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April 13, 193%6

Dr. L. Edward Gaul
100 West 59th Street
-New York City

New York

Dear Dr. Gauli

I have taken the time and trouble
to criticize in deteil the outline you sent me. I have
done this because I wished to put my experience and
judgment at your disposal for this purpose, so far as
possible. You will recognize that my criticisms are
somewvhat pointed in thelr implications, but actually my
opinion is even more unfavorable than my comments on the
outline indicate. At the risk of giving offence (which
I do not intend) I wish to say in this letter what it
hardly seemed proper to say in conrection with the outline
1f I were to comply with your request, I realize also that
the type of advice I am about to offer is but rarely taken,
but I offer it because the oeccasion seems to justify 1it,

The scope of the work proposed in
the outline implies that you and your assoclates have at
your dlsposal a great deal of time and a considerable sunm
of money. Presumably, also, you have sble talent within
your group. It appears from the character of the outline
that you are not sufficlently familiar with what has been
done, and with what is known on the subjecty that, in fact,
you are not quite aware of the character of the problems which
"awalt solutions It would be most unfortunate If for this
reason the expenditure of your time, funds and talent were to
accomplish little or nothing beyond the confirmation of what 1s
already known, for that would be largely a waste of your resources,
As one fairly familiar with the literature of this subject and
somewhat experienced in both the cliniéal and experimental
aspects of the field, I feel quits sure that the problems which
need 1nvestigation ~ and these are numerous and important - do
not 1le in the direction indicated by your propesed program,
May I suggest, therefore, that a careful and adequate study
of the literature be made before you embark upon the investigfative
work, You will then be prepared to plan your observations in
such a way as to obtain some of the informmtion of which we

are greatly in need.
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Dr, L, B, Gaul h )

If the above guggestlion sounds to
you like an indirect means of adminlstering a sharp rebuke,
I beg of you to consider whether 1t is probable that I
would have gone to so much trouble for such a purpose.

Very truly yours,

RiKsis - Robert A. Kenoe, HeDe
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Comments on a Tentative Outline for a stu&y on Lead

I Purpose of the Investigation

1. The expressed purposs is somewhat more ambitious than seens
feasible, since 4t is highly improbable that any one test can

rove the responsibility of lead for the production of symptoms,
it has been shown that extensive lead absorption may be unpro=
ductive of symptoms, All one can prove by abnormal lead findings -
(analytical means) is that lead has been absorbed in such quantie
ties as to be a plasusibls factor in the production of illness.

The characteristics of the 1llness, and the satisfactory elimihaw
tion of other etioclogical facﬁors, constitute the means of proof.

On the other hand, negative lead findings must be
interpreted in relatiom to the history of exposure i.,e. the
interval elepsing bebtween the cessation of exposure and the
collk ction of materials for analysis.

(a) This point.cen be answered without resert to further

experimentation. We have rocently carried out some check

analyses with various laboratorles in this country and a&broad,
which show that there are several modifications of chemliecal and
colorimetrie methods which will check each other in dealing wlth
kovn quantities of lead with a very minubte, and clinically ine
significant varistion., The details of these procedures are
avallable in the current llterature, The method. of choice depends
upon the materisl which is to De analysed and the guantity of such
material which is to be daalt withe The latter, in turn, depends
upon the circumstances. Thus large samples of urine can be cbtained
but always with some risk of contamination except under the most
favorable circumstanees. Small samples can be cobhtained without
such risk, and in fact, under Qha 8ye of the examiner. Blood
samples must of neceasity be small in most cases. Fecal samples
are not homogenous. Therefore it is better to obtain them on &
time basis, as for example, & 2L hour samplse all of which is

ashed and dimsolved, the alliquot depending in quantity upon the
sensitivity of the analytical method employed.

(b) In my opinion, the answer to this is already in the literature,
but there is some room for doubt, here, largely because most of the
avallable information is either non-quantitative -or has veen obbtained
by numerous varlable methodse.

(¢c) There are several variatlions of spectrographic technlque .
described in the literaturs. The method employed 1n thls laboratory
has been described in detall together with its sensltlvity and
accuracy. This method]has been employed in parallel determinatlons
on standard samples of known lead content, as carrisd out by three
recognizedly competent groups, two in this country and one in
Englend, The eaccuracy 1s squlivalent to that of the best known
microchemical methods, and it is more than adequate for the dif=
ferentlation of nonmal and abnormal lead walues in blologleal
materidl. In fact the accuracy of method is far beyond the precision
which can be applied in the interpreation of the results from a ’
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phyéiologie-pathoiogic point of view,
II Anamnesis and Physieal Examinatlon

. Ths anamesis should contain more apeeific information
as to the nature of the occupation-than is indicated in the outline.
Some estimate of the severity of the exposurs should be made or
should be possible fram the infarmation supplieﬁ here. '

The previous occupational history‘should be cbtained
in some detall, in order to assess the possibillty of cther hazarda,
as well as previcusly unreecgnized lead hazards.

