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.....In tro d u c to ry  Comment on th e  Study o f O ccupational Lead Exposure

In  v ie w o f  th e  f a c t  th a t  th e  g en e ra l methods o f  

p la n t study  employed by  the K e tte r in g  L aboratory  of A pplied P hysio logy  

d i f f e r  somewhat from those used g e n e ra l ly  In in d u s tr ia l  su rv ey s, i t  

may he o f  some in te r e s t  to  re fe r . fe© th e  a v a i la b le  methods and to  p o in t 

out some o f th e  advantages and d isadvan tages in  th ei r  us©»

. (1) A -'Single .c r i t ic a l - 'I n s p e c t io n  o f . o p e ra ting

co n d itio n s in  a p la n t ,  mad® by an experienced  person , w i l l  p rov ide 

a genera l id e a  o f th e  o p p o r tu n it ie s  f o r  lead  exposure and some knowledge 

of th e  lo c a t io n  of th e  g re a te s t  h a sa rd s . P er io d ic  in sp e c tio n so f  t h i s  

type w i l l  prove to  be more u se fu l  than one f o r  obvious re a so n s , and 

moreover th ey  a re  a u s e fu l  a d ju n c t -to any o th e r method o f s tudy  and 

c o n tro l ,  ' ■ ■ .■  . '

(2} A s in g le  c l i n i c a l  su rvey  o f • g ro u p s.o f workmen 

re p re se n ta t iv e  of v a r io u s  o ccu p a tio n a l a c t i v i t i e s  in  th e  p la n t w i l l  

d e f in e  th e  g en e ra l le v e ls  of le a d  exposure in  terms o f  c l i n i c a l  

ev idences of lead  ab so rp tio n  and w i l l  tend to  show th e  most hazardous 

types o f  employment*

(5) M ain ta ined  m ed ica l su p e rv is io n , w ith  p e r io d ic  

exam inations o f  a l l  employees and w ith  c a re fu l ly  reco rded  In fo rm ation  

as to  th e  c h a ra c te r  and inc idence o f i l l n e s s ,  th e  amount o f  l o s t  tim e 

and th e  e x te n t o f  the  la b o r  tu rn o v e r, w i l l  e v e n tu a lly  show the  hy g ien ic  

s ig n i f ic a n c e  o f p la n t c o n d i t io n s , as no o th e r method can do, and i f  

such d a ta  a re  combined w ith  d e ta i le d  knowledge of pla n t p rocedu res,



in c lu d in g  changas in  equipment and p la n t  p r a c t ic e ,  a  c le a r  com posite 

p ic tu re  o f  th e  h y g ien ic  s i tu a t io n  can b© s ta in e d * / . M l  o th e r  means 

fo r  ev a lu a tin g  th© h y g ien ic  s ig n i f i c a n c s o f  le a d  ©xp©s u re , as con- 

t ru s te d  w ith  i t s  a e re  q u a n t i ty ,  depend f i n a l l y  upon sound c l i n i c a l  ’ 

data* Indeed th e  b e l ie f  i s  w©IX en trenched  in  th e  med ical as w e ll as 

th© non-m edical mind th a t  in d iv id u a l  s u s c e p t ib i l i t y  to le a d  in to x ic a t io n  

i s  ex trem ely  v a r ia b le  and th a t  even th e  sm a l le s t q ua n t i t ie s  o f absorbed 

lead  may, in  t im e , r e s u l t  in  lead  po ison ing  in  c e r ta in  p e rso n s, w h ile 

c e r ta in  o th e r persons may re c e iv e  no in ju ry : from m assive dosages. The 

complete, accep tance o f  such a  p o in t o f v iew ,(w hich I n  our Judgment i s  

e rro n eo u s), im p lies th a t  th e re  i s  l i t t l e  o r no va lue in  any type o f 

measurement o f th e  q u a n t i ty  o f lead  absorbed o r  p o te n t ia l ly  a v a i la b le  . : 

fo r  ab so rp tio n  on the p a r t  of-workmen* So long  as such an op in io n  is  

app lied  w ith  even p a r t i a l  e f fe c t iv e n e ss  In  raed iaoMsgal and trad e»  

union phases o f  in d u s t r ia l  p ra c t ic e *  b u s in ess management, cannot a f fo rd  

to -o p e ra te  p la n ts  a sso c ia te d  w ith  any o f  th e  lead  tra d e s  w ithou t com-*- 

p o ten t and adequate m ed ica l se rv ice*  F o r tu n a te ly , ©videnod has 

accum ulated to  dem onstrate th e  existence o f a r e la tio n s h ip  between 

q u a n tity  of lead  ab so rp tio n  and the  occu rrence o f lead  in to x ic a t io n . 

Various ex p ress io n s have been g iven to  th is  r e la t ion s h ip ,  and i t  

cannot be sa id  th a t  th e re  i s  ^am píete agreem ent among a u th o r i t ie s  a s  

to  th e  s a fe  l im i t s  o f o ccu p a tio n a l le a d  ab so rp tio n * N everthe less i t  i s  

now f a i r l y  g e n e ra l ly  accep ted  th a t  th e re  i s  a  l im i t o f le a d  exposure 

above which th e  danger o f  le ad  po ison ing  becomes p ro g re ss1v e ly  g re a te r  

among a  p la n t p o p u la t io n , and below which cases o f po ison ing  w i l l  

e i th e r  n o t occu r a t  a l l  o r w i l l  be o f an e s s e n t ia l ly  harm less ty p e .

Thus i t  becomes f e a s ib le  to  e s t im a te  th e  s ig n i f ic a n ce  o f  lo ad  exposure 

in  q u a n t i ta t iv e  terras*
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• {i}.) Exposure to  p a r t i c u la te  lead  compounds la

d u sty  le a d  traded, stay be .estim ated  by the .an a lys is  of a i r  sam ple's;. • 

taken  from re p re s e n ta t iv e  p a r ts  e f  th e  p lan t«  Obviously the use of 

th i s  method in v o lv es: c e r ta in  ■ assum ptions} -  (1) th a t  the in h a la t io n  

o f  p a r t ie u la te  le ad  compounds c o n s t i tu te s  th e  on ly  im po rtan t source 

o f  le a d 1'ab so rp tio n  on the p a r t  o f  the p la n t1 p o p u la tio n f  (2) th a t  the  

lead  p s r t io le s’1 found In  .a ir  samples may be b rea th ed  In  and re ta in e d ' 

w ith in  the  lung  to  a more o r le s s  un iform  ex te n t-b y the «oifcaen in  

the area.« V arious te c h n ic a l  p rocedures have been employed to  in«  

c re a s e 'th e  p r a c t i c a l  r e l i a b i l i t y  o f t h i s  xaethod* Frequent sam pling . 

-over pro longed p a r io d s i te M s  to  reduce sam pling e r ro rs  6\ fho manner-.:;. /. ' 

o f  p rep arin g  samples for: a n a ly s is  a ls o  tends to  exclude pa:, t i d e s  of 

lead  compounds which because o f t ï i e l r  sis© a re  incapab le  of in h a la t io n  

or o f  r e te n t io n . in  the lung« Moreover th e  g re a te r  pr a c t ic a l  s ig n i f ic a n c e  

of in h a led  le a d  i n •com parison w ith  in g e s te d  lead  has been f a i r l y  w e ll 

demonstrated;,.by experience and experim ent# .;and is . no®, alm ost u n iv e rs a l ly  

recognised* On the  e th e r  hand» lead -p o iso n in g  ean and does occur - ;

through in g e s t io n  of .lead  'compounds, and u n less ' p recau tio n a ry , m eaaures 

are  e f f e c t iv e ly  ta k e n '-a g a in s t 'c a re le ss n e ss  and un clean ly  h a b i ts  on. 

the p a r t  o f  workmen» in g e s tio n  can occur to  such an ex ten t, as to  vo id  

conc lusions a r r iv e d  a t  -by the a n a ly s is  o f a i r  samples«

(5) I t  has been-shown th a t  th e  m agnitude o f th e  

lead  exposure in  a  p la n t  can bo determ ined by th e  study  of the  load  

con ten t o f th e  e x c re ta  o f th e  employees* B r ie f ly  s ta te d #  th e  load  

co n ten t of a  s in g le  ev acua tion  o f th e  fe c e s  o f a  workman se rv es to  

shew.'the m agnitude o f h is  lead  exposure f o r  the p eriod  of from tw enty- 

four to  seventy-tw o hours p re v io u s - to  the c o l le c t ion  o f the sample* 

