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2. A flocculate of silver sulphide, left for several

hours in contact with a dilute solution of silver
nitrate, acquires considerable and highly selective
adsorbent properties.

3. A new quantitative method for separating
natural amino-acids is based on these properties.
Different types of adsorption are observed which
can be regarded as examples ofmore general pheno-
mena which occur on the surface of mineral pre-
cipitates.

4. These investigations indicate new preparatory

and analytical possibilities in the sphere of micro-
biochemistry and suggest methods for eliminating
the adsorption of organic compounds at the surface
of mineral precipitates, a phenomenon which so
often invalidates the determinations of these com-
pounds.

Thanks are due to Prof. Dubuisson for the very valuable
help he has given in the course of this work, and to Miss
M. Horsman (Wool Industries Research Association, Leeds)
for her kindness in translating the text.
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An Artificial Standard for Use in the Estimation of Haemoglobin
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Colorimetric procedures for determining haemo-
globin have the disadvantage that they must
normally be standardized by oxygen capacity or
iron determinations on blood, and this process must
be repeated at intervals to guard against deteriora.
tion ofthe standard. To avoid the necessity for these

measurements, artificial standard solutions have
been proposed for some of the commoner methods
of estimating haemoglobin. They have not been
widely adopted because they are suitable only for
use in visual colorimeters under definite conditions
of illumination. The absorption spectra of the
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standards have usually been so widely different
from those of the blood derivatives that any marked
variation in the quality of the lighting of the colori-
meter has been inadmissible, and they are not
suitable for use in modem absorptiometers working
with approximately monochromaticlight.
The introduction of haermin as a standard sub-

stance (Rimington, 1941; Clegg & King, 1942)
offered a prospect of considerable improvement in
some of these respects. The latter authors stated
that haemnin could be weighed out to give a stable
solution in dilute alkali, that the intensity of colour
of the solution was proportional to the iron content
of the haemin sample used to prepare it, and that
the absorption spectrum of the standard solution
was similar to that of blood converted to alkaline
haematin by heating with dilute alkali.
During the course of work involving the accurate

estimation of haemoglobin in many blood samples,
we were impressed by the convenience and re-
producibility of results obtained by the alkaline
haematin method described by Clegg & King (1942).
We have found, however, that some samples of
haemin give a colour much in excess of that to be
expected from their iron content, that the solutions
change appreciably with time, and that there are
significant differences in absorption spectrum be-
tween individual samples of haemin.
The principal qualities of a satisfactory standard

for general use in haemoglobinometry are that it
should be reproducible, stable, easily prepared, and
have an absorption spectrum closely similar to that
of the blood derivative with which it is to be com-
pared. We have prepared a standard solution with
certain inorganic salts which can readily be obtained
in a pure form. It is stable, and, over a considerable
range of wave-lengths, reproduces closely the ab-
sorption spectrum of blood treated with dilute
alkali. We have assigned a haemoglobin value to
this solution by comparison with a number of blood
samples, the haemoglobin content of which we
determined by very careful estimations of oxygen
capacity and iron content.

METHODS

Apparatus. All volumetric apparatus was calibrated.
Pipettes used to deliver blood were calibrated by delive'y
of blood of known specific gravity. Weights were checkea
against a National Physical Laboratory standard set.

Blood sample8. 50 ml. of venous samples were taken from
normal male medical students, usually about 2-3.hr. after
breakfast. A stainless needle was used, and coagulation
prevented by an oxalate mixture (1 mg./ml. of blood),
consisting of three parts ammonium oxalate and two parts
potassium oxalate. The blood was mixed well and the
portions required for the various analyses taken at once.
Oxygen capacity. Triplicate determinations were made

by the method of Van Slyke & Neil (1924). Oxygen was
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not determined by absorption, but the total volume of
extracted gases (other than CO0) was measured, and cor-
rected for 02 and N2 in physical solution according to
Sendroy, Dillon & Van Slyke (1934) and Van Slyke, Dillon
& Margaria (1934). The advantage of this method is that
any carboxyhaemdglobin present will be included in the
estimation. The average deviation of a determination from
the mean was 0-05 g. of haemoglobin/100 ml. of blood. The
apparatus was calibrated physically according to Peters &
Van Slyke (1932), and chemically by the liberation of
nitrogen from hydrazine by iodate. In two"cases, CO
capacity was measured by the method of Van Slyke &
Hiller (1928) as an additional check.

