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Abstract:
Hydrothermal treatment procedures were employed, to generate

hydroxyapatite (Caio(PO4)s(OH)2, ,(HAP) powder, from the femur and
ribs of bovine bone samples. This investigation delves into the effect of
gamma rays, from a Cs-137 activity equal to 220 pCi at integral doses
of 20 kGy, on the surface structures, vibration properties, and
attenuation coefficient of HAP, in the bovine femur bone and ribs. The
mass attenuation coefficients for HAP powder were registered as E=
511 keV, with 1276 keV gamma energy released from the 22Na
radioisotope, and 662 keV gamma energy released from the 137Cs
radioactive isotope. We used the Nist XCom program to calculate the
mass attenuation coefficient of HAP before and after radiation for
photon energies ranging from 0 keV to 100 keV.
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l.Introduction

The mechanical properties of bone,
including its resistance to fracture, sturdiness,
and ductility, are influenced by its intricate
collagen arrangement, HAP, and water content
(Rahman et al., 2018). Hydroxyapatite (HAP) is a
calcium phosphate mineral with the chemical
formula Cal010(P0O44)66(0OH)22, known for its
close resemblance to the inorganic component of
bone and teeth. HAP is widely used in
biomedical applications such as bone grafts,
dental implants, and orthopedic devices due to
its biocompatibility and osteoconductivity. (Bano
et al., 2017). Numerous studies have been
published over the last decade exploring various
methods for preparing and processing
hydroxyapatite (HA) bioceramics. Solid-state
synthesis of HA (Kien et al., 2018), typically from
oxide or inorganic salt powders, involves
extensive mechanical mixing and prolonged heat
treatments at high temperatures. These methods,
while effective, often present challenges in
controlling the microstructure, grain size, and
grain size distribution of the resulting powders or
components. Wet-chemical and soft chemistry
(Yelten-Yilmaz and Yilmaz, 2018) approaches
offer alternatives with greater flexibility in
processing. and spray- or gel-pyrolysis
(Bogdanoviciene et al., 2006) have been
employed to create HA phases. Despite their
benefits, many of these methods are complex
and time-consuming, and can suffer from
inconsistencies in solution behavior among the
various chemical constituents.
The chemical components and biological
configuration of HAP, which are influenced by a
variety of natural bone parameters (Fiume et al.,
2021), have attracted stakeholders in the
industrial and medical fields' attention(George et
al.,, 2020, Amenaghawon et al., 2022). In the
context of its dry weight molecular composition,
animal bone is made up of between 30% to 35%
organic elements, and between 65% to 70%
inorganic elements. The bone’s organic portion
comprises mostly collagen (95%) and proteins,
as well as chondroitin sulphate, keratin sulphate,
and a variety of lipids including phospholipids,
cholesterol, fatty acids, and triglycerides. As for
the bone’s inorganic portion, this is made up
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mainly of HAP, which is essentially a
calcium/phosphate-based bio ceramic, generally
expressed as Cajp(PO4)s(OH),. In terms of
chemical composition, HAP is identical to the
inorganic component of the bone matrix (an
exceedingly intricate bone constituent) (Malla et
al., 2020, Bano et al., 2017). For the most part,
regular HAP materials are derived from bovine
bone (Ghedjemis et al., 2022, Osuchukwu et al.,
2021) . Sandra M. et al investigated the thermal,
resonance, structural, and morphological
changes of hydroxyapatite derived from swine
bone (Unal et al., 2021, Londofio-Restrepo et al.,
2016) . While the sintering of HAP at high
temperatures  (exceeding 1000°C) delivers
reduced ionic reactivity and cytotoxicity towards
bone cells, the downside to this step comes in
the form of substantially diminished ceramic
granule porosity (Borkowski et al., 2020, Forero-
Sossa et al., 2021).

