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S u e j e c t D a t e O c to b e r  28,

A s  y o u  h a v e  r e q u e s t e d ,  I  h a v e  r e v i e w e d  D r .  K e h o e 's  r e p o r t  e n t i t l e d  " R e p o r t  o£ th e  
P r o g r e s s  o f  a n  I n v e s t i g a t i o n  to  D e v e lo p  a  S ta n d a r d  f o r  th e  T o l e r a b l e  C o n c e n t r a t i o n  o f  L e a d  
in  th e  A m b ie n t  A i r " ,  d a te d  O c to b e r  17, 1968. I w i l l s t a t e  f i r s t  m y  c o n c lu s i o n s  c o n c e r n i n g  
th e  r e p o r t ,  an d  t h e n  I  w i l l  d e a l  w i th  s p e c i f i c  d e t ai l s  o f  th e  r e p o r t .

I  w i l l  s u m m a r i z e  w h a t  I  t h i n k  a r e  th e  c o n c lu s i o n s  to  b e  d ra w n ,  b o th  f o r  n e w  c o n c e p ts  a s  
p r e s e n t e d ,  a s  w e l l  a s  a n y  c h a n g e s  in  v ie w p o in t  of Dr .  K e h o e :

1. D r .  K eh o e  s t a t e s  t h a t  th i s  s tu d y  is  a p p l i c a b l e  to o n ly  h e a l th y  in d i v id u a l s .
2. He s t a t e s  t h a t  the  b o d y  b u r d e n  o f  l e a d  in  m a n  d o es  i n c r e a s e  w i th  a g e ,  r e f l e c t i n g  

h is  e x p o s u r e ,  and  he d o e s  n o t  o n c e  m e n t i o n  th e  w o r d e q u i l i b r i u m  in  th i s  r e p o r t .
3. 20 ;ug of l e a d  p e r  cu. m. o f  a i r  w o u ld  r e s u l t  in  a p o te n t i a l l y  h a z a r d o u s  e x p o s u r e  

f o r  th e  g e n e r a l  p o p u la t io n .
4. 10 pg  o f  l e a d  p e r  c u . m  of a i r  w a s  n o t  t e s t e d  o v er  a  s u f f i c i e n t l y  l a r g e  p o r t i o n  o f 

th e  d a y  to  d e t e r m i n e  w h e t h e r  i t  w o u ld  p r o d u c e  a n  e ff e c t  in  m an ; ' t h a t  i s ,  a  r i s e
. in  th e  u r i n a r y  l e a d  e x c r e t i o n .

5. H is  d a ta  w o u ld  i n d i c a te  t h a t  42  h o u r s  p e r  w e e k  of  e x p o s u r e  a t  20 pig p e r  c u .m ,  o f  
' a i r  w i l l  p r o d u c e  a n  e f f e c t  on  th e  u r i n e  e x c r e t i o n,  a n d  w h e n  th e  r e m a i n i n g  h o u r s

o f th e  w e e k  w i th  e x p o s u r e  of 1 u g  p e r  c u .m ,  o f  a i r  i s  b r e a t h e d ,  t h i s  w o u ld  p r o -  . 
d u c e  a n  e q u i v a le n t  e x p o s u r e  to  a n  a v e r a g e  e x p o s u r e  o f  5 to  6 pig p e r  c u . r n .o f  a i r .

o. S in c e  w e a r e  s e a r c h i n g  f o r  th e  h ig H e a F Ie v e l  o f 'e xp o s u r e  t h a t  d o e s  n o t  i n c r e a s e  
th e  u r i n a r y  le a d ,  K e h o e  c a l l s  o u r  a t t e n t i o n  to  th e  f a c t  t h a t  21 h o u r s  p e r  w e e k  
e x p o s u r e  w a s  w i th o u t  e f f e c t .  T h is^ is^  e q u a l  to  a n  av e r a g e  e x p o s u r e  o f  3 to  4  u g  
p e r  c u  m .  ' • '

I  w i l l  n o w  t u r n  to  a  r e v i e w  o f  th e  d e t a i l s  o f  D r .  Ke h o e 's  r e p o r t .

