
September 19» 19U9

Dr. Pudolph'F. ’"aldman 
bu reau  of Industr ia l  hygiene 
117° '.'aIn  Street  
Hartford, Connect icu t

Dear  Doctor  ’Valcrnan: <

v our  let ter7 o e September  • has raised a quest ion 
which I feel requires some cons iderab le  discussion.

I should not want  to cr i t ic ize severe ly  the procedu re 
o«* Lev ine and ^ahy, as descr ibed in their ar t ic le  in the 
Journal  of Industr ia l  hyg iene and Toxicology. Actua l ly, I 
s &'{•  the ar t ie 'e before its pub l i ca t ion  and approved it,  
a l though I had some misg iv ings,  since fully just i f i ed, conce rn ­
ing the- app l i ca t ion  which would be mace of the i r  p rocedure.  
Actually., one should never, under  any ci rcumstance s,  a t tempt 
to interpret  the lead exposure and absorpt ion of an indiv idual  
o-. the basis of an analy t ica l  result  on w e  sample o D  urine.
No ¡1 a rmor  of app ly ing a correct ion factor  or any other  
mathfSiatical expression, can ever make such a resul t  sa t is fac to ry  
The concent ra t ion of lead  in the urine varies f rom hour to 
hour  end fron day to uay in response to a number of  factors, 
some of wh ich  are unknown. It is true that the larges t  
physiologies? factor that we have been able to put our  f inger  
on is that of .the volume of water  voided .within a u nit of 
tine. There are other factors which contr ibute to t his, 
however, wh ich  make it unsafe to rely upon anv ca lc u la t ion 
base:! or speci f ic  grav i ty  or any other  known factor. Th erefore 
it is necessary  to have a number  of small samples oP  urine, 
or one or more samples of large volume, or a s air.ple  or samples 
of b lood, in ar r iv ing at the phys io log ica l  status o f the 
indiv idual  wi th respect  to the current  rate of lead  excretion. 
In our pract ice,  we require samples of blood with s pot samples 
of ur ine in arr iv ing at a conclusion. I would never  express 
an opin ion on less than one samóle of ur ine in asso c ia t ion 
w i th  a sample of b l ood  taken at the same time. F req uen t l y  
the results are in agreement on these two mater ia ls ,  and under  
these condi t ions,  in terpre ta t ion can of ten be made.  F.ven
here, however,  both  resul ts m a y  be in that dangerou s zone o^
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magni tude  wh ich  makes in te rpre ts t 'on  d i f f icul t ,  and  under  these 
condi t ions we alwavs require addi t ional  samples bef ore  ar r i v ­
ing at an in terpretat ion.  Under  cer ta in c i rcumstanc es we 
require the co l lec t ion of samples of ur ine of large  volume.
It is obvious that 2)i-hour samples cannot be co l lec ted under  
cer ta in  condi t ions.  The a l ternat ive  is to co l lect  s amples 
of large volume dur ing per iods in which the indiv id ual  is 
not at work  and whi le  he is c lean and free of the l ike l ihood 
of contaminación.  This can often be done qui te sat i s factor i ly ,  
as our exper ience over many years  has demonstrated. I  enclose 
herew i th  the k ind of instruct ions we issue for the co l lec t ion 
of var ious samples. Then any part  of this procedure  is lef t  
to the worker  or to a pat ient,  we supp lement  the reg u lar  
ins t ruct ions wi th care fu l ly  worded advice. Under th ese con­
di t ions we usua l ly  get re l iab le  samples.

\’!e  have been  measur ing  the speci f ic  g rav i ty  ourselves  
for a number  of nears, and we have sat is f ied oursel ves,  as 
you appear  to have done, that this observa t ion  cann ot  be used 
except  to make a rough estí rate of the s iqn i f iesnee o f the 
d i lu t ion factor.

