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ABSTRACT

This study includes (117)osteoporosis patients and healthy controlsin DhiQar and Maysan provinces of
Iraqg, the total number of selected urine was samples (30). The HPGe detector calculated the specific
activity of the radium isotope (226). Low bone density is defined by the World Health Organization as a
z-score of 1 to -2.5; nevertheless, scores less than -2.5 are frequently diagnosed as osteoporosis. Results
of bone density testing are reported using T-scores. A T-score compares your bone density to that of a
healthy person. The Z score is calculated when bone density is compared to indicative values from
healthy persons of the same age, sex, and ethnicity. Dual-energy x-ray absorptiometry (DXA) bone scans
determine the density of the bone. The urine samples were taken from one of the biggest centers in
Maysan and Dhi- Qar Province in Irag at Alzahrawi hospital and the Al- Rifai General Hospital from
January 18 to March 10, 2022,Bone Density Unit. The Bone Mineral Density have been grouped into
three normal, osteopenia, and osteoporosis group.Both minimum T-score and Z-score were (-5.4 ),(-3.4)
. Results indicate the presence of radiumpollution in all urine samples for the threegroups. It was found
that urine samples of the Dhi- Qararea were more polluted with radiation than those of other regions in
Maysan Province. The specific activity in the normal group was less than in the osteoporosis group.
Keywords: Radioactivity,Specific Activity, Bone, Osteoporosis.
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Introduction chemical elements are thought to be needed for
performing numerous biochemical and

Some metals, like zinc, iron, and copper, are ] ) o )
. L ) , physiological processes in living things. However,
crucial for sustaining healthy physiological i )
. . many dietary components have a shelf life of less
functioning, hence they are strongly linked to o )
than a year, and metal ion ingestion can have both
human health[1]. Heavy metals created as o ]
. positive and negative effects.Most known metals
environmental  pollutants, however, have ] ] )
. . and metalloids are exceedingly detrimental to all
detrimental impacts on health. Heavy metal

living organisms, even those that are supposed to
exposure can change DNA and make people more g 018 PP

. . be essential. If there is too much of something, it
susceptible to sickness [2]. Heavy metal exposure
. . . can be harmful. As a result of human attempts,
occurs via a variety of mechanisms, and the levels

. . e concentrations of some dangerous chemicals,
of metabolism make it difficult to calculate ) ]
. metal, and metalloid levels, have substantially
absorbed dosages. The length of exposure time ) .
. . increased.They pose a serious risk to the health of
also varies greatly between people. Meanwhile,

. . people, animals, and plants because they have the
known primary exposure sources include

. , , , capacity to interfere with crucial metabolic
contaminated freshwater, soil, air, cigarette Th bst tak by th
. rocesses. These substances are taken u e
smoking, and food[3, 4].Some heavy metals, P ) ] P y
soils, sediments, and water of plants and animals

including cadmium, lead, mercury, and arsenic,
have been designated by the World Health

Organization (WHO) as chemical pollutants that

by contact with their exterior surfaces, ingestion,
and other methods.[6, 7]. Ingestion of trace

metals such as Fe and Cu ions is required to
need to be closely monitored[5].About thirty q
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sustain normal bodily functioning such as the
creation of proteins it is commonly known that
metalloproteinase exists. On the other hand, a
high intake of trace metal ions is associated with
pathological disorders. Parkinson's disease, for
instance, frequently results in iron oxide
deposition[8].

The radiologically important elements and their
radioactive counterparts have a tendency to get
accumulated in a particular organ(s) and produce
biochemical and morphological changes. Evidence
shows that lodine builds up in the human thyroid,
whereas thorium, uranium, cesium, potassium,
and strontium accumulate in the muscles, liver,
and skeletal tissues. Deposition of large quantities
of radioisotopes of these elements (**'1, ***Th,
238y, 7Cs, *°K, °Sr) poses radiation damage it the
respective organs [9]. For example, *°Sr goes into
the bones like calcium, irradiates the bone
marrow, and destroys white cells formed in the
bone marrow. This results in a weakening of the
immune system and the development of various
types of diseases such as cancers and an increase
in mortality rate. Therefore, the termination of
elemental intake to sustain an optimum daily
dietary requirement of the human body is
important[10].

Depleted Uranium (DU) and radioactive nuclide
have been and continue to be an environmental
pollution problem in Irag since its levels rose
following the misuse of prohibited weapons, This
led to contamination with uranium and other
heavy metals in limited areas of Iraq, which has
resultedfrom various diseases, including
malformations in children, leukemia, and bone
cancers[11],Therefore, we will study the
radioactive effect of nuclides and the effect of
concentration of some heavy metal on human
health and osteoporosis in the provinces of
Maysan and DhiQar-Iraq.

