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Abstract
Background: Periodic medical examinations of radiation workers are routinely conducted in many countries.
Although low dose radiation (LDR) is not expected to cause a significant effect on blood count, the periodic
examination usually includes reviewing the work history, general medical history, a physical examination and
collecting a blood sample. Despite lymphocytes are the most sensitive cells to radiation, their counts do not
show any significant change as long as the radiation level is less than a few hundreds of millisievert (mSv). In
spite of this, in Iran, radiation workers, even those who work in diagnostic radiology departments, are regularly
examined for blood count changes.

Methods: After a detailed search in PubMed, ISI, Scopus, SID and Google Scholar, only 12 out of 650 articles
matched our criteria. A review of these 12 reports was conducted. The full texts were fully reviewed by the
authors.

Results: The complete blood count (CBC) test has a very low efficacy in evaluation of the adverse health ef-
fects of ionizing radiation in radiation workers. Therefore, finding alternative methods with a higher efficacy is
recommended.

Conclusion: CBC tests cannot be introduced as valid markers of potential radiation effects in most occupa-
tional exposures. Given this consideration, in periodic tests of radiation workers, cytogenetic tests can be the
gold-standard method. In particular, due to its relatively low cost and good sensitivity and specificity, the dicen-
tric assay can be promising. Moreover, the simple and rapid evaluation of micronuclei by fast automated scor-
ing systems can be a good alternative for current low efficacy CBC tests.
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Introduction

One of the most recent advances in technology is
the use of ionizing electromagnetic radiation in a
wide variety of fields ranging from science to in-
dustry and medical applications (1). Ionizing radi-
ation, particularly X-rays and radiations emitted
from radioactive materials, play a key role in
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medical sciences, both in diagnosis and treatment
of diseases (2). In spite of this, ionizing radiation
is widely known as an occupational hazard in the
work environment due to its potential biological
damage (3). Exposure to higher levels than the
occupational exposure limit (OEL) may cause
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detrimental biological effects. Ionizing radiation
with sufficient energy can damage the molecular
structure, resulting in impairment in cell function
or mutation. Radiation workers in medical diag-
nostic and therapeutic centers are inevitably ex-
posed to chronic low-dose ionizing radiation
even if they use appropriate personal protective
equipment (4). To date, the effects of low doses
of ionizing radiation on humans are still contro-
versial (5).

Current findings of cytogenetic studies suggest
that long-term exposure to low-doses of ionizing
radiation increases the frequency of chromoso-
mal aberrations (6). The frequency of chromo-
somal injuries in radiation workers - even those
exposed to doses below the OEL - was reported
to be more than those of the general population
(2, 7). The sensitivity of the cells to ionizing radi-
ation varies and hematopoietic cells are the most
sensitive cells (8). The number of blood cells in
healthy people is relatively constant and changes
as a response to factors such as environmental
and occupational hazards (9).

CBC is used as a screening test for various blood
and non-blood diseases. Despite its simplicity
and low cost, CBC plays an important role in the
diagnostic and prognostic objectives of the latent
period of some diseases, especially chronic ones
(9). However, studies performed on the effects of
ionizing radiation on blood parameters, show
different results. The mean number of the white
blood cells, monocytes and plasma immuno-
globulin in radiation workers is lower than that of
the control group (4, 9). On the other hand, there
was no significant difference between the blood
indices of radiation workers and the control
group (10, 11). Although CBC is now used as a
biologic marker of the effects of ionizing radia-
tion on the hematopoietic system, the effective-
ness of this method in assessing the effects of
ionizing radiation on radiation workers requires
more in-depth studies.

This review is an attempt to answer this question
whether Complete Blood Count (CBC) is an ef-
fective measure for evaluation of the biological
effects of radiation in x-ray workers?
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Methods

The present study was conducted as a systematic
review of the studies on the effects of exposure
to low dose ionizing radiation on blood parame-
ters of Iranian radiation workers. Searching for
articles published before between Jan 1, 2000 and
March 1, 2019 was performed in the following
databases: Scopus, ISI, PubMed, SID, and
Google Scholar. After selecting the appropriate
articles and rejecting the irrelevant articles and
encoding them, analysis of the findings and dis-
cussion was carried out.

