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The la r g e  fu s s ie r o f  ro o e n t ly  pun 1 1 shod a r t i c l e s  on lo ad 

p o is o n 'l ig  t e s t i f i e s  to  a g r e a t l y  h e igh te n e d  In te r es t  ’ n what n uat be 

l i s t e d  as on« o f our o ld e s t  c l i n i c a l  probl© »*« Un for tu n a te ly , the  

amount o f l i g h t  w h ich  has  been she d upon the  probleat does n o t c o r r e la te 

c lo s e l y  « ' th  fc>ie vo lume o f the  l i t e r a r y  o u tpu t« In d e e d , I t  would soon
r  >

th a t  an a c to n p t  on the  p a r t  o f the  p r a c t i t i o n e r  o f re d lo in o  to  examine 

and in te r p r e t  the  cu r re n t  l i t e r a t u r e  w ould r e s u l t  a l i o a t  In e v i t a b ly  in  

3 uch d is c  our ng«ne nt and o o n fu s lo n  as to  cause  Mm  to  re tu rn  to  t i  vusm

honored co n ce p ts  and p ro ce d u re s . Kven the  c a s u a l  reade r w i l l  no te  th a t
. ' ̂

E¿/ my o f th« a r t i c l e s  p u b lis h e d  re c e n t ly  d e a l p r im ar i ly  w ith  lab o rn tn ry  

methods o f d la é -n o s n ro n  tí*© apicarent  assum ptio n  th a t  the  u n d e r ly in g 

p a th o lo g ic a l  p h y e io lo ry  o f lo ad  in t o x i c a t i o n  has been co m p le te ly  e lu c id a te 

and n a y , t h e r e fo r e , be  take n fo r  .gran te d , o r t tm t i t  tieed n o t  be take n 

i n to  acco u n t In  the  In te r p r e ta t io n  o f fin d in g s «  <>n© ul,;hfc bo le d  to 

b e l ie v e  th a t  la b o ra to ry  ¡procedures nay be s u b s t i tute d  fo r  c l i n i c a l  s tudy« 

In  fa c t  th e re  i s  an i n s i s t e n t  demand, no t o n ly in  uctd io o -*le ga l bu t in  

ge n e ra l p r a c t i c e , fo r  a la b o ra to ry  t e s t  w h ich , s ta nd in g  a lo n e , w i l l  have 

a p o s i t i v e  d ia g n o s t i c  s i g n i f i c a n c e . There  i s  go^.d ro u s o n , t h e r e fo r e , to 

take  s to ck  o f  l he prosenfc s t a t u s  o f our i n f  orno, t i o n , © s p e c ia l ly  as  i t
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co n ce r n * \ ui -o r a t o r y  clia ;;n o8i s  ,  and t o  a p p r a is e  in  a aon e^ h a t  ca u t io u s  

and o r l t i c a l  man e r  th e  e x t e n t  t o  w h ich  la b o r a t o r y  o b s e r v a t io n s  an d  the 

in t e r p r e t a t io n s  w h ich  a r e  d e r iv e d  fr o «  th e n  may ’ e aocepfced «a t r u s t w o r t h y  

In  view o f th e  im posa i^  l l  .r t y  o f r e v ie w in g  th e  li t e r a t u r e  even  in  a cu r s o r y  

man t ie r , o r  e ve n  o f m e n t io n in g m a y  m a t t e r s  w h ich  a re  o f  p h y s io lo g ! c a l  

im p o r t a n ce , in  t h e  s h o r t  t im e  a v a i la b le , I  s h a l l  a tt e m p t  t o  c l a r i f y  & few 

p o in t s  w h ich  seem t o  bo o f Im m ed ia te  p r a c t i c a l  im p or t a n ce  to  th e  p r ob lem  

o f  d ia g n o s is *

Norm al Lead  Me ta b o lism

The in g e s t io n  (an d  p r o b a b ly  th e  in h a la t io n ) , a b s o r pt io n , and  

e x c r e t io n  o f le a d  h ave  b een  shown to  be n or m al phenomena o f  human l i f e *  

( l a ,b ,c ,d ) .*  The l im i t s  o f t h e  n or m al v a lu e s  fo r  lea d  in g e s t io n  an d  fo r  

le a d  e x c r e t io n  in  t h e  fe o e s  and u r in e  o f p e r so n s  in th e  Un it e d  St a t e s  may 

b e  d e fin e d  in  s u b s t a n t ia l ly  a b s o lu t e  t o m a *( i i ) * The v a lu e s  fo r  th e  b lo o d , 

s p in a l  f l u i d  and t is s u e s  a r e  nob so  S a t i s fa c t o r i l y  e s t a b l is h e d , in  t h a ts

t h e  f u l l  r a n ge  o f nojrmal v a r i a b i l i t y  la  in a d e q u a t ely  d e fin e d * {lt t e,a) • ^ Th is 

i s  p a r t i c u la r ly  t r u e  in  th e  ca s e  o f t h e  a k in , and un fo r t u n a t e ly  s o , s in ce