1. Aim of the Present Work

This research will measure the bone mineral
density of patients will attend the DXA unit in the
hospital and the main objective of the present
work is:

elSSN 1303-5150

1. Determine the bone mineral density for some
osteoporosispatients.

2. Todetermine the Radium isotope'sspecific

activity (S), in urine samples for osteoporosis

patients.

3. To determine the relationship between the
age, weight, livingarea,andgender with the
Radium isotope's specific activity (S).

2. Radiationandradioactivity

The surface of the earth, the earth's interior, and

the atmospheric emission of radiation from a

nuclear reaction or the spontaneous

disintegration of unstable atomic nuclei is known
as radioactivity [12]. Radioactive decay is the
process by which unstable atomic nuclei break
down with the loss of energy by emitting
elementary particles (such as alpha particles, beta
particles, neutrons, and gamma-ray photons)
either directly from the nucleus or the atomic
electron shells (such as Auger electrons and x-ray
photons) in which the nucleus resides. The rate of

decay or disintegration of a radionuclide (i.e., a

particular isotope of an element) is exactly related

to the mass of the radionuclide[13].

The term "radiation" was used to characterize

electromagnetic waves until around 1900.

Electrons, X-rays, and natural radioactivity were

found at the turn of the century and were

grouped together under the word radiation. The
newly detected radiation had par title-like
properties electromagnetic radiation, on the other
hand, was considered a wave. De Broglie

established his theory of matter duality in 1920,

which was quickly accepted on diffraction

measurements and later verified that the
distinction was true, and the distinction between
particles and waves was no longer relevant.

Nowadays, the term "radiation" refers to the

whole electromagnetic spectrum, as well as all

atomic and subatomic constituent particles that
have been unearthed[14].

All heavy elements (Z > 83) found in nature are

radioactive and emit alpha or beta radiation when

they decay. The nuclide 2ggBi is the only stable
nuclide with an atomic number greater than that
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of lead (82). The strongest elements decay into

radioactive daughters in a succession of
radionuclides that ends when a stable species is
formed is created.All naturally occurring heavy
radionuclides are determined to belong to one of
three series. Because the atomic mass number
may only vary by four units (when alpha emission
occurs), a nuclide can be easily recognized as
belonging to one of two series by noting the
remainder produced after dividing its mass
number by four. For example, the uranium series
starts with?35U

Every member of the uranium series has a residual

and finishes with the stable.

of two when its mass number is divided by four.

The thorium series contains remainder,

232Th and ending with

no
commencing with
208 Ph[15].

3. Radioactive Decay

Through the emission of «, particles or vy,
unstable nuclei can frequently convert into other
nuclei. Radioactive decay is any such spontaneous
movement from one state to another.The
statistical process of radioactive decay can be
explained. We can't predict which nucleus will
decay at any given time if we have a huge number
of radioactive nuclei. Each nucleus, on the other
hand, has a unique constant decay probability. If N
is the total

existence at a particular time and is the constant

number of radioactive nuclei in

probability of decay per unit of time (the decay
constant), the change in the total number of
nuclei during an infinitesimally small time period
(dt) is defined as[16]:

dN = N(t + dt) — N(t) = —N(t)Adt (D
The fact that the number of nuclei drops as a
result of decay is represented by the negative sign
in the preceding equation.If we consider N-to be
the original number of nuclei at time t =0, we may
calculate N(t) at any subsequent time:
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N(t) = N.e ™
number of nuclei

(2)
The that survive in a
radioactivelydecaying system falls exponentially
and only disappears at infinite durations for all
statistical decay processes, this is the distinctive
law (Figure 1).There are several time scales that

can be

Radioactive decay
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g

~r T

o 52

T Fad 5T er

3T 4T
Elapsed time

associated with a radioactive system. The time

interval during which half of the nuclei in the
sample decay. It then follows that[16]:
_ In2 _0-693

t%— o 2 (3)

Figure 1Radioactive Decay [16]
The number of disintegrations per unit time, or

the activity, of a material, is defined as
follows[16]:
A(t) = AN.e™™ 4

where the activity is measured in Becquerel and A
is the activity in (disintegrations per second): 1 Bq
' M O R'STRElpeeviouslit dsed unit was the
Curie: 1 Curie = 3.7 x 10" Bq. This corresponds to
the activity of 1 g of the radium isotope **°Ra[17].
factor wpgconsiders the long-term dangers of
frequent exposure to low doses of each type of
radiation listed in Tablelsum is over the different
types of radiation. Heavily ionizing radiation
Ay@2t @Ay 3 LI NI AOf Sa
greater than unity. The fact that wy are multiples
of 5 reflects the precision of biology,
physics[17].

