
QUANTITATIVE RISK ASSESS3lENT 

Vernon N. Houk, M . D . ~ /  

Thank you f o r  g i v i n g  me t h e  o p p o r t u n i t y  t o  speak  t o  you today 
abou t  ca rc inogens  i n  d r i n k i n g  wa te r  and wa te r  q u a l i t y  s t a n d a r d s .  

I n  t h e  United S t a t e s  t oday ,  many i f  no t  most p u b l i c  wa te r  s u p p l i e s  
c o n t a i n  chemica ls  t h a t  c a u s e  cance r  i n  an ima l s  when, i n  l a b o r a t o r y  
tests,  t h e  an imals  a r e  exposed t o  h igh  l e v e l s  of  t h e  chemical .  Elost 
of t h e s e  chemica ls  a r e  man-made, bu t  t h e r e  a r e  e x c e p t i o n s ,  such  a s  t h e  
c h l o r i n a t e d  methanes and ,  p robab ly ,  r e l a t e d  compounds. These 
chemica ls  a r e  t h e  byp roduc t s  of c h l o r i n a t i n g  o u r  w a t e r  s u p p l i e s .  
Thus, one of o u r  most i m p o r t a n t  p u b l i c  h e a l t h  measures has  an  adve r se  
s i d e  e f f e c t .  Another  e x c e p t i o n  is  a r s e n i c ,  which i s  u b i q u i t o u s  i n  t h e  
e a r t h ' s  c r u s t  and i s  commonly found i n  groundwater  and s u r f a c e  water .  
I r o n i c a l l y ,  a c c o r d i n g  t o  t h e  Environmental  P r o t e c t i o n  Agency's r i s k  
assessment ,  t h e s e  c h l o r i n a t e d  methanes and a r s e n i c  a r e  two of t h e  most 
p o t e n t  carc inogens .  

Man-made p o l l u t a n t s  i n  wa te r  do n o t  n e c e s s a r i l y  come from chemical 
dump s i t e s ,  a l t h o u g h  t h e s e  s o u r c e s  a t t r a c t  t h e  most p u b l i c  a t t e n t i o n .  
They a l s o  come from chemica l s  used  i n  i n d u s t r y ,  i n  a g r i c u l t u r e ,  and i n  
t h e  home. 

I n  i n d u s t r y ,  work p r a c t i c e s  f r e q u e n t l y  p e r n i t  chemica ls  t h a t  may 
be  ca rc inogen ic  t o  e n t e r  t h e  environment. For  i n s t a n c e ,  wood i s  
t r e a t e d  wi th  pen tach lo ropheno l ,  o r  PCP, t o  p r o t e c t  i t  from f u n g i  and 
r o t .  PCP i s  an  an ima l  ca rc inogen .  Even w i t h  t h e  s t r i c t e s t  s a f e t y  
measures,  when t h e  wood i s  be ing  t r e a t e d ,  some of t h e  chemical  s p i l l s  
on t h e  f l o o r .  Fur thermore ,  when PCP i s  be ing  s e n t  from t h e  
manufac turer  t o  t h e  u s e r ,  i t  may s p i l l  from v a l v e s  a s  t h e  c o n t a i n e r s  
a r e  being loaded and unloaded.  .The s p i l l e d  PCP f i n d s  i t  way, through 
d u s t ,  a i r ,  and wet c l e a n i n g  t o  wa te r  s u p p l i e s .  I f  t h e  wood i s  c u t ,  
sawed, o r  d r i l l e d ,  t h e  was t e  t h a t  i s  c r e a t e d  w i l l  e v e n t u a l l y  be 
d e p o s i t e d  on s o i l ,  and t h i s  means t h a t  i t  can l e a c h  o u t  i n t o  water  
s u p p l i e s .  When t r e a t e d  lumber i s  used f o r  power p o l e s  o r  f ence  
s u p p o r t s ,  PCP i s  f o r c e d  i n t o  t h e  ground. Thus, b o t h  t h e  manufacturer  
and t h e  u s e r  may con tamina t e  o u r  water  s u p p l i e s .  