In addition to the duration of the exXposure, the date
at which expoasire ceame to an end either through iliness or for :
other reasons. The analytical results cannot be intelligently
interpreted without such information, Under "Past History, item
C., notation as to best weight and date, least welght and date,
and present wéight as jJudged by patient give useful information.
Item K should carry reference to frequency of use of cathartics,
and to dlietary especially with reference to foods such as milk .
taken to caunteracb plupbism,

IIi Laboratory Data
1. Urine

{a) Routline exemination on a fresh sampls to determine
reaction to methyl Red, specific gravity, albumin by
heat and acetlc method, sugar by Fehling'!s or Benedictls,
lilcroscople, ' : ‘

(v) and (c¢) Samples for analysis are colleccted separate from
samples for routine examinatione One of two methods of
collection ls employed dependent upon the ecircumstances
and the analyticeal procedure to be used. ¥hen the patient
is an ambulatory male who can be Instructed and relied
upon to carry ocut the instructions he is supplled with,

a chemically clean gallon jug such as is used for vinegar
ete, with a cork stopper, the jug being enclosed in e
stout clean paper bags He is instructed te put the jug
in a clean, dustless place, and to keep it always corked
and in the paper bag when it is not in use., He 1s to
vold directly into it, without ysing any type of irter-
mediate container untll not less than 3 llters have been
collected. During the period of collection he 1s not
Ziven medication or permitted to use dluretics {other
than coffee and tea as usual), cathertics or umusual
guantities of beverages of any kind in order to hasben
the collection. Time of collection is nobt accurately
recorded except under hospltal conditions, the lead
concentration belng the important factor clinieally.

If such a patient is in a hospital, the attendant is
instructed to see that the above precautlons are carried
out, and also to record the beginning and end of the
collection period. Such & sample 1s analysed chemically.

Under other oircumstances. and often as a check .on the
large sample (with its greéater opportunity for contamination)
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a single spot sample oggloo ¢c is voided directly into
a chemically clean glasd? stoppersd pyrex bottle (125 ce
cepacity), under the eye of the examiner, Such a sample
18 examined spectrographically.

In the case of small c¢hildren and Infants, urine
samples may be collected periodically (with some difficulty)
into chemically clean pyrex test tubes (male) or into
chemically clean pyrex dishes {(female) until the desired
quantity has been obbsined, With this technlique 1t is
safer to obiain a small sample for spectrographic study.

Samples may be obtalned by catheter inte a chemlcally
clean pyreéx bottle only 4f the catheter has been ascertalned
to be of lead«-free compoaibtion. Most catheters contain
significant quantitles of lead, :

The mumber and type of samples must be made to vary
with the circumstances. Spot samples of urine wary cone
glderably in lead content with the time of day, with the
quantity of water excreted in unit time etec. If they are
sufficlently hizh or low to be definitely sbnormal or
definitely normal, and if the blood lead corresponds in import
to the urlnary result, 1t is generally useless to repeat the
observation. If they are on the borderline, repetition is
necessary in the individual case., It may be necessary to

. make several determinations to determine the trend of the
load excretion. In general, the large urine sample if
collected free of possible contamimtlon is more useful in
diagnosia since it glves the mean lesad excretlon over a perlod
of many hours., If 1t glves results above the known range of
normal values for the analytlcal method employed, one may be

" reasonably certain that the lead content of the tissues 1s
above the normal level, and that the patient has had abnormsl leac
exposure.within the recent past.

(a) The chemical analytical msthod employed by us is published
in full detall in the Journal of Industrial Hygiene, 15:
. 261, (1933%). (We are now using a dithizone method also, but

we are not entlrely convinced as to a satisfactory sdaptation

of this method to the urine,) The spectrographic method used

in this laboratory has been detailed in Industrial and Engineers
ing Chemistry (Anal. Edition) 7: 287, (193%5) as modified from
%n in%tial.method published in J. Am. Chem. Soc. 57: 10k,

1935).. - L

2. Feces

(b) The entire fecal evaduation is collected directly into a
chemieally clean glass-top mason jar, or (in the hospital)
into a chemically clean glass=top pyrex dish (set into the
bed pan). No intermediate container is permitted. (There
are many factora which make the fecal sample of 1little value
for diasgnosis except in the case of children with ffea (within
2l to hg»hours after indulging their false appetite), and
in the case of adults within 2l or Ii8 hours after the cessation
of exposure.,) . The same precautlons applied Lo the collsction
of the urine sample apply hera, Especlally 1s the use of a

cathartic to be avolded. Semples collected in the usual
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type of bed ‘pan are’ antirely valaeless and masleading.
then collecting 2L hour fecal samples a fresh cone
toiner 1s sunolied for eaeh evacuaticﬁ. S '