^ u n w a r r a n t e d  c l i n i c a l  s ig n i f i c a n c e  h a s |  r e c e n t ly / be e n  a t t r ib u t e d  t o  a p p a r e n t  

v a r ia t io n s  in  t h e  le a d  co n t e n t  o f thm t i s s u e * (3) .)  The e v id e n ce  in d ic a t e s  

t h a t  w it h in  th e  somewhat in co m p le t e ly  d e fin e d  p h y a io lo g io a l lim it -**, a  

s t a t e  o f dynam ic e q u i l ib r iu m  i s  m a in t a in e d  in  w h ich l i t t l e  or  no p r o­

g r e s s iv e  le a d  a ccu m u la t io n  In  th e  t is s u e s  o c c u r s , bu t , r a t h e r , it .ca k e  and 

o u t p u t  come In t o  a p p r o xim a t e  b a la n ce  a f t e r  a  c e r t a in  Le v e l o f a b s o r p t io n  

in t o  t h e  t is s u e s  h a s  b e e n  r e a ch e d * (1 b ) * ¿u ch  d a t a  a s  iiave a p p e a r e d  to  

in d ic a t e  t h a t  t h e r e  Is  a  ten d en cy tow ar d  p r o g r e s s ive  a ccu m u la t io n  in  t h e  

t i s s u e s , o h ie f l y  th e  s k e le t o n , show t h a t  t h e  a c t u a l c o n c e n t r a t io n  d i ffe r e n c e  

b e tw een  yo u th  and o ld  a ge  a r e  a l i g h t , -  so  a l i g h t , in d a e d  a s  t o  r e q u ir e  

fu r t h e r  p r o c f t h a t  t h e y  e xce e d  t h e  l im i t s  o f ch a n ce v a r ia t io n * {1^}* No 

e v id e n ce  has b e e n  d e ve lo p e d  t o  show t h a t  u n u a u a l amounts o f le n d  a ccu m u la te

In  t h e  t is s u e s  o r  a r e  r e t a i n e d ^ i n J* i * * u e a  • *© cp t  *• t h e  r e s u l t  o f an



abn or m al in t a k e * There* a r e , t o  be s u r e * s i g n i f i c a nt  v a r ia t io n s  In  

a b s o r p t io n  nnd e x c r e t io n  fr om  day t o  d a y , b u t  when com pared w it h  t h e  

m e t a b o lis m  o f t h e  more common m e t a l l i c  co n s t it u e n t ® o f l i v i n g  n a t e r la l , 

t h e  n or m a l m e ta b o lism  o f le a d  is  r e m a r k a b ly  s t a b i l e, v ,b o th e r  o r  n o t  

le a d  i s  p h y s io lo g ic a l ly  u s e fu l  la  a  m a t t e r  fo r  c o n je c t u r e , b u t  r e g a r d le s s  

o f th e  e v e n t u a l an sw er  bo t h is  q u e s t io n  th e  co n ce p t o f le a d  as  an  accum u- 

la fc lv e  p o is o n , w it h o u t  r e fe r e n c e  t o  q u a n t i t y , h a s  r e ce iv e d  a r u d e  sh ock* 

O b v io u s ly , h e r e a f t e r , when we r e fe r  t o  th e  p o ison ous  p r o p e r t ie s  o f le n d  

in  a n im a l o r  human m e t a b o lis m , we s h a l l  h ave  t o  make u se  o f q u a n t i t a t iv e  

t e r n s *

T h is  p o in t  o f v ie w  n e c e s s a r i ly  a l t e r s  th e  s ig n i f ic an c e  o f w hat

lias lo n g  ' eon  r e ga r d e d  a s  an  im p o r t a n t  e le m e n t  In th e  d ia g n o s is  o f p lum blar

n n m e l;' , th e  h is t o r y  o f e xp o s u r e , The d is c o v e r y  o f a  p o t e n t ia l  s o u r ce  o f

e xp o s u r e , w it h o u t  r e fe r e n c e  t o  lfco i n t e n s i t y , has o ft e n  been  a  s ig n a l  fo jr

th e  c e s s a t io n  o f fu r t h e r  c l i n i c a l  s t u d y o f a p a t ie nt * Su ch  la p s e s  o f

ju d gem en t  h ave  b e e n  e n co u r a ge d  on t h e  one hand b y th e  f a c t  t h a t  th e

c l i n i c a l  m a n ife s t a t io n s  o f le a d  In t o x ic a t io n  a r c  m any, v a r ie d , and la r g e ly

n o n - s p e c i f i c , anti on  t h e  o t h e r  b y  t h e  b e l i e f  t h a t  t h e  a b s o r p t io n  o f an y

q u a n t i t y  o f le a d , how ever  s m a l l , m igh t  oau se  i l l n e ss  i f  e xp o su r e  were

p r o lo n ge d  o r  i f  an  u n u s u a l s u s c e p t i b i l i t y  e x i s t e d , Th er e  ca n  be l i t t l e

e xcu se  fo r  s u ch  r e a s o n in g  in  th e  fu t u r e . The h is t o ry  o f la n d  e xp o s u r e ,

i f  i t  i s  t o  b e  t a k e ir ' a a r io u s ly , m usthn ve some q u a nt i t a t iv e  m e a n in g , I t

i s  n o t  enough  t o  know t h e  t r a d e  o r  o ccu p a t io n  o f the  p a t ie n t . I n d u s t r ia l

c o n d it io n s  ch an ge r a p id ly , Lr n d  h a za r d s  e x i s t  in  t ra d e s  s u p p o s e d ly  fr e e

o f e xp o s u r e , and c o n v e r s e ly , some p o t e n t ia l ly  d a n ger ou s  o ccu p a t io n s  a r e

so  s a fe gu a r d e d  *s  t o  be fr e e  o f s i g n i f i c a n t  e xp o s u re . The c l i n i c a l  h is t o r y

o f e xp o s u r e , t o  be u s e fu l , m ust  t h e r e fo r e  b e  p r e c ise  and sp ee l*. i c  in  de­
s

v e lo p ln g  a  b a s is  fo r  an  e s t im a t io n  o f t h e  o x t e n t  o f e xp o s u r e  e i t h e r  in  

r e la -t io n  t o  o t h e r  e xp o su r e  c o n d it io n s  w h ich  a r e  w ell known to  th e  e xa m in e r , 

o r  in  te r m s o f t h e  e f fe c t s  o f t h e  e xp o su r e  upon o t he r  p e r son s  s im i la r ly
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c c cu p !ed

