anspor t ed  6000 km across the  
At lant ic  Ocean to the  Car ibbean Islands.  LuNz~uoL~ ~2 
has  emphas ized  the  significance of the  in te rac t ion  be- 
tween  oceans and terres t r ia l  ecosys tems  for the  t r anspo r t  
of pol lu tants .  1)IYF which m a y  concen t ra te  in oil slicks 
on the  oceans because of its h igh lipid solubil i ty can easily, 
be broken  up in breaker  zones along the  coasts  and be- 
come airborne.  Acid rains m a y  develop when hydrogen  
sulfide escapes f r o m  pol lu ted  mar ine  env i ronments .  
LUNDHOLM repor ted  a marked  increase of the  acidity, in 
the  rains dur ing the  last 10 years  in Sweden. 

The effect  of DDT on the  food web in the  marine  en- 
v i ronnlen t  has been ex tens ive ly  s tudied  in recent  years  
d e m o n s t r a t i n g  the  accumula t ion  of D D T  and resul t ing 
reduc t ion  in popula t ion  size of carnivores  par t icu lar ly  
birds. The la t t e r  s t and  a t  the  top  of the  t rophic  s t ruc tu re  
( p h y t o p l a n k t o n - z o o p l a n k t o n - c a r n i v o r e s  of several  levels) 
and  DDT is great ly  accumula ted  going th rough  th is  food 
chain.  DDT is considered to account  for a s ignif icant  de- 
g rada t ion  of the  oceanic ecosys tems and  has been found 
to impai r  the  ha rves t  of foods f rom es tuary  regions. 
W O O D W E L L  la. L .  B E R K N E R  a n d  L .  MARSHALL14, 15 h a v e  
warned  of the  danger  t h a t  increasing a m o u n t s  of pest i-  
cides in the  ocean could adverse ly  affect  p h y t o p l a n k t o n  
p roduc t ion  and t h e r eb y  cause a decrease of wor ldwide  
oxygen  p roduc t ion  which  depends  to a great  ex t en t  on 
pho tosyn thes i s  of oceanic p h y t o p l a n k t o n .  

There  is a confl ict  t o d a y  be tween  d e m a n d s  for more  
food depending  on an agricul tural  t echnology  requir ing 
more  chemical  ferti l izers and pest ic ides  and the  d emands  
for a clean env i ronment .  The wor ldwide  appl ica t ion  of 
n i t rogen  in m a n u f a c t u r e d  chemical  ferti l izers has in- 
creased f rom 4.3 million tons  in 1948 to 19.8 million tons  
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in 1967, a n d  i t  m u s t  double  aga in  w i t h i n  t he  n e x t  10 
years  to  p rov ide  enough  food for the  wor ld  p o p u l a t i o n  
(BYERLy16). COMMONER 17 ha s  e m p h a s i z e d  t he  t h r e a t  to  
the  s t ab i l i t y  of t he  n i t rogen  cycle in n a t u r e  caused  b y  t he  
n i t rogen  fert i l izers.  He  po i n t ed  ou t  t h a t  in  a n o r m a l  
e n v i r o n m e n t  n i t r ogen  is la rgely  in t he  r educed  s t a t e  in  
c o m b i n a t i o n  w i t h  hydrogen .  T he  n i t r ogen  c o m p o u n d s  in- 
t r oduced  in to  t h e  e n v i r o n m e n t  b y  fer t i l izers  and  au to-  
mobi le  e x h a u s t s  are a l m o s t  en t i re ly  in  oxidized forms, 
which  lead to e n v i r o n m e n t a l  hazards .  A large p a r t  of t he  
n i t r a t e s ,  to  which  n i t rogenous  fert i l izers are c o n v e r t e d  by  
soil bac ter ia ,  d ra in  off i n to  g r o u n d w a t e r  and  in to  r ivers  
and  lakes  g iv ing  rise to  a n  in tens ive  g r o w t h  of algae. 
'Algal  b looms '  are t he  end  resu l t  of e u t r o p h i c a t i o n  of 
lakes,  t h e  w a t e r  resources  are des t royed  b y  be ing  bur -  
dened  wi th  organic  m a t t e r  {algae), wh ich  upon  decay  
cause  deple t ion  of oxygen  af fec t ing  f ish and  o the r  a n i m a l  
life. F a r m l a n d  d ra inage  a n d  u r b a n  sewage was tes  are con- 
s idered to c o n t r i b u t e  equal ly  to  the  e u t r o p h i c a t i o n  xT,~s. 