I n  a g r i c u l t u r e ,  t h e  chemica ls  i n  p e s t i c i d e s  and h e r b i c i d e s  may be 
d i s p e r s e d  a s  d u s t  and d e p o s i t e d  i n  s u r f a c e  w a t e r s .  Chemicals t h a t  
p e n e t r a t e  t h e  s o i l  a r e  l i k e l y  t o  appear  l a t e r  i n  t h e  groundwater.  
E thylene  d i b r o n i d e ,  o r  EDB, a  s o i l  fumigant ,  h a s  p o l l u t e d  groundwater 
f a r  away from t h e  l a n d  on which i t  was used.  
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I n  t h e  home, c a r c i n o g e n s  a r e  by no means r a r e .  They a r e  i n  p a i n t  
t h i n n e r s ,  i n  pa in t -b rush  c l e a n e r s ,  i n  d e g r e a s i n g  s o l v e n t s ,  g a s o l i n e  
f o r  lawn mowers, weed and p e s t  k i l l e r s ,  and p r o d u c t s  used i n  ou r  
k i t c h e n s  and workshops and t o  p u r i f y  t h e  w a t e r  i n  swimming pools .  
Chemicals from a l l  t h e s e  p roduc t s  a r e  v e r y  l i k e l y  t o  e n t e r  a q u i f e r s  o r  
s u r f a c e  wa te r ,  e i t h e r  d i r e c t l y ,  by be ing  s p i l l e d  o r  d i sposed  of on t h e  
s o i l ,  o r  i n d i r e c t l y ,  t h rough  sewage and c e n t r a l i z e d  d i s p o s a l  systems.  

When we c o n s i d e r  a i r b o r n e  p o l l u t a n t s - - w h e t h e r  t h e y  come from 
i n d u s t r y ,  a g r i c u l t u r e ,  o r  t h e  home--we must r e c o g n i z e  t h a t  they can 
r each  ou r  s u r f a c e  w a t e r s ,  but  w e  r e a l l y  know v e r y  l i t t l e  about  t h e  
e f f e c t  of a i r  p o l l u t i o n  on wa te r  q u a l i t y .  

Regard less  of what we t h i n k  about  t h e  adequacy of animal  d a t a  f o r  
p r e d i c t i n g  human r i s k  and t h e  adequacy of  models f o r  high-to-low-dose 
e x t r a p o l a t i o n s ,  w e  a r e  c l e a r l y  a t  some r i s k  o f  c a n c e r  from exposure  t o  
a t  l e a s t  some of  t h e  many carc inogens  t h a t  may be i n  o u r  d r i n k i n g  
water .  We can a l s o  l o g i c a l l y  assume t h a t  t h e  r i s k  w i l l  i n c r e a s e  i f  
t h e  c o n c e n t r a t i o n s  of t h e  chemica ls  i n c r e a s e .  We can  a l l  a g r e e ,  
t h e r e f o r e ,  t h a t  r e g u l a t i n g  wa te r  q u a l i t y  w i t h  r e g a r d  t o  carc inogens  
has  a t  l e a s t  one purpose:  t o  s e t  a  l i m i t  f o r  t h e  amount of p o l l u t i o n  
t o  be t o l e r a t e d  and t h u s  t o  t h e  amount of r i s k  t o  be t o l e r a t e d .  

R e g u l a t o r s  a l l  ove r  t h e  world seem t o  be p ragma t i c  about  s e t t i n g  
l i m i t s  t o  wa te r  p b l l u t i o n .  They a g r e e  t h a t  a  t o t a l  absence  of 
ca rc inogens  i s  u n r e a l i s t i c  and t h a t  r e g u l a t i o n s  shou ld  n o t  be aimed a t  
t h e  imposs ib l e .  I n  g e n e r a l ,  t h e i r  g o a l  i s  t o  reduce  t h e  p o l l u t i o n  t o  
t h e  lowes t  p r a c t i c a l  l e v e l .  This  was t r u e  l o n g  b e f o r e  q u a n t i t a t i v e  
r i s k  assessment  came i n t o  u s e  a s  a t o o l  i n  env i ronmen ta l  h e a l t h .  

The problem i n  deve lop ing  water  q u a l i t y  r e g u l a t i o n s  b o i l s  down t o  
t h r e e  b a s i c ,  i n t e r r e l a t e d  q u e s t i o n s :  ( 1 )  What i s  t h e  lowes t  p o s s i b l e  
l e v e l  of p o l l u t i o n ?  ( 2 )  Is t e c h n i c a l  f e a s i b i l i t y  t h e  on ly  c r i t e r i o n ?  
and ( 3 )  Should r educ ing  p o l l u t i o n  l e v e l s  be independent  of t h e  deg ree  
of t h e  cance r  r i s k  t o  humans? 

