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Abstract

Background:

Radiologists working in diagnostic imaging departments are routinely exposed to
low levels of ionizing radiation as part of their daily professional practice.
Although these exposure levels are generally within permissible limits, long-term
and repeated exposure raises concerns about potential effects on hematopoiesis.
lonizing radiation can affect bone marrow function, which may lead to subtle
alterations in blood cell production over time. Understanding these changes is
important for ensuring the occupational health and safety of radiation-exposed
healthcare workers.

Methods:

A crosssectional observational study was conducted at Lower Dir and Swat
region. A total of sixtyfour healthcare professionals with over two years of
radiation exposure were recruited for this study. Complete blood counts (CBC)
were analyzed using the Swelab Alfa Hematology Analyzer, and the results were
categorized according to duration of occupational radiation exposure: less than 5
years, 5—10 years, and more than 10 years.

Results:

Sixtyfour participants were included. Ouverall, CBC parameters remained within
normal ranges, with mean WBC 7.4 x10 %L, hemoglobin 15.5 g/dL, RBC 5.1
x1012/L, and platelets 287 x10%L. No significant correlation was found
between duration of radiation exposure and any CBC parameter (p > 0.05).
When compared across exposure groups (<5, 5-10, and >10 vyears), no
statistically significant differences were observed. However, mild trends were noted,
including slightly lower WBC, hemoglobin, and platelet counts and a modest
increase in lymphocyte percentage with longer exposure duration. Querall, the
changes observed were minor and not clinically significant.

Conclusion:

Even though statistically significant differences were no detected, the count of
WBC, hemoglobin and platelets showed decreasing trends with increasing pattern
of the occupational radiation exposure. Such results highlight the importance of
periodic hematological monitoring in medical radiation professionals.
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INTRODUCTION

Health workers are exposed to different types of
chemicals, biological and physical occupational
risks in the hospital. One of the most significant
physical occupational risks is radiation, which
may induce different types of cancer (e.g.
Leukemia, brain, skin and breast cancer) and
other diseases in occupational radiation workers
(1).

Radiation is a form of energy that moves fast as
waves or particles. Radiation has two forms non-
ionizing radiation (NIR) and ionizing radiation
(IR). Non-ionizing radiation, low frequency
electromagnetic radiation that emit energy in the
form of heat and high molecular movement like
ultraviolet rays, infrared rays, visible light and
radio waves (2). Ionizing radiation is used
excessively in the medical field for diagnostic as
well as therapeutic purpose such as X-rays,
Gamma rays and particles like o-particle, (-
particle, protons and neutrons (3).

X-rays are electromagnetic radiations that carry
high energy (100eV- 100keV) and wavelength
ranges from 0.0lnm to 10nm which capable to
ionize atom and damage molecular bonds (4).
This type of ionizing radiation can damage living
tissue and produce chemically active free radicals
that damage DNA (5). Different technologies
such as computed tomography (CT-Scan),
fluoroscopy and radiography of Xrays widely
used in medical field to diagnose human diseases
(6). The persistent use of diagnostic imaging
increases potential risks to health workers (3).
World Health Organization's International
Agency for Research on Cancer identified X-rays
and Gamma rays is carcinogen (7). Soon after
Roentgen’s discovered Xray in 1895, the
hazardous nature of ionizing radiation was also
identified. Severe skin reactions were observed in
many X-ray workers. The first skin cancer caused
by radiation was described in 1902. A few years
later in 1911, leukemia was found in five
radiation workers (8). According to International
Commission on Radiological Protection (ICRP)
the total dose limit for radiation workers is 100
mSv for five years and 50 mSv for one year (9).
The hematopoietic system is an extremely
dynamic system that is crucial in maintaining life

through the continuous production and
regulation of blood cells (10). This process occurs
primarily in the bone marrow of the adult, and in
the adult, the hematopoietic stem cells (HSCs)
are found there. These remarkable cells have the
ability to both replicate themselves and mature
into all the major types of blood cells: red blood
cells (erythrocytes), white blood cells (leukocytes),
and platelets (11). This is necessary so that the
body can keep a balanced and reactive supply of
blood cells which can be used to sustain everyday
physiological needs and respond to body threats
like infections or injuries (12,13).

The radio sensitivity of cells is different from cell
to cell (14). lonizing radiation affects human
blood cells and can alter hematological profile,
because the cells of hematopoietic system are
highly radiosensitive. The peripheral blood count
use as a marker to determine the occupational
exposure (4).