- In  th e  I n t r o d u c t i o n :  .
• T he  p o in t  is  m a d e  t h a t  K eh o e  is  s tu d y in g  r e a s o n a bl y  h e a l th y ,  n o r m a l  
i n d i v id u a l s , a n d  th e  p r o b l e m  o f r e l a t i n g  th i s  s tu d y to  th e  h e a l t h  o f  th e  i n f i r m ^ i f  
is  l e f t  u n a n s w e r e d .  (T h e  T h r e e  C i t y  S tu d y  d id  lo o k  a^f c h r o n i c  d i s e a s e s ,  a n d  
th e  s t a t e m e n t  is  m a d e  " n e i t h e r  th e  r a n g e s  o f  in d i v id u a l  v a l u e s  n o r  th e  m e a n s  
of l e a d  c o n c e n t r a t i o n s  in  th e  b lo o d  in  th e  g r o u p e d  c a s e s  a r e  r e m a r k a b l e " ) .
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F o r  th e  f i r s t  t im e ,  to  nay k n o w le d g e ,  D r .  K eh o e  s a ys  th a t ,  a t  th i s  lo w  le v e l  
of e x p o s u r e ,  a c c u m u la t i o n  d o e s  o c c u r  ( in  th e  p a s t ,  K eh o e  s a id  th a t  t h e r e  ■ 
w a s  n o  a c c u m u la t i o n  a f t e r  30). In s e v e r a l  c o n te x ts , D r .  K eh o e  r e f e r s  to  
a c c u m u la t i o n  -  on  th i s  o c c a s i o n  j u s t  m e n t i o n e d ,  a g ai n  on  P a g e  2, w h e n  he 
m e n t io n s  s e l e c t i v e  a b s o r p t i o n  in to  th e  s k e l e t o n , a nd  th e n  on P a g e  7, w h e n  h e  *
s t a t e s  t h a t  th e  f a i l  in  b lo o d  l e a d  a g a in  is  d ue  to  th e  s e l e c t i v e  a b s o r p t i o n  o f  l e a d  
in to  th e  s k e le to n .

D r .  K eh o e  c a l l s  th e  a c c u m u la t i o n  t h a t  o c c u r s  in s ig ni f i c a n t ,  b u t ,  i n s i g n i f i c a n t  
in  p o te n t i a l  f o r  p r o d u c in g  h a r m f u l  e f f e c t .  I  b e l i e ve  t h a t  D r .  K eh o e  is  lo o k in g  f o r  
th e  e a r l i e s t  m e a s u r e  o f  a c c u m u la t i o n ,  a  m e a s u r e  o f  e x p o s u r e ,  a n d  f a r  b e lo w  a n y  
l e v e l  t h a t  c o u ld  p r o d u c e  a  h e a l t h  e f f e c t .

On P a g e  2, h e  s a y s  t h a t  w e  c a n ' t  d e f in e  th e  e x p o s u r e of m a n  in  a n y  p r e c i s e  t e r m s ,  
an d  c o r r e c t l y  so .  I  b e l i e v e  t h a t  th e  e x p o s u r e  o f m an  l i e s  s o m e  p la c e  b e t w e e n  h is  
e x p o s u r e  a t  a m b ie n t  l e v e l s  p lu s  h is  e x p o s u r e  a t  t i me s  w h e n  th e  l e v e l s  a r e  i n c r e a s e d  
i. e . ,  on  o r  n e a r  th e  r o a d w a y s .  ’ ,

F u r t h e r  on  P a g e  2, w h e n  h e  ta l k s  o f  l e a d  b e in g  s e l e ct i v e l y  be in g  ta k e n  u p  by  b o n e ,  
t h e r e  is  no  m e n t io n .o f  a n  e q u i l i b r i u m  s t a t e  a s  h e  ha d  e x p r e s s e d  on n u m e r o u s  
o c c a s i o n s  in  th e  p a s t .  He d o e s  s t a t e ,  a g a i n  c o r r e c tl y  so ,  t h a t  b lo o d  is  a  p o o r  r e ­
f l e c t o r  of th e  b o d y  b u r d e n  o f  l e a d ,  b u t  i t  i s  a  r o ug h  a p p r o x im a t i o n  of th e  b o d y  
b u r d e n .  T h e  t r u e  c o r r e l a t i o n  b e tw e e n  th e  tw o  is  n o t know n. T h is  f a c t  d o e s  c r e a t e  ' 
p r o b l e m s  w h e n  w e a r e  t r y i n g  to  e v a l u a te  th e  e f f e c t  o f  a m b ie n t  l e a d  on  m a n  w h e n  
w e m e a s u r e  b lo o d  l e a d s .