Over the past few years, the growing involvement
of radioactive elements in the realms of
medicine, tomography, gamma-ray fluorescence
investigations, radiation biophysics, the nuclear
industry, space research and agriculture among
others, has led to the emphasis on issues
associated to the photon atom interaction
parameters, which include attenuation and
absorption coefficients, as well as photon
interaction cross-section in materials (Sidhu et
al., 2012, Akca et al., 2022). Attenuation is
defined as the deletion of photons from the
gamma ray beam, during its passage through a
material. The occurrence of attenuation is
brought about by the absorption and dispersal of
primary photons. The portion of photons deleted,
for each unit thickness of the material, from a
mono-energetic beam of gamma ray, is referred
to as the linear attenuation coefficient. The
likelihood of interaction, for a specified thickness,
is influenced by the atom count for each volume.
To surmount dependence on the material, the
linear attenuation coefficient is rendered normal,
by splitting the material density, to derive the
mass attenuation coefficient (Rafiei et al., 2022).
In a study conducted by Sepideh Yazdani et al,
the NIST-XCOM programme was harnessed, to
hypothetically compute the mass attenuation
coefficient, with regards to distinct for some body
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tissues (Yazdani Darki et al., 2020). While the
therapeutic value of ionizing radiation, as a
treatment for cancer, is well established, its
usage comes with certain drawbacks, particularly
in the context of routine bone function failure,
and tissue death. As such, from a clinical
standpoint, it is imperative that the issues,
triggering these iatrogenic problems, be
thoroughly investigated (Tiwari and Mishra, 2020)
. High doses of radiation bring about necrosis in
the cells of soft tissues, while lower doses
instigate apoptosis. A brief investigation was
conducted, to ascertain the response of bone
cells, to high and low doses of radiation (Ajith
Kumar et al., 2023). Other than damaging the
mechanical properties of bone, to render it more
breakable, gamma radiation also alters the
bone’s surface properties. Previous studies have
revealed that in a situation where the surface of a
non-irradiated bone sample is  heavily
mineralized with mineralized osteon fibres,
gamma radiation alters its surface features
(Rahman et al., 2018). The markedly changing
effects of topical irradiation on overripe bone can
be put down to alterations in photon energy
(Salcedo et al., 2020). It is notable, that few
investigations have emphasized on the issue of
bone mineralization, in children under treatment
for cancer. Although not all children treated for
cancer are affected, osteopenia is frequently
diagnosed in young adults, who survived cancer
during childhood(Marcucci et al., 2019). In a
study conducted by Kaminski A. et al, the
administration of 25 kGy and 35 kGy gamma
irradiation doses on human cortical bone, led to
the implication of a link, between the mechanical
properties of bone tissue grafts, and the
deterioration of the collagen structure (Kaminski
et al., 2012). This study involves the use of the
hydrothermal extraction method to synthesize
natural HAP from bovine bones, followed by
calcination at a range of temperatures. This
extraction method facilitates the thermal
decomposition and removal of organic
components in bones. The experimental and
theoretical measurements of the half-value
thicknesses, as well as the linear and mass
attenuation coefficients of biological
hydroxyapatite Cal0(P0O4)6(OH)2 in bone, were
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performed with the use of 22Na and 137Cs
gamma-ray point sources. Furthermore, by
administering a 20 kGy dose rate, we
investigated the influence of gamma radiation on
HAP. A variety of methods, including scanning
electron microscopy (SEM), energy-dispersive X-
ray spectroscopy (EDX), and Fourier transform
infrared spectroscopy (FT-IR), were employed to
characterize the samples prior to and after
gamma irradiation.
2.MATERIALS AND METHODS
2.1 Experimental
2.1.1 Formulation of hydroxyapatite
(Cal0o(P0O4)6(0OH)2) from bone

