Stenographic Transcript Of
HEARINGS
Before The
SUBCOMMITTEZ ON AIR AND VATER POLLUTICN

COMMITTEE ON PUBLIC WORKS

UMITED STATES SEMATE

3, 3112, 8. 2400 AXD REIATID BILLS

AIR POLLUTION ABATEMENT

Washington, D. C.

June 9, 1966

Alderson Reporting Company, Inc.
Offjicial Reporters
300 Seventh St., S. W, Washington, D. C.

NA 8-2345 N35509

s B N1 EAOD



w._ .~

10

11

12

13

14

16

17

18

19

21

N

5

24

TABLE OF CONTENTS
U. S. Senate, Washington. D,
Subcommittee on Alr and Watexr June 9. 1966

Polluticn of the Committee en
Public Werks,

STATEMENT OF: 2 A @G

The Hon, Los Matealf., A Unitad 8tates Senator
frem the 8tate o: Mcntana _ 43

Dr, Harriet Hardy, AsfSistant Medical Directer.
Occupaticnal lMedical Bexvice. M. I.T. 155

Dr., Robert A, lehee, University of Cincinnati
Colisge of Hedicine, Cinednnati ig2

L2 25 1 4

s



N

-~

s

&)

10
11
12
13
14

15

16

17
18

19

8

& 2B R

182

Senator Muskie. Our next witness will be Df. Robert A.
Keﬁoe. of the University of Cincinnati College of Medicine,
Cincinnati, Ohio.

DX, Kehoe, we appreciate your coming here this morning
and further enlightening the committee.

Dz. Kehoe. Thank you.

Senator Muskie. You may procaed.

May I say for thea benefit of all of us that you may
cover as much of your prapared testimony as you want
orally but we will inclunde it all in the record. We don't
qucct to listening to it if you wish to read it all.

STRTEME&T OF DR. ROBERT A. KEHOE, UNIVERSITY OF

CINCINNATI COLLEGE OF MEDICINE, CINCINNATI, OHIO .

Dr. Kehoe. FPirst of all I would like to’say I AppraéiaEQJ
the opportunity of being here., I have no hope whatever of
being able to-proscnt to your committee other than in terms
of documents, pulbished materials, the information that is
avail;blq then on this subject.

I am afraid we would be here the rest of the week if
I were to‘undo:taka to do this. 8o ﬁhat what I sghall do
is brioti& to outline where it appears to me that we stand
in this situation at the present tinn; to briefly refer
to the evidence that éutu us in my opinion in that position
and to refer to you and your committee and its staff the

published material on this subject which is here.
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Thorei, a much longer memorandum that I should not
dare ta.ﬁndortdke to present here this morning, with rafarence‘
material and a series of rsp:odﬁctiqna of the material that
is in various reporgs, in lite:ature. in this country and
abroad which we have put togetﬁor in this fashion, primarilay
because of thig -~ ﬁuch of this is very difficult to obtgin.
It goes clear back to 1923 and 1924 and‘is not readily
availqble'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)able
for the files of the committee?
Dr. thoe. That is right. Thia is for the purpose
of makimg.this available. Another copy of this is available
if it would be of any interest. ‘ /
Senator Muskie. Wbuld it make interesting
night reading?

Dr. Kehoe, Several nighta. It would not be a thousand

and one but it would be several.

I would like to briefly state my own position at the
§éo-cnt time if I may.

It is the purpose of this statement to present briefly

. tha salient facts concerning the hygienic aspescts of %he

occurrence and distribution of lead in the environment of

~citizens of the United States of America, with partisular

refersnce to the contribution made by the nse of leaded
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gasoline.

I am a physician, at present tco the one Professor
Emeritus of Occupational Medicine in the Department of
Environmental Health in the College of Madicine, University
of Cincinnati. I have been a teacher and professor on the
faculty of the college of Madicine in the Department of
Pathology, first, in Physioclogy and later and longer Director
of Cuttering Laboratory which has been concerned with industris
medicine and industrial hygiene from its founding in 1930
until my retirement in 1965,

Incidentally it still continues. From 1948 until 1965
I was ﬁho Diractor of the Department of Preventive Medicine
and chupfkional Health in the area the laboratory is
situated, I was also the Chief Medical Consultant with

the title and corpo:até responsibilities of Medical Director

of Ethyl Corporation from 1925 until I retired at the

s

end of 1958,

This having been imperative in the early stages because
I was the only persgn'ﬁho'was involved with the early
study of tetraethyl lead.

The impression has existed in certain circles that
little information is available on this subject, especially
as to matters that relate to the safety of the public.

The fact is, however, that no other hygienic problem

in the field of air pollution has been investigated so
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intensively, over sﬁbh a prolonged period of time, and with
such definitive results, This is not to claim{that there.
are ﬁo significant voids in the available information, nor
that all of the wltimate answers are at hand.

Neverthaless, it is clear that this specific set of
problems has been brought to such a point of understanding,
in relation to the public health, as to remove it from the
roilméf urgency and to consign it into that.qroup of hygienin
probleii>on which a watchful and effective surveillance should
be !Qgij A Eonsiderable measure ofiassurance for the
future may also be derived from the fact that methods of
survoiiianée.have been developed, over the years of .
invos%fg&fign, which are characterized by a high degfﬁe of
techniéal péecision and physiological relevance.

Scnator Muskie. Is 1t fair to aay, Dr. Kehoe, that what
you have just said i- at variance with the position taken
by the Public Health Servige and the position taken bf pr.
Hardy thi# morning as.to the state of knowledge that we ought
to havo'bﬁfofe reaching~!1nal conclusions?

Dr. Kehoe, Not precisely, no, sir. I qoﬁid simply
say thnt‘iﬁ davdioping the information along this line for
which I have had & greater :esponsibility than any other
po:son in ﬁhis country, that wa have undortakon to answer
the quoltion that rolatoo specitically to tho puhlic health.

Our 1ntorast haa bocn broader, I nny nny, more extensivo,
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in the field of industrial health in which the problem is most
serious and it is most serious. But that with respect to the
findings here I would say 2t this point that we are jin the
best position that we have leen at any time in the 35 year
period since iead and gasoline was introduced on the Amgrican
market.

With respect to the information that is necensary to
answer the questions that are.avai;able, they are not all
answered and there are still investigations to do. But I
repeat that the situation is in no sense urgent.

Senator Muskie. With respect to this sentance in your
teatimohy " No other hygienic problem in the field of air
pollution has been investigated so intensively over such a
long period of time andlwith such definitive results,‘i- is
it your intention that that atatement apply not only as to
industrial exposure to the problem but also to the
exposure of the general public to leads in the atmosphere?

Dr. Kehoe. Not at all, sir. |

The indpstrial 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 prevent it.

The question with respect to the public has been
from the very start, 1923 on, hypothetical, a potential

rigk which we have been undertaking to measure by every means




~

10
11

12

14
iS
16
17

18

|

ii

187

which we can gel at and the evidence at the present time is

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

hagarad.

émnator Mmuskie. May‘; ask a further quéﬁtion on this?
The Bureau of Mines and the American Potroleum Institute
have juat entered into a contract involving $480,000 of
Amnrican Petroleum Inltituta money to conduct research
in thi: field. Is that in your judgment a reflection of
concern of simply routine?

Di. k;hoq. .Not with.r;apccé to iéad. The concern here
is with oﬁhor aspects of the use of petroleum hydrocarbon
fuele: which do present us with a series of problems some of
which are unsolved. | /.

Sonator Muskie. I understood the contract dé;a rélate

sl /
to leadm

Dr. Kehoe. It relates to both, lead and unleaded
qasolinm,;with the idea of oltablishing whether the lead
1ntxoduces an additional factor. There is no question however
about thc tactor of ri-k of a sort from the petroleum
hydzocathons. The question at issue here which is being
ca:riod out along with ehc gcnc:al invcatiwatinn is whether
lead antctl 1nto this problem and in any way affects the
nattot diladvantaqooualy. |

B;nhﬁbr Muaki;. Would fou say that from the point of
viow'éé hnalthlit would be desirable, 1£ not urgent -- .

ot h&vq indicatad §& in not‘urcant‘-- but from the pbinf'
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of view of health would it be desirable if a substitute
for lead cquld be found for gasolines?

Dr. Relice. If by this means one could accomplish the
same purpose, -and mind you I am not interested in the
economics of the things otker than the avoidance of upsetting
the whole community, this is not my concern -- there is nothin
at the prezent time that would say to you or to me that
we should hurry to eliminate lead from the gasoline in the
country.

There is no evidence that this has introduced a danger
1# the field of public health, There is still the hypothetical
question, and this is largely because we have long known

-

fthnt lead has the potentiality of grave danger, that it
}produces illness, that it still produces illness.