not

Table1Risk Factors in Various Radiations[17]
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in terms of its specific activity, S, defined as the
activity per unit mass. The specific activity of a
radioactive species (in Bqg/g) is [18]:

_activity _ Ln2 Ny
" mass TM

)

where N is the number of nuclei per gram, M is
the atomic mass of the radionuclide (in atomic
mass units, u), T is its half-life (in seconds), and Ny
isAv2 3 RNR Q& y dzYo SN

5. Pathways of Radionuclides

The human body includes sources of internal
nuclear particles such as potassium-40, carbon-14,
lead-210, and other radioactive particles, in
addition to these external sources from the
birth[19].Uranium is
responsible for the disintegration of radionuclides

human body since

such as uranium, radium, and depilated uranium.
When evaluated, it emits alpha particles, which
enter the human body via breathing or digestion,
which is a frequent route for these particles to
enter the body[15, 20]. Because of their higher
density and charge, alpha particles are a deadly
kind of ionizing radiation that is detrimental to
human tissues. Because of their higher density
and charge, alpha particles are a deadly kind of
ionizing radiation that is detrimental to human
tissues[15].The
radionuclides through the environment commonly

pathways of transfer of

evaluated in UNSCEAR dose assessments are

illustrated in Figure 2[21]. Following atmospheric
releases of radionuclides, plants are the major
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consumersof radioactive contamination into the
food chain. It's possible that the vegetation will be
affected by pollution, both direct and indirect the
straightforward. The term "contamination of
terrestrial vegetation" refers to the pollution of
plants on land and atmospheric deposition of
radioactive materials onto the plant's above-
ground components.

The sorption of radionuclides from the soil
through the root system of plants is referred to as
indirect contamination. Animals that ingest plants
or other animals are secondary beneficiaries of
food chain pollution. Humans consume both plant
and animal components in their diet[21]. When
alpha particles get into the body, they are
transmitted to other organs through the blood in
the human body. This is the route for these
particles to move through and settle in the organs
bones, teeth, and milk are just a few
examples[15].

Figure 2Radionuclides Pathways and Dose to
Humans [21]

There are three ways in which the public can be
exposed to radionuclides [22].

External irradiation P
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1. External radiation from cloud radionuclides or
radionuclides deposited on the ground®

2 dnternal radiation through inhaling radionuclides or

radioactive particles suspended in the air®

3 dnternal radiation as a result of ingesting tainted
food. There are three basic procedures that cause
itY

i.Direct contamination of crop product surfaces®
ii.Indirect contamination of crop products caused
by root uptake of contaminated soil and
subsequent translocation within plants®

iii.Animal products are contaminated indirectly by
feeding them tainted crop goods.
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6. What is Bone?

In biology, bone is defined as the connective
tissue that links together and supports numerous
bodily components. On a macroscopic level, there
are two types of bone tissue: compact and loose.
Cortical bone and cancellous or trabecular bone
are two types of bone. Compact bone is a dense
kind of bone. Cancellous bone is made up of small
struts of a bone substance known as trabeculae.
The cancellous bone is spongy due to the
connected trabeculae. Bone is a natural composite
material that is composed of two phases. The
anisotropic nanocomposite structure of bone is
formed by the mixture of viscoelastic collagen
with stiff, brittle HAP. The physicochemical and
biological characteristics of bone differ from those
of each element individually. The collagen
framework is fibrous and contains mineral crystals
that enhance its structure. Even though the
interaction of these two components is not
entirely understood[23, 24].

7. Structure and Bone Function

Both mechanical and physiological activities are
performed by the skeleton. The body's bones
create a solid and light skeleton for effective
mobility [25]. Bones also protect important
organs. Bones assist  maintain mineral
homeostasis physiologically by functioning as a
calcium storage site and producing blood cells in
the bone marrow [26].

