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Senator Muskie. Our next witness will be Dr. Robert A .  

Kehoe, of the University of Cincinnati College of M edicine,  

Cincinnati, Ohio.

Kehoe, we appreciate your coming here this morning  

and further enlightening the oomaittee.

Or- Kehoe. Thank you.

Senator Muskie. You may proceed.

May Z say for the benefit of all of us that you may  

cover as much of your prepared testimony as you wan t  

orally but we will include it all in the record. We  don't  

object to listening to it if you wish to read it al l.

STATEMENT OF DR. ROBERT A. KEHOE, UNIVERSITY OF  

CINCINNATI COLLEGE OF MEDICINE, CINCINNATI, OHIO

Dr. Kehoe. First of all I would like to say I apprecia te
/

the opportunity of being here. I have no hope whatev er of  

being able to present to your committee other than in terms  

of documents, pulbished materials, the information that is  

available then on this subject.

I am afraid we would be here the rest of the week if  

I were to undertake to do this. So that what I shal l do  

is briefly to outline where it appears to me that w e stand  

in this situation at the present time, to briefly r efer

to the evidence that puts us in ary opinion in that position

/

and to refer to you and your ooas&ittee and its staff the  

published material on this subject which is here.

1 01329 ■
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Thereis a much longer memorandum that I should not  

dare to undertake to present here this morning, wit h reference  

material and a series of reproductions of the materi al that  

is in various reports, in literature. An this countr y end 

abroad which we have put together in this fashion, p rimarilay  

because of this —  much of this is very difficult to obtain.

It goes clear back to 1923 and 1924 and is not read ily  

available in the journals that exist at the present  time.

Some of this has actually been lost.

Senator Muskie. Is it your intent to make this avai lable  

for the files of the committee?

Or. Kehoe. That is right. This is for the purpose

of making this available. Another copy of this is a vailable ’

/' >
if it would be of any interest.

Senator Muskie. Would it make interesting  

night rsading?

Dr. Kehoe. Several nights. It would not be a thousan d 

and one but.it would be several.

Z would like to briefly state my own position at tb s  

present time if Z may.

It is the purpose of this statement to present brief ly  

the salient facte concerning the hygienic aspects o f the  

occurrence and distribution of lead in the environm ent of
■  X

citisane of the United States of America, with part icular  

reference to the contribution made by the use of lea ded



1

2

3

4

5

6

7

0

3

10

11

12

'3

14

IS

16

17

IS

19

20

21

22

23

24

25

184

gasoline.

I am a physician, at present too the one Professor  

Emeritus of Occupational Medicine in the Department  of  

Environmental Health in the College of Medicine, Un iversity  

of Cincinnati. I have been a teacher and professor on the  

faculty of the college of Medicine in the Departmen t of  

Pathology, first, in Physiology and later and longe r Director  

of Cuttering Laboratory whioh has been concerned wi th industris  

medicine and industrial hygiene from its founding i n 1930  

until my retirement in 1965.

Incidentally it still continues. From 1948 until 19 65 

I was the Director of the Department of Preventive Medicine  

and Occupational Health in the area the laboratory is  

Situated, I was also the Chief Medical Consultant w ith  

the title and corporate responsibilities of Medical  Director  

of Ethyl Corporation from 1925 until I retired at t he  

end of 1958.

This having been imperative in the early stages bec ause  

I was the only person who was involved with the ear ly  

study of tetraethyl lead.

The impression has existed in certain circles that  

little information is available on this subject, es pecially  

as to matters that relate to the safety of the publ ic.

The fact is, however, that no other hygienic problem  

in the field of air pollution has been investigated  so

i e  I  01 3 3 0  :
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intensively, ô ter suEch a prolonged period of time , and with

i
such definitive results. This is not to claim that there  

are no significant voids in the available informati on, nor  

that all of the ultimate answers are at hand.

Nevertheless, it is clear that this specific set of  

problems has been brought to such a point of unders tanding,  

in relation to the public health, as to remove it f rom the  

realmof urgency and to consign it into that group o f hygiene  

problems on which a watchful and affective surveill ance should  

be &$pt. A  considerable measure of assurance for th e 

future may also be derived from the fact that metho ds of  

surveillance have been developed, over the years of  

investigation, which are characterized by a high de gree of  

technical precision and physiological relevance.

Senator Muskie. Is it fair to say, Or. Kehoe, that what  

you have just said is at variance with the position taken  

by the Public Health Service and the position-taken  by Dr.  

Hardy this morning as to the state of knowledge tha t we ought  

to have before reaching final conclusions?

Dr. Kehoe. Not precisely, no, sir. I would simply  

say that in developing the information along this li ne for  

which Z have had a greater responsibility than any o ther  

person in this country, that we have undertaken to a nswer  

the question that relates specifically to the publi c health.

Our Interest has been broader, Z may say, more exte nsive.
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in the field of industrial, health in which the pro blem is most  

serious and it is most serious. But that with respec t to the  

findings here I would say at this point that we are i n the  

best position that we have ieen at any time in the 35 year  

period since lead and gasoline was introduced on th e American  

market.

With respect to the information that is necessary to  

answer the questions that are available, they are n ot all  

answered and there are still investigations to do. B ut I  

repeat that the situation is in no sense urgent.

Senator Muskie. With respect to this sentence in yo ur  

testimony N No other hygienic problem in the field of air

pollution has been investigated so intensively over  such a
■ /' > 

long period of time and with such definitive result s •/”—  is

it your intention that that statement apply not only  as to

industrial exposure to the problem but also to the

exposure of the general public to leads in the atmo sphere?

Dr. Kehoe. Not at all, sir.

. The industrial exposure is with us, it is a hazard .

Lead poisoning in industry is still one of the most  frequent

occupational diseases with which we are presented in  this

country despite the fact that we know how to preven t it.

The question with respect to the public has been
/

from the very start, 1923 on, hypothetical, a poten tial  

risk which we have been undertaking to measure by ev ery means

■ tier I 01 33 1
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which v« can get at and tha evidance at tha present time is  

batter than it has been at any time that this is not a present  

hasard

Senator Muskie. May Z ask a further question on thi s?

Tha Bureau of Minas and tha American Petroleum Inst itute  

have just entered into a contract involving $480,00 0 of  

American Petroleum Institute money to conduct resea rch  

in this field. Is that in your judgment a reflectio n of  

concern or simply routine?

Dr. Kehoe. Not with respect to lead. The concern he re  

is with other aspects of the use of petroleum hydroc arbon  

fuel»/ which do present us with a series of problem s some of  

which are unsolved. -

Senator Muskie. I understood the contract does rela te  

to lead.

Dr. Kehoe. It relates to both, lead and unleaded
; , i . ,

gasoline, with the idea of establishing whether the lead  

introduces an additional factor. There is no questi on however  

about the factor of risk of a sort from the petrole um 

hydrocarbons. The question at issue here which is b eing  

carried out along with the general investigation is whether  

lead enters into this problem and in any way affect s the  

matter disadvantageously.

Senator Muskie. Mould you say that from the point of  

view of health it would be desirable, if not urgent —  

you have indicated it is not urgent —  but from the point
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of view of health would it be desirable if a substitu te  

for lead could be found for gasolines?

Or. Kelioe. If by this means one could accomplish the  

same purpose, and mind you I am not interested in t he 

economics oJi the things other than the avoidance o f upsetting  

the whole community, this is not my concern —  there  is nothin  

at the present time that would say to you or to me that  

we should hurry to eliminate lead tvsm  the gasoline in the  

country.

There is no evidence that this has introduced a danger  

in the field of public health. There is still the hyp othetical  

question, and this is largely because we have long kn own 

that lead has the potentiality of grave danger, tha t it
)
produces illness, that it still produces illness.

We have known only for a relatively short time, sin ce  

I may say the work of the Kettering Laboratory in th is field,  

that load is an' inevitable element in the surface of  the  

earth, in its vegetation, in its animal life, and t hat there  

is no way in which man has ever been able to escape t he  

absorption of lead if he lived on this planet.

Zf there is any other planet this is another matter .

This has always been the case and it will continue t o be  

despite our efforts. The question therefore is how much 

danger is therat* how much does it take to create d anger and  

what is the margin of safety that exists at the pre sent time

i j e  1 01 332 '
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between that is whet would be dangerous and what is certainly  

not dangerous.

Senator Muskie. Z am not certain you have answered  

my question so I would like to ask it again.

Dr. Kehoe. I am not avoiding it. I am just trying  

to give you a full answer, sir.

Senator Muskie. Z understand. Putting aside the  

question of economics, which we both agree should b e 

put aside, if you have a substitute for lead, a clea rly non  

toxic substitute for lead that would do the same job  that  

lead does would you think it desirable from the poin t  

of view of health to make the substitution.

, Dr. Kehoe '  Z should be indeed in this very cautious  

j in arriving at any such conclusion. Z would not be unable  

to arrive at it without Investigation in advance of  the  

fact. Zf investigation demonstrated the truth of wh at you have  

just said —  , -

Senator Muskie. Z have asked you to assume the trut h 

of what Z have said. Obviously it is hypothetical a nd the recc  

will be clear on that point.

