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April 9, 1957

r, Sat 1u‘e1 3. Nadler .

1520 L.cuisiana Avenue
New Of 1ea,ns iS Louisiana
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Dear Doq}:or Nadler:
I shall try to giva vou the mfcrma.c.lon requested in vou; telephone call of
last 'Iuez-iay, although I am not quite sure that I shall cover all of the

points to your satisfaction from the medico~legal viewpoint, since some

oi the thiﬁ'ﬂ‘ 1 shall say are not documented by published data, I send

such ouult:atmn as may be pertinent and refer you also to the work

edited by Frank Patty in which much that I have to say has been pubhs}\ed
Mauch too buch has been written to refer to in any conprehensive manner,
‘First with reference to the normal limits of the excretion of lead it is quita
clear that.i the normal range in representative samples of 13,1‘;19 volume
collected with adequate care to oreve'ﬁ: contamination exniends {rom about

G, Ui mge, ‘}’10 micrograms) per liter up to zud including 0,08 mg, (50
miiccograms) per iiter., 7he values for the cutput ser day, as established
most \.u,ahy by balance esxperiments on hurman subjects.in this Laboratory,
are very gicse to the samsa vange, since the urinary volume per day is not

far from ﬁ liter, Indeed the observation3s made on a fairly large number of
individuale indicate that it makes little difference, statisticaliy, whether

ane speai«% of the average concentration in milligrams oxr micrograms per
liter or the average output per day in milligrams or micrograms, The range
ci nocrmat values and the average value in cither case are somewhat under
0.17 mg. K;OO micrograms) per day,

These values, however, have little to do with the diagnosis of lead poisoning,
since considerably greater ouantities of lead meay be handled without any
risk wnatever, Under the conditions of experimental or occupational exposure
to lead, the range of comnlete safety iz much wider, extending upward to the
maximum | f1gure of 0,22 mg, (220 micrograms) per liter, or roughly 0, 22
mg. (220 micrograms) per day, occasionally, That is to say that individuals
whose excetory rate ranges from 0,903 to 0,22 mg, per liter or per day and
averages not more than 08, 10 to 0, 12 mg., per liter er per day, are ia ne
danger of devaloping symptoms, The evidence of maay years gained from
the experience of thousands of persons of all ages and types indicates that
the averag‘e rate of excretion must be equivalent to or exceed 0,15 mg, (150
micrograms) per liter or day, if symptoms of even the mildest detectable
type are to appear. (I am excluding here any form of latent or obscure
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intoxication, I mean to say that below the threshold value referred to, the
individual is wholly without hematologic or other vague anatomic or sympto-
matologic abnormality, It is possible that a gingival lead line may appear,

if there is sufficient gingivitis to initiate such deposits, but this is not a sign
of illness, It simply means that there is lead in the local tissue (just as there
is in the urine) which can be precipitated out as the sulfide 1f enough sulfide

is available locally,)

Now the same average values apply to s=mples of urine of small volume, as
distinguished from those of iarge volume (i, e, spot samples or a single
voiding), The difference relates only to the range of values found in samples
of small volume., The excretion of lead in the urine is subject to congiderable
variction fxrom hour to hour, dependent upon the throughput of water and upon
a number of other factors which cannot always be determined, Suffice it to
cay that the shorter the time over which a sample of urine is excreted (and

