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Evaluation of Hematological Parameter Changes on Worker
Staff Exposed to Emitted Radiation from Medical Apparatus in
Al-Najaf Province
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Background: Radiographers have been known to have significant and long-term exposure to ionic radiation. Objectives: We aimed
to investigate the effects of ionizing radiation (IRs) on medical workers’ hematological parameters (HPs) in the Al Hakeem and
Al Zahara teaching hospitals in Najaf Province. Materials and Methods: The current study included a total of 60 healthy medical
radiographers (MRs) who were comparable to a group of 20 healthy controls. Results: The results showed a significant decrease in the
mean packed cell volume (P.C.V) of the hospital staff compared with the control group, and there was a significant increase in mean
corpuscular hemoglobin (MCH), MCHC, platelet count, and lymphocytes of the hospital staff compared with the control group, and
there was no significant difference in mean Hb, WBC, and neutrophils, but there was also a significant increase in the mean Hb and
PCYV of male workers compared with female workers, but no significant difference in the other HPs between male and female workers
in the hospital. The results reveal a significant increase in the mean Hb, platelet count, and WBC among Al Zahara staff compared
to Al Hakeem staff. The results also revealed that there was no significant difference in the other HPs between the two hospital staff
members. Conclusion: It is strongly recommended that auditing of personal protective equipment for IR be conducted. In addition,
protection and safety should be enforced, and medical monitoring, including that of hematological indices, should be performed on
a regular basis. These measures would aid in reducing the effects of workplace radiation hazards and detecting disorders at an early
stage.
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INTRODUCTION IR contains enough energy to cause physical symptoms
within minutes of exposure, which may result in acute
radiation syndrome (ARS). Nausea, vomiting, and
fatigue are all symptoms of the prodromal phase of
ARS. The different symptoms of ARS were influenced
by the radiation’s type, the dosage, and the dose rate.
A dramatic decrease in PBC counts can follow these
prodromal symptoms as hematopoietic cells compose a
renewal system made up of cells that have high division

In the recent decades, the medical use of ionizing
radiation (IR) has rapidly evolved all over the world, and
it became a key tool with its wide range of applications in
diagnosis and treatment of various diseases.['l IRs such as
X-rays are generated by targeting a beam of electrons to
a metal object. Ionizing rays pass through living tissues
and have the potential to destroy them or cause functional
abnormalities in living cells.’! MRs exposed to reduced IR
doses on the workplace are more likely to become affected
with diseases that are life-threatening, specifically those
involving the hematopoietic system. The hematological
system is extremely sensitive to radiation, and therefore
complete blood count can be used as a biological indicator.
After 0.5-1.0 g-ray of radiation, responses can be seen.
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rates and are well known for their susceptibility to IR.[
The use of hematological, biochemical, and cytogenetic
parameters to investigate the biological effects of
radiation has become common in recent decades.
Peripheral blood analysis may be used to screen for
a variety of hematological and non-hematological
diseases. Complete blood cell count (CBC) is particularly
useful as a health assessment tool used in the sub-clinical
stage of many disorders because it is a low-cost, quick
point-of-care test. Furthermore, examination of blood
cells enables clinicians to create wide impressions of
differential diagnosis.[

The object of the current study is to determine the effects
of IR on the hematological parameters (HPs) of working
staff in the Al Hakeem and Al Zahara teaching hospitals
in Najaf Province.

MaTteriALS AND METHODS

Subjects and study design

The current research was carried out in two of the largest
and most important government hospitals in Najaf
Province. A total of 60 people (40 men and 20 women)
aged 28 to 55 years old from thesehospitals, were exposed
to low doses of IRas part of their job for at least 5 years
and had at least 5 years of experience in radiology. As a
control group, the cases were compared with a group of
20 healthy controls from outside the hospital (14 males
and six females) who had never been exposed to radiation.
MRs worked with various imaging modalities and tools,
such as X-rays and magnetic resonance imaging (MRI).
They also worked 8 hours a day in different shifts, 5 days a
week. Participants with diseases previously, such as gross
anemia, diabetes mellitus with a documented history, acute
or chronic infection, cardiopulmonary disease, malignancy,
or autoimmune disease, were not included in the research.

Hematological analysis

Blood samples were taken from all participants (2 mL
per participant). Blood was drawn from a vein with a
disposable syringe and placed in a tube containing 1.5
mg/mL ethylene diamine tetraacetic acid (EDTA). HPs
were measured at a regular laboratory using an ABX
Micros 60 analyzer. This research estimated the levels of
red blood cells (RBCs), white blood cells (WBCs), platelet
count (PLT), hematocrit (HCT), hemoglobin (Hb), MCH,
MCHC, mean corpuscular volume (MCV), and typical
lymphocytes.

