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Abstract

Background: Medical radiographers are known to be exposed to long term and chronic low doses of ionizing
radiation. The biological effects of chronic low-doses radiation on human health are complex and have not been well
established. Objective: To assess the effects of ionizing radiation on the hematological parameters of medical radiographers
at governmental hospitals-Gaza Governorates, Palestine. Materials and Methods: The study was conducted at the six main
governmental hospitals. A total of 54 healthy medical radiographers with at least 5 years of experience were compared with
59 healthy participants as control group. The study group matched with controls in age, gender, years of experience, and
smoking status. Hematological parameters were observed by ABX Micros 60 analyzer. The statistical analysis was done by
using Student’s t test and one way ANOVA test. Results: The study reported that the basic hematological parameters
including the mean value of red blood cells (P=0.611), white blood cells (P=0.942), and platelets level (P=0.28) did not show
any statistical significant differences between the compared groups. Low and high disturbance in the mean values of
hematocrit and corpuscular hemoglobin in some medical radiographers, but their means did not reach the statistical
significant levels. No statistical significant differences was found between the duration of exposure and hematological
parameters of medical radiographers. Conclusion: It concluded that in addition to the safety and protective measures that
have adopted in different radiology departments, we recommended using appropriate personal protective measures for
medical radiographers (i.e., periodic medical surveillance including the hematological parameters). Furthermore, performing
a research projects on radiation protection and hazards to prevent irreversible damages.
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1. Introduction
X-ray is a form of ionizing radiations that produced by
shooting accelerated electrons at a heavy metal target. These
ionizing radiations penetrate the living tissues and can
destroy living cells or make them functionally abnormal [1].
Consequentially, expected damage in the molecular structure
as a result of ell dysfunction (somatic effect) or mutations
(genetic damage) [2].
Medical Radiographers (MRs) who occupationally
exposed to chronic low doses ionizing radiation are prone to
develop life-threatening diseases especially related to
hematopoietic system. In addition, hematopoietic system is
highly sensitive to radiation and the peripheral blood
examination may serve as a biological I ndicator of such
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damage [3].
Over the last decades, there was a trend to investigate the
biological effects of the radiation using hematological,
biochemical, and cytogenetic parameters [4]. These
investigations have reported that stochastic effects may
appear after the exposure to low level of ionizing radiation
[5]. Deterministic effects are well-known and often need
higher radiation doses than received by MRs [6]. Therefore,
the concern and unawareness of MRs are related to the
stochastic effects of long-term exposure to low-dose
radiation. The risk of stochastic effects such as cancer
increase by dose without threshold [7].
Peripheral blood examination may serve as a screening
test for various hematological as well as non-hematological
disease states. Being a simple, inexpensive, point-of-care test,
the blood cell count (CBC) is especially valuable for
diagnostic purposes in the subclinical stage of many diseases.
In addition, blood cell examination allows the clinicians to
achieve broad differential diagnostic impressions [8].
This study aims to identify the effects of ionizing radiation
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on the hematological parameters of MRs at governmental
hospitals, Gaza governorates, Palestine.

2. Materials and Methods
Sampling process: The current study was conducted in the
six main governmental hospitals between April and
November 2015. A total of 54 (40 males and 14 females)
MRs with age between 28-55 years old were occupationally
exposed to long term low doses of ionizing radiation and
having at least 5 years' experience in radiology. The selected
cases were compared with another group of 59 (44 males and
15 females) healthy participants who never exposed to
radiation as a control group. The exposed group was matched
with controls in age, gender, years of experience, and
smoking status. MRs were worked on different types of
imaging modalities and equipments including conventional
and computed radiography, computed tomography (CT), and
magnetic resonance imaging (MRI). Also they worked in
different shifts for 7 hours a day for five days per week.
Exclusion Criteria: Participants who had any previous
diseases such as gross anemia, known history of diabetes
mellitus, cardiopulmonary disease, acute or chronic infection,
autoimmune disease, and malignancy were excluded from
the study. Also, participants with less than 5 years
employment were excluded from the study.
Hematological analysis: Blood samples of all participants
were collected (2 ml of blood from each participants) by
vein-puncture in a disposable syringe and blood was
transferred to a tube containing ethylene diamine tetra acetic
acid (EDTA) in a concentration of 1.5mg/ml. Hematological
parameters (HPs) were measured by using s ABX Micros 60
analyzer at private and standard laboratory. Nine of the HPs
were examined in this study including red blood cells (RBC),
white blood cells (WBC), platelet count (PLT), hematocrit
(HCT), hemoglobin (Hb), and mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration
(MCHC), mean corpuscular volume (MCV), and a typical
lymphocytes. Blood samples were collected from all
participants after obtaining an ethical approval from Helsinki
committee.
Statistical analysis: All statistics were performed in SPSS
version 20 software. The means of quantitative variables
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were compared using both independent sample t-test and
one- way ANOVA. A significant P-value was considered
when it is less than 0.05.

