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Spectroscopic Studies of Concentration Levels Effect of Some Elements in
Blood Serum of Renal Failure Patients

W.M. Mousa, S.S. Hamed and S.M.K. Meky

University College of Women for Art, Science and Education, Cairo, Egypt.

Abstract: The concentration levels of some elements in blood serum of patients with chronic renal failure
on hemodialysis randomly chosen from Aldoaa Hospital in Egypt were studied. The samples of patients
were collected according to there age and sex.The concentration of Ca, Mg, Zn, Fe, K and Cu were
determined using flame atomic absorption spectrometer.Standard calibration curve as well as standard
addition methods were applied for this determination. A direct dilution of serum with deionized water (1:1)
was suggested. Standard solutions prepared in 4% glycerol to approximate the viscosity characteristics and
aspiration rates of the diluted serum samples. The analytical calibration function, sensitivity, detection
limits and precision were also studied.
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INTRODUCTION

The utilization of absorption spectrophotometry for
the analysis of clinical and biological material is

possible to determine quickly and quantitatively some
metals in the range of a few micrograms per grams or
milliliter of tissue or serum respectively. A particular
advantage of this method is that interference by other
elements is greatly reduced, even when present in
relatively large amounts . An analysis of human[5,9]

serum is interest primarily in functional diagnostic and
clinical therapy. The detection of trace elements
imbalance may refract physiological  changes  or
disorders .  Chronic renal failure (CRF) is a clinical[6,10]

syndrome that results in permanent loss of renal
function due to the progressive loss nephrons.
Whatever it is that causes the renal damage in CRF, it
is ultimately the progressive loss of nephrons that leads
to end stage renal disease (ESRD) . This work was[1]

concerned on the development of reliable procedures
for the determinations of some elements in blood serum
of patients with chronic renal failure .[2]

MATERIALS AND METHODS

A spectrometer solar S4 fully automatic atomic
absorption spectrometer double beam optics used in the
present work. The monochromator has an Elbert
configuration with nominal 0.2, 0.5 nm spectral band
widths.  The  dispersive  element  is  grating  that
has 1800  l/mm  and  reciprocal  linear  dispersion

1.5   To 2.0  nm/mm.  The  monochromator  has  a
focal  Length of 270 nm and wavelength range 180-
200nm. The spectrometer  inc lude s de u te rium
background correction system to correct for background

2 2absorption. Air–acetylene  (C H )  and  nitrous  oxide

2 2 2acetylene (N O-C H ) as well as burner head of 100mm
and 50 mm single slot respectively were used as an
atom cell. The Light source used is hollow cathode
lamp for all elements.

RESULTS AND DISCUSSION

Sampling: This study population consisted of 140
patients of chronic renal failure on  re gu lar
hemodialysis, randomly  chosen  from  Nephrology
Department Heamodialysis  unit, Ministry of Alawkaf
Aldoaa Hospital and 70 samples of  healthy  subjects
as  controls.  The  patient  samples  grouped as 70
males and 70 females. The mean age was (40 +10 to
60 + 10) years.

Sampling Preparation: 10 ml blood samples were
drawn into sterile, disposapole plastic syringes. In
chronic renal failure patients, blood samples were

drawn only one before dialysis. Serum was separated
within 2 hr after blood withdrawal using centrifuge
(4000 cycle/min) and stored at (22°C) until analyzed.
Preparation of Standard Solution: A stock solution
containing  1000µg  /ml  for  each  element  was
diluted by distilled  water  to  prepare  standard
solutions  for  different  elements with different 
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concentrations ranging from 0.2 to 4 ppm Standard

solutions were prepared fresh daily from this stock

solution.

Operating Condition: Six elements, Ca, Mg, Zn, Cu,

Fe and K were determined using the flame atomic

absorption spectrometer.  The  operating  condition  for

the  atomic  absorption  spectrometer   used 

illustrated in Table (1).

Experimental Optimal Conditions for Sample

Treatments: The effect of dilution for serum sample

with water as well as the addition of glycerol to

standard solution was studied.

Effect  of  Dilution  with  Water:   Serum  samples

were diluted  using deionized water as one fold of the

sample to one of water, one to 10, one to15 and one

to 30 fold. Cu, Mg, K and Zn in four samples were

chosen as an example, for this study. Under the

operating conditions illustrated in Table (1), the

absorbance of the elements in the serum samples were

determined. The results are shown in Figs. (1a-1b) for

sample 1 as an example.

It was observed from the figure that large dilutions

weakened the absorbance signal and decrease precision

because of greater piptting errors. From the results it

can be seen that the appropriate value for the dilution

is 1: 1.

Effect  of  Glycerol  Addition:  In  order  to  mach

the viscosity of the standard solution to the serum

samples , glycerol  (100%)  was  added  to  the[11]

standard  solution. For this study three ratios were

studied (2/98 by vol. glycerol/water), (4/96 by vol.) and

(8/92 by vol.). Also under the operating conditions

illustrated in Table (1), the prepared standard solution

of Cu, Mg, Zn and  K as test elements in

glycerol/water were tested, Figs. (2a-2c).

It can be seen from the figures that the calibration

curves using glycerol /water are deviated from linearity

for ratio 2/98 and 8/92. The best one is 4/96, because

the viscosity of the standard solution was good

matching with the viscosity of the diluted sample than

using standard curve in aqueous solution. Also, it

showed good precision and sensitivity. Table (2), was

achieved for work ing st a nda rd  p re pa re d  in

glycerol/water.

Analytical Calibration Curves: Under the optimal

conditions, the absorbance were determined for Ca, Cu,

Fig. (1a): Dilution effect of Mg, K for sample (1)

Fig. (1b): Dilution effect of Zn, Cu for sample (1).