Statistical analysis

Statistical analysis was carried out using Statistical Package
for the Social Sciences (SPSS) version 23.0 (SPSS, IBM
Company, Chicago, IL 60606, USA). The independent-
sample ¢ test and one-way ANOVA were utilized. It is
considered significant if the P value is less than 0.05.

ResuLts

The results in Table 1 indicated a significant decrease
(P> 0.05) in the mean P.C.V of hospital staff compared
with the control group, and there was a significant
increase (P> 0.05) in the mean MCH, MCHC, platelets
count, and lymphocytes of the hospital staff compared
with the control group, and there was no significant
difference (P <0.05) in the mean Hb, WBC, and
neutrophils.

The result in Table 2 indicated a significant increase
(P>0.05) in mean Hb and P.C.V of male workers
compared with female workers, and there was no
significant difference (P < 0.05) in the other HPs between
male and female workers in hospital.

The result in Table 3 indicated a significant increase
in mean Hb, platelet count, and WBC of Al Zahara
staff compared with Al Hakeem staff, and there was no
significant difference (P < 0.05) in the other HPs between
the staff members of the two hospitals.

Table 1: Hematological parameters (HPs) of hospital workers
compared with the control group

Groups Hospital worker Control

n = 60 n=20
HPs Mean + SE Mean = SE Sig.
Hb 13.30 + 0.39 1329+ 0.3 0.97
pecv. 39.33 £ 1.12 43.35+0.73 0.004"
MCV 87.10 £ 1.39 89.08 * 1.76 0.38
MCH 29.50 +0.55 27.25%0.68 0.014"
MCHC 33.80 £0.23 30.57 £0.30 0.001"
Platelet count 300.94 + 18.30 207.96 + 13.33 0.001"
WBC 7.16 £ 0.29 6.97 + 0.43 0.71
Neutrophils 5.65+ 1.69 59.96 +2.33 0.42
Lymphocytes 34.89 £ 1.57 29.80 + 2.59 0.03"
“significant at (P < 0.05)

Table 2: Comparison of HPs between male and female
hospital workers

Groups Hospital workers
HPs Female Male

Mean + SE Mean + SE Sig.
Hb 11.90 £ 0.50 14.34 £ 0.45 0.001"
PC.V 35.52+1.57 42.13 £1.26 0.003"
MCV 85.98 +1.78 87.93+2.05 0.47
MCH 28.85+0.63 29.99 +0.84 0.26
MCHC 33.49+0.32 34.03 +0.31 0.24
Platelet count 281.21 £ 17.13 31547 £29.17 0.32
WBC 6.61 +0.54 7.56 £ 0.30 0.14
Neutrophils 60.10 + 2.44 55.84+2.29 0.21
Lymphocytes 32.22+2.13 36.86 +2.16 0.13
“significant at (P < 0.05)
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Table 3: Comparison of HPs of hospital workers between Al
Hakeem and Al Zahara hospitals

HPs Hospital Mean + SE Sig.
Hb Al Hakeem 12.60 = 0.50 0.047"
Al Zahara 14.16 £ 0.55 0.047"
pc.v Al Hakeem 37.58 £ 1.54 0.092
Al Zahara 4142 +1.54 0.089
MCV Al Hakeem 86.80 £ 1.42 0.816
Al Zahara 87.47 £ 2.61 0.824
MCH Al Hakeem 29.13 £0.5177 0.470
Al Zahara 29.96 + 1.07 0.496
MCHC Al Hakeem 33.51 £0.26 0.179
Al Zahara 34.14 £ 0.38 0.192
Platelet count Al Hakeem 268.00 £ 14.53 0.047
Al Zahara 340.47 £ 34.24 0.04"
WBC Al Hakeem 6.63+0.43 0.05"
Al Zahara 7.79 £0.34 0.04
Neutrophils Al Hakeem 57.95+2.14 0.85
Al Zahara 57.30 £2.77 0.85
Lymphocytes Al Hakeem 34.57£2.013 0.25
Al Zahara 35.28 £2.55 0.82

“significant at (P < 0.05)

