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Introduction:	 Because	 radiology	 technologists	 are	 exposed	 to	 protracted	 low‐dose	 ionizing	 radiation	
and	considering	the	possible	effects	of	low‐dose	radiation	on	blood	factors,	we	aimed	to	investigate	the	
effects	of	occupational	exposure	on	blood	factors	of	radiographers	working	in	radiology	departments	
of	Khuzestan	Province,	Iran.	
	Materials and Methods: This	 case‐control	 study	was	 conducted	 in	 Khuzestan	 Province,	 Iran,	 during	
2015.	 Blood	 samples	 were	 obtained	 from	 95	 radiology	 technologists	 and	 85	 matched,	 nonradiated	
controls.	The	participants	were	chosen	using	the	cluster	sampling	method.	The	data	were	collected	by	
performing	complete	blood	count	(CBC)	assay	with	a	Sysmex	cell	counter.	To	analyze	the	data,	 t‐test	
and	Pearson	correlation	coefficient	were	run	in	SPSS,	version	16.	
	Results:	 T‐test	 demonstrated	 that	 the	mean	 values	 of	 blood	 factors	were	 not	 significantly	 different	
between	 the	 two	 groups	 (P>0.05),	 and	 there	was	 no	 significant	 difference	 between	 the	 two	 groups	
(radiographer	and	non‐radiographer)	by	gender.	
	Conclusion:	 In	 this	 study,	 occupational	 exposure	 did	 not	 have	 any	 deleterious	 effects	 on	
radiographers’	 blood	 factor	 levels, but	 with	 increasing	 age	 and	 work	 experience	 in	 radiographers,	
number	of	white	blood	cell	decreased.	
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Introduction	

The	 use	 of	 ionizing	 radiation	 as	 one	 of	 the	most	
important	 methods	 of	 disease	 diagnosis	 and	
treatment	 is	 widely	 increasing.	 The	 importance	 and	
benefits	of	medical	radiology	are	evident,	but	if	proper	
protective	 measures	 are	 not	 adopted,	 it	 can	 have	
adverse	 effects	 on	 people	 who	 are	 directly	 or	
indirectly	exposed	to	radiation	[1‐4].	

The	 harmful	 effects	 of	 ionizing	 radiation	 are	
divided	 into	 two	 categories	 of	 acute	 and	 chronic.	
Acute	 effects	 occur	 in	 a	 short	while	 after	 irradiation	
and	are	usually	 the	result	of	 exposing	a	 large	part	of	
the	 body	 to	 high‐intensity	 radiation	 whereas	 the	
chronic	 effects	 are	 caused	 by	 exposure	 to	 relatively	
low	doses	of	radiation	over	an	extended	period	of	time	
[5].		

According	 to	 the	 reports	 from	molecular	 biology	
studies,	the	risk	of	chromosomal	damage	and	cancer	is	
a	 simple	 function	 of	 radiation,	 that	 is,	 their	 risk	
increases	even	 in	response	to	 low	doses	of	radiation.	

Also,	 the	damage	does	not	have	 threshold	doses	and	
low	 doses	 can	 have	 carcinogenic	 effects	 (below	 10	
mSv)	[6‐12].	 

Due	to	the	duration	and	level	of	radiation	and	the	
appropriate	 use	 of	 protective	 equipment,	 the	
occurrence	 of	 acute	 effects	 in	 diagnostic	 radiation	
exposure	 is	 rare.	 Therefore,	 the	 long‐term	 effects	
associated	with	 low‐dose	 radiation	are	 the	main	 risk	
factors	 for	 diagnostic	 radiation	 [5,	 10,	 13,	 14].	
Radiation	 practitioners	 and	 professionals	 in	 these	
centers	 are	 always	 exposed	 to	 the	 potential	 damage	
caused	 by	 such	 radiation.	 Several	 studies	 have	
suggested	 that	 the	 risk	 of	 chromosomal	 damage	 in	
workers	 exposed	 to	 radiation	 doses	 lower	 than	 the	
limit	was	higher	than	that	of	their	non‐exposed	peers	
[10,	13,	15‐17].	

