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صخلملا

نأنكميةعشلأاةزهجأيفةمدختسملاةنيؤملاةعشلأانأدقتعي:ثحبلافادهأ
ةنراقمىلإةساردلاهذهفدهت.ةعشلأامسقيفظومىدلمسجلاةجسنأىلعرثؤت
نيلماعلانيفظوملاىدلمدلاايلاخىلعةينيسلاةعشلألدملأاليوطضرعتلاراثآ
ةموكح/ةيناميلسلاةنيدميفةفلتخملاتايفشتسملايفةفلتخملاةعشلأاماسقأيف
.ناتسدركميلقإ

2022ىلإ2021نمةرتفلايفةيعطقملاةساردلاهذهتيرجأ:ثحبلاةقيرط
،ةعشلأاييئاصخأتلمشيتلاو،ةفلتخملاةعشلأاماسقأيفافظوم250ىلع
تناكو،)خلإ.…،ضرمم،بيبط(يبطلامقاطلانممهريغو،ةعشلأايروصمو
ةموكحلةعباتلاةيناميلسلاةنيدميفتايفشتسملاىوتسمىلع،لامتشلااريياعماهل
دعبنيكراشملالبقنمهؤلممتنايبتسامادختسابتانايبلاعمجمت.ناتسدركميلقإ
اهلاسرإمثةعشلأايفظومنم250نممدلاةنيععمجمت.ةيهفشلاةقفاوملاذخأ
نمققحتلامتوةعمجملاتانايبلاليلحتمت.مدلاتارشؤمنمققحتللربتخملاىلإ
.ةيفصولاةيئاصحلإاتارابتخلااللاخنمتانايبلانيبتاقلاعلاوةنراقملا

ةعشلأايينفنماوناكروكذلاتانيعلامظعمنأجئاتنلاترهظأ:جئاتنلا
نيبةيئاصحإةللادتاذقورفكانهناك.مولبدلاةجردىلعنيلصاحلا
رابتخاو،ءارمحلامدلاايلاخنممدلاتارشؤمبقلعتياميفنيسنجلايتعومجم
ةللادتاذقورفكانهناك.ةيومدلاحئافصلاو،تايركلامجحو،تيركوتاميهلا
-ءارمحلامدلاايلاخعيزوتضرعثيحنمةينهملاتاعومجملانيبةيئاصحإ
وذقرفويرايعملافارحنلاا-ءارمحلامدلاايلاخعيزوتضرعونيابتلالماعم
ونينخدملاريغونيخدتلانمخيراتمهيدلنيذلانيفظوملانيبةيئاصحإةللاد
دوجووةيوافميللاايلاخلاوءاضيبلامدلاتايركطسوتمثيحنماًقباسنينخدملا
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Abstract

Objectives: Ionizing rays used in radiology devices are

believed to affect the body tissues of radiology depart-

ment employees. This study was aimed at comparing the

effects of long-term exposure to X-rays on the blood cells

of staff working in the radiology departments of several

hospitals in the Sulaimani City/Kurdistan region

government.

Methods: This cross-sectional study was conducted from

2021 to 2022 on 250 employeesdincluding radiologists,

radiographers, and other medical staff such as physicians

or nursesdin the radiology departments of hospitals in the

city of Sulaimani, Kurdistan region government. Data

were collected with a questionnaire completed by the par-

ticipants after verbal consent was provided. Blood samples

were collected from 250 radiology staff and sent to a lab-

oratory for measurement of blood parameters. The

collected data were analyzed in SPSS version 26 software,

and relationships in the data were investigated with

descriptive statistical tests, Student’s t test, and ANOVA.

Results: Most male participants were radiographers with

a diploma degree. A statistically significant difference in
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RBC, HCT %, MCV, and PCT blood parameters was

observed between sexes. Moreover, statistically signifi-

cant differences were observed in RDW-CV and RDW-

SD between occupational groups; in mean WBC and

lymphocytes among staff who were current, never, or

former smokers; and in mean WBC among employees

who were current, never, or former drinkers (p < 0.01).

Conclusion: Blood parameters such as RDW-CV and

RDW-SD were concluded to be affected by job type and

X-ray exposure duration.

Keywords: CBC; Long-term exposure; Radiology staff; X-ray

� 2024 The Authors. Published by Elsevier B.V. This is an

open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The use of electromagnetic waves in many aspects of in-
dustrial science and medical devices has enabled important

technological advances.1 Ionizing radiation, particularly from
X-rays and radioactive substances, is used extensively in
medicine for both diagnosis and treatment.2 X-rays are a

form of electromagnetic radiation with high energy
(100 eVe100 keV) and wavelengths between 0.01 and
10 nm. This energy is sufficient to ionize atoms and break

molecular bonds.3,4 Ionizing radiation at both low and high
doses can cause cellular damage, depending on the target,
dose rate, sex, and age. Direct interaction refers to ionizing

radiation reacting directly with important targets, such as
DNA. Indirect interaction describes a reaction between
ionizing radiation and the water inside cells, thereby
creating both ions and free radicals.5 In general, radiation-

induced effects can be divided into two groups: deterministic
effects, which have a threshold dose below which health
effects are rare, and stochastic effects, such as cancer, which

have no threshold dose and can occur at any level of radiation
exposure.6 Ionizing radiation is a workplace risk factor
that can severely harm workers.7 During radiological

operations, radiographers are exposed to low levels of
ionizing radiation. Ionizing radiation can potentially cause
chromosomal aberrations, among other types of cell
damage.8 Radiation exposure has been estimated to raise

the lifetime chance of developing cancer by 0.6%e1.8% by
the age of 75 years.9 Although radiation workers are not
exposed to diagnostic levels of radiation, stochastic effects

due to chronic low-dose radiation exposure cannot be ruled
out. In addition, the effects of ionizing radiation can be clas-
sified as acute or chronic. Acute effects result from high levels

of radiation exposure and occur shortly after irradiation. In
contrast, chronic effects are believed to result from relatively
low levels of long-term exposure to ionizing radiation.10

