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ABSTRACT

The effects of laser irradiation on the whole human blood were
studied. The blood samples were taken from healthy donors with normal
blood and donors with anemic blood. The blood samples were exposed to
laser radiation. Two lasers of the same types, continuous wave (CW) diode
pumped solid-state lasers (DPSSL’ s) were used to irradiate the blood
samples. One of these laser has a wavelength 532 nm (green laser beam),
while the other laser has a wavelength 671 nm (red laser beam). The
output power of the two lasers can be varied over the range 0 - 100 mW. In
the present study, the output power was fixed at 20 mW for both lasers.
The blood samples were exposed to different irradiation times, 5, 15, and
30 min. Significant changes in the optical parameters of the irradiated
blood samples were observed in comparison with that of the un-irradiated
blood samples (the control samples). These optical parameters were
determined from the measured absorbance spectra of the un-irradiated
and irradiated samples. The absorbance spectra were measured using a
UV-Visible double-beam spectrophotometer operating over the
wavelength range 190 - 1100 nm.

The results of the present study revealed that the laser irradiation can
produce considerable effects on the human blood samples, suggesting the
suitability of the laser beam irradiation for the biological and medical
applications.

1. INTRODUCTION

Laser beam radiation has been widely used in a variety of applications, such as, physical, chemical, biological,
and medical fields [1], [2], [3], [4], [5], [6], [7]. The advantage of using the laser beam in these fields is due to its
distinctive characteristics. The laser emits intense, monochromatic, and coherent beam. Furthermore, the laser beam
can be easily controlled and its highly collimated nature enables it to be focused into a small area to provide high

incident intensity [8].

Investigation of the effects of interaction of laser radiation with biological tissues and blood is of great interest
and has received considerable attention [4], [5], [9], [10], [11], [12], [13], [14].
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It is shown that the laser beam irradiation is most useful in the biomedical applications and can be effectively
used for the biological and medical treatments [1], [6], [7], [9], [10], [11], [12], [13], [14], [15], [16]. It has been found
that the laser beam can produce some optical and chemical effects when it interacts with the biological tissues and
the human blood. These effects, in turn, will cause significant changes in the optical parameters of these biological
tissues and human blood, such as, absorbance, transmittance, reflectance, absorption coefficient (a), and refractive
index (n) [4], [9], [10], [11], [15], [17], [18]. It is found that these changes depend on the structure of the human body
tissues, as well as the wavelength and the flounce (the dose) of the applied laser beam.

There are several techniques can be used to examine the changes in the optical properties of the biological
tissues and human blood and also to measure their parameters [18], [22], [23], [24]. Among these techniques, is the
UV-Visible absorption spectroscopy, which is a simple, quick, non-destructive, and relatively accurate technique of
analyzing biological materials [12], [23], [25]. With this technique, the absorption spectra of the biological tissue or
the human blood samples are analyzed and recorded, before and after exposing to the laser beam, using a
spectrophotometer.

Although there are some of studies have been performed, using different techniques, to examine the changes in
the biological parameters due to the interaction processes inside the biological tissues, but still more studies are
needed to extend our knowledge and understanding about the responses of the biological tissues and blood to the
laser radiation. Such studies are essential to get further information regarding the chemical and physical properties
of the biological tissues and human blood.

The aim of the present study is to evaluate the effect of the laser beam irradiation on the biological parameters
of the normal and anemic human blood samples. The absorbance spectra of these samples were measured for two
different wavelengths and different irradiation (exposure) times.

2. SAMPLES PREPARATION

Human blood samples were collected from 10 healthy donors and 10 donors with anemia disease. 3 ml of blood
were taken from each donor. These blood samples were collected in glass tubes containing Ethylene Diamine
Tetraacetic Acid (EDTA) as an anticoagulant. Each sample of the normal blood and anemic blood was divided into
three samples of equal volumes, one of these samples was used as a control sample (un-irradiated sample), while
the other two samples were used as irradiated samples. The blood was diluted with NaCl solution (normal saline
solution), 1 ml of NaCl solution for each 20 pl of blood the blood of each sample was gently shaken before irradiation
to obtain a homogeneous fluid.

