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Spectrographic estimation of Fe, Mg, Ca, Zn, Sb and Pb
in blood serum
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For the determination of Ca, Mg, Zn, Ye, Sb and Pb in blood serum
simultaneously, a method of direct spectrochemical analysis of serum
using & synchronizoed high voltage copper spark technique is des-
cribed, which gave sufficient sensitivity for most of the olomonts.
The method was oalibrated by synthetic standard samples avoiding
errors by imitating the organic contents of the serum with a condensa-
tion product of gluocose wroa and glycine. The analysis was carried
out on human serum for the determination of the elemonts exocept
Pb and Sb which were beyond our detection limit. These two
oloments were determined in two kinds of experimental animals
which were proviously injected by salts of the elemonts.

1. IxTrRODUCTION

Tho partioular advantages of the analytical spectrographic methods, in general,
are spoed, remarkable sinsitivity, precision, unequivocal identification. An
important field, wherc samples of limited size occur, is the field of biological
research.  Organs, tisrues and body fluids are analysod for various metals either
to establish limits of normal distribution to ascertain departuies from them
under pathologic conditions, or to obtain information of diagnostic value. Many
of tho mineral elements found. in blood are essential to health, and. the knowledge
of their concentration is very important (Comar & Bromner 1968). The chief
role of calcium is the blood clotting, ossential for contractility of involuntary
musoles, aoting antagonistically to sodium and potassium, formation of bones
and teeth, influence on excitability of nerve fibres and centrers. Under normal
conditions the magnesium intake is always adequate, so that effoots comparable
Lo caleium deficiency are not seen. The effects of magnesium deficienoy are
severe if the calcium intake is increased. Other observations also suggest an
intorrelationship between caloium and magnesium. Difficiency of iron which
is a part of the haemoglobin moleoule, results in anaemia. Also, iron is an impor-
' tant intercellular catalyst of oxidation-reduction i.e., in oxidases.
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were oarofully selectod free from interforences and coincidence. The lines were
densitometered without background oorrection. The transmittances obtained
were converted to relative intensities using the emulsion calibration ourve of the
photographic plate. Intensity ratios were oalculated for each pair of lines.

C. Selection of the Electrode Diameter : (Kabiel et al 1970)

The variation of the absolute intensity of the analysis lines of the analysed
eloments was studied using the different copper electrodes of diameters varying
from 2 to 7 mms. For every diameter, sixteen replioates—using the same stan-
dard solution—wore prepared. Rosults obtained for the intensity (I) of the
linos together with the corresponding cocfficient of variance (C.V.) are given in
table 2 and illustrated in figure 1. From the table, it is remarkable that the
cloctrode diameter plays an important role with respoct to absolute intensity and
the standard moan deviation in percent. Best results were obtained using the
mogt wide clectrode ag this latter will cause less mechanical logs of the solitmn
duo to sputtering when loading the electrodes. i

\

\,

T T T

ABOLUTE HEBBITY. |
R
:>?r

7
>
(]

ol

Fig. 1. Variation.of the intensity with the clectrode diameter.
D. Sparking Conditions

Excitation in the spark is largely dependont on the spark power. If no
lossies oceur, the power in KVA is computed from the equation (Nachtrieb);
P=0CVef '
whero C is the capacitance in Farads, V, is the initial potentials in volts and f is
the frequency in ofs.
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Various sparking conditions of excitation concerniﬂg the initial sparking
voltage, capaocitance and inductance were tried to obtain a high reproducibility
and reasonable accuracy of tho analysis. Invesitigations showed that the inten-
sity for all lines was greatly enhanced and became suitable to bo measured using
the following conditions :

Initial sparking voltage 17K
Capacitance 6 nf
Inductance 0.3 mh

with, such a somewhat high, inductance, the fpectrum was gimilar to an arc one
which was preferrod to brighten the spectrum background and obtain better
emigssion lines of the sought elements.

E. Volatilisation Studies

Extensive moving-plate studies with, one of the standards were tried. It
was found, as it appears from figurc 2, that cach element las a characteristic
manner of volatilisation with a peak cmission different from the others, and
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Fig. 2. Intensity-time ourves for Mg, Ca, Fo,!Zn, Al, Ni, 8b and Pb.

that all the elements are volatilised at the first 100 secs. of exposure with, remark-
able sharp decrease in their corresponding line intensity for more than 120 secs.
acoompanied by an increase in the darkness of the background. Accordingly,
100 secs were selected to be the suitable time of excitation.
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3. APPLICATION

i) Human Serum

The blood was drawn {rom the intercubital fossa voin, in the arm, using a
very clean and dry 20 mm hypodermic syringe fitted with special Pt-Ru alloy
needle. The blood was then transferred immediately to a very clean centiifuge
polyethylene bottle, noting that the blood must run on the wall of the tube 1o
avoid any sort of hacmolysis. The blood was centrifuged at 3000xG for 15
minutes. The serum fraction was withdrawn with a similar hypodermic syringe.
Every one ml of serum was mixed with one ml of solution containing Ni and Al as
intornal standards, and the resulting solution was shaked by hand for complete
mixing. Then 0.2 ml of this solution was transferred on the clean clectrode top,
treated as the standaids and tosted speotrographically. Using the constructed
working curves, shown in figure 3, tho concentrations of tho sought elements
were detorminod. Results obtained are given in tablo 3.
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Fig. 3. Analytical copper spark working curves for Mg, Ca, Fe, Zn, I’b and Sb.

Table 3. Concentration rango and average values obtained for normal human
serum, cairied on a group of 29 voluntears.