BYERLy16, on  t h e  o the r  h a n d ,  c la ims  t h a t  t he  n i t r a t e s  
f rom fert i l izers  do no t  p lay  such  a n  i m p o r t a n t  role, b u t  
n i t rogen  f rom a n i m a l  a n d  h u m a n  was tes  a n d  in pa r t i cu l a r  
p h o s p h o r u s  f rom d e t e r g e n t  p roduc t s  are  t he  p r inc ipa l  
causes  of a d v a n c e d  e u t r o p h i c a t i o n  of lakes for which  Lake  
Er ie  in  t he  U n i t e d  S ta t e s  a n d  Lake  Zur ich  in Swi tze r l and  
are p r ime  examples .  COMMONER also po i n t ed  ou t  t he  
h e a l t h  h a z a r d s  associa ted  w i t h  the  h igh  n i t r a t e  in some 
foods (pa r t i cu la r ly  sp inach)  and  d r i n k i n g  water .  H igh  
n i t r a t e  c o n t e n t  of d r i n k i n g  wa te r  is k n o w n  to  h a v e  caused  
f a t a l  m e t h e m o g l o b i n e m i a  in some i n f an t s  (COMLy19), , 

The  W o r l d  H e a l t h  Organ iza t i on  has  r e c o m m e n d e d  a 
l im i t  of 50 m g  NOa/1 in d r ink ing  water .  Accord ing  to  t he  
U.S.  Pub l i c  H e a l t h  Service 2~ who r e c o m m e n d e d  a l imi t  
of 45 m g  NO3/1 in 1962, cases of in fan t i le  n i t r a t e  po isoning  
h a v e  occur red  in t h e  U S A  w i t h  suff ic ient  f r equency  and  
widespread  geographic  d i s t r i b u t i o n  to compel  ass igning 
a l imi t  to  t he  c o n c e n t r a t i o n  al lowed in d r ink ing  water .  
More recent ly ,  U.S.  N a t i o n a l  Techn ica l  Adv i so ry  Com- 
m i t t e e  on  W a t e r  Qua l i t y  Cr i te r ia  21 se t  t he  p e r m i t t e d  levels  
of n i t r a t e  plus n i t r i t e  in pub l ic  wa te r  suppl ies  a t  10 m g  
N/1 a n d  t he  des i rab le  l imi t  as ' v i r t ua l l y  absen t ' .  {The per-  
m i t r e d  level  expressed  as 10 m g  N/1 is no t  s ign i f i can t ly  
d i f fe ren t  f rom the  older  s t andards . )  T he  C o m m i t t e e  
po in t ed  out ,  however ,  t h a t  n i t r i t e  ion is t he  s u b s t a n c e  
ac tua l ly  caus ing  m e t h e m o g l o b i n e m i a ,  a n d  t h u s  t he  
c r i t e r ion  should  inc lude  n i t r i t e  a n d  n i t r a t e .  KOEPF 2~ re- 
p o r t e d  t h a t  a b o u t  4 %  of t he  publ ic  w a t e r w o r k s  in t h e  
Fede ra l  Repub l i c  of G e r m a n y  supp ly  w a t e r  c o n t a i n i n g  
more  t h a n  50 m g  NOJ1.  KOEPF was able  to  re la te  t he  
higher, n i t r a t e  c o n t e n t  of tile g r o u n d w a t e r  to  the  t y p e  of 
l and  use, e.g., to  t h e  e x t e n t  of use of n i t rogeneous  fer- 
t i l izers  on  crop land.  R e g u l a t o r y  measures  for t he  appl ica-  
t ion  of n i t rogeneous  fert i l izers  w i t h  t he  ob jec t ive  to cu t  
down  the  res idua l  mobi le  n i t rogen  in t h e  soil h a v e  been  
discussed b y  KOEPF ~2 as well  as by  COMMONER 17. 

COMMONER has  discussed t h e  conf l ic t  b e t w e e n  f u r t h e r  
ex tens ion  of m o d e r n  ag r i cu l tu ra l  t e chno logy  a n d  a c lean 
e n v i r o n m e n t .  Is i t  p r u d e n t  to  con t inue  dep le t ion  of the  
organic  n i t rogen  c o n t e n t  of t he  soil (humus)  a n d  d i s t u r b  
t he  l ong - t e rm  equ i l ib r ium of t he  n i t rogen  cycle ? COM- 
MONER is aware  t h a t  such  new app roaches  to  soil improve -  
m e n t  m i g h t  h a v e  to be  done  a t  t he  cost  of a lower yie ld  
of crops  a t  a t i m e  w h e n  food supp ly  of t he  world  is shor t .  
Obv ious ly  f a r - r each ing  economic,  pol i t ica l  a n d  m o r a l  
issues are  involved .  Very  r ecen t ly  t he  same  p r o b l e m  was 
discussed in a n  ed i tor ia l  in  Science by  CANTLON 23 u n d e r  
t he  h e a d i n g  ' C o n f r o n t a t i o n  or Coopera t ion  in t he  Corn-  
field' .  CANTLON s t a t e d  t h a t  t h e  gains  m a d e  b y  ag r i cu l tu ra l  
t e chno logy  du r ing  t he  las t  decades  r e su l t i ng  in increased  
yields a n d  lower u n i t  costs  were b o u g h t  a t  t h e  expense  of 

