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ANNOTATION

Flame Photometry
Emphasis in clinical pathology is now shifting

from the cellular to the humoral approach, and
although physiologists have long been interested in
problems of water and salt metabolism, it is only
since the war that clinicians in this country have
seriously applied the basic biochemical knowledge
of these simple substances (Marriott, I947). Be-
cause of its mainly intracellular nature the im-
-portance of potassium in the milieu intirieur had
'been even more ignored, though deficiencies in our
knowledge of its clinical importance are rapidly
being filled (Danowski, I949).
The chief reason for this clinical neglect of the

study of sodium and potassium had been the
difficulty of their accurate estimation in body
fluids; it was impossible for any busy routine
hospital biochemistry department to undertake
more than occasional analyses for these ions. For
example the estimation of serum sodium by a
commonly employed method (Harrison modified
from McCance -and Shipp) requires at least 0.5 ml.
of serum, involves two precipitations (the second
preferably to stand overnight), centrifugations,
washings of the precipitate, and all the para-
phernalia of a complex chemical analysis; and the
accuracy of the estimation would not be better
than ± 5 per cent.

Fortunately sodium and potassium have dis-
tinctive physical properties which can be utilized
'for their analysis. Atoms, on excitation (e.g. by
heat), emit light (this phenomenon is caused by
alterations in the electron orbits); by standardizing
the' conditions of excitation 'emission spectra'
characteristic for each element are obtained. The
emission spectra of sodium and potassium can be
easily distinguished as the former is of yellow light
of wavelength approximately 589 gt, and the
latter contains red light of wavelength approx.
770 , (Lundegardh, I929; 1934); calcium,
magnesium and other elements of clinical im-
portance may similarly be estimated if suitably
designed apparatus is used. Many methods of
exciting the material, of causing it to produce the
required light and of recording the result could be

used-e.g. heating in a carbon arc and photo-
graphing the spectrum produced, then measuring
the intensity of the lines at the requisite wave-
length-but for practical clinical biochemistry the
method adopted uses a combination of the ' flame
test,' familiar to us from days of inorganic
chemistry, and an optical system resembling that
of the ordinary photoelectric colorimeter. Under
appropriate conditions the amount of light pro-
duced is proportional to the concentration of
element in the sample sprayed into the flame.
A flame photometer requires (i) a means of

producing an '.atomized' spray of the material
(e.g. diluted serum); (2) a flame of controlled
temperature, hot enough completely to vaporize
the material to be analysed and in the right tem-
perature range (approx. I6000 C. to I800° C.) to
yield the appropriate emission spectra; (3) an
optical system; (4) filters or a spectrometer suit-
able for the isolation'of the appropriate spectral
lines; (5) photoelectric cells sensitive to the wave-
lengths concerned; (6) a meter-system suitable for
the accurate measurement of the current produced
by the cells. To convert meter readings to con-
centration of element either a standard solution
can be run in the same series as the unknown; or
alternatively an ' internal standard' of lithium
may be used to ensure standardizatio'ti of the con-
ditions of the analysis, with reference to a calibra-
tion curve (Berry, et al., I946).
The apparatus illustrated diagrammatically

(over) is of a hypothetical general flame photo-
meter; the various commercial and home-made
models differ in the gases used, the atomizer and
burner designs. the type of photo-cell, and the
means of detecting and measuring photo-cell
current. (The actual apparatus in the Courtauld
Institute has been designed and built primarily
for estimations of sodium and potassium; the in-
strument uses the burner-atomizer system of
Weichselbaum and Varney (I949), and a bridge-
amplifier method of measuring the photo-cell
current.) The use of a flame photometer is
straightforward; the flame is set to burn with the
gases at the correct pressure and appropriate filter
and photo-cell (depending on the element to be
estimated) switched in. The material to be
analysed, in appropriate dilution, is introduced
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Simplified design of a flame photometer.

into the atomizer (the quantity and concentration
to be used depend on the apparatus), and the
photo-cell output read. This reading is compared
to that of appropriate standard solutions treated in
the same manner; it is essential to set the instru-
ment at 'zero' with a ' blank' of the same dis-
tilled water as is used for diluting the samples. A
simple calculation then gives the concentration
of the element in the original material. Using an
apparatus such as this, it is easily possible to
estimate the sodium and potassium contents of a
dozen samples each of I/io ml. of serum, to an
accuracy of approximately ± 2 per cent., within an
hour. Flame photometers are commercially avail-
able in the U.S.A.; in this country one firm
promises a model for the spring, whilst another is
developing a flame photometer attachment for their
spectrophotometer. Many home-made models of
various designs (Domingo and Klyne, 1949;
Spencer, 1950) are now in use in large biochemical
laboratories in this country; if good workshop
facilities are available a satisfactory instrument
would take about three months to make at a cost in
materials of some ,Cioo.

The value of having access to such an apparatus
to a physician or surgeon interested in the study
ofproblems of electrolyte biochemistry, or desirous
of applying recent theoretical advances to clinical
work, is unlimited. Patients recovering from
diabetic coma (with deviation of potassium into the
cells) are now considered to require potassium
therapy as urgently as they need rectification of
their disordered carbohydrate metabolism (Danow-
ski, et al., I949). It is now realized that many
surgical cases (especially those suffering from
gastrointestinal disease) are hypokalaemic before
operation and become more potassium deficient-
requiring potassium chloride administration-
after the usual post-operative parenteral therapy,
and further that recovery will be delayed unless the
potassium balance is restored (Randall, et al.,
1949); yet in these conditions it is equally im-
portant neither to overdose with potassium nor to
fail to give potassium. Electrocardiographic con-
trol of the potassium level may be used, but it is far
more satisfactory to have available rapid and ac-
curate estimations of the serum and urinary
potassium. Clinical studies in cases of water and
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salt dehydration have hitherto been routinely con-
trolled by estimation of the urinary chloride level,
mainly because of the ease of the technique of this
procedure; with a flame photometer avBailable the
necessary attention must be given to the changes
in sodium, the dominant ion in the extracellular
fluid (changes which may well be missed by follow-
ing only the urinary chloride excretion which does
not necessarily mirror the alterations of sodium) as
well as to any associated alterations of potassium
metabolism. Treatment of hypertension with the
rice diet (Murphy, I950) or low sodium diet, and
treatment of oedema by intestinal 'fixing' of
sodium with orally given kation-exchange resin
(Irwin, et al., I949), equally should be controlled
by analyses of sodium in blood and urine. Un-
fortunately for the clinician supplies of ACTH and
of cortisone are not yet freely available in this
country; although control of treatment with these
drugs does not require regular analyses of sodium
and potassium, yet knowledge of the changes in
ionic metabolism is useful for evaluation of pro-

gress and necessary if further research is to be
done. Perhaps it is the paediatrician who would
appreciate most of all the benefits resulting from
acquisition of a flame photometer; states of de-
hydration associated with diarrhoea and vomiting,
or electrolyte imbalance associated with kidney dis-
order are notoriously difficult to assess and to
control, and it is not easy for the laboratory to
carry out the desired estimations of sodium,
potassium, chloride and bicarbonate on the small
samples of blood which are obtained from those
patients. With the new instruments accurate
kation assays are feasible on very small samples,
and biochemical control will be more easily
achieved.

I would like to thank Mr. R. Warren (who made
the Courtauld Institute apparatus) for the diagram
and for technical advice.

D. N. BARON, M.D.
Courtauld Institute -of Biochemistry,
Middlesex Hospital Medical School.
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