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D e a r  T om : . . .:

T h an k s fo r  y ou r  le t t e r  o f th e 24th  an d  fo r  th e fu r th e r  in fo r m at io n  on  
th e t ype  o f r e n a l  d am age  th at  i s  a sso c ia t e d  w ith  v?e ad m in ist r a t io n  o f su i t ­
ab le  q u an t it ie s o f RD TA o v e r  su ff ic ie n t  p e r io d s o f t im e . The  c e l lu la r  
ch an ges d e sc r ib e d  w ou ld  se e m  to  m e to b e qu ite  cap ab le  o f in du ct ion  by 
th e r e m o v a l o f m in u te, am ou n t s o f m in e r a l  su b st a n c es fr o m  th e c e l l s ,  an d  
I  a ssu m e  th at  so m e  such , th in g d oes o c c u r  to so m e  de g r e e . W h atever  th e 
p r o c e ss m ay  b a ,t h e  o b se r v a t io n  i s  an  in t e r e st in g  one .

In  tn c m a t t e r  o f th e 
t o t a l  q u an t it ie s w.hic

r e t en t io n  o f le ad  u n d e r  a  v a r ie t y  o f co n d it io n s, and 
h a r e  a sso c ia t e d  w ith  sign s an d  sy m p t o m s o f in toxh

