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Abstract

Background: Long-term exposure to low doses of ionizing
radiation adversely affect human cells and tissues of medical
imaging technologists, especially hematological parameters.

Aim: The aim of the present study to assess the effect of low dose
radiation on the hematological parameters among MITs of
Dhamar City Hospitals, Yemen.

Method: A cases-control study with 100 participants in the
period two months (from 1- March to 30 April 2021) of Dhamar
City was carried out. Out of them 60 were radiation exposed
and 40 were controls. Hematological parameters were analyzed
using Sysmex XN-350. Data was entered and analyzed using
SPSS version 25 P. values < 0.05 were considered statistically
significant.

Results: In this study the Monocyte, Basophil, RBCs, HGB,
HCT and RDW-SD were higher while MCHC and RDW-CV
were lower in the exposed group. Significantly increased blood
parameters (RBCs, HGB, HCT and lymphocyte) were statically

increased significant among both exposure groups work less or equal six years and work more than six
years compared to control group. Also, Neutrophil show statically decrease significant (P<0.05) with
exposure group who work more than six years.

Conclusion: Low dose of ionizing radiations can alter CBC parameters of radiation technician
medical imaging technologists. Effect of radiation increased with long term of exposure.
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We recommended using appropriate personal protective measures for medical imaging technologists.
Furthermore, performing a research order to have a clearer image of the effects of ionizing radiation.

Keywords: Low dose radiation, hematological parameters, medical technologists, Dhamar City, Yemen.

Introduction:

Radiation is energy in the form of waves or
stream of particles. It can come from unstable
atoms or it can be produced by machines,
travels from its source in the form of energy
waves or energized particles (1). Radiation
may be classified as ionizing or non-ionizing,
depending on its ability to ionize matter (2).
Exposure to ionizing radiation (IR) is inherent
in daily life and the average worldwide
exposure from all sources approximately ~3
Millisievert (mSv)/year. Natural background
radiation exposure contributes to ~2.4
mSv/year, (3). Medical imaging and the
largest man made source of exposure and
contributes to ~0.6 mSv/year. Diagnostic
imaging and have substantially improved
health care services and patient outcomes over
the years (4).

IR are widely used in the diagnosis and
treatment of patients. Radiation workers have the
direct responsibility of performing the tests in the
radiology, computed tomography (CT), nuclear
medicine, and radiotherapy departments since
they are frequently exposed to radiation (5 & 6).
Hematopoietic cells (HPCs) considered the most
sensitive cells to radiation therefore IR exposure
directly damages HPCs and alters the capacity of
bone marrow stromal elements to support and/or

maintain hematopoiesis in vivo and in vitro.

Exposure to IR induces dose-dependent declines
in circulating hematopoietic cells not only
through reduced bone marrow production, but
also by redistribution and apoptosis of mature
formed elements of the blood (7 & 8). Generally,
exposure to IR including X-rays and gamma rays
will lead to abnormal hematological findings,
cancer including leukemia, birth defects in the
future children of exposed parents, and cataracts.
This risk associated with each imaging procedure
is extremely low but, does slowly increase with
the increasing number of exposure medical
imaging techniques. Accordingly, blood cell
count can be used as a biological indicator in the
investigation of the damage caused by radiation
(9). Diagnostic X-rays are the largest man-made
sources of radiation exposure to the general
population, contributing about 14% of the total
annual exposure worldwide from all sources.
Although diagnostic X-rays provide great
benefits, their use involves some small risk of
developing cancer is generally accepted (10 &
11).

Because application of IR increases continuously
in medicine therefore the number of diagnostic
technicians also increases. Diagnostic technicians
(DT) may expose chronically to low doses of X-
ray during their work especially those whom they
do not use radiation protection tools. Some

studies have demonstrated the negative effect of
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LDR on hematological parameters while others
detect the change at genetic analysis level only.
No published study is available from our country.
Thus, this study has recruited X-ray technicians
as they are continuously exposed to occupational
IR typically X-ray.

Therefor this study to assess the effect of low
dose radiation (LDR) on the hematological
parameters of medical imaging technologists
(MITs) of Dhamar City Hospitals.

Materials and Methods
Study design

A cases — control study was conducted to
assess effects in the hematological profile of

MITs in Dhamar City Hospitals, Yemen.