â la rg e  p ro p o rtio n  o f  a l l  in h a led  lead  Is  c o l le c te d in  the  nose and
I
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pharynx and ev e n tu a l ly  reaches the  a l im e n ta ry  t ra c t#  th rough which 

i t  p a s s e s ,in  la rg e  measure unabsorbed . I t  becomes# th e re b y , an in d le a -  

t o r o f  a  man*s g ro ss lead  In tak e  f o r  the  p eriod  rep rese n ted  by the 

feces accum ulated in  th e  low er bowel -  a p er io d  which experience has 

shown to  be approx im ately  tw©aty«*four h o u rs . The co n c entra t io n  o f

lead  in  a la rg e  sample o f u r in e  (c o l le c te d  over a pe r io d  o f  f o r ty -
■ . ' ■ ■ ■ ■ ■ -' . . w i th ' : /. ,,

e ig h t o r seventy-tw o hours} seems to  v a ryAthe le a d  co n ten t o f  th e

body and th e re fo re  d isc lo se s  th e  g en e ra l m agnitude o f th e  le a d  afe-

so rp tio n  over a  co n s id e rab le  p eriod  o f time#, Th© c o rre la t io n  of

these d a ta  on th e  e x c re ta .w ith  th e  observed co n d it io n s  in: i n d u s t r ia l

p la n ts  and w ith  the  c l i n i c a l  f in d in g s  in  the p l a n t .po p u la tio n s has n o t : 

been mad© over a wide enough range of exposures = to  g iv e ' a f i n a l ,  e x - . 

p ress io n  o f  th e  re la t io n s h ip s  which o b ta in . To th is  ex te n t every  

new I n d u s t r ia l  s i tu a t io n  which comes under study  i s  of In te n se - 'in te re s t ,:  

© xperim snta lly , in  th a t  the in fo rm ation  mad© a v a i lab le  f i l l s  on© or . 

more o f  the gaps in  our understand ing  o f th e  problem* D espite th is  

d i s t i n c t l y  e x p e r im e n ta l 'a sp e c t o f  th e  work, - the knowledge of p la n t  , 

co n d itio n s gained  by th i s  type o f s tudy  i s  in v a lu a ble  in  hy g ien ic  

c o n tro l and is  o f  th© g r e a te s t  p r a c t i c a l  va lue In  the  so lu t io n  of 

in d iv id u a l c l i n i c a l  problems*. .. -

co
I'-*
CO
os

I t  i s  d e s ira b le  th a t  i n i t i a l  s tu d ie s  mad© la  a 

p la n t be supplem ented by f u r th e r  o b se rv a tio n s . I f  one i s  to  know, 

w ith  c e r ta in ty *  w hether o r  not a;.g iven m agnitude of exposure Is  

capable of p roducing  le a d  I n to x ic a t io n , he must be su re th a t  the  

co n d itions o r ig in a l ly  observed a re  m a in ta ined  (o r  improved) and he 

m ust: a lso  b© sur© th a t  1 l in e s  sea th a t  develop  among th© employees ar© 

adequate ly  s tu d ie d  and reco rd ed . The s t a f f  o f th is  L aborato ry  has 

every  i n te r e s t  in  prom oting th© most adequate type- o f p la n t m ed ica l 

se rv ic e  and in  re n d e r in g  every  p o ss ib le  a id  in  d o u btfu l o r d i f f i c u l t  

c a se s , to  th e  end th a t  th© conc lus ions once a r r iv e d a t  may be su b je c te d



to  c r i t i c a l  check, As in d u s t r ia l  h y g ie n is ts  we a ttem p t to  

recogn ise  and to  e l im in a te  hazardous le a d  exposure* w hile a t  the 

same time« as e x p e r im e n ta l is ts , we seek to  b u i ld  a sound fo u n d a tio n  

f o r  a sharp  and p r a c t i c a l  d i f f e r e n t ia t io n  o f hazardous from non­

hazardous exposu re . From th e  v iew po in t o f  p la n t management th ese  

may appear to  be som eshat incom patib le  o b je c t iv e s , bu t they  need not 

be i f  adequate and accu ra te  in fo rm ation  i s  a v a i la b le ,  A c tu a lly  bo th  

o b je c tiv e s  may he: a c h ie v e d ;a f t e r  aa  i n i t i a l  thorough su rv ey , i f .g o o d  

c l in ic a l  da ta  on the  employees can be had and. i f  q u es tio n ab le  cases 

can be s tu d ie d  by -adequate la b o ra to ry  m ethods, : -

The Technique-and Scop® o f  th e  P resen t. In v e s t ig a t io n ,.

.• . . For a  .v a r ie ty  o f  reaso n s , th i s  study  «as c arr ie d :

ou t on a sm all sc a le  -  too  .small, in  f a c t  to  ju s t i fy  more than te n ta -  

t lv e  conc lusions as to  th e  co n d it io n s  e x is t in g  in  th e  p la n t as a  .

w hole. I t  i s  p robab le th a t  the d a ta  p o r tra y  th e  s i tu a t io n  f a i r l y  

w ith  re a p e c t to  lead ;ex p o su re , f o r  reaso n s w h ich ,w il l be p o in ted  out ;

In l a t e r  p a rag rap h s, b u t  they  cannot p ro p e r ly  be regarded  as mere than  

. the r e s u l ts  o f  s e le c t iv e  sam pling r a th e r  th a n ' the  g e n e ra l random sam pling 

which would be re q u ire d  to  d e te c t  un recogn ised  fa c to rs  in  the exposure.

- . . ; A p re lim in a ry  in sp e c tio n  o f  th© p la n t  was mad®, on

the b a s is  o f  which employ©©© were s e le c te d  f o r  s tudy from what appeared 

t® be th e  commonest and th e  most hazardous o ccu p a tio n s. Moreover, a  

number of su b je c ts  w ith  th e  lo n g e s t reco rd s o f employment were chosen, 

and in  re c o g n it io n  o f  th e  g e n e ra l ly  accep ted  b e l i e f th a t  women a re  more 

su sc e p t ib le  than  men to  in ju ry  from le a d  a b so rp tio n , se v e ra l fem ale 

employees were in c lu d ed . The t o t a l  number o f employees was approx im ate ly

- H e  0003677



2500,  of whom about .50D were women. Most of th e  employees worked '

•lh: la rg e "  groups th a t  perform ed feh® earn® type of  work and had th e  same 

b a s ic  co n d it io n s  o f  exposu re , fhus some 1500 persons worked on assembly 

l in e s  in  la rg e  rooms in  which th e  le a d  exposure was o f th e  same type  and 

o f th e  same g e n e ra l o rd e r o f  m agn itude. In  such a group g ross v a r ia t io n s  

in  in d iv id u a l le a d  a b so rp tio n  a re  sc a rc e ly  to  b© a nt ic ip a te d ,:  ex cep t on 

th© b a s is  o f v a r ia b i l i t y  of etn d u c t in  m a tte rs  of C le a n l in e ss  and 

p ersona l h y g ian a . -Thus th e re  i s  scan© ju s t i f i c a t ion  f o r  b e l ie v in g  th a t  

the t h i r t y - s i x  persons s e le c te d  f o r  exam ination (o f which f iv e  were 

women) have p rov ided  f a i r l y  c h a r a c te r i s t i c  ev idence o f the le a d  ex­

posure a sso c ia te d  '■ ■ with .Si© v a r io u s  ty p es .of work, in  th e  p lan t*

-  . f a b le  X shows •' th e  age grouping, o f th e persons

se le c te d  f o r  exam ination* A wide rang© has been covered . I t  I s  

of some Importance-' - t o ' n o te  t h a t  th e  mean age o f th e  group examined;; • 

i s  unusua lly  h ig h , fo u r te e n  out o f  th e  t h i r t y - s i x  be in g  f o r ty - f i v e  

years o f age o r o ld e r . -The group is  probab ly  no t ch a r a c te r i s t i c  / ■

o f th e  p la n t p o p u la tio n , and th e  f a c t  has no p a r t i cu la r  s ig n i f ic a n c e  

w ith  re s p e c t  to  any In c reased  l ik e l ih o o d  o f th e  occurrence o f lead : 

po ison ing , s in c e  o ld e r  peop le , 3 f d i f f e r e n t  in  any w ise , a re  b e l ie v e d  

to  b© somewhat le s s  su sc e p t ib le  than  th e  young. However, c e r ta in  o f .  

the d eg en era tiv e  d ise a se s  o f m idd le and l a t e  l i f e  have been l in k e d  up 

w ith  the e f f e c ts  o f  lead  a b so rp tio n . A r te r ie - s c le r os is ,  f o r  example,
. • ■ . ■ • - ■ . t  ■

has long been reg ard ed  (on Inadequate ev idence) as a seq u e l .of pro­

longed le ad  exposu re , and a lthough  i t  i s  q u i te  c l e ar  th a t  th e re  are 

o th e r  cau ses, th e  co inc idence o f a r te r io - s o le r o s is  and a  h is to ry  o f  

pro longed employment in  a le a d  tra d e  I s  regarded  by many p h y s ic ian s 

and m edical w r i te rs  as  s u f f i c ie n t  ev idence to  w arran t the  co n v ic t io n  

o f le a d  as th e  o ffend ing  a g e n t, On th is  acco u n t, and in  i l l u s t r a t i o n