The entire zhtzour sample is subjected to analysis,

'sp that the lesd content can be expressed Iin terms

of output per 24 hourss {This obvivusly requires a

record of the evacuations before and after the day on which
the sample was collected, or some other means of determining
whether or not the sample obtained is typically a 2l hour
sample.) Fecal samples are not homogenous, Thus weighing
out a definlte qnanﬁity'nf 8 fecal samale introduces 8.
grosa sampling arror. B

The method employed by thls 1aboratary on fecal samples

has been descrlbed in step by step detall in the Jaurnal

of Industrial Hyglene 15: 263, {1933)s Insamuch as

the quentities of lead involved here are ususlly in

oxcess of 0.20 mgs. per sample (the mean values for normals .
is approximately 0.25 mgs. per 2l hours) atraight analy-
tical;procadures are- entirely adequata. '

3. Spinal Fluid

(b)

l}e Blood
(a)

(b)

It isa necessary to collect the sample directly into a
chemically clean (prefersbly pyrex or silica) tube, with
a fitted glass stopper, using a chemically clean speclally
made spinal puncture needle free of lead in all parts, )
(The customary needle has a brass hub which seriously
conbaminates the samples.)

The range of normal values has not been fulxy worked out

80 that the dlagnostic valueof the lead concentration is

not soundly established., Howsver, excessively hilgh values
are certainly signiflcapnt. Flve to 20 cc samples can be
employed. In any case,»only methods of analysls which
can be employed are those of extreme sensitivity of which
a spectrographlic 18 by far the best. The details of our
method have been refarred to aboves

The routine examlnation should includs a red, white and
differential count, a haemoglobin determination by one

of the more accurate methods (I prefer the Haden-Hausser
Instrument); and an approximately quantitative stippled
erythrocyte count., There are a number of techniques.

I prefer one of the simplest and least variable. This is
described precisely in the Journal of Industrial Hyglene
18: 43, (1936). Stippling is easler to determine than
To Interpret since 1t can scareely be proven to corrslate
in the individual with severity of exposure {(1.s. magnitude
of absorptlon) or with intensity of symptoms, in my
experience.

Semples of blood must be obtalned with the same precautions
as splnal fluid, A sample of 10 co 18 adequate for specw
trographic édxaninatlon or analysis by a sultable dithizone
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method.  (3everal modificetions of the latbter have
" been published. ' Onr own adaptation of the method
is in process of preparation for publication, but is
not now availsble.) Our spectrographic method has
"been referred to sbove., The range of normal values
is not established in an entirely satisfactory manner,
but is sufficiently well based for mosit dlagnustlie
purposes, ‘ T : '

" The number of samples which are roquired
varies with the case; borderline cases being somewhat
difficult. (Most cases can be satisfactorily studled
by a single blood analysis together wlth a single.
analysis of the urine, ‘hen in doubt as to the meaning,
the observation must be repeated.) -

5¢ Tlssue analysis

In the present state of our lknowledge as to
distribution of lead in tisanes, the only adequate
Information about them must be obitalned at autopsy.

The blood tlssue i3 the next best bet, and the skeleton
and vital teeth are the next best. The latter will

probably be found to-bs the most practical indsx to
the lead conbent.of the body as a whole(Eince the
osseous strucbures are more unlform in thelr behavior

toward lead than are any ofher tissues of the bodye.

I am not prepared to discuss the methods of removing
skin samples since I regard them as probably untruste
worthy and as illoglesl from the point of view of our
knowledge of the behavior of lead in the tissues. As

to the methoda of analysls only a spectrographic wmethod
of analysls could be used reliebly at present, and of
those descrlibed in, the literature, the only guantltative
one which has proven 1its accuracy as described i3 that
of Cholak to which I have previously referred. Tho
technlique of Dingwall and his associates as described
"in the literature 1s substantlally faultless, and their
work antedates ours by some years, - However it was not
strictly quantitative, nor did they adapt it so as to
aettempt fine dlsbtinetions between normal and abnormal
findings., _

IV Correlation etec.

I have no detalled commeants &o make here except to point
out. that the usefulness of certain of the diagnostic measures
which .are apparently to be ree~studied has already been rather
clearly demonstrated, in that clinieal and laboratory data have
been qulte effectlively and acturately corrslated and published.

Concluding comment, A statement in bthe letter which accompanied
the outline intrigues me considerably. The last sentence sbates
- that "the obtalning and transporting of the specimens can be
easily arranged". That may be true, but as one who has had to
contend with the difficultles of obteining unconteminated samples
from all parts of the world over a period of some ten yars, I beg
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leave to doubbt ite - If I am nobt mistaken that will he the nmost

- difficult and most exasperating part of the work. TUnless one

-has tine and faclilities which permit him to zgive porsonal attention
to the detalls of the collecting of samples, many of them will be
found to be eontaminated and hence misleadlng. :

Signeds

Hobert 4.Kshos - :
Kettering Laboratory of
Applied Physiclogy
University of Cincinnati

‘/égﬂeozug




