
N o v e m b e r  I4.,  1 9 3 8

Mr. Roger S* Hubbard ;
The Bu ffa lo  General Hosp ita l 
Bu ffa lo , lieu York

My dear  Mr. Hubbard:« .

Please accep t my thanks fo r  
your le t t e r  givin g in formation on your analyses o f 
u r ine samples from Vim. Guenger ich, and d iscu ssin g the 
s ign ifica n ce  of the r e s u lt s . I  should lik e  to give  you 
our r e s u lt s , to comment on the ir  s ign ifica n ce  and then 
to d iscuss the general problem of methods of an a lysis  
and methods o f obtain ing samples, .

On Ju ly  28th we received  from 
Dr . Hillenbrand a sample o f blood and a sample of 
approximately 100 cc . o f u r in e , both having been co llected  
in our con tainers and according to our in s t r u ct io n s, copies 
of which are enclosed . The r e s u lt  on the blood (0,035 
mg, per 100 grama of whole blood) was qu ite  w ith in  the 
nonnal l im it s , but that  on the u r in e  (O.Oif/ ? mg, in  a 
sample of 100 cc . equ iva len t  to  O,!}.? tag* per l i t e r )  was 
not on ly a t  var iance w ith the blood fin d in g but a lso  was 
so high as sca r ce ly to be bona fid e . Desp ite the pre­
scr ibed  p r ecau t ion s, samples are sometimes contaminated, 
and when co lle cted  in in d u s t r ia l p lan ts they are not 
uncommonly s o . I t  is  our custom, th e r e fo r e , in a l l  cases 
in which the in i t ia l  r e s u lt s  are qu ite  h igh , and e spe cia lly  
when the blood and u r in e  d i ffe r  m a te r ia lly in t h e ir s ign i­
fica n ce , to check them by ob ta in ing ad d it ion a l samples, 
e sp e cia lly  a sample of u r ine o f la r ge  volume. In this  
instance th is  procedure r esu lted  in  the fo llow in g data? 
a sample of u r ine o f 3̂4-80 cc . contained lead  to the 
exten t  o f 0*02 mg, per  l i t e r , while a sample of feces 
contained 0,08 mg. o f lead or 0.06 mg. per gram o f ash. 
These r e s u lt s  Ju s t ifie d  the conclusion  tha t  the h igh 
r e s u lt  on the previous small sample of u r ine was due to 
contamination o f the sample, and we so repor ted our 
conclusion to .Dr. Hillen b r an d . Subsequently when fu r th e r  
quest ion  was r a ised  we obtained ad d it ion a l samples of 
b lood , u r in e  apd fe ce s , those giv in g r esu lt s  as fo llow s: 
0,025 and 0,03 rag, per 100 grams of whole b lo o d ,0,05 mg, 
per l i t e r  o f u r ine in  a sample of 3180 cc,,a n d  0,08 mg. in  
a sample o f fe ce s , equ iva len t  to 0,09 mg, per gram of fe ca l 
ash . The combined r e su lt s  in  my opin ion remové a l l  doubt 
as to th e 'gen er a l le ve l of lead excr e t ion  of th is  man, 
pu t t ing i t  w ith in  n o r a a llim it s . The magnitude of the lead 
exposure, as in d ica ted  by these r e s u lt s , is  in keen ins w ith
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the fa c t s  os to the occupat ional h is to r y o f t h is  man» 
and consider ing the a typ ica l character  o f h is  c l in ic a l 
p ietore» w ith r esp ect  to lead» I  holier©  lead  can be 
excluded as an e t io lo g ica l facto r *