~ collected) the greater is the variability, Thus, if one obtains samples of
about 180 mil, in volume {a tenth, more or less, of the day's output) the range
of, value extends from somewhat less than 0,01 mg, (10 micrograms)to 0, 14
mg, (140 micrograms) per liter, The average value of a large number of
sampias is about the same as that of the large samples, but any onc sample
obtained on one occasion Iirom a single individual may be anywhere within the
range indicated, This is the problem with which one is nresanted in o single
ecsion|of cliaical study in office practice. The one result is likely to be all
that ic gvailable, and as ycu can see, such a result is woefnlly inadequate to
show the status of the patient, <

it is for| the veasons given above that we always obtain blood saiagles,
blood lead is influenced SIO.szcam.ly(m the untreated individual) only by tn'—*
level of |lzad concentration in the bedy as a whole (the hody burden of lead) and
by the cprreat {(present) rate cof absorption Irom a portal of entry, such as the
alimenizry tract or the resnira'zo—ry 'ystem {One must exclude tetraecthyl

ead from this discussion and thiak only of inorganic compounds of lead, since
the metabelism of tetraethy? lead poses a somewhat difficult Broblem, espe-
cially from the aspect of the blood vaiues)., The blood level then dezs not vary
significantly from hour to hour, except under conditions of extremely rapid
lead absorption in response to a very severe type of exposure, This means,
in the diagnostic sense, that wa can obtain two samples of blood, check one
against the other so as to deal with the possibility of chance contamination,
and if the two results check within the. limits of analytical error, we kaow,
beyond reasonable doubt, the status of the individual from the rspect of his
over-all absorption of lead,

2
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So long as the concentration of lead in the blood is below 03,038 mg, (80 micro-
grams) Eer 100 grams, the absorption of lead has not reached the critical
level at which symptems begin to appear in occasional individuals, At that
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level oxi} above,

some individuals develop symptoms, and as one goes up-

ward th;e frequency of occurrence of intoxication and the severity of the

mg.nlfeﬁ
\

tations increase,

Going now to the collection of samples of urine and biooé without precautions,
the nosé bilities 10r error are almost infinite, In general ‘chg contamination
is likely to be gross, and our experience as well as that of others (literature)

is filled
collects

with incidents of this type. A twenty-four hour sample ofurine,
d in the average hospital by the usual methods (the use of a urinal,

em7tied into a bottle or other container as the urine is voided), often has ten

timmes 2

collected
tzke care of the details, by keeping =2

arz that rmust be taken, let me

= much lead in it as was actually voided in the urine, This situation

ly impossible, and therefore we never allow 24-hour samples to be

i for us in hospitals, It is practically impossible to avoid contamina~
:s3 one has an iatelligent and cooperative patient, who, himself, will
large container at hand and voiding

ted., To give you some idea of the minute

into it ever the period indica
cite on experimert., The collection of samples

c
of blood by the usual technique of using a pyrex syriage and an ordinary ncedle,

areful cleansing of syringe and needle and sterilization in distilled water,
sulited in roughly 20 per cent (average) contamination of the samples, This
«r

resulted fromn the lzad-containing braes ub in the ordinary needle, The sub-

1.

stitution of an all-sieel necdle resulted in averaye values ziwout 20 per cent

lewwear,

resul -ifc-m 'icsser
of samples for diagnosis by working with 1% and D in their cffective

s3unply ¢

still nersists as a mfflcult one,

<,1"<:u..u
intc a ¢l
or his i
dusty "
urine w
af "‘ust
tous

than s»v ra.l liters of urine,

cur from thisz cause, how much more contamination can
xctors. Yie heve *‘*v 2d this difficulty in the coilection
: i attempt to
The probliem of the nrine
but we consider it impractical under most
tances to try to collect urins,excent az "apot" samples voided directly -
an container in the presencs or undaL the sunervnnon of the examiner
T. Lz ucted agent, JZven thea unclean workmen in uaclean and perhaps
tning can and do contaminate the containzra which they handle and the
.{.CIJ they void, Since one is dealing with mnicrograms of 1=22d any kiand
r foreign m’atenal introduces z significant errozr, for lead is ubiqui-
Alittle ash from 3 2iz arctte, for examrple, has much more l2ad in it

itaidle equipment for the collection of biood,

Now, as|to the results of the use of edathamil-calcium-~dicodium, It is utterly
futile in our experience to attempt to assess the significance of the analvtical

results

on the urine and blood of an individual who is undergoing such the TADY,

If the responce is great, the chances are that the individual had considerable

quantitie

es of 12ad in his soit tissues {those exclusive of the sikeleton), I3ut even

this iz not absolutely certain in relative terms, for the rcason that the extent
of the response depends in large measure upon the duration, the severity and

the -recentness of the individuals exposure to lead.