Hematopoietic	cells	are	considered	to	be	the	most	
sensitive	 cells	 to	 radiation	 [18],	 and	 among	 them,	
lymphocytes	 are	 known	 as	 the	 most	 sensitive	 cells	
that	show	the	highest	response	to	low‐dose	radiation	
[3].	 Therefore,	 variation	 in	 the	number	of	 these	 cells	
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can	be	considered	a	biologic	index	to	assess	radiation	
damage	 to	 the	 body	 [3,	 19].	 Myriad	 studies	 have	
emphasized	 on	 the	 importance	 of	 complete	 blood	
count	 (CBC)	 in	 the	 evaluation	 of	 radiation	 effects	 on	
the	body,	especially	among	radiographers,	which	can	
play	an	important	role	in	the	prognosis	and	diagnosis	
of	 complications	 such	 as	 chronic	 radiation	 injury	 [6,	
12,	 20].	 In	 this	 regard,	 some	 studies	 have	 reported	
decreased	numbers	of	white	blood	cells,	lymphocytes,	
and	 monocytes	 in	 radiology	 technologists	 compared	
to	 controls	 while	 other	 studies	 have	 not	 shown	 any	
significant	differences	between	these	two	groups	[10].		

Considering	the	necessity	of	evaluating	the	health	
status	 of	 radiology	 staff	 exposed	 to	 protracted	 low‐
dose	 radiation	 and	 the	 contradictory	 results	 of	
previous	 studies,	we	 sought	 to	 assess	 the	 possibility	
and	 rate	 of	 changes	 in	 blood	 cells	 using	 CBC	 test	 in	
radiographers	 and	 compare	 them	 to	 those	 of	 non‐
radiographers	in	radiology	departments	of	Khuzestan	
Province,	Iran. 	

	
Materials	and	Methods	

This	 cross‐sectional	 case‐control	 study	 was	
conducted	 in	 2015	 among	 95	 radiology	 staff	 in	 the	
radiology	departments	of	Khuzestan	Province.	Based	
on	the	film	badge	dosimeter,	the	employees	exposed	
to	 radiation	 doses	 less	 than	 20	 mSv/year	 were	
randomly	selected.	

Eighty‐five	 persons	 from	 the	 normal	 population,	
who	were	matched	in	gender,	age,	nutritional	status,	
occupation,	 and	 activity	 level	 with	 the	 case	 group,	
were	 selected	 as	 the	 control	 group.	 The	 exclusion	
criteria	were	 conditions	 affecting	 blood	 factors	 and	
causing	 errors	 in	 the	 study	 like	 blood,	 diagnosis	 of	
hereditary	 and	 infectious	 diseases,	 consumption	 of	

drugs	 affecting	 blood	 cells,	 smoking,	 and	pregnancy	
[3,	21].		

After	 explaining	 the	 study	 objectives	 and	
obtaining	 written	 informed	 consent	 from	 the	
volunteers,	demographic	data	 including	age,	gender,	
and	 work	 experience	 were	 entered	 into	 the	
respective	forms	for	each	person.	From	both	groups,	
2.5	 cc	 of	 venous	 blood	 was	 taken	 and	 the	
anticoagulant	drug	K2EDTA	was	added	to	it	to	carry	
out	the	CBC	test.	Afterward,	the	number	of	cells	was	
counted	by	Sysmex.	Finally,	to	analyze	the	data,	t‐test	
and	Pearson	correlation	 coefficient	were	performed	
in	 SPSS,	 version	 16.	 P‐value	 less	 than	 0.05	 was	
considered	statistically	significant. 

	
Results	

In	this	study, 180	persons,	including	95	radiology	
technologists	as	the	case	group	and	85	non‐radiated	
persons as	 the	 control	 group,	 were	 examined.	 The	
mean	work	experience	was	11.95±6.89	years	(range:	
1‐30	years).		

The	 mean	 ages	 of	 the	 case	 and	 control	 groups	
were	 36.98±8.50	 and	 36.49	 ±	 10.90	 years,	
respectively.	In	general,	57	and	52	of	the	subjects	in	
the	 case	 and	 control	 groups	 were	 female,	
respectively.	 There	 was	 no	 significant	 difference	
between	 the	 two	 groups	 with	 respect	 to	 mean	 age	
and	 gender	 distribution.	
Table	 1	 presents	 the	mean	and	 standard	deviations	
of	 blood	 factors	 in	 the	 radiology	 technologists	 and	
controls.	 According	 to	 this	 table,	 there	 was	 no	
significant	 difference	 in	 the	 mean	 values	 of	 blood	
factors	between	the	two	groups	(P>0.05).	