The radiosensitivity of human body tissues and cells varies,
from high sensitivity to radioresistance.11 Ionizing radiation
affects blood cells in humans and other animals,12 and can
alter hematological parameters.13 Because the cells of the

hematopoietic system are extremely susceptible to radiation,
the peripheral blood count may be a useful biological
indicator for determining the extent of biological radiation
damage.14 Although some studies have reported that

exposure to low-dose radiation suppresses the immune sys-
tem,15 other studies have reported no effects.16 Mohsen et al.
(2016) have reported that the overall mean RBC, WBC,

and PLT counts among medical professionals do not
considerably deviate from standard ranges.11 According to
Mohamed et al. (2015), exposure to various gamma-

radiation doses results in considerably lower RBC count,
HGB, and HCT than observed in controls.17 Given the need
to evaluate the health status of radiology staff exposed to
long-term low-dose radiation, the contradictory results of

previous studies, and the findings of previous studies on
gamma rays, we sought to compare the effects of long-term
low X-ray exposure on blood cells among radiology staff.

Materials and Methods

Study design and setting

This cross-sectional study was conducted from 2021 to
2022 in the hospitals in the city of Sulaimani, Kurdistan
region government.

Participants

A total of 250 staff members provided samples in this

study. All radiology department staff, such as radiologists,
radiographers, and other medical staff (e.g., physicians,
nurses, and anesthesia assistants) who were exposed to
radiation in departments using radiation (such as general

X-ray departments, and those performing computed to-
mography (CT) scans, mammography, fluoroscopy, etc.)
received explanations of the study purpose, and were

included in the study after providing informed consent.
The inclusion criteria were healthy radiology staff with
more than 1 year experience working in a radiology

department. The exclusion criteria were staff with thalas-
semia, hemophilia, thrombocytopenia, or use of drugs
during the study.

Study instruments

A questionnaire was used to collect data on demographic
variables including sex, marital status, profession, place of

residence, education level, hospital type, hospital depart-
ment, smoking status, and alcohol consumption status. An
automated cell counter (Sysmex-XN-350, compact five-part

differential analyzer, Germany) was used to measure the
blood parameters in the samples.

Study procedure

After the necessary permits were obtained from the
research center and the hospital authorities, the researchers

explained the study process and obtained informed consent
from the participants. The demographic questionnaire was
then completed by the participants, and a 3 cc sample of
venous blood was collected and sent to a laboratory for

analysis of blood parameters, such as the numbers of white
blood cells, red blood cells, and platelets.

http://creativecommons.org/licenses/by-nc-nd/4.0/
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Data analysis

The data were analyzed in SPSS statistical software

version 26 with descriptive statistical tests, Student’s t test,
and ANOVA, with a significance threshold of P < 0.05.

Results

Demographic analysis of the 250 participating personnel
indicated that 60.80% of the participants were men, 39.20%

were women, and 73.60% were married. A total of 74.80%
were radiographers, 12.80% were radiologists, and the
remaining participants had other jobs. Most surveyed par-

ticipants (67.20%) lived in the city. Most participants had a
diploma degree, 8.00% of participants had a bachelor’s de-
gree, and only 1.20% had a doctorate degree. A total of
80.40% of participants were employed in public hospitals,

whereas 16.00% were employed in private hospitals; 3.60%
worked in teaching hospitals. Most staff worked in a CT
department (59.20%), whereas 25.20% worked in a fluoros-

copy unit, and 6.80% worked in a magnetic resonance im-
aging unit. Among the participants, 81.60% were smokers,
and 91.20% consumed alcohol (Table 1).

The distribution of blood parameters by sex is shown in
Table 2. The mean RBC, mean hemoglobin, and mean HCT
% were significantly higher in men than women (P � 0.001).
The mean MCV was significantly higher in men than women

(P� 0.02), whereas the mean PLT was significantly higher in
women than men (P � 0.01). The mean PCT was also
significantly higher in women than in men (P � 0.002).
Table 1: Participants’ basic demographic data.

Demographic data Characteristics

Sex Male

Female

Marital status Married

Single

Occupational type Radiographer

Radiologist

Other

Residence Inside city

Outside city

Education Diploma degree

Bachelor degree

High diploma degree

Master’s degree

Doctorate degree

Type of hospital Public

Private

Public teaching hospital

Department CT scan unit

Fluoroscopy unit

General X-ray unit

Mammography unit

Magnetic resonance ima

Other unit using X-rays

Smoking status Never smoke

Current smoker

Former smoker

Alcohol consumption status Never drink

Current drinker

Former drinker
In addition, we investigated the complete blood count
parameter status among participants by job type. The mean

RDW-CV and RDW-SD significantly differed by job. The
mean RDW-CV was significantly higher in radiologists than
in radiographers or participants with other occupations

