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In  a.n I n v e s t i g a t i o n  of

" T h e  F a t e  of I n h a le d  P a r t i c u l a t e  -Lead  C o m p o u n d s "
S u p p o r te d  in  p a r t ,  (to the  a p p r o x i m a t e  e x te n t  o i  one f o u r t h  of the  c o s t )  

b y  th e  U. S.. .P u b l i c 'H e a l t h  S e r v i c e ,  N a t i o n a l  I n s ti t u t e s  of H e a l t h  
a s  a  P r o j e c t  . i d e n t i f i e d  a s  A . P .  0 0 2 2 0 - 0 1 - 0 5  '

■ b y  R o b e r t  A,. K eh o e ,  M. D. , P r i n c i p a l  I n v e s t i g a t or ,  .
P r o f e s s o r  E m e r i t u s  of  O c c u p a t i o n a l  M e d i c i n e  .

i n  t h e  D e p a r t m e n t ,  of  E n v i r o n m e n t a l  H ea l th ,  C o l l eg e  of  M e d ic i n e  
U n i v e r s i t y  of C in c i n n a t i ,  C in c in n a t i ,  Oh io

IN T R O D U C T IO N

In t l:e o r ig in a l -  a p p l i c a t i o n  fo r .  a g r a n t  of f unds  in s u p p o r t  of t h i s  p r o j e c t ,  

a. b r i e f  d e s c r i p t i o n  was.  g iv e n  of a  s y s t e m a t i c ,  e x pe r i m e n t a l  p r o g r a m  w h ic h  h a d  

h e  exx in  p r o g r e s s  f o r  s o m e  y e a r s ,  w i th  the o b je c t i v e  of e l u c i d a t i n g

t h e  m e t a b o l i s m ,  of l e a d  in  .man,  w i t h i n  the  l i m i t s ,  of  « in take (dosage )  t h a t  a r e  

s u r e l y  - c o m p a t i b l e  with--the a v o i d a n c e  .ox'any k n o w n  o r  d e m o ns  t r  a b le  to x i c  r e -  , 

spor ts  e .  No fu l l  . a cco u n t  of the r e s u l t s  o b ta in e d  in' the  ' c o u r s e  of th i s  e x p e r i m e n t a l  

p r o g r a m . ,  s u c h  a s  v.-cul.d i n c lu d e  the d e t a i l e d  p r e s en t a t i o n  of a l l  of the  .h e rn a to -  

l o g i c a l ,  b i o c h e m i c a l ,  c l i n i c a l ' a n d  a n a l y t i c a l  o b s e rv a t i o n s  b e l i e v e d  to  b e  u s e fu l  

i n  e s t a b l i s h i n g  n o r m a l  b a s e l i n e s  and  c e r t a i n  t h r e s h ol d  v a l u e s ,  h a s  b e e n  a s s e m b l e d ,

M a n y  o f . t h e  d a ta  h a v e  m e r e l y  b e e n  s c a n n e d  f o r  s i g n if i c a n c e ,  and,  in  t h e i r  a p p a r e n t

V . ■■  r  : V . ' . ... ' " y . .
a c c e n t  a b i l i t y ,  l a id  a s i d e  f o r  l a t e r  d e t a i l e d  p r e s en t a t i o n .  The  p r i n c i p a l  f indings-,

' ;■  -, , ' V . ' ■ ; * A ;■  .

i ,  e.  , t h o s e  r e la , t e d : m o s t  d i r  e c t l y  to  the  m a i n  o b je c t i v e s  of t h e  i n v e s t i g a t i o n ,  h a v e ,  

b e e n  p u b l i s h e d ,  In s o m e w h a t  l e s s  th a n  e x t e n d e d  . fo rm ,  from, t i m e  to  t i m e .  In  I960 ,  

a  s e r i e s  of - t h r e e  l e c t u re s '  w e  r  e g iven ,  --in an  ef f o r t  to  p r e s e n t  the  h ig h  p o in t s  of

y  .. - , . . ; . n ■ ' /
t h e s e  ixivestigatioxis^iiT'a'mH-Thriir:?:; b u t  i a i rl y  w e l l  i l l u s t r a t e d  and. d o c u m e n te d ,

. a c . c b v l l D  T h o s e  w e r e  p u b l i s h e d  u n d e r  the  t i t l e  of ""'‘he I f w a b c l i s m  of 1 .  c- ad in  ' 

M a n  in  H e a l t h  and  D i s e a s e ,  " a s  The FUurben L e c t u r es ,  I960,  of- th e  R o y a l

m*
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In s t i t u te -  of P u b l i c  H e a l t h  and  H y g ien e ,  London ,  E n gla n d ,  in th e  J .  Roy .  L is t .

i o r  m ib l i c a t i o n sP u b l i c  Health ..  24 :81 ;  1 0 1 -1 2 9 ;  177 , .  1961.  O t h e r ' p a p e rs  (pr
j  ■ ■ ^ .

o f  the  K e t t e r i n g  L a b o r a t o r y ) » c o n c e r n e d » w i t h  t h i s  s er i e s  of i n v e s t i g a t i o n s > w e r e
" . I ' ' - . ' / \  . , '

t h e  fo l l ow ing :  (a) E x p é r i m e n t a l  S tu d ie s  on  th e  I n g es t i o n  of L e a d  C o m p o u n d s .  I 

J .  I n d u s t r .  Hyg.  and  T o x i c o l .  22 :381 ,  1940. .(b) E x p e r im e n t a l  S tu d ie s  on

'Lead.  -A bso rp t ion  and  E x c r e t i o n ,  and  t h e i r  R e l a t i o n  to  th e  D ia g n o s i s  and  T r e a t ­

m e n t  of  L e a d  P o i s o n in g .  J .  I n d u s t r .  Hyg. l< T o x ico l .  25:71,  1943. (c) E x ­

no  s u r e  to  L e a d .  O ccup .  Ivied. 3 :156,  1947. (d) E x p e r i me n t a l .  S tu d ie s  on the

I n h a l a t i o n  of  L e a d  b y  H u m a n  S u b je c ts .  P u r e  A pp l .  C hem .  3; 129, 1961. The

f i r s t  o f  t h e s e  p u b l i c a t i o n s  (The  H a r b e n  L e c t u r e s )  is  s u p p l i e d  h e r e w i t h ’a s  a

■ . ' k 'w d j ’ ■
m e a n s  of  s u m t n a r i z i n g i t h e  e x p e r i m e n t a l  b a c k g r o u n d  of the  work'ôfdrhëF'parsLdiwenty 

H ' v F y i a r s . -

. The  p h y s i o l o g i c a l ,  to -x icb log ica l^and  c l i n i c a l  l it e r a t u r e  r e l a t i v e  to  l e a d