	
				 

	
	

Table	1.	Comparison	of	the	mean	values	of	blood	factors	between	the	radiology	technologists	and	controls	
	

Significance	level	Mean	and	standard	deviation	in	
the	control	group	

Mean	and	standard	deviation	in	the	
radiology	technologists	

Blood	factors	

0.08	4.87±0.58	4.71±0.66	Red	blood	cell	(106/ml)	

0.60	7.49±1.76	7.34±2.22	White	blood	cell	(1000/ml)	

0.30	247.19±53.51	239.11±51.24	Platelet	(1000/ml)	

0.59	13.02±2.1	13.24±3.10	Hemoglobin	(g/dl)	

0.20	40.27±3.34	39.37±5.56	Hematocrit	(g/dl)	

0.80	60.62±8.23	60.29±9.03	Neutrophil	(%)	

0.12	36.63±7.70	36.56±8.91	Lymphocyte	(%)	

0.86	1.62±1.22	1.94±1.58	Monocyte	(%)	

0.33	1.61±1.56	1.69±1.37	Eosinophil	(%)	

	
Table	 2	 demonstrates	 the	 mean	 and	 standard	

deviations	 of	 blood	 factors	 in	 the	 radiology	
technologists	 and	 the	 non‐radiated	 persons	 with	
respect	to	gender.	According	to	this	table,	there	were	

not	 any	 significant	 differences	 in	 blood	 factors	
between	the	two	groups	based	on	gender	(P>0.05).	

 

	
	
	



	Amirhoseyn	DavudianTalab	et	al.																																																																																					Occupational	Exposure	Effects	on	Blood	Cells	of	Radiographers	
	   

68     Iran J Med Phys, Vol. 15, No. 2, April 2018 
 

 

Table	2.	Comparison	of	the	mean	values	of	blood	factors	between	the	radiology	technologists	and	controls	by	gender	
	

 
 
Significance	level	
 
	

 
Mean	 and	 standard	 deviation	 in	
the	control	group	

 
	Mean	and	standard	deviation	in	
radiology	technologists	

	 
 
Gender	

 
 
Blood	factors	

0.06	5.34±0.56	5.08±0.58	Male	 
			Red	blood	cell	(106/ml)	 0.21	4.57±0.35	4.46±0.58	Female	

0.65	7.12±1.64	7.31±1.77	Male	 
			White	blood	cell	(1000/ml)	 	 0.38	7.73±1.80	7.36±2.49	Female	

0.72	239.45±48.10	235.63±43.48	Male	 
Platelet	(1000/ml) 	 0.33	252.10±56.58	241.46±56.16	Female	

0.86	14.80±1.28	14.94±4.15	Male	 
Hemoglobin	(g/dl)	 0.71	11.99	±1.26	12.10±1.22	Female	

0.30	43.12±2.68	42.01±8.72	Male	 
	Hematocrit	(g/dl)	 0.27	38.45±2.29	37.62±4.92	Female	

0.49	60.00±7.61	61.45±9.72	Male	
Neutrophil	(%)	

0.35	61.01±8.65	59.48±8.50	Female	

0.86	35.27±6.55	35.58±8.92	Male	 
Lymphocyte	(%)	 0.07	34.23±8.34	37.25±8.93	Female	

0.46	1.75±1.29	1.97±1.45	Male	 
Monocyte	(%)	 0.68	1.53±1.17	1.94±1.66	Female	

0.66	1.48±1.34	1.66±1.32	Male	 
Eosinophil	(%)	 0.39	1.69±1.69	1.72±1.40	Female	

 
Pearson	 correlation	 coefficient	 reflected	 a	

significant	 correlation	 between	 age	 and	 work	
experience	 in	 technologists	 and	 reduced	 white	
blood	 cell	 count	 while	 no	 significant	 relationship	

was	 found	 among	 the	 other	 blood	 factors	
investigated	 in	 this	study.	More	 information	on	the	
influence	of	age	and	work	experience	on	 the	blood	
factors	is	provided	in	Table	3.	