The f i r s t  ques t ion- -about  t h e  lowes t  p o s s i b l e  l e v e l - - i s  e s p e c i a l l y  
d i f f i c u l t  because we can  measure chemica ls  a t  lower and lower 
l eve l s - - i n  some c a s e s ,  t o  p a r t s  pe r  q u a d r i l l i o n .  F a i l u r e  t o  d e t e c t  a  
chemical  a t  d e t e c t i o n  l e v e l  does  n o t  mean i t  is  n o t  t h e r e  below t h o s e  
l e v e l s .  The t h i r d  quest ion--about  cance r  r i s k  t o  humans--is 
e s p e c i a l l y  d i f f i c u l t  because  i t  i m p l i e s  t h a t  we have something we do 
no t  have--namely, a  r e l i a b l e  and a c c u r a t e  method f o r  de t e rmin ing  t h e  
r i s k  t o  humans o f  exposu re  t o  low doses  of c a r c i n o g e n s  i n  water .  

The socioeconomic impact  of  any r e g u l a t i o n  dominates  d i s c u s s i o n s  
of t h e  q u e s t i o n s .  I do n o t  wish  t o  dwe l l  on t h i s  s u b j e c t ,  b u t ,  
c l e a r l y ,  any q u a l i t y  s t a n d a r d  w i l l  have a  d i r e c t  o r  i n d i r e c t  impact on 
t h e  c o s t  of  l i v i n g ,  on employment, on t h e  development of new water  
s u p p l i e s  and of  new t echno logy ,  on s e t t i n g  p r i o r i t i e s  i n  government 
and community budge t s ,  and on t h e  p u b l i c ' s  involvement  i n  t h e s e  
n a t t e r s .  



Furthermore,  what should  we do wi th  c a r c i n o g e n s  t h a t  we remove 
from t h e  water?  T h i s  problem h a s n ' t  r e c e i v e d  much a t t e n t i o n .  
Disposing of them i n  r i v e r s  and i n  t h e  a i r  o r  s t o r i n g  them under o r  
above t h e  ground does  no t  s o l v e  t h e  problem because  when we do any of 
t h e s e  t h i n g s ,  we have s imp ly  moved t h e  c a r c i n o g e n s  t o  be d e a l t  wi th  
later--we h a v e n ' t  d e s t r o y e d  them. A t  p r e s e n t ,  i n c i n e r a t i o n  a f t e r  
c a u s i n g  ca rc inogens  t o  be adsorbed  by a c t i v a t e d  charcoal--seems t o  be 
t h e  on ly  workable,  though expens ive ,  method of d e s t r o y i n g  them. Thus, 
o u r  dilemma is: do we want t o  p r o t e c t  o u r  w a t e r  s u p p l i e s  a t  any c o s t  
o r  do we want t o  a c c e p t  some contaminat ion  and ,  consequen t ly ,  some 
r i s k  determined by t h e  ba l ance  of  r i s k ,  t e chno logy ,  c o s t ,  and o t h e r  
socioeconomic f a c t o r s .  I f  we look  a t  t h i s  dilemma from a  medical  and 
ep idemio log ic  p o i n t  of  view, we can perhaps  f i n d  a  way o u t .  

Most of t h e  c a r c i n o g e n s  t h a t  have been i d e n t i f i e d  i n  wa te r  have 
been shown t o  be c a r c i n o g e n i c  f o r  an ima l s ,  n o t  humans. And, t hey  have 
shown t h e i r  cancer -caus ing  e f f e c t s  i n  t e s t s  w i t h  dose  l e v e l s  f a r  
h i g h e r  t han  w i l l  e v e r  be found i n  t h e  environment .  The re fo re ,  i f  we 
use  animal  d a t a  t o  e s t i m a t e  t h e  r i s k  of env i ronmen ta l  exposure  f o r  
humans, we must e x t r a p o l a t e  t h e s e  l a b o r a t o r y  f i n d i n g s  a c r o s s  s p e c i e s  
and from h igh  t o  low doses .  We do n o t  have enough s c i e n t i f i c  d a t a  on 
which t o  base  t h e s e  e x t r a p o l a t i o n s ,  s o ,  a s  an  a l t e r n a t i v e  t o  
fac t -based  hypo theses ,  we must make assumpt ions .  T h i s  i s  not  
o b j e c t i o n a b l e ,  a s  l o n g  a s  we keep i n  mind t h a t  we a r e  d e a l i n g  wi th  
assumpt ions ,  no t  f a c t s .  Unfo r tuna t e ly ,  i n  d i s c u s s i o n s ,  s c i e n t i f i c  
rev iews ,  r u l e  making, and c l eanup  a c t i v i t i e s ,  t h i s  h a s  r a r e l y  been 
emphasized. 