The ionization radiation either damages the
hematopoietic stem cells directly or impairs the
capacity of cells to maintain the process of blood
cells formation. Direct effects, the ionizing
radiation damage the hematopoietic stem cell on
the process of apoptosis, aging and cells
differentiation. All these mechanisms destroy
hematopoietic stem cells. Its mean that
hematopoietic stem cell is more sensitive than
other cell to ionizing radiation (15).

The destructive effects of ionizing radiation are
either acute or chronic. Acute is an immediate
response when someone is exposed to high doses
of radiation for shorter durations while chronic is
a long-term exposure to low doses of radiations
(16). Occupational workers exposed to excessive
Xeray radiation are at risk of developing life-
threatening diseases often related to the
hematopoietic system (6).

MATERIALS AND METHODS

This study was a cross-sectional observational
study designed to assess the impact of long-term
radiation exposure on blood parameters of
healthcare radiation professionals. It was
conducted in the Pathology and Microbiology
Laboratory of the Medical Laboratory Technology
Department at Riphah International University,
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Malakand Campus. A total of sixty-four blood
samples were taken from radiation professionals
in Dir and Swat, where they are frequently
exposed to radiation as part of their daily job.
Healthcare professionals were approached at
their workplace. The objective of the study was to
be explained to them, and written informed
consent was obtained. Radiation healthcare
professionals ~ were  given a  structured
questionnaire to provide information about their
demographic factors, work history, radiation
exposure, and adherence to radiation safety
measures. Two to three milliliters of whole blood
was collected according to standard aseptic
protocols in EDTA tubes from radiation
healthcare professionals who had been working
in occupational radiation for more than two
years.

The blood sample of 3ml was collected aseptically
and immediately transferred into an EDTA tube
to prevent clotting and ensure preservation of
blood cells for complete blood count (CBC)
analysis. Each EDTA tube was labeled with the
participant's name and ID, placed inside a labeled
zip lock bag, and transported to the Pathology
and Microbiology Laboratory of the Medical
Laboratory Technology Department at Riphah
International University, Malakand Campus for
further processing.

Haematological analysis was performed using the
Swelab Alfa Hematology Analyzer, which
measures WBC, RBC, platelets, and indices
using electrical impedance, flow cytometry, and
photometry. EDTA blood samples were mixed,
aspirated, and analyzed after quality control. Data

were analyzed in SPSS v24, with descriptive
statistics, outlier checks, and normality
assessment. Exposure was grouped as 2-5, 5-10,
and >10 years, and differences were evaluated

using ANOVA (p <0.05).

RESULTS

A total of 64 participants were enrolled in this
study. Overall, the full blood count (FBC)
parameters were largely within expected clinical
ranges. The mean WBC, hemoglobin, and
platelet counts reflected normal hematological
status in most participants, with differential
counts showing typical proportions  of
neutrophils, lymphocytes, and monocytes.
However, WBC and platelet values demonstrated
rightskewed distributions, indicating variability
in these parameters among the study population.

Effect on WBC Count Among Exposed Groups
The mean white blood cell (WBC) count of the
healthcare radiation professionals indicate a
gradual decline with period of radiation
exposure. The mean WBC count of participants
who were less than 5 years of exposure was 6.52 +
1.43 x10°/L and the mean value of the
participants who had 5-10 years of exposure was
6.21 + 1.56 x10%/L. Workers with more than 10
years of exposure had a mean count of 5.88 =
1.71 x10°/L. The difference among groups was
not statistically significant (p = 0.073) though a
decreasing pattern was observed with increasing
exposure duration. The comparison is presented
in Figure 3.1.
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Figure 3.1: WBC’s variation among the groups according to exposure duration

Assessment of RBC Count in Exposed Workers
The mean red blood cell (RBC) count of the
participants who had less than 5 years of
radiation exposure was 5.21 = 0.43 x1012/L,
whereas participants that were exposed to
radiation between 5-10 years, the mean was 5.34

+ 0.48 x1012/L and The mean RBC count for

participants who had been exposed for more than
ten years was 5.12 + 0.41 x10'2/L. No significant
difference was observed between the exposure
groups (p = 0.244). The distribution of RBC
counts in the exposure categories is shown in
figure 3.2.
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Figure 3.2: RBC’s variation among the groups according to exposure duration