(P � 0.05). Moreover, the mean RDW-SD was significantly
higher in radiologists than participants with other occupa-
tions (P � 0.03). No differences were observed in other

complete blood count (CBC) parameters (Table 3).
In this study, 81.60% of participants had never smoked,

9.60% were current smokers, and 8.80% had a history of
smoking. Analysis of the status of CBC parameters among

employees indicated significant differences in mean WBCs
and lymphocytes by smoking status: the mean WBC was
significantly higher in non-smokers than in smokers or

former smokers (P � 0.05). The mean lymphocytes were
significantly higher in smokers than in non-smokers or
former smokers, (P � 0.01). Other CBC parameters did not

significantly differ (Table 4).
We next investigated the status of CBC parameters ac-

cording to alcohol consumption. A difference in only mean
WBC was observed among current drinkers, never-drinkers,

and former drinkers. The mean WBC was significantly
higher in never-drinkers than the other two groups
(P � 0.01). No statistical difference was observed in other

CBC parameters according to alcohol consumption status
(Table 5).

Subsequently, we compared CBC values among men and

women according to the number of working hours per day
(less than 5 h per day, 5e9 h per day, or more than 9 h per
No. cases Percentage

152 60.80%

98 39.20%

184 73.60%

66 26.40%

187 74.80%

32 12.80%

31 12.40%

168 67.20%

82 32.80%

204 81.60%

20 8.00%

18 7.20%

5 2.00%

3 1.20%

201 80.40%

40 16.00%

9 3.60%

148 59.20%

63 25.20%

4 1.60%

8 3.20%

ging unit 17 6.80%

10 4.00%

204 81.60%

24 9.60%

22 8.80%

228 91.20%

6 2.40%

16 6.40%



Table 2: Blood parameters among radiology staff by sex.

Blood parameters Male mean � SD Female mean � SD P-valuea

WBCs � 109/l 6.8 � 1.6 6.8 � 1.7 0.84

Neutrophils � 109/l (Neu %) 60.3 � 12.2 60.4 � 10.5 0.97

Lymphocytes � 109/l (Lym %) 34.0 � 10.5 34.2 � 33.6 0.94

Monocytes � 109/l (mon %) 6.7 � 2.3 6.4 � 2.6 0.49

Eosinophils � 109/l (Eos %) 2.5 � 2.1 1.9 � 1.5 0.09

Basophils � 109/l (Bas %) 0.6 � 0.4 0.6 � 0.4 0.7

RBCs � 1012/l 5.2 � 0.6 4.8 � 0.5 0.001

Hb (g/dl) 14.5 � 1.7 13.3 � 1.5 0.001

HCT % 43.5 � 4.8 40.2 � 4.1 0.001

MCV (fl) 83.0 � 8.9 80.0 � 11.8 0.02

MCH (pg) 29.8 � 9.3 28.9 � 7.6 0.42

MCHC (g/dl) 33.2 � 2.8 33.0 � 3.4 0.76

RDW-CV 13.1 � 3.8 13.2 � 1.8 0.83

RDW-SD 47.1 � 9.4 48.2 � 9.4 0.36

PLT � 109/l 242.8 � 49.5 260.7 � 60.1 0.01

MPV 8.4 � 1.1 8.7 � 1.4 0.11

PDW 11.5 � 8.3 19.6 � 8.25 0.23

PCT 0.2 � 0.0 0.2 � 0.1 0.002

P-LCR 24.1 � 9.8 26.5 � 10.2 0.07

P-LCC 62.7 � 28.1 66.6 � 18.4 0.35

a Independent t-test, P < 0.05
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day). Examination of CBC in men indicated that the mean
WBC significantly decreased with increasing working hours
(P � 0.001), whereas the mean basophils decreased signifi-

cantly with increasing working hours. Employees working
fewer than 5 h/day had higher mean basophils (P � 0.001).
The mean PLT in men also significantly decreased with

increasing working hours per day (P � 0.001). Examination
of the mean CBC in women according to working hours
indicated that the mean WBC, MCV, RDW-SD, and P-LCC

significantly decreased with increasing working hours
Table 3: Distribution of CBC among radiology staff by job descripti

Blood parameters Occupation

Radiographer

Mean � SD

WBCs � 109/l 6.70 � 1.50

Neutrophils � 109/l (Neu %) 60.20 � 11.70

Lymphocytes � 109/l (Lym %) 35.10 � 25.10

Monocytes � 109/l (mon %) 6.60 � 2.40

Eosinophils � 109/l (Eos %) 2.20 � 1.80

Basophils � 109/l (Bas %) 0.60 � 0.40

RBCs � 1012/l 5.10 � 0.60

Hb (g/dl) 14.10 � 1.80

HCT % 42.00 � 4.60

MCV (fl) 81.80 � 10.30

MCH (pg) 29.80 � 10.00

MCHC (g/dl) 33.10 � 3.40

RDW-CV 13.00 � 1.50

RDW-SD 46.70 � 8.60

PLT � 109/l 250.30 � 52.80

MPV 8.60 � 1.30

PDW 15.90 � 59.70

PCT 0.20 � 0.10

P-LCR 25.00 � 10.00

P-LCC 66.30 � 25.90

a ANOVA, P < 0.05
(P � 0.05). Moreover, the mean P-LCR in women signifi-
cantly increased with increasing working hours per day
(P � 0.02) (Table 6).