- KX  0003678



of the p o in t under d isc u ss io n , th e  frequency  d is t r ib u t io n  o f s y s to l i c  

b lood p ressu res as observed in  th e  group i s  l i s t e d  in  Table 2 ,  and 

the  ages o f th e  persons shoeing  abnorm ally  h ig h  blood p re ssu re  a re  

show n'in p a re n th e s ise  The s ig n i f ic a n c e  o f  th e s e  d a ta  w i l l  be re fe r re d  

to  la te r *  . , ' , ■ . . ' ^ .. V; ' ; ;

T able J* in  which the  su b je c ts  a re  grouped acco rd ing  __ 

to  th e  d u ra tio n  o f t h e i r  le ad  exposure in  th e  p la n t,  m erely  shows th a t  

the  group has- been w e ll s e le c te d  w ith  re s p e c t  to  va r ie ty  in  le n g th  o f . :

exposure* As a sam pling procedure th i s  i s  advantageous* The s ig n i f ic a n c e  

o f pro longed exposure to  le a d  compounds i s  w ell a p pre c ia te d «  indeed 

too much em phasis has been p laced  upon th e  time f a c to r by th e  th e o r is ts  , 

in  in d u s t r ia l  hyg iene. I t  i s  n o t so w e ll recogn ized th a t  le a d  in to x ic a ­

t io n  occurs more commonly among new employees than among the'habituated..", 

(perhaps n a tu ra l ly  se lec ted }  and long  employed members o f a  p la n t  

p o p u la tio n . . b

. yEach, person in  the se le c te d  group was su b je c te d  to

d e ta i le d  q u e s tio n in g . Every e f f o r t  was mad® to  g a in  his  con fidence and 

to  induce him to  ta lk  f r e e ly  about any a i lm e n t, i l ln e s s  o r in ju ry  which 

m igh t, in  h is  m ind, be a sso c ia te d  w ith  h is  employment® heading questions, 

were avoided a t  f i r s t  so as n o t to  c o lo r  th e  p ic tu re ,  b u t wore employed 

subsequen tly  w ith  re fe re n c e  to  s p e c i f ic  symptoms, so as to  m iss no 

; s ig n i f ic a n t  in fo rm ation*  The employee was a ssu re d th a t  any in fo rm ation  

which ha m ight w ish to  w ithho ld  from M s employer would be k ep t in  

'co n f id en ce , to  th e  end th a t  h is  p o s i t io n  would in  no way b© endangered 

by any s ta tem en t he m ight make. (C o n f id e n tia l in fo rm ation  was no ted  on 

the o r ig in a l  exam ination reco rd  and d e le te d  from exam ination reco rd s 

fu rn ish ed  w ith  th i s  rep o rt*  Hone o f i t  had any r e la t io n  to  le a d  exposure 

o r le a d  in to x ic a t io n .)  In fo rm ation  as to  g e n e ra l p la n t c o n d i t io n s , th e

- K £  0003679
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a t t i t u d e  of o th e r  workmen toward th e  p o te n t ia l  hazards of th e  p la n t ,  

and th e  Gccurrene© o f i l l n e s s  among o th e r em ployees, was sought from 

each employe®, a f t e r  ex p la in in g  th e  reasons f o r  c o lls e t in g  sush I n fo r ­

m ation» The men appeared to  respond w ith  th e  utm ost f ra n k n ess ,

' A c a re fu l  p h y s ic a l exam ination was g iven  each person,

to g e th e r w ith  such la b o ra to ry  t© 3ts as m ight be expected 'to y ie ld  d a ta  

s p e c i f i c a l l y  u s e fu l  in  th e  re c o g n it io n  o f abnormal le a d  ab so rp tio n !

The scope o f th e  exam ination i s  shown by th e  in d iv id u al reco rds*  I t  

. i s  b e l iev e d  th a t  no s p e c i f i c a l l y  u s e f u l 'c l i n i c a l  or la b o ra to ry  t e s t ; .. /

was om itted . O bviously , the most s p e c i f ic  .in form ation was to  bo ofo- 

; .fcained from th e  a n a ly t ic a l  d a ta , lb  has been our ex p e rien ce ,' th a t  th e  

most m eticu lous p recau tio n s m u st'b e  employed ih  avoid ing  th e  eontami«- 

n a tio n  of sam ples of th e  excre ta" .o f workmen in  le a d  t r a d e s . For th is  . 

reaso n , in  p a r t ,  i t  was b e liev ed  to  b e 'a d v isa b le  to c o l le c t  a l im i te d  

number o f  samples o f  b lood and sm all samples o f u r in e  a t  the ' tim e o f  

the p h y s ic a l exam inations*  These, o b ta in ed  by th a  examiner in  person , 

' c o u l d sc a rc e ly  bo contam inated under th e  e x c e l le n t  co n d it io n s  o f freedom  

from p la n t  d u s ts  th a t-p re v a i le d  in  the © sta in in g  rooms, and thus cou ld

b© ussd  as a check on th e  samples o b ta in ed  by the-employees®' For the 
/ -
l a t t e r ,  each employ©© was prov ided w ith  a jug f o r  the  c o l le c t io n  o f  h is  

u r in e , and a j a r  f o r  th© c o l le c t io n ' o f  a s in g le  f e ca l  e v a c u a tio n . 

In s tru c t io n s  were g iven  to  th e  group as to  th e  manner of c o l le c t in g  

the sam p les, and when th e  c o n ta in e rs  were sh ipped from th e  la b o ra to ry , 

ready f o r  u s e , a  sh e e t o f p r in te d  in s t ru c t io n s  was prov ided f o r  each 

• person . The c o n ta in e rs  were d e l iv e re d  to  th© homes o f th© employees, 

sea led  in  paper bags, and were to  be used on ly  du ring  th e  hours away 

from the  p la n t .  The samples were c o l le c te d  prom ptly  and a r r iv e d  a t  th© 

la b o ra to ry  in  good c o n d it io n ,

' . K £  0003680
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'Fas d a ta  o b ta in ed  '.on each employ#© were 

s tu d ie d  ear © fu lly  as a  c l i n i c a l  whole in  se a rc h  o f e v id m m o f  

le a d  a b so rp tio n  o r  le a d  in to x ic a t io n *  S p e c i f ic a l ly  Im portan t 

item s on the group were assem bled in  ta b u la r  form  fo r  com parison 

w ith  s im i la r  d a ta  from e th e r  groups o f su b je c ts *  $he a m b e r o f  

employees was too sm all f o r  adequate s t a t i s t i c a l  handling*: and tho  

c a lc u la t io n  of mean va lues fo r  moat o f  th e  ta b u la ted  q u a l i t ie s  was 

n o t Ju s t i f ie d *

' -'Thât R esu lts  o f th e  In v e s tig a tio n *

. Y -The i n i t i a l  in sp e c tio n ' o f th e 'p la n t  rev e a le d  

se v e ra l sources of p o te n t ia l l y  hazardous exposu re . In  d ec reas in g  

o rd er o f  Im portance th e s e  ap peared -to  be , (1) th e  operat ion o f  

t in n in g  e a s t in g s  in  th e  foundry  w ith  a  5Q~50 t i n  lea d  a llo y *  (Z) 

the p o l ish in g  o f m eta l s t r i p s * and th e  sweeping» in th e  e le c t ro ­

p la t in g  departm ent*  (31 the  so ld e r in g  o p e ra tio n s  in th e  serv ie®  

departm ent* ÇI4.) the so ld e r in g  o p e ra tio n s  in  s p e c ia l  r e p a i r  work 

a t  th e  end of th e  assem bly l in e s*  (5) Sank assem bling {no lo c a l  

v e n t i la t io n }» (6} d ism an tl in g  o p e ra tio n s  in  th e  th e rm o sta t depart«* 

ment» ( f )  rem oval and in sp e c tio n  o p e ra tio n s  a t  th e  e x i t  from the 

core d ip s , (8) so ld e r in g  o p era tio n s on the  le s s  modern and le s s  

adequate ly  v e n t i la te d , assem bly l in e *  She most modern assem bly l i n e  

appeared to  be ad eq u a te ly  safeguarded*  and excep t fo r  p o ss ib le  lo c a l  

v a r ia t io n s  in  v e n t i la t io n *  hazardous exposure seemed improbable* 

L ikew ise th e  a re a  around th e  co re  d ip s  appeared to  be safe*  excep t 

f o r  so ld e r  on th e  f lo o r  nearby  which suggested  the need* perhaps* 

f o r  improved housekeeping* In  g e n e ra l ,  a ls o , th e  th erm o sta t end th© 

h e a te r  departm ents gave l i t t l e  ev idence o f  dangerous exposure* She