Hemoglobin Levels in Radiation-Exposed
Healthcare Workers

The average hemoglobin (HGB) among the
participants who had less than 5 vyears of
exposure was 15.37 + 1.14 g/dl and the mean
hemoglobin of workers who had an exposure of

between 5 and 10 years was 15.09 + 1.26 g/dl.
The individuals who had >10 years of exposure
had a mean hemoglobin concentration of 14.82
+ 1.35 g/dL. There was a slight decreasing
pattern as radiation exposure duration increased,
but the difference was not found statistically
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significant (p = 0.089). The comparison is

presented in Figure 3.3.
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Figure 3.3: HGB variation among the exposed groups according to exposure duration

Comparison of Count of Platelets Among the
Exposed Groups

Mean platelet counts in participants with the
exposure of less than 5 years was 276 * 52
x10%/L, 258 + 61 x10°/L of the mean platelet
counts in the participants with 5-10 years of
exposure and the participants with >10 years of

exposure showed a mean platelet count of 236 +
67 x10°/L. Even though the platelet counts
showed a downward trend with longer exposure
time, the variation across groups was not
significant (p = 0.064). The comparison is
illustrated in Figure 3.4.
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Figure 3.4: Platelet Count Variation According to Duration of Radiation Exposure Among Healthcare
Workers
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Lymphocyte Count Among Radiation-Exposed
Workers

The average lymphocyte percentage  of
participants who were exposed to less than five
years was 33.4 + 6.9% and the mean of
lymphocyte percentage of those who were

exposed to radiation for 5-10 years was 35.7 +

8.1%. The participants that had over 10 years of
exposure revealed a mean value of 379 +
9.6%With increasing duration of exposure, there
was a growing tendency in the percentage of
lymphocytes, but the difference between groups
was not significant (p = 0.091). This comparison
is presented in Figure 3.5.
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Figure 3.5: Lymphocyte variation according to radiation exposure Duration

Neutrophil Count Among Radiation-Exposed
Healthcare Personnel

The mean neutrophil percentage of the
participants with less than 5 years of exposure
was 56.8 t 10.2, and the participants with 5-10
years of exposure had a mean neutrophil
percentage of 54.6 + 9.4%. Employees who had

more than 10 years of exposure had an average
neutrophil percentage of 52.2 + 11.1%. Though a
slight reduction was noted with the increase in
exposure duration, the difference was not
statistically ~ significant (p = 0.134). The
distribution of neutrophil percentages is
presented in Figure 3.6.
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Figure 3.6: Neutrophil variation according to radiation exposure duration
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Comparison of Count of Monocytes Between
Exposure Groups

The mean monocytes percentage of the
participants with less than 5 years of exposure
was 0.2 + 1.6%, and the participants with 5-10
years of exposure had a mean monocytes

percentage of 6.4 + 1.8%. Monocyte percentage
among the participants corresponding to more
than 10 years of exposure was mean 6.5 + 1.7%.
The statistical analysis did not show a significant
difference between the groups (p = 0.842).
Comparisons are seen in Figure 3.7.
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Figure 3.7: Monocyte variation by length of radiation exposure

Comparison of Count of Eosinophils Between
Exposure Groups

The average eosinophil percentage of participants
who were exposed to less than 5 years was 1.9 +
0.5% and participants who were exposed to 59
years had a mean eosinophil percentage of 2.0 +

0.6%. The mean value of the participants who
had more than 10 years of exposure was 2.1 +
0.6%. No statistically significant difference was
found with the exposure groups (p = 0.617). The
comparison is presented in Figure 3.8.
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Figure 3.8: Variation in eosinophil count according to exposure duration
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Discussion

This study was designed to determine the effects
of chronic radiation effects on the blood
parameters of radiation workers in the healthcare
sector. We paid special attention to some
important parameters of CBC, such as white
blood cells (WBCs), red blood cells (RBCs),
platelets (PLTs) count, hemoglobin (HGB) level
and the differential percentage of neutrophils,
lymphocytes, and  eosinophil
proportion. The study involved 64 healthcare
radiation professionals who were divided into
three groups according to their length of
exposure to radiation: less than 5 years, 5-9 years
and more than 10 years of radiation exposure.
The descriptive statistics of the CBC parameters
showed that the CBC parameters of all
participants were within the normal clinical
ranges without any extreme deviations. The
average value of WBC count, hemoglobin (HGB)
levels and platelet (PLT) count were 7.4 x 109/L,
15.5 g/dL, and 287 x 109/L, respectively, which
are within normal healthy ranges. The
neutrophil,  lymphocyte, and  monocyte
differential counts were also within the normal

monocytes

clinical limits, which also indicates that overall
participants did not exhibit abnormal blood
profiles during the testing time.

