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ABSTRACT 

 This research work aimed at determining the Specific Absorption Rate (SAR) of cell phones in 
the 21st century cell phones operating between 900MHz – 2100MHz and to assess the possible 

health effects to the organs within the head and neck regions exposed to Radio Frequency (RF) 
radiations from the use of phones. Five phone models comprising of 73 phones were assessed, 

the electric field (EF), magnetic field (MF) and radiofrequency power densities were determined 
using a tri-axis meter Electrosmog meter, EMF-390. The SARs values were calculated from the 
EF and the various dielectric properties of the tissues in the head and neck regions. The results 

showed that the average SAR values of all the cellular phones studied conformed to the 900MHz 
recommended limit by International Commission on Non-Ionizing Radiation Protection 

(ICNIRP) while only 60% conformed to the 1800MHz recommended limit by ICNIRP. The  non-
conformity implies that the users could suffer adverse health effects ranging from myriad 
feelings to discomfort to life-threatening diseases. Wireless radiations offer the promise of 

improved remote sensing, connectivity, communications and data transfer but unfortunately have 
significant adverse health impacts. 

 

Key words: Electromagnetic radiation, specific absorption rate (SAR), head, neck, electric and 
magnetic fields 

 

 

INTRODUCTION  

The intensive and rapid development of wireless communication devices has inevitably led to 
public concern about the possible negative consequences of exposure to electromagnetic fields 

(EMF) on health. Scientific knowledge concerning the bio-effects of EMFs has been 
accumulating over the previous decades, including the impact of low and high frequency EMFs 

on the human body and their associated health hazards (NCC, 2012; WHO, 2007;Timur et al, 
2019). The ambient EMF in the human environment covers a variety of frequencies ranging from 
low frequencies (0-50 Hz) up to high level frequency of 5 GHz (wireless LAN). At present, there 

is a range of Global System for Mobile communications (GSM) band frequencies used for 
telecommunication applications. In particular, GSM-900, GSM-1800 and GSM-2100 modes are 

intensively being utilized in Nigeria and most countries, except in America where 850 MHz and 
1900 MHz bands are much more popular. The GSM-900 system exploits the frequency of 890-
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915 MHz range for sending and 960 MHz for receiving information packs (NCC, 2O12).  GSM 
1800 utilizes 1785 MHz and 1880 MHz frequencies for receiving and downlink respectively. 

The mobile phone user is constantly exposed to radiations from the mobile phone even if the 
person does not actually use the device for voice communication. Additionally, the human body 
is subjected to perpetual EM exposure from mobile telephony infrastructure particularly from the 

tower base stations (Levitt and Lai, 2011).  
 

The growth of wireless networking technology such as wireless local area network (WLAN) 
hotspots, including Wi-Fi networks, can also result in the exposure to excessive radiation (IEEE, 
2005). Apart from the direct radiation from individual devices such as mobile phones, humans 

are also exposed to the EMF from basic radio, electric and telecommunication stations. 
The wide deployment of cellular communications technologies makes the cell phone one of the 

common sources of radio frequency (RF) radiations that cause concerns about the probable 
health effects due to exposure to RF radiations (Timur et al, 2019). The middle of 20th century 
was characterized by the growth of radio-broadcasting and the sprouting of thousands of AM/FM 

radio and TV stations. The situation became even more complicated with the rapid development 
of new electronic wireless devices designed for communication purposes, and specifically for 

mobile phones along with associated infrastructure. Because of this rapid growth, global 
organizations and national health institutions have reacted to this public demand by organizing a 
number of studies and setting up special commissions. The International Agency for Research on 

Cancer (IARC), a WHO agency, was assigned to define the link between use of mobile phones 
and head/neck cancers. As a result, IARC has classified radio-frequency EMF as possibly 

carcinogenic to humans (Group 2B) (USA,2019).  As cell phone is usually held next to the head 
of the user during conversations, hence, much attention must be paid to investigate the health 
effects produced due to interaction of head tissue with cell phone radiations. This research 

therefore intends to assess the possible effect of electromagnetic fields on human health (head 
and neck region). The findings of the study will be a baseline data for future studies. 