	
Table	3.	The	relationship	of	age	and	work	experience	with	blood	factors	in	the	case	group 

	

HematocritPlatelet    		HemoglobinWhite	blood	cellRed	blood	cell	 	

P=0.65	P=0.06P=0.40   P=0.02	P=0.10	Age	

P=0.28	P=0.65P=0.14P=0.03P=0.30	Work	experience	

	
Discussion	

Radiology	 technologists	 working	 in	 radiology	
departments	 are	 always	 at	 high	 risk	 for	 protracted	
low‐dose	radiation	exposure,	therefore;	evaluation	of	
the	 associated	 risks	 seems	 to	 be	 mandatory.	 The	
present	 study	 was	 implemented	 to	 appraise	 the	
possibility	of	changes	in	blood	cells	in	radiographers	
using	CBC	test	and	compare	the	results	with	those	of	
non‐radiographers	 in	 diagnostic	 radiology	
departments	of	Khuzestan	Province,	Iran.			

We	 found	 no	 significant	 difference	 in	 the	 mean	
values	 of	 blood	 factors	 between	 radiation	 workers	
and	 non‐radiated	 persons,	 which	 is	 in	 compliance	
with	 the	 results	 of	 studies	 by	 Sayed	 [17]	 and	 Salek	
Moqaddam	 [21].	 Due	 to	 the	 long‐term	 low‐dose	
radiation	 exposure,	 it	 can	 be	 argued	 that	 the	 body	
organs	 have	 sufficient	 time	 to	 reconstruct	 and	

restore	 the	 damaged	 cells,	 and	 thus,	 they	 are	 not	
affected	by	low‐dose	exposure	in	radiation	workers.	

White	blood	 cells	 are	 a	 group	of	blood	 cells	 that	
play	 an	 important	 role	 in	 the	 immune	 system.	
According	 to	 Table	 1	 and	 in	 accordance	 with	 the	
studies	by	Forslund	[22],	Zargan	[4],	Heydar	Heydari	
[23],	 and	 Salek	 Moghadam	 [21],	 there	 is	 no	
significant	 difference	 in	 the	mean	 number	 of	 white	
blood	cells	between	the	radiographers	and	controls. 

Although	lymphocytes	are	known	to	be	the	most	
sensitive	 cells	 to	 radiation,	 studies	 show	 that	 these	
cells	 are	 not	 sensitive	 to	 radiation	 doses	 of	 about	
200‐300	 mSv	 [24].	 Since	 the	 annual	 exposure	 of	
radiology	 staff	 (0.2	 mSv)	 is	 negligible	 compared	 to	
background	 radiation	 (3.5	 mSv/year)	 in	 ordinary	
people,	there	is	no	significant	difference	in	the	mean	
number	 of	 white	 blood	 cells	 in	 them.	 Accordingly,	
low	 radiation	 doses	 diminish	 the	 effects	 of	 high‐
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intensity	 exposure	 through	 a	 phenomenon	 called	
adaptive	 responses.	 In	 this	 condition,	 exposing	 the	
body	 to	 low‐dose	 radiation	 increases	 the	 levels	 of	
cell	 cytoprotective	 genes	 ,	 consequently,	 in	
subsequent	 exposures,	 the	 amount	 of	 radiation	 is	
estimated	 to	 be	 lower	 than	 the	 actual	 value,	 and	 to	
some	extent,	the	body	becomes	resistant	to	radiation	
[6,	21,	25,	26].		

Meanwhile,	 in	 the	 study	 by	 Tavakoli,	 the	 mean	
number	 of	white	 blood	 cells	 in	 the	 case	 group	was	
reported	to	be	 lower	 than	that	 in	 the	control	group.	
In	 this	 study,	we	 examined	 different	 types	 of	white	
blood	 cells,	 including	 neutrophils,	 lymphocytes,	
monocytes,	 and	 eosinophils;	 we	 found	 a	 significant	
difference	 in	 the	 mean	 number	 of	 monocytes	
between	 the	 two	 groups	 [3].	 This	 discrepancy	 in	
results	 could	 be	 attributed	 to	 differences	 in	 the	
tested	samples,	such	that	in	this	study,	only	radiology	
personnel	 were	 recruited,	 while	 Tavakoli	 et	 al.	
investigated	 the	 personnel	 of	 CT	 scan	 and	 nuclear	
medicine	 departments	 who	 had	 received	 higher	
doses	of	ionizing	radiation.	Another	factor	can	be	the	
difference	between	the	control	groups	that	consisted	
of	 normal	 individuals	 in	 the	 present	 study	while	 in	
the	 study	 by	 Tavakoli,	 staff	 of	 other	 divisions	were	
assigned	 as	 the	 control	 group.	 These	 staff	 were	
exposed	 to	 a	 variety	 of	 hospital	 infections,	 and	as	 a	
result,	 had	 a	 stronger	 immune	 system	 relative	 to	
their	peers.	 