No statistically significant correlations were
found between exposure years and any of the
CBC parameters when analysing the relationship
between the duration of radiation exposure and
blood parameters. The correlation analysis
indicated weak relationships between exposure
duration and most parameters, the p-values
exceeding 0.05. In particular, there was no
statistically ~ significant relationship between
radiation exposure and the number of WBC
count (r = 0.163, p = 0.197), hemoglobin levels (r
= —0.102, p = 0.424), neutrophil percentage (r =
0.030, p = 0.812), lymphocyte percentage (r =
0.000, p = 1.000), monocyte percentage (r =
—0.192, p = 0.129), and platelet count (r =
—0.040, p = 0.755).

Also, comparing the CBC parameters in the
three exposure duration groups, there was no
significant difference (p > 0.05) in any parameter.
Although we have observed trends where the

number of WBCs and platelets gradually
reduced, and the percentage of lymphocytes
increased with an increase in the radiation
exposure duration.

We find our results consistent with a growing
literature that indicates that standard CBC
parameters may often not change in radiation
workers under the existing safety measures (17).
An example is a cohort study of Chinese medical
radiation workers over five years (2015-2019) that
found a decreasing trend in WBC, hemoglobin
and eosinophil ratio over time, although the total
number of blood cells in the populations did not
differ significantly between the exposure groups
at the fiveyear follow-up, and there was no
relationship between cumulative dose and blood
cell counts (18). On the same note, a cross-
sectional study conducted in the radiology
departments of Kurdistan showed that there were
no significant differences in CBC parameters
between exposed and non-exposed staff (19).
Another descriptive study that examined 95
radiology technologist which found a significant
decrease in leukocyte, neutrophil and lymphocyte
counts among technologists with 10-15 year
exposure; however, there were no changes in
RBC, hemoglobin, hematocrit and platelet
counts (20). These results indicate that although
long-term exposure can affect some white blood
cell sub types in some situations, overall
hematopoietic function (as determined by CBC)
might be maintained in low dose occupational
settings.

In addition, the fact that standard CBC is not
very sensitive to detect small or early radiation-
induced damage. One example is a systematic
review of Iranian radiation workers concluded
that there are very few changes in CBC
parameters when exposed chronically to low
doses, and that more sensitive biomarkers
(chromosome aberration assays, micronucleus
frequency, oxidative stress markers) are necessary
to effectively detect changes (21).

In current radiology practices, the notion of
effective radiation protection practices such as
correct shielding, the use of personal protective
equipment (PPE), dosimetry surveillance and
compliance with safety measures probably ensure
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that changes in gross hematological counts are
minimal or undetectable. This can be supported
by recent cohort evidence where after years of
exposure, the counts of peripheral blood cells
were stable over the years (18) (22).

Considering the similarity of normal CBC
parameters among several studies including our
own and the possibility of subclinical effects
noted by other recent studies employing
molecular or cytogenetic techniques, it seems that
CBC is not a tool enough to measure the
biological effects of chronic low-dose exposure to
radiation fully. Rather, CBC could be used as a
screening test; a conclusive diagnosis could be
given using cytogenetic tests (e.g., micronucleus
test) or oxidative stress indicators, or a long-term
longitudinal follow-up.

Conclusion

The study concludes that prolonged exposure to
low doses of radiation can affect blood
parameters of health care workers. Notably, the
white blood cell (WBC) counts gradually
increased, indicating the presence of low-grade
chronic inflammation that was probably caused
by immune cell activation brought about by
cytokine.  Conversely, red blood cells,
hemoglobin, and platelets experienced a
progressive decrease especially after 10 years of
exposure. These alterations indicate that with
prolonged exposure to radiation there is
progressive damage in the bone marrow cells
which produce blood cells.

Future recommendation

Future studies should include a larger sample size
and involve participants from multiple healthcare
institutions to improve the generalizability of the
findings. Longitudinal research designs are
suggested to estimate the longterm impacts of
occupational radiation exposure on
hematological parameters in the long-term. Also,
other biological markers and molecular indicators
of radiation exposure can be included in future
research to give a more detailed picture of the
possible effects of chronic, low-dose radiation
exposure on the health of healthcare workers.
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