Methaemoglobin. This was determined in all samples by
the method of Evelyn & Malloy (1938) as modified by
Barcr6ft, Gibson, Harrison & McMurray (1945). The blood
sample was taken from the oxygenator during the 02
capacity determinations, and the figures given for oxygen
have all been corrected by the addition of an amount
corresponding to the quantity of methaemoglobin present.
In our samples this was never greater than 0-1 g./100 ml.
This figure, however, does not necessarily represent the
true level of methaemoglobin in normal blood, as reduction
of the pigment would belikely to occur during oxygenation
of the blood.

Determination of iron in blood. This was carried out on
3 ml. samples of blood by a slight modification of the method
of Klumpp (1934). The blood samples wereashed in 25 ml.
conical Pyrex flasks, instead of porcelain dishes. This has
the advantage that the risk of contamination is reduced,
that losses by sputtering are less likely, and that trans-
ference of the ash from one vessel to another is avoided.
0-3 ml. of iron-free conc. H2SO& was added to each of the
samples, which were then placed in a glass-lined oven at
1050 for 4-6 hr. The flasks were then taken singly, supported
on an inclined silica triangle under a glass screen in a fume
cupboard, and heated with a Bunsen flame. The neck and
upper part of the flask was heated first and the heating
gradually extended downwards, thus causing the froth to
break up. The heating was continued for a few minutes until
most of the H2S04 had been driven off and the contents of
the flask have become solid. If this precaution is omitted
and the flasks put straight into the muffle, many deter.
minations are spoiled owing to the contents pouring over
the neck of the flask. Ashing was completed overnight at
about 5200 in an electric muffle fitted with a removable
silica lining, the flasks being placed nearly horizontally to
facilitate escape of C02. When the residue was quite free
from carbon, the sides of the flasks were washed down with
5 ml. 10% (v/v) H2SOg, and the ash dissolved by heating
at 1050 until the last traces of iron oxide had gone into
solution. This is a slow process, requiring some hours. The
contents of the flasks were then diluted to about 5 ml. with
distilled water and heated for a further 20-30 min. to
dissolve any Fe2(S04)3 which might have separated out.
The titration was completed, after thorough cooling of the
flasks, exactly as described by Klumpp (1934). A control
flask containing the reagents (including the anticoagulant
used for the blood) was always carried through all the stages
of the method. The determinations were done in duplicate
or triplicate. The average deviation from the means was
0-5% of the amount measured. The blood haemoglobin
was calculated on the assumption that haemoglobin con-
tains 0-334% of Fe. In a few caseg the values obtained by
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TiCl3 were checked by a dichromate method based on that
of Bernhart & Skeggs (1943).

Determination of iron in haemin. Samples of about 40 mg.
were weighed out and treated with 0 3 ml. of conc. H2504.
In this case, preliminary heating was unnecessary, and the

samples were placed directly in the mufflb. The final volume
was 6 ml., and 6 ml. of standard iron solution were used.
Otherwise the procedure was the same in the two cases.

Preparation of iron 8tandard solutions. Strong standard
solutions were prepared (i) by dissolving electrolytic iron

('H.S.' brand (Johnson, Matthey & Co.), better than
99.9% pure) in 10% (v/v) H2SO4, with precautions to
avoid loss as spray, and making up to a volume such that
the concentration was about 5 mg. of Fe/ml.; and (ii) by
dissolving ferric alum in 2N-H2SO4. The alum was not
regarded as a standard substance. Iron was then determined
in these solutions by dichromate titration following reduc-
tion of ferric iron by SnCl2, using N-phenylanthranilic acid
as indicator. Agreement to within 1 in 1000 was secured
between the results of the dichromate titrations and the
expected values based on the weight of pure iron taken.
Dilute standard solutions were prepared from the iron alum
by dilution (1 in 10) with 2N-H2SO4. The ferrous iron solu-
tions resulting from the use of the pure iron required pre-
liminary oxidation before dilution. In our hands, the use
of KMnO4 oxidation immediately before titanium titration
has not led to consistent results. Oxidation was carried out
by two methods: (a) 25 ml. of strong standard were made
alkaline with NH4OH, and iron-free H202 added. The
mixture was left overnight and boiled for 10 min. to destroy
any residual H202. The precipitate was then dissolved in
2N-H2S04 and made up to volume. (b) As a check on the
first method of preparation, a dilute standard was prepared
by oxidizing 25 ml. of solution with 1 ml. each of conc.
HNO3 and conc. H2SO4 in a Pyrex Kjeldahl flask, heating
being continued to dryness. The residue was then taken up
in conc. H2SO4, diluted, cooled, and made up to volume.
Dilute standards prepared by the different methods agreed
exactly on titration with TiCl3. In the determinations on

blood, the volume of standard used was such that the
amount of iron contained was roughly similar to that in
the blood sample.