Study area

The study was conducted on MITs, the
samples collected within two months of
Dhamar City hospitals and its suburbs from 1-
March to 30 April 2021.

Study population

MITs Dhamar City Hospitals who voluntarily
participated in the study and sign for consent.
Healthy controls, with the same range of age, sex,
and area residence with the exposed workers were

taken.

Inclusion and exclusion criteria

Inclusion criteria
All apparently healthy workers with work
experience of one year (1year) and above were
included.

Exclusion criteria

Participants, both exposed and unexposed, with
gross anemia, known history of diabetes mellitus,
cardiopulmonary disease, acute or chronic
infection, autoimmune disease, malignancy,
those who have taken radiotherapy or
chemotherapy and those who are taking any drug

during the study period were all excluded.

Sample size determination

Sample size was determined by taking all MITs
of Dhamar City Hospitals available through the
data collection period who are fulfilling the
explained criteria and who are volunteers to
participate by giving their informed consent. In
this study 100 participants were recruited. A total
of 60 apparently healthy occupational radiation
exposed workers and a total of 40 apparently

healthy and unexposed controls were included.

Data collection procedure

Details of the socio-demographic background,
occupational and medical history regarding work-
related exposure to mutagenic agents, safety
measures taken, duration of exposure, use of
therapeutic drugs and smoking was obtained from
a questionnaire that was completed by each study
participant. The information was used to include

or exclude participants.

Sample Collection and Processing

About 3 ml of venous blood was collected from

volunteer participants, who have fulfilled the
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criteria, into lavender Ethylene diamine tetracetic
acid (EDTA) tube for complete blood count and
blood cell morphology tests. In this collection
process a 23-gauge needle was used in order to
avoid clotting or hemolysis. For proper mixture
of blood and anticoagulant, collected specimen
was mixed by inverting the tubes 8-10 times.
Each specimen was checked for the presence of
clots prior to labeling and analysis. Standard
venous blood collection procedure was followed
to ensure the quality of specimen. CBC was

performed within to one hour of collection (12).

Data analysis

Data was analyzed using SPSS Version 25. To
conduct analysis, Quantitative variables were
expressed Percentage as well as Mean + standard
deviation (SD), Independent t-test used to
comparison hematological parameters of MITs
and control. Chi-squire used to show percentage
of hematological parameters among MITs and
control. One-way ANOVA was used to
Comparison of hematological parameters among
exposed groups and unexposed groups depend on
duration of work in medical imaging. P. value of

<0.05 was regarded as significant.
Ethical Consideration

Approval for this study was taken from the

department of chemistry of applied science

collage in Thamar University. Informed consent
was obtained from the study subjects before data
collection and blood sampling were carried out.
Study participants were told that they have the
right to quit the study any time they decided and
that data is confidential and it will be used only

for the study.

Results and Discussion

Exposure of cells to IR induces damage in various
cellular compartments and results in complex
biological responses (13). It has been described
that blood cell counts immediately drop soon after
irradiation with low doses of IR (14).

This study has analyzed blood samples of the
exposed workers for CBC and compared it with
controls.

Demographic characteristic distribution

Results showed that sixty 60 healthy medical
radiation workers were precipitate in this study.
Their age ranged from 20 to 60 years the mean of
age was 28 years. The result reveal that mean of
duration of work experience was 6 years, mean of
work per day 10 hours. Medical radiation workers
were control to forty 40 healthy non-radiation

exposure.
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Table 1: Demographic characteristic distribution.
Medical Radiation Workers group

Demographic characteristic

n=60 (100%)

Age
<28
>28

38 (63.3%)
22 (36.7%)

Duration of work

< 6 years 35 (58.3%)
>6 years 25 (41.7%)
Work per day
<10hours 38 (63.3%0)
>10 hours 22 (36.7%)

Hematological parameters analysis among
MITs and control group

Table 2 revealed that a number of the CBC
parameters are affected in the radiation exposed
workers as compared to workers who were not
exposed to radiation.

Blood parameters (Monocyte, Basophil, RBCs,
HGB, HCT and RDW- SD) were statically
increased significant (P<0.05), while (MCHC
and RDW-CV) were statically decrease
significant (P<0.05) between Control Group
compared to Exposure Group, Whereas other
blood parameters WBC, Neutrophil, Eosinophil,
Lymphocyte, MCV, MCH and PIts) show
difference in mean compared to control but this
difference have no statically significant (P <
0.05).