Assuming the truth of what Z have said, assuming in  

fact you had such a substitute, would you say from the point

of view of health that the substitute ought or ought  not

• > • ” '
to be accepted? Because then the only question invo lved  

would be economics.
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Dr. Kehoe. Yes. I an only saying I cannot make such  

an assumption because there would have to be inform ation of  

the various materials that have been recommended, t hat have  

been though of in this connection as substitutes fo r  

tetra lead. None at the present time has turned out  to be  

satisfactory and none has been devoid of certain co nsiderations  

in the field of public health which would have to be  answered.

How I would only take this position. We have have  

experienced with tetraethyl lead since 1923 which c learly  

indicates, to me, that this is not a present hazard.  We would  

not have that kind of information in relation to an y other

material that Z can conceive of as being put in thi s

• ^

capacity, and therefore, I am careful about the ans wer to  

your question. z

If Z could assume that everything is perfect about it,  

which 1 cannot do, then Z would agree with you.

.Senator Muskife. Z think that is a hypothetical que stion '  

you can make that assumption. Frankly Z am disturbed  that you  

are not sure enough about the body of knowledge upo n which  

you are .relying to answer such a hypothetical questi on,  

and Z said assuming, dear ly  assuming as a fact, recog nizing  

it has yet to be established as a fact, assuming as  fact  

there is a substitute.
/

Or there could be developed a substitute for lead  

that would do the same thing for gasoline that lead  does,

01 333
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but without any toxicity, any toxic effects, would you say  

from the point of view of health that it would be d esirable  

or not desirable to make the substitution?

I think that is a question that a m a n  with you:  background  

like this ought to be able to answer.

Dr. Kehoe. Z could answer it except that I take the  

point of view as a matter of principle that we must  

Investigate every material that we introduce into ou r  

environment —

Senator Muskie. I do quarrel with that.

Dr. Kehoe. —  because there are unknown effects.

Now to answer your question, if Z could be quite sure  

that this was the case Z would be glad to dispense with  

a risk, the question of risk, not the question of h azard  

because Z think it does not exist, but the question  of (

potential hazard which is risk,

Z would be glad to trade any risk for the ’

certainty of safety.

Senator Muskie. All right. Z guess that is as close  

as we cun coma together.

Dr« Kehoe. The bulk of the investigative work which  

bears on lead in the general environment of man has  been

carried out, under the financial sponsorship of the
* /

manufacturers and distributors of lead containing a nti knock  

compounds in tie United States, in the Ketaring Lab oratory,
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in the Department of Preventive Medicine and Industr ial  

Health of the College of Modicine of the University  of  

Cincinnati, and under the :erms of agreements between t he 

executives of the industries concerned and the Boar d of  

Directors of the University, «hereby the public res ponaibilitia  

of the University have been preserved intact. This Department  

has been renamed, recently, tie Department of Envir onmental  

Health.

Pacts brought to light by these investigations have  

been confirmed by evidence derived from the examina tion of  

similar situations by official investigators in oth er  

countries, and from extensive tangential applicatio ns of the  

methods of other countries, and from extensive tange ntial  

applications of the methods of our investigations. P rincipally  

to the industrial scene.

When an investigation, undertaken jointly by the Un ited  

States Public Health Service, and the Health Departm ents  

of the City of Philadelphia and the State of Califor nia  

and the Kettering Laboratory, was completed, and th e 

results were published, in 1965, under the title of  a "Survey  

of Lead in the Atmosphere of Three Urban Communities ,"  

these being Philadelphia, Los Angeles, and Cincinna ti,  

the reliability of the past info and the current in formation,  

as well on the lead content of the atmosphere of cit ies was  

established byond further question. Zt is now possib le

i e  1 0 1 3 3 4
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to consider any future potential threat to the publi c health  

in this matter on the background of a body of data which wil  

serve as a baseline for comparison.

Incidentally, thers has been reference, this is off  

the record here, this ia oral —  therehas been refer ence  

to 11 high values found in that survey. I should lik e to  

report to you that those values were considered to be pure  

chance phenomenon that in a statistical distributio n of  

values which begin on the low side and which taper o ut  

into the high side. The results of those men who are  

available at the present time, which consist of fou r

people in Cincinnati, three people in California, h ave been
1 • ■  ..

rechecked and the results in this instance, as coul d more  

or less be predicted, come right back then into the  main  

body of the data.

All of the results fortuitously turned out to be qu ite :  

on the,low side of the mean value rather than high.

Senator Muskie. Let me ask you this. In the stateme nt,

simply to give you the opportunity to emphasise what  you havi

••• • . ■
said, you say that on the basis of the study in Phil adelphia,  

Los Angeles, and Cineinnati, the reliability of the  current  

information on the lead content of the atmosphere o f cities  

was established beyond further question.

That is a pretty strong statement for a scientific  

man to make unless he means it.
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Dr. Kehoe. I mean it very definitely, sir.

Senator Muskie. You can anticipate no variations fr om 

the findings in these three cities and any other pl ace in  

the U. S. any time in the future that would raise a  real  

question?

Dr. Kehoe. Not the latter, not in the future.

Senator Muskie. You say beyond future question.

Any question that would be raised would have to be  

in the future with reference to the point in time t hat that  

study is made.

Dr. Kehoe. I spoke specifically of current informat ion.  

I shall speak of the future a little later.

Senator Muskie. So that there is further question if

you think in terms of further as referring to the f uture.

Dr. Kehoe. There is this question, yes, to which  

there is some degree of answer. But the question at this  

point in our discussion is completely open. Z am nob  

anticipating the future at this point.

Senator Muskie. Still, Doctor, let me clarify this  

further. Your next sentence sayi it is now possible to  

consider any future potential threat to the public health  

in this matter on the background of a body of data w hich

will serve as a baseline for comparison.
/

That would seem to suggest that your baseline even  

as to the future is not going to move.

01 335
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Dr. Kehoe. That was not the intention. That there is  

a baseline with which you can compare future observ ations.

One of the primary purposes of this investigation w hich  

was emphasized by the Surgeon General and the Commi ttee was  

that there was not enough data distributed over a w ide enough  

number of American cities so that we had a baseline  to say,  

if today is all right, does tomorrow vary from this  and  

particularly does it vary upward?

Zai there in other words a future danger in the eve r  

increasing automobiles, in the increased use of lea d in gasoliz  

in the increased distribution of lead in the atmosp here  

from any and all sources?
. ^

The hygienic issue, at this time, relates to the to tal  

pattern of the concentration of lead, from all sour ces, in  

the respire d air of persons in the general populat ion, in  

conjunction with the quantities ingested with their  food  

and beverages and any other material that is swallow ed. The  

mere abundance of lead in the human environment is not of  

itself a threat to mankind,nor in the final; analysis i s the  

mere' presence of lead within the anatomical structure of  

man.• . ' .

Abundance is a non-quantitative term, and the outco me 

of the absorption of lead into the human tissues —  the  

internal media . of the body, depends upon its rate and  

extent, and upon the physiological mechanisms which rare

.195
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involved in its entrance and exit, its systemic and  

cellular distribution, and in the metabolic process es in the  

tissues, including also, the elimination of absorbe d lead from  

the body, and the extent of the accumulation, if any , in the  

body with time.

The natural environment of mankind is such that lea d

is taken into the human body in virtually all food an d

beverages and in the respired air. The many usages t o which

lead is put in modern industrial society, one of whic h

is involved in the present discussion, have increas ed the

amounts which the average man ingests and inhales, w ith the

result that somewhat more than natural quantities o f lead  
*

enter into the metabolic processes of his body.

The quantities are small but not insignificant. The  food  

consumed by an adult in the United States contains lead in  

amounts which range from less than .1 mg. to 4.0 mg.  

Occasionally more per day. The higher and lower valu es  

mentioned occur infrequently, the larger proportion  of the  

daily quantities grouping themselves regularly and closely  

around the mean value which is somewhat less than 0 .3 mg.  

per day.

The quantities taken in daily with the inspired air  are  

not so well defined, since they must always be calc ulated.

The quantities appear to range between .015 to .09 m g. per day  

and as in the case of the intake in food, theaverag e in any

1 01 336 :
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situation is much nearer the low value than the hig h.

The maximum quantities of lead absorbed into the bo dy

from that taken into here the alimentary and respir atory

■ \
tracts of the average man may be estimated on the ba sis of  

experimental evidence which shows that somewhat les s than  

10 percent# of that ingested (swallowed) and somewh at less  

than fifty percent# of that Inhaled# are absorbed.

Calculations based on these percentages indicate th at  

about .03 mg may be absorbed daily from the alimentar y tract#  

while quantities ranging from .007 to .045 mg and aver aging  

between .02 and .03 may be absorbed daily from the r espiratory  

tract. As is clear from this theme is less likeliho od of the  

'absorption of lead day to day from the air# the qu antity is  

less# than the quantity which is likely to be absorb ed from  

the alimentary tract.

Therefore the food and drink side of this environme ntal  

,picture is still the more important side.
i- - ; . . • .

Evidence obtained by corresponding means has demons trated  

that the quantities of lead eliminated from the bod y daily by  

the average man are substantially equivalent to tho se taken  

in.