Spectrophotometric measurements. In order to obtain
approximate absorption curves of the salts used in pre-
paring the artfficial standard, the spectra were photographed
on Ilford Process Panchromatic plates with a Hilger medium
quartz spectrograph and sector photometer. The plates
were read with a Hilger microphotometer. In making de-
tailed comparisons between the form of absorption curves
of blood solutions and of mixtures of the salts, the spectra
were photographed with several different times of exposure
and the densities compared with a series of standard den-
sities prepared by photographing the spectrum of the light
source on the same plate with varying times of exposure.
The light source was a tungsten filament run by storage
cells of large capacity.

Measurements in photoelectric absorptiometer. The instru-
ment used was the original type of Hilger Spekker absorptio-
meter, with the addition of an external mirror galvanometer
which permitted the use of relatively dense filters trans-
mitting over narrow ranges of wave-lengths. Measurements
were carried out with 1 cm. cells, carefully matched against
one another. Variability of the absorptiometer readings was
controlled by the use of suitable Ilford neutral density

screens which were always read in front of the solvent cell
immediately after each solution.

Use of filters. -In routine use of the absorptiometer, it is
a matter of considerable practical convenience if the graph
relating optical density and haemoglobin concentration is
linear and passes through the origin, since it may then be
replaced by the use of a factor. This point may readily be
checked by taking readings of serial dilutions of a blood
converted to alkaline haematin. It is desirable to determine
if this is the case for any particular filter used, since the
results are modified both by the transmission curve of the
ifiter and the spectral response of the photo-cells. In par-
ticular, we have found that certain filters did not give a

straight line in our instrument because of transparency in
the near infra-red (e.g. Wratten 62, Ilford Hg green). We
have found the following filters satisfactory from this point
of view: Chance OGr. 1, 2 mm., i.e. Hilger H455, no. 5
(maximum at 530 m/x), and (with Hilger H503 2 mm.,
infra-red absorbing glass) Ilford Spectrum filters nos. 603-
606 inclusive (maxima at 490, 520, 550 and 580 m/A respec-
tively). For visual colorimetry, any yellow-green or green
filter may safely be used.

Preparation of blood for absorptiometer. 1 ml. blood from
an Ostwald pipette was added to 100 ml. of 0-1 N-NaOH in
a glass-stoppered volumetric flask. After repeatedly in-
verting for a few minutes until the solution was perfectly
clear, about 10 ml. were poured into a glass-stoppered
boiling tube, heated for exactly 4 min. in a vigorously boiling
water-bath and cooled immediately by immersing in cold
water (Clegg & King, 1942). At the same time, 10 ml. of
the standard solution were heated and cooled in exactly
the same way.

Preparation of artificial standard

Precise nmethod of preparation
Potassium dichromate. Dry about 5 g. ofK-2Cr207 (Analar),

in an oven at 1000 or above. Weigh out 0-690 g. and dissolve
in about 80 ml. of distilled water.
Chromium potassium sulphate. Weigh out 3-42 g. of

K2Cr207, dissolve in about 100 ml. of distilled water in a

500 ml. conical flask, pipette in 25 ml. N-H2S04 (accurately
prepared) and then add slowly, from a measuring cylinder,
a freshly prepared saturated solution of SO., until reduction
of the dichromate is complete, i.e. when the solution be-
comes pure green, free from any trace of yellow. Then add
a further equal volume of SO2 solution to ensure excess.

A total of 50-60 ml. of SO2 solution is usually sufficient.
It is most conveniently prepared from a siphon of liquid
SO2.) Add a few glass beads to prevent bumping, and boil
briskly for 45 min. or more until all traces of SO2 have been
removed and the volume is considerably reduced. A wide-
stemmed funnel should be placed in the neck of the flask
to prevent loss by splashing. Dilute to about 200 ml. and
allow to cool.

Cobaltous sulphate. Heat about 30 g. of CoSO4. 7H20
(Analar) in a small porcelain dish for about 2 hr. in an oven

just below its m.p. (960). Stir frequently with a glass pestle
or the bottom of a wide glass test-tube and break up the
coarser particles. Then heat overnight at about 4000 in an

electric muffle. Transfer the product, which should be a

uniform lilac powder, while still hot, to a stoppered bottle,
and when it is cool, weigh out 13-10 g. The substance is
hygroscopic, and this weighing should be done as quickly

'945492



ESTIMATION OF HAEMOGLOBIN

as possible. Dissolve in about 80 ml. of distilled water with
the aid of heat.