KJT 0003831
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magnitud© o f  the exposure; a t  any p o in t  was open to c o n je c tu re , b u t  

i t  wa3 n o t'believed'..■ £©■ -’be of  se r io u s  p ro p o rtio n s (excep t in  the 

foundry )* an op in ion  which was confirmed, by th e  exam ination o f d a ta  

o f a i r  an a ly ses c a r r ie d  out by others®

She h i s to r i e s  and th e  p h y s ic a l exam inations 

cn th e  employees f a i l e d  com pletely  to  deve lop  any ev idence o f ' ,  

s ig n i f i c a n t  lead  absorption®  fh e  su b je c t iv e  symptoms o f  c o n s t ip a t io n , 

f le e t in g  c o l l c - l l k e  p a in s* ''v a g u e - 'in te s t in a l d iso rd e rs*  m orn ing-anorexia*  

so re n e ss , s t i f f n e s s  and w eakness.o f m uscles* and ind e f in i te  i l l  h e a l th ,  

many o f  which a re  o f  common occurreno© in  c e r ta in  hazardous le a d  -v: 

t r a d e s , were consp icuously  absent® ' O b jec tiv e ly  cm© d id  n o t1sé© a ; 

s in g le  so t o f d i n  le a l  -findings' su g g estiv e  o f  se rio u s  le ad  absorption®  

P a l lo r  :was o f In freq u e n t occurrence -among • th e  men and n o t o f  th e  pro*

c\?
C-’)

nouncod type seen in  a '^leaded** group of man', l a  suggestion  o f  ex­

ten so r weakness o r  o f atrophy"-of th© m uscles ©t the upper ex t r e a l  t i e  a 

o f any employe© was found.- Ho dofinifc© le ad  l in e  was seen on th e  ■ 

gums o f  any person* a lthough  th e re  were two in s ta n c es  o f f a in t  d is ­

c o lo ra t io n  o f  a  very  sm all gum a r e a .d o u b tfu l ly  su g gestiv e  o f such  , 

d e p o s i ts .  S ince pyorrhoea was p rese n t in  the e n t i r e .male-group* ' '

w ith  the ex cep tio n  o f th e  eden tu lous em ployees, th e f a i l u r e  o f  o ccu r- 

renee o f a  s in g le  d e f in i te  .lead  l i n e  i s  s tro n g  ev idence o f th e  in ­

s ig n i f ic a n c e  o f th e  le a d  exposure®. ' . . ' . :

Th© c l i n i c a l  exam ination o f the u r in e ,  and th e  

m icroscop ic exam ination o f th e  b lood  a lso  f a i l e d  to-adduce any .ev idence 

o f Isa d  a b so rp t io n . The d a ta  of. the  leu co cy te  counts are  grouped in  

Tabl© k* The. one d e f i n i t e l y  abnormal h igh  r e s u l t  was ob ta ined  in  a 

sm® w ith  a low grad© c y s t i t i s  and a  b lad d er f i s t u l a (B en se in ). Tables 

5* 6 and J  show th e  o th e r  d a ta  on th e  b lo o d , c la s s i f i e d  accord ing  to  

th e i r  f re q u en c ies  o f occurrence w ith in  th e  g roup . It  i s  s ig n i f i c a n t
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t h a t  a m ild  to  sever© red u c tio n  o f th e  e ry th ro c y te  count was observed 

in  more than  h a l f  o f th e  in d iv id u a ls  in  th© group examined* bu t the 

la c k  of any s p e c i f ic  r e la t io n s h ip  o f■ th e se  f in d in g s to  ab so rp tio n  is  

in d ic a te d  by th© f a i l u r e  o f  occurrence o f  s ig n i f i c an t  numbers o f 

’’stippled** e ry th ro c y te s . In  most in s ta n c e s  these anemias had th e i r  

o r ig in ,  in  a l l  p ro b a b i l i t y ,  in  th e  ch ron ic  in f e c t ion s  of the nose and 

th ro a t and th e  te e th  o f th e  employees* In  on© in s tan c e  {C leri}  th is  

ex p lan atio n  o f  th e  anemia may be doubted* In  fh ia  employee (fem ale) 

th e  e ry th ro cy te  count (2, 900*000) and th e  hemoglobin d e te rm in a tio n  

(75^) r a t i f y  f u r th e r  c l i n i c a l  s tu d y  and trea tm ent*  The o th e rs  a re  

w ith in  th© range a s so c ia te d  w ith  low grade in fe c t io n and claroni a 

toxem ia. ■ . , - ' . . . . . :-

■ ■ : Th© c l in ic a l ,  f i n d in g s , . w h ile in s ig n i f i c a n t  : ■

in  r e la t io n  to  le a d  a b so rp t io n , were o therw ise  o f  in te r e s t  and îm- 

po rtasse*  Chronic r h i n i t i s  was an alm ost c o n s ta n t f in din g  among th e  

parsons exam ined, and in s te a d  of th© common m i ld . congestion  and edema 

seen among workmen in  g e n e ra l,, th e re  was a g la i r y  hoggins ss of the.

naso~pharyngeaX mucosa which denoted the p resence of  some i r r i t a n t *  .
, ■ . was ■ .

The ■ exam inerra e a r ly  su sp ic io n  in  th is 'reg a rdA co n firm ed  by th© d isco v ery
n asa l

o f se v e ra l u lc e rs  o f th e /(sopfcua and by two eases, of com plete p e r fo ra t io n  

of th© septum , presumably d e r iv ed  fresa th© ac id  fumes a sso c ia te d  w ith  

so ld e r in g . ,

The te e th  o f  th e  employees were in  d ep lo rab ly  

bad co n d it io n  w ith  b u t  few though very  s t r ik in g  exceptions*  One f i r s t  

suspected  th a t  exposure to  a c id  fames may have had some in f lu e n c e  on 

the Inc idence and th e  s e v e r i ty  of d e n ta l  c a r ie s ,-  which in  the sm all group 

of men appeared to  be u n u su a lly  ex tensive*  However th is  te n ta t iv e  id e a  

was neg a tiv ed  by th e  exam ination  o f  the fem ale em ployees, who had the

c h a ra c te r i s t ic  aaso -pharyngea l i r r i t a t i o n  (one had a p e r fo ra te d  septum ).

. . *» XI ->
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- . , ïh e  r e s u l t s  on th e u r ln ©  samples are  sheas in  ••■ ..'"■ "■ ■ :.•■ ■

fébl@:::9* '16 '■ ■  should-be- r e c a l le d  tha t. 63s© sm a ll ««»pies o f  'approx im ately  ’ 

100 ce were ob ta ined  undor th e  su p e rv is io n  o f th e  examiner la .o rd e r  to  

cheek th© p o s s ib i l i t y  o f contam ination  to  the c o l le c t io n  of th©; la rg e  

samples • - ?hs resu lt©  oa th e  sm all samples* '»hen cwostparcd w ith  those , 

on the la rg e , sam ples, dem onstrate th a t  .the la rge , sm p le e « e re  c o l le c te d  - - 

w ith  duo care*  fhe em a il samples f ie ld e d  bo th  s l i g h t l y  h ig h e r sad - *

s l i g h t l y  lo s e r  r e s u l t s  th a n  th© la rg e  sea*pleaf and: in  s i s  oases o u t of. 

tueaty -n in©  ' on ahasa bo th  r e s u l t s  «ora a v a ila b le »  the two r e s u l t s  uer© 

w idely  ' v a r ia n t . ’She ' ex p lan a tio n  o f th e se  v a r ia t io n s  has been, prov ided. -.. 

through prev ious experim en ta l observa tions*  «© have found th a t ,-u r in a ry ......,

assip lcs taken  from hour to  .'•hour v a ry  co n s id e rab ly  in  t h e i r  load  .co n ten t* / 

.p a r t l y  because o f v a r ia t io n . 'in  th e  lead  ex p o su re • o f  th e  occupation  b a t  

la rg e ly  because o f  v a r ia t io n  In  the In tak e  and o u tpu t of. e a te r*  Scanty  

.water ou tpu t ,o o . th e  p a r t  o f"-the kidneys.- produces • a  r e la t i v e l y  high, u r in a ry  

load c o n c e n tra t io n * .whil© prefab© w ater o u tp u t r e s ul t s  In  the revers©«.
’ . . - . i ■ '

These v a r ia t io n s  ■ -bead. to  be 'smoothed pat th rough !to@ c o l le c t io n  ' o f  - a.. ■ ' 

la rg e  sample over a p eriod  of- hours- o r days» and th e re fo re  such a 

sample p o rtra y s  th e  s ta tu s  o f the  in d iv id u a l w ith  -resp ec t to  lead  ah* 

so rp t io n  eifch g re a te r  accu racy  than does th e  sm all sp o t sample* Bespit©  

th is  g re a te r  u se fu ln e ss  o f th e  la rg e  samples» i t  .is  ap p a ren t th a t  th e  