3. LASER IRRADIATION AND MEASUREMENTS

Two continuous wave (CW) lasers of the same type, diode pumped solid-state lasers (DPSSL’s), but with different
wavelengths, 532 nm (green laser beam) and 671 nm (red laser beam), were used in the present study. The output
power of each laser can be varied over the range 0 - 100 mW. In the present study, the output power was fixed at 20
mW for both two lasers. Each laser was placed vertically at a distance 6 cm from the blood surface, and the laser
beam was incident normally, from up to down, toward the blood sample. The output power of the laser was
measured by using a photo-detector connected to digital power meter.

The laser beam is a Gaussian single transverse mode (TEMgo) and has a diameter of 4 mm. Before sample
irradiation, the blood was decanted into 1 cm cuvette. The blood samples were irradiated with the laser beam at
different irradiation times, 5, 15, and 30 min, for each wavelength, separately. The delivered flounces (the exposure
doses) corresponding to the irradiation times are, 47.77, 143.32, and 286.63 ] / cm?, respectively.

The absorption spectra of the un-irradiated and the irradiated blood samples, for the normal blood and anemic
blood, were measured and analyzed before and after irradiation by using double - beam spectrophotometer (Cecil
Model CE - 7500) of the wavelength range 190 - 1100 nm.

4. RESULTS AND DISCUSSION

Two groups of both the normal blood and anaemic blood were irradiated with laser beam of the wavelength
532 nm (green laser beam) and with laser beam of the wavelength 671 nm (red laser beam), (not the same samples),
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for different irradiation (exposure) times, 5, 15, and 30 min. Two blood samples were left without irradiation, one
for the normal blood and the other for the anaemic blood, were used as control samples. The absorption spectra of
the control (un-irradiated) samples and the irradiated samples of the normal blood and the anemic blood were
measured and analyzed using the double - beam spectrophotometer over the wavelength range 300 - 900 nm in the
ultraviolet and the visible ((UV - Visible) regions. Figs. (1) - (4) show the representative examples of the measured
absorption spectra of the control blood samples and the irradiated samples of the normal blood and anemic blood
irradiated with laser beam at the wavelength 532 nm and 671 nm for different irradiation times. It is clearly seen in
these figures that the absorbance of the blood samples are significantly affected by the presence of the laser
irradiation and their absorbance increased as the irradiation time increased. Four bands with peaks of different
absorbance values are observed in these absorption spectra.

In Fig. 1, the most intense (the maximum height) peaks are observed at the wavelength A max = 415 nm, while the
other peaks with less absorbance values are located at the wavelengths, 346, 546, and 577 nm. The values of the
absorbance at the wavelength 415 nm are, 1.387, 1.993, and 2.324 (Arb. Units) for the irradiation times, 5, 15, and
30 min, respectively.
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Figure 1: Absorbance spectra of the control normal blood sample and the irradiated normal blood samples with
laser radiation at the wavelength 532 nm, for different irradiation times.

Fig. (2), shows the absorption spectra of the control blood samples and the anemic blood samples irradiated
with the laser beam of the wavelength 532 nm, for the irradiation times, 5, 15, and 30 min. The values of absorbance
of the control blood samples and the irradiated samples of the anaemic blood at the wavelength 415 nm are, 0.848,
1.429, 1.250, and 2.010 (Arb. Units). It is clearly seen that the values of the absorbance of the anemic blood samples
are smaller than those obtained from the normal blood samples.
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Figure 2: Absorbance spectra of the control anemic blood sample and the irradiated anemic blood samples
with laser radiation at the wavelength 532 nm, for different irradiation times.
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The absorption spectra of the control blood sample and the normal blood samples irradiated with the laser
beam of the wavelength 671 nm for different irradiation times is shown in Fig. 3. It is noticed that the spectral peaks
of the absorbance are dropped down compared to those of the normal blood samples irradiated with the laser beam
of the wavelength 532 nm. The absorbance values at the most intense peak at the wavelength 415 nm are, 1.129,
1.355, 1.548, and 1.903 (Arb. Units), which are smaller than the absorbance values of the normal blood samples
irradiated with the laser beam at the wavelength 532 nm.
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Figure 3: Absorbance spectra of the control normal blood sample and the irradiated normal blood samples with
laser radiation at the wavelength 671 nm, for different irradiation times.