On P a g e  2 an d  P a g e  3, D z\ K e h o e  d i s c u s s e s  th e  m o v e me n t  o f l e a d  f r o m  s o f t  t i s s u e s  
in to  b o n e  w h e r e  i t  is  r e l a t i v e l y  u n a v a i l a b l e  a n d  t ha t  t h i s  c o n s t i t u t e s  a  s a f e t y  f a c t o r .  
T h i s  im p l i e s  f u r t h e r  t h a t  t h e r e  is  a n  a c c u m u la t i o n , b u t  a l s o  t h a t  w e a r e  u s i n g  u p  a  
s a f e t y  f a c t o r  a t  l e v e l s  fo u n d  i n .a m b i e n t  a i r .

A l s o  cn  P a g e  3, h e  s t a t e s  t h a t  in  th e  r e c e n t  -past, p o r p h y r i n s  a n d  d e l t a  a m in o  
l e v u le n i c  a c i d  a b n o r m a l i t i e s  h a v e  b e c o m e  a p p a r e n t .  T h e  e f f e c t  of l e a d  on p o r p h y r i n  
m e t a b o l i s m  h a s  b e e n  k n o w n  in  th e  e a r l y  '5 0 's ,  i f  n ot  in  th e  '4 0 's .  .

O n P a g e  4, D r .  K eh o e  s t a t e s  t h a t  a  s tu d y  of b lo o d  an d  u r i n e  c o n te n t  o f  l e a d  c a n  
i n s u r e  f r e e d o m  f r o m  l e a d  in to x ic a t io n .  I  b e l i e v e  t ha t  t h i s  r e p r e s e n t s  a  p o o r  c h o i c e  
o f w o r d s ,  s i n c e  a l l  ag ree " " th a t  th e  p r o b l e m  is  n o t  f r a n k  l e a d  p o is o n in g ,  b u t  r a t h e r  
f r e e d o m  f r o m  a l l  b io lo g ic  e f f e c t s  o f  l e a d  -  w h ic h  Ke h o e  u n d o u b te d ly  m e a n t .
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A ls o  on P a g e  4, he  s t a t e s  t h a t  h is  c r i t e r i o n  of h e a lt h  is  b a s e d  on : 1. A  c r i t e r i o n  
t h a t  h a s  s to o d  the t e s t  o f  t im e  ( c e r t a i n l y  d e f e n s ibl e ) ;  and , 2. Is  c o r r e c t  in  
p r i n c i p l e .  l ie  d o c s  n o t  n e e d  to  d e fe n d  h is  s tu d y  on th i s  b a s i s ,  l ie  i s  o n ly  t e s t i n g ,  
to  d e t e r m i n e  th e  f i r s t  e v id e n c e  t h a t  t h e r e  i s  a  r i se  in  u r i n e  o r  b lo o d  l e a d  a s  a  
r e f l e c t i o n  o f  e x p o s u r e  -  lo n g  b e f o r e  t h e r e  is  e f f e ct  on  p o r p h y r i n s ,  A L A , o r  a n y  
o th e r  b io lo g ic  e f fe c t .

In  th e  E x p e r i m e n t :
. T u r n in g  to  D r .  K e h o e 's  d i s c u s s i o n  o f  th e  E x p e r i m en t ,  on  P a g e  6, D r .  K e h o e  s a i d  

t h a t  in  1967 h is  s u b j e c t  w a s  e x c r e t i n g  a n  i n c r e a s e d a m o u n t  o f  l e a d  (and  t h e r e f o r e  
• e v e n  a t  t h i s  l e v e l  of e x p o s u r e  he w a s  r e s p o n d in g  w i th  a n  i n c r e a s e  in  u r i n a r y  l e a d ) .  