When assumpt ions  a r e  t h e  b a s i s  f o r  o u r  a c t i o n s ,  r e s e a r c h  aimed a t  
v a l i d a t i n g  t h e  a s sumpt ions  i s  of  t h e  h i g h e s t  p r i o r i t y ,  bu t  t h i s  i s  
r a r e l y  done. I n  a d d i t i o n ,  t h e  person making t h e  w a t e r  q u a l i t y  r u l e s ,  
o r  s t a n d a r d s ,  on t h e  b a s i s  of t h e s e  assumpt ions  must r ecogn ize  t h e  
p o s s i b l e  f a l l a c y  of t h e  assumpt ions ,  and t h i s  shou ld  encourage him o r  
h e r  t o  make t h e  s t a n d a r d s  f l e x i b l e  r a t h e r  t h a n  r i g i d .  In  p lanning  
c l eanups ,  we shou ld  be aware t h a t  some assumpt ions  a r e  probably 
i n c o r r e c t  and t h a t  t h e  r a t i o n a l e  f o r  t h e  p lanned  a c t i v i t i e s  may, 
t h e r e f o r e ,  be meaningless  o r  dead wrong. I n  t h i s  c a s e ,  t h e  funds 
a l l o c a t e d  t o  t h e  c l eanup  may be i n a p p r o p r i a t e .  When chemica ls  a r e  
s e l e c t e d  f o r  long-term and ,  t h u s ,  expens ive  c a n c e r  t e s t s  on t h e  b a s i s  
of wrong assumpt ions ,  t h e  wrong chemica ls  may be s e l e c t e d .  These a r e  
j u s t  a  few of t h e  problems a s s o c i a t e d  w i t h  t h e  assumption-based 
t h e o r i e s  of q u a l i t a t i v e  and q u a n t i t a t i v e  r i s k  a s se s smen t .  

Now, l e t ' s  l ook  a t  s i x  of t h e  assumpt ions  t h a t  a r e  most c r u c i a l  i n  
making a  q u a n t i t a t i v e  a s se s smen t  of cance r  r i s k .  

The f i r s t  i s  t h a t  r e g a r d l e s s  of how low t h e  ca rc inogen  l e v e l  
is--it may even be below t h e  d e t e c t i o n  l i m i t - - t h e r e  i s  s t i l l  a  f i n i t e  
r i s k .  A z e r o  r i s k  would o n l y  be compat ib le  w i t h  t h e  a b s o l u t e  absence 
of t h e  carc inogen .  Th i s  i s  t h e  so -ca l l ed  ze ro - th re sho ld  assumption. 

The second assumpt ion  i s  t h a t  expe r i ence  w i t h  an ima l s  can be 
t r ansposed  t o  humans by u s i n g  a  dose s c a l e  of  mi l l i g r ams  of ca rc inogen  
p e r  ki logram of body weight  p e r  day,  o r  by f o l l o w i n g  EPA's s c a l e  of 



mi l l i g rams  of c a r c i n o g e n  p e r  cen t ime te r  squared  of  body s u r f a c e  p e r  
day. The EPA s c a l e  r e s u l t s  i n  a  h ighe r  r i s k  t h a n  t h e  o t h e r  s c a l e ;  i t  
i s  7 t o  12 t imes  h i g h e r ,  depending on whether  d a t a  from n i c e  o r  r a t s  
a r e  used. 

The t h i r d  i s  t h a t  t h e  dose-response r e l a t i o n s h i p  observed a t  t h e  
very  h igh  dose  l e v e l s  used  i n  b ioassay8  i s  t h e  same a s  t h e  
r e l a t i o n s h i p  a t  t h e  v e r y  low dose l e v e l s  found i n  d r i n k i n g  water .  