Fig. 4 illustrates the absorption spectra of the of the control blood sample and anemic blood samples
irradiated with the laser beam of the wavelength 671 nm, for different irradiation times, 5, 15, 30 min. The
absorbance values of the blood samples at the most intense peak at the wavelength 415 nm are, 0.900, 1.29, 1.171,
and 1.430 (Arb. Units). Comparison between these absorbance values and those of the normal blood samples
irradiated with the laser beam at the same wavelength 671 nm (Fig. (3)), show again that these values are smaller
than the absorbance values of the normal blood samples. Thus, it can be concluded that the anemic blood is less
affected by changing the wavelength of the irradiated laser beam. As for the normal blood samples, the reduction of
the absorbance values of the anemic blood samples is observed when the samples are irradiated with the laser beam
of the wavelength 671 nm.
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Figure 4: Absorbance spectra of the control anemic blood sample and the irradiated anemic blood samples with
laser radiation at the wavelength 671 nm, for different irradiation times.
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The absorbance values of the normal blood samples and the anemic blood samples before and after irradiation
with laser beam of the wavelengths 532 nm and 671 nm, for different irradiation times are summarized in Tables
(1) and (2), respectively.

Table 1: The calculated absorbance values of the normal blood samples and the anemic blood samples before
and after irradiation with a laser radiation beam of the wavelength 532 nm, for different irradiation times.

wave length (A) Normal blood sample Anemic blood sample
nm Absorbance (Arb. Units) Absorbance (Arb. Units)
Control 5 min 15 min 30 min Control 5 min 15 min 30 min
346 1.335769 | 1.070421 | 1.458092 | 1.701011 | 0.951752 | 0.671302 | 1.142668 | 1.335871
415 1.870673 | 1.372570 | 1.981901 | 2.292962 | 1.190861 | 0.825268 | 1.417014 | 1.977784
546 1.269117 | 1.053517 | 1.378035 | 1.549943 | 0.950056 | 0.682982 | 1.110698 | 1.254708
577 1.296977 | 1.073465 | 1.406218 | 1.581906 | 0.982315 | 0.699989 | 1.168890 | 1.329378

Table 2: The calculated absorbance values of the normal blood samples and the anemic blood samples before and
after irradiation with a laser radiation beam of the wavelength 671 nm, for different irradiation times.

wave length (1) Normal blood sample Anemic blood sample
nm Absorbance (Arb. Units) Absorbance (Arb. Units)
Control 5 min 15 min 30 min Control 5 min 15 min 30 min
346 1.038876 | 0.890357 | 1.171367 | 1.336358 | 0.790886 | 0.721246 | 0.929500 | 1.142668
415 1.317066 | 1.118843 | 1.511248 | 1.874721 | 1.017404 | 0.893002 | 1.172712 | 1.417014
546 1.054593 | 0.890569 | 1.157263 | 1.297246 | 0.774112 | 0.722033 | 0.902981 | 1.091515
577 1.074430 | 0.919262 | 1.206173 | 1.346185 | 0.790042 | 0.735035 | 0.919351 | 1.110698

5. CONCLUSIONS

In the present study, the effect of laser radiation on the properties of the healthy (normal) and anemic human
blood samples was investigated. Two continuous wave (CW) diode pumped solid - state lasers (DPSSL's) with
different wavelengths, 532 nm and 671 nm were used for this study. The absorption spectra of the samples were
analyzed by using the UV - Visible range absorption spectroscopy. This is an important technique can be used for
measuring the properties of the biological materials such as, tissues and blood component. It is a simple, quick, and
nondestructive method after analyzing and medical treatment of the biological materials. Results can be provided
useful information about the change in the biological parameters due to the effect of the laser radiation.

It is observed there is a clear difference between the absorbance spectra of the healthy blood and anemic blood
samples for both the wavelengths used, 532 nm and 671 nm. The technique that used in the present study can be
considered as a suitable technique to distinguish between the healthy (normal) blood and anemic blood.
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