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Occupational exposure to ionizing radiation from radiology equipment is
believed to impact the health of healthcare professionals, particularly those
working in radiology departments. This study investigates the long-term
effects of chronic X-ray exposure on hematological parameters in radiology
staff across multiple hospitals in Raniya City. This cohort study was
conducted in six government hospitals in the Raparin district of Sulaimaniyah
Governorate. A total of 96 participants were enrolled: 48 radiographers (case
group) with prolonged exposure to X-rays and 48 medical laboratory
professionals (control group) without such exposure. The study focused on
evaluating the correlation between annual radiation dose and changes in the
hematological parameters (cases/ controls), including white blood cell
(WBC), red blood cell (RBC), and platelet (PLT) counts. A minimum and
maximum value of occupational chronic X-ray exposure for the radiographer
was 1.69 uSv to 414.27 uSv, respectively. A significant increase in risk was
observed when the X-ray dose exceeded 100 uSv. WBC count shows very
weak and non-significant negative correlation with radiation dose. RBC count
shows strong and statistically significant negative correlation, suggesting
radiation exposure is associated with lower RBC counts. PLT count shows
moderate and significant negative correlation, indicating platelet counts tend
to decrease with higher radiation doses
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1. INTRODUCTION X-rays are widely used in medical fields

Radiographers are routinely exposed to for both diagnostic and therapeutic

low doses of ionizing radiation, purposes.  However, whether  they

primarily ~ X-rays, —over extended administered at low or high doses, X-

periods. Despite protective measures, rays have the potential to cause cellular

chronic occupational exposure has damage, with associated health risks

raised concerns about subtle but increasing with prolonged exposure

significant  biological ~effects.  One duration [6-8]. As artificial sources of

critical area of concern is hematological ionizing radiation, medical X-ray

health, given that blood-forming tissues devices represent a significant risk

are among the most radiosensitive in the when exposure is chronic or poorly

human body [1-3]. X-rays, a form of controlled. Ionizing radiation is known

high-energy electromagnetic radiation

(100 eV to 100 keV) with wavelengths

to produce harmful biological effects by

damaging living cells, either destroying

ranging from 0.01 to 10 nm, possess them outright or impairing their normal

enough energy to ionize atoms and physiological functions [9,10]. Under

disrupt molecular bonds [4,5]. certain conditions— especially at high

doses, X-ray exposure can result in
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biological changes, including adverse
effects on liver function and enzyme
levels [11].

Several studies have approved that the
long exposure to low dose of X-ray can
have an impact on hematological system
of the radiographers which based on
period of exposure. Salata et al. [12] the
associated, study reported a consistent
decrease in total WBC counts,
particularly in lymphocytes, in workers
exposed to long-term low-dose X-
radiation. Abdolmaleki et al. [13]
indicated that the chronic radiation
exposure can lead to decreased RBC
count and hemoglobin (HGB) levels,
and increased red cell distribution width
(RDW).

Nuraeni et al. [14] clarified the
correlation between radiation dose
and blood changes, and they classified the
extent of hematological impact as
positively correlated with the cumulative
radiation dose (measured in pSv or mSv)
and duration of exposure (years of
employment). Gunal et al. [I5]
concluded that platelet may show slight
reductions in count in some cases, and
fluctuations depending on individual
radiosensitivity and  duration of
exposure, also platelets are still
vulnerable to radiation effects due to
their derivation from megakaryocytes

in the bone marrow. UNSCEAR [16]

summarized that the long-term
occupational exposure to low-dose X-
rays among radiographers is associated
with subtle but potentially significant
changes in hematological parameters,
especially lymphocytes and
hemoglobin levels.

Given this context, the present study
aimed to evaluate and compare
complete blood cells (CBC) levels
among radiographers employed at some
of public hospitals of Iraqi Kurdistan
region. The research focused on chronic
exposure patterns, including the
duration of annual exposure and work
habits. It also compared radiographers
with non-radiographer hospital staff

who were not routinely exposed to X-

ray radiation.

2. Research Method
2.1 Materials and Methods
A cohort study was conducted at six

major government hospitals in the
Raparin region, including Ranya
Teaching Hospital, Ranya Maternity
and Children’s Hospital, Shahid Ahmad
Ismail Hospital, Chwarqurna Hospital,
Hajiawa General Hospital, and Qaladze
General Hospital. Dose Rate Meter
GRAETZ GammaTwin. The GRAETZ

GammaTwin is a compact electronic
dose rate meter featuring a “twin

display” that simultaneously shows

12
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dose rate and cumulative dose. It
measures ambient dose equivalent
H*(10) within a range of 0.5 uSv/h to
70 mSv/h. This dosimeter (Fig.1) was
used to measure the scatter radiation
dose from the X-ray rooms in the

hospitals mentioned above.

2.2 Experimental Procedure
The study included 48 medical

radiographers as the exposed group
(cases), who were chronically exposed
to X-rays due to their occupation, and
48 medical laboratory (ML) workers,
who were not exposed to X-rays,
serving as the control group. The annual
exposure dose for each radiographer
was estimated based on the number of
cases handled per year multiplied by the
radiation dose per X-ray case [17].

Venous blood samples (3 ml) were
collected from all participants in both
groups to measure CBC tests using
Hematology  analyzers  that s
computerized,  highly  specialized
machines which count the number of
different types of red and white blood
cells, blood platelets, haemoglobin, and
haematocrit levels in a blood
sample. The blood analysis machine
was (HbAlc Analyze, Horiba). The

blood samples were divided into two

equal groups: the first 48 tubes

corresponded to the control group, and
the second 48 to the case group.