We have’ known only for a relatively short time, since
I may say the work of the Kettering Laboratory in this field,
that lead is an' inevitable element in the surface of the
earth, in its vcéetation, {n its animal life, and that there
is no way in which nan has ever been able to escape the
absorptiéﬁ of lead if he lived on this planet.

If there is any other planet this is another matter.
This has always been the casi and it will continue to be

despite our efforts. The question therefore is how much

danger is there; how much does it take to create danger and

" what is the margin of safety that exists at the present time
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between that is what would be dangerous and what is certainly
not dangerous,

sénator Muskie. I am not =sertain you have answered
ﬁf 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. I understand. Putting aside the

l question of economics, which we both agree should be
put aside, if you have a substitute for lead, a clearly non
toxic iubstitute for lead that would do the same job that

lead does would you think it desirable from the point
i '

i

of view of healtn to make the substitution.
y pr. K&hoef I should be indeed in this very cautious
’ in arri@ing at aﬁy such conclusion. I would not be unable

to arrive ap'it without investigatioh in advance of the

fact. ItvinVQstigation'dembnstrat;d the truth of what you have
just said -- - |
| - SQnatof Muskie. I have asked you to assume the truth
at what I have said. Obvionsly it is hypothetical and the recc
will be clear on that point. |

hsluming the truth of what I have said, assuming in
fact you had such a auboéitué‘;-woﬁld you say from the point
h of view of health that the subltituto‘ouéht or ought not.'
“ to be accepted? Because then the only queatioh‘iﬂvolved

would be economics.
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Dr. Kehoe. Yes. I am only saying I cannot make such
an assumption because there wculd have to be information of
the various materials that have been recommended, that have
been though of in this connection as substitutes for
tetra lead. None at the present time has turned out to be
satisfactory and none has been devoid of certain considerations
in the field of public health which would have to be answered.

Now I would oniy take this position. ﬁe have have
experienced with tetraethyl lead since 1923 which clearly
indicates, to me, that this is not a present hazard. We would
not have that kind of information in relation to any other
materiai that I can conceive of as being put in this
capaciﬁy, and thareforé, I am careful abo$5\tha;answer to
your question. y

If I could assume that everything is perfect about it,’
which I cannot dﬁ, then I would agree with you.

_Senator Muski&, I think that is a hypothetical gquestion
you can make that assumption. Prankly I am disturbed that you
.are not sure enougﬁ about the body of knowledge upon whigh.f
you are relying to answer such a hypothetical question,
and I said assuming, clearly assuming as a fact, recognizing
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 gascline that lead does,
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but withouc any toxicity, any toxig effects, would you say
from the point of view of health that it would be desirabla
or Q?t desirable to make thq_subqtiﬁntion?

I think that {s a question that a 'man with‘yoar backgrouri¢
like thls ouqht to be able to answer.

Dr. Kehoe. I could answer it excdpt that I take the
point o£ view as a matter of principle that we must
inves;igate every matorial that wve iptroduce into our
cnvitoﬁﬁeﬁt - | |

SCnato: Muskie. I do quarrel with that.

Dr. Kehoe. -- bacause there are unknown affects.

Now to answer your question, if I could be quite sure
that this was the case I would bo glad to dilpehl‘ with
a risk, tho quaotion of risk, not the qu.négon of hagard
because I think it does not exist, but the que;tion of /
potential hazard which is.risﬁ. |

I wonld be glad to trgd. any risk for the -

‘co:tainty of safety.

Sonato: Muakie. All right. I guess that is as closa
ai we cnn‘comg together.

ﬁr» kcﬁoe. The bulk of the investigative work which
bearo on lead in the general nvirohm.nt of man has bmen
carriod out, under the financial sponsorship of the
manufactu:era and disgributqrc o£ lead containing anti knock

compounds in he United States, in the Ketering Laboratory,
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in the Department of Preveitive Medicine and Industrial
Health of the College of Mudicine of.tho University of
Cincinnati, and under the :erms of agreements between the
executives of the industrias concerned and the Board of
Directors of the University, whereby the public responsibilitis
of the University have been preservad 1ntact.'Thia Department
has bean renamed, recently, thrxe Department of Environmental
Health. |
Facts brought to light by these investigations have
been oconfirmed by evidence derived from the examination of
similar situations by official investigators in other
countri;lﬁ and from extensive tangential applications of the
methods of other countries, and from extensive tangential
applications of the methods of our investigations, Principally
When an investigation, undertaken jointly by the United
States Pdhlic Health Bcrvic;; and the Health Departments
of the City of Philadelphia and the State of California
and tﬁi;xhttoring Laboratory, was completed, and the
results were published, in 1965, under thn-titlo of a "Survey
of Lead in the Atmosphere cf Three Urban Communities,”
these being Philadelphia, Los Angeles, and cincinnnti.
the reliability of the past info and the current information,

as well on the lead content of the atmosphere of cities was

established byond further question. It is now possible |
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to consider any future potantial threat to the public health
in this matiar on the Jnckground of a body of data which wil
s:}vo a: a bsaclina tor ccmpa:inon.

. IncidenLally, thor- has b.en rnfer.nco, this is off

the r.co:d here, this is oral - tharahns been reference

to 11 high ‘values found in thnt aurvey. I should like to
roport to you that those valuel were considored to be pure
chlncc phenamcnon that in a statistical diltribution of |
values which begin on the low side and which taper out

into tho hiqh -140. 'Tho :oaﬁlts of those men who are »
tvaillblo at tho prasant timn, uhich consilt ot four

pooplo in cincinnati. thrcn pooplc in Calffornia, have been

_rachmaked and the ra:ults Ln this instance, as could more

or 1«-- b. predicted, come right bacgk then into the main
body of the data. |
| All cf the results to:tuitoully turnod out to be quite .
on tho low side of the mean value rather than high. |
SQnator Muskio. Lot me auk you this. In the statcmont.

linply to givo yon thc oppo:tunity to amphasize what you hawvq

'_uaid. you cay that on tho basis of the study in Philadelphia

Los Ang.lco. and cincinnati, the r.liabllity of the current
1n£otnntion on the load cantent of the atmosphozt of cities
was mltablilhod boyund tu:thor qucstion.

That 1- a p:utty strong ltnt-mcnt for a cciontific

man to make unla-n h. means it.
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Dr. Kehoe. I mean it very definitely, sir.

Senator Muskie. You can anticipate no variations from
the findings in these three cities and any other place 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 that that
study is made.

Dr. Kehoe. I spoke specifically of current information.
I shall speak of the future a little later,

-

Senator Muskie. So that there is further gquestion if
you think in terms of further as reﬁ;rring to the future.
Dr. Kehoe. There is this question, yes, to which
there is some degree of answer. But the question at this

po;gt in our discussion is completely open. I am not
anticipating the future at this point, |

Senator Muskie. Still, Doctor, let me cla;if§ this
further. Your next sentence says 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 which
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.
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Dr. Kehoe. That was not the intention. That there is
a bascniha with whicﬁ you can compare future observations.
Ono'of the primary purposon_of this 1nvestiga£ion which
was aﬁphasized by the Surgedn General and the Committee was
that there was not enough dgté distributed over a wiﬁe enough
numﬁe: of American cities so that we had a baseline to say,
if tod#y is all right, does tomorrow vafy from this and
pa:ticwlarly does it vary upward?

Is tye:e in other words a future danger in the ever
incraaliﬁg;automobiles, in the increased use of lead in gasolir
in thﬁ:incfeased dist:ibution of lead in the atmosphere
from auy and all sources? | |

| The hygienic issue, at this time, relates to the total
pattern of the concentration of lé:d./from all sources, in
the raspired air of persons in the general population, in
conjun;tion with the quantities ingested gith-théi: food
;nd bcvoragcs'ahd any other material that is swallowed. The
mere iﬁﬁndanco of lead in th; human environment is not of
1tld1i ;Nthreat to mankind,nor in the final.analysis is the

inrc'pzhacnca of load within the anatomical st:uétnre of
Abundanco is a non-quantitativa toxm. and the outcoms

1ntoxnal n.dia o! the body, dnpendc upon its rate and

c:tlnt, and upon thc phyliological mechanisms whichrare
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involved in its entrance and exit, i{its systemic and
cellular distribution, and in the metabolic processas in the
tissues, including also, the elimination of absorbed lead from
tha_body, and the extent of the accumulation, if any, in the
body with time.