Thus the lead which is evacuated so with the feces#  

daily# i s only slightly less than that in the food and  

beverages. That which is excreted in the urine rang es from  

scmsvhat less than .01 mg to about .08 mg per day# and
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averages approximately .03 mg per day. The total ou tput of lei  

in the feces and urine, over a period of months, us ually  

exceeds slightly the intake in the food and beverag es, thereby  

indicating, indirectly, that the magnitude of that absorbed ii  

the respiratory tract of persons investigated in Ci ncinnati  

is not less than .02  mg per day.

Senator Muskie. Doctor, you have been giving us  

figures that come from the Philadelphia studies?

Dr. Kehoe. No. These have come from very carefully carri«  

out, balanced experiments on human subjects in the Kettering  

Laboratory.

Senator Muskie. As of what date?

Dr. Kehoe. Beginning in 1939 and extending to the  

present time. They are still going on. What we unde rtook  

to do back in this period, back in 1939, we gave up  any hope  

of understanding this problem unless we carried out  balanced  

experiments on human beings which told us the sourc e of lead,  

the manner in which they enter into the body, the m anner  

in which they get out of the body, and what is the r elational  

between intake and output under ordinary normal con ditions  

and under conditions that exist in industry or whene ver there  

is an unusual exposure.

That has told us things about the physiology of the  

behavior of lead in the human body that we could no t have  

learned by any other means.

1J6  1 01 3 3 7
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Senator Muskie. The question 1 was getting at is  

that since these studies extend ever a period of tw o or  

three decades do you have any data as to whether or n ot  

the amount taken into the body each day has increas ed over  

that period?

Dr. Kehoe. The evidtsnee so far as Cincinnati is conc erned  

and our experimental subjects have been in Cincinna ti in the  

Kettering Laboratory —  this does not apply to other  cities  

specifically, in a general way it does ~  the eviden ce is  

that over the period of the last thirty years ther «has  

been very little change, if any, but the change has b een down­

ward, if any, rather than upward.

There has not been an increase in the ilitake of le ad 

by the citizens of Cincinnati as reprsented by our  

experimental subjects.

Senator Muskie. What is the nature of the samplings  

you take in Cincinnati?

Dr. Kehoe. The sampling is very meticulous. These  

experimental subjects collect exact duplicates or n early  

as exact as can be obtained by Intelligent young me n, exact  

duplicates of everything eaten and drunk during a p eriod,  

every item of food that passes their lips, every ite m of  

drink .including cocktails and coca cola must even be i n 

the duplicate sample for analysis.

These men also collect every sample of feces every day,
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every drop of urine that is passed every day, and this i s 

subject to analysis day by day as the thin? goes on  so that  

we have a day by day observation on experimental su bjects  

for as long as four and a half years.

Senator Muskie. With respect to intake, have you ha d 

samples over that period, intake from the air as well  as  

intake —

Or. Kehoe. We know what the content of lead in the  

air in the Kettering Laboratory which in which thes e subjects  

spend their day. We know also what is the lead cont ent  

of the atmosphere in which they live so that by cal culation  

we can get at this. It is quite fair to say that over  the  

period beginning din 1947 there has been little or no change  

in the atmospheric conditions in respect to lead in  

Cincinnati•

Here again if there has been a change there has bee n a  

diminttion.

Senator Muskie. Youare talking about the lead conte nt  

in the air. How about the amount of lead that is ta ken  

in from the air by human beings?

Dr. Kehoe. First of all we carried out experiments  

that relate to the intake and output in the food an d have  

increased quantities taken by mouth. Xn 1949 we bega n 

experiments on inhalation dealing with known concen trations  

of lead in the atmosphere and following the intake and output
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hare of subject» that were in atmospheres, low leve ls and  

in atmospheres that approached those of the industr ial  

situation.

One of the things we were most concerned about and have  

been ovexr the years is to get at the question of a  standard  

which can be applied to industry that will say oert ainly and  

without any question of doubt whether the situation  under  

which a man works is safe or whether it is dangerous .

The differentiation of these two in industry is  

absolutely imperative to industrial control. So tha t our  

first work dealt with this in relation to industrial  

exposure. Zt has for the last five years been conce rned  

specifically with lead of the order of magnitude of  that  

which occurs in the air or might conceivably at som e time  

be thought of as being potentially possible.

Senator Muskie. Have you taken samples from people wh o 

have a particularly heavy exposure to lead in the ai r,  

traffic policemen, service station attendants and s o on?

Dr. Kehoe. Yes, we have done this systematically ov er  

a period of a good many years. So there is a body of  data  

available on this matter in Cincinnati, a body of d ata that  

has been published.

The information is available in these records —  sin ce  

the first information obtained by methods now in use  so  

that comparable data year to year were obtained in 1 937 and

1938
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Senator Muskie. Is it yô sr conclusion that in 1937  

to the present tine on the basis of that data thatt here has  

been no increase in the amount of lead taken in fro m the  

atmosphere by traffic policemen, by attendants at s ervice  

stations or by the average motorist?

Dr..  Kehoe. There is not the slightest evidence that the re  

has been a change in this picture during this period  of time.  

Mot the slightest.

Senator Muskie. Is there evidence that assures you that  

there has been no change?

Dr. Kehoe. Evidence obtained in an effort to find t he 

one thing about it that we have been concerned abou t in this  

situation and for a grood many years have studied, i s that there

might be somewhere sometime some combination of str ange
(

circumstances that would put the lead content of th e food  

and drink high at the same time that the air was hi gh and  

that under these circumstances we might find an ind ividual,  

a group of individuals, or a population in a partic ular area  

like that of an industry in which there was an undu e 

exposure and in which there would be real risk.

He have looked systematically for such groups for t he 

last fifteen years and we have failed utterly to fi nd them.  

THis is why we began to study garage mechanics many  yearsago,
s

because of two things. Pirst of all, the garage mec hanic  

in the very nature of his work has a heavier exposu re to

017 7 9
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the exhaust gas of automobiles than morct people do, s o much  

so that a fair number of these men in cold weather go home  

in the evening with carbon monoxide headache which means 

exposure to exhaust gasoline.

These men however have an occupational exposure to lead  

by virtue of the fact they do little body work, a li ttle  

body painting, a little repair work of a variety of k inds,  

they handle greases, they sometimes do a certain am ount of  

real repair on storage batteries which are lead con taining  

and these men also get unconscionably dirty which w e all  

know.

They crawl around on the floor under automobiles. Th eir  

clothes are dirty, their hands are dity, they smoke  

cigarettes, they eat sandwiches in their place of w ork. These  

men do have an immeasurable exposure to lead which is demon­

strated quite clearly fromthe fact that these people  are  

differentiated from filling station employees,refine ry  

workmen, traffic policemen, postmen who pound the s treets  

and this sort of thing.

This group and this group only of the people that w e 

have looked at have shown a statistically different  intake  

and output of lead from the people in the general p opulation.

This Z may say is the mildest occupational exposure
< /

that we have found in which there is a certain diff erentiatior.  

statistical differentiation in the intake and outpu t of
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lead and yet without lead poisoning. Lead poisoning  in the  

garage mechanic is essentially non-existent unless he 

carries out a specifie job that is known to be hazar dous  

over a long period of tine consistently.

Senator Muskie. Over the past thirty years I assume  

there has been a tremendous growth in automobiles a nd in the  

amount of traffic in Cincinnai and yet as I underst and it,  

you say that there has been no increase in the conc entration  

of lead in the ambient area?

Dr. Kehoe. That is a fact.

Senator Muskie. Over that period of time?

Dr. Kehoe. This is a fact. There has been a change  

downward, since the period of the Second World War when we had  

difficulty in Cincinnati getting the kind of contro l we  

would like to have and getting it burned in the way  we would  

like to have it and Cincinnait has a very large ooa l burning  

industrial and household problem.

During this period we had to take the coal that  

could be obtained and there was definitely an easy going  

policy with respect to smoke abatement because of t he times.

In 1945 this whole situation was changed and in the  

period imemdiately following this the lead content of the  

atmosphere of Cincinnati went significantly downwar d.

Senator Muskie. What you have just said is that the  "  

decrease in the concentration in the atmosphere is due to

013 4 0
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better control of stationary sources of air polluti on?

Dr. Kehoe. That is right.

Senator Muskie. Do you draw any conclusions as to w hat  

has happened to concentrations of air attributable to the  

automobile over that period of time?

Dr. Kehoe. All this meant was that there was a signi ficant  

amount of the air pollution in Cincinnati yielding lead that  

was due to the burning of coal which has about 14 to  16 to 20  

parts per million in it, which creates a certain am ount of  

la&d to the atmosphere.

Now since that time the concentration of lead in th e 

atmosphere which has been tested on several differe nt  

occasions in a very significant manner has been subs tantially  

stationary. There has been a decrease in recent yea rs as  

it presumably as the consequence of changed pattern s in  

the traffic of Cincinnati, of loosening up the cong estion  

and getting a more peripheral traffic flow of autom obiles.

The traffic in Cincinnati is definitely easier now  

than it waB, say five years ago.

Senator Muskie. Have you drawn any conclusions as t o 

whether.or not the concentration of lead in the atm osphere  

attributable to the automobile in Cincinnati has go ne up,  

gone down or remained stationary?

Dr. Kehoe. Z would say from the evidence we have at  

this point , that it is a little risky to attribute  much change
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to that. What has occurred during this period of ti me has been  

within the variability of day to day results.