3. Results
The present study was focused on the hematological
parameters (HPs) of medical radiographers (MRs) through
cell blood count (CBC). Fifty four participants (40 males and
14 females) of MRs were included in this study as exposed
group and nine HPs were examined to assess the effects of
ionizing radiation. The mean age for MRs was 35.39 ± 6.38
years, while it was 37.05 ± 6.85 years for the control group.
As shown in table (1), no statistically significant differences
between MRs and the control group in all listed
hematological parameters. It should be noted that there were
four MRs participants found with lower levels of hematocrit
and also 3 have higher values of corpuscular hemoglobin.
Table 1. Hematological parameters of MRs compared with the control
group using independent t- test
Hematological
Parameters
(HPs)

MRs = 54

Controls = 59

Mean ± SD

Mean ± SD

Significance
level
P-value=0.05

WBC

6.82 ± 1.55

6.84 ± 1.58

0.94

RBC

5.01 ± .49

5.05 ± .59

0.61

PLT

233.31 ± 50.98

245.20 ± 66.04

0.28

Hb

13.24 ± 1.28

13.26 ± 1.41

0.93

HCT

40.65 ± 6.62

41.47 ± 4.58

0.44

MCV

82.02 ± 4.44

82.56 ± 2.79

0.43

MCH

30.51 ± 1.35

26.41 ± 1.47

0.31

MCHC

32.04 ± 1.02

31.97 ± 1.34

0.74

Lymphocytes

2.87 ± 0.76

2.91 ± 0.66

0.76

Table 2 showed the results of ANOVA test comparing the
mean differences of HPs with different duration of exposure
of MRs. The duration of exposure was divided into three
groups, 20 out 54 MRs participants having duration of work
from 5 to 10 years, 22 of them having 10 to 20 years, and
finally 12 participants have> 20 years. The study results
reported no statistically significant differences of HPs with
the duration of work of MRs.

Table 2. Hematological parameters of MRs according to their duration of exposure using ANOVA test
HPs

Mean ± SD

Duration of exposure for MRs = 54
5-10 years

10-20 years

>20 year

P value
0.05

WBC

Mean ± SD

7.03 ± 1.63

6.61 ± 1.44

6.91 ± 1.66

0.62

RBC

Mean ± SD

4.98 ± .45

4.98 ± .53

5.30 ± 0.49

0.12

PLT

Mean ± SD

242.22 ± 61.3

228.2 ± 36.33

212033 ± 62.22

0.41

Hb

Mean ± SD

13.29 ± 0.99

12.97 ± 1.46

13.95 ± 1.42

0.36

HCT

Mean ± SD

40.00 ± 8.22

40.22 ± 4.66

43.75 ± 4.52

0.31

MCV

Mean ± SD

81.82 ± 3.55

82.85 ± 5.22

82.00 ± 4.41

0.85

MCH

Mean ± SD

36.22 ± 1.66

26.15 ± 1.27

26.25 ± 2.22

0.41

MCHC

Mean ± SD

32.25 ± 1.25

32.65 ± 1.96

31.95 ± 1.8

0.54

Lymph.

