
June 24, 1961

Malcolm H. Merrill, M.D., Director  
State Department of Public Health  
2151 Berkeley Way  

Berkeley 4  
California

Dear Malcolm:

I am directing to your attention a few critical remarks relating  
to the article on "Lead Poisoning in Industry", which I received a -
day or two ago from your Department, under the heading Occupational  
Health, technical information service. I send these to you for  
two reasons, one being that I do not know who prepared the artic le;  
the other is that I do not wish to take any one of your group "over  
the coals”. What I have to say is meant to be constructive criticism,  
and it is 30 crucial to the proper application of certain measures of  
industrial hygiene in the lead trades, that it must, I believe, b e 
said with all the vigor that it deserves.

I have not had the time to go over every part of the statement carefully,  
and I have not considered this necessary. What has been said on a  
number of matters is not what I would say, nor is it said in the manner  
in which I would say it. That is of little importance, for no two  
people see things quite the same or speak of them in the same manner.
There are two points, however, that deal with quantitative data and  
relationships in which one is either right or wrong, and in this instance  
incorrect statements are made.

(1) The first of these occurs under "Coproporphyrinuria", in which  
the flat statement i3 made that "a high degree of correlation has been - -  
demonstrated between coproporphyrin {concentrations) and urinary or blood  
levels." This is not as bad as it seems at first, but actually it i s 
not true. The concentration of coproporphyrin in the urine does not vary  
with the extent of the absorption of lead or with its rate of excretion
in the urine or with its concentration in the blood; it tends to increase  
abruptly when the level of absorption exceeds the critical point of danger,  
whereas it remains within normal limits at ail safe levels of lead absorption .  
It is a sign, not of absorption of lead, but of interference with a normal  
function of the body, and hence it denotes intoxication. It does vary some­
what in degree with the severity of the intoxication, but not necessarily  
with the extent of absorption of lead. What is said in the article is  not  
altogether untrue at the higher levels of absorption, but it is mi sleading,  
especially because it confuses the issue in industrial hygiene by using a  
sign of intoxication as a sign of danger after the fact. What one says here  
has to be 3aid carefully, and from precise knowledge.

(2) More serious errors are the statements concerning lead in the
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blood, "it is well established that clinical signs and symptoms of lead  
intoxication may exist with levels below 0.08 mgm per 100 grams." This  
is not strictly untrue, but what the author of this statement means i s 
untrue, as is shown by the sentences that precede and follow it. For  
example "The upper limit of normal for blood lead is 0.08  mgm/100 gm
whole blood" -- . This is a flatly incorrect statement. The concentration
of lead in the blood of normal persons in the United States rarely exceeds  
0.05,  and never exceeds 0.06  mg. per 100  grams. The latter level is found  
so rarely as to- be regarded as the result of a greater than usual analytic al  
deviation. Much, of course, depends upon the analytical procedure, but a  
properly carried out procedure need not be in error by more than + 0.01  mg.  
per 100  grams of whole blood, in dealing with quantities of 10 grams of blood.  
The concentration of 0.08  mgm per 100  grams of whole blood is an absolutely  
critical one. I have never seen a single case of lead poisoning in a child  
or an adult at the time of onset of intoxication, whose blood level was  
below 0.08  mg. per 100  g.,  and X believe I can say without any possibility  
of doubt, that we have checked this point by more observations than has  
anyone else in this country or elsewhere, and by methods of analysis that  
are of high and known accuracy. Symptoms may persist after the concentration  
of lead in the blood has diminished, and therefore, if the sick person i s 
not investigated early in the disease, it may happen that the concentration  
in the blood is as low as 0.06  rag. per ICO grams. The fact as I have stated  
it, is of the greatest importance, however, in industrial hygi ene, for if  
an individual is removed from work just before the threshold level of  
0.08  has been reached, he does not develop lead intoxication. You will  
recognize, therefore, that I am not dealing with an academic point, bu t with  
a highly significant fact which has been put to crucial test in practice for  
a period of years. On this point the entire medical regimen of industrial  
hygiene in the lead trades depends for its certainty that it can recog nize  
danger before any illness of any kind develops. In the tetraethyllead industry  
we have to depend solely upon the urine instead of the blood, (for the  
metabolism of TEL in the body is such that the concentration in the bl ood is  
no index of the concentration in the body). The principle is the same, however  
although the practice differs somewhat.

I would appreciate it if you would call these matters to the attention of  
your people. I do not expect them to alter or retract these statemen ts, at  
present, but they should know that they are incorrect. In due course, if the  
matter comes up, I shall have to take issue with such statements. The se are  
not the only misstatements on the record, however, and they will not be the  
last. The recent book of Johnstone and Miller contain the astonishing mis­
statement that the threshold of danger, with respect to the concentration of  
lead in the blood is 0.10  mg. per 100  grams. Where they got this figure,
I have no idea, but I have chided them about it. These things will be  
straightened out in time, and my only reason for referring this to you is to  
make such corrections as easy as possible rather than as difficult as it may  
become if some one’s feelings get hurtl

With best personal regards.

