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As you have requested, I have reviewed Dr. Xehoe's report entitled "Repor: of the
Progress of an Investigation to Develop a Standard for the Tolerable Concentration of Lead
in the Ambient Air!, dated October 17, 1968. I will state first my conclusions concerning
the report, and then I will deal with specific details of the report.

I will summarize what I think are the conclusions to be drawn, both for new concepts as
presented, as well as any changes in viewpoint of Dr. Kehoe:

1. Dr. Kehoe states that this study is applicable to only healthy individuals.
2. He states that the body burden of lead in man does increase with age, reflecting
his exposure, and he does not once mention the word equilibrium in this report.
3. 20 ug of lead per cu m of air would result in a potentially hazardous exposure
for the general population.
4. ’O pg of lead per cu,m of air was not tested over a sufficiently large portion of
he day to determine whether it would produce an effect in man; that is, a rise
in the urinary lead excretion.

5. His cata would indicate that 42 hours per week of exposure at 20 ug per cu.m of
air will produce an effect on the urine excretion, and when the remaining hours
of the week with exposure of 1 ug per cu.m.of air is breathed, this would pro-
duce an ec;blvalent exposure to an average exposure of 5 to 6 ug per cu = *n_. o, a"-

the urinary lead, Kehoe calls our attention to the fact that 21 hours
exposure was without effect. Thxs_l\siqual to an average exposure o
per cu m. ‘

I will now turn to a review of the details of Dr. Kehoe's report.

In the Introduction: ‘
‘The point is made that Kehoe is studyihg reasonably healthy, normal
individuals, and the problem of relating this study to the health of the ~M11-m4d
is leit unanswered. (The Three City St tudy did look af chronic diseases, and
the statement is made '"neither the ranges of individual values nor the means
of lead concentrations in the blood in the- grouped cases are remarkable’).
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For the first time, to my knowledge, Dr. Kehoe says that, at this low level

of exposure, accumulation does occur {in the past, Kchoe said that there-

was no accumulation after 30). In several contexts, Dr. Kchoe refers to
accurmulation - on this occasion just mentioned, again on Page 2, when he
mentions sclective absorption into the skelceton, and then on Page 7, when he
states that the fall in blood lead again is due to the seclective absorntion of lcad

into the skelecton.

Dr., Xchoe calls the accumulation that occurs insignificant, but, insignificant

in potential for producing harmful effect. I believe that Dr. Kehoe is looking for
the earliest measure of accumulation, a measure of exposure, and far below any
level that could produce a health effect.

Ox Page 2, he says that we can’t define the exposure of man in any precise terms,
and correctly so. 1Ibelieve that the exposure of man lies some place between his
exposure at ambient levels plus his exposure at times when the levels are increased
i. e., on or near the roadways. ' .

Further on Page 2, when he talks of'lead being selectively bedng taken up by bone,
here is no mention.of an equilibrium state as he had expressed on numerous
ccasions in the past. He does state, again correctly so, that blood is a poor re-
flector of the body burden of lead, but it is a rough approximation of the bedy
burden. The true correlation between the two is not known. This fact dces create
problems when we are trying to evaluate the effect of ambient lead on man when

we mecasurce blood leads.

o ¢t

On Page 2 and Page 3, Dr. Kchoc discusses the movement of lead from soft tissues
into bone where it is rclatively unavailable and that this constitutes a safety factor.
This implies further that there is an accumulation, but also that we are using up a

safety factor at levels found in.ambient air.

Also cn Page 3, he states that in the recent past, porphyrins and delta amino
levulenic acid abnormalities have become apparent. The effect of lead on porphyrin
metabolism has been known in the early '50's, if not in the '40's.

On Page 4, Dr. Kehoe states that a study of blood and urine content of lecad can
insure freedom from lead intoxication. I believe that this represents a poor choice
of words, since all agree that the problem is not frank lead poisoning, but rather
freedom from all biologic effects of lead -~ which Kehoe undoubtedly meant.
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:Llso on Pape 4, he states that his criterion of health is basced on: 1. A criterion
that has stood the test of time (certainly dLanblblL\ and, 2. Iz corrcctin
prmcmplc. IIe does not necd to defend his study on this busis. e iz cmly testing,
to determine the {irst evidence that there is a rise in urine or bloed lc as a
reflection of exposure - long before there is cffect on porphyrins, :;HA, or any

othier biologic effect.