Senator Muskie. So you have a conclusion?

Dr. Kehoe. We hava a conclusion which says that has  

not increased.

Senator Muskie. Let us see if we can generalize tha t  

conclusion. Are you saying that the increase in the  

automobile population of the United States hasnot i n the past  

and is not likely in the fiture, given the same qua lity of  

gasolines that we now use, to increase the concentra tions  

of lead in the atmosphere?

Dr. Kehoe. I am not drawing any conclusion, Senator Muski

Senator Muskie. We have to draw the conclusion. Fro m

what you have told us so far about Cincinnati's sit uation
/ -

that you believe that the automobile has not added to the  

concentration of lead in Cincinnati air.

Now I am trying to find out what that means in terms  

of the United States.

Dr. Kehoe. There would be no question in my mind that  

if you could move a larger number of vehicles throu gh the  

American city, you would get more lead in the atmos phere.

But we have very nearly reached the point of stand still  

in some of our cities.

Senator Muskie. Z guess I have not driven in those cities.

Dr. Kehoe. Zn consequence of this in some of these

^ 0  H 01341
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this has reached almost a stationary point. Certain areas  

of Philadelphia, certain areas of Los Angelas, cert ain areas  

of New York City.

Senator Muskie. It seems to me we are constantly  

building highways that makes it possible for more au tomobiles  

to go to the cities.

Dr. Rehoe. Yes. What this results in is a spreading out.

Senator Muskie. A spreading out but not a reduction  

of automobiles in the city?

Dr. Rehoe. Nor does it mean a reduction in the tota l  

lead content in the air. It means that the concentra tion  

at particular points where there are people tends t o be  

more widely spread over the community' so that the ov erall

concentration is lower than it would be when this rea ches

■ ' • ‘ / -
this point of congestion which is almost impossible .

Senator Muskie. What you have said to roe suggests  

that the concentration in some places would be less  and. in  

other places more?

Dr. Kehoe. You are quite right.

Senator Muskie. We are spereading it out.

Dr. Rehoe. You are quite right.

Senator Muskie. You seem to have emphasised the les s  

rather than the more.

Dr. Kehoe. No, I have not except that there Is this  

degree of variability and there is this approaching  tendency,
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I should say* In some of our urban centers to get a lower 

distribution of a more consistent value from urban areas 

to center.

Senator Muskie. What is the net result to the city?

Is it more lead or less lead? You talk about distri bution 

now. How about the net?

Mr. Kehoe. This may be more in the total air of 

the community but this is less in those areas in wh ich 

previously it was higher where you find people. So that 

from the point of view of the person who is exposed  —

Senator Muskie. Yes* but Doctor, have you ever fill ed 

an empty river basin? The lowest spots get filled u p first 

but eventually the high spots get reached. As the w ater goeŝ . 

up it gets deep enough to drown people.

What you are saying is that in Cincinnati* presumab ly 

in other cities* as traffic patterns change because  of the 

construction of new highways and so on it loosens u p and 

tends to spread it.

Z am interested in whether or not the level is goin g up. 

This is the question I have been driving at for the last 

few minutes* whether or not your evidence in Cincin nati 

indicates that the level is going up with the growt h in the 

automobile population.

Z still don't have an answer that Z can hang on to.

Dr. Kehoe. The level at a particular point up to th e

fceI 01342
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the effect on the population has not altered. This raises 

the question of what will happen in the future. You  don’t 

know and I don’t know and nobody knows what will hap pen in 

the future. This is the thing which has to be known .

Senator Huskie. This is a rather mathematical certa inty, 

if we have the same lead content in gasoline, that as the 

number of automobiles goes up the amount of lead po ured into 

the atmosphere will go up.

Dr., Xehoe. In the total atmosphere, yes.

Senator Huskie. Yet the value of —  the value you ha ve 

given us with respect to Cincinnati suggests, as yo u have 

presented it, that this is not inevitable?

Dr. Kehoe. It is not inevitable, no, if you change /
' / 

the characteristics —  if, for example, you could br ing more

air into this and sweep it out, the concentration w ould be

low.

Senator Muskie. How do you bring more air into the city?

Dr. Kehoe. I am not trying to do that. I say if you 

could. Tills is hypothetical. If you could move the  

air more rapidly it would get more rapidly diluted.

If you then distributed the vehicles so that 

they are more widely and more uniformly distributed  the high 

results will come down, the lowest results will go up.

The question then will be what is the critical conc entratic
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whieh becomes dangerous for any man anywhere?

Senator Muskie. With your chief maximum distributio n then 

the level will 3tart to go up, or will it?

Dr. Kehoe. The level of the total atmosphere will g o up 

but what happens to it at any particular point depe nds on the 

manner of its distribution.

Senator Muskie. So that with respact to Cincinnati . 

the conclusion must still be regarded as tentative and 

inconclusive ?

Dr. Kehoe. with respect to the future, yes.

Senator Muskie. It cannot be taken to justify any c onclusi

as to any city, any othar city?
*

Dr. Kehoe. Yes and no. .

Senator Muskie. That is a vary uncertain answer.

Dr. Kehoe. Well, what one deals with in this situat ion, 

Mr. Muskie are the probabilities. The recent survey  of 

Philadelphia, Cincinnati and Los Angeles have shown  so many 

characteristics of this thing that are vary nearly Identical 

that we have not a leg to stand on to believe at th e present 

time that any one of these is particularly unique i n this 

regard.

Senator Muskie. As to your testimony with respect 

to Los Angeles, for example, now Los Angeles has do ne 

a tremendously effective job of eliminating station ary 

sources of pollution.

-r- --
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Yet our testimony just th; s week is that we have h ad 

a recurrence of smog in Los Ar.\eles because of the grow th of 

the automobile population notwithstanding the contr ol of 

stationary sources.

So, all of our evidence is in the testimony up to n ow is 

that the automobiles are raising the level of pollu tants 

in the air. How your testimony f.'.iis  coming  is that we do 

not need to ejcpect that with re .'.pact  to lead in Cincinnati 

and now I am so asking you to t::y  to generalise that with 

respect to L0 3 Angeles and othur cities.

Dr. Kehoe. All right. That»? are spots in Los Angel es 

at certain times of the year in which the values ar e relatival' 

high. When hpvever these aré locked at in a cs*3>sa  sectional

way tha  ̂difference between Cincinnati and Los Angele s
■ / -

is of the order of 1.4 in Cincinnai and to 2.2 or 3  in
• t

Los Angeles.

Senator Muskie. I agree but that is not relevatn
. s

to my question.

Dr. Kehoe. I am trying.

Senator Muskie. The question is# can we expect agai n 

the amount of lead in the atmosphere to go up as th e 

automobile population grows?

The evidence in Los Angeles is that pollution from 

automobiles generally not specifically tied to lead  is going 

to go up. I am wondering if the lead is going to go  up
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with the rest of it.

Dr. Kehoe. I think it is very likely that it is. I thi nk 

where it goes up will depend on a number of circumsta nces 

which would have to be investigated in order to giv e 

you the answer.

What I have been saying in thisr Mr. Muskie, quite 

consistently for thirty years Is that we must know w hat we 

are talking about before we talk.

Senator Muskie. Now that is a point on which we can 

agree. Dr. Prindle's testimony yesterday with refer ence to 

the studies in Cincinnati, Philadelphia and Los Ang eles, 

included this statement "The average concentration of lead 

in all samples collected in each city was 1.4 microgran th' j  

per cubic meter of air, a microgram being a million th of 

a gram so these are very small amounts we are dealin g with, 

in Cincinnati 1.6, in Philadelphia and 2.5 in Los An geles.

The samples taken in heavy vehicular traffic were c onsiderably 

higher. 14 micrograms per cubic meter in congested tra ffic 

on Cincinnati streets, and 25 micrograms per cubic meter 

on the Los Angeles Freeway."

Now let me ask you this question, Doctor. How do th e 

figure you have given us with respect to Cincinnai relate 

to vehicular traffic as against outside of the vehi cular 

areas of the city?

Dr. Kehoe. Many of these observations that were made

I  01344
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by our own group. Consequently the statement there is true.

The pooint of the thing with respect to human expos ure 

which is the big problem here is that there are real ly not 

very many people who spend much of their life time ona freeway

They go to work and they return home but they don't  

spend days on it except for certain individuals who  drive 

trucks, who drive delivery wagons who use these in the 

course of their normal work and who therefore spend  coneiderab 

time on them.

These are the people we need to look at and these a re 

the people we have looked at.

Senator Muskie. Dr. Prindle yesterday and the Surgeon  ,

General made a distinction between clinical effects  tfora 7
_ / 

exposure to lead as to which he felt there was a pre tty good

body of data, and low level, subclinical exposure o ver long

periods of time as to which he said we have very un sat Xat actorj

data.

Now do your certainties on this point relate to bot h 

kinds of exposure or both kinds of results?

Dr. Rehoe. yes, rather more I should say than eithe r 

Dr. Prindle or the Surgeon General. I am not accusin g 

them here of ignorance or drawing a long bow. These  

gentlemen know this problem as well as Z do and they  are 

concerned about it. The point of the thing is that we have

213
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shown quite clearly in the industrial situation tha t if you 

will lower the concentration of lead i.> che atmosp here 

to a certain point, if you will prevent exposure of the 

individual to a certain point you will not get lead poisoning.