■ fend l e a d  poi so i l ing,  w h i c h  h a s  a p p e a r e d  d u r i n g  th e  pa s t  d e c a d e , h a s  b e e n  v o lu rn i -  

n o u s ,  an d  ccu i ld i ' s ca rc e ly  e y e n  b e  r e f e r r e d  to ,  m u c h l e s s  a b s t r a c t e d  and  '

. s u m m a r i z e d ,  w i th in ,  a  s h o r t  p e r i o d  of t i m e  o r  i n  a r e p o r t  o r  p u b l i c a t i o n  of l e s s  

th a n  m o n u m e n t a l  p r o p o r t i o n s .  (The  b i b l i o g r a p h y  of p er t i n e n t  c o n t r i b u t i o n s  

d u r i n g  1965 a l o n e ,  a b s t r a c t e d ,  t r a n s l a t e d  (when n e c e ss a r y ) ,  and  a s s e m b l e d  by  

the  s t a f f  o f  t h e  K e t t e r i n g  . L a b o r a t o r y ,  r u n s  to  236 s i n g l e - s p a c e d ,  t y p e w r i t t e n  

p a g e s ,  ) . No o t h e r  p r o l o n g e d  e x p e r i m e n t a l  o b s e r v a ti o n s  of th e  ty p e  of  " b a la n c e  

e x p e r i m e n t s "  on  h u m a n  s u b je c c s  h a v e  b e e n  d e s c r i b e d , h o w e v e r ,  so  th a t  t h e r e  

a r e  no  s t r i c t l y  p e r t i n e n t  r e i e r e n c e s  to  be m a d e  than  t h o s e  (a - d) g iven  above .
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THE EXPERIMENTAL METHOD

or from applicants for positions in the service staff~of  the Laboratory (including

positions as subjects), or from graduate students in the Universit y of Cincinnati

. • ' . . ' ■ ' : . ' - ' 
whose academic work can be fitted advantageously int o the regimen of a- specific

Each subject ;is interviewed initially by the principal  investigator in an 

effort to ensure mutually satisfactory personal and wor king relationships, the 

probable reliability of the subject in following instruc tions>and his complete 

understanding of the purposes and procedures of the exper imental program, of the 

theoretical hazards of his undertaking, of the background of ex perience and 

knowledge whereby he is to be maintained in complete safety and well-being, and of 

the necessity.of his continuing in the role of experimental  subject, throughout 

the estimated (and actual) duration of the experimental,  If the applicant Is a 

graduate student, the approval: of the Department of the University in which he is 

carrying out his academifc work,,fs-* obtained, and every effor t ̂irs* made ' to avoid any,

comprbmlse int'the- reqüirenients of thé .Department an d the University as to time and

' ■ ... /-^r fi'« : '
scholastic performance. All persons employed as sub jects -are considered from the 

viewpoint of their continuation in the service of the Laboratory, following the 

completion of their stints as experimental Subjects,  should they so desire. 

Involved in this consideration is the interest and capab ility of the -subject in\ 

work which wiil provide him with suitable employment  throughout and after the

termination, of the' experiment'.! h>4 'M U i, I , \ •
■ ' - '/ ‘ • . H ç V l t i *  . ■  —  ■

Each required and apparently suitable Subject ifS"  accepted tentatively by the

principal investigator, on condition that he shall pass a comp rehensive medical

examinatlonj.augmented by. a battery of clinical.an d biochemical tests in Search•

experiment üyi jzfaj
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of functional deviations of a disqualifying type. If he is found to be acceptable, 

he is instructed to return to the examining physician, or to the nurse, or to the 

appropriate technician, as the case may be, at certain intervals req uired by the

experimental regimen, and also to report to the nurse and .phys ician whenever, for 

any reason, he feels any need for medical attention or advice. (He is also assured 

of access to the principal investigator as he may feel t he need to do so.) From 

the medical viewpoint, all ailments, including dental, upper respirator y and

gastroenteric problems, are to be reported promptly and dealt wi th appropriately,
. ■  / '  . ■  .

' .V . w  . • •

at no expense to the • subject except' under obviously  irrelevant and agreed upon 

circumstances.

Each subject i-s-  then advised by the principal Investigator of the requirements 

with respect to clothing, changing of clothing and bathing and of the financial 

provisions for the absorption by the Laboratory of all .expense incident to the

■ - -v . ' V  ■ ■ • .■  . ' ■ *'>'> ; W  ' 4 ' ' " ' ■ " • . '
experimental regimen as specified. He is then, instructed, in det ail, in tlye.._  •

. , , ; .■  • ■ ■ ; . ' : ■ , r-

procedures involved in obtaining and delivering, suitable specimen s of food, b.e.v©-rdges

{including water), urine and feces These^JLnstructioris. are reinforced by the advice

■  ■ ■  -... : -

and supervision, of the various’ persons, inltheb'staf f -of the La boratory with whom the 

subject.comes: in contact in the course of the day's work.

After all preparation has been made, the subject enters upon a preliminary 

experimental regimen which requires his careful atten tion to the collection and 

labeling of all of his urine in 12-hour specimens, all individual fecal eva cuations 

(labeled as ;to date and hour), and as precise duplicates as can b e. obtained, by 

visual and ordinary household methods of measurement (i.e. , pouring, spooning, 

ladling or forking equivalent portions into duplicate a rticles of tableware, 

as plates, bowls, cups or tumblers), of all food and beverages consumed during 

each meal, and at all other times. The procedure involves disca rding, from the 

duplicates,; all. portions of all items that are not consumed, as bones, fat, .

0064452
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cartilage and fibrous parts of animal tissues, as well as the inedib le shells, 

hulls, peelings, cores and seeds of vegetation. Certain foods are to be avo ided, 

such as the flesh of game animals that have been shot, while apples, for example, 

are to be peeled entirely, or if eaten without peeling, are to be selected in 

pairs and halved,, and so separated into homologous pai rs for eating and sampling.

, Gum chewing and smoking are also to be avoided, excepting, as for the . latter, at 

such times and under such experimental conditions as may be arr anged and agreed 

upon. ¡The subject maintains a diary in which are listed all unusual circumstances

^ .. ' 'T J\, S-V > ■
in his life (such as changes in abode,,eating places,"accidents  involving 

- ■ : . /{  ■ ' 

specimens, etc,),  and all of the items eaten at each meal. This is furnished to

the principal investigator for his private information  and for use in cross­

checking if and when unusual analytical results are turn ed up, (From time to - 

time, as desired by one or another of the investigators, cert ain individual items 

of food or beverages are collected separately for analysis, especial ly when 

'somewhat- unusual items occur, in the dietary or, whe n unusual analytical results 

are obtained. A number of investigations of this type have provided useful 

information.) ' , 1 ' ■ , .