Increased significant of Monocyte and RBCs
agreed with findings by Surniyantoro et al.,
2019(15), in Indonesia which reported that RBCs

and monocyte counts were significantly higher in
radiation-exposed workers compared to controls.
Significant of RBCs, Monocyte and MCHC
smellier to finding by Joudoh et al., 2018 (16).
In lIraq Significant differences were noted in
hematological parameters in RBCs. Highly
significant differences were noted in Monocyte
and MCHC. Our study finding approved with
study by Shahid et al., 2015 (17). in Pakistan
which noted Significant differences were found
HGB, WBCs, MCH, MCHC, HCT, and
Lymphocyte by the t-test between radiation

exposed and unexposed individuals.

Our study show disagrees finding to several
recent studies conducted in Iran, Iraq and Egypt
which reported some variations in the basic
hematological parameters with no statistically
significant (18 - 20).

© 2022 AL-Saeeda University Journals
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Table2: Hematological parameters of MITs compared with the control group using independent t- test:

Control Group n=40 Exposure Group n=60

Parameters Meant SD Meanx SD P Value
WBCs 6.02£1.5 6.04£1.6 0.971
Neutrophil 3.2+14 2.8+1.2 0.086
Eosinophil 0.24+0.23 0.22+0.20 0.808
Basophil 0.02+0.02 0.04+0.02 0.003
Lymphocyte 2.240.7 2.247+0.63 0.079
Monocyte 0.34+£ 0.2 0.49 £0.12 0.000
RBCs 5.2+ 0.58 57x0.61 0.000
HBG 148 £1.6 15.8+2.00 0.019
Plts 262 £62 287 £68 0.057
HCV 442 +4.8 46 +4.8 0.036
MCV 8312 80 £13 0.218
MCH 2812 28 £3.14 0.257
MCHC 76.5 £11 33.7x4 0.002
RDW-SD 41.7 £9 51.5 +61.8 0.039
RDW-CV 14.8 +6.3 13.6 £3.7 0.000

The frequency and percentage of Hematological
parameters abnormalities among MITs compared
with the control group as seen in table 3. The
current study showed the higher prevalence of
Hematological parameters (Neutrophil,
Eosinophil, Basophil, Monocyte, RBCs, HGB
and PIts) abnormalities among MITs compared

with the control group.

The result show that 16 (26.7%) of MITs had
abnormalities value of Neutrophil compared to
control 5 (11.9%). Although Monocyte was
higher abnormality among MITs 15 (25.3%),
control showed 5 (11.9%). The result reveal that

RBCs reach highest abnormalities among DT 23
(38.3%) compared to control 6 (14.3%). The
results of the present work revealed that
hematological parameters abnormalities had
been more altered among MITs compared with a
non-workers control group. This may be due to
Long-term exposure to low doses of IR may
adversely affect human cells and tissues of
hospital radiation workers, especially in
peripheral blood cells count (21). The possible
reason higher prevalence increased among MITs
exposure of their erythropoietin system during
maturation of erythrocytes in the circulation (22).

The present results also showed a decrease in
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neutrophil values among MITs compared with
control group as well as an elevation of both
lymphocytes and monocytes among MR workers
compared with control group. This result is in
agreement with Joudoh et al., 2018 (23). Who

found decrease in neutrophil values among MITs

compared with non-workers as well as an
elevation of both lymphocytes and monocytes
among workers compared with nonworkers

control group.

Table 3: Prevalence of hematological parameters abnormalities among MITs and control group

using Chai-squire test

HPS Control Group Exposure Group
WBCs 4 (9.5%) 3 (5%)4
Neutrophil* 5(11.9%) 16 (26.7%)
Eosinophil 6 (14.3%) 8 (13.3%)
Basophil 2 (4.8%) 7 (11.7% )1
Lymphocyte 7 (16.3%) 7 (11.7% )1
Monocyte 5(11.9%) 15 (25.3%)
RBCs* 6 (14.3%) 23 (38.3%)
HBG 2 (4.8%) 7 (11.7%) 1
Plts 4 (9.5%) 9 (15% )1

The arrow | mean that value was under normal rang, while 1 arrow mean that value was higher than

normal rang.

