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r 7Ihere is probably no procedure morc 
conirnonly used in clinical laboratories 
than hemoglobinometry and few that arc 
less satisfactory in their results. 'The defi- 
ciencies may reside, in part, in inade- 
quacies of the chosen method. In  larger 
part. however, they result from manipu- 
latlve errors in the measurement and 
processing of the samples of blood. The 
latter involve questions of technical pro- 
ficiency that are entirely ~vithin the con- 
trol of the analyst himself. \\'hen, hou-
ele:, he converts hls observations-
ga,oinetric or photometric readings, 
measurements of specific gravity, and so 
folth-to grams of hemoglobin in 100 ml 
of blood, he must depend upon his oun  
calibration or a calibration supplied bi 
an instrument maker. both arocedures 
involving a conversion factor taken from 
the literiture. 

T o  be satisfied that the calibration 
remains valid for the instrument, re-
agents, and technical routines in use in 
his laboratory, he should periodically 
undertake a prccise and time-consuming 
series of standardizations. If a uniform 
hemoglobin standard were available na- 
tionally and if a single method of analy- 
si, rvere widely practiced, the individual 
laboratory would then have assurance 
nut onlv that its results would be com-
parable from month to month but that 
the\ ~\rould also be comparable with those 
f10111 other laboratories employing the 
s,lme standard. Inconsistencies in results 
that persisted u n d e ~  these condition\ 
could then be clearly attributed to tech- 
nical and manipulatil e errors. 

The purpose of this ~ e p o r t  ( I )  is to 
describe a plan for the distribution of a 
certified hemoglobin standard and to ad- 
kocate the wide adoption of a lecorn-
mended analytic procedure. The use of 
both the new procedure and the standard 
is recommended. At the same time it is 
pointed out that thc standard may be 
employed for the calibration of other 
rnethods of hemoglobin analysis in labo- 
ratories that do not choose to adopt rou- 
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tinely the advocated photometric pro-
cedure. 

In 1941 the British Medical Research 
Council instituted an extensive study of 
the problem of standardizing hemoglo- 
birmmetry and emerged with ( i )  a rec- 
ommended analytic procedure, ( i i )  a 
simple hemoglobinometer for general 
use, and (iii)  a certified national hemo- 
globin standard for distribution to co-
operating laboratories ( 2 ) .  

In  the United States the initiative was 
taken by the Army hledical Service 
Graduate School with a limited field 
trial (3) of a cyanrnethemoglobin solu- 
tion proposed by David L. Drabkin. The 
success of the Army plan so impressed 
the Hematology Study Section of the 
Sational Institutes of Health that it re- 
quested the National Research Council 
to explore the possibility of establishing 
a national hemoglobin standard for gen- 
eta1 use throughout the country. 

To  this end the NAS-NRC: estab-
lished an ad hoc nanel under the sub- 
committee on blood and related prob-
lems of the Division of Medical Sciences. 
This panel has sought the cooperation of 
the College of American Pathologists, 
the Arner~can Society of Clinical Pa-
tl~ologists, the American Association of 
Blood Banks, the Department of De-
fensc, the Veterans Administration, the 
Vational Institutes of Health, and the 
Kational Bureau of Standards. I t  has 
also maintained close liaison with the 
committee on hemoglobinometry of the 
Rledical Research Council of the United 
Kingdom and ni th the National Re-
search Council of Canada. 

The panel gave serious considcration 
to the British plan but decided that, in 
lesppct to simplicity and adaptabilitl, 
the cyanmethemoglobin method (4-6) 
adopted by the U.S. Army would be 
more suitable for use in the United 
States and Canada. I t  was agreed that 
the choice of a solution of some form 
of hernoglobin as a standard for herno- 
globinornetry was both logical and direct. 
In  contrast to a glass standard, it would 
have the advantage of adaptability to a 
variety of photometric instruments and 
cuvettes. Among the forms of hem~glo-  
bin well adapted to photometry, cyan-
inethemoglobin has outstanding advan-

tages. I t  has been s h o ~ n  that solutions 
of this pigment are stable for years when 
they are preserved at refrigerator tem-
peratures ( 7 ) .  The absorption band of 
cyanmethernoglobin in the region of 540 
m,u is broad rather than sharp, so that its 
solutions are suitable for use in filter-type 
photometers as well as in narrow-band 
spectrophotorneters (5, 8 ) .  Finally, all 
forms of hemoglobin likely to be found 
in blood, with the exception of sulf-
hemoglobin, are quantitatively converted 
to cyanmethemoglobin upon the addition 
of a single reagent ( 5 ) .  