The natural environment of mankind is such that lead
is taken into the human body in virtually all food and
beverages and in the respired air. The many usages to which
lead is put in modern industrial society, one of which
{8 involved in the present discussion, have increased the
amounts which the average man ingests and inhales, with the
result that somewhat more than natural quantities of lead
e;ter 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 thch range from less than .1 mg. to 4.0 mg.
Occasionally more per day. The higher and lower values

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 So calculated.
The quantities appear to range between .915 to .09 mg. per day

and as in the case of the intake in food, theaverage in any
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t situation is much nearer the low value than the iigh.

2 The maximum quantities of 1§ad absorbed into the body
3 from éh;t ﬁaken into here the alimentary and respiratory
4 tractQ'AE the average man may be estimated on the basis of
5 cxperimental evidence which shows that somewhat less than

6 " 10 percent, of that ingested (swallowed) and somewhat less

7 than fifty percent, of that inhaled, are absorbed.

8 " Calculations based on these percentages indicate that

9 about .03 gg may be absorbed dgily from the alimentary tract,
10 whilc qﬁantiti-u tanging from .007 to ,045 mg and averaging
1 between .02 and .03 may be absorbed daily from the respiratory
12 tract. Al 1- clear from this there is less likelihood of the
13 'leQrption qf lead day to day from the air, the quantity is
14 u less, than the quantity which is likely to be absorbed from
15’ the alﬁmentary tract. .

'16 | Thcreforo the food and drink side of this environmental
17 I picture 13 still the more important side.

i

18 ‘ Evldence obtained by correlponding means has demonstrated

19" that tha quantitiou of lead eliminated from the body daily by
'20 th. avoxage man are substantially equivalent to those taken

|

N

i Thun the lead which is evacuated so with the feges,y
daily, i s only slightly less than that in the food and |

l bovorag»s. That which is excreted in the urine ranges from

8 R B B

lompmhat_lnts than .01 mg to about .08 mg per day, andA
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averages approximately .03 mg per day. The totéi_output of le:

in the feces and urine, over a period of months, usaally

2

a exceeds slightly the intake in the food and beverages, thereb;
4 indicating, indirectly, that the magnitude of that absorbed i
5 | the respiratory tract of persons investigated in Cincinnati

6 is not less than .oé mg per day.

7 Senator Muskie. Doctor, you have been giving us

8 figures that come f£rom the Philadelphia studies?

9 Pr. Kehoe. No. These have come from very carefully carrie
10 out, balanced experiments on human subjects in the Kettering
1" Laboratory.

{- 12 Senator Muskie. As of what date? )

13 Dr. Kehoe. Beqinn%nq ié 1939 and extending to the

14 present time. They are still going on. What we undexrtoock

15 to do back in this period, back in 1939f we_qave up any hope
© of understanding this problem unlesa we carried out balanced
‘7 experiments on human beings which told us épe source of lead;—
® the manner in which they enter into the body, the manner

" in which they get out of the body, and Qﬁgﬁ-ij the relationsh!
20 between intake and output under ordinary normal conditions
21 and under conditions that exi;t‘in industry or whenever there
a2 is an unusual exposure.

23 That hag/told us things about the physiology of the

~ 24 behavior of lead in the human body that we could not have

learned by any other means.
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Senator Muskie. The question I was getting at is
that since‘these studies exténd cver a pericd of two or
three aecddes do you havevany dzta as to whether or not
the amount taken into th; gody each day has increased over
that pmfiod?

Dr. Kehoe. The evidunce”so faf a@ Cincinnati is concerned
and ourAexperimental subjecté have been in Cincinnati in the
thtefing Laboratory -- this does‘nétvapply £§ other cities
spociticaily, inva general way it does - the evidence is
that over the period of the last thirty years ther chas
been very 1ittle chanqe, if any, but the change has boon down-
vard, if any, rather than upward.

There has not been an iﬁcrealc iﬁ the iritake of lead

by the citizens of Cincifnati’ as reprsented by our
) ) |

oxpcrihenﬁai-uuhjocts, /

Senator Muskie. What is the nature of the samplings
you tako in cincinnati? .

Dr. Kehoe. Tho sampling is ve:y moticulous. These

oxpottmental lubjocts colloct exact duplicatc- or nonrly

.as .xact as can bo obtainod by intelligent .young nnn, cxact

duplicmtel of ovcrything eaten and drunk duzing a poriod,
every item of food that passes their 1ips, cvo:y 1tan of
drink lncluding eocktails and coca cola must even be in
the duplicnto sample £or analy-il.

Thclc men also eollcct every lamplc of feces every day,
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every drop of urine that is passed every day, and this is
subject to analysis day by day as the thing goes on so that
we have a day by day observation on experimental subjects
for as long as four and a half years.

Senator Muskie, With respect to intake, have you had
sanmples over that period, intake from the air as well as
intake --

Dr. Kehoe. We know what the content of lead in the
air in the Kettering Laboratory which in which these subjects
spend their day. We know also what is the lead content
of the atmosphere in which they live so that by calculation
ve can.get at this. It is quite fair to say that over the
periocd beginning in 1947 there has been little or no change
in the atmospheric conditions in gespect to lead in
Cincinnati.

Here again if there has been a change there has been a
din%nttion.

Senator Muskie. Youare talking about the lead content

~ 4n the air. How about the amount of lead that is taken

in tnoq the air by human beings?

Dr. Rehoe. First of all we carried out experiments
that relate to the intake and output.in the food and have
increased quantities taken by mouth. In 1949 we began
experiments on inhalation dealing with known concentrations

of lead in the atmosphere and following the 1ntako and output
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here of subjects that were in atmospheres, low levels and
ih atnonpheres that appooached those of the industrial
liiootion.

ooa of the thinga we were most concerned about and have

bsen over tﬁeuyeofs 1Q to get at the question of a standard
vhich‘oan‘ba appliéd to industry that §111 say certainiy and
without any question.of doubt whether the nituafioh under
;hioh a man works is safe or whether it is dangerous.

fﬁw ditferentiatioo of these two in #ndnstry is
absolotaif imperative to industrial control. So thao our |
£irat work dealt with this in relation to industrial
oxpolu:o. It has for tho last :15. years ooon ooncorned
zpooifically with lead of the order of magnitude of ﬁhat
which ocouro in.the air or might concaivably at some time
be thought of as being potentially possible.

SQnator Muskie. Hava you taken samples from pooplo who
have a particularly heavy exposure to lead in the air,
traffic policeman, service atation attendants and so on?

D:. Kohoe. !ea, we have dono thia systematically over
o~pe:iod of a good many years. So there ie a body of data
availobbo:oo this.matte: in cinoinnati, a body of data that
has boen published. | | |

Tho information is availablo in tholo :eoords -- since
tho tirst 1n£ozmation obtainad by methods now in use 80

that oomparable data yea: to yaar were obtained 1n ‘1937 and
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Senator Muskie. Is it your conclusion that in 1937

been no increase in the amount of lead taken in from the
atmosphare by traffic policemen, by attendants at service
stations or by the average motorigt?

Dr. Kehoe. There is not the slightest evidence that there
has been a change in this picture during this period of time.
Not thae slightest.

Senator Muskie. Is there svidence that assures you that
there has been no change?

Dr. Kehoe. Evidence obtained in an effort to find the
one thing about it that we have been concerned about in this
situation and for a ?pod 6ﬁny years gave studied, is that there
might be scmewhere sometime some combination of itrange
circumstances that would put the lead ;ontent of the food
and drink high at the sﬁme time that ﬁhi air was high and
that under these circumsténces we might f;nd an individual,

a group of individuals, or a population in a particular area
like that of an industry in which there w&s an undue
exposure and in which there would be real rigk.

We have looked systematically for such groups for the
last fifteen years and we have failed utterly to find them.
THis is vhy we began to study garage mechanics many yearsago,
because of two things. First of all, the garage mechanic

in the very nature of his work has a heavier exposure to
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the exhaust gas of automobiles than mont people do, so much
80 thoﬁ a fair number §£ these men in coldiweather go home
in ého evoning with carbon moooxiﬂe headache which means
ogposure to exhaust oaoolino;

These oen however have an cccupational exposure to lead
by virtue of the faot they do little body work, a little
body painting, a little repair work of a variety of kinds,
they handle greases, they sometimes do a certain amount of
raal répaif on storage batteries which are lead containing
and thése men also get unoonscicgably dirty which we all
knov.

iﬁey crawl around on the floor under automobiles.’Their

-

clothes are dirty, their hands are.dity, they smoke
cigarettes, thoy eat sénéwicoes in their place of work. These
men do have an immeasurable exposure ‘to lead which is ‘demon-~
stzated quite clearly fromthe fact that these people are
differentiated from filling station employees,refinery
uorkﬁon, traffic éolicehen. postmon who oouod the streets

and this sort of thing. '

This group and this group only of the people that we
have looked at have shown a statistically different intake
and ootput of lead from the peopie in the general population.