As to  methods o f an a lys is  employed by us* I  
am sending you sep ar a te ly the papers o f Cholalc and Hubbard 
from t h is  laborator y* For a considerab le per iod o f t im e, 
and u n t i l  we could s a t is fy  ourselves as to the s e n sit iv it y  
and accuracy of the spectrograph!©  method developed by 
Choiok and the d ith isone method as adapted by Hubbard* we 
r e lio d  upon a chemical method developed by Edgar* Thamann 
and Cholak of t h is  laborator y and descr ibed in  the Jou r n a l 
o f In d u s t r ia l Hygiene fo r  September 1953» i t  con tains 
sever a l m od ifica t ion s of Fa ir b a ll*3  method which served to . 
make i t  more accu rate  and uniform in  i t s  ap p lica t ion as 
w e ll as s p e c ific  w ith re ference to lead#  Fa ir h a ll cr it ic is e d  
our modifies.fcior.s la r ge ly  because he was offended by our 
comments ou h is method, but the fa c t  is  tha t  he had never 
descr ibed h is  own Improvements of tho o r ig in a l method In 
such d e t a il as to permit p r ecise  reproduction of h la  
procedures, and therefore he had l i t t l e  ju s t i fica t io n  fo r  
h is  ir r i t a t io n  a t  us* That Ir r i t a t io n  has s in ce been 
d isp e lled * I  b e lieve* now tha t  he and h is  associa tes In 
the Pub lic Health Ser vice  are using both a d lth lsone  method 
and a spectrograph!©  method s im ila r  to Cholak*s* and are 
fin d in g them qu ito s a t is fa ct o r y  and fa r  super ior  to the 
chromate method* V7© recognised years ago that  the chromate 
method was not adequate fo r  handling blood and small samples 
of u r ine* and i t  was p r im ar ily fo r  tha t  reason th a t we were 
compelled to develop more se n s it ive  methods fo r  carr ying 
on cer ta in  phases o f our exper imental work*

You are qu ite  r igh t  in  your fe e lin g th a t  the 
ch ie f cr it ic is m  leve led  a t  the chromate method r e fer r ed  
to I t s  lo ss  o f lend  and i t s  consequent low r e m i t s , 
never theless we found I t  Impossible to avoid occasional 
h igh  r e s u lt s  In  u r ine samples* and frequen t  h igh  r es u lt s  
on feces due to  the presence o f other  m eta la , without the 
incorporat ion  o f a su lphate step  based on the work of the 
Au s t r a lia n s , Avery* Hemmlngway ©t a l l* m w e ll as a sp e cia l 
procedure when bismuth occurred*

Hot on ly are s ign ifica n t  e r r or s associa ted  with 
the us© o f th© chromate method as descr ibed  by Fa irh a ll* 
under the most favor ab le  circumstances* but gross er ror s can 
b© introduced* and in  our exper ience are introduced* by the 
s lig h t  va r ia t ion s  In  technique which a r ise  fr om In frequent 
and ir r e gu la r  performance of an a lyses, and by va r iat ion s  
in  the a n a ly t ica l environment and in  reagents employed.
The la s t  two fa ct o r s  may r e s u lt  in  gross er r or s* A plumber 
r ep a ir s  a pip© lin e  and the samples handled in  the laborator y 
fo r  th a t  day or  fo r  sever a l days y ie ld  h igh  r e s u lt s* A dust 
la  r a ised  in  clean in g or  in moving ob jects  In the labora tor y 
and the a n a ly t ica l r e s u lt s  go wrong* The glassware is  handled 
w ith le s s  than the usual p r ecis ion  and er ror s a r ise* By
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reason of sad exper ience we have found i t  necessary to 
e lim inate one fa ct o r  a ft e r  another* and now we change 
nothing in  our a n a ly t ica l lab o r a to r ies  without stopping 
the work and clean in g thoroughly th er ea fte r * We have 
had to  exclude outside soot  by fi l t e r in g  the a ir  supply 
o f our la b o r a to r ie s , and we haw had to d iscon t inue smoking 
in such la b o r a to r ie s . Dust is  avoided with the utmost car e . 
Glassware is  washed in accordance with a s p e cia lly  pre­
scr ibed  techn ique, and C. P. bichromate Is  used in  the 
clean ing so lu t ion  instead  of the customary tech n ical grade. 
Reagents are a lso s p e cia lly  p u r ified  to a known p u rity as 
determined by spectrographic an a lys is *'4