Selection Process

Advanced search of studies with the following
keywords and their Persian equivalents was done
to find the articles published on Complete Blood
Count tests in radiation workers (without time
limitations in publication date). Radiation worker,
radiation field worker, radiation exposure, occu-
pational exposure, ionizing radiation, X-ray, radi-
ology, radiotherapy, nuclear medicine, hemato-
logical parameter, blood cells, blood index, blood
count, CBC, biological effect, and biological do-
simetry were other keywords.

Overall, 650 articles in the initial search. The
studies conducted in Iran which examined the
number of blood cells and related parameters in
hospital radiation workers were included. As to
selection of the studies, the titles of all selected
articles were first checked and the studies con-
ducted outside Iran were excluded. Overall, 28
articles about the effects of radiation on the
blood cells (genetic effect on the blood cells, ef-
fects on the production of immunoglobulin and
effects on the blood cell count) had been carried
out on radiation workers in Iran. By reviewing
the abstracts, 12 studies in which the blood count
of radiation workers was a part of their purpose
or the main aim of their work were selected. The
blood cells were reviewed in industrial workers
(12). In this study, the effect of the whole spec-
trum of electromagnetic rays on the blood pa-
rameters was investigated in a group of welders,
furnace workers, and computer users. Not speci-
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fying a certain range of radiations (e.g. ionizing
radiations), the diversity of occupational groups
and the presence of many interfering factors were
the reasons for the deletion of this article from

the present study. Finally, 11 studies -5 articles in
Persian and 6 in English- remained for the review

(Fig. 1).

Identified on strategic searching
n=560

Potentially relevant after inspection of title
n= 28

Abstract inspected
n=12

Full text articles for critical appraisal & data
extraction

n=11

Fig. 1: A flowchart demonstrating the selection of articles

Encoding articles

In order to do the systematic review of the stud-
ies, the articles were classified based on the year
of publication, method of research, sample size,
the examined parameters, and final results.

Results

In this section, considering the encoding, the ar-
ticles were reviewed in different categories.

Selection Method

All of the studies were case-control type. Case
and control groups were selected from the hospi-
tal staff. Blood samples were taken from the ve-
nous vein and analyzed by using a cell counter
system.

Publication Date Window

The articles based on the year of publication are
shown in Fig. 2. A study was conducted on hos-
pital radiation workers, but then there was no

630

study until 2011 (13). Most studies were conduct-
ed in 2016, followed by two papers in 2012 and
two in 2017.

Population

Four studies had used the general heading of the
hospital radiation workers in their study, and it
was unclear how many samples were chosen
from the radiology, radiotherapy or nuclear med-
icine sections (9, 13-15). Two studies were con-
ducted on radiologists, radiotherapists and nucle-
ar medicine, with a specific number of samples
from each section (Fig. 3) (16, 17). Of all the
studies, four were performed on radiologists (10,
11, 18, 19) and one on radiotherapists (20). In
general, the highest number of studies was done
on radiologists.

Sample Size

In Fig. 4, the sample size of the studies is shown.
The highest number of samples was studied in
Elahimanesh et al. (15), Davoudiantalab et al.
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(10) and Davoudi et al. (20). The lowest number
of samples was also observed in Salek Moghad-

dam et al. (13), Zargan et al. (14) and Karimi et al.
(11).
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Fig. 2: The number of articles based on the year of publication
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Fig. 4: Sample size in evaluated studies
Studied Parameters studies, Riahi et al. (18) and Heidari et al.(19) the

The examined blood parameters were different in
the studies considered (Table 1). As outlined in
Table 1, the number of white blood cells (WBCs)
was studied in all 11 studies, followed by the
platelets and RBC count in10 studies. Among the
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highest number of parameters (15 parameters)
was examined (18,19), and Salek Moghaddam et
al.(13) had the least number of parameters (2 pa-
rameters). The ionizing radiation in 27% of the
cases had a significant effect on the number of
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white blood cells (3 of 11 studies). The number diation. Ionizing radiation in any of the studies
of lymphocytes in 2 out of 9 studies and the did not have a significant effect on the parame-
number of platelets in 2 out of 10 studies showed ters associated with the red blood cells.