Thil I may say is the mildest occupational exposire

that wa havo found in which thore is a certain diffo:ontiatior

sthtiotioal differentiation in tho intake and output 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 hazardous
over a long pericd of time consistently,.

Senator Muskie. Over the past thirty years I assume
there has been a tremendous gtoﬁth in automobiles and 15 the
amount of traffic in Cincinnai and yet as I understand it,
you say that there has been no increase in the ooncentration
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 besen a change
downward, since the period of the Second World war when we had
difficulty in Cincinnati getting the kind of control we
would like to have and getting it burned in the way we would
like to have it and Cincinnait has a very large coal burning
industrial and household problem.

During this period we had to take the coal that
could be §btained and there was definitely an easy going
poiicy with respect to smoke abatement because of the 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 downward.

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

decrease in the concentration in the atmosphere is due to
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better control of stationary mources of air pollution?
: Dr. Kehoe. That is right.

Sematér Muskie. Do you draw any conclusions as to what
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 significant
amount.pf the air pollution in Cincinnati yielding laad that
was due to the burning ofiéo;i which has about 14 to 16 to 20
parts per million in it, which creates a certain amonn£ of
lesd to the atmpsphate.

Now sinca that time the concentration of lead in the
atmosphere which has been tested on several different
occasions in a very significant manner has been substantially
utatiqnpry.: There hgs‘been a decreasa in r@cent yéar; as
it étggnmabiy aQ th§ ébnsequence of changed‘patterns in
the traffic of Cincinnati, of loosening up the‘cbngestion
and ge;ting a more periph§r31 traffic flow of automobiles.

Tﬁe‘£ra££1c 1# Cincinnati is definitely easier now
than 1t’was, say five years ago. l

Senator Muskie. Have you drawn any concluaiéns as to

attribut;b;e to the automobile in Cincinnati has gone up,
gone down or remained stationaf&? '

Dr. Kehoe. I would say from the evidence we have at
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to that. What has occurred during this period of time has bee:
within the variability of day to day results,
Senator Muskie. So you have a conclusion?
Dr. Kehoe. We havy a conclusion which says that has
not incfeaaed.
Senator Muskie. Let us see if we can generalize tﬁat
conclusion. Are you saying that the increase in the
automobile population of the United States hasnot in the éast
and is not likely in the fiture, given the same quality of
gasolines that we now use, to increase the concentrations
of lead in the atmosphere?
Dr. Kehoe. I am not drawing any conclusion, Senator Muski
Senator Muskie. We have to draw the conclusion. From
. /
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 th;>Upited States.
Dr. Kehoe. There would be no question in my mind that
if you could move a larger number of vehicles through the
American &ity, you‘would get more lead in the atmosphere.
But we have very nearly reached the point of stand still
in some of our cities,
Senator Muskie. I gquess I have not driven in those cities.

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




~

r

N o »

~

10
11
12
13
14

15

16

17

18

e

'3}
o
~J

this has reached almost & stationary point. Certain areas
of Phiiadelphia. certain areas of Los Angelos, certain areas
of New York City. |

Senator Muskie. It seems to me we are constantly
building highways that makes it possible for more automobiles
to go_to_ths cities,

D#ﬁ Kehoe. Yes. What this results in is a spreadinc out,

ésmator.uuskio. spreading out but not a reduction
of autoumbiles in the city?

D:. Kahoe. Nor does it mean a reduction in the total
lead content in the air. It means that the concentration
at pa:tioula; peints whoro there are psople tands to be
more wicoly epread over the commungty'so that'ths overall
concentration is/lowef than it would be when this reaches
this point of congestion wnich is almost impossible.

Senator Mnskio. What you have said to me suggesats
that the concentration in soma places would be less and in
othar placas more?

D:. Kahoe. ‘You are quite right._

sanato: Muskis. Wb are sps:eading it out.

D:. Rehoe You are quita right.

Ssnato: Muskia. You seem to have emphasized ths less
rather than the more.

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

degree of variahility 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 a2 more consistent value from urban areas
to center.

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

Is it more leaad or less lead? You talk about distribution
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 which
previously it was higher where you find people. So that
from the point of view of the person who is exposed --

Sanator Muskie. Yaes, but Doctor, have you ever filled
an empty rivar basin? The lowest spots get filled up first
but eventually the high spota get recached. As the water goea/\
up it gets deep enough to drown peéple.

What you are saying is that in Cincinnati, presumably
in other cities, as traffic patterns change because of the
&bnl;:uction of new highways and so on it loosens up and
tends to spread it.

I am interested in whether or not the level is going up.
This 1m_the question I have been driving it for the last
few minutes, whether or not your evidence in cincinhati
indicates that the level is going up with the growth in the
automobile population.

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

Dr. Kehoe. The level at a particular point up to the
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present time has not gone cons.istently upward bacause
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 nohody knows what will happen in
the future. This ias the thing which has to be known.

Sematof Muskie. fhis is a rather mathematical certainty,
if we have the same lead contant in gasoline, that as the
numbef.af automobiles goes up the amount of lead poured into

the afmosphere will go up.

Dr. Kehoe. In the total atmosphere, yes.

Senator Muskie. Yet the value of ~- the value you havae
given us with raspect to Cincinnati suggesta, as you have ‘
prepentad it, that this is not inevitable?

ﬁr. Kehoe. It is no£ inevitable, no, if you change /\ /
the char&cteristics ~- 1£, for example, you could bring more /
air into thi# and sweep it out, thg concentfation would be
low.

Sen@tér Muskie. How do you bring more air into the city?

b;.‘kehoe. I am not trying to do that. I say if you
could.‘Thia.is hypothetical. 1If you could move the
air mo#; ?#ﬁidly it would get more rapidly diluted.

va'you then distributed the vehicles so that
they Are more widely‘ahd more uniformly distributed the high

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

The question then will be what is the critical concentratic
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which becomes dangerous for any man anywherae?

Senator Muskie. With your chief maximum distribution then
the level will ztart tc go up, or will it?

Dr. Xehoe. The level of the total atmosphere will go up
but what happens to it at any particular point depands on the
manner of its distributien,

Sanator Muskie. So that with respact to Cincinnati
tha conclusicn must 3%ill be regardad as tentative and
inconclusasive?

Dr. Kehoa, With raespact to the future, yes.

Saenator Muskie. It cannot be taken to justify any conclusi

as to any city, any othar city?

Dr. Xehoe. Yas and n;.

é«n3té: Mugskia. That is a vary uncertain ansawer.

Dr. RKehca. Well, what one daals with in this situation,
Mr. Muskie ars the probabilities. The recent survey of
Philadelphia, Cincinnati and Los Angeles haQ; shown so many

characteristics of this thing that are very nearly identical

that we havae not a legnio'stand on to beliave at the present

time that any one of these is particularly unique in this
regard.

Senator Muskie. As to yaur tastimony with respect
to Los Angeles, for example, now Los Angeles has done
a tremendously effective job of eliminating stationary

sources of pollution.
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Yet our testimony Jjust th.s week is that we have had
a recurrence of zmog in Los Ariveles because of the growth of
the automobile population notwithstanding the control of
staticnary rcurcas,

So, all of ocur evidence is in the testimony up to now is
that the automcbiles are raising Lhe level of pollutahts
in the air. ¥New your éestimony t2is morning is that we do
not neéd to expect that with rerpact to lead in Cincinnati
and now I am 3o asking you to {:'y to generalize that with
respect to Lc3 Angeles and other cities.

Dr. Kehoe. All right. Thexr: are spots in Los Angelas
at certain timaes cof the year in which the values are relativel:
high. When however these ard lotked at in a c¢xiss sectional
way théfaifférence batween Cincinnati and Los Angeles

. / .
is of tha oxder of 1.4 ip Cincirnnai and tc 2.2 or 3 4in

Los Angeleé.

Senator Muskie. I agree but that is not relevatn
to my qﬁeééion. |

zbﬁ: Kehoe. I am trying.

Senator Muskie. The qnéstion is, can we expect again
the amoﬁnt bf lead in the atmosphere to go up as the
automobile population grows? |

Tné evidence in Los Angeles is that pollution from
automdbilas.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 think
where it goes up will depend on a numbezr of circumstances
which would have to be investigated in order to give
you the answer.

What I have been saying in this, Mr. Muskie, quite
consiptently for thirty years Is that we must know what 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 reference to
the studies in Cincinnati, Philadelphia and Los Angeles,
included this statement "The aver#ge concentration of lead

~

in all samples collected in each city was 1.4 micrograms
per cubic meter of air, a microgram being a millionth of ’
a gram so these are very small amounts we are dealing with,
in Cincinnati 1.6, in Philadelphia and 2.5 in Lés Angeles.
The samples taken in heavy vehicular traffic were considerably

higher. 14 micrograms per cubic meter in congested traffic

"on Cincinnati streets, and 25 micrograms pér cubic meter

on ﬁha Los Angeles Preeway."