Sincerely yours,

Robert A. Kehoe, M. D
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occupational Health
tçefitnicàl information service CALIFORNIA STATE DEPARTMENT OF PUBLIC HEALTH

BUREAU OF OCCUPATIONAL HEALTH

2151 BERKELEY WAY • BERKELEY 4, CALIFORNIA

LEAD POI SONI NG IN I NDUSTRY

Fat al  l ead poi son i ngs have p r ogr essi ve l y  de­

c l i ned  over  t he past  t h i r t y  year s in many indus­

t r i e s,  but  cont r ol  of  t he l ead hazard i s st i l l  

un sat i sf ac t o r y .  Dur i ng t he year  1959,  t went y-  

n i ne cases o f  l ead p o i son i n g were r epor t ed t o 
t he Bureau o f  Occupat i onal  Heal t h,  Ca l i f o r n i a  

Depar t ment  o f  Pu b l i c  Heal t h.  I t  i s  p r obab l e 

t hat  many more cases remain unrepor t ed and many 

were not  r ecogni zed.  Met hods o f  complet e con­

t r ol  of  t he l ead hazard are wel l  known so t hat ,  

i deal l y ,  no case of  l ead poi son i ng shoul d occur ,  

ye t  non f at a l  l ead  p o i son i n g i s  a common sys­

t emi c occupat i onal  d i se ase .  Some o f  t h i s  i s 

f rom t he unw i t t i ng use of  l ead compounds in new 

pr ocesses,  but  exposure i s known t o be p ossi b l e  

in more t han a hundred d i f f e r en t  k i nds of  i ndus­

t r i e s,  i n c l u d i ng sm el t i ng,  r e f i n i n g,  l ead re­

cl ai m i ng,  bat t er y manuf act ure,  out door  pai n t i ng 

wi t h l ead based pai nt s,  pot t er y gl azi ng,  welding 

and sol der i ng,  met al  i zi ng,  and shi p scrapping.

ROUTES OF ABSORPTION

Lead i s t aken i nt o t he body by i nhal at i on ,  

by i ngest i on ,  and,  r ar e l y ,  t hr ough t he i n t ac t  

sk i n .  By f a r  t he gr eat est  number o f  cases in 

i nd u st r y  are f rom i n h a l a t i o n  of  l ead  dust  and 

fumes,  si nce r e l a t i ve l y  i nso l ub l e  l ead compounds 

may be d i sso l v e d  i n  t he l u n gs and absor bed  

t hr ough t he r e sp i r a t o r y  mucous membranes.  At  

pr esent ,  t et r aet hyl  l ead as f ound in gasol i ne  i s 

t he onl y widel y d i st r i b u t ed  form of  l ead capable 

of  bei ng absorbed t hr ough t he sk i n .  Cases o f  

p o i so n i n g f rom t e t r ae t h y l  l ead  have been re­

por t ed,  but  f or t unat e l y  are r ar e because st r i c t  
i nd ust r i a l  hygiene con t r o l s are enf or ced by t he 

t e t r ae t hy l  l ead i ndust r y ,  and because t he con-  
cent r et t i on in o r d i nar y  gaso l i ne  i s so l ow as t o 

present  l i t t l e  or  no hazard t o handl er s,  such as 

t r u c k e r s,  se r v i c e  st a t i o n  a t t e n d a n t s,  and
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ot her s.  (Tet r amet hyl  l ead  has been added re­

cen t l y  t o ga so l i n e  as a su b st i t u t e  f o r  t e t r a ­

et hyl  l ead but  t he amount  of  l ead i s about  t he 

same. )

TYPE OF POISONING

1. Acut e Po i son i n g: Th i s f orm usu al l y  r e su l t s 

f rom t he i nge st i on  of  1 a r g e  amount  s o i l  ead 

sa l t s,  commonly t he acet at e or  subacet at e.  In 
i ndust r y,  however,  t h i s f orm o f  acut e l ead p o i ­
soni ng i s r e l a t i v e l y  r are.  It  does occur  occa­

si o n a l l y  f rom exposur e t o t e t r ae t h y l  l ead  o r  

l ead f umes.  The i n ge st i o n  o f  l ead  sa l t s pr o­

duces si gn s and sympt oms i n c l u d i ng a m e t a l l i c  

t ast e,  vomi t i ng,  severe c o l i c ,  and const i p a t i on  

o r  b l oody d i a r r h e a .  Cen t r a l  ne r vou s syst em 

sympt oms pr edominat e i n t e t r aet hyl  l ead poi son­

i ng and i nc l u d e  Insomni a,  ment al  i r r i t a b i l i t y  

and i n st a b i l i t y  as e ar l y  si gn i f i c a n t  f i n d i n gs.  
These may be f ol l ow ed by headache,  c on vu l si ve  
movement s,  f rank convul si ons,  and deat h.