I  w i l l  c a l c u l a t e  a s  G o ld s m i t h  p r o b a b l y  w i l l  d o :

42  h o u r s  p e r  w e e k  = o h o u r s  p e r  day .

6 /2 4  x  20 m 3 ( r e s p i r e d )  / d a y  x  20 u g / m 3 = 100 pg  inh a le d  in  th e  c h a m b e r .  
I S / 2 4  x  20 m 3/ d a y  x  1 u g / m 3 = 15 jig i n h a le d  d u r in g  th e  r e m a i n i n g  d ay .  
115 u g  r e p r e s e n t s  th e  t o t a l  l e a d  i n h a le d  p e r  d ay .

n e re io r * ;c t ,  115 jig sr a a y  p r o d u c e s  a
s p o n s e ,  a n d  i f  th e  115 u g  w e r e  i n h a le d  a t  a  c o n s t a nt  l e v e l  o v e r  th e  e n t i r e  24 h o u r s ,  
t h e n  1 1 5 /2 4  = 5 to  6 jig p e r  m 3 w o u ld  b e  th e  c o n c e nt r a t i o n  w h ic h  w o u ld  p r o d u c e  a  
r e s p o n s e ,  a n  i n c r e a s e  in  u r i n a r y  le a d .

11 D r .  K e n o e 's  e x p e r i m e n t  is  co e

F u r t h e r ,  i n  t h i s  s a m e  p a r a g r a p h  on  P a g e  6, D r .  K e h o e s t a t e s  t h a t  21 h o u r s  o f  
e x p o s u r e  p e r  w e e k  d i d n ' t  p r o d u c e  a  r e s p o n s e .  U s in g  th e  s a m e  m e th o d  of c a lc u la t io n  
a s  a b o v e :

21 h o u r s  p e r  w e e k  = 3 h o u r s  p e r  d a y  an d  l / 8  x  20 x  20 = 50 pg.

7 / 8  x  20 x  I = 17. 5 ug , a n d  67. 5 jig p e r  d a y  = th e  t o t a l  l e a d  i n h a l e d / d a y  
t h a t  d id  n o t  p r o d u c e  a  r i s e  in  u r in ax -y  le a d .  A g a in,  67. 5 p g / 20 m3 = 3 -4  u g /  
m 3 w o u ld -b e  th e  c o n c e n t r a t i o n  w h ic h  c o u ld  be i n h a led  w i th o u t  e f f e c t i n g  th e  
u r i n a r y  e x c r e t i o n  o f  le a d .  S in c e  D r .  K e h o e  s a y s  t h at  31. 5 h o u r s / w e e k  
p r o d u c e d  a  d u b io u s  c h a n g e ,  t h i s  l e v e l  o f  e x p o s u r e  wo u ld  b e  i n t e r m e d i a t e  
b e tw e e n  3 to  4  ¿ i g / m 3 a n d  5 to  6 j x g / m 3.