The process of formulating hydroxyapatite
(HA) from bone involves converting raw bone into
a pure form of calcium phosphate. This typically
requires removing organic components, treating
the bone material, and ensuring the resulting
hydroxyapatite has the desired physical
properties.To obtain the required material, rib
and femur bones from male bovines, aged 6 to
12 months, were sourced from an abattoir. The
bones underwent a preliminary boiling in water
for one hour to remove macroscopic impurities.
After boiling, they were thoroughly washed and
rinsed multiple times with water to ensure
complete removal of meat remnants, tendons,
bone marrow, and other soft tissues. Following
this initial cleaning, the bones were immersed in
acetone for two hours to extract any remaining
fat and grease. They were then rinsed with
distiled water to ensure that any residual
acetone and fat were completely removed. This
preparation method is a key step in creating a

clean base for further processing into
hydroxyapatite.
The  hydrothermal  technique  was

employed for the generation and extraction of
HAP from the bones after heated in a furnace at
600 to 1000° C to completely remove organic
matter from the bone and provide hydroxyapatite
our result agree with (Akram et al., 2014). This
can be considered a more trouble-free and safer
means, for HAP extraction, compared to other
chemical-based technique (Agrawal et al., 2011,
Barakat et al., 2009). The formulation process for
the hydroxyapatite Ca;o(PO4)s(OH). powder disk
in bone is presented in Fig. 1. Following the
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selection of the bovine femur and rib cortical
bones, the soft tissues, periosteum, the
medullary fragment of the bone, and bone
marrow were discarded. The utilization of the
Archimedes density technique (Akar et al., 2006,
Gunduz et al, 2008), revealed the

ZJPAS (2024) , 36(4);33-46 .

hydroxyapatite densities of the femur bone, and
ribs cortical bone for four models; the femur and
ribs hydroxyapatite before and after radiation at
room temperature,the water density was
registered as 0.997 g/cm®(Singh et al., 1998).

Extraction of HAP from bovin bone
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Figure 1. Formulation of the hydroxyapatite Ca;o(PO4)s(OHy, powder disk

2.1.2 Characterizations of the of the
hydroxyapatite CalO(PO4)6(OH)2 powder
disk

Energy-dispersive X-ray spectroscopy (EDS),
conducted using a Bruker nano detector (XFlash
5010), was employed to analyze the elemental
composition of bone samples at various
temperatures. To characterize the hydroxyapatite
(Cal0(P0O4)6(0OH)2), including its particle size
and morphology, field-emission  scanning
electron microscopy (FE-SEM) using a Quanta
4500 system was utilized. Additionally, Fourier-
transform infrared (FT-IR) spectroscopy, using a
JASCO FT/IR-4600 system, was performed to
examine the chemical bonds and identify
functional groups in the hydroxyapatite. These
techniques provided a comprehensive
understanding of the composition, structure, and
characteristics of the hydroxyapatite derived from
bone.

2.1.3 Attenuation
measurement

A gamma spectrometer, equipped with a
scintillation detector (SILENA type model 3S3),
was employed for this study. The testing process

coefficient
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involves the use of a Nal(Tl) detector (3 x 3), with
an energy resolution of 7.4%, at 662 keV gamma
rays, from the decay of '*'Cs (Fig. 2). The
detector, which is protected by lead collimators,
to deter the encroachment of scattered radiation
from nearby objects, absorbs a slender beam of
gamma ray channelled through the material. The
calibration of the gamma spectroscopy system is
performed with the use of ***Am, **'Cs, *Na and
®Co gamma sources. A multi-channel analyser
(512), with Cassy software, was employed to
keep count of the transmitted gamma ray signals.
The potency of mono-energetic photons, with
energies 511 and 1276 keV for 0.02 mCi *Na,
and 661 keV for 0.1mCi **'Cs, were measured
for the samples. The gamma spectroscopy
procedure was harnessed, to ascertain the
intensity of incident photons (l,), and the intensity
of gamma rays, passed through the sample sans
interaction (I). The computation, for the peak
locations, is based on the spectrum acquired for
each measurement. The counting time for the
discs was set to 200 s for #Na and **'Cs. The
span between the standard y-point source, and
the sample, was set as 4.7 cm, while the span
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between the y-point, and the detector was set as
(6.5cm). The mass was fixed for all of the
samples, and the regular thickness of the discs
was ensured. The mass attenuation coefficients

Radioactive source

ZJPAS (2024) , 36(4);33-46 .

of all hydroxyapatite samples were computed as
shown in Fig. 10 and 11 prior and after 20 kGy,
and also calculated theoretically using the XCOM
program in several gamma energies of current.