Clinical and Experimental Observations . , '

. During the preliminary observations, the subject reports da ily to the

designated technical assistant for the collection of  a specimen of urine (of 

recorded volume, to b e ,included in that: of the specific day) for quantitative, 

determination of, porphyrins: and: of delta-amino levuli nic acid, and for the 

preparation of films of blood for semi-quantitative est imation of the frequency 

of occurrence of reticulocytes and of erythrocytes co ntaining basophilic granules 

( stippled cells” ) . (These observations continue throug hout the experiment.)

Y/eekly observations are made and recorded by the respons ible clinician as 

to weight,.temperature, pulse, blood pressure, instrumentally  measured manual.

■  . .. - ■ .  ,  . - KB  0. 0044&3
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grip bilaterally, circulatory response to "step exerci se," and occuiar fundyscopic 

appearances. To these are added any other items of interest or c oncern to the 

clinician. Clinical urinalysis (measured volume of u rine included in day’s 

output) is performed, and any "follow-up" test that may be indicate d, thereby, 

is carried out. Meanwhile, the well-being of the Subject i s_looked into by the

clinician, without creating any pattern of inquiry throu gh"''leading questions.

■ . • . 
The hematological status, of the subject is investigate d further, weekly, by

enumeration of the erythrocytes, leucocytes and types of  leucocytes and by

determination of the hemoglobin, in the peripheral blood. All results, except:;,..,,

the personal part of the clinical record (which is dealt with conf identially by

the clinician), including all analytical findings, are record ed by the appropriate

observer and forwarded to a central record-keeper, by wh om they are made available

for scanning, charting and statistical handling by design ated personnel. These

records, after being dealt with as required, are transmitted to the princ ipal

investigator for preservation, , .
. • . 'i ' ' • - • ' • ' .

-, ' ■ ■ .■ ■ ■ ..  ■ . ' ■ ■ ■ ■ ■  ■ J'J' ' . ; ' ■ ■ . '
The determinations of lead;in foody feces, urine and blo od (or any other

material desiredi-by the investigators) arc- carrie d out by methods of preparation

and analysis which have been unchanged in their essen tials since thè initiation of

these experiments in : 1939, thus insuring valid compariso ns, of contemporary with'

earlier findings. Parallel results have been obtained ,.during certain periods;

(or regularly in dealing wi th  certain materials), through the utilizati.cn of other

analytical methods based on different principles (as  a spectrographic mechod '.
■ ' è . ' ' ' , . , ' ' '  . • • ’ • . '• . ' .

developed in. the Laboratory, ; as well as a technique of atom ic absorption adopted, 

for use more recently).

The specimens of blood and urine are'  analysed promptly and reported in such 

manner as to be used to reveal the current status of a..Subjec t, with respect to 

his absorption and excretion of lead, with but little lag  in time. Other samples,.
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excepting as there is some special need for informatio n; are fitted into the 

analytical schedule according to a priority establish ed by the head of the analytical

-straff ) as modified; from time to time; at the request of the pr incipal investigator.
, ■ 4; ■

After the preliminary (control) observations have been carri ed out over a 

period of time sufficient to disclose the general pattern  of the behavior of the

e  ' ■ : . ■ ■ - '
¡subject̂  including his response to seasonal influences (variation s in ambient 

temperature and, possibly; in the type and intensity of solar  radiation; or in
-V i- . p  ■ ' .. -a , ‘la^  Ur-. 1 '

•,dth'er;  presently speculative; environmental factors) that are to be  expected; the 

experimental exposure to lead is initiated according to plan. /The  details of.

the design and operation of thé.chambers have been des cribed elsewhere (1)./ ,
■ . ' ■ . ' ’ ~’

A special procedure; concerned with the inhalation of  air-borne particulate 

lead; has been that of ascertaining; at: weekly intervals; the extent of the .

retention of lead in the respiratory system during the exp erimental exposure; by 

determining the lead content of a suitable volume of the  expired air (2). /The 

content of lead in the air.of the chamber is determined  once or twice (dependent 

upon the duration of tiie  exposure) during each period of exposure./ On the basis 

of measurements of the.  respiratory volume per minute, of the individual Su bject; 

periodically; under a variety of conditions; approximation s can be arrivedvat as 

to the quantities of lead made available; experimentally; for absorption. (The .

precision of these observations leaves something to be desired; in view of the 

variability of the results obtained from Subject to Su bject and from the same 

subject from time to time. Moreover; until recently-; the extent of t he clearance

(1) The Harben Lectures. Lecture II. pp. 41 and 42 of th e bound reprint of
the lectures.

(2) Ibid. p. 43. ;

:  ‘ ' .  ' ^  .0004455 .
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of the lead from the respiratory tree^ through mechani sms that operate after the 

deposition of lead h a s •occurred, has been highly speculative. Thi s matter is 1 

still subject to experimental validation^ but certain theoret ical considerations 

and observations have provided a basis for assigning numbers to both clearance 

and absorption (1).  With these numbers at ha.nd_,  one can give quantitative 

expression to the intake and output of lead into and out of the respiratory system., 

and to the absorption of lead therefrom^ in our experiments^ with a degree of 

confidence in their approximate accuracy.)

( 1 ) Developed by the Task Group on Lung 
International Commission for Radi 
(Pergamon Press). Voi. 12  ̂ No. 2

Dynamics for Committee II 
ation Protection. Health 
/ pp. 173-208,,  1966.

j  o f  the 
Physics
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E X P E R I M E N T A L  R A T IO N A L E

A s  i n d i c a t e d  in  the  o r i g i n a l  a p p l i c a t i o n  f o r  a g r a n t f r o m  th e  P u b l i c  

H e a l t h  S e r v i c e  in  partial s u p p o r t  of t h i s  w o r k ,  the  e x p er i m 2r.i ' u n d er way a t  

t h a t  t i m e ,  and  p r o j e c t e d  fo r  c o n t i n u a t i o n  w i t h  s u c h s u p p l e m e n t a r y  s u p p o r t ,  

in v o l v e d  2 m e n  in  p a r a l l e l  o b s e r v a t i o n s ,  in  w h i c h  the  f a c t o r  of t i m e  (d u r a t i o n  

of  e x p o s u r e  p e r  un i t  o f  t i m e  overman e x t e n s i v e  p e r i o d  of t im e )  w a s  to  b e  the  

s o l e  s i g n i f i c a n t  v a r i a b l e .  ' •

T he  r a t i o n a l e  of t h i s  e x p e r i m e n f  l a y  in  c e r t a i n  p r e v io u s l y  o b s e r v e d  f a c t s ,  

a s  f o l l o w s : -  W h en  e x p e r i m e n t a l  s u b j e c t s  h a d  b e e n  s ub j e c t e d  to  th e  o r a l  a d ­

m i n i s t r a t i o n ,  d a i l y ,  of  a s t a n d a r d  d o s a g e  of l e a d  in  s o lu t i o n  a l o n g  w i th  t h e i r  

m e a l s ,  o v e r  p e r i o d s  of m o n t h s  and  y e a r s ,  th u s  p r o v idi n g  f o r  an  e l e v a te d ,  

s l i g h t l y  v a r i a b l e  b u t  co n t in u o u s  r a t e  of a b s o r p t i o n  fr o m  the  a l i m e n t a r y  t r a c t ,  

d u r i n g  e v e r y  s u c c e s s i v e  p e r i o d  of 24  h o u r s ,  th e  r a t e of the. e x c r e t i o n  of  l e a d  . 