2.  Chr oni c Po i so n i n g: Th i s i s t he most  f r e ­

quent  t ype o f  l ead po i son i ng.  For  d e sc r i p t i v e  

pur poses t he si gn s and sympt oms may be c l a ssi ­
f i ed as ear l y  and l a t e  mani f est at i ons.

Ear l  y -  The onset  of  chr oni c l ead i n t ox i ca­

t i on i s f r equent l y  i n si d i o u s wi t h headache,  

weakness,  l a ssi t u d e  and con st i p a t i on ,  f o l ­

lowed soon by t he pai n of  i n t e st i na l  c o l i c .  

A l ead  l i n e  al ong t he gum m ar gi n  may be 

present ;  t h i s i s one i nd i cat i on  of  l ead ab­

sor p t i on,  but  not  n e c e ssa r i l y  o f  i n t o x i c a ­

t i on.  These ear l y  sympt oms are by f a r  t he 

most  common p r e se n t i n g com p l a i n t s o f  l ead 
poi  soni ng.
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Lat e -  I f  t he p a t i e n t  f a i l s  t o heed t he 

ear l y  war ni ng sympt oms and exposur e con­

t i nu es,  ner vous m a n i f e st a t i o n s sooner  o r  

l a t e r  develop,  These f r equent l y begin wi t h 

nervousness,  t remors,  weakness of  t he ext en­

sor  m usc l es —  oar t  i cu l  ar l  y • t hose o f  t he 

hands and f orearms —  and sensor y d i st u r b ­
ances,  i n c l u d i n g p a r e st h e si a  and anest he­

si a.  Event ual l y ext ensor  p a r a l y si s may de­
ve l op ,  w i t h  ob v i ous w r i st  o r  f oot  d r op .  

Severe chroni c poi soni ng may be f ol l owed by 

sympt omat i c invol vement  of  t he cent r al  ner­

vous syst em,  as wi t h acut e poi soni ng.  . For­

t unat el y,  encephalopat hy i s r e l a t i ve l y  rare,  

occur r i ng usual l y  a f t e r  exposur e t o t e t r a­

et hyl  lead,  or  nonoccupat l onal l y i n chi l d r en 

who i ngest  l eaded pai n t  f rom f u r n i t u r e  or  

w al l s.  In t he acut e st at e,  t here i s exc i t a­
t i on  and conf usi on which may be f ol l owed by 

st upor  w i t h or  w i t hout  c on vu l si on s,  coma, 

and deat h.  In t he ch r on i c  t ype of  sever e 

l ead poi son i ng,  i nvol vement  may occur  wi t h 

insomnia,  ver t i go,  per sonal  i t y  changes,  and 

v i sual  di st ur bances.

HISTORY

Accurat e d i f f e r e n t i a l  d i agn osi s r eq u i r es a 

car ef ul  syst ems review t o r u l e  out  appendi c i t i s,  

acut e ga st r o e n t e r i t i s,  r enal  c o l i c  and ot her  

causes of  abdominal  pai n which may si mul at e l ead 

c o l i c .  Numerous d i sor der s of  t he nervous syst em 

may be conf used wi t h t he per i pher al  n e u r i t i s or  

e n c e p h a l i t i s of  1 ead poi  soni ng.  Such d i seases 

incl ude p o l i om ye l i t i s and ot her  i n f ec t i ons,  cen­

t r a l  ner vous syst em neopl asms,  and p o i son i n g 

f rom t ox i c  subst ances ot her  t han l ead.

Pa r t i c u l a r l y  i mpor t ant  i s t he occupat i onal  

h i st o r y  of  t he pat i ent .  Po i n t s t o consi der  are 
p r evi ous and pr esent  exposure t o sp e c i f i c  j obs,  

d u r a t i o n  o f  exposur e,  p r esence o r  absence of  

sympt oms i n ot her  workers,  and t ime of  onset  of  
sympt oms i n r e l at i on  t o occupat i onal  exposures.

PHYSICAL EXAMINATION

Al t hough none of  t he si gns are pat hognomonic 

of  l ead poi son i ng,  t he most  commonly occu r r i ng 

are as f ol l ows:

1. pal  1 o r : Th i s i s pr obabl y a m ani f est a­

t i on  of  i nadequat e per i pher al  c i r c u l a ­

t i o n  and may o r  may not  be assoc i a t e d  

wi t h anemia.

