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D e a r  D o c t o r  N ad le r :

I sh a l l  t r y  to  give  you  th e in fo r m at io n  r e q u e st e d  in  y ou r  t e leph on e c a l l  o f 
la st  T u e sd ay , alth ou gh  I am  n ot  qu ite  su r e  th at  I sh a l l  c o v e r  a l l  o f the 
p o in ts to y ou r  sa t isfa c t io n  fr o m  th e m e d ic o - le g a l  view po in t , 3 in ce  so m e 
ox the th in gs I  sh a l l  sa y  a r e  n ot  d ocu m en ted  by  p u blish ed  d a t a . I sen d  
su ch  p u b lica t io n s a s m ay  be p e r t in en t  an d  r e fe r  you a lso  to th e w ork  
ed ited  by  F r a n k  P at t y  in  w h ich  m u ch  t h at  I h ave  to sa y  h as been  p u b lish ed . 
M uch  too Vouch h as b een  w r it ten  to r e fe r  to in  an y  co n p r eh en siv e  m an n er .

F i r s t  with 
c le a r  th at  
co l le c t e d  
0. (J l m g.

r e fe r e n c e  to th e n o r m a l l im i t s o f th e e xc r e t io n  of le ad  it  i s  qu ite 
th e n o r m a l r an ge  in  r e p r e se n t a t iv e 'sa m p le s o f Large vo lu m e
with  ad equ ate  c a r e  to p r e v e n t  con tam in at ion , exten cfrom  abou t
(ID m ic r o  g r a m s) p e r  l i t e r  up to an d in clu d in g 0 ,0 8 m g. (80 

m ic r o g r a m s)  p e r  l i t e r .  Th e v a lu e s fo r  th e ou tpu t  p er  d ay , a s  e st ab l ish e d  
m o st  c le a r ly  b y  b a lan ce  e xp e r im e n t s on  h u m an  su b je ct s in  t h is La b o r a t o r y , 
a r e  ve r y  a .o se  to th e sam e  r an ge , sin ce  th e u r in a r y vo lu m e p e r  day is n ot 
fa r  fr o m  1 l i t e r .  In deed th e o b se r v a t io n s m ad e on  a fa i r l y  la r g e  n u m b er  of 
in d iv id u a ls in d icate  th at  i t  m ak e s l i t t le  d i f fe r e n ce , s t a t is t i c a l ly ,  w h eth er  
on e sp e ak s o f th e a v e r a g e  con cen t r at ion  in  m i l l ig r am s o r  m ic r o g r a m s p e r  
l i t e r  o r  the a v e r a g e  ou tpu t  p e r  d ay  in  m i l l ig r a m s or  m ic r o g r a m s. Th e r an ge  
o f n o r m a l v a lu e s an d th e a v e r a g e  valu e  in  e i t h e r  c ase  a r e  som ew h at  u n d er  
0 . 10 r a g . (100 m ic r o g r a m s)  p e r  d ay .