 
MATERIALS AND METHOD 

Seventy three (73) 21st century mobile phones of different models whose operational frequencies 

are between 900MHz- 2100MHz  found in plateau State, Nigeria were studied using a GQ EMF-
390 meter with serial number 330A4B37333395 manufactured by GQ Electronics LLC Seattle 

USA, the tri-axis meter is portable with dimension,5.25”x 2” x 1” , and capable of measuring 
Magnetic Field in milligauss or micro Tesla (mG or µT), Electric Field in Volt per meter (V/m) 
and Radio Frequency in milliwatts per meter square (mW/m2) simultaneously. 

 
DATA COLLECTION 

The Electric-field (E), Magnetic-field (H) and RF of seventy three mobile phones commonly 
used in Plateau State Nigeria were determined and their  SARs value calculated. The E, H and 
RF were determined using be GQ EMF-390 meter. The measurement was done in isolation to 

avoid direct interference from other RF sources. For each measurement, the background RF field 
measurement was taken and this was subsequently subtracted. The Electric-field (E) and 

Magnetic-field (H) strengths are vector quantities expressed in Volt per meter (V/m) and Ampere 
per meter (A/m), respectively. Both fields are mathematically interdependent (Isabonaet al, 
2016), implying that either the magnitude of the E or H has to be measured. If the Electric-field 

is known, the Magnetic-field can be determined and vice versa. The power density (S) was also 
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calculated.  The power density, S of an electromagnetic wave is related to the E and H vectors by 
the equation 1 below: 

 
                                           

 
Almost all technology around releases some level of radiation, and the best way to measure it is 

through Specific Absorption Rate (SAR) (Kula B et al, 2000). The SAR gives an indication of 
how much electromagnetic radiation emanates from a mobile phone and is measured in watts per 
kilogram (W/kg).  The SAR of the studied mobile phones were  determined by the related 

electric field at a point as shown in equation 2 below (IEEE, 2005). Using equation 2. The 
respective SAR values were calculated and recorded accordingly.  

 

    
 ( ) 

 
                                 

Where; E is the root mean square (RMS) value of the internal electric field (V/m),   is the mass 

density of the tissue (Kg/m3) and σ is the conductivity (S/m) of the tissue. 
To precisely quantify the rate of RF radiation absorption to different tissues of the head from the 
phones at defined frequencies between 900MHz and  1800MHz, the specific absorption rates 

(SAR) were calculated using the measured E-field strength, dielectric property (relative 
permittivity, ε and electrical conductivity, σ) and density, ρ of the head tissues. The dielectric 

properties and density of the head and neck tissues of interest were extracted from (Faruque et al, 
2011;Sabbahet al, 2011). 
 

RESULTS AND DISCUSSION 

The results of this study are presented in table1, table 2 and table 3 below: 

 
Table 1: Phone network, electric field intensity magnetic field intensity, and power density 

of 73 mobile phones. 

 

S/N PHONE MODELS NETWORK ELECTRIC 

FIELD 

INTENSITY 

(V/m) 

MAGNETIC 

FIELD 

INTENSITY 

(mA/m) 

POWER 

DENSITY 

(mW/m2) 

1 Tecno pop-1 3G 14.33 37.98 544.30 

2 Tecno K7 H+ 12.05 31.90 384.40 
3 Tecno F1 3G 17.64 46.76 825.00 

4 TecnoCammon 15 4G 10.29 27.27 280.70 
5 Tecno spark 4 4G 11.37 30.15 342.90 
6 Tecno WF1 3G 18.19 48.23 877.40 

7 Tecno CG8J 4G 15.53 41.15 639.10 
8 Tecno L8 lite 4G 8.35 22.18 185.20 

9 Tecno KC8 4G 9.24 24.48 226.20 
10 Tecno spark 16 4G 16.45 43.66 718.20 
11 Tecnocamon 12 4G 18.61 49.38 918.90 
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12 Tecno spark K7 4G 17.71 46.95 831.40 