2. Weakness and p a r a l y si s:  T h i s o c c u r s 

m ai n l y  i n t he ex t ensor  muscl es of  t he 
w r i st .  Ear l y  st ages can be det ect ed by 

excessi ve f a t i g a b i l i t y  of  t hese muscl es 

when t hey are exerci sed.

There may be no ob j ect i ve evi dence of  
general  muscul ar  weakness,  so t hat  t he 

st r i k i n g f eat ur e of  t he cond i t i on i s t he 

d i scr epancy bet ween t he muscul ar  devel ­

opment  of  t he pat i en t  and h i s appar ent  

Tack o f  st r e n g t h  when t e st e d .  Tr ue 

w r i st  drop or  ot her  p a r a l y si s i s a r e l a­

t i v e l y  uncommon occur rence.

3. Gl ngi val  1 ead 1 i ne : Bel i eved t o be due 

t o a deposi t  of  l ead su l f i d e ;  t h i s si gn  

appear s as a g r a y i sh  b l ack  se r i e s o f  

dot s most  e asi l y  seen along t he gum mar­

gi n  w i t h t he ai d  o f  a good m agn i f y i ng 

gl ass.  A good occupat i onal  h i st o r y  can 

d i f f e r e n t i a t e  a l ead  l i n e  f r om l i n e s  

caused by ot her  heavy met al s.

LABORATORY DATA

A d i agn osi s o f  l ead i n t o x i c a t i o n  cannot  be 

made by l abor at or y  exami nat ion al one.  The l ab ­

or at or y supplement s t he h i st o r y  and physi cal  ex­

ami nat ion.

Hemat ology -  Anemia due t o l ead p o i son i n g i s 

normocyt i c i n t ype and usu al l y  not  severe.  De­

f e c t i v e  e r y t h r oc y t e s ar e common,  however ,  and 

pol ychr omat ophi l  i a,  b aso p h i l i c  st i p p l i n g ,  p o i -  
k i l o c y t o si s,  and an i so c y t o si s may a l l  be f ound 

in t he pher i pher al  c i r cu l a t i on .  Demonst rat ion of  

a l l  t hese abnormal  c e l l s  may r eq u i r e  m u l t i p l e  

smears.  .

Basoph i l i c  st i p p l i n g o f  t he er y t hr ocyt es i s 

t he p r i nc i pal  si gn i f i c a n t  f i nd i ng i n t he bl ood.  

When det er mi ned by an exp er i enced  t e c h n i c i an  

f rom a c a r e f u l l y  pr epar ed smear,  t h i s f i nd i ng 

has d i agnost i c  si gn i f i c an c e .  Pol ychr omasi a i s 

of t en c l o se l y  assoc i at ed  w i t h b asop h i l i c  st i p ­

p l i n g  and may be ob se r ved  i n  t he same c e l l .
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St i pp l ed e r y t h r ocy t es are not  pat hognomonic of  

l ead poi soni ng but  r epresent  a r eact i on of  bone 

marrow t o a t ox i c  subst ance.  Th e i r  val ue  i s 

enhanced by per i od i c  examinat ion of  t he bl ood t o 

observe changes i n t he pr opor t i on of  st i p p l i ng.  
In cases of  known l ead exposure st i pp l ed  c e l l s 

i n  e x c e ss o f  12 c e l l s  p e r  50 o i l  i mmer si on 
f i e l d s  ar e su gge st i v e  o f  e x c e ssi v e  l ead ab­

sorpt i on.

Ur i nar y Lead -  Al t hough day t o day var i a t i on  in 

u r i nar y  volume i s r e l a t i v e l y  l ar ge ,  va l u e s o f  

l ead when cor r ect ed f or  sp ec i f i c  gr avi t y ,  cor r e­

l a t e  f a i r l y  wel l  w i t h t he quant i t y  of  l ead ab­

sorbed.  The pr ocedure f or  co l l ec t i on  of  ur i nar y 

sampl es f rom l ead w or ker s must  be m e t i cu l ous 

si nce t here i s al ways t he p o ssi b i l i t y  of  cont am­

i nat i on  by l ead f rom c l o t h i ng o r  sk i n ,  or  f rom 

g l a ssw a r e ,  o r  t he su r r o u n d i n g  at m ospher e .  

Twent y-f our  hour samples are pr ef er r ed over  spot  

samples f o r  accur acy.  Normal  l ead  e x c r e t i on  

v a r i e s f rom 0.01  mg t o 0.08  m g/ l i t e r  i n l a r ge  

samples of  over  one l i t e r .  Spot  samples (50 ml 

o r  more) var y f rom 0. 05 t o 0. 12 m g/ l i t e r .  In­

cr easi ng val ues above 0. 15 m g/ l i t e r  i nd i cat e ex­

cessi ve l ead absor pt i on;  however,  concent r at i ons 

c on si d e r ab l y  in e x c e ss of  0. 15 m g/ l i t e r  have 
been f ound i n t he absence of  si gn i f i c a n t  e v i ­

dence of  l ead p o i son i n g.  As a r u l e  of  t humb,  

however,  one may an t i c i p a t e  si gn s and sympt oms 

of  l ead i n t ox i cat i on  as t he ur i nar y l ead concen­
t r at i on  exceeds t h i s val ue,  ur i nar y l ead det er ­

mi nat i ons r equi r e exact i ng anal y t i cal  pr ocedures 

and,  t her ef or e,  r equi r e t he ser v i ces of  a compe­

t ent  chemical  anal yst .