The pr imary  value c,p coll ectinr*. one sample of ur ine 
from each of a aeries oí* err.ployese who arc engs r od in the 
same wort- , l ies in the fact that ver labi l i ty  car  be deal t  with 
ms t vyr¡  a t i c a l l y , arc that the group as a whole car b e aupraised 
f a i r ly  satis b-c toi-J.lv. Indeed, precisely the s ame kind of 
varí a oil i ty will be found if one obtains a cor respo nding 
number  of samples at d i f ferent  times from the ssrre Individual. 
Thus, wo use a number- cf analyses, whether  on an I ndiv idual  
or on a series of indi victuals, as a moans of inte rpret!  nn 
the sever i ty  of the lead exposure of a fa i r ly  un i fo rm group 
of men. This is the only  manner  in wh i ch  such analy ses can 
be used in a t rus twor thy  fashion. On the other hand , if you 
are trying- to learn the status of an individual , you v/ill 
have to analyse a ser ies of samples, or else you  w i l l  hove to 
obta in  both b lood and urine at the same time. The b lood does 

not show the h igh  var iab i l i t y  that is found in the urine, 
and therefore,  if one is to analyze on ly  one mater i a l ,  he 
should by all means employ the olood. Unfortunately ,  the 
range of var iab i l i ty  in the b lood is re la t i ve ly  smal l, in 
re la t ion  to various degrees o*' lead absorpt ion, an d therefore,  
o n e ’s in te rpre ta t ion  is be t te r  if he has the resul t s  of the 
analyses of both  b lood and urine.
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I trust that I have made m y  pos i t ion  c lear on 
matter.  The p rob lem is not an easy one, and unfor tu n-  

elv, in the pract ica l  per formance of  the day's work , we are 
on put to the necess i t y  of doinrr loss than that wh ich is 

requi red to y ie ld sound and adequate information.

thi 
a 
of t

S incere ly  yours,

Rober t  A. Kehoe,
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September 8, 1949

Bobert E* Kehoe, M* D*
Director
Kettering Laboratory of Applied Physiology  
College of Medicine  
University of Cincinnati  
Cincinnati, Ohio

Dear Doctor Kehoet

Our Department of Industrial Hygiene is concerned w ith the examination  
of body fluids from lead exposed workers* Because w e very often notice  
that the speoific gravity of the urines, especially of spot samples,  
varies considerably, we are using a correction fact or according to the  
article "Evaluation of Urinary Lead Determinations" by Leo Levine and  
John P* Fahy, Division of Occupational Hygiene, Massac husetts Department  
of Labor and Industries, Boston, Massachusetts, whi ch appeared in the  
Journal of Industrial Hygiene and Toxioology, Volum e 27, January*
Deo ember 1945, pages 217-223. I am writing to ask y our opinion on this  
matter as I know that you have had extensive experi ence in evaluating  
lead findings*

It seems to me that the use of the correction facto r according to spe­
cific gravity is justified only within certain limit s, that is, so long  
as the speoific gravity does not deviate too far fr om the average  
speoific gravity (approximately 1*C16 to 1*034)* Ex treme high or low  
speoific gravities should be handled with precaution *

In our steady control of industrial workers, we use t he following pro­
cedure of sample taking!

It is very difficult to obtain 24-hour specimens, t herefore  
we distribute lead-free bottles to the workers which  are used  
by them for voiding early morning urine at home* Th is pre­
caution is taken in order to prevent any contaminati on with  
lead from work olothes or other sources in the fact ories*
With only a few exceptions, the specific gravity of  these  
urines does not vary much from the mean specific gr avity*
However, we also receive samples from doctors with private  
patients who are suspeoted of lead poisoning and it happens  
very often that speoiflo gravity values of  these uri nes are  
in the far extremes*
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/
We had,  
sonings

for instance,

t '

Lead Finding

(1) 0*086 m g * A *

(2) 0*065 m g * A *

(3) 0*130 m g * A *

the following oases of suspected lead poi-

Speoifio Adjusted

Gravity Lead

urine 1*004 0*516 mg*

urine 1*002 0*760 mg*

urine 1*002 1*560 mg*

Not one of these three patients showed any severe sy mptoms of lead  
poisoning« whereas we found many oases where lead con tent ranging  
from 0.16  to 0*40 showed marked beginning plumbism*

We will appreciate your comments on this matter« whic h we would find very  

valuable from a man of your experience and ability*

Very truly yours«

RKHfjrrp Rudolph R* Waldman, Ph*B*  
Principal Biochemist
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