Number f o u r  i s  t h a t  t h e  observed c o n c e n t r a t i o n  of a  carc inogen  i n  
wa te r  i s  no t  a l t e r e d  by any t r ea tmen t  a t  t h e  w a t e r  p l a n t ;  by b o i l i n g  
a t  home; o r  by any o t h e r  t r ea tmen t  used t o  c o n v e r t  t a p  wa te r  i n t o  
b o t t l e d  w a t e r ,  c a rbona ted  o r  o t h e r  s o f t  d r i n k s ,  a l c o h o l i c  d r i n k s ,  t e a ,  
o r  t h e  l i k e .  

The f i f t h  assumpt ion  i s  t h a t  t h e  exposure  i s  f o r  a  l i f e t i m e - - t h a t  
i s ,  t h a t  t h e  l e v e l  of  exposu re  w i l l  no t  change i n  a  f u l l  l i f e  span  o r ,  
i f  i t  does change,  t h a t  t h e  changes w i l l  b a l ance  each  o t h e r  o u t .  This  
assumes no movement o u t  o f  an  a r e a ,  no change i n  w a t e r  t r e a t m e n t ,  no 
change i n  groundwater  flow--and a con t inuous  s o u r c e  of contaminat ion ,  
no t  a  temporary s o u r c e ,  such  a s  a  one-time s p i l l .  

The s i x t h  of t h e  most c r u c i a l  assumpt ions  i n  a  q u a n t i t a t i v e  
assessment  of c a n c e r  r i s k  i s  t h a t  t h e  r e a l  dose- response  r e l a t i o n s h i p  
i n  human c a r c i n o g e n e s i s  e q u a l s  t h e  r e l a t i o n s h i p  i n  t h e  mathemat ica l  
model used t o  de t e rmine  t h e  dose-response r e l a t i o n s h i p  i n  roden t s  from 
t e s t  r e s u l t s .  

I l e a v e  i t  f o r  you t o  judge the  c o r r e c t n e s s  of  t h e s e  assumpt ions .  
What I a m  t r y i n g  t o  convey i s  t h a t  r i s k  a s s e s s m e n t s  and r i s k  e s t i m a t e s  
a r e  based on a s sumpt ions  and t h a t  t h e s e  assumpt ions  need t o  be 
v a l i d a t e d .  So-ca l led  c o n s e r v a t i v e  assumpt ions  w i l l  no t  s u f f i c e .  We 
must a l s o  s t r i v e  t o  l e a r n  how f a r  and i n  what d i r e c t i o n  t h e s e  
assumpt ions  d i f f e r  from t h e  t r u t h ,  I n  c o n s i d e r i n g  t h e  d a t a  base 
unde r ly ing  t h e  proposed r u l e  making and i n  comnunicat ing r i s k  
e s t i m a t e s  t o  t h e  p u b l i c  o r  t o  anyone u s i n g  t h e  e s t i m a t e s ,  we should  be 
a c u t e l y  aware of  t h e  g r e a t  impact  t h a t  e r r o r s  i n  t h e s e  assumptions may 
have on t h e  e s t i m a t e s .  

Cancer r i s k  e s t i m a t e s ,  a s  p re sen ted  by EPA, a r e  t h e  95% upper 
bound of t h e  p o i n t  e s t i m a t e s ,  and they  a d d r e s s  r i s k s  t o  p o p u l a t i o n s ,  
no t  i n d i v i d u a l s .  Thus,  a  r i s k  of 1 i n  100,000 i n d i c a t e s  t h a t  t h e  b e s t  
r i s k  e s t i m a t e ,  a c c e p t i n g  a l l  assumptions t o  be  v a l i d  and c o r r e c t ,  i s  
much lower o r  may even  be ze ro .  Le t  me make a c o n s e r v a t i v e  cho ice  by 
t r a n s l a t i n g  a  1 i n  100 ,000 upper  bound r i s k  t o  a  1 i n  200,000 p o i n t  
e s t i m a t e  of a  l i f e t i m e  r i s k .  I n  more u n d e r s t a n d a b l e  te rms ,  t h i s  i s  a 
r i s k ,  ove r  a  c e n t u r y ,  of an  average  of 1 c a n c e r  c a s e  a  yea r  i n  a  
p o p u l a t i o n  of 1.4 m i l l i o n  peop le ,  o r  no t  1 c a s e  i n  an average  
community of 10,000 peop le  observed f o r  a  c e n t u r y .  Th i s  one c a s e  may 
be a  100% c u r a b l e  s k i n  c a n c e r  o r ,  a t  t h e  o t h e r  ex t r eme ,  a  f a t a l  l u n g  
cancer .  To put  t h i s  e s t i m a t e  i n  pe r spec t ive - - in  t h e  United S t a t e s ,  
10,000 c a s e s  of new c a n c e r s  have been obse rved ,  w i t h  a  h igh  degree  o f  
accu racy ,  t o  o c c u r  i n  t h e  same 1.4 m i l l i o n  peop le  because of t h e  r i s k s  
we a r e  a l r e a d y  t a k i n g ,  knowingly o r  unknowingly. I n  c o n s i d e r i n g  t h e s e  