Senator Muskie. iow about these effects which both o f 

these doctors have clearly r,aid they draw no concl usions 

about they they say he (re uot been established?

Dr. Kehoe. Mind rou,  I realize the difference between 

the industrial population and the general populatio n. Our 

evidence comes very strongly from industrial popula tion. If 

you will maintain t'?.e  conditions which we now describe as 

being safe in induf.try, men continue to work in th is industry

all their working lives and at no time do they devel op lead

>
intoxication./ , -

We have observations on personnel in industrial pla nts 

now over aperiod of thirty years in which there ha6  been 

no case of poisoning, no shortening of life, no evi dence 

of any subclinical injury that we can detect in thi s 

population as differentiated from a normal populatio n, that 

is to say a population working in the same kind of job 

without lead.

Now this is not in the strictly scientific sense, 

this in not absolute proof. But thirty years of obs ervation 

is pretty good evidence which I don't think one disc ards 

readily.

t e a  n 1 3 4 s
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Senator Muskie. Well, the committee cannot discard  

readily the apparent conflict between your testimony and  

that of the Surgeon General. So I want to be sure I understan  

the difference in your points of view. As I understand  

from your testimony you have suggested taht up to a point  

the accumulation of lead in the body is harmless?

Dr. Kehoe. That is right.

Senator Muskie. You draw the line just below the  

lead poisoning?

Dr. Kehoe. Considerably below.

Senator Muskie. Does medical opinion agree that there  

are no harmful effects and results from lead ingestion  

below the level of lead poisoning?

/ I)r. Kehoe. X don't think that there would be a complete

agreement on this at the present time. Z don't think th at
<

many people would be as certain about this as I am at this

point. -
■ \

. Senator Muskie. But you are certain?

Dr. Kehoe. Not certain about it. I am only saying  

these are the probabilities and we still have observations  

yet to make. I t  so happens that I have had more experi ence  

in this field than anybody else alive.

Senator Muskie. You agree that two men with the same  

experience could disagree as to the conclusion?

Dr. Kehoe. I don't think there is any doubt among the
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people who are experienced in the industrial situation,

I don't think there is any doubt at all, that if you meet  

the criteria for safety that now exist in this relationship  

you can confidently expect that you will have no cases of  

lead poisoning. Z an talking about none. .

Senator Muskie. Let mm repeat the question so that I can  

be sure as to where your certainty lies. I asked does nedical  

opinion agree that there are no harmful results from lead  

ingestion below the level of lead poisoning?

Dr. Kehoe. No, there is no consensus of opinion on  

this point. There will not be for a long tine to come.
#•

Senator Muskie. Are you certain on that point, yourself?

Dr. Kehoe. Zt is entirely possible to postulate

/' i
that somewhere, sometime, within the universe of the  

population, you will find individuals who are so especially 1 

susceptible to lead that under the conditions that exist  

in the rest of the population that these people will be single  

out and poisoned.

Senator Muskie. That is a pretty minimal risk as you  

desoribe it. Does the medical profession as a whole r egard  

the rink as minimal as you do?

Dr. Kehoe. There are a very considerable body of  

people at the present time who believe as Z do on this.

These axe people who have had experience with the  

specific problem.

’ W&l. 01 346 - •
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Senator MusJcio. This —  in Dr, Prindie’s statement  

yesterday he said this "In the occupational health field  

when blood levels reach point zero six milligrams per hundred  

grams of blood the worker is normally removed from an  

environment in which lead exposure can occur. Concentratio ns  

•08 milligrams of lead or more per one hundred grams of blood  

are associated with toxic lead poisoning, the clinical type  

that Dr. Stewart described. Z would point out the ssmll  

difference between .06 milligrams or six parts per ten millio  

and eight parts per ten million is not a very marked m argin  

of safety."

Would you agree with that?

Dr. Kehoe. X would agree with that. In a general way  

Z would agree with this is a small margin but in terms  

of analytical methods that are available at the present time  

this is not such a small margin that is insurmountable.

X have never seen one case of lead poisoning at the  

onset in child or adult that has not had at least .08.

Now this does not mean that all people become ill at th is  

point. The majority do not —  only a few. This is the  

lowest level of susceptibility in my experience.

Senator Huskie. Let me ask you this.

Zs that kind of margin significant or would it  

become significant if the concentration of lead in the  

atmosphere were to double?

Zi
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Dr. Kehoe. Yes, this margin would be quite adequate  

for this reason and we have very good evidence for this.

If you double the concentration of lead in this that exists,  

in the ambient atmosphere to which individuals are exposed,  

you will get no material change in the concentration of lead  

in their blood within two year's time.

Now you have a long time there before there is any  

kind of build that gives you this much difference. The  

reason for this is that over the long period of time the most  

of the lead that is absorbed into the body goes into the  

skeleton.

Consequently the level of concentration in the blood  

moves up very slowly. In our experiments over a period  

of years we have seen that it takes four to six to eight  

months to get a significant difference in the concentration o  

lead in the blood and the excretion of the lead infthe  

urine if it'—  if the dosage moves up slowly.

Senator Muskie. What is the significance from the  

health standpoint of the concentration of lead in the bone?

Dr. Kehoe. TBis is not negligible but it is slight as  

compared, for example, with the concentration of lead in  

the brain. If you have a concentration of lead in the  

brain, of the order of magnitude of 3/10ths of a milligram  

per hundred grams, this is usually indicative of a  

situation which is productive of fatal lead intoxication.

ices 01 347
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Th« bone has four times this concentration under perfectly  

normal circumstances and conditions. You have this in your

I
body and Z in mine at the present time.

Senator Muskie. Dr. Prindle had something to say on  

this yeaterday that Z would like to get your reaction to.

The only way we can evaluate this testimony is to place it  

side by side so that we can get the clash.

Dr. Kehoe. I can tell you for the record that you will  

find very little difference between my views and those of  

Dr. Prindle. Very little difference with respect to the  

facts. There will be a little difference with respect to  

considerations in the future, as is entirely appropriate.

Senator Muskie. Bis presentation of the facts and yours  

kt  least give the impression of being substantially different.  

Dr. Kehoe. But there really is not. sir.
.. f

Senator Muskie. Z guess we will have to read those

more closely. _
. ' \ •

Dr. Kehoe. Z know Dr. Prindle very well.

Senator Muskie. Z think the testimony Z was referring  

to .was in thevSurgeon General's testimony rather than  in  

Dr. Prindle's testimony.

Dr. Kehoe. Z think Z could answer that question.air.  

without being presumptuous. What Z think we are talking  

about here are two different things. One of them is the  

uncertainly with reference to what a material like lead m ight

21*
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ultimately do. Ab against̂  the probabilities, which are

based on evidence, as to what it has done in fact.

Fromthe point of view of the Public health we look with

considerable concern on any risk that is applied to the publi

health. I may say we look with a great deal lass concern, an<

I think unfortunately, on the risk which isassumed by the  
\ • 

industrial worker.
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Senator Muskie. I can't find Dr. Stewart’s prepared  

testimony but I have a discussion that took place b etween him 

and me on this question. This is the prepared testi mony 

we have finally found:

’ Evidence was also presented at the symposium which  

suggests another important respect in which the effec ts of lead 

may be largely overlooked because of limitations in  our 

existing knowledge. This aspect of the problem stem s from 

the fact that some of the lead taken into the human  body 

is stored in the bones.

"Any of a number of factors —  including such physio logical 

stresses as peptic ulcer involving excessive bleedi ng and 

such physical trauma as accidents in the home ^r on j the 

highways -- may release lead previously held in sto rage.

In such cases, the released lead may cause greater injury 

than the event which precipitated its release. Here  again, the 

connection may never be made in the course of routine 

diagnosis and treatment."

I then asked him this question:

"You also say that the bones of the human body tend  to 

store lead?

"The Surgeon General. That is right.

’Senator Muskie. Is there any doubt on thi 3 point?

"The Surgeon General. No, there is no doubt on that.

’Senator Muskie. If that is the fact, then the amoun t
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of exposure which the human can take must be consta ntly 

reduced? '
* , ' l

"The Suirgeon General. Well, the body reached an equi librium 

in the amount it is taking in and the amount that the  body 

is putting out, plus this storage factor. There is n o solid 

evidence that the storage factor, that the storage of lead 

in the bones is itself harmful. Where I was making infe rence 

here is that when that storage is suddenly released bec ause 

of some other event you suddently have a lot of lea d in the body 

that is released from/the storage in the bones, like a 

fracture or like a severe bleeding.

'Senator Muskie* But the release is unpredictable?

*  ' . **
"The §urgeon General.. That.i 3 right, it is unpredictable.

’Senator Muskie-. If it is unpredictable, you have to 

assume, do you not, that the release will take plac e?

"The Surgeon General. I think so, given some event a nd 

the release, of the lead depends on how susceptible this 

person is to lead intoxication.”

How would you react to that point?

Dr. Kehoe. I would react very strongly to that, sir,  by 

saying that the thing which is feared here has not been seen to 

occur. We are again talking about what may occur, an d not what 

has occurred. There is not the slightest evidence.