Recommendations 

On the basis of these considerations, 
the panel reached agreement on the fol- 
lowing recommendations. 

1j There shall be a standard of refer- 
ence in the form of a preparation of 
crystalline human hemoglobin prepared 
by the method of Drabkin ( 9 ) .  The ac- 
ceptable criteria for this preparation shall 
be that a solution containing 1 rnilliatom 
of hemoglobin iron per liter shall have a 
millimolar extinction coefficient of 1 1.5 
at a wavelength of 540 mu, when meas- 
ured as cyanrnethemoglobin (5, 8 ) .  Cer- 
tification of this standard of refercnce 
shall rest upon the results of spectropho- 
tometric measurements and of analyses 
for iron made independently by the Na- 
tional Institutes of Health, the Army 
Medical Service Graduate School, the 
Xational Bureau of Standards, and Drab- 
kin's laboratory at the University of 
Pennsylvania. 

E. J. King of the Postgraduate Medi- 
cal School in London will also charac- 
terize the standard of reference both 
chemically and spectrophotometrically 
and compare the results of its use with 
determinations of hemoglobin employing 
the British standard. 

2 )  The iron content of hemoglobin 
shall be accepted to be 0.335 percent 
(10) .  This value for iron is the tradi- 
tional figure used in this country and is 
in substantial agreement with that 
adopted by the British. I t  corresponds 
with an equivalent weight for hernoglo- 
bin of 16,700 per atom of iron and with 
an oxygen capacity of 1.34 ml per gram 
of hemoglobin (10).  

The adoption of an agreed figure for 
the iron content is necessary in order 
that the spectrophotometric measure-
ments in terms of iron may be translated 
into grams of hemoglobin. Should any 
change be made in the future in the ac- 
cepted values for the extinction coeffi-
cient of cyanmethemoglobitl and the iron 
content of hemoglobin, results based on 
the use of the afore-mentioned standard 
may be readily recalculated. 

3 )  There shall be a standard for dis- 
tribution in the form of a certified solu- 
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tion of cyanmethemoglobin that shall be 
prepared directly from the standard of 
reference. The standard for distribution 
sllall be packaged as three separate solu- 
tions containing certified concentrations 
of approximately 20, 40, and 60 mg of 
hemoglobin in the form of cyanmethemo- 
globin per 100 ml of solution. 

These three solutions will correspond 
to 1 to 250 dilutions of blood containing 
approximately 5, 10, and 15 g, respec- 
tively, of hemoglobin per 100 ml of solu- 
tion. After bottling, samples of these 
standard solutions will be spot-checked 
for correctness of optical density by the 
four analytic laboratories that have been 
designated in recommendation 1. The 
batch will then be certified and distrib- 
uted to cooperating laboratories by des- 
ignated national agencies. 

4 )  In  conjunction with the use of the 
proposed standards, it is recommended 
that clinical laboratories consider the 
adoption of the cyanmethemoglobin 
method of hemoglobin determination 
described by Drabkin. 

The use of the cyanmethemoglobin 
method follows from the concept that it 
would be logical to adopt a method of 
analysis that converts hemoglobin into 
the same pigment as that used in the 
standard. I t  does not, however, preclude 
the use of the cyanmethemoglobin stand- 
ard for the calibration of other methods 
of hemoglobin analysis that may be in 
routine use in some laboratories. How-
ever, it should be realized that such a 
procedure may lead te some loss of ac-
curacv. 