13 Tecno pourvoir H+ 18.83 49.94 940.40 
14 Tecno pop 2F 4G 14.55 38.58 561.30 
15 Tecno pop 2 3G 18.33 51.30 940.40 

16 Tecno pop 2+  4G 15.65 41.52 649.80 
17 Tecno spark 5 Air 4G 16.39 43.48 712.70 

18 TecnoCamon C X air H+ 12.81 33.99 435.40 
19 Tecno 350 H+ 12.20 32.37 395.00 
20 TecnoCamon C 8 3G 14.72 39.03 574.50 

21 Tecno K9 3G 10.73 28.47 305.50 
22 Tecno CAMON G621 3G 14.00 37.12 519.70 

23 Tecno Pop 4 3G 15.77 41.85 659.90 
24 Tecno Spark 5 Pro 4G  15.83 42.01 665.00 
25 Tecno Pop 3 3G 17.57 46.60 818.70 

26 TecnoCamon 11 4G 15.71 41.68 654.80 
27 Techno A31 3G 18.26 48.42 884.20 

28 Tecno J8 4G 16.97 45.01 763.80 
29 TecnoCamon 11Pro 4G 15.47 41.05 635.00 
30 Infinix not 3 3G 8.42 22.34 188.10 

31 Infinix S-lite 4G 12.66 33.06 425.40 
32 Infinix X-hot 3G 10.61 28.13 298.50 

33 Infinix not-4 pro 4G 11.86 31.46 373.20 
34 Infinix smart 5 4G 12.91 34.24 442.10 
35 Infinix note 5 4G 13.94 37.00 515.80 

36 Infinix hot 8 H+ 16.02 42.48 680.50 
37 Infinix smart 2 4G 16.08 42.64 685.80 

38 Infinix .not 8 I 4G 13.42 40.87 548.50 
39 Infinix hot 6 H+ 16.58 43.99 729.40 
40 Infinix hot 7 4G 8.07 21.41 172.80 

41 Infinix hot 4 3G 12.05 31.94 384.90 
42 Infinix hot S4 4G 18.33 48.61 891.00 

43 Infinix note 8I 4G 12.47 33.08 412.50 
44 Infinix hot 8 Lite 4G 12.14 32.10 390.90 
45 Infinix hot 6 Lite 3G 17.91 47.51 850.90 

46 Infinix hot 5 3G 16.33 43.31 707.20 
47 Infinix Smart 5 3G 14.00 37.12 519.70 

48 Infinix hot 7 3G 15.77 41.85 659.90 
49 Nokia 5.3 4G 14.38 38.14 548.50 
50 Nokia 2.0 3G 16.02 42.48 680.50 

51 Nokia TA-1053 4G 18.54 49.19 911.90 
52 Nokia 5.0 3G 17.37 46.06 800.00 

53 Itel P 33+ 3G 13.37 40.40 540.10 
54 Itel A56 H+ 18.60 49.40 918.90 
55 Itel A16 plus H+ 18.40 48.80 897.90 

56 Itel A56 3G 17.10 45.40 775.70 
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57 Itel 1507 3G 15.71 41.68 654.80 

58 Itel P 33 H|+ 14.55 38.58 561.30 
59 Itel A 33 4G 10.73 28.47 305.50 
60 Samsung  S7 edge 4G 9.03 23.92 216.00 

61 Samsung A50 4G 10.05 26.77 268.00 
62 Samsung J6 plus 4G 15.83 42.01 665.00 

63 Samsung A31 4G 10.65 28.24 300.80 
64 Samsung A30 4G 4.60 12.20 56.13 
65 Samsung A10 4G 6.33 20.22 128.00 

66 Samsung A51 4G 17.57 46.59 818.70 
67 Samsung A205F 4G 13.47 35.72 481.20 

68 Samsung GG 4G 18.83 49.94 940.40 
69 Samsung A32 4G 16.58 43.99 729.40 
70 Samsung C9 Pro 4G 17.84 47.32 844.30 

71 Samsung 4G 11.24 29.81 335.10 
72 Samsung S 9 Plus 4G 10.53 27.92 294.00 

73 Samsung T231 H+ 14.44 38.28 552.80 

 

 
Table 2: SAR values to various tissues of the head and neck region of different phones at 

900MHz 

S/N PHO

NE 

MOD

ELS 

SARs TO TISSUES OF THE HEAD AND NECK REGION (W/kg) 

skin  Fat Bone 
(skull) 

Dura CSF Brain Eye ball Localize

d SAR 

(head 

and 

neck) 