Senator Muskie. Which conclusion would you draw, tha t it 

will or will not occur?

0 1 7) A 9
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Dr. Kehoe. My conclusion is that lead in the concent rati 

that has occurred in your skeleton and mine and in m an in 

generations ahead of us has never been known to pro duce lead 

poisoning unless it was at highly elevated levels. We  have 

no evidence that this has ever occurred.

Senator Muskie. Why would the Surgeon General raise thi 3 

point?

Dr. Kehoe. Because there is in the literature a series  

of experimental studies made a number of years ago t hat indi­

cated that under a variety of conditions lead is rea dily 

released from the skeleton. Z think, Senator, it ha s been 

quite clearly demonstrated that this is not true.

Senator Muskie. You are satisfied that this is not true?

Dr  ̂ Kehoe. I am quite satisfied that it is not true.

In fact, I have never seen any situation of this so rt reported

that to me was in any way plausible except in conne ction with

. ' \ .
a disease of the kind that results in the virtual dis integratic 

of the skeleton. Now I have been told by one of my pediatricia 

friends in whom X have very considerable confidence that there 

is a situation which has occurred occasionally in c hildren.

I sought the evidence. Z was unable to find it. He w as 

unable to find it. He still believes as he believes  and I 

still believe as Z believe. What Z am saying is that t he 

fragmentary evidence that is available in this field is much 

too fragmentary to be trusted. I am sorry that the Surgeon Gen
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said this because I have to flatly disagree with him and I  

don't like to do it.

Senator Muskie. You say it is fragmentary, too fragmenta  

to be trusted.

Or. Kehoe. Yes, sir.

Senator Muskie. Is it too fragmentary to base a disagree  

ment upon?

Dr. Kehoe. In my judgment, no. I am quite sure if the  

Surgeon General was to read the literature in this field with  

great care he would change his conclusion.

Senator Muskie. Maybe you ought to suggest that to him.

Dr. Kehoe. I have suggested it here. I think this will  

probably come to his attention. , ~

Senator Muskie. Speaking as (k  Senator now, you can't

/ ' *
rely on that.

Why don't you proceed, Doctor? I think I have asked all  

the questions. t

Dr. Kehoe. The facts obtained from these experiments and  

from several field surveys have demonstrated clearly that the  

quantity of lead which is being absorbed daily by  the average  

adult citizen of the United States who is not subjected to  

occupational or otherwise unusual types of exposure to lead,  

is balanced for all practical purposes by the excretion of a  

corresponding quantity of'  lead. This balance is achieved with!  

the first several years of childhood (after the varied diet of <

t c o  01 3 5 0
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adult has b«en adopted) during which tha levels of concentratio  

of lead in the tissues of the new-born infant approach and  

overtake those of tha adult.

The newborn infant has some lead in the tissues. The  

concentrations are quite low and they do not move upward until  

later. They don't reach an equilibrium until the child is on  

a full diet. Much of the highest concentration of this l ead  

(of the order of five times that in any other tissue) is found  

in the skeleton. Moreover, the mass of the skeleton, relative  

to the other tissues of the body, is such as to reduce the  

concentration of such a minor constituent as lead, in the other  

tissues, under ordinary circumstances, to almost negligible

proportions. Xt is not negligibly since it can be measured

/ ■
quantitatively. Indeed the concentration of lead in the  

skeleton of the average child or man in the United States who  

has not been subjected to any unusual exposure to lead, appears  

to be of the order of 1 to 3 milligrams per 100 grams of  

fresh, untreated bone, and this, when restated in the gross  

relationships of the total weight of the lead contained in the  

skeleton to the total weight of the skeleton, comes to the  

average value of about 20 parts per million, which is not far  

from the natural concentration of lead in soil and coal. This  

gives you some idea of the relationship to the earth in whic h 

we live.

So it is that the great proportion of the lead in the body
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of the ordinary man is sequestered, in some degree, in that  

part of the body that is least likely to be affected by it, anc  

is, in addition, in low concentration even there.

The Absorption and Excretion of Lead Under "Abnormal'  

Conditions of Exposure:

Tiie foregoing interpretation of the behavior of lead

taken into the body from ordinary sources is supported by the

facts observed when individuals have been subjected to the

absorption of quantities of lead beyond the range of those

which are encountered in ordinary life. Under such circumst anc

the rate of the excretion of lead in the urine varies primarily  
' •• • ' .  

with the current rate of the absorption of lead. The concentra

tion of lead in the blood also varies with the rate of the

absorption of lead, but is relatively slow in reflect ing this

rate (unless the latter is very rapid). Instead, it tends to

represent the approximate state of the body generally, with

reference to its over-all burden of lead. Accordingly , if the

current rate of the absorption of lead is sufficiently hig h,

as compared to that which characterizes the usual pattern of

persons in the general population under ordinary envir onmental

conditions, there is an accumulation of lead in the tissues of

the body, including the blood, and the concentration of lead

in the blood mounts slowly to a point at which it is indicatie -

it does not absolutely give you the numbers but it is indicative

of the approximate quantity of lead accumulated in the entire

i & s  01 3 ri .. ............. :________________
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body.

Under the conditions of occupational exposure to lead, it  

has been possible to develop sound criteria for the safety of  

workmen, individually and collectively, which, when applied  

scrupulously, result in the elimination of all cases of lead  

poisoning. Stated in their simplest terms, these criteria  

define the point in the absorption of lead, as revealed by the  

general rate of the excretion of lead in the urine, and more  

precisely by the concentration of lead in the blood, below whi c  

cases of lead poisoning, even of the mildest type, do not occur  

The threshold value for the concentration of lead in the ur ine  

is approximately 0.15 mg. per liter, while that in the b lood is  

0.08 mg. per 100 grams of whole blood. Allowance must be  

made in both instances for the known error of the analytical  

procedure employed, as well as for the range of the physiologic  

variability of the results, which in the case of the urine is  

appreciable but in the case of the blood is minute. Experie nce  

has shown, however, that the criteria are reliable, and that  

men employed ir>. the lead trades remain free of any of the effect  

of intoxication by lead, so long as they remain within thes e 

limits with respect to their absorption of lead. Freedom from  

intoxioation by lead does not mean the mere avoidance of disab le  

lead poisoning. Or as it has been spoken of, claasical lead  

intoxication, which is a term that might be used, but also  

should be defined.
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Rather, it means that no symptomatic or objective  

evidence of intoxication can be detected, as such, by a skilift  

and experienced physician. It has been suggested that any  

single numerical limit such as this is most unusual in  

connection with the toxic aotion of a chemical agent. To the  

contrary, it is common, to the point of near regularity, that  

there should be a minimum toxic, as well as a minimum le thal,  

dose of a chemical agent. The point here, which has escaped  

those who have not examined the facts, but have made loose  

assumptions concerning them, is that the specified limits in  

the concentration of lead in the urine or blood is not a  point  

above which cases of lead poisoning occur without fail. As a  

matter of fact, there is no Igvel of lead concentration in the

body which means certain/lead poisoning but it is that point
/ - . ■

in a range of values below which, regardless of human suscept­

ibility (so far as the present record holds), no case of lead

poisoning has been found, in our long experience, to occur.
. ■ %

The range of susceptibility, as this term is used in non­

specific medical parlance, extends from this point upward,  

over a fairly wide range, but not downward.. Zt is wholly i n 

keeping with the variability in the behavior of men, in  

response to a great variety of stimuli or stresses, that there  

should be limits within which the response is physiological,  

and beyond which pathological manifestations occur with  

increasing frequency and severity.

1 ( ^ " I  0 1 3 5 /
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I would like to point out as an aside here that during  

the entire history of man on this earth he has had lead in his  

body. He has had lead in his food, ho has had lead in his  

drinking water and ha has had lead in his body. This is  

inescapable on this planet. The question is not per se whether  

the lead is dangerous, but whether a certain concentration of  

lead in his body is dangerous. This is the sole question,  

physiologically.

The applicability of the foregoing criteria of safety from  

the effects of the absorption of lead, especially that concerned  

with the concentration of lead in the blood, within the  

general field of environmental health is, of course, a crucial

matter in determining and Controlling the risk Incurred by o ur

/ '
population from the lead in their environment. It is becauset

this is the case, that the matter has been subjected to rigid  

examination, with the result that, even in the,case of infants  

and very young children, the onset of lead poisoning has not  

been found to occur in association with levels of lead concen­

tration in the blood under 0.08 mg. per 100 grams of -whole  

blood, with' due regard to an analytical deviation of +0.01 mg.  

per 100 <grraaa, in the case of samples of the usual weight of 10  

grams. \

The critique which must be applied in the examination of  

this matter must take into account the nature of*lead poisoning,  

and even more pertinently, at the moment, the opinions of
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physicians and others concerning its nature —  those which have  

been handed down among many generations of both critical and j  

uncritical physicians? those which had a sound basis in clinical  

and experimental observation and judgment, and those which are  

little more than "old wives tales.” Without bringing all  

aspects of this subject to definitive resolution, modern  

physiological and biochemical Investigation has exerted
r- ■

a clarifying effect upon the toxicological concept of lead  

poisoning, including certain of its more subtle or insidious  

characteristics. At this time, therefore, it is especially  

futile, other than as a stimulus for further extensions of  

pharmacodynamic and metabolic investigation in the hands  of  

competent and imaginative physiologists, toxicologists,  

pathologists and physicians, to cherish, in oneself or others,  

a clairvoyant anticipation of unheralded and disastrous  

effects of types hitherto unknown among trained observers.  