Complete Blood Count values according to duration of working

Our study finding in figure.1 Show that the RBCs, HGB, HCT and lymphocyte were statically increased

significant (P<0.05) between control group and both exposure groups, Also neutrophil show statically

decrease significant.
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Figure 1: Mean Complete Blood Count values of medical imaging technologists according to duration

of working, compared with their controls groups.
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Figure 2: Mean Complete Blood Count values of medical imaging technologists according to duration
of working, compared with their controls groups and significance level using ANOVA test:

However the significantly increased of blood
meters in our study result were approved in some
parameters differ in the parameters to recent
study conducted in Iraq done by (24) studied the

effects of occupational exposure of x-Ray on
hematological parameters of DT .Which
observed that the lymphocytes, RBCs, HGB and
HCT significantly (P<0.05) increased.
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In another study done by Meo S. A. (25), showed
the reduction of mean value of Plts in X-ray
technicians but he observed no significant
difference in RBCs and WBCs with the control
groups. However, recent studies conducted in
Poland and Pakistan, Sudan, Sudia Arabia
Kingdom  found statistically  significant
difference between exposed and non-exposed

subjects regarding to lymphocytes count (26).

Nureddin et al. conducted a study in Tripoli in
2016; they reported that the duration of exposure
had a positive correlation with changes of
exposed workers blood cells (27). Similarly,
Shafiee et al. (2016) found a significant
relationship, which increases the duration of X-
ray exposure leads to increase the its effect of
RBCs (28).

In this study we observed most of the CBC
parameters in X-ray technicians were altered
compared with the controls, this alteration may
be due to overexposure of the technicians to low
dose during their daily work since they do not use
any radiation protection tools and not have
personal dosimeters to record the absorbed

energy. The majority of the technicians have not

enough information about risk of low dose of X-

ray using in the machines (29).

Complete Blood Count (CBC) according to age
of working.

Our study finding in fig 3 showed that RBCs,
HBG, HCT and Lymphocytes were statically
increased significant (P<0.05) between control
group and both of age exposure groups, While
Lymphocyte increased significantly (P<0.05)
with exposure group who work less or equal 28
years.

However Our study finding in fig..4 revealed
that the WBC, Neutrophil, Monocyte,
Eosinophil, Basophil, MCV, MCH, RDW-SD,
RDW-CV and Plts in MIT showed difference in
mean compared with control but this difference
have no statically significant ( P >0.05). Our
finding similar with another study reported by
Younis et al., noted positive relationship between
age with MCHC counts (30). Another study was
conducted by Sabagh and Chaparian, 2019 (31),
showed that the number of RBCs, HGB, and
HCT had a positive poor correlation with age
(P<0.01).

© 2022 AL-Saeeda University Journals
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Figure 3: Mean Complete Blood Count (CBC) values of medical imaging technologists according to
age. *Mean there is statically significant at (P<0.05), compared controls groups.
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Figure 4. Mean Complete Blood Count values of medical imaging technologists according to age.
*Mean there is statically significant at (P<0.05), compared controls groups.
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Conclusions

Depending on our results, we can conclude
that low X-ray doses use for diagnosis from
x-ray machine has an effect on the CBC
parameters of medical imaging technologists.
RBCs, HBG, Monocyte, Basophil, HCT and
RDW-SD, MCHC and RDW-CV were
significant difference between exposed and
non-exposed groups. That is, the mean
Monocyte, Basophil, RBCs, HBG, HCT and
RDW-SD were higher while MCHC and
RDW-CV were lower in the exposed group.

We recorded the CBC
(Neutrophil, Eosinophil, Basophil, Monocyte,
RBCs, HBG and PIts) higher abnormal value

out of normal range among medical imaging

parameters

technologists compared to control group.

Significantly increased blood parameters
(RBCs, HBG, HCT and lymphocyte were
statically increased significant among both
exposure groups work less or equal six years
and work more than six years compared to
control group., Neutrophil show statically
decrease significant (P<0.05) with exposure

group who work more than six years.

Training and courses about hazard of IR should
be organized to enhance the healthcare quality of
the technicians and to improve their knowledge
about benefit of radiation protection tools such as

lead apparel, lead goggles, thyroid shield etc. to

protect themselves from any overexposure during
the daily life.
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