The mean CBC was compared between male and female
radiologists according to work experience (10 years or fewer,
10e20 years, and 21 years or more). Examination of CBC in

men according to work history indicated that the mean PDW
significantly increased with increasing numbers of working
years (P � 0.04). Examination of CBC in women according

to the number of years of work indicated that the mean
on.

P-valuea

Radiologist Other medical staff

Mean � SD Mean � SD

6.80 � 1.90 7.10 � 2.00 0.56

63.10 � 11.20 57.40 � 9.00 0.43

29.60 � 11.10 32.40 � 12.20 0.41

6.70 � 2.10 5.60 � 2.70 0.34

2.40 � 1.90 2.10 � 1.80 0.87

0.50 � 0.30 0.60 � 0.40 0.81

5.00 � 0.60 5.00 � 0.60 0.91

13.90 � 1.60 13.90 � 1.60 0.87

42.00 � 4.60 41.30 � 4.90 0.56

80.30 � 12.20 83.50 � 7.30 0.48

28.00 � 1.70 28.50 � 1.80 0.46

33.10 � 1.10 33.40 � 1.80 0.83

14.40 � 7.60 12.80 � 2.40 0.05

51.00 � 7.20 48.70 � 9.60 0.03

246.90 � 73.2 249.8 � 42.6 0.95

8.40 � 1.00 8.30 � 1.00 0.44

11.00 � 1.30 10.70 � 1.40 0.81

0.20 � 0.10 0.20 � 0.10 0.33

25.80 � 7.40 24.20 � 12.50 0.83

60.70 � 17.70 49.90 � 16.30 0.07



Table 4: Distribution of CBC parameters among radiology staff by smoking status.

Blood parameters Smoking status P-valuea

Current smoker Never smoker Former smoker

Mean � SD Mean � SD Mean � SD

WBCs � 109/l 6.70 � 1.50 7.60 � 2.10 6.60 � 1.80 0.05

Neutrophils � 109/l (Neu %) 60.70 � 11.50 56.00 � 8.30 60.00 � 12.10 0.58

Lymphocytes � 109/l (Lym %) 32.70 � 10.70 31.70 � 9.80 48.80 � 67.50 0.01

Monocytes � 109/l (mon %) 6.50 � 2.40 7.30 � 2.20 5.60 � 2.30 0.30

Eosinophils � 109/l (Eos %) 2.30 � 1.90 1.90 � 0.40 1.60 � 1.00 0.48

Basophils � 109/l (Bas %) 0.60 � 0.40 0.40 � 0.20 0.50 � 0.30 0.28

RBCs � 1012/l 5.00 � 0.60 5.30 � 0.60 5.10 � 0.40 0.06

Hb (g/dl) 13.90 � 1.70 14.70 � 1.80 14.20 � 1.30 0.08

HCT % 41.90 � 4.90 44.20 � 4.70 42.20 � 3.60 0.08

MCV (fl) 81.50 � 10.10 84.40 � 9.90 81.90 � 12.20 0.42

MCH (pg) 29.00 � 7.50 31.40 � 12.50 31.40 � 13.00 0.25

MCHC (g/dl) 33.10 � 3.30 33.10 � 1.30 33.80 � 1.60 0.60

RDW-CV 13.20 � 3.30 12.90 � 2.80 12.70 � 1.30 0.71

RDW-SD 47.50 � 8.40 48.80 � 12.10 46.20 � 7.70 061

PLT � 109/l 252.10 � 57.20 246.30 � 40.5 231.5 � 37.1 0.25

MPV 8.60 � 1.30 8.20 � 0.80 8.10 � 0.90 0.06

PDW 15.50 � 56.90 10.60 � 0.70 10.60 � 1.30 0.86

PCT 0.20 � 0.10 0.20 � 0.00 0.20 � 0.00 0.15

P-LCR 25.70 � 10.30 21.20 � 7.80 22.10 � 7.80 0.06

P-LCC 64.10 � 19.60 53.30 � 23.40 74.30 � 56.20 0.16

a ANOVA, P < 0.05
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lymphocytes significantly increased with increasing work

experience (P � 0.008). In women, as the number of working
years increased, the mean basophils significantly decreased
(P � 0.05). The mean P-LCC significantly higher than in

women with 10e20 years of experience and significantly
lower than by two times in women with 20 years of work
experience or more (P � 0.031) (Table 7).
Table 5: Distribution of CBC parameters among radiology staff by

Blood parameters Alcohol consumption statu

Current drinker

Mean � SD

WBCs � 109/l 6.70 � 1.60

Neutrophils � 109/l (Neu %) 60.10 � 10.80

Lymphocytes � 109/l (Lym %) 34.20 � 23.20

Monocytes � 109/l (mon %) 6.60 � 2.40

Eosinophils � 109/l (Eos %) 2.30 � 1.90

Basophils � 109/l (Bas %) 0.60 � 0.40

RBCs � 1012/l 5.00 � 0.60

Hb (g/dl) 14.00 � 1.70

HCT % 42.10 � 4.80

MCV (fl) 82.00 � 9.80

MCH (pg) 29.30 � 8.20

MCHC (g/dl) 33.10 � 3.10

RDW-CV 13.10 � 3.20

RDW-SD 47.60 � 8.60

PLT � 109/l 250.10 � 52.30

MPV 8.60 � 1.20

PDW 15.00 � 53.90

PCT 0.20 � 0.10

P-LCR 25.20 � 10.10

P-LCC 64.80 � 25.30

a ANOVA, P < 0.05
A comparison of average CBC values between men and

women indicated no significant differences according to the
number of patients seen per day in men. However, the
average lymphocytes in women significantly increased with

increasing numbers of patients seen per day (P � 0.001). The
average basophils in women also significantly differed ac-
cording to the number of patients seen (P � 0.05). The
alcohol consumption status.