There Is  a t  le s a t  one typ e  or  p o t e n t ia l-  le n d  ox* uau r e  to  

w h ich  th e  above r e a o r v a t lo n a  s h o u ld  n o t  ap p ly In  p ra c t ice #  d e s p it e  t h e ir  

v a l i d i t y  in  p r in c ip le . Th er e  Is  e ve r y  ro'-sor . fo r  s u s p e c t in g  th e  e x is t e n c e  

c f  s i g n i f i c a n t  and d a n ge r ou s  le a d  e xp o su r e  In  th e  o&se o f  c h i ld r e n  w it h  a 

h is t o r y  o f p ica * Ih e  o ccu r r e n ce  o f le a d -o o n fcu ln t n g com m od it ies  and th e  

u se  o f le a d  p a in t s  on fu r n it u r e #  toys#  and o t h e r  o bje ct s #  w it h in  t h e  r e a ch  

o f s m a ll c h i ld r e n  I s  much too  common t o  ign o r e * ’The* e x is t e n c e  o f symntorx 

even  s l i g h t l y  s u g g e s t iv e  o f p lu m b isa  s h o u ld  r e s u l t  In  prompt In v e s t ig a t io n ! 

o f  th e  c h i ld  and h is  s u r r o u n d in gs *

Abnorm al head  M e t a b u lla g

The l im i t s  beyond  w h ich  human le n d  a b s o r p t io n  com es to  be 

a s s o c ia t e d  w it h  In ju r io u s  e f fe c t s  ca n n o t  lo  d e fin e d p r e c is e ly  a t  p r e se n t#  

and u n t i l  c e r t a in  d e t a i l s  o f t h e  b e h a v io r  o f le a d  ar e  u n d e r s t o o d  more 

c le a r l y  i t  la  n o t  l i k e l y  t h a t  t h e  q u e s t io n  «117 be answ ered  s a t i s f a c t o r i l y . 

Ce r t a in  c r i t e r ia #  w h ich  a r e  In  l i n e  w it h  sound  c l i ni c a l  p r a c t ic e  In  o t h e r

f ie ld s #  may be a d o p te d * In d u s t r y  p r o v id e s  n an y and v a r ie d  exa m p le s  o f
/ ‘

gr o u p  xp e a u r e  to  lo a d  compounds* Ca r e fu l s t u d y  o f re p r e s e n t a t iv e  gr ou p s 

o f e xp ose d  p e r son s  w i l l  e v e n t u a l ly  g iv e  a c le a r  In dic a t io n  o f  th e  q u a n t i t a ­

t i v e  r e la t io n s h ip s  w h ich  e x i s t  be tw een  e x  osu r a#  a bs o r p t io n , d is t r ib u t io n
. ' \

w it h in  th e  t is s u e s #  e xcr e t io n #  und in t o x ic a t io n * IS i s  p r o b a b le  t h a t  lo n g  

b e fo r e  we h ave  le a r n e d  th e  d e t a i l s  o f th e  p h y s io lo gic a l  m echan ism s w h ich  

fir e  r e s p o n s ib le  fo r  le a d  In t o x ic a t io n  in  an y in d ivid u a l#  wo s h a l l  h ave  a  

c le a r  id e a  o f t h e  t yp e s  anct d e gr e e s  o f le a d  e xp o s ur e  and a b s o r p t io n  w h ich  

a r e  a s s o c ia t e d  w it h  th e  p r o d u ct io n  o f in t o x ic a t io n  4 1 t h in  t h e  g r o u p , 

lio r e o vo r  we s h a l l  knov th e  r a n ge  o f th e  c o n c e n t r a tio n s  o f len d #  In  e xcr e t a #  

b lood #  s p in a l f lu id #  and t is s u e s #  w h ich  a r e  a s s o c iat e d  w it h  t h e  o ccu r r e n ce  

o f i l l n e s s  among a  d e f i n i t e  p r o p o r t io n  o f human b e in gs * Do u b t le s s #  a lso #  

in  th e  p r o ce s s  o f  o b t a in in g  th coo  p r a c t i c a l l y  u s e ful  d a ta#  much w i l l  have 

been  le a r n e d  o f th e  n a t u r e  o f th e  m echan ism s in v o lve d *



16 la  n o t  t o  bo su p p osed  t h a t  vie a r e  e n t i r e ly  lu c kin g  in  

in fo r m a t io n  o f th e  typo d e s c r ib e d  ab ove« A ve r y  '¿¡r en t  erao-mt o f work 

lias  been  done in  t h ia  d i r e c t io n * What m ust be r e a liz e d  la  t h a t  o n ly  a 

b e g in n in g  h as b e e n  m ade, and  t h a t  we a r e  a l.io s  t  th ou gh  n o t  q u it e  in  th e  

d a r k  aa  t o  t h e  a c t u a l  m echan ism s o f  le a d  in t o x ic a t io n * I t  la  a ls o  t r u e , 

u n fo r t u n a t e ly , t h a t  th e  v a r io u s  m ethods w h ich  h ave  b e e n  u aed  in  o b t a in in g  

th e  a v a i la b le  d a t a  have  b e e n  s o  la c k in g  in  u n i fo r m it y , and  so  v a r ia b le  in  

t h e i r  s e n s i t i v i t y , t h a t  t h e  r e s p e c t iv e  s e t a  o f r e s ul t s  ca n n o t  be p u t  on  an  

a b s o lu t e  b a s t s  fo r  com p a r ison  o r  c l i n i c a l  u se * Am b ig u it ie s  o f t h ia  typ e  

a r e  b e in g  e lim in a t e d  in  some o f t h e  more r e o e n t  afcu ie s  b u t  t h e y a r e  s t i l l  