1 Tecno 

pop-1 

0.16241

2 

0.01138

3 

0.01554 0.18774

8 

0.48047

7 

0.14916

9 

0.41480

5 

1.421533 

2 Tecno 

K7 

0.11484

2 

0.00804

9 

0.01098

8 

0.13275

7 

0.33974

6 

0.10547

7 

0.29330

9 

1.005168 

3 Tecno 

F1 

0.24610

7 

0.01725

0 

0.02354

8 

0.28449

8 

0.72807

6 

0.22603

8 

0.62856

3 

2.154080 

4 Tecno

Camm

on 15 

0.08374

5 

0.00587

0 

0.00801

3 

0.09680

8 

0.24774

8 

0.07691

6 

0.21388

6 

0.732985 

5 Tecno 

spark 

4 

0.10224

6 

0.00716

6 

0.00978

3 

0.11819

6 

0.30248

3 

0.09390

9 

0.26113

9 

0.894923 
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6 Tecno 

WF1 

0.26169

3 

0.01834

2 

0.02503

9 

0.30251

5 

0.77418

6 

0.24035

3 

0.66837

0 

2.290498 

7 Tecno 

CG8J 

0.19075

2 

0.01337

0 

0.01825

2 

0.22050

8 

0.56431

6 

0.17519

7 

0.48718

5 

1.669581 

8 Tecno 

L8 lite 

0.05514

4 

0.00386

5 

0.00527

6 

0.06374

6 

0.16313

7 

0.05064

7 

0.14083

9 

0.482656 

9 Tecno 

KC8 

0.06752

6 

0.00473

3 

0.00646

1 

0.07806 0.19976

7 

0.06202

0 

0.17246

3 

0.591029 

10 Tecno 

spark 

16 

0.21402

2 

0.01500

1 

0.02047

8 

0.24740

8 

0.63315

7 

0.19657

0 

0.54661

7 

1.873253 

11 Tecno

camon 

12 

0.27391

7 

0.01919

9 

0.02620

9 

0.31664

6 

0.81035 0.25158

1 

0.69959

1 

2.397493 

12 Tecno 

spark 

K7 

0.24806

4 

0.01738

7 

0.02373

5 

0.28676

0 

0.73386

6 

0.22783

6 

0.63356

1 

2.171209 

13 Tecno

pourvo

ir 

0.28043

2 

0.01965

5 

0.02683

2 

0.32417

7 

0.82962

2 

0.25756

4 

0.71622

9 

2.454512 

14 Tecno 

pop 2F 

0.16743

7 

0.01173

6 

0.01602

1 

0.19355

7 

0.49534

3 

0.15378

4 

0.42763

9 

1.465516 

15 Tecno 

pop 2 

0.26573

7 

0.01862

5 

0.02542

6 

0.30719 0.78614

9 

0.24406

7 

0.67869

8 

2.325892 

16 Tecno 

pop 2+  

0.19371

1 

0.01357

7 

0.01853

5 

0.22392

9 

0.57307

1 

0.17791

5 

0.49474

3 

1.695482 

17 Tecno 

spark 

5 Air 

0.21246

4 

0.01489

2 

0.02032

9 

0.24560

6 

0.62854

7 

0.19513

8 

0.54263

7 

1.859613 

18 Tecno

Camo

n C X 

air 

0.12978

5 

0.00909

7 

0.01241

8 

0.15003

1 

0.38395

3 

0.11920

2 

0.33147

4 

1.135960 

19 Tecno 

350 

0.11771

9 

0.00825

1 

0.01126

4 

0.13608

2 

0.34825

7 

0.10812

0 

0.30065

7 

1.030349 
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20 Tecno

Camo

n C 8 

0.17137

3 

0.01201

2 

0.01639

7 

0.19810

6 

0.50698

5 

0.15739

8 

0.43769

0 

1.499962 

21 Tecno 

K9 

0.09106 0.00638

2 

0.00871

3 

0.10526

4 

0.26938

9 

0.08363

4 

0.23256

8 

0.797011 

22 Tecno 

CAM

ON 

G621 

0.15501

8 

0.01086

5 

0.01483

2 

0.17920

0 

0.45860

2 

0.14237

7 

0.39592

0 