t he  h i d d e n  costs  of e n v i r o n m e n t a l  pol lut ion.  CANTLON 
a p p a r e n t l y  rece ived  a loud response  to his  chal lenge of 
' bogus  bookkeep ing '  b y  va r ious  g roups  who  insis t  t h a t  
t he re  is no  a l t e r n a t i v e  to  the  use of p re sen t  ag r i cu l tu ra l  
t e chn iques  a n d  the  assoc ia ted  acce le ra t ing  degrada t ion .  
CANTLON s t a t e s  t h a t ,  ' t h e  res t lessness  a m o n g  t h o u g h t f u l  
people  a n d  m a n y  college s t u d e n t s  is a g g r a v a t e d  b y  a 
growing awareness  of th i s  u l t i m a t e l y  l e tha l  f law in our  
t echnology ' .  He  foresees d e m a n d s  for i m p r o v e d  food pro-  
duc t ion  and  sees some hope fu l  s ign in  t h e  inclus ion of 
b r o a d e r  e n v i r o n m e n t a l  v i ewpo in t s  in  t he  cur r icu la  of 
ag r i cu l tu ra l  schools, e.g., t he  t e ach ing  of ecological p r in -  
ciples as t h e y  a p p l y  to agr icu l ture .  

I n  d iscuss ing e n v i r o n m e n t a l  q u a l i t y  a n d  agr icu l tu ra l  
t echno logy  b o t h  COMMONER a n d  CANTLON t o u c h  on  t h e  
p r o b l e m  of t he  qua l i t y  of food p roduced  b y  t he  c u r r e n t  
special ized s t ra teg ies  for m a x i m u m  food produc t ion .  I t  is 
easy to  p red ic t  t h a t  t h i s  p r o b l e m  of food qua l i t y  will come 
more  in to  t he  fo reground  in t he  years  to  come. A d d i t i o n a l  
i m p e t u s  for i nves t iga t ions  in th i s  d i rec t ion  has  come f rom 
the  h e a l t h  h a z a r d s  caused b y  food add i t ives  such  as 
cyc lamates .  

I n  connec t ion  w i th  t he  g lobal  po l lu t ion  it  should  be  
n o t e d  t t l a t  t he  r ad ioac t i ve  fa l lout  f rom nuclear  explos ions  
encompasses  eve ry  region of t h e  ea r th .  The  growing con-  
cern of the  scient if ic  c o m m u n i t y  a b o u t  t he  consequences  of 
t he  e n v i r o n m e n t a l  crisis is expressed  ve ry  well in a 
sa ty r ica l  ar t ic le  b y  t he  chemis t  MAX TH/JRKAUF Of Bas le  
U n i v e r s i t y  ~4. H e  ci tes the  t h e o r y  t h a t  t he  R o m a n  E m p i r e  
decl ined because  of widespread  lead po isoning  caused b y  
t he  use of lead d r ink ing  a n d  ea t ing  vessels. Of course  t h e  
R o m a n s  did  n o t  h a v e  a n y  science wh ich  could t each  t h e m  
t h a t  lead is poisonous.  W e  h a v e  th i s  science today ,  b u t  
t h a t  does no t  p r e v e n t  gene ra t i ng  a genera l  lead po i son ing  
of c i ty  dwellers.  The  lead c o n t e n t  in  t he  blood of the  aver -  
age c i ty  dwel ler  in the  U n i t e d  S ta tes  has  been  found  to  be  
0.25 ppm,  wh ich  is 100 t i m e s  h ighe r  t h a n  t h e  ave rage  
b lood  lead in people  l iv ing in t he  coun t ry .  A t  0.5 p p m  
typ ica l  s y m p t o m s  of lead po isoning  occur  24. Professor  G. 
E. HUTCHINSON of Yale, t he  dean  of A m e r i c a n  ecologists,  
w i t h  his  cha rac t e r i s t i c  schola r ly  i ngenu i ty  has  g iven  
a n o t h e r  examp le  of t he  ecological consequences  of anc i en t  
R o m a n  i m p r u d e n c e  25. F r o m  his  ana lyses  of t he  s ed imen t s  

16 T. C. BYERLY, Nitrogen Compounds Used in Crop Production, 
AAAS Sympos., Dee. 1968. 

17 B. COMMONER, Threats to the Integrity o/ the Nitrogen Cycle: 
Nitrogen Compounds in Soil, Water, Atmosphere and Precipitation, 
AAAS Sympos., Dee. 1968. 

is G. A. ROHLICH (Chairman), Eutrophication: Causes, Consequences, 
Correctives (National Academy of Sciences, Wash. D.C. 1969), 
661 pp. 