The cyanmetl~emoglobin method em-
ploys a single solution containing potas- 
sium ferricyanide and potassium cyan-
ide, which converts the hemoglobin in 
blood quantitatively to cyanmethemo-
globin. The ferricyanide converts the 
hemoglobin iron from the ferrous to the 
ferric state to form methemoglobin, 
which then combines with potassium 
cyanide to produce the stable pigment 
cyanmethemoglobin. These two reactions 
are rawid and stoichiometric. 

There should be no reluctance to em- 
ploy this standard and reagent because 
they contain cyanide. The concentration 
of 	 cyanide in the reagent that is pro- 
posed for use is only 50 mg of potassium 
cyanide per liter. Its lethal dose for Inan 
approaches 4 lit (11 ) .Most clinical labo- 
ratories use, for the determination of uric 

acid. a reagent containinq 50 g of this 
salt per liter. In  view of this and of the 
fact that laboratories of clinical pathol- 
ogy are disciplined in the use of such 
dangerous materials as isotopes and viru- 
lent pathogens, it would seem that the 
handling of the proposed reagent ion- 
stitutes a quite negligible ha7ard. 

Field Trial 

The panel a150 agreed to nndcrtake a 
I-yr field trial of the standard for dlsrrl- 
bution described in recomnlendation 3. 
I t  is now felt that the plans for thl\ field 
trial have progressed to the point \%hero 
the participation of laboratories desiring 
to cooperate may be invited. The stand- 
ards, which are prepared by Drabhin. ale 
being distributed without charge to cllni- 
cal laboratories on application, pro\ lded 
that the applicants agree to meet the fol- 
lowing mlnimum requirements for pal- 
ticipation: ( i )  to conduct and report at 
3-mo intervals, for 1 year, measurements 
of the actual photometric readings of the 
three standard solutions in the photom- 
eter routinely in use for hemoglobin 
measurements in that laboratory; iii: to 
cooperate in answering a simple ques- 
tionnaire designed to furnish informa-
tion on the influence of various factors 
on the results of the hemoglobin deter- 
minations that will assist the panel in 
its long-range plans for making the stand- 
ard available on a national scale: iii] 
to cooperate in the analysis and report- 
ing of an unknown solution of cyan-
nlethemoglobin and an unkno~vn iample 
of blood. 

The standard for distribution, consist- 
ing of the three solutions described in 
recommendation 3, is packaged as a sin- 
gle unit. Details of the procedure for the 
determination of hemoglobin as cyan-
methemoglobin, as .rvell as details of rhe 
procedure for calibrating another method 
in terms of the cyanmethemoglobin 
standard, are furnished with the .tand- 
ard. 

Distribution is made to civilian labora- 
tories by the College of American Pa-
thologists, 203 N. Wabash A\ e., Chicazo, 
Ill.; to military and government labora- 
tories by the Army Medical Sel\ice 
Graduate School, the Navy Bureau of 
Medicine and Surgery, the ,4ir Force 
Surgeon General's Ofice, and the l'et- 

crans Administration; and to laboratorirs 
in Canada through the Division on Medi- 
cal Research: National Research Coun- 
cil, Ottawa, Ont. Cooperating labora-
tories are recjuested to apply to the 
distributing agency rvith which they are 
most closelj associated Becauic of l i i n i -
tation in the number of sets of the stand- 
ard available, distribution is determined 
by priority of application and willingness 
to comply ni th the conditions listed. I t  
is assumed that application for standards 
indicates acceptance of these conditions. 
Distribution of the standard 1t ~ e ~ a n  
July. 
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Let  no youth have any a n ~ i e t y  about the upshat ot hzs edzccation, zvhateter the line 
of it may  be. If he keeps faithfully busy each h o u ~  of the  zuorking-day, he m a y  safelv 
leave the  final result to itself. He can with perfect certainty count on waking u p  sonze 
fine morning t o  find himself one of the competent ones o f  his generation, in whateze) 
pursuzt he may  haz~e szngled out.-WIIIIA\I J ~ \ I E ~ ,T h e  Prznczples of Psgchokogy. 
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