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¥y, Yordon C. Harrold, Ph. D.,
Industrial Hyglene Laboratories,
Chrysler Corporation,

341 dassachusetts Avenue,
Detroit, ¥ichigan.
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In accordance with my promise I am writing to you concerning

the subject of our sikstchy talk ln pittasburgh last week. I am
presenting my views in scme detall, becmuse it seems advisable
to clarify certain pcints on which we were in apparent disagree-
ment. I trust the disagreement is not as signiflcant as it may
have appsared to be.

Pirst, lst me indicate the genesis of the varlous ssts of data
on normal lead that came out of this daboratory. Our first fi-
gures, cobtalined in 1925, by an early modification of ra~rnall's
Chromate method, were published in JJ.AJM.A, B7:2081, 1926.

Some of tihese were too hlgh as judged by present expsrlence,

and these can be e: plained almost enti*ely as contaminated in pro-
cess of collecticn., The analytice method, génerally, ylelded low
results, but in the absence of a sulphate step vetween the sul-

- phlde preeciplitation and the chromate step, certain other metals
could have been included under sultable conditions. This method
was lmproved and was subzequently described in J.1.3. 15, 261,
(193%3). The latter was a very sound method, which,unfortunately,
could not be used with small samples for the reason that a loss
of lead ococurred in the process, to the extent of approximately
0.07 mg. per sample, We, therefore, used quite large samples

in order to keep the error from this source of small maegnitude.

Our second set of results appeared likewise in J.A.M.A. 92: 1418,
(1929), and the calculated mean values were 0,08 ¥ 0,008 for me-
dical students. These results, llkewise were high as judged to-
day, and for two reasons; ~ (1) occaslonal contaminations in
collection, and (2} slight and irregular contaminations in analy-
sis, because of certain inadequaclies in our laboratory facilities.
The method ‘as indicated above, while not so good as present me=
thods was fairly satiafactory, but yielded low results,

The third, and this time, an extenaive series of results were
published in the articles in J.I.H. 153 257-340, (19%3), these
all having been obtained by the chromate~dipheryl carbazide me-
thod as applied to large samples of urine, feces, foods, and
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tissues, The results obtained 1im cur nsw laboratory, where pro-
per provision had been made for the avoidance of contamination
(from 1931 on), gave us a new base line level for normal persons,
but we did not confine our data to those so obtained, for we did
not quite appreciate the necessity for so doing at that time. It
will be noted that we gave the detalled results of our carefully
controlled metabolle studlies on human subjects under laboratory
conditions -(J.I.H. l;-277, (19)5), these having mean values slight-
1y under those now obtalned by more sensitive methods), and com-
pared these with 'the results obtained on persons outside the labo-
ratory. Some of the latter results had been obtained in our pre--
vious laborgtory, and by methods of sampllng which we now. know to
be somewhat  lnedequate, The data ghowed higher varistion than we
would [ind at present,and ths medn values werse approximataly 0.07
mz, per liter. It is quite clear to me now that a cerbtaln propor-
tion of these samples was coqt‘mlaated voth in 0ullecﬁion and in
process of analysis in a labor atory that was not adequaue‘y
equippad with dust collection apparatus, etcetera. There was no
wsy by ﬁniCh we could have known thls with eny confidence at that
tirve, 4y comments on the diffaqence between these results and
those on persons under laboratory'conaitions, 5iven on page 235-&
are of some interest in tils connection.

The next step in this story was accomplished by our publication of
a new sseries of results on medical students-and on & ;drbor group
of inuividual suojec~s studied over prolonged periods, in J.A.M.A.
104:50, (1$35). We showed here that the medical students ylelded
a rmean normal result of approximately 0.0l mg. Pb per liter of
urine by spectrographic analysis, and that the results of the car-
bazide imethod checked this value,if due allowance was made for the
loss of 0.07 mg, Pb per sample 1n the numerous separatory steps of
that method, Lheﬁe were the first spectrographic results we pu-~
blished, and desplte the fact that the method then used was less
accurate than the present one, it ylelded highly satisfactory re~-
sults. It may be that you were thinking of the discrepancy between
these spectrographic results and tiose of the carbazlde method
vherein -youistated that the spectrographic results were tco high.
This, however, was not the case, as reference L0 the data wiil
show. - '

In this same article we gave results on human blood, giving a mean
_ value of Q. 058» 0.002 for normal, Thls unfortunately was in error,
and was subsequently acknowledged 80 to be, J. Nutrition 20:92-93,
(1940). The error here was not in analytlcal method, but rather
in the method of collecting samples, in that contamination occurred
from needles, soft glass syringes, and soft glass bottles, cleaned
without benefit of lead free dlstilled water,as we would now define
such water. (This, by the way, 1s the type of error that is still
being made by meny people who think they know how to deal with
blood samples.)
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I need not take this further, since little or no change in normal
results has been brought about through the later work of ourselves
or others. Some sli*ht refinements have been contributed by our
further data, J. Nutiition 19: 579, (ngO), and these are in es-
sential agreement with the observations oi .a number of other
workers wbo have used methods of comparable precision.