Now let me ask you this question, Doctor. How do the
figure you have given us with respect to Cincinnai relate
to vehicular traffic as against outside of the vehicular
areas of the city?

Dr. Kehoe. Many of these observations that were made



fa "‘"

r

10

12

13

14

15

16

17

18

19

B B B R

213

with respect to vehicular traffic wisre made in Cincinnati
by our own group. Consequently the statement there is true.

The pooint of the thing with respect to human exposure
which is the biqg problem here is that there are really not
very many people who spend much of their life time ona fieeway

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 conciderab
time on them.

These are tiie people we need to look at and these are
the people we have looked at.

Senator Muskie. Dr. Prindle vesterday and the Surgeon
General made a distinction between ciinical effects tfgﬁ /
exposure to lead as to which he felt there was a pretty géod
body of data, and low level, subdlinicallexposure over long
periods of time as to which he said we have very unsatistactor;
data.

Now'do'your certainties on this point relate to both
kinds of exposure or both kinds of resuits?

Dr. Rehoe. yes, rather more I should say than either
Dr. Prindle or the Surgeon General. I am not accusing
them here of ignorance 6r drawing a long bow. These
gentlemen know ﬁhis problem as well as I do and they are

concerned about it. The point of the thing is that we h;ve
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shown quite clearly in the industrial sjitue-ion that if you
will lower the concentration of lead i, che atmosphere

to a certain point, if you will prevent exposure of the
individual to a certain point you will not act lead poisoning.

Senator Muskie. iow about these effects which both of
these doctors have cle.rly naid they draw no conclusions
about they they say hzve .ot been established?

Dr. Kehoe. Mind /ou, I realize the difference between
the industrial popul:ii:ion and the general population. Our
evidence comes very strongly from industrial population. If
you will maintain t"e conditions which we now describe as
being séfe in industry, men continue to work in this industry

-

\allftheir working lives and at no time do they develop lead
in}éxieation. |

We have observations on personnel in industrial plants
now over aperiod of thirty years in which there has been

no case of poisoning, no shortening of_life, no evidence

of any subclinical injury that we can detect in this

_ population as differentiated from a normal population, that

is to say a population working in the zame'kind of job
without lead.

Now this is not in the strictly scientific sense,
this is not absolute proof. But thirty years of obsexvation
is pretty good evidence which I don't think one discards

readily.
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Senator Muskie. Well, the committee cannot discard
readlly the apparent conflict bet&een your testimony and
that of the Surgeon General. So I want to be sure I understan
the diffefence 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 Bédy 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 noiharmful effects and results from ieﬁﬁ'ingeation
bélow the level of lead poisoning?

/  Dr. Kehoe. I don't think that thére would ba a complete
agreéhent on this ?ﬁ the present time, I don't think that
many pcopie would be as certain'ébout this as I am at this
point. ." -

_ Senator Muskie. But you are certain?

pr. Kehoe. ﬁbt,égftéin about it. I am only saying

- these are the probabilities and we still have observations

yet to make. It so happens that I have had mor§ experience
iﬁ fhis field than anybody else alive.

Senator Muskie. You agree that two men with the same
cxﬁeriénce could disagree as to the conclusion?

Dr. Kehoe, I don't think thera 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 arite:ia for safety that now exist in this relationship
you can confidently expect that you will have nc cases of
lead poisoning. I am talking about none,

Senator Muskie. Let me repeat the question so that I can
be sure as to where your certainty lies. I asked does medical
opinion agree that there are no harmful results from lead
ingestion bslow the level of lead poisoning?

Dr. Kehoa. No, there is no consensus of opinion on
this point. There will not be for a long time to come.

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

Dr. Kehos., It is entirely possible to postulate

J
that somevhere, sometime, within the universe of the

poﬁulation,-yon will £ind individuals who are so c-pocially'
susceptible to lead that under the conditions that exist

in the rest of the population that these pndplc will be single:
out‘and.poiloncd.

Senator Muskie. That is a pretty minimal risk as you

describe it. Does ths medical profession as a vhole regard

the risk as minimal as you do?

Dr. Kshoe. There ar-'n very considerable body of
people aeuﬁho present time who believe as I do on this.
These are people who have had .xporicncc with the

specific problem.
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~Senator Mugkie. This -~ in Dr., Prindle's statement
yqlterdaf he said this "In the.occupational health field
when blpod levels reach point zero six milligrams per hundred
grams of bléod the worker is normally removed from an
enviippmant_in which lead exposﬁre can occur., Concentrations
.08 mi;;igrama of lead or more per one'hundred grams_q: blood
are associated with toxic lead poisoning, the clinical type
that Dr. Stewart described. I wbuld point out the small
diffﬁrence Setwaan .06 milligrams or six parts per ten millio
and e;éhtbpa:ts per ten million is not a very marked ma;gin
of safety.” |

Qgglﬁ you agree with that?

D#..xeﬁoe. Inwoﬁld agree with that., In a general way
I woué& agree with this is a small margin bué\in éerp- |
of ansixtical meﬁhoda that are availabie at the ;rcugnt;time
this 1g_nog’auch a.small margin that is insurmountable.

;.ﬁgvg never seen one case of lead poisoning at the
onic;‘;gvghild or adult that has not had at least .08.

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

| point., The majority do not -~ only a few. This is the

lowest level of susceptibility in my experience.
;qgator Muskie. Let me ask you this.
Ioﬁ;ﬁat kind of margin significant or would it
bocame‘q;gnificant if the concentration of lead in the

atmosphere were to double?
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Dr. Kehoe. Yes, this margin would be gquite adequate
for this reason and we have ‘“ery 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 befoxre there is any
kxind of build wp 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.

cbnsequently the level of concentration in the blood
moves up ve:y slowly; In our experiments over a period
of years we have seen that it takes four to six to eight
months to get a significang difference in the concentration o
lead in the blood and the excretion of the lead in’the
urine if it -- if the dosage moves up slowly.

Senator‘uuskie. What is the significance from the
health standpoint of the concentration of lead in the bone?

br. xehoc; THis is not noqligib1c~bn£ it is slight as
compared, for example, with the concentration of lead in
the brain. If you havi a concentration of lead in the
b:;in, 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.
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The -bone has four times this concentration inder perfectly
normal circumstances and conditions. You have this in your
body and 'I in mine at the present time,
Senator Muskiae. Dr. Prindle had something to say on
this yeaterday that I would like to get your reaction to.
The oﬁly way we can evaluate this testimony is to place it
side by side so that we can get the clash.
Df. Kehoe. I can tell you for the record that you will
find very little difference between my vicwi and those of
Dr. ?rimdlc. Very little difference with respect to the
facts. There will be a little difference with respect to
considdragions in the future, as is entirely appropriate.
) Senator Muskie. His presentation of the facts and yours
at loasﬁ give the imprassion of being substantially different.
pz. Keh?é. But there really is not, sir.

Senator Muskie. I guess we will have to read those

more closely.

s

Dr. Kehoe. I know Dr. Prindle very well,

s.maéo:fnupkia. I think the testimony I was referring
to was in thceédrgeon General's testimony rather than iﬁ
Dr. Prindle's testimony.

D:..Xehbo. I think I could answer that question,sir,
vithou£ being presumptuous. What I think we a:o'talking
about here are two ditfe:ont'ﬁhinél. One of them is the

uncertainly with reference to what a material like lead might
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ultimately do. As against the probabilities, which are
pased on evidence, as to what it has done in fact.

Promthe point of view of the Public health we look with
considaerable concern on any risk that is applied to the publi
hﬁalth. I may say we look with a great deal less cohcefn, anc

I think unfortunately, on the risk which isassumed by the

industrial worker.
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Senator Muskie. I can't find Dr. Stewvart's prepared
testimony but I have a discussion that took place between him
and me on this question. This is the nrepared testimony
we have finally found:

'Evidence was also presented at the symposium which
sugqgests another important respect in which the effects of lead
may.be largely overlooked because of limitations in our
existing knowledge. This aspect of the prohlem stems 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 physiological
stresses as peptic ulcer involving excessive bleedigq and
such physical trauma as accidents in the home gf on the
highways -- may release lead previously held in storage.
In such cases, the released lead may cause greater injury
than the event which precipitated its release. Here again, the
connect%on may never he made in the courée of routine |
diagnosis and treatment.”

I then asked him this gquestion:

"You also say that the bones of the human.body tend to
store lead?

"The Surgeon éeneral. That is right.

"Senator Muskie. 1s there any doubt on this point?