Detector

Figure 2. Measurement of attenuation coefficient

2.2 Theoretical approaches: NistXCom

A diagram depicting the approach adopted
by this study, for measuring the attenuation
coefficient, is exhibited in Fig. 10. The
computation, for the photon interaction
parameter in hard tissue, was conducted with the
use of NistXCom programmes developed by
(Berger and Hubbell, 1987). The attenuation of
photons, travelling through matter, is attributed to
absorption, and scattering activities. Attenuation
caused by absorption is in agreement with the
Beer—Lambert’s law

lI = IDB_'HX ...........

in which lp and | represent the photon intensities,
while u represents the photon attenuation
coefficient (cm™). The NistXCom programme
code is applied, to compute the values of mass
attenuation coefficient (o, cm? /g), for all aspects
and intricate materials, in accordance with the
mixture rule, at any level of energy, ranging
between 1 keV to 100 GeV (Hubbell and Seltzer,
1995, More et al., 2016).

YW ulp),

(u!p),
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in which w,_and ( .. 7 o )i represent the weight

fraction and photon mass attenuation coefficient
of the ith constituent element, respectively. In the
case of a chemical compound, the fraction by
weight (w, ) is expressed as:

n.A.

AT

whereby A; represents the atomic weight of the
ith element, and ni represents the sum of formula
units (Koksal et al., 2019).
3.RESULTS AND DISCUSSION

W.
i

3.1 Characteristic molecular vibration by
using FT-IR spectroscopy

FT-IR spectroscopy is regarded as an
indispensable characterization option, for the
identification of functional groups, existing in
femur and rib bone powder, prior to radiation.
The powders were heated at temperatures of
600°C, 800°C and 1000°C, prior to radiation with
20 kGy. This process is illustrated in Figures 3
and 4
As indicated by the characteristic bands of
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hydroxyapatite, the femur and rib bone powders, spectra, albeit with slight disparities in intensity
prior to heating, are similar in terms of FT-IR and wave number, for certain functional groups

Femur 600°C 800°C 1000°C 20 kGy
powder
:c: = Hydroxyapatite in Femur
-9
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&
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Femur powder
\
0.4 mur p

500 1000 1500 2000 2500 3000 3500 4000
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Figuré 3. FT-IR for raw bone powder sample (femur): prior to radiation, following heating at 600,800
and 1000 °C for 3 h, and after radiation with 20 kGy.
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Figure 4. FT-IR for raw bone powder sample (ribs): prior to radiation, following heating at 600,800
and 1000 °C for 3 h, and after radiation with 20 kGy.
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The bands at (3741, 3571, and 3741) cm?,
(3741, 3741, and 3733) cm= for femur and ribs
respectively, are attributable to OH stretching.
These bands are not discerned following 20 kGy
gamma radiation. The peaks at (1645) cm for femur,
and (1628) cm™ for rib powder, as signified by (*),
are consistent with the amide group. The peaks
for femur powder and rib powder were
eradicated, following heating at 600°C and 800°C
respectively. The peak at 2349.32 cm?,
consistent with NH, discerned in rib powder, was
removed following heating at 800°C. As
portrayed in the inset of Fig.s 3 and 4, this can
be visually verified through the color change from
grey to white. The change in color for the femur
and rib bones, from grey-brown to white,
occurred at the heating temperatures of 600°C
and 800°C respectively. The initial CO,
discharge, transpiring below 500°C, is attributed
to organic component combustion, while the
subsequent portion of CO, discharge, transpiring
above 500°C corresponds to structural carbonate
loss (Mamede et al., 2018). A three-hour heating
period, at 1000°C, led to the sample turning fully
white. This verifies the development of a calcium
phosphate compound or the hydroxyapatite.
Similarly, in a study conducted by Odusote, pure
hydroxyapatite was derived from bovine bone,
after its heating at 700°C, for a period of 6 hours
(Odusote et al., 2019). The bands at 1438cm™
and 1489 cm™ for the rib and femur bone powder
respectively, are attributable to the carbonate
group (COs%*). Following radiation, the area
curve declined. These results agree with those
derived from an investigation conducted Gomes
and colleagues (Gomes et al, 2021). The
absorption bands at approximately 570 cm™, and
the distinct peak at roughly 1026 cm™, are
attributed to the bending and stretching vibration
modes, of the v4 PO, > groups and v1, v3 PO,*
band respectively. The v1, v3 PO, >~ band peak,
at about 1026 cm™, was rendered more pointed,
with the increase in temperature. However, it was
rendered less pointed, following radiation. Also,
due to the extension in bond length, the v4PO,
3 at the approximately 559 cm‘region, was
rendered frailer, and transferred to a lesser wave
number. The alterations, in bond length, can be
attributed to electronegativity variations, in the
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adjacent atom (Wang et al, 2019). The
inconsequential peak, situated at roughly 422
cm™, is in keeping with v2 PO3*". This agrees
with the result derived through an investigation
conducted by Kourkoumelis et al. However,
following radiation, the peak was no longer
discernible for both powders (Kourkoumelis et al.,
2019).