If a muffle with pyrometer is not available, the salt may
be prepared by drying at less than 960 as above, then
covering the dish with another similar one and placing on
a loose pad of asbestos about 1 cm. thick between two
larger porcelain dishes which are then directly heated by
a fairly strong Bunsen flame for several hours. The salt
should be stirred and coarse particles broken up at intervals.
A thermometer placed in the salt should read at least 3000,
but the heat must not be strong enough to cause local
blackening. Alternatively the water content may be deter-
mined on a sample of the hydrated salt, and an equivalent
amount of this weighed out.
To complete the preparation of the standard, transfer

the solutions of CoS04 and K2Cr2O7 quantitatively to the
flask containing the chromium, and transfer the mixture
to a litre volumetric flask, washing out the conical flask and
making up to the mark with distilled water.

Simplified method of preparation
Weigh out 11-61 g. of CrK(SO4)2. 12H20 (Analar), using

crystals free from any signs ofwhitening due to efflorescence,
13-10 g. of anhydrous CoS04, prepared as above, and
0-690 g. of K2Cr2O7; dissolve in about 500 ml. of distilled
water, add 1-8 ml. of N-H2SO4, and heat to boiling. Boil
for 1 min., cool well and make up to 1 1. with distilled water.
Several preparations have been made by this method, and
all have given readings in the absorptiometer in close agree-
ment with those given by the standards made by the precise
method.

Notes. (i) In the freshly prepared standard (precise
method), the ratio of the two forms of chromium sulphate
is different from that in the standard as used. The standard
is relatively greener, and on standing for several weeks,
becomes reddish. Heating for 4 min. in a boiling water-bath
before use is always necessary to obtain the correct equi-
librium between the two forms of chromium sulphate.

(ii) The standard should be stored in a glass-stoppered
bottle free from grease and organic material. Ethanol or

acetone should not be used for drying tubes and bottles used
to contain the standard.

(iii) The amount of acid has been defined precisely since
the green chromium sulphate is considerably hydrolyzed
and large changes in the amount of acid would alter the
colour. The pH of a freshly heated and cooled solution is
2-15 at 18°, most of the acid coming from hydrolysis.

(iv) The indirect method of preparation of chromium
potassium sulphate has been used because it is not easy to
prepare the anhydrous salt in soluble form or to determine
the water content of samples of the alum without risk of
loss of SOS.

RESULTS

Haemin as a standard substance
in haemoglobinometry

Iron content and light absorption. Clegg & King
(1942) found that the extinction of solutions of
crystalline haemin in 0-1N-NaOH was proportional
to their iron content. In the thirteen samples
examined by them, the coefficient of variation of
the specific extinction was 1-18 %. Their measure-

ments were made with a photoelectric absorptio-
meter with a Chance green filter, and with a visual
colorimeter with Hg green illumination. We have
repeated these observations on six samples of
haemin, and have found that in two of them there
was a substantial discrepancy between iron content
and light absorption with the Chance green filter.
The results are shown in Table 1. While certain of

Table 1. Iron content and optical density
of haemin samples

(The specific extinction, E., is the optical density of a
solution containing 1 mg. of haemin Fe in 100 ml. of
0-1N-NaOH solution, measured in a 1 cm. cell with a
2 mm. OGr. 1 filter (Chance) in the absorptiometer.)

Haemin
sample
A
B
C
D
E
F

Description
Crystalline
Amorphous
Crystalline
Crystalline
Amorphous
Crystalline

Deviation
Fe from

content average
(%) ES (%)
7*97 0-776 -3-4
8-18 0-815 +1-5
8-29 0-786 -2-1
8-23 0-792 - 1-4
8-00 0-865 +7-8
8-17 0-784 - 2-2

Average 0-803±3-1
E was a sample of haemin issued by a commercial firm

for the purpose of haemoglobin standardization. The other
samples were made by workers in several different labo-
ratories.

the samples behave as predicted by Clegg & King,
errors ofup to 8 % may be involved in the acceptance
of iron content as a basis for the use of haemin as
a standard for haemoglobinometry.