Discussion

Long-term exposure to IR at low doses can damage cells
and tissues. Experiments with IR have long been linked
to changes in hematopoietic tissue and, in some cases,
death. A few years after X-rays were originally employed
for radiologic imaging, physicians and other medical
radiation technologists developed skin carcinomas,
leukemia, dermatitis, cataracts, and other serious health
effects." Our study results in Table 1 indicated a significant
decrease in the mean P.C.V of hospital staff compared with
the control group, and there was a significant increase in
the mean MCH, MCHC, platelet count, and lymphocytes
of hospital staff compared with the control group.
Mammalian erythrocytes have been used to study the IR
effects since 1900s.! Radiation has been shown to cause
electrolyte imbalance.”? A different approach to explain
radiation-induced hemolysis emphasizes the formation
of free radicals. Lipid peroxidation, phospholipid head
group hydrolysis, lipid-lipid crosslinks, disulfide bridge
formation and amino acid residue damage in membrane
proteins, and lipid—protein crosslinks are all examples
of lipid peroxidation and membrane changes caused by
free radicals produced during radiolysis of water.''" The
cytoskeleton may be affected by changes in membrane
structures.!!! The combined effects of free radicals on
the erythrocyte membrane and cytoskeleton can lead
to hemoglobin leakage from the cells. The free radical
hypothesis is backed up by strong evidence. In rats,
the production of lipid peroxides in the erythrocyte
membrane seems to be linked to hemolysis.'? Mammalian
proliferating cell systems are affected by chronic exposure
of IR with a low dose-rate as a result of both dose-rate and

cumulative dose received. For a deterministic effect, that
is, tissue reaction to occur, the total dose should be greater
than the dosing rate. Furthermore, previously reported
representative data suggested low dose-rate-mediated
responses in the hemopoietic system in rats and dogs.
Damage has been found to be accumulating, especially
in cell renewal systems that turn over quickly, such as
hemopoietic tissue, that establish the link between low-
dose exposures and clinical signs and disorders in exposed
organisms on a regular basis. This shows that both the
overall absorbed dose and the dose-rate or frequency of
repeated exposures have a role to play in the tissue effect
of hemopoietic failure.!'3

The results in Table 2 indicate a significant increase
in mean Hb and P.C.V of male workers compared to
female workers, and there was no significant difference in
the other HPs between male and female workers in the
hospital.

Many studies have discovered that gender has an effect
on various serious illnesses. The same can be said of the
dangers of being exposed to IR or X-rays from radioactive
chemicals.!'4

There are references to differences in the radiation
sensitivity in tissues among males and females in clinical
research that analyze the early or late side-effects of
radiotherapy and combined radio/chemotherapy by sex.
However, only a few studies have extensively examined
potential sex-specific variations owing to IR exposure.
Several epidemiological studies, on the other hand, have
investigated sex-related differences in the incidence and
mortality of radiation-induced cancer.!"”

The results in Table 3 indicate a significant increase in
mean Hb, platelet count, and WBC of Al Zahara staff
compared to Al Hakeem staff, and there was no significant
difference (P < 0.05) in the other HPs between these two
hospital staff.

Even at low doses, in therapeutically or diagnostically
exposed groups, the effects of radiation-related circulatory
disorders have been reported. Similarly, populations
with substantial exposure owing to their occupation or
the environment, as well as the Japanese atomic bomb
survivors in the Life Span Study (LSS) and associated
Adult Health Study (AHS), display an elevated risk of
developing circulatory system disease. Atherosclerosis
is the main cause of ischemic heart disease and
cerebrovascular disease, which may result in stroke and
acute myocardial infarction.!'?

Among cell types tested, WBCs tended to be the most
vulnerable to gamma-ray irradiation.!” In a dose-
dependent manner, IR disruption produces a significant
decline in the amount of blood cells. It could be regarded
as a potential public health risk upon exposure. The most
essential factor in the radiation-induced cell loss reported
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was, as expected, the radiation dose. WBC counts in the
peripheral blood have decreased after whole-body gamma
irradiation, which is dose-dependent, consistent with
recent findings in a mouse model following whole-body
gamma irradiation.!'®

Following systemic radiation exposure, IR causes
biological impacts on human health, including HPs that
change sooner or later and hematopoietic syndrome
in animals and people, according to studies. Platelet
elevation causes myelodysplastic disease, as well as
chronic myelogenous leukemia. The induction of the
most prominent cause of hematopoietic syndrome is the
induction of apoptosis in hematopoietic stem cells, and
hematopoietic progenitor cells are primarily responsible
for IR, causing acute bone marrow damage. The results
clearly indicate that changes in HPs are as a result of
exposure to the radiation. Moreover, the evaluation of
risk owing to low-dose IR based on animal models is also
available.!"*->

ConcLusIoN

Based on the current findings, it is strongly recommended
that auditing of personal protective equipment for IR be
conducted. In addition, prottection and safety should be
enforced, and medical monitoring, including hematological
indices, should be performed on a regular basis. These
measures would aid in reducing the effects of workplace
radiation hazards and detecting disorder at an early stage.
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