3.2 Morphology of bovine femur and rib
bone powder, hydroxyapatite and prior
and after 20 kGy irradiation

The morphology of bovine femur and rib bone
powder before and after calcination at 1000°C
and hydroxyapatite before and after radiation, is
depicted in Fig. 5 and 6 respectively. scanning
electron microscopy revealed that exposure to
gamma irradiation alters the shape of
hydroxyapatite. This observation agrees with
(Girija et al., 2008, Predoi et al., 2022). While the
unirradiated films were regular and free of
indentations, the films irradiated at 20 kGy were
grouped into different shapes, and marked with
cavities. Descriptions of the alterations, brought
about by irradiation, are available in relevant
literature (Rana et al., 2017). The groupings and
cavities, resulting from irradiation, can be put
down to the onset of flaws, initiated by the
interaction between gamma ray and the powder.
It is essential that future studies in this area, take
into consideration the age and food intake of the
animals, from which the bones were acquired, as
these biological issues, can have a significant
influence on the hydroxyapatite SEM results. Fig.
6 shows the SEM: (a) Femur hydroxyapatite
powder and (b) Rib hydroxyapatite powder
following radiation with 20 kGy. The SEM images
of hydroxyapatite at high magnification in the
inset of Fig. a and b show the interior particles in
red circles. The results show that after
magnification of 500 nm, the crystal shape and
size of hydroxyapatite (Caio(PO4)s(OH)2) from
bovine femur are different compared with
hydroxyapatite bovine ribs. It is clear that gamma
radiation has a significant impact, affecting
various regions that exhibit different shapes and
morphologies
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Figure 5. The SEM of (a) Femur powder before

calcination, (b) femur hydroxyapatite after
calcination1000°C, (c) Rib powder before
calcination, and (d) rib hydroxyapatite after
calcination1000°C.

Figure 6. The SEM: (a) Femur hydroxyapatite
powder and (b) Rib hydroxyapatite powder
following radiation with 20 kGy
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3.3 Energy dispersive X-ray investigation
(EDX)

An appropriate calcium-to-phosphorus
ratio (Ca:P), is essential for favorable bone
growth and development, particularly during early
childhood. The ideal ratio may differ from one
individual to another, depending on gender, age,
bone variety, and bone location (Balatsoukas et
al.,, 2010). For our investigation, the ratio of
calcium to phosphorous in rat bone was
scrutinized, prior to and after gamma radiation.
Figures 7 and 8 depict standard EDX spectrums,
featuring the different elements existing in the
bovine femur and rib bones. For the most part,
the Ca/P ratio for both samples is fairly greater
than the stoichiometric value of 1.67 (Sobczak-
Kupiec and Wzorek, 2012). Annealing at 1000°C,
gave rise to the as-received bovine bone Ca/P
ratio, of 2.06 for the femur bone, and 2.31 for the
rib bone. These results agree with (Ooi et al.,
2007), who calculated a Ca/P ratio of 2.03, for
hydroxyapatite extracted from bovine femur
bone. Additional radiation administration led to a
dip in the Ca/P ratio to approximately 1.9 for the
femur bone, and 2.046 for the rib bone. As
illustrated in Fig. 9, radiation substantially alters
the Ca/P ratio.