•.small, samples y ie ld e d  - s u b s ta n t ia l ly  th© a sane g en e ra l in fo rm ation  as the 

la rge*  • In 'ts e » ty ~ s .ix  e a s e s 'th e  r e s u l t s  on th e  tee  samples «ere in  

■ s u b s ta n t ia l ' agreement*,' Moreover the.me«» r e s u lt s  on' th e  two. s e ts  of 

•samples of. u r in e  a re  s o t  s ig n i f i c a n t l y  d i f f è re n t» s ta t i s t i c a l l y »  and 

from -the p h y s io lo g ic a l v iew po in t they  have the same s ig n if ic a n c e *  

shea compared w ith  r e s u l t s  ob ta ined  by s im i la r  methods on normal persons 

w ithou t o ccupationa l l e a2 exposure» th ey  dem onstrate co n c lu s iv e ly .- th e ' 

.occurrence o f . o ccu p a tio n a l lead  abso rp tion*  They do n o t exceed normal '

* HE  0003685



va lues by © aid© saargln* and they  as*© l is t  o f  th av m ss lfe d e  th a t  ne  

!m^©'fauad. fa  t ra d e s  fa  « b leb  ve. have' found •" "

c l i n i c a l  ov idesces o f - load in to x ic a t io n *  For the sak© o f comparison* 

d a ta  ..on -normal persons*-and 60' .groups, o f  persons lnAf ra h k ly ; hazardous . 

load ' t ra d e  ar© given la- ‘f a b le  10» I t  i s  o f  I n te r e s t  to  not?®'., -the ■ ' 

r e la t i v e l y  ..o&rrosi'. rang© of v a r ia t io n  l a  the  resu lt© ' obtained: .in; th e  ©as© ; 

o f noxmal :per®®n®* and th e  soslssaen in  . th e  p la n t under- s tu d y  Cfabl© 9)V 

a© c o n tra s te d  » t th  those  in  th e  workmen' o f  the  d e fin i t e l y  h assrd o n s“' '

p lan t*  fiie- l a t t e r :  p la n t  .had a  v a r ie ty  of. Imsards. o f d i f f e r e n t  isagM«*- 

/;fcade# £mdvoases of in to x ic a t io n  se re  found among th e  more h e a v i ly  exposed 

workmen# who a lso  ©hosed the. h ig h e r  r a te s  "o f 'u r in a ry , lo a d  © deration* . 

Tho.. p la n t under study# on the  con tra ry #  had. mcfc tlis sms© fcyp©: ©f . 

'•hasard- -throughout# and th e re  • -«os l i t t l e  ev idence o f  - gross' v a r ia t io n . ' la  . • 

tho  s e v e r i ty  o f-th®  p o te n t ia l  exposure* The a n a ly t io a l  r e s u l t s  a re  la  

s a t is f a c to r y  ®gr@@is©nbwith th a t  obserw ation i : ' ..• •

■ " . ' ‘fh© -a n a ly t ic a l r e s u l t s  on th e  feces- a re  g iven  la

Tables l l 'a n d  12* : T ab icv 11 groups' the r e s u l t s  on . th© © s t i rs  f o c a l  - -

'susaple© • o h l le  Table 12 -shoes then  on the b a s is  o f th® lead  p rese n t 

p er gram of foca l, ash* ' The l a t t e r  sieaaa o f p roseating - th e  d a ta  w h ile ’ 

n o t © holly  s a t is fa c to ry -  from .a  p h y s io lo g ic a l p o in t-o f .v iew ^  i s  m  

a ttem p t to  compare th e  In d iv id u a ls  on some tim e o r  q ua n t i ty  b a s is *  

a® have shown p rev io u s ly  th a t  th e  f e c a l  o u tpu t o f lead  o f  persons .

■ without o ccu p a tio n a l le a d  exposure i s  approx im ate ly  0*25 s t i l l  ig rsa a . ;

p e r day , - On- th is '" b a s is  th e  mean f ig u re  o f  0*&06 ♦  0*075 f o r  th e  group 

s tu d ie d  i s  d e f in i te  ©vifiende'-of - .abnormal load  infcfik©* E xpressed in ' 

term s of th e  ash# th© n o rm a l.fec a l lead  has been found to  bo about G*o8 

m illig ram s per gram o f  ash* The v a lue  o f 0*136 J; 0*013 is  there fo r©  

s ig n i f i c a n t ly  h igh# In d ic a t in g  a ls o  th e  occu rrence o f  aomeohat abnormal 

exposures* An' i n te r p r e ta t i o n .o f th e 's ig n l f lo a n e e -o f  th© r e s u l ts  on t h e ­

- K& 0003686

■ ... ■ *»'15' « . ; .- ''



. « H  *  . ' .

fecsa  la  com plicated by the t i»  ;blgtr.:;r»i&lta of'2* ii9 '*nd 3*2$ m illigram »

per sample, fhese resu lts ar-9 patently abnormal to the group«- Whotticr 

they represent an unusual exposure on the parts o f those fc-wo men on fell© 

day before the aa&pies «©re■ obtained, or whether , they are.,tb s  results o f ... 

-umsually bl^J-lead;  oontsent in  fell© food for that particular'day*, cannot '

, be''.determ ined* From 'th e .,p o in t of.-view of p l an t .safety- i t  i s  w ise r  to  ,:--.. 

i n te r p r e t  'the® as d ue.'t o . earposwr© in  th e  p la n t than '.to . igno re  the® -as 

abnormal and u n re la ted '- :to  eecupsM .onal exposu re , th e re  I s  some- ju s t i« .- ;. 

'f lo a t to n  f o r  fo l lo w in g  th e  .form er course*  I f .©he'examines . the e n t i r e  

reco rd  of th e s e . too-laea-lo«-Salm ons and stanhope) i t  » i l l ' be' seen th a t  

bo th  '-men.choced---re la tive ly  h igh  .re s u l ts  • In  sm all and-, la rg e  sam ples o f \ 

u r i s o ,  In ev idence o f re la t iv e ly -  h igh  lead  ©xp.oeur® and a b so rp tio n , ... . 

al-thcu ~h n o ltf ie r  showed any c l i n i c a l  ©video®* o f-box lc '. le ad  ab so rp tio n  •.' - 

o f oven ?. d o u b tfu l v a r ie ty *  The u r in a ry , r e s u l t s ,  however, a re  n o t In 

beeping w ith  a s f . sueli -'.daily exposure a® 1» re p re se n te d  by ,.ts*o -o rvth re e  •;,

' s ll l lg rss js  o f lead por day i n  the 'feces* . Userefere ee. mas t  conclude ' '. 

that such .an exposure-®ss of infrequent ooourrene© for these' sea-- and 

f o r  o th e r  risa in: th is  p la n t*  . .. .- . - . .

P roa the eonbined data. on. the'.urine -and feces, -it • 

i s  quit:::- clear that the employees., tn th is plant have been- exposed to 

lead  ever and above that which. «as- ingested with their food'-and drink*

I t  i s  a lso  -ev id en t,'especia lly  from -.the urinary r e s u l ts , -  th a t  tbs- = • 

occupational -Idad ekposare., was not so great «©• that occurring • in- many 

'Other .and'. recognisedlyhazardoua le ad  tra d e s*  From the lack  o f c l i n i c a l  

• evidence of lead in toxication i t  i s  ap p aren t th a t  the lead  ab so rp tio n  

in c id e n t to  omployaent in  th la  p la n t  «as n o t g e n e ral ly  s u f f i c ie n t  to  

produce f ra n k  cases o f load  po isoning*  I t  1® d o u b tfu l i f  le ad  po ison ing  

m aybe expected'' t o . develop under conditions of ab so rp tio n  ouch as ■■ those 

rep rese n ted  by the  mean u r in a ry  load  ou tpu t of th e  group o f workmen*

- K £  0 0 ® 3 ® i?
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Gn the  o th e r hand th e re  war© In d iv id u a l oases among the group w ith  

a un ifo rm ly  h igh  load  ooafeeafi o f b lo o d , u r la #  and fe c e s , Moreover I t

Mh conce ivab le  th a t  th e  sub je c ts  se le c te d ' fo r  study  d id  n o t rep resen t; - 

tb s  CGmplot@-sa?aiigo..of; exposure and o f ex o re to ry  rcacfeioo. to , «sspoaur©j. 

l , c .  th a t  there way have been employ©os w ith  somewhat g r e a te r  exposure 

g than th e  g r e a te s t 'r e p re s e n te d  in  th e  'g roup  aeXeeted f o r  s tu d y . In  any : 

case the  in d iv id u a ls  «ho p o r tra y  th e  e f fe c ts . o f maximal ..exposure' among 

our. group -are o f  ...most s ig n  i f  loanee»' s in e #  thee#'' persons* i t  any , ■■  would 

be expected, to  show b o rd o r l iu o  ev idences o f  in to x ic a tio n . • A c tu a lly ,

- th e re  I s  o n ly ' on# person ' - la  -the. group (Sc o fc t), in whoa© ease th e re  

-:: was such.;,a co n b in a tio n  o f  #1. Ip l e a l  a n d ;a n a ly t ic a l , f  la d in g s  as , to.-, v,,,,. .