s P-valuea

Never drinker Former drinker

Mean � SD Mean � SD

8.20 � 1.20 7.60 � 2.00 0.01

79.10 � 8.30 60.80 � 15.60 0.25

29.70 � 14.30 33.50 � 12.80 0.88

6.60 � 2.90 6.00 � 2.60 0.72

0.70 � 0.50 1.60 � 0.90 0.22

0.40 � 0.30 0.40 � 0.20 0.33

5.00 � 0.40 5.30 � 0.60 0.16

14.60 � 1.60 14.20 � 2.00 0.63

43.20 � 4.20 42.50 � 5.30 0.84

87.10 � 7.10 77.60 � 15.40 0.12

29.10 � 2.50 31.80 � 14.60 0.54

33.40 � 1.90 33.30 � 2.20 0.95

12.50 � 1.90 14.30 � 3.30 0.30

46.40 � 17.90 46.80 � 5.20 0.90

243.30 � 45.00 247.9 � 84.80 0.95

8.00 � 0.70 8.10 � 1.50 0.28

10.50 � 0.80 10.50 � 1.80 0.94

0.20 � 0.00 0.20 � 0.10 0.59

16.80 � 3.50 24.10 � 9.30 0.17

62.00 � 25.10 57.40 � 16.60 0.66



Table 6: Comparison of CBC (mean ± SD) between men and women, according to number of hours working in the radiology unit.

Blood parameters Hours of work

Male Female

Fewer than

5 h/day

5e9 h/day More than

9 h/day

P-valuea Fewer than

5 h/day

5e9 h/day More than

9 h/day

P-valuea

Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD

WBCs � 109/l 7.80 � 2.00 6.60 � 1.30 6.30 � 1.30 0.001 7.470 � 1.80 6.70 � 1.60 6.00 � 1.30 0.01

Neutrophils � 109/l

(Neu %)

67.60 � 10.80 59.00 � 11.60 59.70 � 13.30 0.20 61.00 � 8.40 60.50 � 10.90 59.60 � 11.80 0.94

Lymphocytes � 109/l

(Lym %)

33.50 � 10.50 34.00 � 11.00 34.40 � 9.90 0.92 28.60 � 10.20 31.30 � 9.50 50.50 � 72.90 0.06

Monocytes � 109/l

(mon %)

5.40 � 2.40 7.00 � 2.10 6.60 � 2.40 0.15 6.80 � 3.90 6.40 � 2.10 5.80 � 2.20 0.59

Eosinophils � 109/l

(Eos %)

3.10 � 2.60 2.20 � 2.10 2.50 � 1.70 0.48 2.70 � 2.10 1.70 � 1.30 1.70 � 0.90 0.07

Basophils � 109/l

(Bas %)

1.10 � 0.80 0.50 � 0.30 0.50 � 0.30 0.001 0.80 � 0.60 0.50 � 0.30 0.50 � 0.20 0.09

RBCs � 1012/l 5.20 � 0.50 5.20 � 0.60 5.10 � 0.60 0.86 4.90 � 0.40 4.80 � 0.60 4.80 � 0.50 0.93

Hb (g/dl) 14.60 � 1.40 14.60 � 1.60 14.30 � 2.00 0.54 13.6 � 1.30 13.1 � 1.60 13.2 � 1.5 0.29

HCT % 44.10 � 4.00 43.20 � 4.30 43.30 � 6.10 0.65 41.3 � 3.50 39.7 � 4.20 39.9 � 4.70 0.23

MCV (fl) 84.90 � 6.10 81.90 � 9.80 83.00 � 9.50 0.25 84.1 � 3.30 76.5 � 15.70 80.6 � 3.40 0.01

MCH (pg) 29.60 � 7.50 30.50 � 12.10 28.80 � 3.90 0.64 29.9 � 9.50 28.7 � 7.70 27.7 � 1.70 0.59

MCHC (g/dl) 32.90 � 1.10 33.20 � 4.00 33.40 � 1.00 0.75 33.1 � 1.20 33.5 � 1.90 31.7 � 7.00 0.15

RDW-CV 13.80 � 7.10 13.00 � 1.30 12.70 � 1.90 0.41 12.9 � 1.20 13.4 � 2.40 13.2 � 0.60 0.50

RDW-SD 49.10 � 10.80 46.20 � 8.90 46.80 � 8.70 0.31 51.0 � 6.80 46.9 � 8.40 46.6 � 5.30 0.04

PLT � 109/l 264.90 � 51.4 231.40 � 42.5 242.7 � 53.40 0.001 271.7 � 53.3 255.9 � 67.7 256.1 � 48.8 0.50

MPV 8.70 � 1.50 8.40 � 0.90 8.30 � 1.00 0.27 9.0 � 1.90 8.40 � 0.9 8.80 � 1.10 0.24

PDW 10.90 � 1.10 10.70 � 1.70 13.30 � 15.40 0.24 11.10 � 1.00 10.80 � 1.30 53.2 � 181.3 0.14

PCT 0.20 � 0.10 0.20 � 0.00 0.20 � 0.10 0.08 0.20 � 0.10 0.20 � 0.10 0.20 � 0.00 0.93

P-LCR 23.50 � 13.00 24.90 � 7.80 23.10 � 9.70 0.63 24.70 � 9.50 25.10 � 8.40 32.20 � 12.90 0.02

P-LCC 72.00 � 49.60 61.20 � 17.00 60.10 � 25.20 0.35 62.90 � 22.60 62.50 � 15.90 76.40 � 16.30 0.03

a ANOVA, P < 0.05.
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average MCHC in women significantly decreased with
increasing numbers of patients seen (P � 0.01). In addition,
the average PDW and P-LCC in women significantly

increased with increasing numbers of patients seen (Table 8).