T h e se  v a lu e s, h ow ev e r , h ave l i t t le  to do 'with th e d iagn o sis o f le ad  p o ison in g, 
sin ce  c o n sid e r a b ly  g r e a t e r  q u an t it ie s of le ad  m ay  be  h an d led  w ith out an y 
r isk  w h atev e r . Un der  th e con d it ion s o f e xp e r im e n t a l o r  occu p at ion a l e xp o su r e  
to le ad , the r an ge  o f co m p le t e  sa fe t y  is  m u ch  w ider, exten d in g u p w ard  to th e 
m axim u m  figu r e  o f 0 .2 2  m g. (220 m ic r o g r a m s)  p e r  l i te r ,  o r  rou gh ly  0 .2 2  
m g. (220 m ic r o g r a m s)  p e r  d ay , o c c a sio n a l ly . Th at  is to sa y  th at  in d iv id u als 
w h ose excr e to r y  r a t e  r a n ge s fr o m  0 . 03 to 0. 22 m g. p e r  l i t e r  o r  p e r  d ay  an d 
a v e r a g e s n ot  m o r e  th an  0 . 10 to 0. 12 m g. p e r  l i t e r o r  p e r  d ay , a r e  in  no 
d an ge r  o f d eve lop in g sy m p t o m s. Th e eviden ce, o f m any  y e a r s gain ed  fr o m  
th e e xp e r ie n ce  o f t h o u san d s o f p e r so n s o f a l l  a g e s an d  t y p e s in d ica t e s th at  
th e a v e r a g e  r a t e  of e xc r e t io n  m u st  be equ ivalen t  to o r  e xceed  0. 15 m g. (150 
m ic r o g r a m s)  p e r  l i t e r  o r  d ay , i f  sy m p t o m s of even  th e m ild e st  d e t e c t ab le  
type a r e  to ap p e a r . (I am  exc lu d in g h e r e  an y  fo r m  of la t en t  o r  o b sc u r e
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in t o x ica t io n . I m ean  to sa y  th at  be low  th e t h r e sh o ld  valu e  r e fe r r e d  t o , th e 
in d iv id u al i s  w h olly  w ith ou t  h e m at o lo gic  o r  o th e r  vagu e  an at o m ic  o r  sy m p to -  
m a t o lo g ic  ab n o r m ali t y . It  i s  p o ssib le  th at  a  g in g iva l le ad  l in e  m ay  ap p e a r , 
i f  t h e r e  i s  su ffic ie n t  g in g iv i t is to in i t ia t e  su ch  d e p o si t s, bu t  t h is is n ot  a  sign  
o f i l l n e ss .  It  sim p ly  m e an s t h at  t h e r e  i s  le ad  in  th e lo c a l  t issu e  O ust  a s t h e r e  
i s  in  th e u r in e ) w h ich  can  be p r e c ip i t a t e d  ou t  a s  th e su lfid e  if* en ough  su lfid e  
i s  a v a i la b le  l o c a l l y . )

Now  the; sam e  a v e r a ge  v a lu e s ap p ly  to  sam p le s o f u rin e  o f sm a l l  vo lu m e, a s 
d ist in gu ish e d  fr o m  t h o se  o f la r g e  vo lu m e (i. e . sp ot "'sam p les o r  a  sin g le  
vo id in g). Th e d i ffe r e n ce  r e la t e s on ly  to th e r an ge  o f v a lu e s foun d in  sam p le s 
o f sm a l l  v o lu m e . Th e e xc r e t io n  o f le ad  in  th e u r in e is  su b je c t  to  co n sid e r ab le  
v a r ia t io n  fr o m  h ou r  to  h our ', depen d en t  upon  th e throu gh pu t  o f w ate r  an d  upon  
a  n u m b er  o f o th e r  fa c t o r s w h ich  can n ot  a lw ay s be d et e r m in e d . Su ffice  i t  to 
sa y  th at  th e sh o r t e r  th e t im e  o v e r  w h ich  a  sam p le  of u r in e  is e xc r e t e d  (and 
co l le c t e d ) th e g r e a t e r  i s  th e v a r ia b i l i t y . T h u s, i f on e o b t a in s sa m p le s o f 
ab ou t  100 m l. in  vo lu m e (a ten th , m o r e  o r  l e s s ,  o f th e d ay ’s ou tpu t) th e r an ge  
of. valu e exten d s fr o m  som ew h at  l e ss  th an  0 .0 1  m g. (10 m ic r o g r a m s)t o  0. 14 
m g. (140 m ic r o g r a m s)  p e r  l i t e r .  Th e a v e r a g e  v a lu e  of a la r g e  n u m b er  o f 
sa m p le « i s  abou t  th e sa m e  a s  th at  o f th e la r ge  sa m ple s, bu t  an y on e sam p le  
obtain ed, on  on e o c c a sio n  fr o m  a  sin g le  in d iv id u al m ay  be an yw h ere w ith in  th e 
r an ge  in d ica t e d . Th is is th e p r o b lem  w ith  w h ich  on e is  p r e se n t e d  in  a  sin g le  
se ss io n  o f c l in ic a l  stu d y  in  o ff ice  p r a c t ic e . Th e on e r e su l t  i s  l ik e ly  to b e a l l  
th at  i s  av a i la b le , an d  a s  you can  se e , su ch  a  r e su lt  i s  w oefu lly  in ad equ ate  to 