O n P a g e  7, D r .  K e h o e  r e a l l y  e x te n d s  h is  e x t r a p o l a t io n .  Ke s t a t e s  t h a t  i f  h is  e x p e r i ­
m e n t  h ad  b e e n  c o n t in u e d  f o r  4  l / 2  y e a r s ,  t h e n  th e  blo o d  l e a d  w o u ld  h a v e  b e g u n  to  
r i s e .  (A ga in , g iv in g  e v i d e n c e  o f  a n  i n c r e a s e  i n  b o dy  b u r d e n ) .  Ke a l s o  a d d s  t h a t  th e  
e f f e c t  o b s e r v e d  on  b lo o d ,  t h a t  i s ,  a  f a l l  i n  th e  c on c e n t r a t i o n  o f  l e a d  i s  e v i d e n c e  o f  
t h r e s h o l d  o f d e te c t i o n ,  a n d  (w i th o u t  s t a t i n g  s o  in  so  m a n y  w o r d s ) , ' h e  s a y s ,  t h i s  i s  a  
t h r e s h o l d  o f i n c r e a s i n g  b o d y  b u r d e n  -  e v e n  th o u g h  th e  c o n c e n t r a t i o n  o f  l e a d  is  f a l l ­
ing .  T h i s  o b v io u s ly  i s  o n ly  h i s  ' i n t e r p r e t a t i o n  o f  th i s  p h e n o m e n o n .
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In th e  D i s c u s s i o n  (on P a g e  8), h e  s t a t e s  th a t  is  e vid e n t  t h a t  20 jig v / i l l  n o t  be t o l e r a t e d  
by  th e  h u m a n  p o p u la t io n ,  and  he  g o e s  f u r t h e r  to  s t at e  t h a t  i f  t h i s  e x p o s u r e  w e r e  to  
co n t in u e  th ro u g h  a l i f e t i m e ,  i t  c a n  h a r d l y  f a i l  to  be  p o te n t i a l l y  h a z a r d o u s .  T h i s  is  
q u i te  an  e x t r a p o l a t i o n  f ro m ,  a n  18 m o n th  e x p e r i m e n t in  one  m a n  t h a t  p r o d u c e d  a  r i s e  
in  u r i n e  l e a d  f r o m  . 025 to  . 0425  m g / d a y .

C o n c e r n in g  D r .  X e h o e 's  s t a t e m e n t  t h a t  e v e n  a  73 h o ur  e x p o s u r e  is  n o t  
s u f f i c ie n t  to  i n s u r e  t h a t  10 y ig /m 3 is  a  s a f e  a m b i e n t s t a n d a r d  is  in d e e d  a  r e -  . 
a s s e s s m e n t  o f  h is  d a ta .  H o w e v e r ,  r e v i e w i n g  h is  p a p er  of 1966 e n t i t l e d  '
" C r i t e r i a  f o r  H u m a n  S a f e ty  f r o m  C o n ta m in a t i o n  of the  A m b ie n t  A tm o s p h e r e  
w i th  L e a d " ,  a n  e x p o s u r e  o f  42  h o u r s  o f  e x p o s u r e  a t  10 j i g / m 3 p r o d u c e d  a  c h a n g e  
in  u r i n e  e x c r e t i o n .  T h e n  . 31 x  20 m 3/ d a y  x  10 p g / m 3 =. 62 pg , an d  . 69 x  20 x  1 =
13. S; a  t o t a l  o f  75 . 8 u g / d a y  is  th e n  c a l c u l a t e d  as  th e  a m o u n t  th a t  w i l l  p r o d u c e  
a n  i n c r e a s e .  '

T h is  u s e  of tw o  s e t s  o f  d a ta  s u g g e s t s  t h a t  th e  a c t ua l  a m o u n t  w h ic h  w i l l  p r o d u c e  a  c h a n g  
is  th e  s a m e  f o r  th e  10 o r  20 p g  e x p o s u r e  l e v e l .  T h at  is ,  th e  c o n c e n t r a t i o n  x  t i m e  f o r  
b o th  o f  t h e s e  e x p o s u r e s  is  a b o u t  e q u a l .

I  b e l i e v e  t h a t  m y  u s e  of D r .  X e h o e ’s d a t a  is  r e a s o na b l e  a n d  a  l o g i c a l  c o n c lu s i o n  u s i n g  th i s  
d a t a / is t h a t  a b o u t  5 pg  d o e s  r a i s e  th e  e x c r e t i o n  of l e a d  in  th e  u r i n e .  T he  A l b a n y - B i r m i n g ­
h a m  s tu d y  of A P I - L I A  s h o u ld  s u b s t a n t i a t e  D r .  K e h o e 's  c o n c lu s i o n s  ( th is  s tu d y  w i l l  e x p o s e  
6 p r i s o n e r s  to  10 to  20 p g /m 3  f o r  22 h o u r s  p e r  d a y  f o r  u p  to  4 m o n th s ,  b u t  o n ly  a f t e r  a  
s i m i l a r  s tu d y  h a d  b e e n  c o m p le te d  in  a n i m a l s .  )