Discussion

Ionizing radiation at low or high doses can have negative
effects on people.18 Radiation sensitivity varies among cells,

and hematopoietic cells are the most radiation-sensitive cell
types.19 Long-term exposure to low levels of ionizing radiation
has been shown to be harmful to the health of laboratory
personnel and to potentially cause hematological disorders.8,20

In investigating the damage produced by radiation, blood cell
count can serve as a biological indicator.21 Therefore, the aim
of this study was to investigate the effects of long-term low X-

ray exposure on the blood cells of radiology staff.
The demographic characteristics, including sex, occupa-

tion, educational status, and marital status, among partici-

pants in this study were consistent with those in studies by
Nureddin et al. (2016), Shafiee et al. (2016), and Joudoh et al.
(2018). Fewer female than male participants were studied;

the minimum education was a diploma; and most partici-
pants were married and lived in the city.9,22,23

Because other parameters beyond radiation might also
affect the relationship between blood cells and radiation, we

investigated the relationship between blood cells and the
place of work, as well as the sex of radiation workers. The
meanRBC, hemoglobin,MCV, andHCTwere higher in men
than women, whereas the mean PLT and PCT were higher in

women than men. These findings were consistent with those
reported by Davoudi et al. (2012) and Ryu et al. (2013), but
not Tavakoli et al. (2012).24e26 Physiological differences in

the mean blood test parameters were observed between men
and women, possibly because of the small volume of
sample sizes, because work history was associated with the

length radiation exposure, or because of underlying
diseases. Further studies are necessary to resolve these
ambiguities.

In this study, the percentage of no smokers was much
higher than that of non-smokers and alcohol consumers. The
meanWBC in non-smokers was higher than that in the other
groups, in agreement with findings reported by Guo et al.

(2020).27 The mean number of lymphocytes in smokers was
higher than that in other groups. Surniyantoro et al.
(2019)28 have reported that the percentage of non-smokers

was higher, and, in general, the mean lymphocytes were
lower, contrary to our findings. Cigarette smoke has been
reported to damage artery walls, impair leukocyte and PLT

function, and have immediate effects on endothelial cells.29,30

Pedersen et al. (2019) have demonstrated that smoking
increases neutrophils, lymphocytes, and other leukocytes in
the blood.31 Given these contradictory findings, more

studies must be conducted.



Table 7: Comparison of CBC (mean ± SD) between men and women by number of years working at the radiology unit.

Blood parameters Work experience

Male Female

10 years or

fewer

10e20 years 21 years

or more

P-valuea 10 years

or fewer

10e20 years 21 years

or more

P-valuea

Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD

WBC � 109/l 6.90 � 1.70 6.50 � 1.30 700 � 1.80 0.49 6.90 � 1.70 7.00 � 1.70 5.90 � 1.00 0.102

Neutrophils � 109/l

(Neu %)

61.60 � 12.60 58.80 � 12.90 58.20 � 10.40 0.633 61.90 � 10.10 61.60 � 10.40 54.20 � 10.30 0.119

Lymphocytes � 109/l

(Lym %)

32.90 � 10.90 36.80 � 9.50 33.40 � 9.70 0.145 29.10 � 10.30 31.70 � 9.50 60.50 � 86.90 0.008

Monocytes � 109/l

(mon %)

7.10 � 2.20 5.50 � 2.30 6.50 � 2.10 0.063 6.40 � 2.70 6.20 � 2.80 6.60 � 2.20 0.925

Eosinophils � 109/l

(Eos %)

2.40 � 2.20 2.50 � 2.00 2.50 � 1.80 0.977 2.10 � 1.40 1.70 � 1.70 1.90 � 1.20 0.565

Basophils � 109/l

(Bas %)

0.70 � 0.50 0.40 � 0.40 0.40 � 0.20 0.176 0.70 � 0.40 0.40 � 0.30 0.40 � 0.20 0.056

RBCs � 1012/l 5.20 � 0.60 5.20 � 0.60 5.10 � 0.60 0.914 4.80 � 0.50 5.00 � 0.50 4.70 � 0.50 0.20

Hb (g/dl) 14.50 � 1.70 14.40 � 1.70 14.70 � 1.60 0.762 13.30 � 1.50 13.50 � 1.40 12.80 � 1.90 0.438

HCT % 44.00 � 5.00 42.20 � 4.20 43.30 � 4.30 0.158 40.10 � 4.40 40.70 � 3.40 39.30 � 5.00 0.57

MCV (fl) 82.80 � 9.90 82.40 � 8.20 84.80 � 4.20 0.649 80.7 � 10.50 80.8 � 11.00 75.3 � 17.80 0.305

MCH (pg) 29.70 � 8.10 29.20 � 9.80 31.60 � 13.60 0.663 29.9 � 10.30 28.0 � 2.30 27.3 � 2.30 0.398