Light absorption of blood as alkaline haematin and
of haemin solutions in different spectral regions. If a
standard for haemoglobinometry is to be suitable
for use with a variety of filters, its absorption
spectrum must be similar to that of the blood deri-
vative with which it is to be compared. We have
investigated this point by measuring the extinction
of haemin solutions and of blood, both in 0-1N-
NaOH, with the absorptiometer over the range
covered by the Ilford spectrum filters nos. 603-606
inclusive. Using ten samples of normal blood, we
measured the extinction with each filter and calcu-
lated the average ratios of extinctions with the
different filters as compared with the Chance green
ifiter OGr. 1. We carried out a similar series of
measurements with solutions of each of the haemin
specimens and similarly calculated the ratios of the
extinctions with the different filters. In general,
the ratios with the haemin solutions differed con-
siderably among themselves and differed also from
those obtained with blood. Arbitrarily taking the
haemoglobin equivalent of each haemin solution
with the OGr. 1 filter as 15-6 g. Hb/100 ml. and
comparing the filter ratios from blood with those

32-2
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from each haematin specimen, we calculated the
haemoglobin equivalent of each haematin solution
for all the other filters. The results are shown in
Table 2. It is clear that the absorption spectrum of

Table 2. Haemoglobin equivalents of haemin
solutions with various colour filters

Ilford filter no.

Haemin
sample
A
B
C
D
E
F

Artificial standard
Blood

'D

Y606 YG605 G604 BG 603
(g. of haemoglobin/100 ml.)

14-5
15-1
14-7
15-6
15*6
15.1
15-7
15-6

14-8
15-4
15.14
15-4
15-1
15-3
15-4
15-6

16*8
16.1
16*8
16*7
16-1
16-5
15-6
15*6

15-8
15-9
15-8
16-2
16-8
16-1
15-7
15-6

The figures give the haemoglobin equivalents of each
haemin solution with the various filters,- taking the haemo-
globin equivalent with the OGr. 1.(2 mm.) Chance filter as

15-6 in each case.

haemin differs appreciably from that of blood, and
that individual haemins differ from one another. It
follows that errors will be introduced by changes in
the colour of light used in the measurements, and
these are additional to those which may arise
through lack of proportionality between colour and
iron content. It should be noted that these com-

parisons were made on haemin solutions prepared
only 24 hr. previously, for we have found that
haemin solutions change markedly in colour and
absorption spectrum on prolonged storage, even in
the dark. Visual inspection of most haemin solu-
tions and of blood treated with alkali showed an

obvious difference in colour, the blood being
greenish, the haemin reddish brown with a slightly
violet tinge. Solutions of the two amorphous
samples of haemin (B and E in Table 1), however,
had a colour very closely similar to that given by
blood. On keeping for some time, the brown colour
of the haemin solutions gradually changed to the
greenish colour given by blood.

The development of an artificial stanard

It is clear that the use of haemin as a standard
substance for haemoglobinometry may lead to con-

siderable errors. We therefore investigated the
possibility of preparing a standard solution from a

mixture of inorganic salts. Such a standard, we

hoped, would at least have the advantages of repro-
ducibility and stability. Since the more accurate
colorimetric and absorptiometric methods for esti-
mating haemoglobin usually involve measurements
with filtered light of a fairly narrow range of wave-
lengths, we aimed at the preparation of a mixture
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whose spectral absorption was similar to that of
blood treated with alkali over a considerable portion
of the visible spectrum, regardless of whether or not
there was also a good visual match. We prepared
rough absorption curves for various salts to aid us
in choosing the components for our standard, and
used, finally, chromium sulphate in its green modifi-
cation (giving a band similar to the c-band of
alkaline haematin), together with cobaltous sul-
phate (supplying a broad band filling the gap
between the bands of chromium sulphate in the
yellow and blue), and a small quantity of potassium
dichromate to increase the absorption in the blue-
green. The exact amounts of the components were
settled by trial. The closeness of fit finally achieved
may be indicated by the fact that ifthe haemoglobin
equivalent with a 2 mm. Chance OGr. 1 filter be
taken as 100, the values with Ilford filters were:
no. 603, 100-8, no. 604, 99-8, no. 605, 98-7, no. 606,
100-8. These results compare very favourably with
those obtained with haemin (cf. Table 2).

Some properties of the artificial standard
Reproducibility. As the method of preparation of

the standard involves the weighing out of relatively
large amounts of two substances, one of which,
K2Cr207, is a primary analytical standard, and the
other, CoSO4, is used for weighing in the gravimetric
analysis of cobalt, it might be expected that the
reproducibility of the standard would be good. This
point has been confirmed by the preparation of
eight samples of standard from different specimens
of the reagents.
A difficulty arises in connexion with the repro-

ducibility of the standard since, in solution, the two
modifications of chromium sulphate, green and
violet, exist in equilibrium with one another. At
low temperatures, the equilibrium mixture contains
considerable amounts of the violet salt, but at 1000
the green form predominates. It has been found
that a definite equilibrium is reached very rapidly
at 1000. In practice, 4 min. on a boiling water-bath
is sufficient. Heating the standard, besides being
essential for this reason, has the advantage that,
since the blood must be heated for a similar period
in themethod of Clegg & King (1942), possible losses
from evaporation will be compensated.