in  the  u r i n e ,  th e  c o n c e n t r a t i o n  of l e a d  in  th e  b l o o d/  and  th e  . ra te  of a c c u m u l a t i o n  

of l e a d  i n ' t h e  body ,  w i t h  s o m e  s e a s o n a l  (and o t h e r  ) 'v a r i a b i l i t y ,  c o n t in u e d  a t  ’(. 

: s u b s ta h t i . a l r y f u n i f o r m  y e a r l y  . ra tes, ' ;  "without a n y 'sign: of taper ing-  off  d u r i n g  th e  

e n t i r e  p e r i o d  of t h e  a d m i n i s t r a t i o n  o f  l e a d ,  in  one in s t a n c e ,  f o r  4. 5 y e a r s .  

( E x p e r i m e n t a l - S t u d i e s  on  th e  I n g e s t i o n  of L e a d  C o m p o un d s .  J .  Indust : : .  Kyg.  ¿z 

T o x i c o l .  2,2:381, 1940. j. -When, h o w e v e r ,  o t h e r  .e x p e r im e n t a l  s u b j e c t s  w e r e  

c o n f in e d  in  r e s p i r a t o r y  . c h a m b e rs  w i t h i n  w h i c h  t h e y in h a le d  l e a d  d i s p e r s e d , I n .  

a i r  ( u n d e r  s t a n d a r d i z e d  and  c o n t r o l l e d  c o n d i t i o n s )  f o r  7. 5 h o u r s  p e r  d a y  on  5 , - 

d a y s  p e r  -week ( in  s i m u l a t i o n  of t h e  u s u a l  o c c u p a t i o n a l r e g i m e n ) ,  i. e. i n t e r ­

m i t t e n t l y , the; r a t e  of the  e x c r e t i o n  of l e a d  in  th e  u r i n e ,  and  the  c o n c e n t r a t i o n  

of  l e a d  in  the  b lo o d  i n c r e a s e d  s t e a d i l y  to  a n e a r l y  c o n s ta n t  l e v e l  ( in  -about' 1 o' . \ 

w e e k s ) ,  ( a f t e r  w h i c h  it  c o n t i n u e d  e s s e n t i a l l y  u n c h a n ge d  fo r  a s  l o n g  a s  the  e x ­

p e r i m e n t a l  cond i t ions-  r e m a i n e d  c o n s ta n t .  ( E x p e r i m en t a l  S tu d ie s  or. the .
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I n h a l a t i o n  o: L e a d  by  H u m a n  S u b j e c t s .  P u r e  App l .  C hem .  3; 129, 1 9 6 1 . )

I t  i s  o b v io u s ,  t h e r e f o r e ,  t h a t  c o n t i n u o u s  e x p o s u r e  to  and  a b s o r p t i o n  of
' ' ' • J ' ■ ■

l e a d ,  a b o v e  a c e r t a i n  m e a n  l e v e l  (a t  w h i c h  d a y - t o - da y  v a r i a b i l i t y  in  i n ta k e  

d o e s  n o t  c o u n t e r a c t  th e  c o n t i n u i t y  of c o n t in u o u s  a b s or p t i o n ) ,  r e s u l t s  in  p r o ­

g r e s s i v e  a c c u m u l a t i o n  of l e a d  in  t h e  body .  I t  m a y  b e  pr e s u m e d ,  r e a s o n a b l y ,  

a n d  in: th e  l a c k  of  e v i d e n c e  to  the  c o n t r a r y ,  t h a t  t h i s  s t a t e  of a f f a i r s  p e r s i s t s  

d u r i n g  th e  l i f e t i m e  of the  in d i v id u a l ,  and  t h a t  t h i s w i l l  l e a d ,  a t  a  s u f f i c i e n t l y  

h i g h  r a t e  of i n t a k e ,  to  th e  a c c u m u l a t i o n  of a  d a n g e r o us  "body  b u r d e n "  of  l e a d .  

U n d e r  th e  u s u a l  e n v i r o n m e n t a l  c o n d i t i o n s  in  t h i s  c ou n t r y ,  w i t h  r e s p e c t  to  th e

a b s o r p t i o n  of l e a d  b y  p e r s o n s  in  t h e  g e n e r a l  p o p u lat io n ,  no  s u c h  a c c u m u l a t i o n ,  .

■ \ . ■ ■ . . . ■ ■  .

o r  o n ly  a n e g l i g i b l e  d e g r e e  of a c c u m u l a t i o n ,  s e e m s  to  o c c u r  du r ing ,  a l i f e t i m e .

T h i s  p h e n o m e n o n  c a n  b e  a c c o u n t e d  f o r ,  on tb e  b a s i s  of the  r e l a t i v e  i n s i g n i f i c a n c e

-of t h e  q u a n t i t y  of a b s o r b e d  lead,  t h a t  i s  r e t a i n e d  in  th e  bod y  f r o m  day  to d a y  - ,

, ’a.  q u a n t i t y  too  . s m a l l '  to  be  d e t e c t e d  in  o u r  " b a la n c e  e x p e r i m e n t s , "  o r  in  th e  ,

' a n a l y t i c a l  f i n d in g ^  a t j n e b r  o p s y ,  :in  th e  f a c e  of  the  v a r i a b i l i t y  of the  t e r m i n a l

f i n d in g s .  , B a r t h  (1), T o m p s e t t  (2), an d  S c h r o e d e r  (3) have  s u b m i t t e d  e v i d e n c e ,  .

w h ic h ,  in, t h e i r  j u d g m e n t ,  w a s  to th e  c o n t r a r y ,  b u t  none  o f  t h e s e  i n v e s t i g a t o r s

l i m i t e d  the  s o u r c e s  of h u m a n  s p e c i m e n s  f o r  a n a l y s i s  to  t h o s e  d e f i n i t e l y  i d e n t i f i e d

(1) B a r t h ,  E .  U n t e r s u c h u n g e n  ü b e r  d e n  B l e i g e h a l t  d er  m e n s c h l i c h e n  K nochen .
1, ■ V i r c h o w s  A r c h .  f. pa th .  A n a t .  281 :146 ,  1931»

(2)  , T o m p s e t t ,  S, L. The D e t e r m i n a t i o n  and  D i s t r i b u t i on  of  L e a d  in  H u m a n
T i s s u e s  and  E x c r e t a .  .Ana lyst  81 :330 ,  1956. .