a  s u r c e  o f co n fu s io n * T h e r e fo r «  th e  c l i n i c i a n  may w e ll be somewhat 

c a u t io u s  in  h is  in t e r p r e t a t io n  o f t h e  in f^ r m a t icn  wh ich  he r e c e iv e s  fr om  

th e  la b o r a t o r y *

Fo r  p r e s e n t  p u r p o s e s , we m u st  r e ga r d  fin d in g s  b eyond  th e  r a n ge  

o f n or m a l v a lu e s  a s  abn or m a l in  th e  s e n s e  t h a t  t h e y In d ic a t e  the o ccu r r e n ce

o f an  u n u s u a l and t h e r e fo r e  p r a g m a t ic a lly  ab n or m a l lo a d  m e ta b o lism * No
r

c lo a n -c u t  c o r r e la t io n  has been  shown tw e x i s t  b e t -ee n  th e  o ccu r r e n ce  o f
/ '

c l i n i c a l  sym p tom s, and th e  o ccu r r e n ce  o f a. s p e o l f io  c o n c e n t r a t io n  o f lo a d  

ir . th e  e x c r e t a , o r  in  any t is s u e  o r  body f lu i d *  r f

z n e r  and .veyr auch  {$)  ; l le v o  th ey have d e m o n s t r a te d  a  con ­
. \

a t  a n t  r e la t io n s h ip  b e tw een  th e  le v o l  o f lo a d  c o n cen t r a t io n  It : b lo o d  and 

the p r e s e n ce  o f symptoms* How ever , th ey have  n o t  do term  ned  a -ie q u a t e ly  

th o  rang©  o f v a r i a b i l i t y  o f ' tho lo a d  co n ce n t r a t io n iu  th e  b lo o d  o f norm al 

in d iv id u a ls , and  t h e i r  d ic t u m  c a n n o t , t h **r o fo r e , be a cce p t e d  a s  e s t a b l is h e d * 

However  i t  h a s  been  3hown t h a t  lo a d  ui s o r p t io n , a s e v id e n ce d  b y  th e  le n d  

co n t e n t  o f  t h e  b lo o d  and c e r t a in  o t h e r  t i s s u e s , a s  w e ll a s  a lim e n t a r y  and 

u r in a r y  le n d  e x c r e t io n  va r y; r ae t tsu r eab ly in  a cco rd a n ce  w t tn  t h e  s e v e r i t y  

o f e xp o su r e  t o  lo a d  com pounds* (6)« Ab n o r m a lly  h ig h  f in d in g s  may th u s  be 

r e ga r d e d  o n ly  as e v id e n ce  o f ab n or m a l le a d  e xp o s u r e* On t h e  o t h e r  h a n d , 

d e s p it e  t h e  f a c t  o f v a r ia b le  in d iv id u a l r e sp on se  to le a d  a b s o r p t io n , t h e r e



i s  a. t h r e s h o ld  o f a b s o r p t io n  ( e v id e n ce d  by exorefc? ■ u) above w n ich  so  e 

p r o p o r t io n  o f e xp ose d  p e r son a  become i l l »  tho c l i n ic a l  s e v e r i t y  o f the

in  a b s o r p t io n . (6) .  T h e r e fo r e , a lt h o u gh  t h e r e  la  no c l i n i c a l  Ju s  fci f l e a  fci o j  

fo r  t h e  a ssu m p t io n  t h a t  ab n or m a l a n a ly t i c a l  r e s u l t s p r ove  th o  e x is t e n c e  o f 

le a d  i n t o x i c a t i o n , t h e  d e m o n s t r a t io n  o f abn or m al f in d in g s  w it h in  th e  r an ge  

o f v a lu e s  w h ich  h a ve  b e e n  shown to  o o e u r  among exp osed  p e r so n s  some o f who?) 

h ave  d e ve lo p e d  le a d  in t o x ic a t io n  e s t a b l is h e s  t h e  p ot e n t ia l  c l i n i c a l  a ig -  

n i f lc a n c e  o f  t h e  e xp o s u r e ! th o  h ig h e r  th o  le v e l  o f le a d  a b s o r p t io n  and 

e x c r e t io n , th e  more c e r t a in  i s  i t s  p o t e n t ia l  s i g n i fi c a n c e , "ihere i s  no 

c e r t a in t y , h o w e ve r , t h a t  symptoms shown b y  th e  p e r son  ir i q u e s t io n  a r e  due 

to le a d . In d e e d , t h e  d ia g n o s is  o f Xe**d in t o x ic a t ion  can  be made w it h  

r e a s o n a b le  c e r t a in t y  o n ly  on t h e  b a s is  o f  sym p tom  an d  s ig n s  o f i l l n e s s  whi 

c o in c id e  **lth  th e  known c l i n i c n l  p ic t u r e  o f le a d  in t o x ic a t io n .

' t h e  r e la t io n s h ip  be tw een  a b s o r p t io n , d is t r ib u t io n  in  th e  t i s s u e s , and  e x­

c r e t io n  r em a in ed  u n a lt e r e d  b y  an  in c r e a s e d  le v e l  o f in g e s t io n  o r  in h a la t io n , 

i . e .  a s  th ou gh  i t  r e p r e s e n t e d  t h e  n or m a l t yp e  o f e qu i l ib r iu m  m a in t a in e d  a t  

a  h ig h e r  l e v e l . Th er e  a r e  c e r t a in  e v id e n ce s  t h a t  t il ls  i s  n o t  th o  c a s e , b u t  

t h a t  t h e r e  i s  a  typ e  o f le a d  m e ta b o lism  w h ich  in  I ts e l f  la  p a t h o lo g ic a l . 

