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Abstract  

    The aim of the research was to assess effects of short and long-period exposure to 

radiation from mobile phone on blood indices in experimental rats. In this study 

forty mature female rats were used; the animals were divided into two experimental 

group, each group consists of twenty animals. Short-period group of rats were 

exposed to cell phone radiation for different duration 03 m, 63 m, and 03 m per day 

for six weeks. Long-period group of rats were exposed to radiation from mobile 

phone for different duration 2h, 4h, and 6h per day for three months. The study 

noticed that there was significant (P≥0.05) elevation in total white blood cells and 

the study demonstrated significant increment (P≥0.05) in percentage of lymphocytes 

(71.1%) of rats which exposed to radiation from mobile phone for short-period in 

(90 minutes) compared to the control group (42.64%). While, the study revealed that 

there was a significantly (P≥0.05) lower percentage of neutrophils (15.36%) in rats 

that were exposed to mobile phone radiation for long-period in (6 hours) compared 

with the control group (52.12%).The study recorded that there was a significant 

(P≥0.05) elevation in total red blood corpuscles and packed cell volume of rats 

exposed to radiation from mobile phone for short and long-period in different times 

compared with control. On the other hand, the research indicated that there was a 

significant (p≤0.05) decrement in mean corpuscles volume (MCV), mean corpuscle 

hemoglobin (MCH), mean corpuscle hemoglobin concentration and red blood cell 

distribution width standard deviation (RDW-SD) of rats  to radiation from mobile 

phone for short and long-period in different times than control group.  
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 تأثير التعرض لإشعاع الهاتف المحمول على معايير الدم في الجرذان

 

*زيد مكي محمد الحكاك ,مروة علي عبد العباس    
العخاق النجف، الكهفة،جامعة  العمهم،كمية  البيئة،قدم   

 الخلاصة
الهجف من البحث هه تقييم آثار التعخض القريخ والظهيل الامج الى الإشعاع من الهاتف المحمهل           

 متقدو أربعين أنثى جخذ ناضجة  عممتعمى مؤشخات الجم في الجخذان المختبخية. في هحه الجراسة است
عذخين حيهاناً. تعخضت تجخبة الجخذان قريخة الامج لإشعاع الحيهانات إلى تجخبتين كل تجخبة تتكهن من 

وتعخضت تجخبة  أسابيع،يهميًا لمجة ستة  دقيقة 03ودقيقة  03ودقيقة  03الهاتف المحمهل لفتخات مختمفة 
ساعات يهمياً لمجة  0وساعات  4وساعة  2الجخذان طهيمة الامج للإشعاع من الهاتف المحمهل لفتخات مختمفة 

( في العجد الكمي لخلايا الجم البيض. وأعهخت P≥0.05) محهظثلاثة أشهخ. لاحغت الجراسة وجهد ارتفاع م
٪( في الجخذان التي تعخضت للإشعاع 17.7( في ندبة الخلايا الميمفاوية )P≥0.05) محهعةالجراسة زيادة م
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٪(. بينما أوضحت الجراسة 42.04مع مجمهعة الديظخة )دقيقة( مقارنة  03من الهاتف المحمهل لفتخة قريخة )
٪( في الجخذان التي 73.00( في ندبة لايا الجم البيض المتعادلة )P≥0.05) محهظأن هناك انخفاض م

٪(. سجمت 32.72ساعات( مقارنة مع مجمهعة الديظخة ) 0تعخضت لإشعاع الهاتف المحمهل لفتخة طهيمة )
( في العجد الكمي لكخيات الجم الحمخاء وحجم مكجاس الجم لمجخذان P≥0.05) محهظالجراسة وجهد ارتفاع م

المعخضة للإشعاع من الهاتف المحمهل لفتخات قريخة وطهيمة في أوقات مختمفة مقارنة مع الديظخة. من ناحية 
 (،MCVكخية الجم الحمخاء ) حجم( في متهسط p≤0.05) محهظأشار البحث إلى وجهد انخفاض م أخخى،

 وتهزيع الحمخاء،كخية الجم  في الهيمهجمهبين تخكيدومتهسط  (،MCHكخية الجم الحمخاء ) هيمهجمهبينومتهسط 
( في الفئخان المعخضة للإشعاع من الهاتف المحمهل لفتخات قريخة وطهيمة RDW-SDكخيات الجم الحمخاء )

 في أوقات مختمفة مقارنة مع مجمهعة الديظخة.
1. Introduction 

      Cell phones have become essential part of daily life. It produces radiation fields around 

them when in use, thus electromagnetic pollution increased [1]. It is radio instruments that 

transmit and receive radiation of radiofrequency radiation at 900–2000 MHz [2]. 