Stability. (a) Immediate stability. After the stan-
dard has been heated and cooled, the green and
violet forms of chromium sulphate are no longer in
equilibrium, and on standing, the amount of the
violet form increases slowly. We find that at room
temperature the change in absorption in the green
region is only about 1 % in the first hour, and after
that the rate of change is considerably less. (The
total diminution in absorption after prolonged
standing is of the order of 10 %.) It is quite safe,
therefore, to use the standard within j-1 hr. of
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heating. We recommend that a fresh portion of
standard be taken on each occasion to eliminate the
risk of cumulative errors due to evaporation during
the heating.

(b) Long-terM stability. We have found that the
following treatments do not cause changes exceeding
1 %: (a) standing under ordinary laboratory condi-
tions for 8 months; (b) exposure for 6 hr. in a quartz
tube to the light of a quartz Hg vapour lamp at a
distance of 10 in.; (c) south exposure in a quartz
tube to outdoor conditions for 3 months; (d) heating
in a sealed tube at 95-101' for 48 hr. (heating to
temperatures above 1050 caused formation of a
precipitate); (e) boiling down six times to one-fifth
of initial bulk and making up to original volume.
In view of the resistance of the standard to these
adverse conditions, we consider that it may be ex-
pected to remain stable indefinitely under ordinary
laboratory conditions.

Beer's Law. It is desirable that the standard
should, on dilution, behave in the same way as
blood, and that the same haemoglobin value be
obtained for a given blood when several dilutions
of the blood are compared with several dilutions of
the standard. To test this point, blood was diluted
with various amounts of 0.1N-NaOH, up to four
times the usual amount. The resulting solutions
were heated and cooled as usual and compared with
similar dilutions of the standard made, after heating
and cooling, with distilled water. The solutions were
compared, each one with all the others, in the
absorptiometer with the OGr. 1, and Ilford Spectrum
filters nos. 603-606 inclusive with Hilger H. 503.
The results indicated that, within the range ex-
amined, Beer's Law is obeyed both by the solution
and by blood. The standard may be used for direct
comparison with samples of blood having haemo-
globin values widely different from that of the

standard. If it be preferred, however, a diluted
standard may be prepared for use with bloods low
in haemoglobin by addition of distilled water to the
standard after heating and cooling.

Haemoglobin equivalent of the stand4rd

To determine this figure, we have measured the
light absorption of a number of samples of normal
blood of known haemoglobin content, diluted 1 in
101 and treated by the method of Clegg & King
(1942). The results have been compared with those
given by the standard.

These measurements have been carried out in the
absorptiometer with Ilford Spectrum filters nos.
803-606 inclusive, and with the Chance green,
OGr. 1. We have also made comparisons in the visual
colorimeter, in natural and artificial light, both with
and without filters.
The haemoglobin values of the blood samples in

the series were determined by measurement of both
02 capacity and iron content. Table 3 shows the
figures obtained for the haemoglobin equivalent of
the standard. The average value for the coefficient
of variation is 1-6% derived from 02 capacity and
1-1 % from Fe. These values indicate a satisfactory
parallelism between 02 and colour and between Fe
and colour. Although this variation is small, we
consider that the differences between individual
bloods lie outside the range of experimental error.
In both series the Spectrum Blue-Green filter (Ilford
603) gave rather less consistent results than the
other filters. When the value of the standard was
being determined, we standardized an Ilford Neutral
Grey Screen over the same series of bloods, with the
OGr. 1 filter only. In this case the coefficient of
variation from oxygen was 0-6% and from iron
0.5%.

Table 3. Haemoglobin equivalents of standard

(g. of haemoglobin/100 ml.)

From oxygen capacity
A

Filters ... OGr. 1 606
Blood no.