Certainlyr however, the concept of lead poisoning that must  

be held in mind, now and in the future, must Include all dis ­

turbances in physiological function and in well-being that can  

be attributed, on valid present or future evidence, to th e
i .. . . •

effects of lead.

Criteria of Public Safety with Respect to the Absbrption  

of Lead and Methods of Identifying a Threat to the Public:

As indicated previously, the opportunities Afforded to  

the average citizen of the United States (who is' not subjected

P n 1 3 5 3 : ’
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to occupational or unusual types of exposure to lead) are  

concerned with his ingestion (swallowing) and Inhalation of  

lead compounds which occur in his general environment. The  

total quantity of lead that may be absorbed from these combined  

sources constitutes the total threat, if any, of the environ­

ment, with respect to lead. However, since these sources  

differ in their means and ease of penetration into the body,  

and, to some slight extent at least, in their effect upon t he 

distribution and handling of lead in the body, they must be  

examined, separately, as to their quantitative significance.  

Accordingly, the limit of safety, with respect to the absorpt ion  

of lead from the one, that is, in the air, must be established  

while the other is being held constant, that is, in the food,  

and vice versa. This has been done, up to a point, in experiment  

in the Kettering Laboratory.

(a) The upper safe limit of the daily intake of absorbable  

lead into the alimentary tract

Zn one set of experiments, each of a series of human  

subjects, after a period of observation of his daily intake  of  

lead in food and beverages, and his daily output of lead in the  

feces and urine, (under basic conditions with respect to the  

inhalation of lead from day to day), was given a measured  

quantity of lead per day, one-third of it with each meal, in , 

simulation of his ingestion of food contaminated with l ead.

These experiments have been described in some detail. Zn
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1 brief, however, they have set up a criterion for humsn safety,

2 and have reported the results that meet this criterion. It

3 j was evident that, under the conditions of these experiments

4 (in which about the same quantity of lead, the sum of that i n

3 the food and beverages and that administered, was ingested each

6 day, for all practical purposes), each individual, to whom a

7 sufficient quantity of lead was administered dally , gave

8 I evidence of the absorption of lead, in proportion to the dose

9 I administered, and excreted lead in his urine at a steadily

10 increasing rate during the entire period of the administration

11 I(for somewhat more than 4 years in one exDeriment). He also

12 developed an increase in the concentration of lead in his  blood,  
||

13 I)at a substantially uniform yearly rata, and acc umulated lead in

„ /' ' i
14 his body (the cumulative difference between intake and outpu t.*

j| /

15 at a uniform yearly rate. No such effect was observed, however,

16 in the subject to whom the least dose, in addition to that in

17 jhie diet, was administered in 3 doses, each of which was 0.1

18 milligram. Xn this instance, there was a vary slight increase

19 Jpf borderline statistical significance in the output of  lend ir

20 lithe urine, no increase in the concentration of lead in. the bleed
. . . .  '

21 jltnd evidence (of borderline statistical signific ance.) of the

22 liccumulation of 12 mg. of lead in his body in the course of 1.5

23 fear. This is believed to be as near the vanishing po int of a

24 positive response as ons is likely to obtain in an experiment

25 |>f this type. In consequence, it is probably that a young,

jte 1 0135 4
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healthy adult —  I am not talking about the total po pulation,

I am talking about a young healthy adult —  can inge st, 

regularly, throughout his life, an average quantity  of lead 

of the order of 0.5 mg. per day, without any risk of accumulating 

a significant quantity of lead, so long as there is no persistent 

and significant increase in the intake of lead from  the atmos­

phere. I might say, incidentally, this is not a wil d guess. 

There is evidence at the present time from the lite rature and 

from the observations of Williams that this is abou t the level 

at which England is taking in lead daily in food an d beverages. 

This may be a mistake because the information is indi rect

rather than direct. ~
* ^

(b) The upp«̂ : safe limit of the concentration of l ead in 

the ambient atmosphere
■ f

The experimental approach to the determination of t he 

safe limit for the inhalation of lead from the gene ral -
. ' 1

atmosphere differs from that concerned with the ing estion of 

lead in food and beverages, the reason being that t he quantity 

of lead which is taken into the body with the air brea thed, 

as indicated previously, cannot be determined directly , but is 

subject to calculation from the concentration in th e air and 

the volume of air breathed during a specified period  of time.

A number of variables are involved in this calculat ion, so 

that it can be carried out with a reasonable degree  of accuracy 

only under well controlled conditions, with respect  to the
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measurements of the lead in the air and of the volu me of the 

respired air. Then too, the quantity of lead absorbed in the 

respiratory tract and lung varies with the rate and  depth of 

the respiration, as well as its volume, and, to an even great er 

extent, with the dimensions, shape and solubility o f the j

particles of lead-bearing material that is being inha led. The 

most satisfactory physiological criterion, with res pect to the 

significance of the absorption of lead in the respi ratory 

apparatus, lies, therefore, in the response that is afforded 

by the change in the content of lead in the urine a nd blood. 

However, while analyses of the urine and, more effect ively, 

the blood, provide definitive evidence of the safet y or the 

potential risk of the individual (and of groups of ind ividuals)
. 5

■  ' (
at the time of the analyses, they cannot yield info rmation on 

which to predict the probable extent of the absorpt ion that 

will occur ultimately, when lead is being absorbed in to the 

body-at a constant, significant rate. As, for example,  an 

individual in the ambient atmosphere who breathes th is atmos­

phere seven days a week and on indefinitely. This is  a 

different matter. This is the difference,“and it is  a funda­

mental physiological difference, between respirator y exposure 

to lead according to the normal occupational schedu le, now 

standardized, generally, in the United States at 40  hours per 

week, and that associated with lead in the atmospher e of the 

community, which, although somewhat variable, from place to

r\ a -7 r r0 i o D h
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place and time to time, is continuous throughout the day and  

week. In the occupational situation, (and as simulated by  

our experiments in which men were subjected to the inhala tion  

of a known compound of lead in a known state of subdivision  

in the air —  nearly ideal for both retention in the lungs an d 

for absorption -- for approximately 40 hours per week), the  

output of lead in the urine and its concentration in the blood  

increase for some months until they reach a plateau the height  

of which is determined, under uniform conditions, by  the  

concentration of lead in the air. Afterward, it remains  

essentially unchanged, on the average, so long as the occu­

pational (or experimental) exposure continues unchanged. This  

plateau is an expression of an equilibrium between the /

absorption and excretion of lead, which is achieved by reaching  

a balance between the periods of exposure, when absorption is  

greater than excretion, and those out of exposure, when the  

excretion is greater than the absorption.

Tliere is no opportunity for the achievement of such a  

balance whan the rate of absorption if sustained, as in our  

experiments during which lead was administered by mouth in  

three doses through the day, and as it must be when lead­

bearing air, within appropriate limits of concentration , is  

being breathed throughout the twenty-four hours of the d ays.  

These facts make it necessary to approach the criterion of  

the safety of the public, in relation to lead in the ambient
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atmosphere, on % different principle than that of the safety  

of employees in the lead-using industries- It is also  

necessary to employ a different method of observation from  

that concerned with the ingestion of lead, although the same  

principle applies r that of establishing the largest daily  

dosage of lead derived from the air which, when combined with  

that derived from food and beverages, will be Insufficient to  

result in a measurable (or significant) accumulation of lead  

in the body in the course of a life time.

He are talking here not about the accumulation up to  

the point of toxicity. He are talking about whether there
#

is or io not accumulation. The latter ie the criterion.

Experiments'have been carried out in the Kettering

r  > '
laboratory for three of the peat five years, by which t he 

methodology of the approach to this problem has been worked  

out. _ During the past two years, two men have been under  

observation, in accordance with'these methods, while they have  

been subjected to respiratory exposure to air containi ng a  

lew, uniform concentration of lead (Pb) on an increasing  

schedule of hours per day during eucee-sive periods of 16  

weeks. At the conclusion of this experiment, in early July  

of 1966 —  one of the men is initiated but the other is not  —  

they will have spent almost half of their time in, such an
X

atmosphere for 16 weeks. No definitive response to such  

exposure has been observed, up to the present time,., in the

01 356
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font of a significant Increase in the output of lead in the  

urine or in the concentration of lead in the blood. According!  

in an experiment yet to be performed, the concentration of  

lead in the respiratory chamber must be increased, and the  

observations repeated. Prom all of these data —  those availab  

and those to be obtained soon —  it will be possible to arrive  

at a standard concentration of lead in the air as a phy sio­

logical criterion of public safety, in which a prudent marg in  

against chance may be encorporated. Needless to say, the  

validity of the criterior should be put to practical tes t well  

before the public shall have been subjected to the proje cted  

level of exposure, by means of* periodic surveys such as that
a

recently ipede,yin which the reaction of the public to an  

existing exposure of lesser magnitude can be determined.
i

Certain Basic Conclusions:

Prom the consideration of the observed facta and the  

physiological principles developed in the foregoing  statement,  

it would appear that there is no reasonable basis for anxiety  

concerning any potential threat that is offered to the pu blic  

from the lead in the ambient atmosphere in the United States.