Electromagnetic fields from mobile phones cause changes in immune activity in cultured 

Peripheral blood mononuclear cells [3]. In addition, some previous studies reported that 

exposure of radiation from cellular phone causes effects include headache, warmth on and 

behind the ear, fatigue, decreased concentration, dizziness, memory loss, tingling and 

numbness [4].   

     Moreover, WHO organization illustrated that radiations produced by the mobile phone 

were hard for health of human and some of them were not. It was scientifically demonstrated 

that the radiations from mobile phones could cause variant diseases; especially the brain of 

human being and it will give them hardships adjusting to their daily organized work path [5]. 

The potential health risks of a mobile phone can be divided into two parts: these are non-

thermal effect and thermal effect; the major concern of non-ionizing radiation is the thermal 

effect [6]. Also, it has been shown that electromagnetic radiation (EMR) may cause 

fluctuations in heart rate (HR), oxidative stress, inflammation in the eyes and inner ear 

damage [7,8,9]. The purpose of this research is to assess the effects of short and long-period 

exposure to radiation produced by mobile phone on hematological indices in experimental 

rats.   

2. Material and methods  

Animals of experimental:  

     This study was performed on 40 female Wistar Albino rats (Rattus norvegicus). Their 

mean body weight was (150-200 gm.) and age (10-12) weeks. The laboratory rats were 

divided into two experimental groups, each group consists of 20 animals (short-period and 

long-period experiments). Short-period experiments: rats were exposed to the electromagnetic 

field (EMF) from mobile phone for different duration 03 min., 03 min., and 03 min. per day 

for six weeks. In addition, long-period experiments rats were exposed to the electromagnetic 

field (EMF) from mobile phone for different duration different duration 2hr, 4hr, and 6hr per 

day for three months. The animals were housed in the animal house of “Faculty of Science, 

University of Kufa”, under standard environment condition “temperature 25-28 C° and 12 h 

light-dark cycle and allowed access to a standard water and diet”. All animal experiments had 

been approved by central committee for bioethics in University of Kufa and were performed 

according to these guidelines. “All institutional and national guidelines for the care and use of 

laboratory animals were followed.”  

Exposure of EMF from mobile phone:   

     Testing female Wistar albino rats were exposed to the electromagnetic field (EMF) from 

mobile phone “Samsung Galaxy S III with frequency 1.2 GHz” in different times, which 

according to the GSM, operates with microwave carrier frequencies in the range 850-2100 
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MHz. Animals were kept in individual cages made of plastic “designed cages 50 × 25 × 35 

cm”. Mobile phone was placed on top of each cage during the hours of exposure. The 

telephones were positioned in close contact with the rats.  

Collection of blood sample:   

     Following the end of exposure, each animal was slightly anaesthetized by combination of 

(0.5 ml ketamine & 0.1 ml xylazine) [10]. The rats were put after anesthesia on dissection 

bowl, the forward and behind limbs were fixed by fine pins. Heart puncture was done and 

blood was drawn very gently and slowly by “3 ml  and 5 ml disposable syringe”. It was 

placed in an EDTA tube and mixed comprehensively, then used for the estimation of blood 

analysis by an automatically analyzer. 

Hematological analysis: 

     The hematological indices were carried out on blood from EDTA tube using “Ruby 

Abbott., U.S.A”, Ruby is hematology analyzer to perform red blood corpuscles (RBC), white 

blood cell (WBCs), hemoglobin (HB), Erythrocyte sedimentation rate (ESR) and packed cell 

volume (PCV) on EDTA [11]. 