st a t u 3 o f th e p at ien t . <

u

I S  «* 01"

b lood  le  
le v e l of 
by  the c 
a l im en t  
le ad  fr o  
th e m e t i  
d a l l y  f r  
sign ifies!, 
le ad  ab a 
in  th e d i 
a ga in st  
an d  i f  t b  
beyon d  
o v e r - a l l

th e r e a so n s given  ab ove  t h at  we a lw ay s ob tain  b lood sa m p le s. Th e 
Ld is  in flu en ced  sign ifican t ly ( in  th e u n t r ea ted  in div id u al) on ly  by the 
le ad  con cen t r at ion  in  th e body a s  a  w h ole (the body b u rd en  ox lead ) an d 

r en t  (p r e se n t ) r a t e  of ab so r p t io n  fr o m  a  p o r t a l  o f en t ry , su ch  a s the 
;.ry t r a c t  o r  th e r e sp i r a t o r y  sy st e m . (One xm ist  exc lu d e  t e t r ae t h y l 
m  t h is d isc u ssio n  en d  th in k  on ly  of in o r gan ic  com pou n d s o f le ad , sin ce  
h o l ism  o f t e t r ae t h y l le a d  p o se s a  som ew h at  d ifficu lt  p r o b le m , e sp e -  
om  th e a sp e c t  of th e b lood  v a lu e s). Th e b lood  le v e l th en  d o es n ot  v a r y  
n t ly  fr o m  h ou r  to h ou r , e xce p t  u n d e r  con d it ion s of e x t r e m e ly  r ap id  
o r p t io n  in  r e sp o n se  to a  v e r y  se v e r e  type o f e x p o sur e . Th is m e an s, 
agn o st ic  se n se , th at  we can  ob t a in  two sa m p le s of blood , ch eck  on e 
th e o th er  so  a s  to d e a l w ith  th e p o ssib i l i t y  o f ch an ce con tam in at ion , 
e two r e su l t s ch eck  w ith in  the. l im i t s o f an a ly t ic al  e r r o r ,  we kn ow , 

r e a so n ab le  dou bt , th e st a t u s o f th e in d iv id u al fr o m th e a sp e c t  o f h is 
ab so r p t io n  o f le ad . .

So lon g 
g r a m s) 
le v e l  at

a s  th e co n cen t r at io n  o f le ad  in  th e b lood  i s  be low  0. 08 m g. (80 m icr o -  
p e r  100 g r a m s, th e ab so r p t io n  o f le ad  h as n ot  r e ache d  th e c r i t ic a l  
w h ich  sy m p t o m s b egin  to  a p p e a r  in  o c c a sio n a l  in d iv id u a ls. A t  th at
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le v e l  o r  ab o v e , so m e  in d iv id u als d ev e lop  sy m p t o m s, an d  a s  on e go e s u p ­
w ard  th e fr e q u e n c y  o f o c c u r r e n c e  o f in t o x ica t io n  and  th e se v e r i t y  o f th e 
m an ife st a t io n s in c r e a se . !V

■ ' . "
Goin g n ow  to th e c o l le c t io n  o f sa m p le s o f u r in e  an d b lood  w ith ou t  p r e cau t io n s, 
th e p o ssib i l i t ie s t o r  e r r o r  a r e  a lm o st  in fin it e . In ge n e r a l  th e con tam in at ion  
is  l ik e ly  to  be g r o ss ,  an d o u r  e xp e r ie n ce  a s  w e ll as  th at  o f o t h e r s ( l i t e r a t u r e ) 
is f i l le d  w ith  in c id en ts of t h is t y p e . A tw en ty - four  h ou r  sam p le  o f u r in e , 
co l le c t e d  in  th e a v e r a ge  h o sp i t a l  b y  th e u su a l  m ethod s (the u se  o f a  u r in a l , 
em p t ied  in to a  b o t t le  o r  o th e r  co n t a in e r  a s  th e u r in e  i s  vo id ed ), o ften  h as ten  
t im e s a s m u ch  le ad  in  i t  a s  w as ac t u a l ly  vo id ed  in  th e u r in e . T h is sit u at io n  
i s  u t t e r ly  im p o ssib le , an d  t h e r e fo r e  we n ev e r  a llow 24- h ou r  sa m p le s to be 
co l le c t e d  fo r  u s in  h o sp i t a ls. It  is p r a c t ic a l ly  imp o ssib le  to  av o id  con t am in a­
t ion  u n le ss on e h as an  in t e l l ige n t  an d co o p e r a t iv e  p at ien t , w h o, h im se lf, w ill 
t ak e  c a r e  o f th e d e t a i ls ,  b y  k eep in g a  la r g e  co n t a in e r  a t  h an d an d  vo id in g 
d i r e c t ly  in to it  o v e r  th e p e r io d  in d ica t e d . To give you  so m e  id e a  o f th e m in u te 
c a r e  th at  m u st  b e  t ak en , le t  m e c it e  an  e xp e r im e n t . The co l le c t io n  o f sam p le s 
o f b lood  
a f t e r  ca