Cop r opor phyr l nu r ïa-  The pr esence of  por phyr i ns 

i n  t he u r i n e  oc c u r s i n a number o f  d i se ase s,  
e sp ec i a l l y  t hose of  t he l i v e r  and b l ood .  Al co­

hol  and bar b i t ur at es are examples of  i n t ox i can t s 

which may a l so  markedl y e l evat e ur i nar y  porphy­

r i n s.  Such t o x i c  o r  d i se ase d  st a t e s must  be 

consi der ed i n t he d i f f e r e n t i a l  d i agnosi s;  how­

ever ,  i n t he known l ead wor ker  a f r ank i i+ t est  

f o r  cop r opor p hyr i nu r i a i s most  l i k e l y  t o i nd i ­

cat e  appr oachi ng l ead  i n t o x i c a t i o n .  In l ead 

i n t o x i c a t i o n  p o r p h y r î n u r ï a i s  u su a l l y  more 

marked t han i n o t h e r  d i so r d e r s and i s  o f t e n  

demonst rabl e bef or e b asop h i l i c  st i p p l i n g of  red 

c e l l s i s observed.  A hi gh degree of  cor r e l at i on  

has been sa t i s f a c t o r i l y  demonst r at ed bet ween 
quan t i t a t i ve  cop r opor phyr i n  va l ues and u r i nar y  

or  bl ood l ead l eve l s.

Blood Lead -  The anal yst  s of  bl ood f or  1 ead i s 
sp e c i f i c  and i s  gene r a l l y  consi der ed t o cor r e ­

l a t e  more c l o se l y  w i t h a c l i n i c a l  d i agn o si s of  

l ead po i son i ng t han do ur i nar y  l ead det er mi na­

t i ons.  The anal y t i ca l  procedures,  however,  are 

as e x ac t i n g and t i me consumi ng as t h ose  f o r  

u r i n a r y  l ead .  The upper  l i m i t  o f  normal  f o r  

b l ood l ead  i s  gi ve n  as 0. 08 mgm/100  gm whole 

bl ood,  and concent r at i ons i n excess of  t h i s are 

i n d i c a t i v e  of  excessi ve  absor p t i on,  and t her e­

f or e ob j ec t i onab l e  exposure.  Val ues f rom 0. 06 

t o 0. 08 ar e con si d e r e d  a t r a n si t i o n  zone and 

amount s below 0. 06 are normal  f or  per sons w i t h 

no exposure t o l ead.

It  i s wel l  e st ab l i sh ed  t hat  c l i n i c a l  si gn s 

and sympt oms of  l ead i n t ox i cat i on  may ex i st  wi t h 

l e v e l s below 0. 08 mgm per  100 gm blood,  and con­

ver sel y,  evidence of  i n t ox i cat i on  may be absent  

when blood l ead concen t r at i ons ar e qu i t e  hi gh.  

For t hese r easons t he d i agn osi s of  l ead po i son­

ing r equ i r es much more t han a l abor at or y  proce­
dure.

Bl ood l ead concent r at i ons are l e ss var i ab l e  

t han u r i n e  va l ues.  The r i sk  o f  con t am i nat i on  
of  sample i s much l e ss t han w i t h ur i ne  samples 

si nce t he bl ood must  be co l l ec t ed  by a t r a i n ed  

t echni c i an or  physi c i an.

THERAPY

Nat i onal  t r eat ment  of  l ead po i son i ng f i r st  

r equi r es t hat  a l l  l ead exposur es be t empor ar i l y 

t e r m i nat ed .  Cases w i t h m i l d  sympt oms and no 

d i sa b i l i t y  may of t en r equi r e no t reat ment  ot her  

t han removal  f rom exposure and medical  obser va­

t i on.  In such i nst ances t he sour ce of  t he ex­
cessi ve  exposur e shoul d  be det ermined and cor ­

r ect ed i mmediat el y.