3. Results 

     The study revealed that there was a significant (P≥0.05) elevation in total leukocytes count 

of rats which exposed to mobile phone radiation for short-period (60 and 90 minutes) 

compared with control group (Table 1). 

     The results recorded that there was a significantly (P≥0.05) higher percentage of 

lymphocytes of rats which exposed to radiation from mobile phone for short and long-period 

in different times compared with the control group (Table 1, 2).  

 

Table 1-Impact of short-period exposure to radiation from mobile phone on total and 

differential counts of leukocytes in female rats       

 

Parameters 
Control 

Time exposure (minutes) 

30 minutes 60 minutes 90 minutes 

Total leukocytes count 

(×10
3
) 

(cell/mm
3
) 

6.6±0.73 6.81 ±0.78 7.76±0.11
ab

 8.27±0.08
abc

 

Neutrophils (%) 52.12±2.6 21.6±1.14
a
 23±0.7

ab
 23.4±0.83

ab
 

Lymphocytes (%) 42.64±3.35 73.4 ±1.14
a
 71.1±0.89

ab
 71.1±0.80

ab
 

Monocytes (%) 3.6±0.35 3.64 ±0.15 4.6±0.44
a
 4.38±0.53

a
 

Eosinophils (%) 1.24±0.87 1.26 ±0.15 0.8±0.54 0.62±0.50 

Basophils (%) 0.4±0.18 0.1±0.01
a
 0.5±0.01 0.5±0.01 

Notes: SD = Standard deviation. (a) = indicates to   significant difference (p≥ 0.05) than 

control. (b) = indicates to significant difference than with (30 minutes) at (p≥ 0.05). (c) = 

indicates to significant difference than with (60 minutes) at (p≥ 0.05). 

Table 2-Impact of long-period exposure to radiation from mobile phone on total and 

differential counts of leukocytes in female rats      

 

 

Parameters 

Control 

Time exposure (hours) 

2 hours 4 hours 6 hours 

Total leukocytes 

count (×10
3
) 

(cell/mm
3
) 

6.45±0.43 6.65±0.44 8.58±0.083
ab

 9.5±0.76
ab

 

Neutrophils (%) 52.12±2.61 21.82±0.58
a
 24.5±0.89

ab
 15.36±1.25

abc
 

Lymphocytes (%) 42.6±3.35 71.84±1.34
a
 71.5±0.7

a
 79.6±2.01

abc
 

Monocytes (%) 3.6±0.35 4.92±0.29
a
 3.06±0.05

a
 3.58±0.62 

Eosinophils (%) 1.24±0.87 0.88±0.26 0.46±0.49
b
 1.16±0.13

c
 



Al Abas and Al-Hakkak     Iraqi Journal of Science, 2021, Vol.62, No.11(Special Issue) pp: 4225-4231 

 

4228 

Basophils (%) 0.4±0.18 0.26±0.134 0.2±0.00 0.3±0.1 

Notes: SD = Standard deviation. (a) = indicates to   significant difference (p≥ 0.05) than 

control. (b) = indicates to significant difference than with (2 hours) at (p≥ 0.05). (c) = 

indicates to significant difference than with (4 hours) at (p≥ 0.05).   

Results of short-period experiment are showed in (Table 3). This study found that there was a 

significant (P≥0.05) increment in packed cell volume (PCV) of rats exposed to radiation from 

mobile phone for time exposure of 60 minutes than control. 

            This study also revealed that there was a significant (P≥0.05) elevation in total red 

blood corpuscles of rats which exposed to mobile phone radiation for long-period in different 

times than control (Table 4). 

             However, the result also showed that there was a significant (p≤0.05) decrease in 

mean corpuscles volume (MCV), mean corpuscle hemoglobin (MCH) and mean corpuscle 

hemoglobin concentration of rats exposed to mobile phone radiation for long-period in three 

times than control group (Table 3,4). 

     Also, it can be clearly seen that a significant (P≥0.05) decrement red blood cell distribution 

width standard deviation (RDW-SD) of rats exposed to mobile phone radiation for 90 minutes 

compared with control group (Table 3). 