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

"Senator Muskie. If that is the fact, then the amount
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of exposure which the human can take must be constantly
.,’

“The Su¥geon General. Well, the body reached an equilibriun
in the émount it is taking in and the amount that the body
is putting out, plus this storage factor. There is no solid
evidence that the storage factor, that the storage of lead
in the bones is itself harmful. Where I was making inference
here is that when that storage is suddeniy released bécaqse
of some other eveht you suddently have é lot of.lead in the hody

that is releaded from’the storage in the hones, like a

fracture 6: likeva sgvere bleeding.

"Senator Muskie. But the release is unpredictable?

“The sﬁrgeoﬁ-Genergl.f‘%hatuis right, it is unpredictable.

usem;tor Muskie:. Iﬁlitﬁiéuunptedictable, you have to
assume, @6 you not, that the rgleasé Qillitake pléce?

"The Surgéon General. I‘think;so, given some event and
the release of the lead depends on.ho§ susceptible this
person is to lead intoxication.”

How would you react to Eﬁat"point?

Dr. Kehoe. I would react very strongly to that, sir, by
saying théf the thing which is feared here has not been seen to
occur, 'we are again talking about ﬁhat may occur, and not what

has occurred. There is not the slightest evidence.

Senator Muskie. Which conclusion would you draw, that it

will or will not occur?
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Dr. Kehoe. My conclusion is that lead in the concentrati
that has occurred in your skeleton and mine and in man in
gaenerations ahead of us has never been known to produce lead
poisoning unless it was at highly elevated levels. Wa have
no evidence that this has ever occurred.

Sanator Muskie. Why would the Surgeon General raise this
point?

Dr. Kehoe. Because there is in the literature a series
of experimental studies made a number of years ago that indi-
cated that under a variety of conditions lead is readily
released from the skeleton. I think, Senator, it has 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 facé, I have never seen any situation of this sort reported
that td me was in any way prusible except in connection with
a diéeasewgf the kind that results in the virtual disintegratic
of the skeleton. Now I have been told by ocne of my pediatricic
griend; i5 whom I have very considerable confidence that there
is a situation which has occurred occasionélly in children.

I sought the evidence. I was unable to find it. He was
unable to find it. He still believes as he believes and I
still believe as I believe., What I am saying is that the
fragmentary avidence that is available in this field is much

too fragmentary to be trustad. I am sorry that the Surgeon Gen
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said this pecauae I have to flatly disagree with him and I
don't like to do it.
| Seﬁ#tor‘Muskie. You say it is fragmentary, too fragmenta
té be trusted. |
Df. Kehoe. Yes, sir.
Sanaﬁor Muskie. 1Is it too fragméétary to base a disagree.
ment upon? | |
Dr. Kehoe. In my judgment, no. I am quite sure if the
Surgeom 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. xehoe. I hava suggested it here. I think this will
probably come to his attention. ) B -
Senator Muskie.‘ Speaking as é Senétor now, you can't

/

raly on that. p

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

the questions.

e

'Dr. Kahoe. The facts obtained from these experimehts and

from sevaral field surveys have demonstrated clearly that the
quantity of laad 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 expopure to lead,

“is balgnch for all practical purposes by the exctetion of a

corrasponding quantity of”lead This balance is achieved withi;

the firﬂt several years of childhood (after the varied diet of
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adult has been adopted) dufing which the levels of concentratio
of lead in the tissues of the new-born infant approach and
overtake those of the 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 lead
{({of the order of five times that in any other tissue) is found
in the skeleton. Moresover, 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. It is not negligible since it caﬁ be measured
quantitatively. Indeed the conc.ntraéion of lead ip/the
skeleton of the average child or man in the United States who
has not been subjacted tc any unusual exposure to lead, appears
;o be of the order of 1 to 3 milligrams pesr 100 érams 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 which

wa live.

So it is that the great proportion of the lead in the body

E
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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 affectad by it, anc¢
is, in addition, in low concentration even there.

The Absorption and Excretion of Lead Under "Abnormal”
Conditions of Exposure: |

The foregoing interpretation of the bahavior 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 thosa
which are encountered in ordinary life. Under such circumstanc
thavrato of the excretion of lead in thc urine varies‘primarily
with rhe current rate of the absorption of lead. Tna concengra
fion of lead in the blood also varies with tna‘rate‘of the
ahsorotion of lead, but is relatively slow in reflecring this
rata iwnléss the latter is very rapid). Instead, it tends to
rapreaent the'aporoximata state of tha body genarallf, with
rafaranoe to its ovar-all burden of lead. Accordingly, if the
eurrant rate of the absorption of lead ia sufficiantly high,
as comparad to that which characterizes tha uaual pattern of
por:ons in tha genoral population undar ordinary environmental
conditiona, there is an accumulation of lead in tha tissues of
the body includinq tha blood. and the concantration of lead
in tho blood mounts slowly to a point at which it is indicatie -
it does not absolutely giva you the numbers but it is indicative

of the approximate quantity of lead accumulated in the entire
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body.

Under the conditions of occupational exposures to lead, it
has bean possible to develop sound criteria for the safety of
wprkmem, individually and collectively, which, when applied
scrupulously, result in the elimination of all cases of lead
poisoning. Stated in their simplﬁst 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 whic
cases of lead poisoning, even of the mildest type, do not occur
The threshold value for the concentration of lead in the urine
is approximately 0.15 mg. per liter, while that in the blood 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. Experience
has shown, however, that the criteria are reliable, and that

‘men employed 1q_the lead trades remain free of any of the effec!

of intoxication by lead, so long as they remain within thess
linits‘with raépcct to their absorption of lead. Freedom from
intoxication by lead does not mean the mere avoidance of disabl!
lead poisoning. Or ll.it has been spoken of, classical lead
intoxication, which is a term that'might be used, but also

should bea defined.
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Rather, it means that no symptomatic or objective
evidence of intoxication can be detected, as iuch, by a skillfy
and experienced physician. It has been suggesteé that any
singla numerical limit such as thin is most unusual 1n
connoction with the toxic action of a chamical agent. To the
céntrary, 1£ is common, to'the point of near regularity, that
thaie should ba a minimum toxic, as yell as a minimﬁﬁlléthal.
dos; of a chemical agant. The point here, which has escaved
théic who have not examined the facts, but have m?éa'loose
aasumptions concarning them, is that the spccitied limits in
the concentration of lead in the urine or blood is not a point
abovu which cases of laad poisoning occur without fail. As a
matﬁér of fact, there is no level of lead coricentration in the
body which means certain/lead poisoning but it is that point
in a range of values below which regardless of human su'cept-

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

poinonimg has been found, in our long expericnco to occur.

rThc ranqe of susceptibility, as this term is used in non-

specitir m-dical parlanco, extends from this point upwa:d,
ov‘r a fairly wide range, but not downward., It is wholly in
kocpinq with the variability in the behavior of men, in
tosponsn to a great varicty of stimuli or stteasos, that there
should be limits within which the response is physiolégical.
nnd boyond which pathological manifestations occurx with

incr.asinq frequency and savority.
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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 hislfood, ho has had lead in his
drinking water and he has had lead in his body. This is
inescapable on this planet. The question is not per se whether
the lead is dangerous, but whather a ceartain concentration of
lead in his body is dangerous. This is the sole guestion,
physiologically.

The applicability of the foregoing criteria of safety from

the effacts of the absorption of lead, especially that concernad

with the concentration of lead in the blood, within the

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

matter in determining and é;ntrblling the risk incurred by our
population from the lead in tﬂcir environmeyé. It is bacause
this is the cass, 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 ép.OI mg.

per 100 grams, in the case of samples of the usual weight of 10

grams. H

The critique which must be applied in the examination of

this matter must take into aécpun:_the nature of’ lead poisoning,

s i menmes wamend wmimend  mamsmd Y er ad GIa e o & o Y M‘.;\‘t\'h- -~
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physicians and others concerning its nature -- those which have

i
1
i

been handed down among many generctions of both critical and
nncritical physicians: those which had a sound basis in clinical
ggd cxpérimentcl observation and judgment, and chose which are
little more than "old wives tales." Without brinqing all
aspects of this subject to definitive resolution, modern
physiological and biochemical investigation has exartead
a clariﬁying effect upon the toxicological concept of lead
poisonimg, inciuding certain of its more»aubtle or’ins;dious
characcaristics. At this time, therefore, it is especially
fn:ile, other than as a stimulus for further extensicps of
phcrmaccdynamic and metabolic investigation in the‘hacds of
competent and imaginative piysiologists, toxicologists,
pathologists and physicians, to cherish, in onaself or cthers,
a clairvoyant anticipation of unheralded and disastrous
eftocts_cf types hitherto unknown among traicad cbservars.
Gc;tcicly}*hcwevnr, the concept of lead poiscninq that mﬁst
bc’hcih.in nind, ncﬁ and in the future, musat include all dis-
turbancoa in physiological function and in well—baing that can
bo attributcd, on valid present or future evidence, to the
cftccts a! lead.