Abdominal  cramps are best  r el i eved by i n t r a ­

venous i n j ec t i on  of  10 cc of  10 percent  sol u t i on 
o 'f 'c a f c i u m  gl uconat e  r epeat ed ever y  t h r ee t o 

f o u r  h ou r s as n e cessar y  f o r  p a i n .  When t he 
d i agn o si s o f  acut e su r g i c a l  abdomen has been 

d e f i n i t e l y  r u l ed  out ,  c on st i p a t i on  may be r e­

l i e v e d  by t he a d m i n i st r a t i o n  of  one ounce of  

magnesium su l f a t e  d ai l y .  Thi s al so hel ps remove 

what ever  l ead may be pr esent  in t he ga st r o i n ­

t est i nal  t r act .
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Anemia,  i f  present ,  i s not  of  t he i r on def i ­

c i ency  t ype and t he ad m i n i st r a t i on  of  i r on i s 

unnecessary.  A hi gh pr ot ei n,  hi gh vi t ami n d i et  

i s desi r abl e,  however.

in cases p r esen t i ng w r i st  drop,  a cock-up 
sp l i n t ,  t o i nc l ud e  t he f i n ge r s,  worn day and 

n i gh t ,  i s  used un t i l  f unct i on r et ur ns.  Gent l e 

massage every day or  two and hot  wat er  bat hs are 

used.  St r enuous exer c i ses or  massage shou l d  be 

avoided.

In cases of  l ead encephal opat hy,  sedat i on 

may be requi r ed.  For  convu l si ons,  bar b i t u r at es 

are e f f ec t i ve  —  sodium amobarbi t al  0. 25 t o 0. 5 

gm may be gi ven  i n t r a v e n o u sl y ,  f o r  exampl e.  

Lumbar punct ur e may be r equi r ed  t o r e l i e ve  i n­

cr eased i n t r ac r an i a l  pr essur e.  In severe cases 

neur osur gi cal  decompression may be i ndi cat ed.

EDTA Therapy ( Edat ham i l )  -  Et hy l ene - d i am i ne -  

t e t r a - ac e t i c  ac i d  i s a seq uest e r i ng c h e l a t i n g 

compound capable of  combining wi t h l ead,  cal cium 

and o t her  m u l t i v a l e n t  c a t i o n s t o f orm a non-  
i oni zed (sequest ered) ,  r i ng- t ype (chelat ed) com­

pl ex.  The adm i n i st r at i on  of  EOTA o r  i t s sodium 

sa l t s t o man or  ani mal s r e su l t s in t he chel at i on 

and e l i m i nat i on of  cal ci um wi t h consequent  hypo­

cal cemi a.  To avoi d t h i s,  t he cal c i um di sodi um 

sa l t  o f  EOTA i s used.  Lead i on s w i l l  r ep l ace 

cal c i um  i n t he complex because of  t he gr eat e r  

st a b i l i t y  of  t he l ead complex.  The l ead complex 

i s h i gh l y  so l ub l e  in aqueous so l u t i ons,  i s non- 

i o n i ze d  and r e a d i l y  exc r e t ed  by t he k i dney.  

Thi s bound l ead being non- i oni zed does not  exer t  

i t s c h a r ac t e r i st i c  t ox i c  e f f ec t s.  EDTA and i t s 

s a l t s  i n c r e a se  u r i n a r y  l e a d  e x c r e t i o n  i n 

pl umbism by as much as t went y t imes,  and hence,  

are e f f ec t i ve  "de l ead i ng" agent s.

The t o x i c o l o g i c a l  p o t e n t i a l  o f  t hese com­

pounds,  however ,  i s  not  f u l l y  under st ood and 

several  pat i en t s wi t h pl umbism t r eat ed wi t h EDTA 

have d i ed  o f  r enal  d i sease ,  a t t r i b u t e d  t o t he 

use of  t he drug.  The use of  EDTA and i t s sa l t s 

shoul d be r eser ved f o r  t hose cases of  pl umbism 

t hat  f a i l  t o r espond sa t i s f a c t o r i l y  t o est ab­

l i shed  t her apeut i c  measures,  and t hen onl y when 

kidney f unct i on st ud i es i nd i cat e  t he absence of  

renal  d i sease.  Such st ud i es shoul d be done con­

cur r en t l y  wi t h t he adm i ni st r at i on of  EDTA.

Wi t h EDTA i t  i s  p ossi b l e  t o appr eci ab l y i n­
crease t he excr et i on of  l ead,  but  t he r e su l t s of  

t h i s cannot  r e c e ssa r i l y  be pr ed i c t ed.  i n many

pat i ent s t here has been dramat i c sub j ect i ve im­

provement  occu r r i ng sh o r t l y  af t e r  t r eat ment  i s 

begun.  In ot her  cases sympt oms p er si st ed  w i t h­

out  si gn i f i can t  change.  The recommended maximum 

dose f or  adm i ni st r at i on i nt r avenousl y of  edat ha-  

mi l  cal ci um di sod i um i s  0. 17 gm per  hour ,  0.33 

gm per day,  or  1. 67 gm per  week f or  each 10 l bs.  

o f  body w ei ght . The ad m i n i st r at i on  of  EDTA by 

mout h as a su b st i t u t e  f o r  adequat e i n d u st r i a l  

hygiene cont rol  of  l ead exposure i s ce r t a i n l y  t o 

be condemned as bot h i r r at i onal  and dangerous.