Mean ± SD

2.27 ± 0.45

2.9 ± 0.16

2.22 ± 0.56

0.60
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Table 3 describes the relationship between hematological
parameters (HPs) in relation with gender (male and female)
of MRs by using t-test. As shown by table 3 that the results
demonstrated highly statistical significant level in the mean
differences of both RBC and Hb values between males and
females. In addition, despite the association between gender
and lymphocytes value was weak, it reached the statistically
significant level. The rest of HPs did not reach the
statistically significant difference.
Table 3. Shows the association between HPs and gender of MRs using
t-test
MRs = 54

Mean ± SD

P-value
= 0.05

40
14

7.00 ± 1.64
6.23 ± 0.98

0.12

M
F

40
14

5.19 ± 0.44
4.42 ± 0.21

0.001

PLT

M
F

40
14

224.77 ± 53.32
253.92 ± 47.28

0.09

Hb

M
F

40
14

13.75 ± 1.00
11.59 ± 0.74

0.000

HCT

M
F

40
14

43.06 ± 4.58
32.61 ± 9.04

0.92

MCV

M
F

40
14

82.21 ± 4.37
81.25 ± 4.59

0.52

MCH

M
F

40
14

31.60 ± 1.47
31.60 ± 1.47

0.59

MCHC

M
F

40
14

31.97 ± 0.96
32.60 ± 1.07

0.06

Lymphocytes

M
F

40
14

0.77 ± 2.98
2.40 ± 0.46

0.05

HPs

Gender

NO.

WBC

M
F

RBC

4. Discussion
Long term exposure to low doses of ionizing radiation
may affect adversely on cells and tissues. Hematopoietic
system is known to be radiosensitive and can be affected by
chronic exposure to low dose of ionizing radiation resulting
in peripheral blood cells count. The present study is the first
study conducted in Gaza Strip, Palestine. Thus, this study has
recruited medical radiographers as they are continuously
exposed to occupational ionizing radiation typically x-ray.
The present study incorporated nine hematological
parameters (HPs) for MRs compared with matched control
group. The aim was to assess the effects on hematological
parameters in medical radiographers exposed to radiation
due to occupation.
Blood cell count (CBC) analysis is a useful screening test
in routine medical check-up. A high or low blood cells count
even in a healthy-looking subject lead to the suspicion of
disease and it should prompt further investigations. Some
studies have demonstrated the negative effect of low doses
radiation on hematological parameters while others detect
the change at genetic analysis level only.

The current study results showed that the mean differences
of the basic hematological parameters including WBC, RBC,
and, PLT in MRs did not reach the statistically significant
levels when compared with controls. Our results were
approved to several recent studies conducted in Iran, Iraq,
Egypt, and Sudan which reported some variations in the
basic HPs with no statistically significant [9-15]. 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 [16-19]. These results and
variations can be attributed to the performing and practices
of protection standards and experience years among exposed
participants. The other HPs especially HCT and Hb found
low and high in some medical radiographers but not reach
the statistically significant levels. These results were
matched with studies of Shaffie, 2016 and Korrami, 2015 [9,
13].
Moreover, the HPs did not reach the statistically
significant levels when they compared with the duration of
work of MRs. Our findings were consistent to the study
conducted in Iraq, they found no statistically significant
differences between HPs and duration of work for exposed
X–ray workers [13].

5. Conclusions and Recommendations
Based on the current results, restrict auditing on personal
protective tools for MRs is highly recommended.
Additionally, to that protection and safety applied, and
should undergo periodic medical surveillance including
hematological parameters. These measures will help to
decrease the effects of occupational hazards of radiation and
detect the disease in initial stage.

REFERENCES
[1]

Baker N, Bromilow L, Costigan J. (1990): "Exposure to
ionizing radiation from X-rays in the intensive therapy unit St.
Vincent’s Hospital". Nursing monograph. 1:19-26.

[2]

Masumura K, Kuniya K, Kuroba T, Fukuoka M, Yatagai F,
Nohmi T. et al. (2002): "Ion-induced mutations in the gpt
delta transgenic mouse: comparison of mutation spectra
induced by heavy-ion, X-ray, and gamma-ray radiation.
Environ Mol Mutagen; 44 (2): 9.

[3]

Rozaj R, Kasuba V, Sentija K, Prlic I. (1999):
"Radiation-induced
chromosomal
aberrations
and
hematological alterations in hospital workers. Occup. Med';
49 (6): 353-60.

[4]

Ossetrova, N. I., Sandgren, D. J., Gallego, S., & Blakely, W. F.
(2010). Combined approach of hematologicalbiomarkers and
plasma protein SAA for improvement of radiation dose
assessment triage in biodosimetryapplications. Health physics,
98(2), 204-208.
http://dx.doi.org/10.1097/HP.0b013e3181abaabf.