V. suggast th e  ■ ex istona©  a f;'Ino lp len fc  o r m ild  pltuahiaai, .C erta in  'c l i n i c a l /  ' 

f in d in g s  in  th i s  &.m. could .ha in te r  p ra te d  .m  deriv ing, .from load- ab** '. 

so rp tio n *  Hi© low e ry th ro c y te  © oust and th e  lo® hem oglobin, w ith  

' s t ip p l in g  to  th e  e x ta n t of., ¿6 p e r .^O. f i e l d s ,  «hen ac®Mii©d w ith  a  : ••

dubious load  l i n e ,  s l i g h t l y  h y p e ra c t iv e .r e f le x e s ,  tre m o r - of - the  hands 

■ and a s l i g h t  tendency  to- cous'tipaticm  a re , a t  le a s t ,  ou g g ea tiv e . The .

■ u r in a ry , load' co n c e n tra t io n  o f  0*1?  ®g* per l i t e r  in  th e  sp o t sample 

• was confirmeci In  I t s '  s ig n i f ic a n c e  by the f in d in g  o f 0, 15» mg, par

l i t e r  in  the la rg o  sam ple, t h i s  being  fete h ig h e s t r e su l t  ob ta in ed  in  th e  

l a t t e r  group o f sam p les, f h ia  man,, in  our o p in io n , should  be k ep t 

under ct> s e r ra t io n * ' not s o . c lo se ly  as to  indue© an x ie ty  oh h is  p a r t ,  

t u t  s u f f i c ie n t ly - c lo s e ly  to  safe© p o ss ib le  the d e tec t io n  o f  any tre n d .

. In th e  s ta te  o f  h is. h e a l th  and d e l l  b e in g ,

• - D iscussion  and .BjibcBmendattoaa ' ■ .

; - Th& comments made In th e  p re se n ta t io n  o f th© d a ta

y ie ld  a b a s is  f o r  in te r p r e ta t io n ,  to  -which l i t t l e  need b© added.

However, c e r ta in  g en e ral conc lusions which ©re j u s t i f i e d  by our. ex«* 

p er ien ce  should be added. Pro» our p rev ious s tu d ie s we have Penned

■ ' - K 'g  0 0 0 3 6 3 8  ■ .
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th e  op in ion  th a t a  m ain ta ined  u r in a ry  le a d  e x c re t ion  o f approx im ately  

0*20 nig. par l i t e r .  o r more deno tes a  dangerous degrs®" o f le a d 'a b so rp tio n *  

and th a t  under. conditions.' in ' which -such r e s u l ts  -are found f re q u e n t ly  o r  - 

re g u la r ly *  in  a  g roup -o f workmen* lead  po ison ing  o f m oderate to  severe  

. degpe®. w i l l '© e c u r# '■ '-P e rso n s /ex c re tin g 'le ad  to  th e  e x ta n t o f 0 ,15  ®g* 

per l i t e r *  o r th e rsh o u ts * under co n d it io n s  o f re g u la r  ex p o su re -a re  in  ;

a d o u b tfu l group* w ith  r e la t io n  to  t£j® p ro b a b i l i ty o f  the  i r  be as min g .-.-

po iaonsd* -hu t up t o :th e  p re se n t w@ have reaso n  to  be l ie v e  th a t  in to x i«  .

' e a t  Ion i s  l i k e l y  to  be m ild  .'and. f l e e t in g  a»cmg such persona* ..if  indeed 

I t  occurs a t  a l l#  : '"Therefor© feb© mean f ig u re  o f  0*df 9 lag# p e r l i t e r  o f 

u r in e  in the growp "stud ied  denotes*, w® ba ll© w *  a s u b s ta n t ia l ly  s a t i s ­

fa c to ry  3feat©* and one:.In. which: plussfeisia i s  s'c& rcely .to jbe expected* ' ' '  ' 

fb© q u estio n s which ..remain, to  he ..answered* w ith  re s p e c t  to  th is  p lant* . . 

and Its- .employees* are ' as. fo llow s*  (a )  Did. the su rv e y .cover th e  p la n t' 

.popu la tion  in  such  a way as to  d is c lo s e  -the r e s u l ts  o f  t h e • g r e a te s t  . 

.lead ' exposure ' in  th is  p la n t?  ' (b> -Ars the  few' h igh  r e s u l t s  'ob tained :' ' 

c h a r a c te r i s t i c  o f in d iv id u a ls  ..who hmm had* aesae' unusua l magnitude.' o f  ... 

exposure* ..or do th ey  re p re s e n t th e  chaace occurrence o f a tem porary ' 

fci$ i lead, o u tpu t ©tt th e  p a r t  o f  im liv id as lis  ®h© u su a l ly  excrete. le a d '

:a t  lo s e r  le v e ls ,  . ' . . . .  • -

.. Flo adetguate answer 'can h e ’g iven  to  th ese  two q u es tio n s ' 

f ree r th e  a v a i la b le  data.#' O bservations . would have to  h e ’made .on a much 

g re a te r  number o f  employees to  y ie ld  t h s  ■ .answer promptly# on the o th e r  

hand* th e  answer can bo D etained by c o l le c t in g  f a r th e r  d a ta  over; a ' 

period , o f tim e* I t  i s  reeem ended*  th e re fo re *  th a t  d o u b tfu l o r suspected  

cases o f plumbtsai, and eases p re se n tin g  symptomatic and p h ysica l f in d in g s  

th a t  m ight m is tak en ly  be a t t r i b u te d  to  le a d -a b so rp tio n  be s tu d ie d  c a re ­

f u l l y  a© they come to  fch© .attention of the p la n t  physic ian*  In- such 

in s tan ecs  th e  r e s u l t  o f  a  com plete p h y s ic a l exam ination should be 

checked by th© .-analysis ■ o f  s u i ta b le  samples o f blood and. e x c re ta  f o r  

t h e i r  lead c o n te n t. Such in fo rm ation  w i l t  p rov ide a sound b a s is  f o r  s



d ec is io n  as to  th e  s a fe ty  o f th e  p lan t#  I f  c e r ta in  f a c to rs  which 

In f lu en ce  the lead  exposure a t  v a r io u s t lm m and under v a r io u s  con~ 

d i t io n a  o f o p era tio n  have been  m issed by tils© p re se n t s u r r e y  ■ {which - 

ad m itted ly  i s  no t w holly  adequate)*, such f a c to rs  wi l l  a lm o s t .c e r ta in ly  

come t o ' l i i j h t ,  and can ts© d e a l t  w ith  as th e  elream s tan  cea requ ire* . 

Meanwhile* •¿ioiwiousXy, ..©ontinned a t te n t io n  m is t he p a id  t o . m a tte rs  : o f  

good housekeep ing» -io  the  m aintenance o f  w e n tl la t i iig  © guli^enta a n d .. 

e sp e c ia l ly *  to  th e  possiM i. I ty  th a t  th e  exposure my  toe m od ified  f o r  

b e t te r  or worse through t h e '• In tro d u c tio n  of -nea o pe ra tio n s  and pro» 

eed u res, w ith in ' the  s la n t*  ’The combined d a ta  ob tained  f r a a  care fu l- 

su p e rv is io n  of; p lant- .-ac tiv it ies*  from c a re fu l , m edical auperw is ion* • •. -. 

and from the a n a ly tic a l- .a to d y  of un u su a l o ases"w ill  y ie ld  valuab le- 

• In form ation, ¡from.-tooth-,.-a s c i e n t i f i c  and p r ac t ic a l  p o in t o f .vie»* I

, : ,r -Signed$ A r£*u ^
■ ■' . : .... . . .  - Tule € te r  lag  - to ry  •''

: , ... '. o f  A pplied Physio logy .
'■ . , . ' '  ̂ ■ . . -College' o f - £% d lc in e  ' -, -

.. -.. - ! . - , : ’ ' -U n iversity  o f C in c in n a t i  .. ■ •.