(3) S c h r o e d e r ,  H. .A. , e t  a l .  .A b n o rm a l  T r a c e  M e tal s  i n  M an :  L ead .  J .  C h ro n i c
. . . D i s e a s e s  14:408,  1961. , . ,

. ' A C 0 0 0 4 4 5 8
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a s  l a c k i n g  in  any  i n f l u e n c e  o th e r  t h a n  th e  c u r r e n t  g e n e r a l  e n v i r o n m e n t a l  e x ­

p o s u r e  to  l e a d .  T h i s  p o in t  i s  c r u c i a l .  A n  a d d i t i o n al  f e a t u r e  of  t h e  e n v i r o n ­

m e n t a l  e x p o s u r e  to  l e a d  c o n t r i b u t e s  f u r t h e r  to  th e  pa u c i t y  of e v i d e n c e  i n d i c a t i v e  

of  th e  p r o g r e s s i v e  a c c u m u l a t i o n  of  l e a d  in  th e  b o d ie s  of p e r s o n s  i n  t h e  g e n e r a l  

p o p u la t i o n  w i t h  a d v a n c i n g  ag e .  ■ T h is  f a c t o r  i s  th e v a r i a b i l i t y  in  the  r a t e  of  i n ­

t a k e  and  in  t h e  c o n s e q u e n t  v a r i a b i l i t y  in  t h e  r a t e  of a b s o r p t i o n  of  l e a d ,  f r o m  

p e r s o n  to  p e r s o n ,  i n  the  p o p u la t io n ,  b e c a u s e  of t h e  v a r i a b l e  s e l e c t i o n  and  

u t i l i z a t i o n  of food,  q u a l i t a t i v e l y  and  q u a n t i t a t i v e l y ,  by  i n d i v id u a l s .  B od i l y  s i z e ,  

o c c u p a t i o n ,  c l i m a t e ,  h a b i t s  of l i f e  a n d  of u p b r in g i n g ,  s o c i a l  and  e c o n o m i c  

s t a t u s ,  and  a v a r i e t y  of o t h e r  f a c t o r s  i n f l u e n c e  the  m a n n e r  of e a t i n g  and  th e  -, 

q u a n t i t y  and  . v a r i e t y  of food c o n s u m e d .  T h e s e  f a c t o rs ,  in  t u r n ,  d e t e r m i n e  the  

q u a n t i t i e s  of l e a d  t a k e n  in to  th e  a l i m e n t a r y  t r a c t .  Mo r e o v e r ,  a t  d i f f e r e n t  .. 

p e r i o d s  in  a  s in g le  l i f e t i m e ,  f r o m  in f a n c y  t h r o u g h  ch i ldhood  and  a d o l e s c e n c e ,  . 

a d u l th o o d  and  o ld  a g e ,  th e  q u a n t i t y  and  v a r i e t y  of th e  food  (and i t s  c o n t e n t  of 

l e a d )  c o n s u l t e d  by  a n  i n d i v id u a l  u n d e r g o  c o n s i d e r a bl e  v a r i a t i o n ,  w i t h  th e  r e -  : 

su i t ,  ak in  b u t  no t  e q u i v a l e n t  to  t h a t  o f  t e m p o r a l  i nt e r m i t t e n c y  of e x p o s u r e ,  t h a t  

t h e r e  a r e  t i m e s  w h e n  l e a d  i s  b e i n g  l o s t  f r o m  th e  body ,  and  o t h e r s  w h e n  the  

r e v e r s e  i s  t r u e .  A s e a s o n a l  f a c t o r  (o r  f a c t o r s ) p r o m o t e s  l o s s  of  le a d f r o m  the  

b o d y  in  t h e  s u m m e r  m o n t h s  in  t h e  t e m p e r a t e  z o n e .  The b a l a n c e  e x p e r i m e n t s  

on  " n o r m a l ,  " h e a l th y ,  y o u n g  s u b j e c t s  h a v e  a l s o  d e mo n s t r a t e d  on ce  and  fo r  a l l  

t i m e ,  i f  t h e r e  h a s  b e e n  any  v e r y  s e r i o u s  doub t  a b o ut  the m a t t e r ,  t h a t  t h e  le a d  

w h i c h  f inds  i t s  w a y  in to  th e  h u m a n  s k e l e t o n  is  a c t iv e l y  in vo lved  in  the  m e t a b o l i s m

of  the  body .  The o s s e o u s  m e t a b o l i s m ,  as  l e a d  is

0004459
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c o m p a r e d  to  t h a t  of o th e r  t i s s u e s  of  the "body j  b u t  i t r e s p o n d s  p r o m p t l y ,  

a l though ,  in  l e s s e r  d e g r e e ,  to  c o n d i t i o n s  t h a t  d i s tu r b  th e  m e t a b o l i c  e q u i l i b ­

r i u m ,  s u c h  a s  i n c r e a s e  and  d e c r e a s e  in  the  r a t e  o f  a b s o r p t i o n  o f  l e a d  in to  

th e  b o d y ,  o r  t h e  i n c r e a s e d  l o s s  o f  l e a d  f r o m  the  " so f t  t i s s u e s "  of  the  body  . 

f o l l o w in g  c h e l a t i o n  t h e r a p y .  (The m e t a b o l i s m  of l e a d  is  n o t  i n f l u e n c e d  

a p p r e c i a b l y ,  u n d e r  tine o r d i n a r y  c o n d i t i o n s  of  l i f e,  or. within, th e  l i m i t s  of 

c a u t i o u s  e x p e r i m e n t a t i o n ,  so  f a r  a s  p r e s e n t  e v i d e n ce  is  c o n c e r n e d ,  b y  t h a t  of 

c a l c i u m  o r  p h o s p h o r o u s  o r  of any  o t h e r  m i n e r a l  e l e m en t ,  b u t  i s ,  r a t h e r ,  s t r i k -  

. i ng ly  s t a b i l e  an d  p r e d i c t a b l e  in  i t s  b e h a v i o r  in  t h e  body ,  as  h a s  b e e n  d e m o n s t r a t e d  

c l e a r l y  by  t h e s e  e x p e r i m e n t s .  M o r e o v e r ,  th e i u n i f o rm i t y  in  the  r e s p o n s e s  of  a 