a significant effect from exposure to ionizing ra-

Table 1: Blood parameters in the studies

E & % . . _§ Number
Studies < S 5 g 5 g %’ § § = 1‘.; 3 g = 3 of signifi-
$5335 § 0§ 3% &8 Iy T & e
Parame- “ R = X < T T N Q el S & rameters
ters S ] ] T i’
(P=0.013) (P<0.05) 2)
Platelet * * * * * * * * * * 10 2
(P=0.041) (P<0.01)
Lympho- R T * * s * * * 9 )
cyte (P=0.0 (P=0.034)
4)
Hemo- * * * * * * * * * 9 0
globin
PDW * * 2 1
(P=0.028)
PLC-R * 1 1
(P=0.015)
Neutro- * o ow * * * * * * 8 1
phil (P=0.034)
Monocyte * * * * * 5 1
(P=0.000)
Hemato- * * * * * * * * 8 0
crit
MPV * 2 0
MCHC * * 3 0
MCH * * * 3 0
RDW * 2 0
Basophil 2 0
Eosino- * * 4 0
phil
Reticulo- * 1 0
cyte
Total 2 9 7 7 15 9 5 15 8 11 7 2
Outcomes blood cells and confirmed that low dose ionizing
Five out of 11 studies did not find any significant radiation did not have a significant effect on the
effect of ionizing radiation on the number of number of blood cells (10, 11, 13, 14, 16). Six
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other studies observed significant changes in one
or more parameters; some studies have suggested
that ionizing radiation has an effect on the blood
cell count (9, 17, 18), and some studies have justi-
fied their observations and rejected the effect of
radiation on the blood cell count (15, 19, 20).
Heidarheidari et al. (17) and Elahimanesh et al.

(15) observed the significant effect of ionizing
radiation on the number of blood cells in indi-
viduals with a working experience of more than
10 years in one or two parameters. In general, 8
out of 11 studies reported that low-dose ionizing
radiation had no effect on blood-counting (Table
2).

Table 2: The final outcome of the studies evaluated

Outcome
Studies

Significant effects of fonizing  The assumption of no effect of
radiation on blood parameters
were NOT observed.

radiation on the number of
blood parameters is approved

Salek Moghadam (13)
Tavakoli (9)
Heidarheidari 2012 (106)
Davodi (20)

Riahi (18)

Zargan (14)
Heidarheidari 2016 (17)
Heidari (19)
Elahimanesh (15)
Karimi (11)
Davodiantalab (10)
Total

%

k

0 ¥ ¥ ¥ ¥

Discussion

Hospital radiation workers are always exposed to
low doses of ionizing radiation. Therefore, the
risk assessment of the factors associated with this
exposure is required. In Iran, regular periodic
CBC tests are performed to evaluate the health of
the radiation workers. In this study, the validity
of the CBC test in assessing the effects of ioniz-
ing radiation on the blood was evaluated. Based
on the findings of our study, there were only a
very limited number of scientific reports in this
tield and these reports had controversial results.
Our findings showed no effect of low-dose ioniz-
ing radiation on the parameters linked to red
blood cells (RBC) such as Hematocrit, MCV,
MCH, MCHC, and RDW) and hemoglobin. Red
blood cells did not show any significant changes
after occupational exposure to low doses of radi-
ation (21, 22).

Awvailable at:
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Different results were observed for parameters
linked to white blood cells (WBC) such as the
counts of Lymphocytes, Neutrophils, and Mono-
cytes as well as platelets (Platelet, PDW, PLC-R).
As indicated in Table 1, researchers observed
significant changes in the blood cells associated
with the immune system (9, 15, 18-20). This find-
ing can be due to the selection of the control
group in these studies. Interestingly, in all of
these five studies, the control group was selected
from other departments of the hospitals (Non-
radiation Departments). The staff of different
departments of any hospital is continuously ex-
posed to various types of pathogens and, there-
fore, their immune system has become stronger
over time. Mean T cells of hospital staff were
compared with the normal values indicated in the
kit as well as the control groups in previous stud-
ies and found that the blood cells associated with
the immune system did not show a drop in radia-
tion workers. However, the active T cells of the
radiation workers were higher than the general
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population (13). Therefore, choosing the control
group from different parts of the hospital ex-
posed to various infectious agents can lead to
invalid results. On the other hand, the significant
effect of ionizing radiation on the blood parame-
ters was considered as a response to the increase
of work experience (15,21). However, in other
studies, no relationship between this parameter
and increased work experience was found. Altera-
tion of some blood parameters as a response to
the increased accumulated exposure to low doses
of radiation due to higher work experience, can
be associated with higher age in experienced
workers (13, 23). Despite limitations of CBC as a
valid medical examination of radiation workers, it
has some advantages other than speed, simplicity
and low cost. For example, thrombocytopenia,
anemia and neutropenia are sometimes the first
signs of hematologic malignancies In this case,
CBC plays a key role in diagnostic algorithm of
thrombocytopenia (24).