/ ¿ r o o o s e s o
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D is tr ib u tion  -of woi&mta 

According to 'S t ip p l in g  o f  E ry th rocy tes

8t ip p le d  Srjfehroc^tec lumbar o f  Persons
Ä Ä J ä sM s» « ^  «■  ■ —

0 y -  ■ 1 . .. 21

2 ■ ea 5 ■ ; •■ ■  '...;" - ■ Û

4 :>;■ .0

6 « ?  .■ ■ ■ ■ '■ '■ ; ■ "'■ ■ , 2

8 9 v " ‘ -1

10 » l l ■ ■ ■  cX
" '• i

12 «a - 1$ i
{

, ■ -a (
V C

c
■ Í

c

0

t k ■ V 2.0 \  ';' v v  -" a

%€ ■ « X?; . 2

18 / H *» 1

f a t u i  . ■' . ... 3$'.

*  Values tsh ich  ma:/ bo b u t ar@ n o t s3S@aaa.Pily 
/'"yasaeoi'afcosi wlt& aba ornai absorption of load*
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Tabi® 8

Di s fcribu t î  on o f Workmen

According to  Lead in  Blm

Mgs# Pfe por 
100 *?rams

0 .0  -  0 .019

0.020 -  0 .059

Ô.0I4Ô « O.O59

O.060 » 0 .079  ,

0 .080  ■ * 0*099

ïhambcr o f 
Persona

T o ta l 1$ «

le a n

Standard
D e la t io n

«• 11 o f  those nere o b ta in ed  a t  .%© tltiO  > f  onr 
examina tí ons, ì± aero  ob ta ined  a t  o th e r  timos by 
th e  p la n t p h y s ic ia n .

O.O5 £  O.OOti 

±  .0*022

- K £  0003698



TABUS'" f :

D is tr ib u tism  o f Wcatean'' 

According to  Lead in  U rine

Frequency

as ?b 
o f

per Dites* 
U rine

In  l ia r le  Samóles

0 .0 •  0.019 k 0

0.020 « 0*059 6 ‘ ■ . ■ ■ ' 5 .

O.Oi|0 -  O.O59 ; . . a  ■ ■ ■ : ' 6

O.060 ~ O.079 ; -7-' 11

0.030 0.099 - . . 3 ; ; . 5 -  .

0*100. ~ 0.119 6 . a

0.120 0.139  ■■ ; ■■. ■ 3 ■ V h
0.140 -  0 .159 5 ■

0. I 6O -  0 .179 . ■ 1:. ■ ■ ■ ■ ■ . 0 '

. f ö t a l  - ' ■■  ■ ■ ' 33 *  " $6 : ; ,

Sean : . . ' ■ . 0.068 4  0.004 0 .079  4  0 .004

S tan d ard s . , 
■ D ev ia tion

4 0 .0 4 4  0 .o4

s 29 o f  th e se  s e re  o b ta in ed  e t  th e  tim e o f  our esser n at io n s . 
9 f o pv ob ta ined  a t  o th e r  tim es by the p la n t  physic ian#

K r  O0Q3639



" ■ ■ ' D is tr ib u t io n  o f Öroups o f Persößg « I tb  V ar iab le  Le sä
' ' Aocording t s  C onceß tra tion  o f  L©ad in  Urin©

\ ' . : : ■ ' ,! ■ ; . Fretm eao?

C TABUS 10

Mgs.Pb per Liter  
of XJrtm ■

! ............. —

0* 00 O.Oij.9

0*05 - 0*099

o .io tat 0*149

0*15 - 0*199

0*20 0*2L9

'  .25 - 0.299

0*30 - 0*349

.0*55' 'over

f ö ta l

Bea» .

S tandard
D e f la t io n

D aily  S tap les from 
Tvto Normal Persons 
stud led  üader 
Laborator?.Ooadtfefona

■ 194 '

• ■ ■  2 '■  • '

Persona Ssp loysd ln  
an O öcupatlün w tth  . 
ap Laad Espoaure '

17

6

193

0*01 B + 0*00 !*, 

0*009

23

0*037 4; 0 .004

4- Öe025

k - £  0003700

¿¿scposure

Porsons Etaployed 
lo  a Hasardaia?. ■ ; 
Lead frad®  .

6

9

10

8

3

Z

3

IA

0.201 £  0*QX5 

¿ 0*121



. T m m  l i :

D Ìa fe r l b u f c ì o a o f  Wo rf eso n 

According fco Load in  Focos

Kgs Pb par 
Sample o f Focos

Q.ÖQ » 0*Xtó

0*X5 -  0*299

0.30 -  Ö./V4.9

O.I4.5 -  O.599

O.60 -  0*7^9

0*75 -  0*399

0*90 •  I.0Í4.9

2 .X I 4.

2 .3 3

. 2 * t $  ;

■ . '  3*%%

5?0fca2 ' ’

Bomber of .Persons

' h

• .8 .  ■ -

. I /

k .
' 2

■• 2  ;

' 3

; l ‘ ­

' 2

■■ ' •  1  ' 

■ %

33: '

Moan . ' 0.0T3 #

S tandard  + 0«él|0
D e v i a t i n g  . • ' .

By the om ission o f  the l a s t  fcsso r e s u l t s  (2. 1*9 ®ad 3 .25} which, 
appear nofc to  belong In th is  s e t  o f  data»  th e  moan b ee v e s  
0.1*70 ♦  O.O38» w ith  an S . X>. o f + 0*3X8*

- I<r 0,003701



: J; ' : ■ ' ; : . TABIB' 12 ■ ■ ■ ■ ■ ■ ■ ■ '

' : /  - : . D is tr ib u t io n  o f  W©rteieii ;

' A cco rd ing 'to  le a d  Per Oram o f Focal Ash

■ %s«Pb'.>or Qren-" V Humber - of Persons
Of ¿all , ■ ■ ' ■ ' - '' ■ \ •

15 

8 

2

4  

1 

%

1

T o ta l : , ■ 33

Maas

. S tandard 
D ev ia tion

o B y .the ©mission o f the one l a s t  r e s u l t  (0»&5.) iM eh  appears ■ 
d e f in i t e ly  abnormal to  th i s  u n iv e rse  of data#  the-mean becomes 
0.122 0 .0 1 0 , o ith  an S.D* o f + O.O85.

0 .154  4; 0 .015  * 

±  0 .114

0.00 » 0 .049 

O.05 -  0.099 

0.10 V  0.149

0 .15 “ 0.199

0 .20  » 0 .249

O.25

0 .44

0.65

0 0 0 3 7 0 2



Hoy to ¡Symbols and A bbreviation©  in  Large T able

1 , Ago is  recorded  .>0. -the n e a re s t  in te g e r

2  » Mar i  ta l  s ta  tes : «* ; M , married |  S , s in g le

; 3V Yearn In th is  p la n t-d o e s■ o c - t 'r e f e r 'to  p rese n t ©ccap-r felon, an«
, is  n o t no© eoaarily  r e la te d  t o .a  s in g le  type or' se v e r i ty , o f 

exposu re . ■

i l *. H o b its  o f s le e p in g « G> g©od| F, f a i r .

: 5» ' C o n stip a tio n  ». ©, 'n o n e ; 4 s l i g h t  or d o u b tfu l 3 4 .d e f in i te  b is  to ry  %
" 4--S-.pers istent.' . • - . ”  -, ' . ■ ■  ; .

7« G eneral h e a l th  « •  u n s a t is fa c to ry ; 4 q u es tio n ab le !  4 s a t is fa c to ry !.

' 8# Fatigue  -  ."O. none’i *  o ccas io n a l! 4 d e fin i te  co m p la in t .r . ;;■

9* Eoadaoh© •» Q'nonef £  o ccas io n a l; 4 frequent complaint*-.-:;. v .r ' ' '

.10»':A ppetite  ** G ,goodf F9 f a i r .  .... "

I I . hoaturi©  « 0 »on©; £  '■ .occasional! '4 fre que ntly or .re gu larly* '
■ - • .. ■ ■ , ' ■ >
III .  N u tr i t io n  -  poo rly  n ou rished ! • ♦  f a i r  s ta te  of n u t r i t i o n j  . ' j

4 good -.'nu trition  ;  4*4 ' obese* *"* ' . . - •

15 . Vasculature  « -  poorly deve loped! 4; .fa i r  d e v e lo p m e n t+ .well--. -
developed! 44 h e a v i ly  sm écied , ** . " . .

18» Blood Brea sure -  â, dash or period separates: s ys to l i c  an d -d ias to l ic

19* â*E», acute, r h i n i t i s , 0 . K*, ch ron ic  r h i n i t i sf Thrb* E d ., edema o f
turbinates '!- T#Byp* hyper tropMe d'. turb inate s  ; .I* ?* , i n f e r io r  tu rb in a te  % 
S .B .L ,■ *> 'septum" d ev ia ted  to  Ioffe or r ig h t  % P a r , ob* p a r t i a l
o bs tructio n ;"-?h*, pharyngitis -! ©„ normal*' - . .