1
2
3
4
5
6
7
8
9
10

Averages

15-7
15*5
15*4
15-5
15*8
16-1
15-5
15*6
15-8
15-4
15-6

605 604 603 OGr. 1

15-6
15*5
15-6
15-4
16-0
16-2
15-8
15-6
15-8
15-6
15*7

15*4
15-2
15*3
1562
15-6
15*8
15*3
15*4
15*4
15-3
15*4

15-5
15-5
15-5
15-3
15*8
16*0
15B4
15*5
15*7
15-5
15-6

Average from 02 = 15-60

15*5
15-5
15-6
15*5
16-3
16*2
15*5
15-8
15-8
15-5
15-7

16-1
15*9
15-9
16.1
16.1
16-4
16-0
16*0
16-1
15-8
16-0

From iron determination

606 605 604

16-0
15-9
16-1
16*0
16-3
I6-5
16-3
16-0
16*1
16-0
16-1

15*8
15*6
15*8
15-8
15-9
16-1
15-8
15-8
15*7
15-7
15-8

15.9
15-9
16-0
15-9
16*1
16-3
15-9
15*9
16-0
15*9
16-0

603

15*9
15-9
1ie1
16*1
16-6
16-5
16*0
16*2
16-1
15*9
16.1

Average from Fe = 16*01
The figures represent the haemoglobin equivalent of the standard calculated on the assumption that 1 g. Hb combine8

with 1*34 ml. 0,, and contains 0 334% Fe.
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The use of the artificial standard in visual colori-

metry was investigated with a further series of ten
normal blood samples. These were diluted and
heated with alkali in the ordinary way and read
against the standard in two colorimeters, illumi-
nated by daylight and artificial light without filters
and with a variety of green filters (Chance OGr. 1,
Wratten 62, Leitz green (as supplied with colori-
meter), and Ilford 604). At the same time, the
haemoglobin values were determined against the
standard in the absorptiometer. The results with
the visual colorimeters agreedv closely in each case

with those obtained in the Ebsorptiometer, indi-
cating that the standard is suitable for visual
colorimetry.
Although the tint ofthe standard is not absolutely

identical with that. of blood treated with NaOH (it
appears very slightly greener when freshly heated),
yet it is so nearly the same thatwefound no difficulty
in matching with unfiltered light. The haemoglobin
equivalent with unfiltered light is slightly higher
than that found with filters, owing to deviations in
the absorption spectrum of the standard in the rbd
and violet, and should be taken as 16-2 g./100 ml.
on an iron basis.

The effect of temperature on the haemoglobin value

of the standard
The optical density of the standard depends to a

small extent on its temperature; The average values
given in Tablb 3 for the haemoglobin equivalent are

valid at 180, and, for ordinary purposes, the effect
of temperature may be disregarded. For accurate
work, however, the values given in Table 3 should
be corrected by adding the following quantities in g.

of haemoglobin/100 ml. for each degree by which
the temperature of the standard exceeds 180.
Filters: OGr. 1, 0-03; Ifford 606, 0-015; Ilford 605,
0-03; Ilford 604, 0-04; Ilford 603, 0-02. If the tem-
perature of the standard is less than 18°, corre-

sponding amounts should be subtracted. (Although
the relation between density and temperature is not
strictly linear, the error introduced is quite negli-
gible.) The temperature coefficient of blood in
0-1 N-NaOH is relatively small andmay be neglected.

Application of standard to routine determinations
of blood haemoglobin

Pipette 10 ml. of a clear solution of 0-1 N-NaOH into a

dry boiling-tube, about 2.5 x 15 cm., fitted with a loosely
fitting ground-glass stopper. This may be made in a few
minutes by grinding a stopper into an ordinary boiling-tube
with moderately coarse carborundum. Ordinary corks must
not be used as they give a colour with the alkali. Pure
NaOH (Analar) should be used, and the solution should be
stored in a Pyrex vessel. Some impure samples of NaOH
give an opalescence when heated with blood. Add 0-1 ml.
well-mixed blood from a calibrated pipette, stopper and
mix gently for a few minutes until the solution is clear.

Take about the same volume of standard in a similar tube
and immerse the two tubes (with stoppers loosened) in a
vigorously boiling water-bath so that the liquid in them is
just covered by the water. Heat for exactly 4 min. At once
cool thoroughly by immersing in cold water and mix by
inversion after wiping the outside of the tubes.

Visual colorimeter. (a) U8ed a8 colorineter. Set standard
at 10 mm. and compare, preferably with a green filter over
the eyepiece. Readings should be taken as quickly as
possible before the eye becomes fatigued. Haemoglobin
value for standard = 16-0 g./100 ml. using filters and 16-2 g.f
100 ml. using unfiltered light (both on an iron basis).

(b) U78ed a8 a photometer. Place a neutral screen of about
0-5 density on one side, and the standard solution on the
other. View the fields through any sharply selective light
filter (such as an Ilford spectrum filter or Hg green filter)
transmitting maximally near the middle of the spectrum.
A series of readings is taken, the average of whi& (8 mm.)
will correspond to 16-0g. of haemoglobin/100 ml. on an
iron basis. If now a blood solution is substituted for the
standard, and gives a reading of B mm., the haemoglobin

16-0xS
value of the blood will be B g./100 ml. For accurate

work, the screen and solution should be used alternately on
both sides of the colorimeter and the readings averaged.
Once the haemoglobint value of the screen has been deter-
mined, the standard need be used only to check the screen
at intervals.