Furthermore, bones serve as an endocrine organ,
generating hormones that affect vitamin D
hydroxylation and phosphorus excretion [27]. The
axial and appendicular (sometimes known as
peripheral) skeletons are two types of skeletons.
The bones of the head, spinal column, and rib
cage make up the axial skeleton. The bones of the
upper appendicular skeleton make up the

appendicular skeletonFigure 3.
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Growth plate _| Epiphysis
Trabecular
(cancellous) Metaphysis
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Cortical bone
== Endosteum
Diaphysis
Perlosteum
Fused growth plate

Figure 3Schematic View of A growing Bone[28]
Trabecular bone (also known as cancellous or
spongy bone) and cortical bone (compact or thick
bone) are the two types of bone tissue. Trabecular
bone, which has a porous structure, is present in
the axial skeleton as well as the epiphysis and
metaphysis of the spine. The lengthy skeleton
Load-bearing tissue is trabecular bone. It also
transmits. Stresses across joints, compressive
loads, and serves as shock absorber the
microarchitecture of trabecular bone, i.e., the
structure of the bone, influences its

strength,volume,quantity, thickness, orientation,

connection, perforation, and spacing are all
factors to consider. Pertaining to the trabeculae

[29].Nearly 80% of the skeletal mass of the human
body is made up of strongly calcified cortical bone,
which is located in the shafts of long bones. The
thickness and porosity of the cortical bone
determine how strong it is.[30].

A thin shell of cortical bone surrounds the
trabecular compartment in both the epiphysis and
metaphysis. The endosteum is the inner surface of
cortical bone that confronts the bone marrow.
The endosteum is a metabolically active tissue
that plays an important role in bone production
and resorption. The periosteum is the outer
surface of cortical bone. It is a two-layer structure
that helps with appositional growth when bones
are forming and grows longer as you mature[28].
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Inorganic minerals make up 60¢70% of skeletal
tissue by weight, followed by biological
components (20¢30%) and water (5¢10%). The
majority of the mineral phase is made up of
impure hydroxyapatite, a calcium phosphate that
occurs naturally. The majority (98%) of the organic
phase is composed of type | collagen and several
non-collagenous proteins. Minerals make the
bone rigid, whereas collagen makes the bone
flexible. Osteocytes, osteoblasts, and osteoclasts
make up the remaining bone tissue. These
specialized bone cells respond to a range of
environmental cues, including as chemical,
mechanical, electrical, and magnetic stimuli, to
control bone metabolism.[28].

8. Osteoporosis

Osteoporosis is described as a systemic skeletal
illness characterized by low bone mineral content
and microarchitectural degeneration of bone
tissue, resulting in increased bone fragility and
fracture susceptibility [31]. Bone mineral density
(BMD) and other quantitative measures of bone
mineral density are used to diagnose the disorder.
Dual-energy X-ray absorptiometry is the technique
that is most frequently used to assess BMD
(DXA)[32].BMD is computed by dividing the
measured area by the bone mineral content
(BMC, g) (cm2).According to the World Health
Organization (WHO), osteoporosis (OP) is defined
as a condition in which BMD is less than -2.5 SD
below peak bone mass, or a (-2.5 T-score),
measured in units of -2.5 SD below that of a young
Caucasian girl. Osteopenia is defined as a T-score
between -1.0 and -2.5.[33].Those who have little
bone mass and are at risk of having OP in the
future are said to have osteoopenia. [34].

Decreased peak bone mass or rapid bone loss
during and after menopause are the two main
causes of low bone mineral mass in
postmenopausal women. The clinical relevance of
OP is related to the fractures that take place,
despite the fact that the quantitative examination
of BMD is employed to diagnose the problem.
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Osteoporotic fractures frequently occur in the
spine, hip, and distal forearm. [29]. Even though
the risk of fracture increases as BMD declines,
many patients with OP will not experience a
fracture, whereas most fractures in the general
population affect those who do not have OP. [35-
371.

9. Sstatistical Analysis

All data were analyzed by SPSS Statistics 26.0
software (SPSS Inc., Chicago, IL, USA). The results
were compared among the young group, the
normal group, and the osteopenia group.
t SI NA 2 y-Qfiecotrefation was carried out
to determine the relationshipbetween bone
mineral density and osteopenia.

The study subjects were categorized into
threegroups according to the minimum level of
bone mineral density (BMD) measured by T-score
from the lumbar spine: normal (T-score>-1.0),
osteopenia(-H ® pHA2-NGG,aKd steoporosis (T-
score<-2.5) [38].The level of P-value<0.05 is
considered statistically significant. T-score is the
number of standard deviations a patient is above
or below the mean BMD of a young adult
reference population and the Z-score is the
number of standard deviations a patient is above
or below the mean BMD of an age-matched adult
reference population.