American Journal of Medicine and Medical Sciences 2017, 7(6): 238-241

241

[5]

Elgazzar, A. H., & Kazem, N. (2015). Biological effects of
ionizing radiation the pathophysiologic basis ofnuclear
medicine (pp. 715-726). Springer.

Predictive Tool for the Risk of Low Degree of Disease among
X-Ray Workers". International Journal of Current Research
Vol. 6, Issue, 03, pp.5757-5759.

[6]

Yang, F. E., Vaida, F., Ignacio, L., Houghton, A., Nautiyal, J.,
Halpern, H., ... Vijayakumar, S. (1995). Analysis of weekly
complete blood counts in patients receiving standard
fractionated partial body radiation therapy. International
Journal of Radiation Oncology Biology Physics, 33(3),
607-617. http://dx.doi.org/10.1016/0360-3016(95)00255-W.

[13] Mohammed, M. Abdulateef, S. Dagwood, N. Taher, M. Jabur,
S. Alwain, A. (2013): "Effects of radiation on the
hematological parameters in X-ray technicians: A
case-control study". Journal of Pioneering Medical Sciences,
4, (2).

[7]

Muirhead, C., O’Hagan, J., Haylock, R., Phillipson, M.,
Willcock, T., Berridge, G., & Zhang, W. (2009). Mortality
and cancer incidence following occupational radiation
exposure: Third analysis of the National Registry for
Radiation Workers. British journal of cancer, 100(1),
206-212. http://dx.doi.org/10.1038/sj.bjc.6604825.

[8]

Perkins SL. Examination of the blood and bone marrow. In:
Wintrobes clinical hematology, (1999). Edited by, Richard
Lee, John Foerster, John Leukens, Firixus Paraskervas, John
P Greer and George M Rodgers. Lipincott Williams and
walkins, Philadelphia.

[9]

Shaffie, M. Hossienzhad, E. Vafapour, H. Borzoueisilah,
S. Ghorban, M. Rashidfar, R. (2016): "Hematological
Findings in Medical Professionals Involved atIntra-operative
Fluoroscopy". Global Journal of Health Science; Vol. 8, No.
12.

[10] Nureddin, A. S. Alatta, N. (2016): "Effects of Long Term
Exposure to Low X-Ray on the Blood Consists of Radiology
Staff of Health Centers in Libya". International Journal of
Information Research and Review, Vol. 03, Issue, 11, pp.
3077-3080.
[11] Khorrami, M. B. Riahi, B. (2015): "Hematological Profile of
Healthy Workers Exposed to Low Dose Radiaiton". Archives,
2. Pp 138-141.
[12] Diaband, I. Abdallah, M. (2014): "The Effects of Long-Term
Exposure to Xray on the Peripheral Blood Cells Counts: A

[14] Oskouii, M. Refahi, S. Pourissa, M. Tabarrari, Y. (2013):
"Assessment of humoral immunity in workers occupationally
exposed to low levels of ionizing radiation". Lift Science
Journal, 10(5).
[15] Zakeri, F. Hirobe, T. Noghabi, K. (2010): "Biological effects
of low dose ionizing radiation on interventional cardiologists".
Occupational Medicine Journal, 60, pp. 464-469.
[16] Giragn, E. (2016): "Effects of Low Dose Ionizing Radiation
on the Hematological Parameters in Medical Imaging and
Therapeutic
Technologists
Working
in
Selected
Governmental Hospitals, Addis Ababa, Ethiopia". Master
thesis in medical sciences.
[17] Klucinski, P. Mazur, B. Aptekors, M. Cieslik, P. Hrycek, A.H.
Martirosian, G. (2014): "Assessment of selected B cells
populations in the workers of X-ray departments".
International Journal of Medical Environmental Health, 27,
3.
[18] Shahid S, Mahmoud N, Chaudhry M, Shaikh S, Ahmad N.
(2014): "Assessment of impacts of hematological parameters
of chronic ionizing radiation exposed workers in hospitals".
Fuuast J Bio 4(2): 135–46.
[19] Waggiallah, H. (2013): "The Effect of X-Ray Radiationon
Hematopoietic Tissue among Radiology Technologists".
NJIRM 2013; Vol. 4(2).