Ap p a r e n t ly  the u r in a r y  le a d  e x c r e t io n  does n o t  In o re n s e  p r o p o r t io n a l ly  w it h  

in c r e a s e d  le a d  e xp o s u r e , beyond  a  c e r t a in  p o in t . (6) . Va r io u s  h yp o t h e s e s  

m igh t  be ad van oed  in  e xp la n a t io n  o f  t h is  phenom enon, as a  w o r k in g b a s is  

fo r fu r t h e r  s t u d y , b u t  r e g a r d le s s  o f t h e  e x p la n a t io n  i t w ou ld  ap p en r  t h a t  

t h is  i s  an  in d ic a t io n  o f a  ohonge in  t h e  m e t a b o iio  p a t t e r n , -  a  ch a n ge  

a s s o c ia t e d  w it h  a  p r o g r e s s iv e  a ccu m u la t io n  o f le a d  w it h in  t h e  o r ga n is m . 

Th e r e  i s  l i t t l e  a d e q u a t e  e v id e n ce  t h a t  su ch  a ccu m u la t io n  i s  a a a o c in t e d  w it h  

a  ch an ge  ir ^ h e  m anner  o f d is t r ib u t io n  o f le a d  in  the  t is s u e s  o f  th e  b o d y , 

b u t  fu r t h e r  in v  s t l g a t l o n  i s  n e e d e d  to  s e t t l e  t h is  im p o r t a n t  quer f; io n .

Thus fa r  we have sp oken  ox* abn or m al le a d  m e ta b o lism  a s  th ou gh

Ad d it io n a l e v id e n ce  o f a  q u a l i t a t i v e  ch an ge  in  th e  c h a r a c t e r  o f
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th e  a q u ’ li ' r r iu m  1 etrm-on h* ;h le v e ls  o f la n d  co n ce n t r n * l j u  in  the t is s u e s  

and th e  le a "  e o n co n t r s t io n  in  the a d o r a t io n s  Is  to  bo fou n d  In  th e  fa c t  

t h a t  the u r in a r y  e xc r e t o r y  r a t e  d r o p s  r a p id ly  fo r  a t i r e  a f t e r  t h e  c e s s n t l  

o f s e ve r e  e xp o su r e » an d  th en  co n t in u e s  a t  a  much lo e r  b u t  s t i l l  d lm in is h l1 

r a t e  fo r  a le n g t h  o f t in e  fe h a t ^ ^ j^ e s ^ w lt h  th e  s e v er i t y  o f th e  p r e v io u s  

e xp o su r e  (7) * a p p a r e n t ly  u n t i l  t h e  n or m al r e la t io n s h ip  be tw een  le a d  ln t a k i 

le a d  co n t e n t  o f t is s u e s »  and le a d  o u t p u t  h a s  b e e n  re -e s t a b l is h e d * Ev id e n t ly  

when th e  r a t e  o f a b s o r p t io n  i s  h igh » some o f t h e  lea d  la  d is t r ib u t e d  In t o  

th e  t is s u e s  In  s u ch  a  way a s  t o  b e  r e le a s e d  le s s  r ea d i ly  t h a n  t h a t  w h ich  

la  in v o lv e d  In  a  n or m al o r  o n ly  s l i g h t l y  in c r e a s e d  r a t e  o f a b s o r p t io n *

Aub h a s  p r o v id e d  e v id e n ce  t h a t  a  m ore a c t i v e  ca lc ium  and le a d  m e ta b o lism  

t a k e s  p la ce  in  t h e  fe n e s t r a t e d  p o r t io n  o f o e r t n ln  bon es a s  com pared w it h  

t h e i r  s o l id  p o r t io n *(8)« I t  may l e  t h a t  su oh  d i ffe r e n c e s  e x e r t  a  p r o fou n d 

In flu e n c e  upon th e  m anner  In  w h ich  v a r y in g  c o n c e n t ra t io n s  o f c i r c u la t in g  

le a d  come t o  ha d e p o s it e d  In  t;h© s k e le t o n * Wh atever  may be i t s  Cau se» th e

sh a r p  d e c l in e  in  th e  e xc r e t o r y  r ^ t e  a f t e r  t tyr  c e s sa t io n  o f s e v e r e  e xp osu r e

m ust be r e ckon e d  w it h  In  d ia g n o a t io  p r a c t ic e * Thus c o n c lu s iv e  e v id e n ce  o f 

abn or m a l le a d  a b s o r p t io n  in  th e  form  o f  a  s i g n i f i c an t l y  h e ig h t e n e d  e xc r o t o r  

r a t e  I s  m ost  r e a d i ly  fou n d  w it h in  a  s h o r t  t im e a f t er  t h e  c e s s a t io n  o f ab» 

n or m a l e xp o s u r e . The lo n g e r  th e  in t e r v a l  be tw een  the  c e s s a t io n  o f  e xp o s u r e  

and th e  e xa m in a t io n  o f t h e  e xc r e t a »  tho g r o t .t a r  w il l  be  th e  d i f f i c u l t y  in  

in t e r p r e t in g  t h e  r e s u l t s *  h v e n t u a i ly  a l l  e v id e n ce  wi l l  d is a p p e a r »  and  

n o t  e ve n  th e  a n a ly s is  o f th e  t is s u e s  ca n  b e  r e l i e d  upon to  show t h a t  nn 

abn or m a l e xp o s u r e  had o ccu r r e d * ( 7 )« On th e  o t h e r  hand  o n ly  n s l ' g h t  

in c r e a s e  In  le a d  a b s o r p t io n  r e s u l t s  in  tho p rom pt ele v a t io n  o f t h e  r a t e  

o f le a d  e x c r e t io n  (1 b ) »  so  t h a t  t h e  a n a ly t i c a l  s t u d y  o f  th e  e x c r e t a  car r ie r  

o u t  In  c lo s e  t im e  r e la t io n  t o  a s u s p e ct e d  e xp o su r e  w i l l  e s t a b l i s h  th e  a ig -
y

n lf lo a n e e  o r  in a ig n i f lc s n o e  o f t h e  e xp o s u r e * In  ou r e xp e r ie n ce » t h e  e x c r a t  

r a t e  a lw ays co n t in u e s  a t  nn e le v a t e d  le v e l  fo r  some t im e  a f t e r  t h e  sub»
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a id e n ce  o f a c t iv e  symptoms o f in fco xlo a t lu r j •

h a d lo lo r lc  and M ic r o s co p ic  e v id e n ce s  o f iibn cr m a l Lord. Ab s o r p t io n »