th e 
a  u io» i ,

w e kn ow  a  fa i r  am ou n t  fr o m  both  d i r e c t  an d  in d ir e c t ev id en ce o o mg o f chxs
i s  in  t u e  l i t e r a t u r e  an d  so m e  {m uch  in  fac t ) i s  n ot. W e h ave  qu ite  a  n u m b er  
o f fa i r l y  co m p r e h e n siv e  d a t a  on  n e c r o p sy  m a t e r ia l ,  e sp e c ia l ly  on  th e t i ssu e s 
o f ch ild r e n  fa t a l ly  p o iso n ed  by  in o r gan ic  le ad  com pou n d s; we h ave a l l  th at  
w ou ld  be d e si r e d  in  fa t a l  c a se s  o f t e t r a e t i y l  le ad  p o ison in g in  a d u l t s, an d  
so m e  (but on ly  a  sc a t t e r in g ) on  c a se s  o f in o r gan ic  le a d  p o iso n in g in  ad u l t s.
Th e in d ir e c t  in fo r m at io n  o b t a in ed  in  m e t ab o l ic  e xp er im e n t s is e x t e n siv e .
F r o m  t hese  com b in ed  so u r c e s, e st im a t e s cou ld  be m ad e  fchat a re  ia i r l v  
r e a l i s t i c .  T h e r e  a r e ,  h ow ever , two jo k e r s in  t e e  sit u a t io n , an d  on e of 
t h e se  can n ot  be so lv e d  by  th e u se  o f r ad io a c t iv e  t ra c e r s .  Th e on e l i e s  in  the 
in i t ia l  o r  n o r m al o r ,  i f you  w is ., in c id e n t a l, le ad  con ten t  o f th e t i ssu e s 
(p r in c ip a l ly  the sk e le t o n ) o f t h e  ch ild  o r  t h e  ad u lt  a t  th e t im e  on e b e gin s to 
m ak e  o b se r v a t io n s. Th e e r r o r  o f th e e st im a t io n  h e r e is  o f th e sam e  o r d e r  
o f m agn itu d e  (p r o p o r t io n a lly ) a s  t h a t  o f e st im a t in g th e con ten t  of. th e in d iv id u al 
who h as b een  su b je c t e d  to  u n u su al e xp o su r e  an d  i s  il l .  T ie  o t h e r  jo k e r  is 
th e fa c t o r  o f t im e . Th e am ou n t  r e t a in e d  w ith ou t  sy mp t o m s o r  d an ge r  of 
sy m p t o m s v a r ie s  w ith  t h e  r a t e  a t  w h ich  th e ab so r p t io n  an d  r e t en t ion  o c c u r s. 
On e can  in t r od u ce  a  r e la t iv e ly  sn w U  qu an t it y  q u ick ly  an d  in d u ce i l l n e ss ,  but 
m u ch  l a r g e r  q u an t it ie s can  be in t r o d u ced  slo w ly , and  r e la t iv e ly  la r g e  
q u an t i t ie s r e t a in e d , w ith ou t  i l l n e ss .  Th e e xp lan a t io n s fo r  t u e se  d i f fe r e n c e s 
l ie  in  a t  l e a s t  tw o m a jo r  p h en om en a, w h atev e r  m ay  be t h e ir  m e c h a n ism s:
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(1) .Lead  i s  r e m o v e d  fr o m  th e p la sm a  o f th e b lo o d  alm o st  q u an t it a t iv e ly  by  
th e e r y t h r o cy t e , t h e r e b y  lo w e r in g th e co n cen t r a t io n (p r e su m ab ly  th e 
e ffe c t iv e  co n cen t r at io n ) in  o th e r  so ft  t i s su e s ,  a t  le a st  t e m p o r a r i ly ; (2) Le ad
i s  r e m o v e d  fr o m  th e so ft  t i s su e s  o f th e body  ge n e r al ly  by  th e  sk e le t o n , t h is 
bcin:.-, a  so r t  o f se c o n d - st a ge  an d slo w e r  o p e r a t io n  th an  t h at  o f th e e r y t h r o c y t e s. 
Th e le a d  tak en  in to th e sk e le t o n  m o v e s slo w ly  in  som e  m aim er  fr o m  a  p a r t  o f 
th e sk e le t o n  fr o m  w h ich  it  i s  r e a d i ly  l o s t  to  a  p a rt  fr o m  w h ich  i t s  e sc a p e  is  
r e t a r d e d  (n eve r  st o p p e d ), o r  p e r h ap s t h is is a  m a t te r  o f i t s bein g ch an ged  
slo w ly  in to a  l e s s  la b i le  fo r m  o f com pou n d  o r  st r u ct u r e . In  an y  c a se ,  th e 
m a t t e r  o f p o ten t ia l t o x ic i t y  is a  m a t t e r  o f th e t y pe  o f d ist r ib u t io n  in  th e bod y  
(in clu d in '; th e sk e le t o n ) o r  e£ co m p o sit io n  w ith in  th e body (in clu d in g th e sk e le t o n ), 
a s  w e ll a:> of qu an t it y  o r , a s you  o p sak  o f i t , o í body  b u r d en . Th e sk e le t o n  is  
sc  l a r *e ,  arid t o  r e la t iv e ly  in ac t iv e  (in  t ’<e m e t ab o l ic  se n se ) th at the t o t a l 
qu an t it y  of le  ad h eld  in  it  in  r e la t iv e ly  in ac t iv e fo r m  m ay  be qu ite  v a r ia b le  
fr o m  in d iv id u al to  in d iv id u al, w ith in  c e r t a in  l im i ts .  T h is i s  n ot  t r u e  to an y ­
th in  l ik e  t  •> ext-* 'it t a t  it  war: b e l ie v e d  to be by Aub an d h is a sso c ia t e s ,  sin ce  
L :e r o  h; no su e  1: - i a s  r e a l ly  in e r t  st o r e d  le a d . T.;.ere is a lw ay s a  rave o f 
e xc r e t io n  w i<; - 1; d e t e r m in ed  in  th e fin al, se n se by  t ee  body b a r d e n , b at  t ^e 
t im e  fa c t o r  in vo lved  in. th e sto r e , r e  n e c e ssi t a t e s th e in t r od u ct ion  a  m ovin g 
v a r ia b le  in to t o e  equ at ion  by  w h ich  on e w ou ld ca lc ula t e  t  e b u r d en  fr o m  m e 
r a t e  o f e xc r e t io n . I  fe e l  su r e  t h at  a  c a r e fu l  st u d y  o f toe a v a i la b le  d at a  w ou ld 
p r o v id e  u s with, a su i t a b le  equ at ion , bu t  t h is h as not been  don e an y e t . I sope 
to ;.ave a. ch an ce to do i t , with, th e h elp  of a  m ath e m at ic ian , in  the not to-.-, 
d ist an t  fu t u r e . To give  you no m e idea, o f th e exten t  o f t.-e v a r ia b i l i t y  I r n i,.at  
m en t ion  a  few  f i - u r e s  fr o m  m e m o r y . A ch ild  e xp o se d  to le ad  fr o m  on ly  
n o r m a l so u r c e s w ill h ave th e co n cen t r a t io n  o f ab ou t 1 m i l l ig r a m  p er  100 g r a m s 
CÍ t r ee '-  b on e . A h ealth y  ch ild  m ay  n ave a  con cen t rat ion  of fr o m  ) to 5 o r  -1 
m i l l ig r a m s o f le ad  p e r  100 "rarer -  o f f r e sh  bon a, th is bein g fr o m  7 J to oG 
p o r  cen t  o f t - e  le ad  in  th e bod y . A  fa t a l ly  p o iso n ed  ch im  m ay  ¡»ave ir o n . 10 to 
40 m i l l ig r a m s p e r  100 g r a m s o f f r e sh  bon e, t h is again  co n st it u t in g 75 p e r  
cen t  o r  m o r e  o f too le ad  in  th e bod y ; o r  a  ch ild  fat a l ly  .po ison ed  by  th e in gest io n  
o f lead, o v e r  t%e p e r io d  o f a  few  d ay s m ay  ;• a.v<y s  o r  4. m i l l ig r a m s of le ad  p e r  
100 "r a m s o f fr e sh  b on a, an d 50 p e r  cen t  o r  l e ss  o í t.:-e le ad  in  t u s body in  th e 
sk e le t o n . A ll  o f t h is co n ce r n s i t se l f  w ith  in o r gan ic  le an . D esp it e  t n e se  v a r i ­
a b le s, h ow ever , giver? a fa i r l y  co n st an t  se t  o f cond it ion s in  an  in d u st r ia l  
en v ir on m en t , r. d e fin it e  p e r io d  o f e x o o su r e , th e d ata on- th e b lood  ar .d u r in e  of 
th e in d iv id u al fr o m  t im e  to t im e  o v e r  th e p e r io d  o r an  ap p r e c ia b le  p a r t  of it , 
an d t  -e w eigh t  an d  h e igh t  o f th e in d iv id u al, t-:-e qu an t it y  oí le ad  in  the body can  
be e st im a t e d  w ith  r e a so n a b le  a c c u r a c y , on th e b ack grou n d  o í ou r  in d u st r ia l  