Criteria of Public Safety with Respect to thas Ababrpticn
ot Lead and Methods of Idcntifyinq a Threat to the Public'

Ve

Aa indicated previously, the opportunities afforded to

the average citizen of the United States (who is' not subjected
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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 sourcas
differ in their means and sase of penetration into'th; body,
and, to some slight extent at least, in their effect upon the
distribution and handling of lead in the body, they must be
examined, separately, as to their quantitativa significance.
Accordingly, the limit of safety, with respect to the absorption
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 dona, up to a point, in experimen
in the Kettering Laboratory.

(a) The upper safe limit of the daily intake of absorbable
lead into ta; alimentary tract

In one set of experiments, each qf a series of human
subjects, after a period of observation of his daily intake of
lead in food and baverages, and his daily outéut of lead in the
faces and urine, (under basic conditions Qith 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 lead.

33

These axperiments have been described in some detail. 1In
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brief, however, they have set up a criterion for humen aafety,
apd have reported the rasults that meet this criterion. It
was evident that, under the conditions of these experiments
(;n.which about the same gquantity of lead, tha gsum of that {ip

the food and beverages and that administared, was ingested each

day, for all practical purposes), each individual, to whom a
sutticieng»quantity of lead was administered dailv. gave
evidence of the absorption of lead, in preooortion to tha dose
administered, and excreted lead in his urine at a steadily
increasing rate during the entirs period of the adminﬁstration
“(:qf som?what more than 4 years in one experiment). He also
developad an increase in the concentration of lead in his hland,
at a substantially‘unitorm yearly ra;e, and accumulatad lead in
”hiq body (the cé;uleé;va difference betwean intake and ontonut},
at a uniform yearly rate, No such effect was obaerved, however,

in the subject to whom the least do#c, in addition to that in

his diet, was administered in 3 doses, each of which was 0.1

milligram. In this instance, there was a vary sligbt increase

e marowaet

of borderline ifatistical siqnifiéince in the outpuvt of lend ir
a :’ urine, no increase in the cﬁneoneratioﬁ of lead ir. tha blcod
snd évidaﬂéo (of borderline statisticel significance) of tbe
ﬁccumqlatian of 12 mg. of lead in his body in the course of i.s
riar. This is believed to be as h-a: the vanishing point of a
>o;itiy§'tocponl. as one is likniy to cbtain in an aexperimant

»£ this type. In consequencs, it is probably that a younsy,
| ,
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healthy adult -- I am not talking about the total population,

I am talking about a young healthy adult -- can ingest,

regularly, throughout his life, an average quantity of lead

of the order of 0.5 mg. per day, without any risk of accumulatint
a significant quantity of lead, so long as there is no persisten
and significant increase in the infake of lead from the atmos-
phere. I might say, incidentally, this is not a wild guess.
There is evidence at the present time from the literature and
from the observations of Williams that this is about the level

at which England is taking in lead daily in food and beverages.

This may be a mistake because the information is indirect

rather than direct. ) -

(b) The upper safe limit.of the concentration of lead in
the ambient atmospheré /

The experimental approach to :he determination of the
safe limit for the inhalation of lead‘from the general -
atmosphere differs from that concérned with the ingestion of
lead in food and beverages, the reason being that the quantity
of lead which is taken into the body with the air breathed,
as indicated previously, cannot be determinea directly, but is
subject to calculation from the concentration in the air and
the volume of air breathed during a specified period of time.
A number of variables are involved in this calculation, so

that it can be carried outvwith 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 volume of the
reséired air. Then too, the gquantity of lead absorbed in the
respiratory tract and lung yaries with the rate and depth of
the respiration, as well as its volume, and, to an even greater
extent, with the dimensions, ehape and solubility of the
particles of lead-bearing matefial that is being inhaled. The
mest.satisfactory physiological criﬁerion, with respect to the
significance of the abeorptioh ef lead in the respiratery
apparatus, lies, therefore, in the response that is~afferded
by the change in the content of lead in the urine and Sleod.
However, while analyees.of the urine and, more effectively,

the blood, érovide definitive‘evidence of the safety or the
potential risk of the individual (end of groups of individuals)
at the time of the analyses, they cannot yield information on
which‘to predieﬁ the probable extent of the absoxption that
will occur uitimatel}, when lead is being absorbed intolthe
eodyeat.a constant, significant rate. As, for example, an
;ndiviauni in the ambient'atmosphere who breathes th;s atmos -

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

'different matter. This is the difference, and it 1s a funda-

mental physiological difference, batween respiratory exposure
to lead according to the normal occupational schedule, now
standardized, generally, in the United States at 40 hours per
week, and that associated with lead in the atmosphere_of the

comunity, which, although somewhat veriable, from place to
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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 subjectad to the inhalation
of a known compound of lead in a known state of subdivision

in the air ~-- nearly ideal for both retention in the lungs and
for absorption -- for approximately 40 hours per week), the
output of lead in the urine and its conceantration in the blood
anénaae for some months until they reach a plateau the height
of which is datermined, under uniform conditions, by the
concantration of lead in the air. Aftsrward, it remains
essantially unchanged, on the average, so long as the occu-
pational (or experimental) exposure continues unchanged. This
plateau is an exprassion of an equilibrium between the /\
absorption and excretion of lead, which is achieved by reachin«
a balance between the periocds of exposure, whan absorption is
greater than excretion, and those out of exposure, when the
excretion is grsater than tha absorption.

*hota is no opportunity for the achievement of such a
yalancm when 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 breathad throughout the twantyifour hours of the days.
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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atmosphare. on a different principle than that of the safety
of amploveas in the lmad-using industries. It is also
nacessary to amploy a di:ferent method of cbservatiop from
that concarnad with the ingescion of lead, although tha same
principle applias. that of astablishing the largest daily
Aosage of laad derived from the air which, when combined with
that darivad from food and beverages., will be }nsufficiant to
rasult in a meaasurable (or Qiqniticant) accumulation of lead .
in the body in the course of a life time.

We are talking here not about the accumulation up to
the point of toxicity. We are talking about whether there
ip,oi-;p mot sccumulation. The latter is the c;iter;pnf

_j_Expcrimgntafhavn been cart;;d out in ghe Kettering
l.aboratory £ox/tﬁre. of the past five years, by which:the.
metﬁodo;oqy of the approach to this problem has been worked

out.  During the past two years, two mean have been under

chssrvation, in accordance with these methods, while they have

been mubjected to respiratory exposure to air eont;iping a

low, uniform concentration of lead (Pb) on an increasing
;cag§$19.of4hours per day'during”qucoo-si;i periods of 16
waaks . Lgﬁtho conclusion of this exp‘riuant, 1§ qa;}x'auly

of 1966 -f.onc of the men is initiated but the other ;s not --
they will have spent almost half of their time in such an
agqolphe;a for 16 weeks. No definitive rasponqutp-fggh

exposvre has been ohzerved, up to the present ttma¢~;p the

Y 2 e A e .
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form of a significant increase in the output of lead in the
urine or in the concentration of lead in the blood. Accordingl
in an experiment yet to be performed, the concentration of

load in the respiratory chamber must be increased, and the
observations repsated. Prom all of these data ~-- those availab
and those to be obtained scon ~-- it will be possible to arrive
at a standard concentration of lead in the air as a physio-
logical criterion of public safety, in which a prudent margin
against chance may be encorporated. Nesdless to say, the
validity of the criterior should be put tovpractical test weli
befors the public shall have been subjected to the projected
lavel of exposure, by means of periodic surveys such as that
recently 9i6-.)1n which the reaction of the public to an
existing exposure of lesser magnitude can be ditarmined.

Cartain Basic COnclusI;ns:

Prom the contidoraticﬁ of the observed facts and the
physiological principle.ldnvclcpcd in the foregoing statement,
it would appear that there is no reasonable basis for anxiety
concerning any pceontial;th:.at that is offered to the public
from the lead in the ambient atmosphere in the United States.