1.356815 

23 Tecno 

Pop 4 

0.19669

3 

0.01378

6 

0.01882

0 

0.22737

6 

0.58189

3 

0.18065

4 

0.50236

0 

1.721583 

24 Tecno 

Spark 

5 Pro 

0.19819

3 

0.01389

1 

0.01896

3 

0.22911

0 

0.58632

9 

0.18203

2 

0.50619

0 

1.734708 

25 Tecno 

Pop 3 

0.24415

8 

0.01711

3 

0.02336

1 

0.28224

4 

0.72231 0.22424

8 

0.62358

4 

2.137018 

26 Tecno

Camo

n 11 

0.19520

0 

0.01368

2 

0.01867

7 

0.22564

9 

0.57747

4 

0.17928

2 

0.49854

4 

1.708508 

27 Techn

o A31 

0.26371

1 

0.01848

3 

0.02523

2 

0.30484

8 

0.78015

6 

0.24220

7 

0.67352

4 

2.308161 

28 Tecno 

J8 

0.22776

7 

0.01596

4 

0.02179

3 

0.26329

7 

0.67381

9 

0.20919

4 

0.58172

1 

1.993555 

29 Tecno

Camo

n 

11Pro 

0.18928

1 

0.01326

7 

0.01811

1 

0.21880

8 

0.55996

4 

0.17384

6 

0.48342

8 

1.656705 

30 Infinix 

not 3 

0.05607

3 

0.00393 0.00536

5 

0.06482 0.16588

4 

0.0515 0.14321

1 

0.490782 

31 Infinix 

S-lite 

0.12676

3 

0.00888

5 

0.01212

9 

0.14653

8 

0.37501

4 

0.11642

7 

0.32375

7 

1.109512 

32 Infinix 

X-hot 

0.08903

4 

0.00624 0.00851

9 

0.10292

3 

0.26339

7 

0.08177

4 

0.22739

6 

0.779283 

33 Infinix 

not-4 

0.11124

9 

0.00779

7 

0.01064

5 

0.12860

3 

0.32911

6 

0.10217

7 

0.28413

2 

0.973720 
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pro 

34 Infinix 

smart 

5 

0.13181

9 

0.00923

9 

0.01261

3 

0.15238

2 

0.38997

1 

0.12107 0.33667

0 

1.153764 

35 Infinix 

note 5 

0.15369

2 

0.01077

2 

0.01470

6 

0.17766

7 

0.45467

9 

0.14116 0.39253

4 

1.345210 

36 Infinix 

hot 8 

0.20297

9 

0.01422

7 

0.01942

1 

0.23464

3 

0.60048

9 

0.18642

7 

0.51841

4 

1.776600 

37 Infinix 

smart 

2 

0.20450

3 

0.01433

4 

0.01956

7 

0.23640

4 

0.60499

5 

0.18782

7 

0.52230

4 

1.789933 

38 Infinix 

.not 8 

I 

0.14244 0.00998

4 

0.01362

9 

0.16466

0 

0.42139

1 

0.13082

5 

0.36379

5 

1.246722 

39 Infinix 

hot 6 

0.21741

8 

0.01523

9 

0.02080

3 

0.25133

4 

0.64320

4 

0.19968

9 

0.55529

1 

1.902978 

40 Infinix 

hot 7 

0.05150

8 

0.00361

0 

0.00492

8 

0.05954

3 

0.15238

0 

0.04730

8 

0.13155

2 

0.450829 

41 Infinix 

hot 4 

0.11484

2 

0.00804

9 

0.01098

8 

0.13275

7 

0.33974

6 

0.10547

7 

0.29330

9 

1.005168 

42 Infinix 

hot S4 

0.26573

7 

0.01862

5 

0.02542

6 

0.30719

0 

0.78614

9 

0.24406

7 

0.67869

8 

2.325892 

43 Infinix 

note 8I 

0.12298

7 

0.00862

0 

0.01176

8 

0.14217

2 

0.36384

2 

0.11295

8 

0.31411

2 

1.076459 

44 Infinix 

hot 8 

Lite 

0.11656

4 

0.00817

0 

0.01115

3 

0.13474

7 

0.34484

0 

0.10705

9 

0.29770

7 

1.020239 