The key limitations of the studies included in our
study are the lack of measurement of the dose
rate as well as lack of accurate dose reporting sys-
tem. Only Heidarheidari et al. reported the exact
dose of radiation received by radiation workers
(17). In other studies, it was only indicated that
exposure to ionizing radiation was less than the
dose limit. On the other hand, the sample size in
the majority of studies was below 100 radiation
workers, and almost 50% of these participants
were control group. Therefore, the number of
participants in all of these studies was very low.
Another important issue that amplifies the prob-
lem of small sample size, is the wide variations in
genetic susceptibility of different individuals to
ionizing radiation. While genetic factors have a
significant effect on the sensitivity of individuals
to radiation (25), the failure to consider these vat-
iations as a basic confounding factor, in particular
when the sample size is small, can affect the va-
lidity of the results.

Given this consideration, altogether, CBC tests
cannot be introduced as valid markers of poten-
tial radiation effects in most occupational expo-
sures, particularly in occupational exposure set-
tings with low annual radiation doses such as x-
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ray departments. In a similar pattern with biolog-
ical dosimetry, in periodic tests of radiation
workers, cytogenetic tests can be introduced as
the “gold-standard” method. In particular, due to
its specificity, the dicentric assay (Dic) in periph-
eral blood lymphocytes of radiation workers
(PBL) can be promising (26). When any overex-
posure is likely, the dicentric assay is still the gold
standard biodosimetry method due to its highly
standardized method for evaluation of individual
doses (27). Moreover, using a dose-response cali-
bration curve for dicentrics, biodosimetry would
be possible(28). Moreover, the evaluation of mi-
cronuclei (MN) by fast automated scoring sys-
tems can be a good alternative for current low
efficacy CBC tests.

In South Korea, the clinical usefulness of CBC
tests for radiation workers was investigated. The
radiation absorbed doses calculated by cytogenet-
ic biodosimetry, all the consecutive results of
CBC, as well as the TLD doses, were studied. For
health protection regulation, CBC tests and cyto-
genetic studies are useful complementary tools to
TLD doses (29). In Croatia, the cytogenetic ef-
fects of low doses of x-rays in blood lymphocyte
cultures of 765 hospital staff occupationally ex-
posed to different sources of chromosome dam-
aging agents was compared with 200 control sub-
jects. Only urologists/gynaecologists showed sta-
tistically significant higher levels of dicentric
chromosomes. These findings cleatly showed the
importance of periodic medical checkups of
health workers occupationally exposed to low
dose radiation (LDR)(30).

In Iran, both MN assay (31) and Dic (32) have
been widely used in different departments. In
addition, automated systems can efficiently in-
crease the speed of Dic and MN in peripheral
blood lymphocytes of radiation workers. Howev-
er, the key disadvantage of automated systems is
their high cost for departments in developing
countries. The second limitation of automated
systems is the lower number of dicentrics identi-
fied by automated systems. It spite of this, these
limitations can be, at least to some extent, partial-
ly compensated by the higher speed of metaphase
finding (33).
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Conclusion

Altogether, chronic occupational exposure to low
doses of ionizing radiation has no significant ef-
fect on the blood count parameters. In this study,
even lymphocytes, as the most sensitive cells, did
not show a significant response to radiation at
ordinary occupational levels. Given this consider-
ation 1) As long as the exposure levels are low
and proper radiation protection methods are used
by the personnel, there is no significant risk for
radiation workers. 2) If we are looking for medi-
cal examination of radiation workers with higher
levels of efficacy, replacing current CBC exami-
nations with other methods seems to be justified.
Generally, CBC tests, at least for some types of
occupational exposures with low annual radiation
doses (e.g. x-ray technologists) has very low effi-
cacy in detecting the detrimental effects of ioniz-
ing radiation. Thus, finding alternative methods
with higher sensitivity is strongly recommended.
The frequency of chromosome aberrations in
radiation workers is higher than the general
population (not exposed to occupational sources
of radiation). The traditional evaluation of chro-
mosome aberrations or micronuclei, or using fast
automated scoring systems can be good alterna-
tives for current low efficacy CBC tests.