 

Table 3-Impact of short-period exposure to radiation from mobile phone on total red blood 

corpuscles and red blood cell absolute values in female rats  

 

 

Parameters 

Control 

 

Time exposure (minutes) 

30 minutes 60 minutes 90 minutes 

Total RBCs 

(×10
6
) (corpuscle/mm

3
) 

6.08±0.41 6.68±0.11
a
 7.1±0.02

a
 7.3±0.15

a
 

Hb (g/dl) 12.56±0.62 13.44±0.49 14.28±0.13
a
 14.2±0.22

a
 

PCV (%) 38.42±1.5 38.42±1.1 40.46±0.58
ab

 40.28±0.77
b
 

MCV (fL) 86.2±5.1 56.44±1.04
a
 55.4±0.54

a
 54.38±0.08

ab
 

MCH  (pg) 30.1±0.02 19.9±0.27
a
 20.8±0.54

a
 19.1±0.16

a
 

MCHC (g/dl) 32.28±0.14 35.28±0.1
a
 34.6±0.54

a
 35.04±0.05

a
 

RDW-SD (fL) 41.44±4.05 31.06±0.55
a
 30.06±0.054

a
 30.8±1.08

a
 

RDW-CV (%) 14.34±0.32 14.06±0.05 14.16±0.05 14±0.57
a
 

Notes: SD = Standard deviation. (a) = indicates significant difference (p≥ 0.05) than control. 

(b) = indicates significant difference than with (30 minutes) at (p≥ 0.05). (c) = indicates 

significant difference than with (60 minutes) at (p≥ 0.05). 

 

Table 4-Impact of long-period exposure to radiation from mobile phone on total red blood 

corpuscles and red blood cell absolute values in female rats     

 

 

Parameters 

Control 

 

Time exposure (hours) 

2 hours 4 hours 6 hours 

Total RBCs 

(×10
6
)  (corpuscle/mm

3
) 

6.08±0.41 6.7±0.04
a
 6.83±0.054

a
 7.1±0.054

a
 

Hb  (g/dl) 12.56±0.62 13.14±0.05 13.14±0.054 13.5±0.054
a
 

PCV (%) 38.82±2.07 36.72±0.43 36.6±0.054 37.36±0.054 

MCV (fL) 86.2±5.17 54.4±1.09
a
 54.06±0.054

a
 52.24±0.054

abc
 

MCH  (pg) 30.13±0.02 19.5±0.27
a
 19.34±0.054

a
 18.84±0.054

a
 

MCHC (g/dl) 32.28±0.14 35±0.00
a
 35.04±0.054

a
 35.04±0.054

a
 

RDW-SD (fL) 41.44±4.05 28.62±0.65
a
 30.32±0.08

ab
 32.26±1.61

abc
 

RDW-CV (%) 14.34±0.32 13.92±0.1 14.4±0.07 14.98±0.58 

      Notes: SD = Standard deviation. (a) = indicates significant difference (p≥ 0.05) than 

control. (b) = indicates significant difference than with (2 hours) at (p≥ 0.05).(c) = indicates 

significant difference than with (4 hours) at (p≥ 0.05).   
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4. Discussion  

     This study found that there was a significant (P≥0.05) elevation in total leukocytes count 

of rats which exposed to radiation from mobile phone for short and long-period in 60 minutes 

and 90 minutes compared with control group (Table 1). This result agreed with [12] who 

found that total leukocytes count was significantly increased in mice exposed to mobile phone 

electromagnetic waves (EMW) compared with control group. The results from this study 

indicates that significant increase in total WBCs due to the negative action of exposure to 

electromagnetic waves (EMW) that induced the haemopoietic system to produce more 

lymphocytes causing high number in the blood stream. In addition, [13] elucidated significant 

increase in the white blood cells as well as the percentage of lymphocytes. This may arise 

under the effect of radiation exposure, increased body resistance and temperature. 