19 H. H. CO~LY, Cyanosis in In]ants by Nitrates in Welt Water, J. 
Am. mad. Ass. 729, 112 (1945). 

20 U.S. Public Health Service, Drinking Water Standards, revised 
1962, P.H.S. (Publ. No. 956, U.S. Government P~cinting Office, 
Wash. D.C. 1962), 61 pp. 

21 Federal Water Pollution Control Administration. Water Quality 
Criteria (Report of the National Technical Advisory Committee 
to the Sac. of Interior, U.S. Government Printing Office, Wash. 
D.C. 1968), 234 pp. 

22 H. H. KOEPF, Relations between Soil Management and the Quality o] 
Sur/ace- and Groundwater Supplies, Qualitas Plantarum et 
Materiae Vegetabilies 77, 45 (1968). 

23 j .  E. C*NTLO~, Con/rontation or Cooperation in the Corn/ield, 
Editorial, Science 166, 19 (Dee. 1969). 

24 IV[. THfJRKAUF, Die Ri~mer und das Bleitetradthyl, Techn. Rund- 
sehau ./0, 19 (Sept. 1969). 

~ G. E. HUTCHINSON, Eutrophication, Past and Present, in Eutro- 
phication: Causes, Consequences, Correctives (National Academy of 
Sciences, Wash. D.C. 1969), p. 17. 
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of Lago di Monterosi  he has shown a pulse of eu t rophica-  
t ion resul t ing f rom the  soil erosion and o ther  changes  
a t t e n d a n t  upon R o m a n  road building. 

Changes in the  global scale of env i ronmen ta l  pol lut ion 
will depend  to a grea t  ex t en t  on the  ac t ion  t aken  at  a 
regional level. Plann ing  is an i m p o r t a n t  g o v e r n m e n t  func- 
t ion  in the  Uni t ed  Sta tes  and in Europe2n. Bu t  the  en- 
v i ronmen ta l  science - ecology - has  been b rough t  into the  
regional  p lanning  only to  a l imi ted  ex ten t .  The sys tems  
approach  which character izes  mode rn  Ecology has been 
developed far enough to provide  a good tool  for the  deter-  
mina t ion  of the  l imits  of capac i ty  of a region for develop-  
ment ,  industr ial ,  and o ther  uses (ODuM~7). Not  only in- 
dus t ry  and gove rnmen t s  have  been  remiss  in coping wi th  
the  env i ronmenta l  crisis. The academic  communi ty ,  as 
evidenced by  the  lack of emphas is  in univers i ty  curricula, 
have not  p rovided  enough special ists  of the  r ight  kinds 
for the  struggle ahead.  Publ ic  hea l th  has no t  received 
sufficient  emphas is  in medical  curricula;  m a n y  colleges 
and universi t ies  wi th  s t rong geology and  chemis t ry  de- 
p a r t m e n t s  do not  offer geochemis t ry ;  in biology the  em- 
phasis  has shif ted f rom na tura l  h i s tory  (the mo th e r  of 
ecology) to molecular  biology and b i o c h e m i s t r y ;  and 
m a n y  engineering colleges have  neglected civil for the  
more  popular  and r emunera t ive  electrical and chemical  
specialities. 

In  l imit ing ecosys tems studies to small  well-defined re- 
gions such as a watershed ,  i m p o r t a n t  basic in format ion  
about  hydrological  and chemical  inpu t  and output ,  were 
ob ta ined  by ]3ORMANN and LIKENS 2s, which allowed a 
good evaluat ion of nu t r i en t  budgets ,  erosion, and weather -  
ing in a nor the rn  ha rdwood  forest  ecosystem.  The BOR- 
MANN and LIKENS paper  i l lustrates  the  usefulness of the  
ecosys tems approach  to a small  region yielding precise 
da t a  on which env i ronmenta l  p lann ing  and m a n a g e m e n t  
can be based. The general  awareness  of ecology has still a 
long way to go until  env i ronmenta l ly  de te rmined  l imits  
for technological  deve lopment  are general ly  accepted.  
This is diff icult  in an age of such a rapid technological  de- 
ve lopmen t  and in par t icu lar  in the  Uni ted  Sta tes  where 
the  wide-open oppor tun i t i e s  ( 'The sky is the  limit ')  pre- 
vailed for such a long t ime  for technological  deve lopment .  
E v e n  if the  ecological s tudies  are in m a n y  cases only rudi- 
m e n t a r y  and have  no t  p roduced  the  desired hard  data,  
they  have  provided  a f r amework  for the  work of inter-  
discipl inary groups to express  broader  env i ronmen ta l  
v iewpoints  for p lann ing  of smaller  and larger regional 
pro jec ts  such as Nat iona l  Recrea t ion  Area projec t  of the  
Connect icut  River  Region o,. 