Photoelectric abaorptiometer. The standard and the blood
solution are read alternately in similar 1 cm. cells against
water, using the Chance OGr. 1 (identical with Hilger H455,
no. 5) or other suitable filter (see under Methods). It is
convenient to use the standard to calibrate an Ilford neutral
grey screen of about 0-5 density, as suggested by King,
Gilchrist & Delory (1944). With the colour ifiter in position
the standard is read against water and then the grey screen
is read in front of the water cell. Having assigned a haemo-
globin value to the screen by several comparisons with the
standard, it may then be used with that particular filter at
any time for comparison with different bloods, and a check-
up with the standard need only be done occasionally. We
would mention, in this connexion, that the density value
marked on the filters cannot be taken as the reading to be
expected on any particular absorptiometer, as its value
depends on the optical conditions of measurement. It
should be emphasized that the haemoglobin value assigned
to the screen is only valid with the particular colour filter
used for its standardization.

DISCUSSION
The consistent difference between the haemoglobin
values calculated from Fe determinations and
oxygen capacity measurements is not due to carb-
oxyhaemoglobin or methaemoglobin, since both of
these pigments were included in the figures for
oxygen capacity. In view of the special care
exercised in standardizing our iron and oxygen
methods, and the gonsistent difference found with
each blood, we consider the discrepancy a real one,
indicating the presence of some 3% of the iron in
a non-functional form. It is not due tolneglect of
plasma iron, since the amount of this in normal
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blood (one-eighth % of total iron; Fowweather,
1934) is too small to account for the difference. It
is interesting that similar results have recently been
obtained by Macfarlane & O'Brien (1944) on a series
of samples of male blood.
The artificial standard has the disadvantages that

it has a relatively large temperature coefficient and
that it must be heated shortly before use. On the
other hand, it has the following advantages over
haemin as a standard: it is stable and reproducible,
being made of inorganic substances easily obtained
pure; it does not require the use of a very sensitive
balance in its preparation; it gives a better colour
match with alkaline solutions of blood and more
closely follows the blood spectrum over the middle
range of the visible spectrum; its use eliminates the
need for the lengthy and difficult analysis of iron
involved in the use of haemin. Our experience leads
us to believe that the systematic error involved in
using the standard as described should not exceed
± 1.5 %, i.e. + 0-2 g. of haemoglobin/100 ml. in a
normal blood. In view of the results of Mole (1945)
on the variability of blood samples from the same
individual, it would appear that no practical ad-
vantage would be gained from a greater degree of
precision.
Although we have taken every care in determining

the haemoglobin value of the standard, it is possible
that further work may lead to a small revision of
the figures given. In that case, any necessary cor-
rection could easily be applied to haemoglobin
determinations already made by the method. We
consider that the reproducibility of the standard is
such that it should provide a useful basis for haemo-
globin surveys carried out at different times or in
different places.

It is hoped that the introduction of this standard
will make relatively accurate haemoglobinometry
possible in any ordinarily equipped laboratory. It
may be pointed out that, in addition to its use in the
routine estimation of haemoglobin as alkaline hae-
matin, the standard maybe employed to standardize
bloods for checking other colorimetric methods of
haemoglobinimetry.

SUMMARY
1. Errors may arise in the use of haemin as a

standard substance in haemoglobinometry, (a) be-
cause the colour intensity of various samples of
haemin dissolved in 0-1N-NaOH is .not strictly pro-
portional to their iron content, (b) because the,
absorption spectrum of haemnin solutions differs
significantly from that ofblood converted to alkaline
haematin.

2. To meet this difficulty, an artificial standard
has been prepared from inorganic salts which is
stable, reproducible, and follows the absorption
spectrum of blood in 0-IN-NaOH between the
yellow and blue-green regions.

3. Methods of application of the standard to
routine haemoglobinometry are described.

4. The haemoglobin equivalent of the standard
is 15-6 + 0-2 g. of haemoglobin/100 ml. of blood,
based on oxygen capacity measurements, and
16-0 + 0-2 based on Fe determinations.

5. Determinations of Fe in ten consecutive
samples of male blood gave consistently higher
results (average 3 %) than the values expected
from oxygen capacity measurements. This difference
was not due to the presence of carboxyhaemoglobin
or methaemoglobin, and appears to indicate the
presence of 'inactive' iron in normal male blood.
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