     Regarding differential leukocytes count, the results recorded that there was significantly 

(P≥0.05) higher percentage of lymphocytes of rats which exposed to radiation from mobile 

phone for short and long-period in different times compared with the control group (Table 

1,2). Similarly [14] reported increase in total WBC, with percentage of lymphocytes and 

neutrophils , monocytes as well as a significant increase in PCV, RBCs, Hb and platelet count 

in mice (Swiss albino) exposed to 4 hours per day) for 30 days to EMFs (50 Hz, 2 MT) 6-

week.Morover, [15] showed that the increase in the proportion of lymphocytes linked with 

inflammation of lymphatic the lymph gland, which appear as a result of continuous exposure 

to electromagnetic waves, especially the children. Environmental factors including magnetic 

fields are more sensitive to actively lymphocytic proliferation[16]. Furthermore, long-period 

exposure to EMR was associated a raise in WBCs manifested by increase proportion of 

lymphocytes; MCHC and platelet count in rats[17].     

     This study found that there was a significant (P≥0.05) elevation in total red blood 

corpuscles of rats exposed to radiation from mobile phone for long-period of different times 

than control (Table 4). This finding agreed with the results obtained by [18] which found total 

red blood corpuscles were significantly higher in rats exposed to microwave radiation 

(P < 0.01) than control group. They concluded that increment of total red blood corpuscles 

may respond to indicative of the hypoxia. This result perhaps due to high exposure of 

electromagnetic radiation caused hypoxia. Hypoxia increased renal erythropoietin secretion 

which in turn, stimulates red bone marrow production of a greater number of RBC and Hb in 

the circulating blood. The increase in total red blood corpuscles with short and long-period 

exposure to electromagnetic radiation from cellular phone probably respond to hypoxia-like 

status.  

     The results of the short-period experiment are shown in (Table 3). This study found that 

there was a significant (P≥0.05) elevation in packed cell volume (PCV) of rats exposed to 

mobile phone radiation for time exposure 60 minutes comparison with control group. Similar 

findings were recorded [4] and found prolonged or continued exposure of low and high 

electromagnetic radiation of mobile phones was associated with increased hemoglobin total 

red and blood corpuscles in experimental rats. The researchers explained these results that 

long-time exposure of electromagnetic radiation of mobile phones might expose to 

detrimental impacts to blood components and functions of liver.   

     This study revealed that there was a significant (p≤0.05) decrement in mean corpuscles 

volume (MCV) , mean corpuscle hemoglobin (MCH) and mean corpuscle hemoglobin 

concentration of rats exposed to short and long-period mobile phone radiation for three times 

than control group (Table 3,4). Similar findings were recorded by [19] who noted a decrement 

of MCV and MCH in albino rats when exposed high levels of electromagnetic field. 

Furthermore [20] observed sub-acute exposure to magnetic field on female rats increased in 

Hb and Ht levels because of hypoxia-like status induced by the static MF resulting probably 
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from the oxygen-binding impairment of Hb. In addition, [21] stated that French population 

living near riverside high-voltage transmission lines suffered from decrease in plasma iron.    

     The results also illustrated that that a significant (P≥0.05) decrement red blood cell 

distribution width standard deviation (RDW-SD) of rats exposed to radiation from mobile 

phone for 90 minutes comparison with control group (Table 3). Several studies reported that 

exposure to electromagnetic field caused a decrease iron in blood [22,23] Moreover, [24] 

demonstrated that the hypothesis of an action of static magnetic field “SMF” on hemoglobin 

was confirmed by the fact that SMF stimulated a prominent effect on structure of hemoglobin. 

Moreover, recent studies by [25] noted that animals exposed to moderate and strong static 

magnetic fields stimulated change in the absorption spectra and conductivity measurements of 

hemoglobin molecules.  

5. Conclusions 

     It can be concluded that hematological parameters of rats were significantly affected after 

short and long-period exposure to radiation from mobile phone. The hematological analysis 

showed a significant elevation in values of white blood cells, lymphocytes, total red blood 

corpuscles and packed cell volume of rats after exposure to short and long-period to 

electromagnetic radiation from mobile phone. However, the study confirms that values of 

mean corpuscles volume and mean corpuscle hemoglobin concentration and red blood cell 

distribution width standard deviation were significantly decreased in rats after exposure to 

mobile phone electromagnetic radiation.   
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