The ecological sys tems  approach  has as its funct ional  
uni ts  p lant  and animal  communi t i e s  and populat ions ,  bu t  
there  is a most  i m p o r t a n t  area left where a basis still has  
to be developed,  t h a t  is the  appl ica t ion  of ecology to the  
h u m a n  individual .  H u m a n  Ecology is largely used as a 
descr ip t ive  t e rm which means  m a n y  th ings  to m a n y  
people. The in te rac t ion  of h u m a n  individuals  wi th  their  
env i ronmen t  involves factors not  amenab le  to analysis  by 
the  ecosys tem approach.  Some l imi ted  insights  in to  indi- 
vidual  H u m a n  Ecology can be der ived f rom the  lessons of 
env i ronmenta l  physiology and submar ine  and space 
medicine30 as. But  to come to  grips wi th  the  whole pro- 
blem of the  indiv idual ' s  relat ion to his env i ronment ,  a 
cons iderably  broader  approach  is needed,  pe rhaps  in the  
form of 'scientif ic h u m a n i s m '  as advoca ted  by  RENt~ 
DVBOS a~. I t  is charac ter i s t ic  for the  d imensions  of the  
' E n v i r o n m e n t a l  Crises' and the  coinciding 'Social  Crisis' 
t h a t  we are forced to t h ink  abou t  the  to ta l  p rob lem going 
beyond  the v iewpoin t  of the special is t  in a nar row field to 
which we are accus tomed.  HARRER a5 stresses the  point ,  
t h a t  ' too li t t le effort  is made  to achieve an in tegra ted  

approach  to the  ident i f ica t ion of the  root  causes of cur ren t  
world p rob lems  and to take  concer ted  act ion towards  
the i r  solut ion ' .  W. W. HARMAN 36, the  d i rec tor  of t he  Edu-  
ca t ional  Pol icy Research  Center  set  up by  the  Un i t ed  
Sta tes  Office of Educa t ion  at  S tanford  Unive r s i ty  in 1968, 
comes to  the  conclusion t h a t  the  'loss o / t h e  s e l / i m a g e  o/ 
m a n  is under ly ing  the  social ills of our t ime ' .  Bu t  he takes  
an opt imis t ic  view. He  believes t h a t  there  is a new science 
in the  mak ing  which will under t ake  sys temat ic  explora t ion  
of the  vas t  imper fec t ly  known universe of m a n ' s  own 
being. I t  is t he  s tuden t s '  revol t  which  makes  us especial ly 
aware t h a t  the  env i ronmen ta l  crisis and the  social crisis 
are i n t ima te ly  connected.  Gifted wi th  a s t rong  moral  
sens i t iv i ty  (KENISTON 3v) t h e y  in jec ted  moral  issues into 
the  social crisis as well as into the  env i ronmen ta l  crisis, 
asking abou t  the  moral  aspects  of m a n ' s  relat ion to 
nature .  These ques t ions  have  b rough t  ano the r  d imens ion  
to the  scientif ic and social aspects  of the  en v i ro n men ta l  
crisis, resul t ing  in a conscious res is tance to  exis t ing 
t r ends  of our technica l  civilization. I t  is qui te  reveal ing 
t h a t  our  ' futurologis ts ' ,  who publ i shed  the i r  forecas t ing 
for the  year  2000 in 1967 and based the i r  p red ic t ions  on a 
con t inua t ion  of p resen t  t rends ,  failed to t ake  the  con- 
scious res is tance of y o u t h  into consideration3S,3L The 
as tu te  critic JOSEPH WOOD KRUTCH 4~ emphas ized  th is  
po in t  in his review of the  publ i shed  predic t ions  of fu ture  
deve lopments ,  in which he ques t ioned the  va l id i ty  of nor- 
ma t ive  forecast ing.  Norma t ive  forecast ing underl ies  m a n y  
of p r e sen t -day  p lanning  activi t ies,  which are based on the  
a s sumpt ion  of a cont inuing  s t eady  g rowth  of the  scientif ic 
and technica l  deve lopmen t  and the  growth  of the  gross 
nation~/1 product .  RENI~ DUBOS has po in ted  out  t h a t  th is  
is a m a t t e r  of the  pas t  and t h a t  we are approach ing  a 
' s t eady  s ta te '  in the  deve lopmen t  al . 

The mos t  d i s tu rb ing  analysis  of the  mu l t i t ude  of crises 
society faces t o d a y  has been given by  JoHN PLATT ~2. He 
produces  a crisis in tens i ty  char t  and ranks  the  environ-  
men ta l  crisis second in the  order  of ' ser iousness '  following 

2G Conn('il of Europe: Regional Planning a European Problem (1968). 
27 E. P. OD,TM, Ecology (He)It, New York 1963). 
2J F. H. ]C~ORMANN and G. E. LIKENS, The lVatershed - Ecosystem 

Concept and Studies o[ Nutrient Cycles, in The Ecosystem Concept 
and Natural Resources q.v. Management (Ed. S. VAN DYNE; 
Academic Press, New York 1970). 