, s e r i e s  of  s u b j e c t s  to  a . v a r i e t y  of e x p e r i m e n t a l  c on d i t i o n s ,  h a s  b e e n  l i t t l e  s h o r t

of  r e m a r k a b l e .  ) . ,

B e c a u s e  of the  f a c t s  r e c i t e d  a b o v e ,  i t  s e e m e d  th a t  the d e m o n s t ra X io n  of  - 

t h e  . m a x i m u m  c o n c e n t r a t i o n  of a  r e p r o d u c i b l e  d i s p e rs i o n  of ab s o rb a b le ,  l e a d  in. .. 

t h e  a i r  t h a t  c ou ld  b e  I n h a l e d  c o n t i n u o u s l y ,  w i t h  c o m p l e t e  s a fe t y ,  by  n o r ma l  

h e a l t h y  h u m a n  s u b j e c t s ,  w ou ld  r e q u i r e  d i r e c t  o b s e r va t i o n  of the  m e t a b o l i c  

e f f e c t s  of c o n t in u o u s  e x p o s u r e  a.t l e v e l s  a b o v e  t h o se  now  p r e v a l e n t  in  the  c o m ­

m u n i t y .  S in ce  s u c h  d i r e c t  e x p e r i m e n t a l  o b s e r v a t i o n  w a s  n o t  f e a s i b l e ,  ‘ e x ce p t ,

. p e r h a p s ,  t h r o u g h  th e  e x p e n d i t u r e  of in o rd in a te ,  s u ms  of  m o n e y  f o r  the a c t u a l  ' . 

c r e a t i o n  o f  c o n d i t i o n s  on h o u s in g ,  s u b s i s t e n c e  and  p r o l o n g e d  m a i n t e n a n c e  of 

a n  e s s e n t i a l l y  n o r m a l  co n d u c t  of l i f e  b y  th e  e x p e r i m en t a l  sk fb jects,  an a l t e r n a ­

t i v e  a p p r o a c h  w a s  th o u g h t  to  b e  t h a t  of e s t a b l i s h i n g  th e  g r a d i e n t  o f  the  r e s p o n s e  

of h u m a n  s u b j e c t s  to  i n c r e m e n t a l  i n c r e a s e s  in  th e  d u ra t i o n  of i n te rn 'd ;  Lent bu t  

. q u a n t i t a t i v e l y  c o n s t a n t  e x p o s u r e ,  f r o m  w h i c h  to  ex t r a p o l a t e  to .a n e a r

_ KE OOP446.0
----------------------- ---- ------- lt_____' ______________________________ ' '• ■  ■  . ___ ' .
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X------x Average of mean values.of findings obtained by difhizone and spectrographic methods.

"O
o
o
m

o

O '.

d
o

0.)
CL

.O'
CL

CJ>

14'

12-

10-

. 0 8 -

.06-

.04-

.02 -

Preliminary Period (Control) Period of Exposure Period after termination of Exposure

6 4
y ^  ^  *

\ . i ^ *  *000 60
. . • •

C O

^  56\
/

X

o

>/

/O
J

in

o

48  ^

■ o

44

40
dX

^•x/+**  -

y—XfS-
/  . d x

: . /■ x'"'d

-'■ X

X

lU

~T----- r
3 5 7 9 I! 13 15 ¡7 i

1— “—~~r
2i 4 .8 12 ; IS . 20

r ime in Successive:  Per iods of 28  Days

24 28
(

o2
—i
36



14

X— x Average of mean values of findings obtained by dithizone and 'spectographic methods.
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a p p r o x i m a t i o n  to  the  m e t a b o l i c  e f f e c t s  of co n t in u o u s  e x p o s u r e . . . . The  u s e  of the  

e x p r e s s i o n ,  " a p p r o x i m a t i o n ” a r i s e s  f r o m  th e  l i k e l i ho o d  th a t ,  a s  th e  e x p e r i ­

m e n t a l  i n t e r m i t t e n c y  a p p r o a c h e s  c o n t in u i t y ,  th e  s h or t e n i n g  p e r i o d s  of  f r e e d o n  

f r o m  e x p o s u r e  and  t h e  l e n g th e n in g  p e r i o d s  of e x p o s u r e w i l l  o p e ra te ;  a g a i n s t  

th e  a c h i e v e m e n t  of a b a l a n c e  b e t w e e n  th e  i n ta k e  and  outpu t  of l e a d ,  so  t h a t  

the c u r v e  i n d i c a t i v e  of the  p r o g r e s s  of e v e n t s  w i l l  a s su m e  a t r e n d  b e n d in g  

u p w a r d  f r o m . t h e  s t r a i g h t  l i ne  i n d i c a t e d  in  F i g ’s .  1 and  2, to  w h i c h  d e t a i l e d  

a t t e n t i o n  w i l l  he  d r a w n  l a t e r .  F r o m  th e  s t r i c t l y  p ra c t i c a l  po in t  of v iew ,  th i s  

d e v i a t i o n  s h o u ld  h a v e  l i t t l e  i m p o r t a n c e ,  e s p e c i a l l y w h e n  the c o n c e n t r a t i o n  of 

l e a d  in  th e  r e s p i r e d ' a i r  i s  low .  - ■  • . .:

; E X P E RI M E N T S  C A R R IE D  O UT S INCE 1962

P r e l i m i n a r y  E x p e r i m e n t  '

■ 'a.;: 'The f e a s i b i l i t y  of t h e ' ' e x p e r i m e n t a l  a p p r o ac h  d e s c r i b e d  above  was- t e s t e d  - 

in  a n  e x p e r i m e n t  in v o l v in g  d e t a i l e d  o b s e r v a t i o n s  ( inc lud ing  a l l  of  the  p r o c e d u r e s  

' ' d e s c r i b e d  in  p r i o r 1 b a l a n c e  e x p b i h m e h t s ) of tw o : h um a n  s u b j e c t s  o v e r  t h e  p e r i o d  

of 144 a n d  178 w e e k s ,  r e s p e c t i v e l y .  (T he  p e r i o d  of o b se r v a t i o n  of one of  the 

s u b j e c t s ,  p r i o r  to  th e  i n i t i a t i o n  of e x p e r i m e n t a l  e xp o s u r e  to  l e a d ,  w a s  u n ­

u s u a l l y  p r o l o n g e d  s o . a s  to  e n a b le  t h e ' o t h e r ,  s e c u r e d l a t e r ,  to. u n d e r g o  his. 

i n i t i a l  . -period of  e x p e r i m e n t a l  e x p o s u r e  to l e a d  on the s a m e  d a te  a s  th e  f i r s t ,  ; 

and  so  to  c o n t in u e  p a r a l l e l  p r o c e d u r e s .  ) . ,

: S u b je c t  s ' a n d ^ ^ j ^  w e r e  e n g a g e d  in  d a i l y  p r e l i m i n a r y  ( c o n t ro l )  .