Hydroxyapatite- Femur

Element
Oxygen
Phosphorus
Calcium
Magnesium

Atom|[%]
54,999
14.857
29.637

0.523

cpsieV

2 3
Energy(KeV)

Figure 7. EDX assessment of hydroxyapatite,
deriving from a bovine femur bone.
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Hydroxyapatite- Ribs

Element
Oxygen
Phosphorus
Calcium
Magnesium

P
Ca
1E
(o]
Mg
1 2 3 4 5

Atom[%]
57.49
12.2861615
29.5678926
0.65490156

cpsieV

0-
0
Energy(KeV)

Figure 8. EDX assessment of hydroxyapatite,
deriving from a bovine rib bone.

Ca/P

2.5
2
1.5
1
0.5
0

Femur Ribs

B Before radiation After radiation

Figure 9. Radiation impact on the Ca/P ratio of
hydroxyapatite, deriving from bovine femur and
rib bones.

3.4 Irradiated and non-irradiated mass
attenuation coefficients of hydroxyapatite,

extracted from bovine femur and rib
bones
Theoretical mass attenuation coefficients of

hydroxyapatite were achieved by the way of
NistXCom software. Fig. 10 portrays the mass
attenuation coefficient for the real hydroxyapatite
Caip(PO4)s(OH), system, at different energy
levels in the 1 keV-100 GeV range. In the
context of total mass attenuation coefficients as
functions of energy, three energy occurrences
are evident: photoelectric absorption, Compton
scattering, and pair production. The mass
attenuation coefficient values are high at low
energy sides and decrease sharply until
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1200 keV. Above 1Y00 keV slight decreases
occur in mass attenuation coefficients and it
stays almost constant. Although a few literatures
studied the effect dose of gamma radiation on
the photo-interaction parameter (attenuation
coefficient) of different materials experimentally
and theoretically; most recently (Dehghani et al.,
2018) was observed that after irradiation, the
mass attenuation coefficients are reduced to a
lesser values and they showed the mass
attenuation coefficients of materials are not only
depend on the mass atomic number also depend
on the Morphology material. Amini et al. studied
the effect of gamma radiation on MgO structure
and the mass attenuation coefficient, they
investigated mass attenuation coefficient not only
depends on the effective atomic number but also
depends on the size of the particles (Amini et al.,
2018). Moreover, in addition, O.K. Koksala
studied the assessment of the mass attenuation
parameters with using gamma rays for nano
hydroxyapatite (Koksal et al., 2019). investigated
the radiation sterilization kills the donor bone
diseases but it damages the bone mechanical
properties and strength but they did not mention
on attenuation coefficient (Rahman et al., 2018).
According to above literature the relationship
between gamma dose and attenuation coefficient
has yet to be established, and it was showed the
attenuation coefficient not only depend on atomic
number, as a result we investigated effect
morphology of hydroxyapatite on mass
attenuation coefficient before and after 20 kGy
dose. Theoretical mass attenuation coefficient
values for hydroxyapatite derived from bovine
femur and rib bones obtained from the NIST-
XCOM database were compared with
experimental values of mass attenuation
coefficient for non-irradiated hydroxyapatite are
shown in Fig.s 11 and 12, these Fig.s represent
the computation for mass  attenuation
coefficients, by the way of gamma spectroscopy
procedure, at energy levels of 511 keV, 662 keV,
and 1276 keV, prior and after radiation at 20
kGy, is demonstrated. The mass attenuation
coefficient of hydroxyapatite, derived from bovine
femur and rib bones, as a function of photon
energy E = 511 keV, 662 keV, and 1276 keV,
was reduced by the rise in gamma-ray energy.



Haider et al.