r i s k s ,  we should  keep i n  mind t h a t  t h e  e s t i m a t e d  1 c a s e  a  yea r  per  
1.4 m i l l i o n  people i s  o b t a i n e d  w i t h  a  r i s k  model based  on ve ry  
c o n s e r v a t i v e  assumpt ions- - tha t  i s ,  they  e r r  on t h e  s i d e  of  cau t ion .  
The r e a l  r i s k  may be f a r  lower t h a n  t h e  e s t i m a t e d  r i s k .  

Comparing one carc inogen- induced  c a s e  of  c a n c e r  w i t h  10,000 
" n a t u r a l l y "  o c c u r r i n g  c a s e s  changes d r a s t i c a l l y  i f  t h e  assumpt ions  
unde r ly ing  t h e  r i s k  e s t i m a t e  a r e  wrong. And a t  l e a s t  some assumptions 
a r e  obv ious ly  wrong. T h i s  i s  one of t h e  b i g  problems i n  d e c i d i n g  what 
l e v e l  of r i s k  can  o r  shou ld  be d e c l a r e d  t o l e r a b l e  and i n  e s t a b l i s h i n g  
w a t e r  q u a l i t y  s t a n d a r d s  t o  f i t  t h a r  l e v e l .  The Occupa t iona l  S a f e t y  
and Hea l th  A d m i n i s t r a t i o n ,  t h e  Food and Drug A d m i n i s t r a t i o n ,  t h e  
I n t e r n a t i o n a l  Agency f o r  Research  on Cancer ,  which i s  a s s o c i a t e d  wi th  
t h e  World Heal th  O r g a n i z a t i o n ,  and o t h e r  a g e n c i e s  go s o  f a r  i n  some 
i n s t a n c e s  a s  t o  no t  a c c e p t  q u a n t i t a t i v e  e s t i m a t e s  d e r i v e d  from 
mathematical  models a s  a  b a s i s  f o r  s e t t i n g  s t a n d a r d s .  Some of t h e  
a l t e r n a t i v e  app roaches ,  however--such a s  t h a t  d e s c r i b e d  i n  t h e  Delaney 
clause--may be l e s s  d e f e n s i b l e  from a s c i e n t i f i c  s t a n d p o i n t ,  and even 
undes i r ab l e .  

I n  conc lus ion ,  I ' d  j u s t  l i k e  t o  s a y  what I ' m  s u r e  you a l r e a d y  
know--and i t  i s  t h a t ,  d e s p i t e  t h e  many problems,  we must con t inue  t o  
work t o g e t h e r ,  a t  t h e  l o c a l ,  s t a t e ,  and F e d e r a l  l e v e l s ,  t o  keep our  
d r i n k i n g  water  s a f e .  I n  t h e  absence  of o t h e r  more c e r t a i n  d a t a ,  r i s k  
assessment  i s  a l l  t h e r e  is .  J u s t  a s  i t  should  n o t  be d e n i g r a t e d  a s  
unhe lp fu l  because of i t s  i n e v i t a b l e  l i m i t a t i o n s ,  n e i t h e r  should  i t  be 
o v e r s o l d  a s  a  panacea.  We must apply  i t  wi th  t h e  soundes t  
p r o f e s s i o n a l  and s c i e n t i f i c  judgment a v a i l a b l e  i n  o r d e r  t o  shape 
p u b l i c  p o l i c y  t h a t  i s  s c i e n t i f i c a l l y  d e f e n s i b l e .  
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