by th e u su a l  t ech n iqu e o f u sin g  a  p y r e x  sy r in ge  an d an  o r d in a r y  n eed le , 
r e fu l  c le an sin g o f sy r in ge  am i n eed le  an d  st e r i l iz at io n  in  d ist i l le d  w at e r ,

r e su l t e d  in  r ou gh ly  20 p e r  cen t  (av e r age ) con tam in at ion  o f th e sa m p le s. Th is 
r e su lt e d  fr o m  th e le ad - co n t a in in g b r a ss  hub in  th e o r d in a r y  n eed le . Th e su b -
;l i t u i io )f an  a l l - s t e e l  n eed le in  a v e r a g e  y a iu e s abou t  ¿U p er  cen t

lo w e r . Ilf t h is can  o ccu r  fr o m  t h is- c a u se , how m u ch m o r e  con tam in at ion  can  
r e su l t  id em  l e s s e r  fa c t o r s ,  7Je h ave ob v iated  t h is d ifficu lt y  in  th e co lle c t io n  
o f sa m p le s fo r  d iagn o sis by w ork in g w ith  3  an d  D in t h e ir  e ffe c t iv e  a t t em p t  to 
su p p ly  su i t a b le  equ ip m en t  fo r  th e co l le c t io n  o f b lood . Th e p r o b lem  of th e u r in e  
s t i l l  p e r s i s t s  a s a  d i fficu lt  on e, but we c o n sid e r  it  im p r a c t ic a l  u n d er  'm ost  
c i r c u m st a n c e s to  t r y  to c o l le c t  u r in e ,e x ce p t  a s  "spo t ” sa m p le s vo ided  d ir e c t ly  
in to a  c le an  co n t a in e r  in  th e p r e se n c e  o r  u n d er  th e su p e r v isio n  o f th e e xam in e r  
o r  h is in st r u c t e d  agen t . Gven  th en  u n c lean  w ork m en  in  u n clean  an d  p e r h ap s 
d u st y  c lo th in g can  an d  do con tam in ate  th e co n t a in e rs w h ich  th ey h an d le  an d  th e 
u r in e-w h ich  th ey  vo id . Sin ce  on e i s  d ealin g w ith  m ic r o c r a m s of le ad  an y  k in d
o f d u st  o r  fo r e ign  m a t e r ia l  in t r od u ce3» t *  k * ign ifican t  e r r o r , fo r  lead  is u b iq u i-
t ou s A  l i t t le  a sh  fr o m  a  c ig a r e t t e , fo r  e xam p le , h as much, m o r e  le ad  in  it  
th an  se v e r a l  l i t e r s  o f u r in e .

Q

Now , a s  
fu t i le  in  
r é su l t a  
If th e re  
qu an t it ie  
t h is iy n 
o f th e r e