10.Materials and Methods

In  this observational study, we included
(117)patient's men and women who attended the
DXA unit in Alzahrawi hospital and AlRifai General
hospital between Jan and March 2022, the biggest
centers in Maysan and Dhi Gar Province- southern
Iraq respectively. DXA scan was used to measure
the T-score value at the lumbar spine (LS: L1¢L4).
All scans were conducted using the DXA scanner.
T-score value of 0 to 1 was regarded as normal
a5 bm (2 buHodp 61 &
XbHdp g1 a
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and weight were measured using the DXA unit's
standard equipment by measuring the patient's
weight with a tape measure from the side while
they were standing without shoes. The patient's
weight was then recorded using an electronic
scale while they were standing in light clothing
and without shoes. [39].

Age, gender, and living area were some of the
demographic information gathered.

To stop the pee from breaking down and losing
metal through precipitation, the urine samples
were taken and kept in polycarbonate bottles with
5 N hydrochloric acid. To ascertain the samples'
radioactivity, gamma-barometry was used. At the
Chemistry Department of the Ministry of Science
and Technology's Laboratory Department in
Baghdad, the spectrometry system consisted of an
HPGe detector.

11.Radiometric Analysis

Radiometric measurements were performed for
65,000 secs for the qualitative and quantitative
determination of different radionuclides present
in the urine samples. About 30 selected samples
were stored in urine cup standard cylindrical
containers (diameter = 48 mm; height = 58 mm)
for (30 d) to attain secular equilibrium of **°Ra and
its progeny. Activities of *°Ra was measured
2pb.The activities "A" of
various radionuclides were calculated using the

through their daughter
formula:

_ Net Counts
TC'T X' XAbxm

Where,
Net Counts=SampleCounts-Background Counts
/i ¢r/ 2dzyGAy3a GAYS

Our study subjects consisted of (117) patients
from Maysan and DhiQar province sites in Irag;(
37.6%) had T-scores (>-1)) were categorized in the
normal group, (44.4%) had T-scores ranging from (
-1 to -2.5) were categorized in the osteopenia
group, and (17.95%) had a T-score lower than (-
2.5) and were categorized in the osteoporosis
group. The mean,minimum and maximum T-score,
Z-Score, age, height, weight, and BMI for the
patients were shown in Tabe2.

The results of radium concentrations in the unit
(Ba/kg) for the 30 selected urine samplesare
presented inFigure 4.The range values of radium
concentration in samples are from 1.3to 23.5.The
minimum and maximum specific activity with
standard deviation (Mean #STD) in Bag/kg
were(1.7£0.7) and (23.5%2.1) respectively and the
value of the average concentrationwas
(12.8272+1.6172)higher than the natural level of
radium in urine as the ICRP Publication 23 on
Reference Man.

Figure 5shows the specific activity in femalewere
higher than concentrations in male, respectively,
whereinthe female was 923.5%2.1) and the
concentrations in malewere (20.7+1.9)with P-
value I Y R
respectively. The mean values of the specific
activity in urine samples and the weight of the
patient in(Kg)are in Figure 6 and Figure 9,
Resultshows the mean specific activity increased
withweight

1)

and age increase. Our results identified with Asia
H. Al-Mashhadani-study [40].

POFTAOASYO: 2F GKS RSFARER RIS poslERyg wes less

Ab=Abundance of the desired peak
m=Mass of the samples

12.Results
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@

than in the osteoporosis group,where its value
was (20.7#1.9) in the normal group, will be
(23.5+2.1) in the osteopenia group where Pearson
Correlation and P-value were (.171and.366)
respectivelyinFigure 8. Living area factors differ
from one to another, where the maximum value
of specific activity in DhiQaris larger than in
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Maysan,where Pearson Correlation and P-value
were (.242 and.008 ) respectively inFigure 7 .

13.CONCLUSION

Conclusions The concentrations of radium has
been measured using HPGe detector. The results
showed the presence of chronic exposure to
radium isotope (226) pollution of healthy controls
and urine samples in DhiQarand Maysan province,

where radium concentrations in urine samples
were higher than the permissible limits according
toWHO and the International Commission on
RadiologicProtection and International Atomic
Energy Agency.Therefore, radioactive
contamination helps in the development of
osteoporosis and causes the possibility of risk in
healthy controls. There is statistical significant
between specific activity and living area with p-

value less than 0.05 .

2215

Tabe2 T-score, Z-Score , Weight , Height, Age, and BMI for the Patient's Characteristics

Statistics
Total Total Patient Height of Weight Body
T- Z- agein patient of Mass
Score Score the year incm patient Index
in(Kg)
Valid | 117 117 117 117 117 117
Missing | O 0 0 0 0 0
Mean | - -.512 50.26 167.18 74.60 26.7277
1.368
Minimum | -5.4 -3.4 16 145 46 17.30
Maximum | 2.8 4.0 77 189 117 41.40
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