45 Infinix 

hot 6 

Lite 

0.25369

8 

0.01778

2 

0.02427

4 

0.29327

4 

0.75053

5 

0.23301

1 

0.64795

2 

2.220526 

46 Infinix 

hot 5 

0.21091

1 

0.01478

3 

0.02018

0 

0.24381

2 

0.62395

3 

0.19371

2 

0.53867

1 

1.846022 

47 Infinix 

Smart 

0.15501

8 

0.01086

5 

0.01483

2 

0.17920 0.45860

2 

0.14237

7 

0.39592

0 

1.356815 
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5 

48 Infinix 

hot 7 

0.19669

3 

0.01378

6 

0.01882

0 

0.22737

6 

0.58189

3 

0.18065

4 

0.50236

0 

1.721583 

49 Nokia 

5.3 

0.16354

8 

0.01146

3 

0.01564

9 

0.18906 0.48383

5 

0.15021

1 

0.41770

4 

1.431470 

50 Nokia 

2.0 

0.20297

9 

0.01422

7 

0.01942

1 

0.23464

3 

0.60048

9 

0.18642

7 

0.51841

4 

1.776600 

51 Nokia 

TA-

1053 

0.27186

0 

0.01905

5 

0.02601

2 

0.31426

9 

0.80426

5 

0.24969

2 

0.69433

8 

2.379491 

52 Nokia 

5.0 

0.23863

1 

0.01672

6 

0.02283

3 

0.27585

5 

0.70595

9 

0.21917

2 

0.60946

8 

2.088643 

53 Itel P 

33+ 

0.14138

0 

0.00990

9 

0.01352

8 

0.16343

5 

0.41825

6 

0.12985

2 

0.36108

9 

1.237449 

54 Itel 

A56 

0.27362

3 

0.01917

8 

0.02618

1 

0.31630

6 

0.80947

9 

0.25131

1 

0.69883

9 

2.394917 

55 Itel 

A16 

plus 

0.26777

0 

0.01876

8 

0.02562

1 

0.30954

1 

0.79216

5 

0.24593

5 

0.68389

1 

2.343690 

56 Itel 

A56 

0.23127

0 

0.01621 0.02212

8 

0.26734

6 

0.68418

3 

0.21241

1 

0.59066

8 

2.024216 

57 Itel 

1507 

0.19520

0 

0.01368

2 

0.01867

7 

0.22564

9 

0.57747

4 

0.17928

2 

0.49854

4 

1.708508 

58 Itel P 

33 

0.16743

7 

0.01173

6 

0.01602

1 

0.19355

7 

0.49534

3 

0.15378

4 

0.42763

9 

1.465516 

59 Itel A 

33 

0.09106

0 

0.00638

2 

0.00871

3 

0.10526

4 

0.26938

9 

0.08363

4 

0.23256

8 

0.797011 

60 Samsu

ng  S7 

edge 

0.06449

1 

0.00452

0 

0.00617

1 

0.07455

2 

0.19079 0.05923

3 

0.16471

3 

0.564469 

61 Samsu

ng 

A50 

0.07988

4 

0.00559

9 

0.00764

3 

0.09234

5 

0.23632

6 

0.07337

0 

0.20402

5 

0.699192 
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62 Samsu

ng J6 

plus 

0.19819

3 

0.01389

1 

0.01896

3 

0.22911 0.58632

9 

0.18203

2 

0.50619

0 

1.734708 

63 Samsu

ng 

A31 

0.08970

7 

0.00628

8 

0.00858

3 

0.10370

1 

0.26538

7 

0.08239

2 

0.22911

3 

0.785170 

64 Samsu

ng 

A30 

0.01673

6 

0.00117

3 

0.00160

1 

0.01934

6 

0.04951

0 

0.01537

1 

0.04274

3 

0.146481 

65 Samsu

ng 

A10 

0.03169

1 

0.00222

1 

0.00303

2 

0.03663

4 

0.09375

3 

0.02910

7 

0.08093

9 

0.277378 

66 Samsu

ng 

A51 

0.24415

8 

0.01711

3 

0.02336

1 

0.28224

4 

0.72231 0.22424

8 

0.62358

4 

2.137018 

67 Samsu