Element Concentration range Average concentration
in y/ml in y/ml
Fe 0.9— 1.3 1.16
Mg 17 — 38 24
Ca 90 —110 106
Zn 0.6— 2.1 1.3
8b N.D. N.D.

Pb N.D. N.D.
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ii) Animal Serum

The determination of the olements sought in the serum of two experimental
animals, was performed. As Pb and Sb arc not normally presont in normal
blood, we performod some injection treatments with solutions containing Pb
and Sb.

a) Estimation of Pb: A group of six rabbits was selocted, and 5 mls of blood
from cach was withdrawn. Tho serum was obtained as described before, troated
in the same way and tested speotrographically. Rosults obtained are given in
table 4. Five mls. of lead sub-acetate were then injected in the marginal voin
of cach rabbil. After 24 hours, again 5 mls of blood wore withdrawn, serum
obtained, treated as proviously explained and tested spectrographically. Results
obtained are given in tablo 4. i

Tablo 4. Avorage concentration of the elements sought before and aftor injoc ﬂ\
with, lead subacetate—in group of 6 rabbits. 4

Average concentration Average concentiration
Elemont before mjection aftor injection
in y/ml in y/ml
Fo 1.41 0.99
Mg 22.40 19.00
Ca 136.60 210.00
Zn 1.69 1.11
Sb N.D. N.D.
Ph N.D. 1.5

b) Estimation of 8b: Two mls of blood, withdrawn from the tail of a group
of ¢ix rats wore troated as described beforo and the serum was tested spectro-
graphically. Rosults obtained are given in table 5. Two mls of Tartaremetic
woro injected through the large vein in the tail of each rat. After 24 hours 2 mls
of blood wore withdrawn, serum obtained and tested spectrographically. Results
are given in table 5.

Table 5. Average concentration of the sought elements, before and after injection
with Tartaremetic—in a group of 6 rats.

Average concentration Average concentration

Element before injection after ipjection
in y/ml in y/ml
Fe 1.10 1.6
Mg 15.10 13.2
Ca 119.20 125.2
Zn 0.70 N-D.
Sb N.D. 3.8

Pb N.D. N.D.
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4. DIScUSSION

Aocuraoy i one of the broad objects of spectrochemical analysis wheie
improvement by any order of magnitude would result in vast new ficlds of applica-
tion. In biology and medicine better accuracy, could result in a new diagnostic
tool. Accuracy in quantitative spocirographic work depends on sovoral factors
such as the source of cxcitation, sort and shape of clectrodos and the photomatric
caloulations. '

To attain bost accuracy, the spark excitation source was used which had
proved, in routine quantitative work, to bo most suitable comparod with the
d.c. arc. Generally, spark has roltatively poor concentrational sensitivity,
primarily because of relatively high background radiation. The usc of high. voliagoe
und capacitance, in order to reach maximum sensitivity, had provided us with
a gpoctra which were atc-like. On tho otherhand, the use of a somowhat relatively
high inductance, was purposely chosen in order to brighton the arc-like spectra
baokground.

A course approaching high accuracy and in cortain cascs surpassing the
sensitivity of the d.c. are, is tho copper spark clecirode technique. A comparison
botwoen excitation of both carbon and copper electrodes was done. Tt was found
that, under strictly seleoted oxcitation vonditions, both olevtrodos yielded high
sensitivity and relatively good precigion, but that of copper was more high in
sengilivity. It was also found that the diametor of the clectrodes played an
important role with sensitivity. Il was observed that the sensitivity of the
doterminations increased as the clectrode diameter increased, owing to the fact
that the sample loss from the electrode due to the sputtering was less.

The measuroment of the intonsity of the spoctial lines using the microphoto-
meter, was accurately done. The shoulder, of the working curvoes, at low trans-
mittance values which rosulted partially from the scattered light that entered
the microphotomoter slit from portions of the spectrograms around the lino itself,
had been somewhat corrocted by measuring 2/3 of the magnified line.

For internal standardisation, different elements were selected such as Al,
Ni, and Mn. Unfortunatoly, it was found that the quantity of Mn added as
internal standards was somewhat small with respect to the amount already
prosent in blood which might introduce a source of error during the application
of the method. However, Al and Ni were tested, and the standard mean devia-
tion for each sought element with rospect to both Al and Ni with and without
B.G. correction was caloulated. Results are given in tablo 6.

Tinally, we have to state olearly that we had not strictly used the control
lines (Rais Ultimas) of tho analysed clements. It was found by Nachtries and
also was observed by us (Kabiel ef al 1970) that other lines than Raig Ultimas
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becamo more enhanced using the copper spark technique and was found to be
satisfactory to mako use of espocially at low concentrations.

Table 6. The standard mean duration in percent (c.v.) caleulated for each
analysed element with respect to Al and Ni. Results are mean of 8

determinations.
N1 Ni
Analysed
element Without B.G. With B.G. Without B.G. With B.G.
correction correction correction correction
Fo 4.4 6.6 5.8 9.9
Ca 8.3 8.4 9.6 10.3
Mg 5.4 8.1 6.8 7.7
!
Zn 9.4 10.1 6.3 8.5,
Pb 8.7 10.1 9.1 9.9\
Sb 8.6 11.9 9.3 11.2 °
—

!

5. CoNCLUBION

Tv is seon from the previous studies that there is an improvemont in the
1apidity of the determination and also much accuracy and sensitivity. Also, the
validity and superiority of the proposed method for the estimation of micro-
grams of Zn, Fe, Ca, Mg, Pb and Sb in biological fluids can be casily, ascertained.

The results obtained are extraordinary sensitive and exaotly similar to that
in literature.
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