29 K. E. SC~AEFER, Environmental Regional Planning. Limits o/ 
Capacity, Ecological Study o/the Connecticut River Region (1968). 

30 K. E. SCHAEFER, Man's Dependence on the Earthly Atmosphere 
(Macmillan, New York 1962). 

3t K. E. SCHAEFER, Environmental E//ects on Consciousness (Mac- 
millan, New York 1962). 

a2 K. E. SCHAEFER, Environmental Physiology o/ Submarines and 
Spacecra#, J. Environmental Health 9, 320 (1964). 

33 K. E. SCHAEFER, Contributions to Individual Human Ecology. 
Lessons Jrom Submarine and Space Medicine, in Ecological Study o/ 
the Connecticut River Region (1968). 

34 R. Dt,BOS, So Human An Animal (Ch. Scribner's Sons, New York 
1968). 

35 j .  G. HARRER, Crises in Human Ecology, Proe. natn. Acad. Sei. 61, 
357 (1968). 

36 W. W. HARMAN, The New Copernican Revolution. 
37 D. KENISTON, Morality, Uiolcnee and Student Protest, Yale 

Alumni Magazine (Nov. 1969). 
as American Academy of Arts and Sciences, Towards the }"ear 2000: 

Work in Progress (Daedalus, Sumnler 1967). 
39 H. KAHN and A. VVIENER, The }:ear 2000, a Framework /or 

Speculation o/ the Next Thirty-three Years (Macmillan, New York 
1968). 

40 j .  W.  I~RUTCH, Saturday Review (28 Jan. 1968). 
~1 R. DuBos, A Social Design [or Science, Science 166, 823 (1969). 
42 j .  PLATT, What we Must Do, Science 166, 1175 (1969). 
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t he  crisis of possible  t o t a l  a n n i h i l a t i o n  b y  nuc lea r  war.  If  
m a n k i n d  is sti l l  in  exis tence  20-50 years  f rom now, he  
foresees a p o p u l a t i o n  a n d  ecological  ba l ance  and  t he  
ex is tence  of a n  i n t e g r a t i v e  ph i losophy .  PLATT'S t ime-- 
i n t e n s i t y  c h a r t  leaves  one w i t h  t he  om i nous  feeling t h a t  
i t  m i g h t  be  a l r eady  too la te  to  f ind  so lu t ions  to  t he  pro-  
blems,  and  m a k e s  i t  more  u r g e n t  to  follow t he  recom-  
m e n d e d  ac t ion  for d e v e l o p m e n t  of a ' science of su rv iva l ' .  
T h e r e  is a growing pess imism t h a t  p re sen t  over loaded  
b u r e a u c r a t i c  a d m i n i s t r a t i o n s  c a n n o t  a d e q u a t e l y  r e spond  
to  t he  chal lenges  of t he  e n v i r o n m e n t a l  crises a n d  t h a t  t he  
whole  social sys t em is no t  capab le  of h a n d l i n g  t he  t a sks  
a h e a d  of us. There  is no  need  to  s u c c u m b  to  t h i s  pessi-  
m i sm!  There  are sti l l  a lo t  of reserves  wh ich  h a v e  no t  
come  in to  play.  