determi
reliahle

In my opinion, one cannot
ne the general level of lead absorption of an individual in any reasonably
manner, except by determining the general character of the lead ’
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metabolism at a time when it is proceeding normally, That means determining
either the geéneral rate of the urinary excretion, or the general level of lead in
the blood, or preferably, both of these. The reason for this lies in physiology,
that is, in the known behavior of lead in the body, This behavior is distorted
greatly by the administration of edathamil, in that the lead in the soft tissues
unites with this chelating agent, parts company with these tissues promptly in
most instances, and is excreted by the urinary apparatus first at a very rapid
 rate andithen more slowly as time goes on, The blood, (that is, the erythrocytes)
gives up 1ts lead somewhat slowly dropping not at onge, but only after a bit of
delay, b t the outpouring in the urine is dramatic, Even the normal individual
(with no unusual quantity of lead in hlS body) loses much of that which is in his
soft tissues and responda therefore to the admzmstrauon of this agent, What
one finds depends to a considerable extent upon the time of obtaining samples,
and ther¢fore it is very difficult to interpret the results unless one follows
the process before, durmg and after the administration of the agent, This is
generally 1mpossﬂa1e of accomplishment in other than metabolic experiments, and
then most of the data obtamed in a spotty manner are valueless, It is exactly
like an attempt to measure rainfail by stepping outside for a moment and
collecting the water duzjmg that pericd. The result has only momentary
significance and is inca.pa,ble of providing a basis for exterpolation. Too many
people are making such attempts and trying to interpret them without any know-
ledge ofthe physiology of the process, The outcome, unfortunately, is confusion,

I should point out that the skeletal lead (which under ordinary circumstances

of slow and more or less prolonged absorption of lead constitutes most /but not
all, and indeed, not the important part/ of the lead in the body, is essentially
anaffected by the administration of edatha.mﬂ (and, for that matter also, of
BAL)., However, after the soft tissues {including the blood) have undergone
great (proportional) reduction of their lead content, the lead in the skeleton is
in a disturbed state of equilibrium, and it begins to restore the normal rela-
tionships of the distribution of the lead within the tissues generally, Slowly,
then, over a péi'iod of some weeks, the lead comes out of the skeleton into the
soft tissues (including the ‘blood) and the latter become elevated again to an
extent which is proportmnal to the available lead in the skeleton. The blood of
poisoned children, for example, may fall to a normal level during several days
of therapy, and then rise slowly during the next two to four weeks to a level
very nearly as high as it was originally, i.e, anywhere up to 0,20 or 0, 30 mg.
per 100 grams, It is for this reason that we follow the blood carefully before
and then for some time after therapy, Whenever the blood values go back up

to 0,08 mg. per 100 grams or more, another course of edathamil-calcium-diso-
dium is administered (intravenously) until the values remain low and within safe
limits, | Only by such methods of trial and study can e make any predicton as
to the ultimate safety of the child from the recurrence of intoxication,

With the foregoing {airly extensive comments I hope that I have answered your
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questions, I hope to get these statements and their supporting evidence
publishq“d soon, but I've been too busy with the day's work to put the data
togetheﬁ%. Obviously, I cannot afford the time to answer enquiries like
yours very often, but I do my best to help those who come to us for advice

and informaticn,

Sincerely yours,

Robert A, Kehoe, M, D.

Iz

A Critical Appraisal of Current Practices in the Clinical Diagnosis of Lead
Intoxication - Kehoe '

The Plasma-Cell Partition of Blood Lead - Bambach, Kehoe and l.ogan

Exposure to Lead - Kehoe