an d  m e t ab o lic  (e xp e r im e n t a l) e x p e r ie n ce . It i s  qu ite  c e r t a in  th at  tr ,e m e t a ­
b o l ism  o f le ad  in  th e h um an  o r  r a n is m  is  c h a r a c t e riz e d  by a  r e m a r k a b le  d e gr e e
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o f st a b i l i t y . Th e m e ch an ism s .t h e r e fo r e , a r e  su b je ct  to  bu t  l i t t le  in t e r r u p t ion  
an d  v a r ia t io n , an d  i f an d  w h en  w e Suave a  b it  m o r e  in fo r m at io n  on t h e se  
n isC ' iK u sm s, th e p r o b le m  o f d e t e r m in in g th e burden , w il l  be v e r y  sim p le .
Tr-.e e n t i r e  r&n-'.e o f ac t u a l  q u an t i t ie s o f w h ich  I’ve  b een  sp e ak in g ab ove  (in  
t e c  e n t ir e  h u m an  body o f th e ad u lt ) exten d s fr o m  139 m i l l ig r a m s o r  so , in  
tn e n o r m a l p e r so n , to 300 m i l l ig r a m s in  th e e n t i r e ly  h ealth y  p e r so n  who h as 
t ak en  in  som ew n &t m o r e  th an  th e u su a l (u n avo id ab le) qu an t it y  o f le ad  in  b is 
food  an d  d r in k , u p  to 2500 o r  p e r h ap s a s  much , a s  3000 m i l l ig r a m s in  so m e  o f 
t:*ie m o r e  ’’h e av ily  le a d e d ” p e r so n s. F a t a l  po ison in '-  m ay  r e su l t  w h en  t n e r e  
a r e  q u an t i t ie s of 1003 m i l l ig r a m s o r  l e s s  in  t u s body , bn».: co n sid e r a b ly  ? r e a t e r  
q u an l¿t ie 3 (two o r  t h r ee  t im e s)  m ay  be foun d when th e bu ild -u p is sn c ion t ly  
g r ad u a l, I doubt  i f it  e v e r  go e s m u ch  ab ove  V: e cu t  sid e  figu r e  cs 3001- m i l l i ­
gram - ':, bu t  on e mi;-, d  d e v ise  co n d it io n s, p e r n a p s, in  W ish  it  w ou ld . T’II 
.cave to lo ok  o v e r  th e d a t a  to  se e  i f I am  c o r r e c t  in  t h in , b u t  I a r .  n ot fa r

t o  m u c h  fo r  t h is b u s i n e s s ,  v<h ic; I d id  r t  in t en d  to p u r su e  w h en  I s t a r t e d  i n i s .
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