Also, before radiation the mass attenuation
coefficient of hydroxyapatite derived from bovine
femur and rib bones are different because the
Ca/P ratio for hydroxyapatite and morphology
from the bovine rib and femur are different. The
literature’s results agree with the reference (Tariq
et al., 2017), It is considered that the electron
density can change when the Ca/P is changed
after radiation due to the elemental composition
of materials. It is also evident that the decreases
in mass attenuation coefficients, for the
extraction of hydroxyapatite from the bovine rib
bone following radiation, is more pronounced
than that for the extraction of hydroxyapatite from
the bovine femur bone.

ZJPAS (2024) , 36(4);33-46 .

The experimental, and theoretical results,
indicate that the mass attenuation coefficients of
the materials, are not determined by mass atomic
number, but by density, and morphology
calculated Ca/P ratio by EDX, the reason is that
the Ca/P content decreases and it is thought to
decrease the mass attenuation coefficient at
dose rate equal to 20 kGy. The difference
between experimental and theoretical attenuation
values appears the incident and transmitted
radiation intensity, powder thickness and
counting statistics also ratio Ca/P. The results
confirm that the experimental value is reliable
when compared to the predicted values.

10000 ,
—Ca;((PO ) (OH),

1000

100 4

10 4

Incohorent-intreraction

Photoelectric-interaction
Pair Production-interactioj
Total-interaction

L A AL LERLELR b LA ELAAEAL PR TR ALA LS L, IR LR AL
10 100 1000 10000100000

Energy(MeV)

Figure 10. NistXCom computation for mass attenuation coefficient of hydroxyapatite
Ca;0(PO4)s(OH),, as a function of photon energy, for various collaborations in the 1-100 GeV range.

Extraction of Hydroxyapatite from Bovine Femur
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Figure 11. Assessment of mass attenuation coefficient of hydroxyapatite, derived from bovine femur
bone, as a function of photon energy E = 511 keV, 662 keV, and 1276 keV, prior and after 20 kGy
radiation, with regards to theoretical values.
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Extraction of Hydroxyapatite from Bovine Ribs
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0.08

0.06

0.04

Mp (cm?/gm)

0.02

511 keV

M calculated

H Befor radiation
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Figure 12. Assessment of mass attenuation coefficient of hydroxyapatite, derived from bovine rib
bone, as a function of photon energy E = 511 keV, 662 keV, and 1276 keV, prior and after 20 kGy
radiation, with regards to theoretical values.

4.CONCLUSION

For this investigation, SEM, FT-IR spectroscopy,
and EDX spectroscopy were employed to
characterize synthesized hydroxyapatite. The
unadulterated hydroxyapatite from bovine bone
was procured through heating at 1000°C for 3
hours and gamma-ray irradiation from a Cs-137
activity equivalent to 220 uCi at integral doses of
20 kGy, administered at room temperature. From
this research, the following conclusions can be
drawn:

[ ]

SEM images showed that the dose of
gamma ray affected the shape and size of

Hydroxyapatite ~ Caio(PO.)s(OH),  and
agglomerated in different shapes.
e EDX spectroscopy revealed increased

surface pore count following irradiation,
and Ca/P ratios of 2.06 and 2.31, for
femur bone HAP and rib bone HAP
respectively. After 20 kGy radiation
exposure, however, these ratios were
reduced.

The FT-IR spectrum showed that the
vibrational structure of the PO3-3 was
slightly shifted due to the presence of a
crack with the dose rate.
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coefficients of hydroxyapatite, originating
from the bovine femur and rib bones, were
computed as E= 511keV, 662keV, and
1276keV vy-ray energies. After 20 kGy
irradiation, by way of 137Cs y-ray point
sources, the rib bone hydroxyapatite value
shrank from 0.04 to 0.014 cm%gm, while
the femur bone hydroxyapatite value was
reduced from 0.031 to 0.011 cm?/gm. for
hydroxyapatite originating from the femur
bone.

The findings, from this investigation, indicate that
y—ray radiation instigates flaws in the material of
hydroxyapatite, as well as a reduction in the
mass attenuation coefficient of the
hydroxyapatite, derived from bovine femur and
rib bones. It is our view that the significant loss in
bone mineral density and Ca/P ratio, stemming
from the exposure to 20 kGy ionizing radiation,
could be at a level that can initiate the onset of
osteoporosis.
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