' o b s e r v a t i o n s ,  ( d e t e r m i n a t i o n s  of t h e i r  d a i l y  i n t a k e of l e a d . i n  food and  b e v e r a g e s  

and; t h e i r  ou tp u t  of le n d  in  the. f e c e s  and  u r i n e ,  in a s s o c i a t i o n  w i th  the- u s u a l  

•battery.-: o f  h e m a t o l o g i c a l ,  ' c l i n i c a l , -'m i c r o s c o pi c ,  and  phys ica l ,  e x a m i n a t i o n s ) ,  .

0004463
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o v e r  p e r i o d s  of 56 and  86 w e e k s ,  r e s p e c t i v e l y .

T h e y  e n t e r e d  two c o r r e s p o n d i n g l y  d e s i g n e d  r e s p i r a t or y  c h a m b e r s  in to 

w h i c h  a i r  c o n ta in in g  150 m i c r o g r a m s  of  l e a d  p e r  cubic  m e t e r ,  a s  th e  s e s q u io x id e ,  

d i s p e r s e d  in  p a r t i c l e s  r a n g i n g  up  to  0. 18 m i c r o n  in  d i a m e t e r ,  and  h a v in g  the  

m e a n  d i a m e t e r  of 0. 05 m i c r o n ,  w a s  b e i n g  i n t r o d u c e d  and  e v e n l y  d i s t r i b u t e d ,  

an d  f r o m  w h ich  i t  w a s  b e i n g  e v a c u a te d ,  s t r i p p e d  (by e l ec t r o s t a t i c  p r e c i p i t a t i o n )  

of i t s  l e a d ,  and  d i s c h a r g e d  in to  a s ta c k .  T he  d e s i g n  of th e  e x p e r i m e n t  c a l l e d  

f o r  e x p o s u re '  to  t h e s e  c o n d i t i o n s  on th e  fo l l o w in g  s c h e d u le :  16 w e e k s  f o r  10. 5 

h o u r s  p e r  w e e k ;  16 w e e k s  f o r  21 h o u r s  p e r  w e e k ;  and so on, 16 w e e k s  a t  a  t i m e ,  

f o r  31. 5 and  42 h o u r s  p e r  w e e k .  T h i s . s c h e d u le  d id  not  r e s u l t  i n  c a r r y i n g  the  

s e v e r i t y  of t h e  e x p o s u r e  b e y o n d  th e  l e v e l  w h i c h  h a s  be e n  e s t a b l i s h e d ,  by  b o th

o c c u p a t i o n a l  e x p e r i e n c e  a n d  p h y s i o l o g i c a l  e x p e r i m e nt a t i o n  a s  b e in g  w e l l . w i t h i n 1 

th e  l i m i t s ,of s a f e t y .  . ' -

• D u r i n g  e a c h  s u c c e s s i v e  p e r i o d  of 16 w e e k s ,  a s  has  b e e n  th e  c a s e  in  eve ry "

o t h é r  C x p è r i m e n t  i n v o l v i n g  i n t e r m i t t e n t  e x p o s u r e  to. l e a d  in  s i m u l a t i o n  of 

o c c u p a t i o n a l ; e x p e r i e n c e  ( i.  e.  u s u a l l y  37. 5 h o u r s  p e r  w eek ) ,  t h e  le v e l  o f  th e  

u r i n a r y  ou tp u t  of l e a d  p e r  day ,  and  th e  c o n c e n t r a t i o n of l e a d  in  t h e  u r i n e  of the  

s u b j e c t s ,  a s  w e l l  a s  th e  c o n c e n t r a t i o n  of l e a d  in  t h ei r  b lood ,  r o s e  up  to  a 

c e r t a i n  p o in t .a n d  "then c o n t i n u e d  a t  e s s e n t i a l l y  c o n s t a nt  l e v e l s ,  so  long  a s  the  

c o n d i t i o n s  of';e x p o s u r e  r e m a i n e d : u n c h a n g e d ;  e a c h  i nc r e m e n t a l  i n c r e a s e  in  the  . 

w e e k l y  d u r a t i o n  of the  e x p o s u r e  a t  l e a s t  r e s u l t e d  in  a  f u r t h e r  g r a d u a t e d  i n ­

c r e a s e  in  th e  l e v e l s  of th e  l e a d  in  th e  u r i n e  an d  b lood ;  a l i n e  c o n n e c t i n g  th e  

p o in t s  r e p r e s e n t i n g  the  f i n a l  l e v e l s  (o r  the  l e v e l ed  ou t  p la te a u x )  of the  e o n ­

c e n t r a t i o n  of l e a d  in  the. b lo o d  r e a c h e d  in  the  su cc e s s iv e . - .p e r i o d s  of 16 w e e k s  

b e c a m e  â s t r a i g h t  l i n e  of u n i f o r m  up w ard ,  s lo p e .  The  re s u l t s  of th e  e x t e n s i o n  '
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o£ th i s  l i n e ,  a t  t h e  s a m e  s lo p e ,  to  a po in t  t h a t  c o rr e s p o n d e d ,  i n  the  c a s e  of 

e a c h  s u b j e c t ,  t o  co n t in u o u s  e x p o s u r e  (i. e. 168 h o ur s  p e r  w e e k )  is  s h o w n  in  

F i g u r e  1, (S u b jec t  ), and  in  F i g u r e  2, (S ub jec t  O t h e r  a n a l y t i c a l

d a ta  of  t h i s  e x p e r i m e n t  hav e  b e e n  g r o u p e d  an d  c h a r te d  in  F i g u r e s  3, ‘4, a n d  ' .

5■  ■ (S u b jec t  ), an d  in  F i g u r e s  6, 7 and  8 (S ub jec t The  g e n e r a l

f e a t u r e s  of t h e s e  c h a r t s  a r e  s i m i l a r  to  t h o s e  o b s e r v ed  in  p r e v i o u s  e x p e r i ­

m e n ts ,  a n d  c o m m e n t e d  on e l s e w h e r e .  I t  m a y  be  u s e fu l ,  h o w e v e r ,  to  ca.ll

a t ten t io n ' . to  c e r t a i n  of t h e i r  c h a r a c t e r i s t i c s .  F i r st  and  f o r e m o s t  is th e  s i m i -
■ _ ' ■ ■ ■ . . _ * ' - ' ;

la r . i t y  o f  the  two s e t s  of c h a r t s .  We- h a v e  l e a r n e d  to ex p e c t  th a t  the  b e h a v i o r  

of h u m a n  sub jec ts -  w i l l  b e  m u c h  the  s a m e  u n d e r  the. s a me  e x p e r i m e n t a l  c o n -  

d i t ionS i  b u t  i t  is none  th e  l e s s  i m p r e s s i v e  to  n o te  t h a t two in d i v id u a l s  h a v e  

r e a c t e d  so  n e a r l y  iden t ica l ly "  w hen ,  in  the  L a b o r a to r y ,  t h e i r  e n v i r o n m e n t s  

w e r e  a s  n e a r l y  idet i t ica. l  a s  t h e y  cou ld  b e  m a d e ,  w h i le  di f f e r i n g  e l s e w h e r e  - 

a c c o r d i n g  t o , t h e - c ,u s to m s  of two d i f f e r e n t  h o u s e h o l d s,  and th e  h a b i t s  of l i fe  o f  

two i n d i v id u a l s  , one o f  w h o m  mm, F ig .  i ) , .  a c r a f t s m a n ,  wa,s m a r r i e d  and  