e r e c eth
d e t e r m i
r e l ia b le

to th e r e su l t s o f th e u se  o f e d a t h am il- c a lc iu m - d isod iu m . It  i s u t t e r ly  
o u r  e xp e r ie n ce  to  a t t e m p t  to a s s e s s  th e sign i f ican ce  of th e an a ly t ic a l  
n  th e u r in e  an d b lood  o f an  in d iv id u al who i s  u n d ergo in g su ch  t h e r ap y , 
sp o n se  is g r e a t , th e ch an ces a r e  th at  th e in d iv id u al h ad co n sid e r ab le  
s c£ le ad  in  h is so ft  t i ssu e s  (th ose  e x c lu siv e  o f th e sk e le t o n ). Bu t  even  
ot ab so lu t e ly  c e r t a in  in  r e la t iv e  t e r m s, fo r  th e r ea so n  th at  th e exten t  
Sp on se  d ep en d s in  la r g e  m e a su r e  upon  th e d u r a t io n , th e se v e r i t y  an d 
n in e ss o f th e in d iv idu al's e xp o su r e  to  le a d . In  m y  op in ion , on e can n ot  
e th e ge n e r a l  le v e l  o f le ad  ab so r p t io n  o f an  in d iv id u al in  an y  r e aso n ab ly  
m an n e r , e xce p t  by  d e t e r m in in g th e ge n e r a l  c h a r a c t e r o f th e le ad

.n
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m e t a b o l ism  a t  a  t im e  w hen  i t  i s  p r o ceed in g n o r m a lly.. Th at  m e an s d e te r m in in g 
e i t h e r  th e ge n e r a l  r a t e  o f th e u r in a r y  e xc r e t io n , or  th e ge n e r a l le v e l  o f le ad  in  
th e b lood , o r  p r e fe r a b ly , both  o f t h e se . Th e r e a so n fo r  t h is l ie s in  p h y sio logy , 
t h at  i s ,  in  th e known b e h av io r  o f le ad  in  th e body . T h is b e h av io r  i s  d ist o r t e d  
g r e a t ly  by  th e ad m in ist r a t io n  o f ed a t h am il, in  th at th e le ad  in  th e so ft  t i ssu e s 
u n it es w ith  t h is ch e lat in g age n t , p a r t s com p an y  w ith  t h e se  t i ssu e s  p r om p t ly  in  
m o st  in st a n c e s, an d is  e xc r e t e d  by  th e u r in a r y  ap p ar a t u s f i r s t  a t  a  v e r y  r ap id  
r a t e  an d  th en  m o r e  slo w ly  a s  t im e  go e s on . Th e b lo od , {th at  i s ,  th e e r y t h r o cy t e s) 
g iv e s u p  i t s le ad  som ew h at  slo w ly  d r op p in g n ot  a t  on p e, bu t  on ly  a ft e r  a  b it  o f 
d e lay  , bu t  th e ou tpou r in g in  th e u r in e  is  d r a m a t ic . Ev en  th e n o r m a l in d iv id u al 
(w ith  no u n u su al qu an t ity  o f le ad  in  h is body) l o ses  m u ch  o f t h at  w h ich  i s  in  h is 
so ft  t i ssu e s  an d  r esp on d s, th e reform  to th e ad m in ist r a t io n  o f t h is age n t . W hat 
on e fin d s d ep en d s to a  co n sid e r ab le  exten t  upon  th e t im e  o f ob tain in g sa m p le s, 
an d  t h e r e fo r e  i t  i s  v e r y  d ifficu lt  to in t e r p r e t  th e r e su l t s u n le ss on e fo l low s 
th e p r o c e ss b e fo r e , d u r in g an d  a f t e r  th e ad m in ist r at io n  o f th e age n t . T h is i s  
ge n e r a l ly  im p o ssib le  o f acco m p lish m e n t  in  o th e r  th an  m e t ab o lic  e xp e r im e n t s, an d 
th en  m o st  o f th e d ata ob tain ed  in  a  spot ty  m an n er  ar e  v a lu e le ss. It i s  e xac t ly  
l ik e  an  a t t e m p t  to  m e a su r e  r a in fa l l  b y  st e p p in g  o u tsid e  fo r  a  m om en t  an d 
co l le c t in g  th e w ater  d u r in g th at  p e r io d . Th e r e su l t h as on ly  m o m en t ar y  
sign i f ic a n c e  an d  i s  in cap ab le  o f p r o v id in g a  b a s is  fo r  e x t e r p o la t io n . Too m an y 
p eo p le  a r e  m ak in g su ch  a t t e m p t s an d  t r y in g to in t e rp r e t  th em  w ith out  an y  kn ow ­
le d ge  o f  th e p h y sio logy  o f th e p r o c e ss .  Th e o u t co m e, u n fo r t u n at e ly , i s  con fu sion .