I have restated the above facts to show that at no time did the
use of a spectrographic method give rlse to any of the errors we
have made. It was this point which I wished specifically to
correct in your statement of last Wednesday. We have not made
an error on the high side,as our expression”of the limitations of
the spectrographic method Indeed, we have clearly demonstrated
that the spectrographic method developed and used by Cholzk will
give results that reﬂularly check those of themore sensitive and _
accurate modiflecations of the dlthizone method. Various persons
have attempted to discredit the spectrographic method, and variocus
workers nave employed defective spectrographic methods, It is
true that the method has certain limitations, but tnose limitations
are of little practical disadvantage. However, if any trained per-
son will establish the proper envirormental conditions and will
follow the methods used by Cholak, {or methods of equal preci.ion),
he will be able to duplicate our results. We have been running
blocod and urine in parallel by spectrographic and dlthizone methods
for over four years, We have thousands of results by the two me-
thods on the same samples. The differences between them are so
21izht as to be utterly neglizible. The one method is yulte as
”ood as the other. If you st111 doubt this, you will be well
advised to examine Choluk's article in the Journal of the Optical
. Soclety, wnich is now ln press.

The metnod published by Cholak, in 1935, had an acknowled*ed error
of ¥ 25%. This error has been diminished by one technical improve-
ment dfter another until now the error in dealing with the gquanti-
ties actually ignited iIn the are 1s gractically constant at 0.02
micrograms. If one speaks of thls error in rslation to the solu-
tions as they are usually prepared for testing, it 1s equivalent

to approximately 0.0l mg. Pb over the concentration ran:e from
0.01 mg. almost to 0.20 mg. Pb per 100 c.c. of solution.

It 1is true, of course, that at the lower concentrations, the error
is considerable, but no more so than in the case of chemical
methods. There is also a celling which is determined by the maxi-
mal blackening of the Individual line used, However, it 1s possi-
ble to work w1thin the zone of high accuracy of the method by
paying proper attentlon to the preparation of the sample., If the
sample to be introduced into the crater of the electrode is too
dilute, with respect to lead, it can be further concentruted, and -
vice versa, so as to keep the quantities on the electrode within
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the proper range. The guantity on the electrodes is ususally
considersably less than 1 mlcrogram,and quantities as low as 0,02
micro*rams cen be dealt with. The error in so dolng is agprox1-
rately 0.02 micrograms, and this same absolute error, i.,e. 0,02
microérams, continues as a constant technical error up to 20 tlmes
that amount. 4bcove these quantities, the error 1s from 5 to 10%.

It is apparent therefore, that this is the only method available f
for use when the actual quantities of lead within a sample are coi-
siderably less than 1 mlcrogram. It was for thls reascn that I de-
rurred ezphaticgllj when you said that the qoectro¢ra0hic method was
unsultable for use in dealing with 1 microgram or less,

I am sending you several pagers, wilch you may have seen, but which
I belleve are worthy of examination in relation tec what I have

said above,

Julte apart from the above discussion, i wish to refer to the
presentation of a paper by you in the Symposium on wWednesday, April
15. I have planned thls symposium in detall to present a unifiled
and coordinated picture of the problems. It will not be & series
of unrelated papers, but a segquence of parts to make a unit. I

‘do not want to assemble in it other papers on lead wnich may be
submitted for presentation unless they fit into the picture. Yours
may do 8o, but if it does rot,l should like it to be presented at
one of the other sessions. I think, therefore, before deciding
this point, I should know just what you are presenting. If that
izeets with your approval, we can consider it as soon as you are
ready, but in any case you should ask for a place on some other part
of the program by submiiting your material to Drinker in the usual
way. I should point out also that fifteen minutes will be the
maximum available time, and perhaps, only ten can be had. There
will be no time for discussion of the symposium on the floor, and
therefore, I must be very careful what goes into 1t. If contro-,
versial material were to be used, we should be in a bad position

on account of the lack of disceussion, and I do not want to be

found in any such positio.. This may be an unorthodox way to

put cn a sumposium, but I believe it is Jjustified in tals 1nstance,
and I think i1t is worthy of a trial. I shall appreciate hearing
fro1 you on tnls scors,

Cordially yours,

P

Robert 4. benoe, M. D,
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