I t  la  e v id e n t  fr om  th e  fo r e g o in g  p a r a gr a p h s  t h a t  a na ly t ic a l  

p r o ce d u r e » o r e  u s e fu l  aa d ia g n o s t ic  m oosurea o n ly  to  th e  e x t e n t  t h a t  they 

a r e  « meana o f e s t im a t in g  t h e  s ig n i f ic a n c e  o f exp osu r e  t o  le n d  com pounds. 

They h a ve  th e  a d va n t a ge  o ve r  ofchor  c l i n i c a l  m ethods o f b e in g  e n t i r e ly  

s p e c i f t o *  and t h i s  a d va n t a ge  g iv e s  them a  u n iq u e  u se fu ln e s s . No d is c u s s ! 

o f th e  la :  o r a t o r y  s ig n s  o f ab n or m a l le a d  a b s o r p t ion  w ou ld  ho co m p le te * 

how ever * w it h o u t  r e fe r r in g  t o  r e c e n t ly  d is co v e r e d  ra d io lo g ic  e v id e n ce * 

and t o  th e  w id e ly  a cce p t e d  b u t  somewhat i l l« d e f i n e d s ig n ific a n c e  o f c e r t a in  

b lo o d  ch a n ge «•

a r k , (9) and a l ’ t t l e  l a t e r  Vo g t , (10 )  d i r e c t e d  a t t e n t io n  t o  a  

s h a r p ly  d e fin e d  l i n e  o f in c r e a s e d  d e n s i t y  a t  t h e  m ar gin  o f m axim a l grow th  

in  th e  b on es o f  c h i ld r e n * a s s o c ia t e d  w it h  th e  lo c a l d e p o s i t io n  o f  abnorm al 

am oun ts o f le a d . T h e ir  fu r t h e r  o b s e r v a t io n s  h ave  p ro v id e d  a  m eans fo r  

th e  p rom pt d e t e c t io n  o f ab n or m a l le a d  a b s o r p t io n  in th e  ca s e  o f young

c h i ld r e n . The d e n s i t y  p r od u ce d  b y  le a d  d e p o s it io n  is  n o t  s o  s p e c i f i c  in
/ : '

c h a r a c t o r  a s  t o  d i f fe r e n t i a t e  i t  In  e v e r y  in s t a n c e  fr om  t h o s e  w h ich  may 

r e s u l t  fr om  o t h e r  p a t h o lo g ic  p r o ce s s e s * b u t  i t  may be s o  s t r i k i n g  in  an 

o t h e r w is e  a p p a r e n t ly  n or m al bon e a s  t o  c a l l  a t t e n t io n  t o  p r e v io u s ly  un~  

s u s p e c t e d  le a d  a b s o r p t io n * The c h a r a c t e r  o f th e  l i ne  ch a n ge s  w it h  t h e  

la p s e  o f  t im e* b ecom in g le s s  in t e n s e  ns th e  le a d  i s g ive n  up by th e  bone 

a f t e r  d is c o n t in u a n ce  o f exp o  u r e * and  a ls o  b ecom in g more w id e ly  s e p a r a t e d  

fr om  th e  a c t iv e  gr ow th  a r e a  a s  th e  l a t t e r  n ovee  p r og r e s s iv e ly  fo r w a r d .

Ho su ch  l i n e  la  fo r m ed  in  a d u lt  b o n e s* so  t h a t  t h e  u s e fu ln e s s  o f th e  

p r o ce d u r e  i s  l im i t e d  t o  th e  s t u d y  o f c h i ld r e n . P o s ifc ivo  f in d in g s  m ust  be 

in t e r p r e t e d  w it h  t h e  same d e gr e e  o f c a u t io n  t h a t  i s r e q u ir e d  in  t h e  ca s e  

o f o t h e r  in d ic a t io n s  o f ab n or m a l le a d  a b s o r p t io n . Mor eover  I t  Is  t o  be  

d o u b te d  i f  n e g a t iv e  fin d in g s  cun  b e  a cce p t e d  a s  p r oo f t h a t  n o  r e ce n t  

s i g n i f i c a n t  a b s o r p t io n  o f le a d  h as  o c c u r r e d . T h is  Is  e s p e c ia l l y  t o  be
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t a ke n  in t o  a cco u n t  In  view  oi* the o c c a s io n a l ca s e  o f a cu t e  le a d  in t o x ic a ­

t io n  fr om  the a c c id e n t a l  in g e s t io n  o f la r g e  «m ounts o f le a d .