Ethical considerations

Ethical issues (Including plagiarism, informed
consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission,
redundancy, etc.) have been completely observed
by the authors.

Conflict of interest

The authors declare that there is no conflict of
interests.

References
1. Zakova M (2001). Occupational exposure in

angiography (Prague workplaces). Radiat Prot
Dosinzetry, 94(1-2): 129-132.

Available at:  http://ijph.tums.ac.ir

10.

11.

Puthran S, Sudha K, Rao GM, et al (2009).
Oxidative stress and low dose ionizing
radiation. Indian | Physiol Pharmacol, 53(2): 181-
184.

Klucinski P, Mazur B, Sedek L, et al (2014).
Assessment of selected B cells populations in
the workers of X-ray departments. Iz ] Occup
Med Environ Health, 27(3): 467-473.

Cengiz M, Grkaynak M, Vural H, et al (2003).
Tissue trace element change after total body
irradiation. Nephron Exp Nephrol, 94(1): el2-
16.

Kopjar N, Garaj-Vrhovac V (2005). Assessment
of DNA damage in nuclear medicine
personnel--comparative  study  with  the
alkaline comet assay and the chromosome
aberration test. Int | Hyg Emviron Health,
208(3): 179-191.

Cardoso RS, Takahashi-Hyodo S, Peiti P Jr, et al
(2001).  Evaluation of  chromosomal
aberrations, micronuclei, and sister chromatid
exchanges in hospital workers chronically
exposed to ionizing radiation. Teratsg Carcingg
Mutagen, 21(6): 431-439.

Evans HJ, Buckton KE, Hamilton GE,
Carothers A (1979). Radiation-induced
chromosome aberrations in nuclear-dockyard
wortkers. Nature, 277(5697): 531-534.

Ward E, Hornung R, Mortis ], et al (1996). Risk
of low red or white blood cell count related to
estimated ~ benzene  exposure in  a
rubberworker cohort (1940-1975). Am | Ind
Med, 29(3): 247-257.

Tavakoli M, Moradalizadeh M, Ananisarab GR,
Hosseini SM (2012). Evaluation of blood cell
count in the radiology staff of Birjand
Hospitals in 2011. Modern Care Scientific Journal,
9(2): 80-86

Davudiantalab A, Farzanegan Z, Mahmoudi F
(2018). Effects of Occupational Exposure on
Blood Cells of Radiographers Working in
Diagnostic  Radiology ~ Department — of
Khuzestan Province. Iran | Med Phys, 15(2):
67.

Karimi G, Balali-Mood M, Alamdaran SA, et al
(2017). Increase in the Thl-Cell-Based
Immune Response in Healthy Workers
Exposed to Low-Dose Radiation - Immune
System Status of Radiology Staff. |
Pharmacopuncture, 20(2): 107-111.

635


http://ijph.tums.ac.ir/

636

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Iran J Public Health, Vol. 49, No.4, Apr 2020, pp. 628-636

Abdolmaleki A, Sanginabadi F, Rajabi A, Saberi
R (2012). The effect of electromagnetic waves
exposure on blood parameters. It | Hematol
Oneol Stem Cell Res, 6(2):13-16.

Salek Moghaddam AR, Sharafi AA, Osati
Ashtiani F, Jalali Galousang F (2004).
Comparative evaluation of cellular and
humoral ~ immunity =~ parameters  in
radiographers and non radiographers. Razz |
Med S¢ci, 10(37): 727-733.

Zargan S, Seyedmehdi SM, Emami H, Attarchi
MS, Yazdanparast T (2016). Comparison of
blood cells in radiology workers and non-
radiation workers staff of a governmental
hospital in Tehran. Iran Occup Health, 13(4): 31-
38.

Elahimanesh F, Allaveisi F, Zahedi R, et al (2018).
Evaluation of changes in blood factors, liver
functional tests, and thyroid tests in radiation
workers in hospitals in kurdistan province. |
Isfahan Med Sch, 35(453): 1532-1539.