A n  i m a g i n a t i v e  a p p r o a c h  to  enl is t  t he  resources  of t he  
people  has  r ecen t ly  been  o r ig ina ted  b y  Gove rno r  D e m p s e y  
of Connect icu t .  He has  fo rmed  a C o m m i t t e e  on  E n v i r o n -  
m e n t a l  Pol icy  cons is t ing  of ove r  100 ci t izens  r ep re sen t ing  
I n d u s t r y ,  Agr icul ture ,  Science, G o v e r n m e n t ,  and  some 
teachers  a n d  s t u d e n t s  to  help  i m p l e m e n t  large-scale  
changes  in  e n v i r o n m e n t a l  policy.  Th i s  c o m m i t t e e  is asked  
to  assess t he  i m p a c t  of the  func t ions  or ac t iv i t i es  of life 
on  t he  e n v i r o n m e n t ,  l ist  a l t e r na t i ve s  w i t h  lesser effects 
on  t he  e n v i r o n m e n t ,  a n d  come up w i t h  r e c o m m e n d a t i o n s  
for act ion.  Whi le  t he  r e c o m m e n d a t i o n s  of t he  E n v i r o n -  
m e n t a l  Pol icy  C o m m i t t e e  h a v e  to  be  genera l  in  n a t u r e  
t h e y  hopefu l ly  p rov ide  the  s t imulus  a n d  publ ic  s u p p o r t  
for t he  i n - d e p t h  research  necessary  to ' r everse  t h e  ex i s t ing  
order  of r e l a t ionsh ips  be t w een  economy,  t echno logy  a n d  
t h e  b io logy of t h e  n a t u r a l  e n v i r o n m e n t  (CoMMOnER*a). 
Connec t i cu t ' s  E n v i r o n m e n t a l  Pol icy  C o m m i t t e e  was pre- 
ceded b y  t h e  G o v e r n o r ' s  Clean Air  Task  Force.  The  
de l ibe ra t ions  and  r e c o m m e n d a t i o n s  of these  c i t izens '  
g roups  h a v e  re fo rmed  s t a t e  pol icy in t he  m a n a g e m e n t  of 
t he  w a t e r  a n d  a i r  resources.  V o l u n t e e r  c i t izens '  g roups  
h a v e  also p l ayed  the i r  role, for example ,  t he  C o m m e c t i c u t  
Ai r  Conse rva t ion  Commi t t ee ,  a sa te l l i te  of t h e  Tube rcu -  
losis and  R e s p i r a t o r y  Diseases Associat ion,  a v o l u n t e e r  
h e a l t h  o rgan i za t i on  r ecen t ly  sponsored  t he  Second Con- 
nec t i cu t  Conference on Clean Air  to  rev iew progress  on  t he  
s t a t e ' s  a i r  q u a l i t y  p rogram.  Dr. ERIC J.  CASSELL, Profes-  
sor of Clinical C o m m u n i t y  Medicine a t  t he  Mt. Sinai  
School  of Medicine  in New York,  spoke a t  t he  conference  
a b o u t  t he  bases  for air  q u a l i t y  s t anda rds .  He  s t ressed t h a t  
h e a l t h  was a c o n t i n u u m ,  and  t h a t  t h e  s impl is t ic  concep t  
of one-cause  one-disease  was archaic ,  a n d  i n a d e q u a t e  to  
assure  qua l i t y  air. Poor  h e a l t h  has  a mu l t i p l i c i t y  of causes. 
H e  p o i n t e d  ou t  t h a t  su l fur  d ioxide  a t  some level  in in- 
sp i red  a i r  will  h a v e  d i rec t  h e a l t h  effects, b u t  a t  m u c h  
lower  levels a c c o m p a n i e d  b y  pa r t i cu l a t e s  in t he  air, dele- 
t e r ious  effects on  lungs  can  be  seen. P e r h a p s  t he  par t ic le  
surface  ac ts  as a c a t a l y s t  p roduc ing  sulfuric  acid f rom the  
r eac t ion  be tween  w a t e r  a n d  sulfur  dioxide.  This  is in l ine 
w i t h  suggest ions  p rev ious ly  expressed  b y  F. VERZAR 45. 
W e  would  add  to t h a t  idea, t h e  l ikely fa i lure  of t he  n o r m a l  
b r o n c h i a l  c i l ioary  b a r r i e r  to  t he  passage  of par t ic les  due  to 
chron ic  b r o n c h i t i s  f rom c igare t t e  smoking.  A hol is t ic  
a p p r o a c h  is t h u s  necessa ry  in s e t t i ng  a i r  qua l i t y  s t anda rds ,  
a n d  so also we m i g h t  add  in the  case of wa te r  q u a l i t y  
s t anda rds ,  as e m p h a s i z e d  b y  BENOIT 46. 

Th i s  reseach  should  be  o r i en ted  to d e t e r m i n e  t he  L i m i t s  
o / c a p a c i t y  of a Region b y  d o c u m e n t i n g  t he  effects  on  re- 
cycl ing t he  nu t r i en t s ,  t he  ex i s t ing  d i s t u r b a n c e  of t he  
n a t u r a l  d ive r s i ty  of p l a n t  a n d  a n i m a l  species in  a region, 
t h e  d i s t u r b a n c e  of food cha ins  and  set  up  a basis  for re- 
g ional  ecological m a n a g e m e n t .  E s t a b l i s h i n g  Regiona l  
L i m i t s  of Capac i ty  is t he  f i rs t  step. A n y  p l a n n e d  t echno-  
logical  or o t h e r  d e v e l o p m e n t  has  to  f i t  in  t he  ecological 
m a n a g e m e n t .  To accompl i sh  th i s  i t  is p r o b a b l y  necessa ry  

to enlarge ex is t ing  regional  p l a n n i n g  agencies a n d  give 
t h e m  the  power  to con t ro l  t echnolog ica l  d e v e l o p m e n t s  
w h i c h  d i s t u r b  the  ecological  ba lance .  I n  th i s  way  i t  
appea r s  poss ib le  to  s top  t h e  e x p l o i t a t i o n  of n a t u r e  a n d  
beg in  to p a y  b a c k  the  environmenta l  debt, which  we h a v e  
incurred .  