The dangers of er ror  associa ted  with a n a ly t ica l 
procedures in the hands o f even a ca r e fu l and experienced 
man are very gr e a t , but they are as noth ing compared w ith 
the oppor tun it ies fo r  er ror  in the co lle ct io n  o f samples,
I  am sure you would be u t t e r ly  aston ished a t  the oppor­
t u n it ie s  fo r  contamination which we have d iscovered in 
some fi ft e e n  years o f work with thousands of samples, but 
I  sh a ll not bore you with these d e t a ils * Su ffice  i t to 
say that  the a n a lys is t  is  wasting h is  time and m islead ing 
h is  c l in ic a l colleagues i f  he does not provide chemically 
clean  containers and d e ta ile d  in s t r u ct ion s  fo r  the avoidance 
of contamination in the co lle ct io n  of samples. Hothlng that 
we have been able to do in  h osp ita l p r act ice  has enabled us 
to escape occasional gross contamination o f samples of u r in e . 
Blood samples taken w ith h o sp ita l syr inges and n eedles, 
cleaned and s t e r i l iz e d  in  the usual way w ill always be 
se r iou s ly contaminated. (We use a s p e cia lly  cleaned pyrex 
tube, supplying with i t  a sp e cia l a ll-s t a in le s s  s tee l 
needle s t e r i lis e d  by b o ilin g in t r ip le -d is t i l le d  water 
and encased in  a second cor respondingly cleaned pyrex tube 
ready fo r  u se .)  Ur ine samples co lle cte d  in  h o sp ita l 
u r in a ls  and poured in to  a b o t t le  as in  the case of ordinary 
2lj. hour samples, w ill usually be gr o ss ly contaminated. Here 
our exper ience enables us to say th a t  r e su lt s  In  the ur ine 
over G.30 mg. per l i t e r  are probably the r esu lt s  o f contami­
n a t ion , s ince in  the most ser ious casés of lead exposure 
and in toxica t ion  one r a r e ly  fin d s r e s u lt s  in excess o f th is  
le v e l, v/e have found a very few r e s u lt s  as h igh  as 0*50 mg. 
per l i t e r , m ost ly in  ch ild r e n , bu t  figu r es  above; th is  range 
do not  occur  except as the r e s u lt  o f massive doses associa ted  
with acute and u su a lly fa t a l in t o xica t io n . Resu lts of th is  
order of magnitude or gr ea te r  are the e ffe o t  o f contamination 
of the sample e ith e r  in  i t s  co lle ct io n  or  a n a lys is . I have 
no h e s it a t io n , th e r e fo r e , In  saving th a t  the r e su lts  obtained 
in  your laborator y on August 29th and September 2lj.th are 
fa n t a s t ica lly  and impossibly h igh , as was a lso  our r e s u lt  
o f O.lt f mg. p3r l i t e r  in  a 100 cc . sample co lle cted  a t  the 
p la n t . Such concen trat ions simply do not occur  except under 
the most unusual circumstan cés . Even your la t e r  samples, 
however, yie lded  h igh r e s u lt s . Our samples o f blood on 
October 21st yie ld ed  0.025 and 0.03 mg. of lead per 100 grams,
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■ and oar u r ine sample on October 2l|.th. yie lded  only 0*05 
mg* per  l i t e r , as con trasted  with your r e s u lt  o f 0.12 rag* 
per l i t e r  on the same date* Sh is is  in  sp ite  o f the fa c t  
that  our a n a ly t ica l methods are more accurate and more 
se n s it ive  than yours a t  i t s  b e s t , i*e*  there 13 l i t t l e  
or  no inherent loss  a sso cia te d w ith  the ap p lica t ion  of 
our methods. There must have been some fa ct o r  of contami­
nat ion th e r e fo r e , or some fa ilu r e  on the par t  o f the a n a ly t ica l 
procedures.

I  have gone to some len gth  to d iscuss the 
d e t a ils  o f th is  ca se , but I  should be glad  to consider  
fu r ther  any other  poin ts which may be r a ised * By reason 
o f our exper imental work and i t s  im p lie s t lon s , I  have been 
rauish more in te r es ted  in  such cases than c lin ic ia ns  in  
general would b e , and moreover, I  am gr e a t ly  d istu rbed 
by the in cr easin g r e lia n ce  on ce r ta in  laborator y d ata , 
the s ign ifica n ce  o f which are not adequately appreciated 
by cur c l in ic a l co lleagues*

, I  should a lso be glad  i f  you would send us the
a liq u o t  o f the sample you have analysed . We w ill analyze 
i t  sp ect r ogr ap h ica ily and by the d ith izone method* 
In cid e n ta lly  we w ill be glad  to determine the lead* copper , 
aluminum a n d 's ilve r  q u a n t it a t ive ly , and bismuth as well i f  
i t  Is  found to be present under our cond it ions o f combustion.

Cor d ia lly yours,

RAKji s Rober t ’ A* Kehoe, 1 ,D.