H ow  wo w e r e l a t e  D r .  K e h o e 's  f in d in g s ^ in  th i s  e x p e ri m e n t a l  s e t t in g ^ to  th e  p r a c t i c a l  p r o b l e m  
o f l e a d  in a i r ?  D r .  K e h o e 's  s tu d y  w a s  d e s ig n e d  to  stu d y  th e  p h y s io lo g i c a l  h a n d l in g  o f  l e a d  
in  th e  r a n g e  in  w h ic h  i t  is  found  in  th e  a m b i e n t  a ir .  T h e  S ix  C i ty  s u r v e y  h a s  b e e n  d e s ig n e d  
to  e v a lu a te  th e  in f lu e n c e  of l e a d  in  a i r  on  b lo o d  le a d  -  i t  i s  i n t e r e s t i n g  t h a t  t h o s e  c o n c e r n e d  
w i th  th i s  s tu d y  h a v e  a g r e e d  t h a t  th e  s a m p l i n g  to o l  s h o u ld  be l e a d  in  b lo o d  b e c a u s e  o f  th e  
e x t r e m e  v a r i a b i l i t y  o f  l e a d  in  u r i n e ,  w h e r e a s ,  th e  b lo o d  b e t t e r  r e f l e c t s  th e  b o d y  b u r d e n .  
T h i s  s tu d y  w i l l  th e n  t e l l  u s  w h e t h e r  th e  c o n c e n t r a ti o n  o f  l e a d  in  a i r ,  a n d  h e r e  w e  know  Hi a t  
th i s  is  th e  a c t u a l  l e a d  to  w h ic h  m a n  is  e x p o s e d ,h a s p r o d u c e d  a n  e f f e c t  on  th e  b o d y  b u r ' i o n .

. i.
T h e  n e x t  p o in t  to  b e  m a d e  is  th a t ,  i f  th e  l e v e l  of e x p o s u r e  ( the  l e a d  in  a i r )  d o e s  p r o d u c e  a  
m e a s u r a b l e  r e s p o n s e , - ,  th e n  th e  n e x t  p r o b l e m  w i l l  be to  d e c id e  w h a t  is  th e  m a x i m u m  a c c e p t ­
a b le  r e s p o n s e ;  t h a t  i s ,  w i th o u t  h a z a r d .  D r .  K e h o e  ha s  n o t  a t t e m p t e d  to  a n s w e r  th i s  
q u e s t i o n ,  b u t  r a t h e r ,  by  i n f e r e n c e ,  h e  b e l i e v e s  t h at  th e  l e v e l  t h a t  p r o d u c e s  a  c h a n g e  in  
u r i n a r y  le a d  e x c r e t i o n  s h o u ld  be th e  a i r  q u a l i t y  s ta n d a r d .  I b e l i e v e  th e  a n s w e r  is  b e s t  
o b ta in e d  b y  lo o k in g  a t  p o p u la t io n s  w h ic h  h a v e  s i g n if i c a n t l y  h i g h e r  l e v e l s  o f  e x p o s u r e ,  e i t h e r  
n a t u r a l l y  o r  a s  a  r e s u l t  o f  o c c u p a t i o n a l  e x p o s u r e ,  a n d  o f  c o u r s e ,  o c c u p a t i o n a l  e x p o s u r e s  
a r e  u s u a l l y  h ig h e s t .  LLA h a s  f o r m u l a t e d  d e f i n i t e  p lan s  to  do  e x a c t l y  t h i s .
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7.*. J OW hen  th e  A lb a n y - B i r  m in g h a m ,  S ix  C i ty ,  an d  th e  s tu d y  o f  o c c u p a t i o n a l  poou l 
c o m p le te d ,  w e w i l l  be  in  a b e t t e r  p o s i t i o n  to  d e c ide  on  th e  a i r  q u a l i t y  c r i t e r

I f  t h e r e  a r e  q u e s t i o n s  c o n c e r n in g  th i s  r e v ie w ,  I a m s u r e  t h a t  I  s h a l l  h e a r  th

/

" G eo^ ge/ilou sh , J r . ,  M. D.

G R / n
c c :  D r .  G. F .  K i r b y

-  a  -
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