PREVENTION AND CONTROL

Ther e ar e t h r ee e sse n t i a l  f eat u r es of  an 
adequat e program f o r  cont r o l  of  an at mospher i c 
heal t h hazard:

1. Pr ov i si on of  adequat e envi ronment al  cont r ol

t o pr event  exposur e o f  t he worker  t o con­

t aminat ed a i r  and t o pr ovi de f a c i l i t i e s f or  

m a i n t a i n i n g h i gh  st an d a r d s o f  per sonal  
c l ean l i ness.  .

2.  A p r ogr am  o f  i n s t r u c t i o n  ai med at  ( l )  

a l e r t i n g t he w or ker s t o t he need f or  main­

t ai n i ng hi gh degree of  personal  c l ean l i ness,  

and (2) i n st r u c t i o n s of  t he worker  in t he 

p r oper  op e r a t i on a l  p r ocedur es whi ch w i l l  

r esu l t  i n minimum envi ronment al  exposures.

3.  A medi cal  pr ogr am t hat  i s adequat e t o de­

t ect  e ar l y  ev i dence o f  over exposur e so as 
not  on l y  t o pr event  po i son i ng but  p r ov i de  

a check on t he e f f e c t i v e n e ss of  t he pr o­
t ect i ve devi ces provided.

These t hr ee f eat ur es may f unct i on in a num­
ber  of  ways.  The f ol l ow i ng are examples:

1.  Adequat e envi ronment al  cont r ol

a.  Sour ces o f  l ead  cont am i nat i on can be 
el i m i nat ed or  reduced by "desi gn i ng i n" 

cont r ol  f eat u r es i n  t he o r i g i n a l  st r uc ­
t ure o r  machinery.

b.  Al l  oper at i ons which might  d i sper se l ead 

dust  o r  fume shoul d be encl osed as much 

as p o ssi b l e .  Such op e r a t i on s as mat e­

r i a l  conveyi ng,  mi x i ng or  gr i nd i ny ,  can 

of t en be per f ormed w i t h i n  complet e en- 
cl  osur es.
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c.  Where coniolet e encl osur e i s not  possi b l e ,  

l ocal  exhaust  shoul d be provided.  Local  

exhaust  syst ems must  act  l ar ge l y  by con­

t r o l l i n g  t he mot ion of  t he cont aminat ed 

ai r .  The i mpor t ant  c o n si d e r a t i o n s i n 
t h ! s t ype of  v e n t i l a t i o n  con t r o l  ar e:

{ l )  c o l l e c t i o n  of  t he cont aminat ed a i r  

i n as concent r at ed a f orm as p ossi b l e ,  

and ( 2) p r ov i si on  of  su f f i c i en t  t r anspor t  

a i r  v e l o c i t y  t o convey t he cont ami nant  
t o su i t ab l e  d i sposal  equipment .

d. Lead fumes f rom heat ed l ead pot s,  par ­
t i c u l a r l y  above 700° F. ,  shoul d be con­

t r o l l ed  by l oc a l  exhaust  In  an upward 

d i r ec t i on  t o  t a k e  a d v an t a ge  o f  t he  
nat ural  convect ion a i r  cur r ent s.

e. Good housekeepi ng i s esse n t i a l  t o p r e­

vent  t he accumulat ion of  l ead dust .  The 

amount  of  dust i ness which i s cont r i but ed 

t o t he a i r  by t he cont i nual  r edi ssemi na­

t i on of  se t t l ed  dust  i s somet imes more 

t han 50 per cent  of  t he t ot al  dust  con­

cen t r at i on .  Such dust  can be removed 

f rom f l o o r s and su r f aces by i n d u st r i a l  

vacuum sy st e m s o r  p o r t a b l e  vacuum 

c l eaner s and/ or  w et t i ng down f o r  subse: - 

quent  wast e di sposal .