Morsover, 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 pfovidé‘aupla safeguards in the
future, provided such means are employed skillfully and

critically, and tr.quohtly.
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Senator Muskie. Doctor, I would like to read frcm a
fcouple of gtatements that were made at the symposium on lead
that wag held by the Public Health Service last Decembor |
Dr. Heineman said something that I think might bg helpful
t; us to.place some of the points you made this morﬁing in the
per#pactiva that you would approve as wall as th; committee
"The first thing I would like to point out is that there
h#s’been no aevideance that has ever come to my attenti§n,
inéiﬁd;ng at this m‘ating, that a little lead is gobd for you.
Iléay‘this because I believe thare arn'soma persons &ho imﬁly

that this is sc bacause of some of the statemsnts which they

e#trémaly unusual in medical research that therxe is oniy one
amall grnup in one place in the country in whiéh rclcarcg}in /
tha apecific area of knowledge is exclusively dono.. Thure
needs to bc ropotition and cxtcnsion of the fine work which
has bocn done at the Kettering Laboratoty with rcgard ;o

tho mataholism and the balanced experiments which hava bcen
done on lead. It needs to be respeatad in many othat places and
biiokéﬂﬁdad. There needs to be ii my opinlon an oxtansion and
imprOVtm‘nt of the work which was done by the Public Hoalth
SQrvicc 1n its tri-city study of lead body burden of peoplo

1n communitiol. Thqtu ne.d- to be a careful study of the

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

will not prcbably occur. I say specifically.

C epewp pwem gt
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"It is our experience in medicine that to use a single
figure as the safe one beyond which poisoning will probably
occur and below which poisoning will not occur is a most
unusual kind of gituation in public health and in medicine.

I beliave there needs to ba careful study of the figures which
I used.”

Would you want to react to thai,, Doctor?

Dr. Kehce. Yes. 1 beiieve first of all that the obser-
vations outside of those of the balanced work -- this
balanced work has not bean done by anybody else up to the pres:
time. It may be that some of it should be repeated for the
sake of écnfirmation. It will be confirmed, I can assure you.
It may be that these expariments should be done in somewﬁit J
ths same manner. I should argue against that. I should arg%e
against that because first of all these are very expensive
axperiments and thay should not be carried out wrecklessly
without regard to thc money that it takes to get this kind of

information. The methods that have besen used in our obser-

vation which to me are crucial to this whole situation are

being used at the present time on a world-wido basis. They
have been used now over a period of years and there is simply
no question I think -~ parhaps I am prejudiced, but I think
thers is no question in the minds of.a very considerable body
of experienced people in industrial hygiene that these results

are valid. They have bean checked by experts in other countrie
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There is a report that is given here after a translation that
has beentébtained, that was reportad here, that was ébtained
by our Séiés collaagques a matter of a few years ago who have
ué;d substantially the same methods, who have followed éut
comprehensive observations, I mean with respect to the field
survays, and have come out with precisely the same results.
Now gg;neman is right with respect to experiments that
are crucial, the methods that have been used in experiments
that havm been checked by British investigators, by Swissv
invastigatora by a number of othnre, as baing the crucial

™

points im the detarmination of whether the 1nformation that had

- been obtainaed in our observations was correct. This means only

one aSpoct that 1- left Spen and that is whether I, myself,
and ﬁy im#estignto:s in the Kettering Lab are clcver enough

to be diahoncst about this and get away with it. Prankly, I

vdon 't think we have that kind of cleverness.

SQnator Huskie. I don t think that qucstion is 1nvolvod.

Dr. Kehoe, It 1. theoretically, sir. |

Sinator Muskie. .The only question involv-d 13 tha inter-
pzoéaticn you place upon it. I will bo frank to say that it
1- unuaual for me -~ I am not a scientific man -- ﬁo.find such
§;££ainty in the field of lciontific inquiry 4in a'subjoat such
as thin. The questions so far as we are concorncd are one.
What are the effects, or do we know cnouqh about them of

lav-lcvn__ll. sub-total exposure to lead in the atmosphcro and,
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secondly, how will the present answer to that gquestion be
affectad as the number of automobiles in this country and the
consumption of gasoline with lead content increases in the
future? These are the two gquestions we are concerned about.
On the question of the sub clinical effects, Dr. Hardy, who
tastifind earlier this morning, had this to say in the
symposium,

"I have to protaest briefly that there is evidence of
laad related damage not identifiablae as classic lead poisoning.
I have listed the following: Layne's Ttudias on Mortality |
of Lead Workers. Henderson's Australian Work on the .
Relationship Batween Laqg and Renal Disease. Doctor Jensen's
WOrk\gnd{fmora modestly, mine, on the assymptomatic lead

J
workers difficulty with his hemalogical abnormalities, and

then thq_larg. body of work on children without identifiable

lead poisoning who through well documented evidence have

experianced harmful lead effacts either in" -- I am sure I

|

am not prqnou@ming these medical terms correctly -- "hemalogical

abnormalities or mqnt;i retardation.” Doctor Hardy apparently,
agd I might ask hex to comment on this this morning, says
that there is evidence of sub-clinical effects that she feals
are of concern as relates to health. You apparently have
less doubt on that point.

Dr. Kehoe. No, I don't because I know that there are

effects that are residual effects of exposurs that have had
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here is not the residual effacts of a ocne-time series of
exposuras which &o exist but the effects of a situation in
whic§ we are at a very low level of intake, which has never
higtorically been known to result in a single case oé illness
in ch{ld or adult. This is the diffarence in the thiné.
. We are not talking here about the residual effects of a
ona-tima“vintoxication. We arxe talking about whether signs
of intoxication come into existence under the conditions
that exist in the community at the present time. I submit
t;‘yqp, gsir, that there is not the slightest evidence that
th#t_is the case in medical literature or in case material.
. Senator Muskie. We are talking about a conéition here --
Dr. Kehoe. Ve ars talking about a condition wﬁiqh may
occur. . v/\_ _/
- Senator Muskia. Wa are talking about namethin;/physically
that is occurring that may be produc#ng a dit:erant situation.
ﬁq_;alk about growing concentrations of lead ip the atmosphere
and whht ghat may produce. This is a kind of low levql, long~-
térm qxpoiura that we have not had in the same dogiee in the
pépt, that we will hava in an inc.easing dbqrgo 1n“thc future
given a continuation of the present methods of transportation
by autcmobiles and the present use of gasclino_fo;‘guﬁ;f
‘”'Q:.-Kohoi. Let me put it this way. We have had exporiencﬁ

with the situation that exists at the present time, with

ragpect to the level of lead absorption in the Anozicgg.

[ I e B N
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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 genaral population and have failed to find them.

Now, this does not tell us one thing about what will
happen fiva years, ten years, 15 years from now if, as and when
the concantration of lead in the atmosphere goes above a point
with which we have had previoua experience.

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

Dr. Kehoe. What I am prepared to say at this point is
that this is somsthing which just like tha food of the country
and the baverages of the country has to be watchad, to make
sure that we know where we ara. This will take time, this
will ¢aka trouble, this will probably continue andyihouﬁd
continua after I am no longer around to ba looking at this
problam at ali, But I can say very definitsly that in my view
it is assential that these observations be made. We muast know

and not have to guess about ie.

" Now I am only saying with respect to the things that

might happen that we have no experience of their happening and
I aimply_am‘not constituted to go on the basis, in the preseant
world in which we live, which {s full of dangers, I am not so
constituted that I 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.



P~

)

10
11
12
13
14
‘15

16

B S B R

In the situation in which we are living at the present
t;me we are confronted with many dangers:; the aangers of
contamingtion of the water of the country, the dangers of\
conéamination of the atmosphere with a variety ofvthipgs are
much mora imminent than this particular one. Whereas this
ggé ﬁust ba investigated, it must be followeé and we must
khow what we are about, we have no reason at the present time
to fear what {8 under the bed somewhere.

Senator Muskie. Having listened to all your test;mony,
Dr. Rehoe, I would say that that last pretty well sum@arizes
m? impresion of your position and I do appreciate your coming
and ﬁaking the time to listen to our questions and to answer
them. | - |

/ The work of this committee is intended to be educational
f;r the committgé as well as for the public. So ngQO.appre-
ciate your contribution this morning.

. Dr. Kehoe . vaank you. -
‘éenator Muskie. I wonder if Dr. Hardy would belingerested
;n ;pmmanting upon the question that we just discussayf
Dr. Hardy. You read from my comments. Thagiiswyﬁally
tﬁe'heqrt-of what I have to offer. |
' ?hunk you.

Senator Muskie. ?hank you very much.

‘;Tha remaining two witnesses on our schedule th;f'morning

have baen kind enough to agree to come back next Tuesday
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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 ﬁake sure of that., If it is not then Mr. Felix Wormser,
Consultant and Former President of the Lead Industrias
Association, Inc., and Mr. Gammelgard of the American
Patrolaum Institute, will be the first witnesses when we meet
noxtlTuaaday at 9:30. I appreciate that courtasy very, varf
much.
With that we will adjourn until next Tuesday at 9:30.
(Wwheraupon, at 12:40 p.m. the hearing adjourned, to

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