In the Experiment:

Turning to Dr. Kehoe's discussion of the Experiment, cn Page 5, Dr. Kehoe said
that in 1907 his subject was excreting an increased amount of 1 th or

even at this level of exposure he was resvonding with an increase in urinary
I wil calculate as Goldsmith probably will do:

4£Z hours per week = O hours per day.
« 3 (- i 2 ; 3 = 100 wo inraled in &
20 m? (respired) /day x 20 ug/m?3 = 100 ng inneled in ¢

4
2 x 20 m3/day x 1 ug/m3 = 15 ug inhale
ug represents the total lead inha

h

Thaereiore, if Dr. Keloe's experiment is correct, 11

sponse, aad if the 115 ug were inhaled at a coanstant level over the entire 24 hours,
then 115/24 = 5 to 6 ug per m? would be the concentrati
response, an increase in urinary lead.
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Fu""c“cr, this same paragraph on Page 6, Dr. Kehoe states that 21 hours of
exposure per week didn't produce a response. Using the same method of calculatioz

21 hours per week = 3 hours per day and 1/8 x 20 x 20 = 50 ug.

i

7/8 x 20 x 1 = 17. 5 ug, and 67.5 ng per day = the total lead inhalecd/day

at did not produce a rise in urinary lead. Again, 67.5 ng/20 ms3 4
> would .be the concentration which could be inhaled without effeaving
urinary excretion of lead. Since Dr. Kehoe says that 31.5 hours/week
produced a dubious change, this level of exposure would be intermediate
between 3 to 4 pg/m? and 5 to 6 ng/md.
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On Page 7, Dr. Kehoe really extends his extrapolation. HKe states that if his cxperi.
ment had been continued for 4 1/2 years, then the blood lead would have begun to
rise. (Again, giving evidence of an increase in body burden). He also adds that the
effect observed on blood, that is, a fall in the concentration of lead is evidence of
thresiold of detection, and (without stating so in so many words), "he says thizg is &
thresicla of increasing body burden - even though the concentration of lead is fzll-
ing. This obviously is only his-interpretation of this phenomenon.
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In the Discussion (on Page 8), he states that is evident that 20 pg will not be tolerated
by the human population, and he goes further to state that if this exposure were to
continue ihrough a lifetime, it can hardly fail to be potentially hazardous., This is
cuite an extrapolation from.an 18 month cxpc*z"ncm in one man that produced a rise

ps

in urince icad irem . 025 to . 0425 “’nﬂ/c.a,y

Concerning Dr. Kehoe's statement that even a 73 hour e XpOosure is noi
sufficient to insure that 10 pg/m3 is a safe ambient standard is indeced 2 re-
asscssment of his data. However, reviewing his paper of 1946 entitlcd
“"Criteria for Human Safety from Contamination of the Ambient Atmos: pher
with Lead", an exposure of 42 hours of exposure at 10 ng/m? produced = c‘ :an
in urine excretion. Then .31 x 20 m3/day x 10 pg/m-’ =62 ug, and . 69 x %

3.8: a total of 75.8 uc/day is then calculated as the amounst tuat will uroc';uce

(D
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This use of two sets of data suggests that the actual amount which will sroduce a chang
:s the same for the 10 or 20 png exposure level. That is, the concentration x time fox
both of these exposures is about equal.

I believe that my use of Dr. Kehoe's data is reasonable and a logical conclusion,using this
i 5 ng does raise the excretion of lead in the urine. The Albany-Birming-
s API-LIA should substantiate Dr. Kehoe's conclusions (this study will expose
prisoners to 10 to 20 pg/ms for 22 hours per day for up to 4 months, bui only after a
study had been completed in animals. )
How wv we relate Dr. Kehoe's findings,in this experimental setiing,to the practical p*oolun
of lcad in air? Dr. Kehoe's study was designed to study the physiological handling of lcad
in the range 1n which it is found in the ambient air. The Six City survey has been designed
to evaluate the influence of lead in air on blood lead - it is interesting that thosc concerned
with this stuay bave agreed that the sampling tool should be lead in blcod because of the
extreme variability of lead in urine, whereas, the blood better reflects the body burden.
This study will then tell us whether the concentration of lead in air, and here we know Jhat
this is the actual lead to which man is exposed,has produced an effect on the body burien.

<
The next point to be made is that, if the level of exposure (the lead in air) does produce =
measuradle response,. then the next problem will be to decide what is the maximum accept-
able 1pspo*15e, that is, without hazard. Dr. Kehoe has not attempted to answer this
question, but rather, by inference, he believes that the level that produces a change in
urinary lead excretion should be the air quality standard. I believe the answer is best
obtained by locking at populations which have significantly higher levels of exposure, cither
naturally or as a result of occupational exposure, and of course, occupational exposures
are usually highest. LIA has formulated definite plans to do exactly this.
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When the Albany-Dirmingham, Six City, and the s Yy
o decide on

Cc
completed, we will be in a b\,L‘cr posxtmn t the air quality criterie for lead.

je

If there are questions concerning this review, I am sure that I shall hear thom.
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cc: Dr. G. F. Kirby -
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