Til® num erous b lo o d  ch a n ge s  a s s o c ia t e d  w it h  ab n or m al le a d  a b a o r p t ; 

have boon  t h e  s u b je c t  o i’ e x t e n s iv e  In q u ir y  and abun d an t  co n t r o v e r s y  fo r  

many y e a r s . The g r e a t e r  p o r t io n  o f th e  p r e s e n t  d is agr e e m e n t  i s  con ce r n e d  

w it h  th e  s ig n i f i c a n c e  o f v a r ia t io n s  in  th e  num bers o f v a r io u s  t yp e s  o f 

e r y t h r o c y t e s . The r e t ic u lo c y t e s  h a ve  been shown t o  u n d e r go  ch a n ge s  In  

number u n d e r  th e  in flu e n c e  o f  le e d  a b s o r p t io n . Lik ew is e  b a s o p h i l ic  s t lp p l l  

o f  th e  e r y t h r o c y t e s  h a s  lo n g  been  known ns an accomp an im en t  o f  le n d  a b ­

s o r p t io n  and in t o x ic a t io n *

Va r io u s  m ethod s fo r  s t a in in g  and co u n t in g  one op she o t h e r  

or  b o t h  o f  t h e s e  typ e  c e l l s  h a ve  b een  d e v is e d  and recom m ended, and a la r g e  

number  o f e x p o r ln e n t a l la t a  an d  c l i n i c i a n s , w o r k in g w it h  w id e ly  v a r ia n t  

m ethods and gr o u p s  o f p a t i e n t s , h a ve  s e t  up  s t a n d a rd s  fo r  th e  d i f fe r e n b in t l  

o f n or m al fr o n  ab n or m a l f i n d in g s . I t  wou ld  be d i f f ic u l t  i f  n o t  Im p o s s ib le  

t o  b r in g  an y o r d e r  o u t  o f  t h e  ch a o s  w h ich  h as r e s u lt e d , o r  t o  h a r m oh lze  

th e  d ia m e t r ic a l ly  op p osed  p o in t s  o f view  in t o  a  g e ne r a l ly  a c c e p t a b le  s t a t e ­

m ent o f  t h e  f a c t s • Acco r d in g ly  I  s h a l l  m e n t ion  w ily a  few  o p in io n s , and 

3 h a ll  c o n fin e  m y s e lf la r g e ly  t o  t h e  p r e s e n t a t io n  o f th e  r e s u l t s  w h ich  have 

been  o b t a in e d  by L . V/ . h a n d e r s , o f t h e  le t t e r i n g  La b o r a t o r y , t h r o u gh  th e  

c o n s is t e n t  u se  o f one s im p le  c l i n i c a l  m ethod a s  a p plie d  t o  t h e  o t u d y o f t h e  

o ccu r r e n ce  o f s t ip p le d  e r y t h r o cy t e s  in  th e  b lo o d  o f n or m al and  ab n or m a l 

i n d iv id u a ls .

Lehman (11) b e l ie v e s  t h a t  s t ip p l in g  o f  the e r y t h r o cy t e s  o ccu r s  

in  w hat  i s  u s u a l ly  r e ga r d e d  a s  s i g n i f i c a n t  num bers In  c o n d i t io n s  o t h e r  th an  

le a d  p o is o n in g  o r  t h e  w e ll  r e co g n is e d  a n e m ia s . He be l ie v e s  t h a t  he  has 

d e m o n s t r a te d  t h a t  e xp o s u r e  to  hum id  a t m o s p h e r e , a lco h o l , and  cem en t  d u s t  

r e s u l t s  in  t h e  p r o d u ct io n  o f in c r e a s e d  s t i p p l i n g . The m a jo r i t y  o f ' e x p e r i ­

m e n ta l w or ke r s  d e n y th e  o ccu r r e n ce  o f n o r e  th an  a  ve r y  s m a ll num ber  o f 

s t ip p le d  c e l lo  in  n or m al b lo o d . Th ose who a d m it  t h ei r  n or m a l o ccu r r e n ce
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r-.p.C up a n s x i r n l  U n i t  o f fr om  100 no $00 p e r  n i l l i o h , ;iohwars (12) 

n a ln t ft ln a  t h a t  "c o n s id e r a b le  q u a n t i t ie s  e r e  n e ve r  fou n d  In  th e  r e a l l y  

h e a lt h y ” • Koch  (13 )  r e g a r d s  100 s t ip p le d  e r y  t h r o e ;;t e a  p e r  m i l l io n ns 

s u s p ic io u s  o f p lu r ab ism , and  500 p e r  m i l l io n  na d iag n o s t i c , Helm ( li*} 

s t a t e s  t h a t  s t i p p l i n g  i s  n o t  fo u n d  in  ca s e s  o t h e r  th a n  le a d  in t o x ic a t io n , 

s e ve r e  a n e m ia s , and g r a ve  I n t o x i c a t i o n s , fc h a id t  (15) h a s  e s t a b l is h e d  a 

f ig u r e  o f 1)0 p e r  m i l l i o n  aa  u s e fu l  co n fir r s a t o r y  e v id e n ce  o f len d  in t o x io a  

t io n  and 1000 p e r  m i l l i o n  a s  s h o v in g  a  "d eep  s e a t e d  c o n d i t io n ” .

An in c c n p le t e d  s t u d y  o f ou r  d a t a  a ccu m u la te d  o ve r  a p e r io d  o f 

t e n  y e a r s , w h ich  i s  n ov b e in g  made b y  Thv Sa n d e r s , shows t h a t  th e  p r e se n ce  

o f s fc ip o le d  e r y t h r o c y t e s  i s  o f fr e q u e n t  o ccu r r e n ce in  t h e  b lo o d  o f p e r son a 

who a r e  a p p a r e n t ly  n or m al dnd  h e a l t h y , and who a r e  fr e e  fr om  abn or m a l le n d  

e b a o r o t io n , In  a  a e r ie s  o f  JQU. p e r so n s  whose c a r e fu l l y  t a k e n  h i s t o r ie s  

showed no e v id e n ce  o f o ccu p a t io n a l le a d  e xp o s u r e , th e  mean number  o f a t ip p l  

e r y t h r o c y t e s  p e r  m i l l io n  was fou n d  t o  b e  3 3 9 »l8  w ith  a  p r o b a b le  s t a t i s t i c a l  

e r r o r  o f  9 *7 2 , and a  s t a n d a r d  d e v ia t io n  o f i*05*t i {e q u iv a le n t  t o  a b ou t  1 