Heydarheydari S, Shookoh S, Almasi A, Sohrabi
N (2012). Evaluation of the Effects of
Ionizing Radiation on Radiation Worker’s
Blood Parameters of Kermanshah hospitals.
Journal of Clinical Research in Paramedical S'ciences,
1(3):¢82194.

Heydarheydari S, Haghparast A, Eivazi MT
(2016). A Novel Biological Dosimetry
Method for Monitoring  Occupational
Radiation Exposure in Diagnostic and
Therapeutic  Wards: From  Radiation
Dosimetry to Biological Eftects. | Biomed Phys
Eng, 6(1): 21-26.

Riahi-Zanjani B, Balali-Mood M, Alamdaran SA
(2014). Evaluation of the serum total
antioxidant level and hematological indices in
healthy workers exposed to low radiation
doses: A significant increase in platelet
indices. Pharmacologyonline, 1: 63-67.

Heidari S, Taheri M, Ravan AP, et al (2016).
Assessment of some immunological and
hematological ~factors among radiation
wortkers. | Bio/ Today's World, 5(7): 113-9.

Davoudi M, Keikhaei B, Tahmasebi M, Rahim F
(2012). Hematological profile change in
radiation field workers. Apadana Journal of
Clinical Research, 1: 38-44.

Khedr M (2017). Evaluation the Effect of Low
Dose lonizing Radiation on Radiological
Statt. IOSR Journal of Applied Physics, 9(2): 1-7.

22

23.

24.

25.

26.

27.

28.

29.

31.

32.

33.

. Sayed D, Abd Elwanis ME, Abd Elhameed SY,
Galal H (2011). Does occupational exposure
to low-dose ilonizing radiation affect bone
marrow thrombopoiesis?. It Arch Med, 4:8.

Tuschl H, Kovac R, Wottawa A (1990). T-
lymphocyte subsets in occupationally exposed
petsons. Int | Radiat Biol, 58(4): 651-659.

Izak M, Bussel JB (2014). Management of
thrombocytopenia. F7000Prine Rep, 6:45.

Kelsey KT, Memisoglu A, Frenkel D, Liber HL.
(1991). Human lymphocytes exposed to low
doses of X-rays are less susceptible to radia-
tion-induced mutagenesis. Mutat Res, 263(4):
197-201.

Wilkins RC, Romm H, Oestreicher U et al
(2011). Biological Dosimetry by the Triage
Dicentric Chromosome Assay - Further vali-
dation of International Networking. Radiat
Meas, 46(9):923-928.

Pan Y, Ruan |, Gao G, Wu L et al (2019). Laboz-
atory Intercomparison of Cytogenetic Do-
simetty Among 38 Laboratoties in China.
Dose Response, 17(1):1559325819833473.

Lusiyanti Y, Syaifudin M, Budiantari T et al
(2019). Development of Dose-Response Cal-
ibration Curve for Dicentric Chromosome
Induced by X-Rays. Genome Integr, 10:2.

Jang S, Lee JK, Cho M et al (2016). Consecutive
results of blood cell count and retrospective
biodosimetry: useful tools of health protec-
tion regulation for radiation workers. Odzup
Environ Med, 73(10):694-700.

. Kasuba V, Rozgaj R, Jazbec A (2008). Chromo-
some aberrations in petipheral blood lym-
phocytes of Croatian hospital staff occupa-
tionally exposed to low levels of ionising radi-
ation. Arh Hig Rada Toksikol, 59(4): 251-259.

Abtahi S, Aghamiri S, Yadolahi M,
Mahmoudzadeh A (2017). Dependence of
micronuclei assay on the depth of absorbed
dose. Rep Pract Oncol Radiother, 22(6): 470—476.

Zakeri F, Rajabpour MR, Haeri SR, et al (2011).
Chromosome aberrations in peripheral blood
lymphocytes of individuals living in high
background radiation areas of Ramsar, Iran.
Radiat Environ Bigphys, 50(4): 571-578.

Vinnikov VA (2017).  Optimizing  the
Microscopy Time Schedule for
Chromosomal Dosimetry of High-dose and
Partial-body Irradiations. Genonse Integr, 8:3.

Awvailable at:

http://ijph.tums.ac.ir


http://ijph.tums.ac.ir/