I sh ou ld  po in t  ou t  th at  th e sk e le t a l  le ad  (w h ich  u nd er  o r d in a r y  c i r c u m st a n c e s 
o f slow  an d  m o r e  o r  l e ss  p r o lo n ged  ab so r p t io n  of lead  co n st i t u t e s m o st  /b u t  n ot 
a l l ,  an d  in d eed , n ot  th e im p o r t an t  p a r t /  o f th e le ad  in  th e body , is e sse n t ia l ly  
u n affec ted  by  th e ad m in ist r a t io n  o f ed ath am il (an d , fo r  t h at  m a t t e r  a lso ,  of 
BA L). 3fiow ever, a f t e r  th e so ft  t i ssu e s  (in clu d in g th e b lood ) h ave  u n d ergon e 
g r e a t  {p r o p o r t io n a l) r ed u ct ion  o f t h e ir  le ad  con tent , th e le ad  in  th e sk e le t o n  i s  
in  a  d ist u r b e d  st a t e  o f e q u i l ib r iu m , an d  i t  b e g in s to r e st o r e  th e n o r m a l r e l a ­
t io n sh ip s o f th e d ist r ib u t io n  o f th e le ad  w ith in  the t i ssu e s  ge n e r a l ly . Slow ly , 
th en , o v e r  a  p e r io d  of so m e  w e e k s, th e le ad  co m e s ou t  o f th e sk e le t o n  in to the 
so ft  t i ssu e s  (in clu d in g th e b lood ) an d  th e la t t e r  becom e e le v a t e d  aga in  to an  
exten t  w h ich  i s  p r o p o r t io n a l to  th e av a i la b le  le ad  in  th e sk e le t o n . Th e b lood  of 
p o iso n e d  ch ild r e n , fo r  e xam p le , m ay  fa l l  t o  a  n o r m al le v e l  d u r in g se v e r a l  d ay s 
o f t h e r ap y , an d  th en  r i se  slow ly  d u r in g th e n ext  two to fo u r  w eek s to a  le v e l 
v e r y  n e a r ly  a s  h igh  a s i t  w as o r ig in a l ly , i .  e . an yw h ere up to 0. Z0 o r  0 . 30 m g. 
p e r  100 g r a m s. It i s  fo r  t h is r e a so n  t h at  w e fo llow th e b lood  c a r e fu l ly  b e fo r e  
an d  th en  fo r  so m e  t im e  a f t e r  t h e r ap y . W h en ever  th e b lood  v a lu e s go b ack  up 
to 0 .0 8  m g. p e r  100 g r a m s o r  m o r e , an o th e r  c o u r se  of e d a t h a m il - c a lc iu m - d iso -  
d iu m  is ad m in ist e r e d  (in t r av en ou sly ) u n t i l th e v a lue s r e m a in  low  an d  w ith in  sa fe  
l im i t s .  On ly by su ch  m eth od s o f t r i a l  an d  stu d y  can tee m ak e an y  p r e d ic t o n  a s 
to th e u l t im a t e  sa fe t y  o f th e ch ild  fr o m  th e r e c u r re n c e  o f in t o x icat io n .

W ith  th e fo r e go in g fa i r l y  e x t e n siv e  com m en ts I h ope th at  I h ave an sw e r e d  you r
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q u e st io n s. I h ope to ge t  t h e se  st a t e m e n t s an d  t h e ir su p p o r t in g ev id en ce  
p u b lish ed  soon , bu t  I 'v e  b een  too b u sy  w ith  th e d a y's w ork  to pu t  th e d ata 
t o ge t h e r . O b v io u sly , I can n ot  a ffo r d  th e t im e  to answ e r  e n q u ir ie s l ik e  
y o u r s v a r y  o ften , bu t  I do m y  b e st  to h e lp  t h o se  who com e to u s fo r  ad v ice  
an d  in fo r m at io n .

Sin c e r e ly  y o u r s,

R o b e r t  A . Keh oe , M . D .

RAK e f 

En c.
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