Regarding	 the	 mean	 number	 of	 red	 blood	 cells,	
we	did	not	observe	a	 significant	difference	between	
the	 radiology	 technologists	 and	 controls,	 which	 is	
consistent	with	the	findings	of	Heydar	Heydari	 [23],	
Tavakoli	[3],	Zargan	[4],	and	Khedr	[27].	Sayed	[17],	
Heydar	 Heydari	 [23],	 Tavakoli	 [3],	 and	 Zargan	 [4]	
also	 did	 not	 report	 any	 significant	 differences	
between	the	case	and	control	groups	 in	the	number	
of	platelets.	

In	 the	 same	 vein,	 the	 unchanged	mean	numbers	
of	 hematocrit	 and	 hemoglobin	 were	 reported	 by	
Hauck	 et	 al.	 [28].	 Zargan	 et	 al.	 also	 showed	 no	
significant	 difference	 in	 the	 hemoglobin	 and	
hematocrit	 values	 between	 the	 case	 and	 control	
groups.	 The	 reasons	 for	 these	 results	 can	 be	 the	
adaptive	effects	of	radiation	[6,	21,	26],	exposure	less	
than	the	required	level	for	effect	on	blood	cells,		

Based		on	the	results	reported	in	Table	2,	there	is	
no	significant	difference	between	the	two	genders	in	
the	 levels	of	blood	factors,	but	according	to	Table	3,	
with	 increasing	 age	 and	 work	 experience,	 the	
average	 number	 of	 white	 blood	 cells	 decreases.	
However,	 there	 is	 not	 any	 significant	 relationship	
between	 other	 blood	 factors	 and	 demographic	
characteristics.	In	line	with	this	study,	Tavakoli	et	al.	
reported	 no	 significant	 correlation	 between	 the	
number	 of	 blood	 factors	 and	 work	 experience,	
gender,	education	level,	and	work	area.	Zargan	et	al.	
also	 stated	 that	 the	 levels	 of	 blood	 cells	 in	 three	

groups	with	work	experience	of	more	than	10	years,	
10	 years,	 and	 less	 than	 10	 years	 were	 not	
significantly	 different	 [4],	while	 Salek	Moghadam	 et	
al.	 reported	 some	 changes	 in	 the	 number	 of	 white	
blood	 cells,	 such	 as	 increased	 CD4	 and	 decreased	
CD8,	 in	 participants	 with	 work	 experience	 of	 more	
than	10	years	[21].	A	significant	difference	based	on	
age	 was	 also	 found	 in	 the	 studies	 by	 Burton	 [29],	
Tuschl	 [30],	 Kusunoki	 [31],	 and	 Fugiwara	 [32].	
Accordingly,	 the	 increase	 in	 the	 CD4/CD8	 ratio	 is	
dependent	on	the	subject’s	age	and	is	not	related	to	
the	level	of	exposure	[21]. 

Finally,	according	to	the	results	of	this	study,	the	
presence	of	small	doses	of	radiation	in	the	radiology	
departments	 and	 consideration	 of	 protective	 issues	
prevent	 the	 deleterious	 effects	 of	 ionizing	 radiation	
on	cells	and	blood	factors	of	radiology	technologists.	
Few	 studies	 have	 been	 conducted	 in	 this	 regard	 in	
Iran,	 some	 of	 which	 yielded	 contradictory	 results.	
Therefore,	further	studies	are	needed	to	monitor	the	
radiology	 staff	 in	 diagnostic	 and	 therapeutic	
departments	of	hospitals. 	

	
Conclusion	

The	findings	of	this	study	showed	that	low	doses	
of	 ionizing	 radiation	 do	 not	 adversely	 affect	 the	
levels	of	blood	 factors	 in	radiology	workers,	but	 the	
effects	 of	 this	 type	 of	 radiation	 have	 not	 been	
thoroughly	 identified	 and	 further	 studies	 are	
required.	 Therefore,	 more	 accurate	 monitoring	 of	
radiology	 staff	 in	 shorter	 intervals	 and	 the	 use	 of	
more	 precise	 and	 updated	 personalized	 dosimeters	
are	recommended.	
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