20« Ceu ce rte s  | . .edent* edentulous ; Part « lie n t., Pa r t ia l  denture ;  
dev® d e v i ta l is e d , .ging* g i n g i v i t i s , '

21,  Pyorrhoea'.» 0 non©; £  s l ig h t  and 'lo ca lis e d f 4 present ge n e ra lly !
■ 44'se v e re , 444 ve ry se v e re , ■

25* l x t r c i t i e s  -  Se ale d fr .*, healed frac tu re ! V-.-V* varico se  ve in s !
Derm* de rm atit is * .

26, Tremor » 0 non©| 4  inco ns tan t! 4 d e fin i t e . ' .

9

K&  0003703
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(2) ■ ' ; n Vv *Ä ble,13

Harne Moran C. Salmons Petfey " : Wiek , ’

Humb er ^  5 ...:■._ .....................' 6 . ... 7
' ' ’ ' ■ 
1 . 38 56 "  ' 38 56
2*. ... M ; . M ■ M : M ■
P * 10 25 10 12

i ■ ¿4̂® ' G . : • 0 ' . ' 0 : • G ' V .
i 5«. 0 6 0
i w #. 0 . + Extracfcions 0 0

/• 4 ■■■  ■■ ■ . ■. * . ■ ■ ■ ■
; ö # 0 - " ■ ■ ■  • 0 ■ . ' ■ ■ '0 0

9 . 0 0 0 4- F re q .I r re g »
10. P ' :■ c ■ ■ p ■ : c- ■ ' ...
11.
12.

ii
l l :
17.
18. 
19* 
20. 
21. 
2 2 .

5!:

59.
4-0.
+1 .
42.

. 4y ' '
■ 7  ■ .. .

68
oa ■ .

11^=74
S.d .R. -  A.K,

En crü s t  c -d-Kr o de ö

0

F?
158.0

■ 4
’■ fr ■
72
97.2 

,68 
i .R .  V
E a e n t . 
0 
0

J.
C «R«

0
68

146.0
4­

’ •¥
72
97.8

114.70
C.R.~ X.T, 

Sl.Ging.GoQd 
.0 
0

31 .0
7.0
3.0

2.5
7.5
3 .0

0.05
0 .01
0 .0 8 -
o.4o
0 .1 0 -

*4*v
2 0 .0

8 .5
1 .5  
1.0 
0.0? 
0 .07  
0.
Oc
0 .ö 6 -

0

■ .+ ■ -
64 ,
98.6

118-70
T.-Hyp.-R. Pb, 
llany E x t .

+ '■  ' ■■

23. Sa a l ! . Var ices Small varle e s  ■ 0 0 P03
4 . 3 ;..o, ■ . 0 0 Aw

, 0 ■ 0 0 0
■■ ■ -0  ,■  , ■■  ■ : ■ 0 ■ ; ■ ■■ 0 0

25. ..v. 90. . ■ ■ . 100 .. 100 100
90 100 100 100

26. Lids 0 ■ .'0 0
27. ■ ' ' " ' ■ . ■■■ . 4* - - 4- 0

! 28. 8.75 10.5 6.85 5 .10
!■  29. 4 ,990 4,500 5,730 4 ,180
i 50. 100 95 102 93
! 51. - 1 ■ . 0 1 7
| 52. 59 .0 8 7 .0 64« 0 5 8 .0

3*5
32.5
2 .0
2 .5
*• 5 ,
0.06
0.07
0 .10­
0.40
0 .06

3
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d a t o l e  13

îïats© P r i t b o n L a n d r y Ue p a o n

Ku t n b e r ■ - ' __ 15....................... — X k ....________ ì  R

i  a **► 0 22 t ó IJ .! 512. : . M i l ,  . U M

?♦ ' ■ 4 . 10  , ' ■ ■ V f  .
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, . y  . ■
¿ «̂ ■ 0 : . : 0 © . 0 •: .

,■ ■  ■ 5 * ■ - ■ 0 : ... 4- 0  . 0
: o ■ i  . • ■. 0 ■ '■  . . 0 ' ■ ... ; ■ ■ ' : ■■  .

7. -, . ■ 4* ■■ ■ ■  ■ ■ .4* - - . . . ' ■ .

é . ■ o  V  -■  . ■ X 0 , . 0
9. *  S i n u s i  ■ . 0 ' - 0 . : ■ ■
10. G : 0’ - . . G ' G :
i l . 0 : ■■- ' 0  ■ - 0 0
12. ' ‘ ** .'  . ;. . ' 65 . - : 68 ■ ■ .. ■ 5 7 ■ ' ■ :

%  ■
Ö» 131*0 -  ' ■ 168*5 186 '

i 4. ■ 4* 4* ' ❖  ; ■44‘ ■ : . ■ ■ - ■ .

15­
1 6 .

■ 17.  -

■ . .4* ■■

76
9 9 .2

. 4* ■ =■

52, ■
.. V9 7, 1*. ■ - ■■ ■ .■  - ,

4*

, 7 6 - ■ .. 

A  li. ' ■ ■

-, l i a . "• - : ■ .... . 
s99

18. . . Ki* . !,126w72. ;  .. 12 4 * 7 0  ■ . 1 ÍI2 - 8 2
19* A . r : . S p u r  0, R .  , C * Îî 9 ' **-»3 * â  * i'i » ' S p u r  «  G .K»
20. F a i r « P a r t . D e n t  * ';■ ■ ■ ■ ■ ■  - E d e n t .  ■ ■  .G o o d  ' B a d  «  A lm o s t  E ö e n t
21. '0 ■ 4- . ■ ■ ■  4- :'.v ■ '

22. ■ 0 ■ 0 0 0
21. I n u r e d  .T o e s 0 . • , 0 0 . . '
24* ■■ ■ 0 . ■ . 0 0 4-H* . •

■ : 0 . ' ' 0  . 0 ' 0 .' '
.. * ■ ■ ■  " , 0. ■ ' : ' " -, Or 0 4*4-4 ■

25

2é
27
.28

5f¿

Ì4
35
3ê
37
58
59 
40

l|2i

100
■ 100V'
+ E y e lid s 
0

1Ô0
«5- E ye lids 
«-

120
100
O
*

120
100
4-
Ht*

6*ê§ . ,5 .45 $.4o - : 7 .60
4#6lO . 4*060 . '3»700.. ' ' 4*330
92 . ' , ■ -  90 :. . 9k 96
■ 1 . 1 1 55

55.0 %*0 40.5
1 .0  ■ 4*5 . f  .5 7*5

Iî.6.0 56.5 ' 36.5 ■ 37*5
4*0 3*5 ■ 5*5 ' 6 .0
2 .0 2 .0 5*0 2.5
2 .0  ; ®*5t 0.5 . ; ' «» .
«f» ’ ' ' ■ ô.©4 -

O.Olt 0.02 0.07 0.0$
O.O5** 0.07 0*09** 0.024-
0.16 . o . lè  ■ ■ O.23 0.0?
o.o4- 0.09 O.OS- 0.12»
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■ Table 13

Hess© Stsnhap© m m  ., Buhr Beimels

.. ..;, . . ■ 21- ’ • -■ ■ /■ '■  22 23 -

1» 1|2 Mi- 36 38
2 . . ' ■. s . M. . • M ' M . ;
3 . - . ' K ■ . ,^ ■ ■ .12 2 8
4, G .■  • 0 . G G
5* ; ..... -, - 0 G Ö 44
6 . .9  -.0 ■ 0 . , -fr D le t lnB Q '
7 . - -: . -fr ' '■ ■ ■  ■ ' ■■ 4 ■ * ^as&rçms opere t i« 

Lr*ïnfc*
8» 0 . . 0 . ■ ■ 0 . 0
9 . 0 -O' 0 4 *

1Ò. G - G .. . G . . G
n » 0 . - Ô. 0 4*
x s r  ■ . 58.5 • : 52*5 63 66.75
13. ' 219.5 ■ 153.5 - . 287 .0 229*75

15«
16«

1?«
i ß .
19.
20»
21 .
22»
25 .
26.

25*

26*
27 .
28 «

29i
30.
31.
32. 
33« 
34* 
55 • 
36. 
37* 
38. 
39* 
40.
la*
1* .

•frfr ■ . 4a - . ■ 1 ■ ■ 44
4 . . . . . . 4* 4* . L" . • -fr

112 76 , -. . loll. . . '. ■■■ : 8i|.
99.2 ..... . 99.0 ... ' 99.2 -.. ??170-100 . 126*90 142»100 li-6=
« O rsats *» C,*k »«»Sefô «r.#. 0»©»r» . •**■ P erf  «futura

F a ir  .;■ ■  ■ ■ ' Ce* Bad " ■ . Ca* Baâ E â e s t.
* .. •. ' : 4 ‘ •fr 0
0 - ■ . 0 ' . ■■ O ' 0
0 . : O 0 Baâ ^ a r ic e r
O 0 0 ^
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