" s e t t l e d  d o w n , "  the o t h e r ,  F ig .  2) w a s  u n m a r r i e d ;a ni g h t - s c h o o l

s tu d e n t ,  a n a  lo o k in g  to w a rd ,  a ' t e c h n i c a l  c a r e e r .  The. co n c e n t r a t i o n  of l e a d  in. 

th e  b lo o d  o f , S u b j e c t , , a t  the  s t a r t ,  w a s  s l i g h t l y  l o w e r  th a n  th a t  of S ub -  .. .

• j ® f o g -  the; in i t ia l ,  ( co n t ro l )  p e r i o d  (0. 022* vs .  0. 024*m g .  p e r  100 g r a m s )  

s t i l l  s l i g h t l y  l o w e r  by  a b o u t  th e  s a m e  m a r g i n ,  a t  the  end of the  t o t a l  p e r i o d  o f 

e x p e r i m e n t a r  exposu re . ,  and  s t i l l  in  the- same, r e l at i o n s h i p  a s  the  r e s u l t  of  the  

. e x t r a p o l a t i o n ,  th e  s lo p e  of t h e - c u r v e s , , a s  p lo t ted ,  b e in g  r e m a r k a b l y  s i m i l a r .

, Iters- i n s t r u c t i v e  ip c o m p a r e - the  end  r e s u l t s  of the  Intcv.'nict.f a: r u s - u r  v m rv  ' ■

* T h e s e  d i f f e r e n c e s ,  a r e  n e g l i g i b l e  i n  t h e  p r a c t i c al  s e n s e ,  " hey  a r e  r e m a r k e d  
upon  on ly  b e c a u s e  th e y  h a v e - r e s u l t e d  f r o m  c a l c u la t io n s  f r o m  d a ta  tha t  w e r e

m itoci s e c o n d  d e c i m a l .
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e x p o s u r e  to  a i r  c o n ta in in g  150 m i c r o g r a m s  of l e a d ,  w ith  t h o s e  t h a t  e m e r g e ,  

f r o m  th e  e x t r a p o l a t i v e  p r o c e s s ,  a s  a n  e x p r e s s i o n  of co n t in u o u s  r e s p i r a t o r y

e x p o s u r e .  T h u s ,  the  c o n c e n t r a t i o n  of  l e a d  in  t h e  b lo o d  of t h e  two S u b je c ts

■ - ■ ’■ *?' - . ' ■ 
w a s  0. 045 an d  0 .0 5 3  m i l l i g r a m s  p e r  100 g r a m s ,  f o r  s u b je c t s  and

r e s p e c t i v e l y ,  a f t e r  16 w e e k s  of e x p o s u r e  fo r  42 h o u r s  pe r  w e e k  ( c o m p a r a b l e  

r o u g h l y  to  t h e  i n d u s t r i a l  w ee k ) ,  w h i l e  i t  r e a c h e d  th e  d e r i v e d  l e v e l s  of  0, 145# 

a n d  0. 148#,  r e s p e c t i v e l y ,  a t  s o m e  p o in t  in  t i m e  ( c e r ta i n l y  l e s s  t h a n  3 y e a r s ) ,  

a f t e r  the  s u b j e c t s  had  b e e n  s u b j e c t e d ,  c o n t i n u o u s l y,  to  the  i n h a la t i o n  of a i r  

c o n t a i n i n g  the  s a m e  c o n c e n t r a t i o n  of l e a d .  /  T h e  e v ide n c e  f u r n i s h e d  b y  o b s e r ­

v a t i o n  of t h e  e f f e c t s  of o c c u p a t i o n a l  e x p o s u r e  to  a  we l l  m a i n t a i n e d  l e v e l  of 

l e a d  c o n c e n t r a t i o n  in  t h e  i n d u s t r i a l  a t m o s p h e r e  j u st i f i e s  th e  c o n c l u s i o n  t h a t  

t h e  c o n c e n t r a t i o n  of l e a d  in  the  b l o o d .o f  w o r k m e n  i nc r e a s e s  f o r  a  t i m e ,  u n t i l  

i t  r e a c h e s c a  l e v e l  vvhich u n d e r g o e s  l i t t l e  o r  no  f u r t h e r  i n c r e a s e  o v e r  t h e  p e r i o d  

pf m a n y  y e a rs . .  U n d e r  c o n d i t i o n s  in  w h i c h  th e  c o n c e n tr a t i o n  in  the  b lo o d  of ;

e v e r y  w o r k m e n  r e m a i n s  b e lo w  0. 08 m g .  per ,  100 g r a m s  (that; i s ,  in  v ie w  of the  

a n a l y t i c a l  d e v i a t i o n  of * 0. 01, n o t  i n  e x c e s s  o f  0. 07 m g .  p e r  100 g r a m s ) ,  no -

c a s e  of l e a d  p o i s o n in g  w i l l  o c c u r ,  i n  o u r  e x p e r i e n c e .- The  c o n c e n t r a t i o n  of  

a p p r o x i m a t e l y  0. 15 m i l l i g r a m  of l e a d  p e r  100 g r a m s  of b lood ,  on  t h e  o t h e r  hand ,  

i s  u n d u ly  h ig h ,  and  w h i le  i t  d o e s  not. fol low; t h a t  e v e ry  i n d i v id u a l  w h o s e  b lo o d  

c o n t a i n s  s u c h  a c o n c e n t r a t i o n  of  l e a d  h a s  o r  w i l l  h av e  le ad  p o i s o n in g ,  s o m e  b e c o m e  

i l l - p r o m p t l y  and  o t h e r s  l a t e r ,  w h i l e  s o m e ,  u n a c c o u nta b l y ,  r e m a i n  well__/.  _

* T h e s e  d i f f e r e n C e s  a r e  n e g l i g i b l e  i n  th e  p r a c t i c a l s e n s e .  T hey a r e  r e m a r k e d  
, : upo n  o n ly  b e c a u s e  th e y  h a v e  r e s u l t e d  f r o m  c a l c u l a t i o n s  f r o m  d a ta  t h a t  w e r e  

.. l i m i t e d  to  th e  s e c o n d  d e c i m a l .  ■ . . . .
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