MCHC (g/dl) 32.80 � 3.20 33.80 � 1.90 33.60 � 1.80 0.156 33.4 � 1.20 33.2 � 1.80 31.1 � 8.60 0.088

RDW-CV 13.20 � 4.60 13.00 � 1.90 12.90 � 1.20 0.9.3 13.0 � 1.30 13.5 � 2.50 13.3 � 1.40 0.441

RDW-SD 47.30 � 9.50 46.80 � 9.90 46.60 � 8.00 0.933 49.1 � 6.20 47.6 � 9.40 46.3 � 6.00 0.452

PLT � 109/l 243.10 � 53.4 241.8 � 46.6 242.7 � 33.7 0.991 257.8 � 51.7 265.8 � 76.9 258.5 � 40.5 0.831

MPV 8.50 � 1.30 8.40 � 0.80 8.10 � 0.90 0.45 8.80 � 1.70 8.50 � 1.10 8.70 � 0.60 0.581

PDW 10.80 � 1.60 11.00 � 1.70 16.20 � 23.90 0.04 11.10 � 1.20 34.2 � 135.7 11.3 � 1.30 0.438

PCT 0.20 � 0.10 0.20 � 0.00 0.20 � 0.00 0.965 0.20 � 0.10 0.20 � 0.10 0.20 � 0.00 0.899

P-LCR 24.60 � 10.80 23.00 � 8.20 23.50 � 7.20 0.704 26.60 � 10.4 25.30 � 11.0 29.4 � 6.40 0.494

P-LCC 60.90 � 19.30 67.80 � 42.90 59.80 � 19.30 0.558 63.80 � 16.3 63.40 � 20.0 79.6 � 16.20 0.031

a ANOVA, P < 0.05.
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The mean RDW-CV and RDW-SD were significantly
higher in radiologists than in radiographers and people with

other professions. However, in a study by Khorrami et al.
(2015), the changes in the mean RDW were not noticeable
and were not statistically significant.32 Güngördü et al.

(2022) have observed to note a notable rise in RDW. These
discrepancies might be due to laboratory errors.33 In
addition, because the blood factor MCV is used in the
calculation of RDW, errors in MCV measurement might

lead to errors in the calculation of RDW. Therefore, more
studies with greater accuracy and fewer errors are required.

The mean WBC among people who never consumed

alcohol was higher than those among current drinkers and
former drinkers. Haag et al. (2022) have reported that
alcohol consumption immediately affects the function and

number of leukocytes, and causes immune changes associ-
ated with diminished innate immune cell function.34 These
findings have been confirmed by Pasala et al. (2015).35

The comparison of mean CBC values between men and
women according to the number of working hours per day
indicated that the mean WBC, basophil, and PLT in men,
and the meanWBC,MCV, RDW-SD. In women, the P-LCC

exhibited noteworthy alterations. Mohamed et al. (2021), in
a study in Libya, have reported differences in WBC, MCV,
and MCHC between workers with versus without radiation

exposure. In addition, in an investigation of the effects of
radiation hematology according to employee sex, only the
hematology parameters of HCT, PLT, and MCH showed
significant changes in men and women.36

Examination of the changes in CBC parameters among
men and women according to the number of years of work
or work experience indicated that the mean PDW in men

significantly increased with increasing work experience. In
women, the mean lymphocytes increased, and the mean
basophils and P-LCC also showed significant changes with
increasing work experience. These results were consistent

with those reported by Güngördü et al. (2022), individuals
exposed to ionizing radiation for less than 10 years were
found to have reduced counts of white blood cells and

neutrophils. In individuals exposed to ionizing radiation for
10 years or longer, there was a decrease in levels of white
blood cells, neutrophils, and hemoglobin, while RDW

increased. Among the group of workers exposed to radia-
tion, a notable rise in RDW was observed and lymphocyte
levels was observed with increasing work experience. In

addition, according to the findings of the aforementioned
study and the present study, the effects of ionizing radia-
tion on blood parameters are associated with the frequency
and duration of the radiation dose.33

Talab et al. (2018) have investigated the effects of low-
dose radiology radiation on blood factors among radiolo-
gists working in radiology departments. Radiation and

occupational exposure did not affect blood parameters, in
agreement with our findings of no differences in blood



Table 8: Comparison of CBC (mean ± SD) between men and women according to the number of patients attending the radiology unit.

Blood parameters Number of patients/day

Male Female

10 patients

or fewer

10e20
patients

21e30
patients

31 patients

or more

P-valuea 10 patients

or fewer

10e20
patients

21e30

patients

31 patients

or more

P-valuea

Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD Mean � SD

WBCs � 109/l 6.8 � 2.0 7.1 � 1.5 6.7 � 1.6 6.6 � 1.5 0.61 6.4 � 2.0 7.5 � 1.5 6.6 � 1.5 6.5 � 1.1 0.12

Neutrophils � 109/l (Neu %) 70.2 � 14.4 60.1 � 10.5 61.0 � 12.6 49.0 � 7.2 0.07 65.2 � 9.9 60.4 � 10.4 59.3 � 11.2 54.2 � 5.9 0.13

Lymphocytes � 109/l (Lym %) 29.8 � 14.7 34.4 � 11.4 33.4 � 9.3 38.6 � 6.9 0.08 26.0 � 11.1 30.4 � 8.8 32.4 � 9.9 78.5 � 10.9 0.001