Fig. (2a): Effect of Giycrol addition Giycrol / Water

(2/98) by vol.

Fe, K, Mg and Zn and plotted against the

concentrations, Fig. (3) shows the obtained calibration

curvesfor example.

Concentration of the element in serum samples

were determined after calculating the dilution factor

and the results obtained were present in Table (3). The

values listed are the mean values of ten replicate

determinations. It was observed from the result that

serum Ca, Cu, Fe and Zn levels in H.D. patients are
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Table 1: Operating conditions for elements measured by FAAS.

Element Wave-length (nm) Lamp current (mA) Burner height (mm) Fuel flow rate (L/min) Band pass (nm) F lame typ e

2 2 2Ca 422.7 10 4.8 4.1 0.5 N O-C H

2 2Mg 285.2 4 5.0 1.1 0.5 Air-C H

2 2Zn 213.9 10 4.6 1.0 0.5 Air-C H

2 2Fe 248.3 15 3.7 0.9 0.2 Air-C H

2 2K 766.5 8 3.3 1.2 0.5 Air-C H

2 2Cu 324.8 5 2.7 1.1 0.5 Air-C H

Table 2: Precision and sensitivity for glycerol/water ratio 

Glycerol/water by vol. Precision Sensitivity

(2/98) 0.6 1.2

(4/96) 0.1 0.06

(8/92) 0.65 0.92

T a ble 3: Zn, Cu, Mg and K concentration levels in blood serum of healthy person as control by standard addition and direc t co mp aris o n

method. 

Concentration ( µg / ml ) ± SD

------------------------------------------------------------------------------------------------------------------------------------------------------------

Zn Cu Mg K

------------------------------ -------------------------------- ---------------------------------- -------------------------------

Parameters H.W H.M H.W H.M H.W H.M H.W H.M

30±5 A 1.5±0.1 1.6±0.1 1.3±0.1 1.4±0.2 15.7±0.6 16.7±0.8 100±0.2 104±0.0

B 1.5±0.1 1.5±0.1 1.3±0.0 1.4±0.2 15.8±0.6 16.9±0.8 100±0.2 102±0.0

40±5 A 1.4±0.5 1.5±0.2 1.2±0.2 1.4±0.3 15.9±0.4 16.9±0.7 107±0.6 108±0.9

B 1.5±0.1 1.5±0.6 1.3±0.2 1.4±0.2 15.8±0.6 16.6±0.8 105±0.2 104±0.0

50±5 A 1.5±0.6 1.6±0.3 1.3±0.8 1.5±0.7 15.8±0.9 16.5±0.3 101±0.9 107±0.2

B 1.5±0.1 1.6±0.4 1.3±0.7 1.5±0.0 15.9±0.6 16.2±0.8 101±0.2 105±0.0

< 60 A 1.5±0.0 1.6±0.1 1.3±0.2 1.4±0.3 16.1±1.0 16.2±0.1 100±1.4 100±0.1

B 1.5±0.1 1.6±0.6 1.3±0.7 1.4±0.2 15.9±0.6 16.0±0.8 99±0.2 100±0.0

°(A) analytical calibration curve, (B) standard addition curve

Fig. (2b): Effect of Giycrol addition Giycrol / Water
(4/96) by vol.

Fig. (2c): Effect of Giycrol addition Giycrol / Water
(8/92) by vol.

Fig. 3: Analytical Calibeation Curve for K and Ca
element.

lower than in control. Many studies have been carried
out regarding serum Zn and Cu levels in patients with
chronic renal failure undergoing H.D. The obtained
results in the present studies are in good agreement
with the earlier reports i.e., serum Zn and Cu levels are
decreased in H. D. patients . There was no significant[7]

difference in serum K levels, but Mg levels is higher
in H. D. patients. No significant difference was
obtained  in  Ca,  Mg, Zn, K and Cu serum samples
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Fig. 4(a&b): Standard addition curve for Zn element.

Fig. 5 (a&b): Standard addition curve for K element.

levels according to age and gender. But Fe serum
levels were significantly higher in men than in women.

The standard addition method was applied for
serum sample of healthy persons. In this method, the
sample was divided into four equal volumes and spiked

by a series of concentrations of the elements to be
determined. Then they were nebulized to the flame and
the standard addition calibration curves were
determined . An example of the attained calibration[12]

plots is shown in Figs. (4&5a) For the analysis of
more samples with the same matrix, the determination
concentration of the element was added to the
concentration values of spiked solutions and a new
calibration plot Figs. (4&5b) is obtained. This means
that  the  calibration  curves has been displaced
parallel to itself to have a zero interception.Good
agreement between the concentration values obtained
by both methods for all elements can be seen from the
Table (4).

Conclusions: The atomic absorption spectroscopic
method has been developed for determined the
concentration level of Ca, Mg, Zn, Fe, K and Cu in
blood serum  samples  for  patients with chronic renal
failure. The concentration determined for the element
from the two calibration curves (calibration curves and
standard addition curves) are in good agreements. The
elements level determined in the present work for the
patients with chronic renal failure at predialysis process
are in agreement with those earlier reports. The highest
value of sensitivity is achieved for Mg which observed
that, this element  is highest concentration in
comparison with other  elements  in  HD  patients[4]

because of that the most common clinical disorder
associated with hypomagnesaemia

The precision of concentration determination
measured as  relative  standard  deviation  (RSD)
ranges  from 0.2 % for Mg to 1.0 % For Fe . The[8]

limits of detection obtained for this study lies between

0.003 µg/ml for Zn to 0, 25 µg/ml for Ca .[3]
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