2.3 Statistical Analysis

The SPSS software version, used to
analysis the impacts of radiation dose
on the CBC components based on t-test
and a nova to getting the significant

values.

2.4 Limitation of the research

Monitoring the quality of the donor's
blood samples was difficult, as was the
medical history of each donor. In
general, the limited number of donors
we had to work with and obtain blood
samples was a barrier to obtaining

additional samples.

3. Results and Discussion
The effects of cumulative X-ray

exposure in radiography technicians
were analyzed based on their annual
exposure dose, with data collected
considering exposure duration and
working hours per day the number of X-
ray case. The results, summarized
statistically in Table 1, categorize
exposure groups by average annual
dose and case percentage. A significant
increase (p< 0.05) in risk was observed
when the exposed X-ray dose exceeded
100 uSv. These findings suggest that
measures  and

stricter  shielding

exposure limits should be enforced for

13
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occupations with  high radiation
exposure. Table 2 presents the
classification of CBC level alterations
(WBC, RBC, and PLT) based on low
and high equivalent X-ray doses, with
27 cases classified as low dose (< 100
uSv) and 21 as high dose (> 100 uSv).
This fixed threshold follows radiation
safety standards using 100 pSv as a
dividing point.

The optimum blood parameters that
most affected by X-ray exposure
identified based on statistically evaluate
the strength and significance of the
relationship between X-ray dose and
each blood parameter. The correlations
(positive or negative) indicate greater
effect identified according to Pearson
correlation coefficients to determine
linear relationships between X-ray
Dose vs. each CBC parameter; |Pearson
1] > 0.4 (moderate effect); p-value <
0.05 (statistical significance). Table 3 is
the results of Pearson correlation
analysis to explore the relationship
between the total radiation dose and the
blood parameters. Fig.2 illustrate the
differing responses of WBC, RBC, and
PLT to radiation dose regarding the
correlation coefficient (r). Here are the
graphs showing the relationships

between radiation dose and:

WBC (White Blood Cells) — A general
decreasing trend is observed with
higher dose.

RBC (Red Blood Cells) — Slight
fluctuations, but relatively stable across
doses.

PLT (Plateletsy — A noticeable
decrease with increasing dose.
Descriptive statistics of 48 cases and 48
controls summered in Table 4, and it is
based on the ratio factor between CBC
results of cases / control for each
hospital. The correlation between
radiation exposure and the variation of
blood components (WBC, RBC, and
PLT) were weak (positive and negative).
This indicates that the counts of the
mentioned blood components show only

weak variability in response to the total

radiation dose received by the
radiographers, and this is in agreement
with the essential of biological response
of CBC components, and with the

previous studies [18-21].

4. Conclusion
Alterations in blood parameters levels

due to chronic X-ray exposure in
radiographers depend on both the
exposure dose and duration. Low-dose
exposure (27 cases < 100 puSv) and
high-dose exposure (21 cases > 100
uSv) have correspondingly low and

high impacts on CBC parameters. There

14



JOURNAL OF KUFA-PHYSICS | Vol. 17, No. 2 (2025)

Razaw D. Hussein & Asaad H. Ismail

was week correlation (r) between ratio
(case/control) of WBC (very weak
positive), RBC (very weak negative),
and PLT (very weak negative) with
total occupational chronic X-Ray

exposure for the radiographers.
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Table 1: Analysis the X-ray exposure doses per exposure groups

Exposure Group Average Annual Dose Case
(uSv) percentage
<50 pSv 32+4.1 29.17%
50-100 puSv 67.9£8.48 25.00%
> 100 uSv 247.8+30.97 45.83%
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Table 2: Analysis the X-ray exposure doses per exposure groups

CBC Parameter

Low Dose (<100

High Dose (> 100

uSv) Mean + SD uSv) Mean = SD
WBC (x10%/L) 7.36 +1.89 6.95+1.60
RBC (x10'*/L) 4.84 £ 0.60 5.01 £0.59
PLT (x10°/L) 248.56 + 88.77 225.71 £39.87

Table 3: Pearson correlation analysis between the total radiation dose and the

blood parameters

Parameter Correl?rt)lon I:f-alue Significance

_ Very weak and non-
WBC  (White 014 0.36 significant negative
Blood Cells) ’ ' correlation with radiation
dose.

Strong and statistically
significant negative
RBC (Red < correlation, suggesting
Blood Cells) -0.69 0.001 | radiation exposure 1s
associated with lower RBC
counts

Moderate and
PLT significant S negative
(Platelets) -0.47 0.001 correlation, indicating platelet
counts tend to decrease with
higher radiation doses

Table 4: Descriptive statistics of 48 cases and 48 controls based on the ratio
factor between CBC results of cases / control for each hospital

. Radiation WBC . .
Metric Dose (uSv) Ratio RBC Ratio PLT Ratio
Mean +SDV 110.93+101.48 1'066i0 37 | 0-979+0.128 1.038+0.346
Minimum 1.69 0.543 0.715 0.180
Maximum 414.27 2.460 1.234 1.650
Median (50%) 87.74 1.019 0.965 0.980
Parameter Correlation (r) with Radiation Dose
WBC Ratio +0.046 (very weak positive)
RBC Ratio —0.036 (very weak negative)
PLT Ratio —0.051 (very weak negative)
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Fig.1: Dose Rate Meter GRAETZ GammaTwin
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Dose vs PLT
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Figure 2: Variation responses of WBC, RBC, and PLT to radiation dose regarding the

correlation factor (r).
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