Monocytes � 109/l (mon %) 8.3 � 1.6 6.8 � 1.5 6.4 � 2.7 6.5 � 1.4 0.33 7.5 � 2.4 6.3 � 4.0 6.0 � 1.8 4.9 � 1.1 0.13

Eosinophils � 109/l (Eos %) 1.6 � 0.6 3.4 � 2.8 2.1 � 1.6 1.5 � 0.9 0.06 2.3 � 1.7 1.4 � 0.9 2.0 � 1.7 1.7 � 0.8 0.50

Basophils � 109/l (Bas %) 0.7 � 0.3 0.8 � 0.6 0.4 � 0.3 0.5 � 0.2 0.06 0.8 � 0.5 0.5 � 0.3 0.4 � 0.3 0.5 � 0.2 0.05

RBCs � 1012/l 5.2 � 0.6 5.3 � 0.7 5.1 � 0.6 5.2 � 0.4 0.33 4.7 � 0.5 4.9 � 0.5 4.9 � 0.5 4.9 � 0.4 0.49

Hb (g/dl) 14.4 � 2.1 14.6 � 1.7 14.3 � 1.7 15.0 � 1.1 0.41 13.4 � 1.9 13.0 � 1.5 13.4 � 1.4 13.4 � 1.6 0.84

HCT % 43.9 � 6.1 43.7 � 4.0 42.8 � 5.2 44.7 � 3.0 0.40 40.4 � 4.5 39.7 � 4.2 40.4 � 3.9 40.2 � 5.0 0.14

MCV (fl) 84.9 � 8.3 82.9 � 5.7 81.8 � 11.3 85.4 � 4.1 0.33 81.4 � 11.7 79.7 � 11.7 81.1 � 8.9 70.9 � 21.8 0.14

MCH (pg) 27.9 � 2.7 29.4 � 9.0 30.4 � 11.3 29.9 � 4.4 0.78 30.6 � 10.7 28.0 � 2.1 28.8 � 8.3 27.3 � 2.0 0.61

MCHC (g/dl) 32.7 � 0.9 32.6 � 4.9 33.5 � 1.4 33.7 � 1.0 0.34 33.4 � 1.4 32.9 � 1.1 33.6 � 1.9 29.3 � 10.5 0.01

RDW-CV 12.5 � 1.5 14.0 � 6.6 13.1 � 1.6 11.9 � 0.9 0.19 13.3 � 1.2 13.5 � 2.6 13.1 � 1.7 12.9 � 1.2 0.82

RDW-SD 49.5 � 10.9 47.1 � 9.8 47.6 � 8.5 43.4 � 9.7 0.24 50.7 � 6.9 49.4 � 7.5 46.7 � 8.0 45.2 � 4.2 0.13

PLT � 109/l 232 � 40.3 251.8 � 50.3 245 � 53.9 224.7 � 31.7 0.17 245.6 � 55.8 285.3 � 55.7 254.5 � 63.7 266.5 � 52.5 0.12

MPV 8.4 � 0.7 8.6 � 1.4 8.5 � 1.0 8.0 � 0.8 0.29 9.4 � 2.2 8.3 � 0.9 8.6 � 0.9 8.2 � 1.0 0.04

PDW 10.8 � 1.3 10.7 � 1.7 12.5 � 11.9 10.2 � 1.4 0.58 11.3 � 1.6 10.5 � 1.0 11.2 � 1.3 109.9 � 279.7 0.01

PCT 0.2 � 0.00 0.20 � 0.1 0.2 � 0.00 0.2 � 0.00 0.08 0.20 � 0.1 0.20 � 0.1 0.20 � 0.1 0.3 � 0.00 0.7

P-LCR 25.4 � 9.5 23.9 � 8.6 25.2 � 10.7 18.7 � 8.1 0.08 29.8 � 12.1 22.6 � 6.7 26.9 � 10.5 26.3 � 8.8 0.14

P-LCC 48.3 � 13.0 70.6 � 38.6 63.8 � 23.3 50.2 � 16.1 0.09 54.7 � 14.6 71.2 � 21.2 68.1 � 16.3 81.1 � 16.3 0.01

a ANOVA, P < 0.05.
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parameters according to the number of patients seen per day
among men exposed to low doses of radiation.37

Limitations

The limitations of this study included the lack of compari-

son of radiology department employees with other employees
as witnesses, as well as examination of the duration of exposure
to ionizing radiation. Selection bias due to some participants’

ineligibility to participate in the study might have occurred.
Biased information is possible when some participants do not
provide reliable information about their drinking and smoking
habits due to cultural and religious reasons, which may cause

shame for others who come across this information.

Conclusion

On the basis of the results of this study, we concluded that
changes in the parameters of RDW-CV and RDW-SD, white

blood cells, platelets, hematocrit percentage, red blood cells,
and other blood parameters. Our findings also indicated the
importance of paying attention to the factors of sex, alcohol,
and smoking, as well as job typedan indicator of the dura-

tion of exposure to ionizing radiation. Managers must focus
on the personal dosimetry devices used by employees in the
radiology department to consistently monitor the radiation

exposure levels of employees and track the amount of radi-
ation they are exposed to and consider the factors of sex,
alcohol consumption, and smoking in the duration of

monitoring. Moreover, employees should be educated
regarding blood complications and their relationships with
occupation, sex, smoking, and alcohol consumption. Radi-

ology staff should undergo routine examinations yearly to
determine the complete blood count, and the government
should make policies regarding this issue.
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