3t ip p le d  e r y t h r o c y t e  in  o va r y  12 f i e l d s  w here e a ch  fi e l d  c o n t a in s  a p p r o x i-  

r ia t e ly  250 e r y t h r o c y t e s ) j  up* o f th oa e  n en  ga ve  r e s u l t s  v a r y in g  fr om  lol*Q 

t o  11*1*0 p e r  m i l l io n  e r y t h r o c y t e s , o ve r  2% r a n  fr om  1520 t o  1920 p e r  m i l l io n , 

and th e  u p p e r  l im i t  was n e a r  cOOO p e r  m i l l i o n ,
. \

I t  fo llo w s  fr o n  t h e s e  o b s e r v a t io n s  t h a t  t h e  mere ocou r r cn c©  

o f  a t t p l e d  e r y t h r o c y t e s  in  th e  b lo o d  i s  n o t  in d ic a tiv e  o f ab n or m a l le n d  

a b s o r p t io n  and t h a t  t h e  m ere d e m o n s t r a t io n  o f s t ip pl in g , h as n o d ia g n o s t ic  

v a lu e . The r a n ge  o f n o r m a l v a lu e s  m ust  be e s t a b l is he d  fo r  a n y m ethod  o f 

e xa ia in a t i <>n o f  t h e  b lo o d , and t h e  method i t s e l f  m ust  b e  so  s t an d a r d is e d  

a s  t o  y ie ld  c o n s is t e n t  and com p a r a b le  r e s u l t s .

Our  d a t a  on  p e r son a  a b n o r m a lly  e x ;oaed  to  le a d  and t o  o e r t n in  

o t h e r  a ge n t s  h ave  n o t  b een  so w orked up a s  t o  Ju s t if y  a  co m p le t e  s t a t e m e n t  

o f t h e i r  s i g n i f i c a n c e . N e v e r t h e le s s  c e r t a in  fa c t s  wh ich  h ave  a b e a r in g  upon 

d ia g n o s is , h ave  become o b v io u s  fr om  the n a t u r e  o f th e  in d iv id u a l  r e s u l t s .
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V lt h  due r e ga r d  fco th e  t e ch n iq u e  w h ich  we hnve o ys d , th e  fa l lo w in g

c o n c lu s io n s  e r e  ju s t i f i e d «  (a )  Th e r e  la  a d e f i n i t e  o ve r la p p in g  o f the 

n or m al and  abn or m a l r an ge o f s t i p p l i n g , due to  w ide In d iv id u a l v a r i a b i l i t y , 

b o t h  among n or m al and  ab n or m a l ,;r o u ; s .  (b )  Lead  ab s o r p t io n  la  b u t  ono o f 

a  number o f fa c t o r s  w h ich  may ca u s e  an  in c r e a s e  In  th e  number o f s t ip p le d  

e r y t h r o cy t e s  w it h o u t  In d u c in g  s u b je c t iv e  I l ln e s s «  (e )  Load  a b s o r p t io n  ten d s 

In  the In d iv id u a l ca s e  t o  ca u s e  in c r e a s e d  s t i p p l i n g o f t h e  e r y t h r o cy t e s «

{be h ave  s e e n  a s  many a s  19000 s t ip p le d  c e l l s  per  m i l l io n  e r y t h r o cy t e s  In  

s u b je c t iv e ly  w e ll b u t  le a d e d  p e r s o n s «)  (d ) Th© e x t en t  o f th e  In cr e a s e  

p r od u ce d  b y le a d  a b s o r p t io n  la  n o t  n e c e s s a r i ly  r e lat e d  t o  t h e  m a gn itu d e  o f 

th e  le a d  e x p o s u r e , o r  t o  t h e  r c t e  and  magr«! fcude o f th e  lo a d  a b s o r p t io n «

(a )  Thera la  no n e ce s s a r y  c o r r e la t i  on b e tw een  the nuau o r  o f s t ip p le d  

e r y t h r o cy t e s  and  t h e  o n s e t  o r  s e v e r i t y  o f lo a d  in t ox ic a t io n «  ( In  a c t iv e  

le a d  1 u t o x le o t io n  wo have  fo u n d  up t o  8̂,000 p o r  m i l l io n  e r y t h r o c y t e s )

( f)  In  o u r  e x p e r ie n c e , th u s  f a r ,  le a d  in t o x ic n  <:i on Is  a lw ays  a s s o c ia t e d  

w it h  th© .p r e se n ce  o f come d e gr e e  o f s t ip p l in g *  a lth o u gh  In  c e r t a in  ca s e s  

w it h ’ a b r u p t  o n s e t  fo l lo w in g  p r om p t ly  upon a b r i e f  m a ss ive  e xp o s u r e , I t  may 

n o t  a p p e a r  p r om p t ly«

¿r a n t in g  th e  v a l i d i t y  o f t h e s o  co n o lu s io r ia , tho e xa m in a t io n  o f 

t h e  b lo o d  f  r  s t i p p l in g  b y m ethods o f e q u iv a le n t  s en s i t i v i t y  to  t h o se  

w h ich  we h a ve  e m p lo ye d , la  u s e fu l  n s  a nouns o f  e x c lu d in g  l o r d  c.o a  f  a t e r  

In  s u s p e ct e d  o a s e s  o f le a d  In t o x ic a t io n , when th e  re s u l t s  a r e  n e g a t iv e , 

and a s  a  moans o f p r o v id in g  co n fir m a t o r y  e v id e n co  whan p o s i t iv e «
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