Moreover, the means now available for the appraisal of the  

severity of this type of exposure to lead, and of its hygienic  

significance, would appear to provide ample safeguards in t he 

future, provided such means are employed skillfully and  

orltleally, and frequently.
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Senator Muskie. Doctor, I would like to read from a  

- couple of statements that were made at the symposium on lead  

that was held by the Public Health Service last December.

Dr. Heineman said something that I think might be helpful  

to us to place some of the points you made this morning in the  

perspective that you would approve as well as the committee

"The first thing I would like to point out is that there  

has been no evidence that has ever come to my attention,  

including at this meeting, that a little lead is good for you.

I say this beaause I believe there are some persons who imply
, , . ■  •• i

that this is so because of some of the statements which they  

made. The second point Z would like to make is that it is  

extremely unusual in medical research that there is only one '

■ r  >
small group in one place in the country in which research in / 

the specific area of knowledge is exclusively done. The re  

needs to be repetition and extension of the fine work which  

has been done at the Kettering Laboratory with regard to  

the metabolism and the balanced experiments which ha ve been  

done on lead. It needs to be repeated in many other places and  

be extended. There needs to be iii ny opinion an extension and  

improvement of the work which was done by the Public Hea lth  

Service in its tri-city study of lead body burden of people  

in communities. There needs to be a careful study of the
• ■  S ■

figures Z have given as the safe ones at which lead toxicity  

will not probably occur. Z say specifically.

I 01357
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"It is our experience in medicine that to use a single 

figure as the safe one beyond which poisoning will pro bably 

occur and below which poisoning will not occur is a m ost 

unusual kind of situation in public health and in m edicine.

I believe there needs to be careful study of the fi gures which 

I used."

Would you want to react to thal., Doctor?

Dr. Kehce. Yes. I believe first of all that the obse r­

vations outside of those of the balanced work -- th is 

balanced work has not been done by anybody else up to the pres< 

time. Zt may be that some of it should be repeated for the

sake of confirmation. It will be confirmed, I can a ssure you.
/

It may be that these experiments should be done in somewhat J 

the same manner. I should argue against that. X shou ld argue 

against that because first of all these are very ex pensive 

experiments and they should not be carried out wreck lessly 

without regard to the money that it takes to get th is kind of 

information. The methods that have been used in our  obser­

vation which to me are crucial to this whole situat ion are 

being used at the present time on a world-wide basis . They 

have been used now over a period of years and there  is simply 

no question Z think — ■  perhaps Z am prejudiced, but  I think 

there is no question in the minds of a very considera ble body 

of experienced people in industrial hygiene that th ese results 

are valid. They have been checked by experts in oth er countri«
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There is a report that is given here after a translation that  

has been obtained, that was reported here, that was obtained  

by oar Swiss colleagues a matter of a few years ago who have  

used substantially the same methods, who have followed out  

comprehensive observations, I mean with respect to the field  

surveys, and have come out with precisely the same res ults.

Now Heineman is right with respect to experiments that  

are crucial, the methods that have been used in experiments  

that have been checked by British investigators, by Swiss  

investigators, by a number of others, as being the crucial

points in the determination of whether the information that had

' '' * • ■  
been obtained in our observations was correct. This mean s only

one aspect that is left dpen and that is whether I, myself,

and f̂ y investigators in the Kettering Lab are clever enough

to be dishonest about this and get away with it. Frankly, I

don't think we have that kind of cleverness.

Senator Muskie. Z don't think that question is involved.

Dr. Kehoe. Zt is theoretically, sir.

Senator Muskie. The only question involved is the inter­

pretation you place upon it. Z will be frank to say that it  

is unusual for me —  Z am not a scientific man —  to find such  

certainty in the field of scientific inquiry in a subject such  

as this. The questions so far as we are concerned are one.  

What are the effects, or do we know enough about them of  

low-level sub-total exposure to lead in the atmosphere and,

013 5 8
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secondly, how will the present answer to that question be  

affected as the number of automobiles in this country and the  

consumption of gasoline with lead content increases in the  

future? These are the two questions we are concerned about.

On the question of the sub clinical effects, Dr. Hardy, who  

testified earlier this morning, had this to say in the  

symposium.

"I have to protest briefly that there is evidence of  

lead related damage not identifiable as classic lead poisoning.

I have listed the following: Layne's studies on Mortality  

of Lead Workers. Henderson's Australian Work on the
»

Relationship Between Lead and Renal Disease. Doctor Jensen's

Work and, more modestly, mine, on the assymptomatlc lead

/' >
workers difficulty with his hemalogical abnormalities, and  

then the large body of  work on children without identifiable  

lead poisoning who through well documented evidence have  

experienced harmful lead effects either in" —  I am sure I
_ ' j

am not pronouncing these medical terms correctly —  "heraalog ica]

abnormalities or mental retardation." Doctor Hardy apparently,

and Z might ask hex to comment on this this morning, says

that there is evidence of sub-clinical effects that sh e feels

are of concern as relates to health. You apparently have

less doubt on that point.

Dr. Kehoe. No, I don't because Z know that there a n  

effects that are residual effects of exposure that have had  

a significant degree of toxicity. What we are talking about
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exposures which do exist but the effects of a situation in  

which we are at a very low level of intake,, which has never  

historically been known to result in a single case of illness  

in child or adult. This is the difference in the thing.

We are not talking here about the residual effects of a  

one-time intoxication. We are talking about whether signs  

of intoxication come into existence under the conditions  

that exist in the community at the present time. I submit  

to you, sir, that there is not the slightest evidence that  

that is the case in medical literature or in case material.

Senator Muskie. We are talking about a condition here —  

Dr. Kehoe. We are talking about a condition which may

' r
occur. 1

' ' ' /
Senator Muskie. We are talking about something physically

that is occurrinq that may be producing a different situation.  

We talk about growing conoentratlons of lead in the atmosphere  

and what that may produce. This is a kind of low level, long­

term exposure that we have not had in the same degree in the  

past, that we will have in an increasing degree in the future  

given a continuation of the present methods of transpo rtation  

by automobiles and the present use of gasoline for fuel.

Dr. Kehoe. Let me put it this way. We have had experience  

with the situation that exists at the present time, with  

respect to the level of lead absorption in the American

241
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population. We have had experience with this over a period of  

30 years or so during which we have been looking for problems  

in the general population and have failed to find them.

Now, this does not tell us one thing about what will  

happen five year3, ten years, 15 years from now if, as and w hen  

the concentration of lead in the atmosphere goes above a point  

with which we have had previous experience.

Senator Muskie. That is bound to happen, is it not?

Dr. Kehoe. What I am prepared to say at this point is  

that this is something which just like the food of the country  

and the beverages of the country has to be watched, to make

sure that we know where we are. This will take time, this
/

will take trouble, this will probably continue and^/should  

continue after I am no longer around to be looking at this  

problem at all. But Z can say very definitely that in my view  

it is essential that these observations be made. We must know  

and not have to guess about it.

Now I am only saying with respect to the things that  

might happen that we have no experience of their happening and  

Z simply am not constituted to go on the basis, in the pre sent  

world in which we live, which is full of dangers, Z am not s o 

constituted that Z can be very anxious about a situation that  

has been with us for 30 years and in which nothing has  

happened, and which might conceivably happen, that ten years  

from now something has to be different.
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In the situation in which we are living at the present  

time we are confronted with many dangers ? the dangers of  

contamination of the water of the country, the dangers of  

contamination of the atmosphere with a variety of things are  

much mora imminent than this particular one. Whereas thi s

one must be investigated, it must be followed and we must
• ¡ .

know what we are about, we have no reason at the present time  

to fear what is under the bed somewhere.

Senator Muskie. Having listened to all your testimony,

Dr. Kehoe, I would say that that last pretty well summarizes  

my impresión of your position and I do appreciate your coming  

and taking the time to listen to our questions and to answer  

them. '

J The work of this committee is intended to be educational
/ ' ' '  

for the committee as well as for the public. So we do appre-

da t e  your contribution this morning.

Dr. Kehoe. Thank you. “

Senator Muskie. I wonder if Dr. Hardy would be interested  

in commenting upon the question that we just discussed.

Dr. Hardy. You read from my comments. That is really  

the heart of what I have to offer.

Thank you.
. i . * . ■

Senator Muskie. Thank you very much.

The remaining two witnesses on our schedule this morni ng  

have been kind enough to agree to come back next Tuesday

1 360
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because of the time limitation this morning. I understand that  

it will not be an inconvenience to either of them to do so. I  

want to make sure of that. If it is not then Mr. Felix Wormser,  

Consultant and Former President of the Lead Industries  

Association, Inc., and Mr. Gammelgard of the American  

Petroleum Institute, will be the first witnesses when we meet  

next Tuesday at 9?30. I appreciate that courtesy very, very  

much.

With that we will adjourn until next Tuesday at 9:30.

(Whereupon, at 12:40 p.m. the hearing adjourned, to  

reconvene at 9:30 a.m., Tuesday, June 14, 1966.)

*

) ■

/ '

(

/