Personnel  i n st r u c t i o n  on pr oper  op e r a t i ng
procedures and good per sonal  hygiene.

a. Workers h a n d l i n g  l e a d - c o n t a i n i n g  

m at e r i a l s shou l d  be p r ov i ded  w i t h and 

requi red t o use adeouat .e washroom f a c i l ­
i t i e s t o p r e v e n t  i n g e st i o n  o f  l e ad  
compounds.  Si nce smoking can be a sTg— 

n i f scant  cause  o f  l ead  i n h a l a t i o n ,  i t  

shoul d be r e st r i c t e d  t o uncont ami nat ed 

areas.

b. Resp i r at or y  p r o t ec t i ve  devi ces,  i f  pro­
vi ded,  shoul d  be approved by t he Ca l i ­

f o r n i a  Di v i si o n  of  Indust r i a l  saf e t y  or  

t he U. S.  Bureau of  Mines f or  p r ot ec t i on  
agai nst  l ead dust  o r  f umes.  Si nce un­

cl ean or  f au l t y  r e sp i r a t o r s can cause a 

f a l se  sense of  secur i t y ,  r e sp o n si b i l i t y  
f o r  t h e i r  m ai n t e nan ce ,  r e p a i r ,  and 

c l e an l i n e ss shoul d be j o i n t l y  shared by 

management  and t he employee.  Many com­
p an i es f i n d  i t  f e a si b l e  and use f u l  t o 

have wor ker s t ur n In a used r e sp i r a t o r  

at  t he end o f  each sh i f t ,  so t hat  t hey

can be r e i ssued  a cl eaned and r e l i a b l e  

r e sp i r a t o r  at  t he begi nni ng of  t he next  

sh i f t .  I t  shou l d  he remembered t hat  

r e sp i r a t o r s are: accept ab l e o n l y  whore 

t he con t r o l  o f  t he envi r onment  i s  not  

p ossi b l e ,  or  where t he exposur e i s f o r  

shor t  p e r i od s of  t ime.  T h e e  are ver y 

few o p e r a t i o n s t hat  cannot  be s a t i s ­
f a c t o r i l y  con t r o l l ed  by good i n d u st r i a l  

hygiene e n g i n e e r i n g  d e si gn ,  so t h a t  

r e sp i r a t o r s shoul d  be used onl y as a tem­

porary and secondary expedi ent .

3. The ed ucat i on  o f  t he wor ker  f o r  h i s  own 

p r o t e c t i o n  i s  f u l l y  as i mpor t ant  as t he 

pr event i on of  d i sper sal  of  dust  ai d  fumes.  

He must  be t o l d  t he pr oper  way t o per f orm 

h i s j ob;  he must  be i nf ormed of  t he p r o­

t e c t i v e  d e v i c e s b u i l t  i n o r  p r ov i ded  f o r  

h i s p r ot ect i on;  and he must  be sol d  on t he 

val ue o f  avo i d i ng h i gh c on c e n t r a t i on s of  
l ead dust .

4.  A physi c i an  shoul d super v i se  t he heal t h of  

t he em p l oyees,  i n c l u d i n g  t he m ak i ng of 
per i od i c  exami nat ions and per f onninc,  l abor ­

at or y work.  Lead-af f ect ad workers f ound at  

t hese exami nat i ons shoul d be t r ansf er r ed  t o 

nonhazardous j obs w i t h i n  t he p l an t ,  t her e 

t o r ecover  under  p h y si c i a n ‘ s sup e r v i si on .  

They shoul d  not  be al l ow ed t o r e t u r n  t o 

t h e i r  f or mer  occup at i on  u n t i l  t he hazar d 
has been el i mi nat ed.

The f o r e go i n g r ecommendat i ons have been 

d i r ect ed  at  r educi ng at mospher i c cont act  nat  i on 

and i n  se c u r i n g medi cal  dat a t o be used as a 

sour ce of  i nf or mat i on t o i nd i cat e where imoroved 

envi ronment al  cont r ol  shoul d be appl i ed.

The p r esent l y  accept ed maximum concent r at i on 

which may be t o l e r at ed  by employees f o r  an ei ght  
hour  working day,  i s 0.2  m i l l i gr am  o f  l ead,  or  

any of  t he l ead compounds,  per  cub i c  met er  of  

a i r .  Exper i ence has shown t hat  exceedi ng t h i s 
f i gu r e  in most  cases w i l l  l ead t o excessi ve ’ ead 

absor pt i on,  i f  not  t o l ead poi soni ng.

I t  i s bel i eved t hat  a m aj or i t y  of  p l an t s in 
which l ead i s used in some way w i l l  endorse such 

a cont r ol  program.  To t he few who may d i ssent ,  
we must  poi nt  out  t hat  cont i nued f a i l u r e  t o meet  

t he accept ed st an d ar d s f o r  t he p r o t e c t i o n  of
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workers i n t he i ndust r y can r esu l t  onl y in unde­

si r ab l e  e f f ec t s on t he-worker ,  t he i ndust r y  and 

t he communi t y.  I t  can be st at ed  w i t h almost  

c e r t a i n t y  t hat  a f o r t h r i gh t  and c o n st r u c t i v e

approach t o t he problem w i l l  r esu l t  i n improved 
morale and e f f i c i en cy  of  wor ker s and w i l l  act u­

a l l y  r esu l t  i n savi ngs t o t he i ndust r y.
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