I h a v e  g iven  a r e p o r t  of t h e  e n v i r o n m e n t a l  crisis as 
v iewed f rom t h e  U n i t e d  Sta tes .  I n  E u r o p e  the  s i t ua t i on  
is s o m e w h a t  different .  The  d i s a d v a n t a g e  of no t  h a v i n g  
such  wide open  spaces ava i l ab le  as in  t he  U n i t e d  S ta t e s  
has  lead ear ly  to  the  recogn i t ion  of l imi t s  and  the  need  to  
set up  r egu la t ions  l imi t ing  t h e  i m p a c t  of t echnologica l  
deve lopmen t s .  

However ,  t h e  c o n t i n u e d  d e v e l o p m e n t  of indus t r i a l i zed  
coun t r i e s  is b e g i n n i n g  to  r each  a p o i n t  a t  wh ich  t h e  en- 
v i r o n m e n t a l  crisis beg ins  to  t h r e a t e n  t he  s t ab i l i ty  of t h e  
sys tem.  The re  is ce r t a in ly  a phase  difference in t h e  
sever i ty  of e n v i r o n m e n t a l  crisis be tween  the  U n i t e d  S ta t e s  
and  Europe .  H o w e v e r  t he  d a n g e r  exis ts  in  Europe ,  t h a t  a 
'crisis of crises '  in PLATT'S t e rmino logy  m a y  develop,  
w h e n  e v e r y t h i n g  gives a w a y  a t  once, because  t he  s y s t e m  
has  been  r e a s o n a b l y  p r o t e c t e d  for a long  t ime.  

I t  is t he re fo re  of g rea t  s ignif icance t h a t  the  E u r o p e a n  
Counci l  has  declared 1970 as t he  E u r o p e a n  Conse rva t ion  
Year  a n d  ha s  done  a g read  deal  to  s t i m u l a t e  j o in t  e f for ts  
of t he  E u r o p e a n  coun t r i e s  to  p l an  for t he  m a n a g e m e n t  of 
the  e n v i r o n m e n t  ill t o m o r r o w ' s  Europe .  However ,  t h e  
E u r o p e a n  Reg iona l  P l a n n i n g  Act iv i t i es  show - l ike in  t h e  
U n i t e d  S ta te s  - a no t i ceab le  lack of c o n t r i b u t i o n s  b y  eco- 
logists. I n  o rder  to  cope w i t h  t he  e n v i r o n m e n t a l  p r o b l e m s  
the  science of ecology needs  m u c h  s t ronger  s u p p o r t  in  
E u r o p e  t h a n  i t  has  been  rece iv ing  in  t he  past .  The  
E u r o p e a n  Counci l  could p l ay  a n  i m p o r t a n t  role in  s t imu-  
l a t ing  a c o m p r e h e n s i v e  s u p p o r t  of t he  ecological sciences. 

E u r o p e  ha s  a big p r o b l e m  to  come to  a consensus  on  
ag r i cu l tu ra l  p roduc t ion .  This  has  been  a pol i t ical  foo tba l l  
a n d  i t  appea r s  to  be  a p r o b l e m  sti l l  hopeless ly  bogged  
down.  Viewed f rom the  r ecen t  d e v e l o p m e n t s  in  t he  
U n i t e d  S ta te s  (see CANTLON 23, Con/rontat ion or Coopera- 
t ion in  the Cornfield),  t h i s  v e r y  p r o b l e m  would p rov ide  a 
good p rac t i c a l  t e s t  for  t he  f ru i t fu lness  of the  ecological  
approach .  I n  s e t t i ng  up  a E u r o p e a n  C o u n c i l C o m m i t t e e  on  
Ecology,  wh ich  focuses i t s  a t t e n t i o n  on  the  i n t e r r e l a t i ons  
of ag r i cu l tu ra l  t echno logy  - e n v i r o n m e n t a l  qua l i t y  a n d  
food qua l i t y  - i m p o r t a n t  c o n t r i b u t i o n s  could be  m a d e  to  
ove rcome  t h e  p resen t  impasse  a n d  deve lop  a Biopol i t ic  
based  on  Ecology  as sugges ted  b y  MISLIN I. This  t y p e  of 
work  m i g h t  be  car r ied  ou t  in  conj u n c t i o n  w i th  the  work  of 
a n o t h e r  E u r o p e a n  Council  C o m m i t t e e  concerned  w i t h  t he  
d o c u m e n t a t i o n  of Reg iona l  Capac i ty  Limits .  The  or- 
gan iza t ion  of scient if ic  conferences  on  these  sub jec t s  
would  be  he lpfu l  to enl is t  a la rger  i n t e r e s t  and  s u p p o r t  b y  
t he  scient i f ic  commun i ty~L  
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