ng 

A205F 

0.14350

3 

0.01005

8 

0.01373

1 

0.16588

9 

0.42453

6 

0.13180

1 

0.36651

1 

1.256029 

68 Samsu

ng GG 

0.28043

2 

0.01965

5 

0.02683

2 

0.32417

7 

0.82962

2 

0.25756

4 

0.71622

9 

2.454512 

69 Samsu

ng 

A32 

0.21741

8 

0.01523

9 

0.02080

3 

0.25133

4 

0.64320

4 

0.19968

9 

0.55529

1 

1.902978 

70 Samsu

ng C9 

Pro 

0.25171

9 

0.01764

3 

0.02408

5 

0.29098

6 

0.74468 0.23119

3 

0.64289

7 

2.203202 

71 Samsu

ng 

0.09992

2 

0.00700

3 

0.00956

1 

0.11550

9 

0.29560

5 

0.09177

4 

0.25520

2 

0.874575 

72 Samsu

ng S 9 

Plus 

0.08769

7 

0.00614

7 

0.00839

1 

0.10137

7 

0.25944 0.08054

6 

0.22397

9 

0.767576 

73 Samsu

ng 

T231  

0.16491

5 

0.01155

9 

0.01577

9 

0.19064

1 

0.48788

1 

0.15146

7 

0.42119

7 

1.443441 
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Table3: SAR values to various tissues of the head and neck region of different phones at 

1800MHz 

 

S/N PHO

NE 

MOD

ELS 

SARs TO TISSUES OF THE HEAD AND NECK REGION (W/kg) 

skin  Fat Bone 
(skull) 

Dura CSF Brain Eye ball Localize
d SAR 
(head 

and 
neck) 

1 Tecno 
pop-1 

0.22028
3 

0.01741 0.03108 0.25815
3 

0.58016 0.22278
4 

0.41480
5 

1.744676 

2 Tecno 

K7 

0.15576

3 

0.01231

1 

0.02197

7 

0.18254

0 

0.41023

2 

0.15753

1 

0.29330

9 

1.233663 

3 Tecno 
F1 

0.33380
0 

0.02638
2 

0.04709
6 

0.39118
5 

0.87913 0.33759 0.62856
3 

2.643744 

4 Tecno
Camm

on 15 

0.11358
5 

0.00897
7 

0.01602
6 

0.13311
1 

0.29914
8 

0.11487
4 

0.21388
6 

0.899607 

5 Tecno 
spark 

4 

0.13867
9 

0.01096 0.01956
6 

0.16252 0.36523
9 

0.14025
3 

0.26113
9 

1.098356 

6 Tecno 

WF1 

0.35494 0.02805

3 

0.05007

9 

0.41595

9 

0.93480

5 

0.35896

9 

0.66837 2.811174 

7 Tecno 
CG8J 

0.25872
1 

0.02044
8 

0.03650
3 

0.30319
9 

0.68139
5 

0.26165
9 

0.48718
5 

2.049110 

8 Tecno 
L8 lite 

0.07479
3 

0.00591
1 

0.01055
3 

0.08765
1 

0.19698
3 

0.07564
2 

0.14083
9 

0.592373 

9 Tecno 
KC8 

0.09158
7 

0.00723
9 

0.01292
2 

0.10733
2 

0.24121
2 

0.09262
7 

0.17246
3 

0.725381 

10 Tecno 

spark 
16 

0.29028

3 

0.02294

2 

0.04095

6 

0.34018

6 

0.76451

8 

0.29357

8 

0.54661

7 

2.299080 

11 Tecno
camon 
12 

0.37152
0 

0.02936
3 

0.05241
8 

0.43538
9 

0.97847
2 

0.37573
8 

0.69959
1 

2.942490 

12 Tecno 
spark 

K7 

0.33645
5 

0.02659
2 

0.04747 0.39429
5 

0.88612
1 

0.34027
4 

0.63356
1 

2.664768 

13 Tecno
pourvo

ir 

0.38035
6 

0.03006
1 

0.05366
4 

0.44574
4 

1.00174
3 

0.38467
4 

0.71622
9 

3.012471 

14 Tecno 

pop 2F 

0.22709

9 

0.01794

9 

0.03204

1 

0.26614 0.59811

1 

0.22967

7 

0.42763

9 

1.798657 

15 Tecno 0.36042 0.02848 0.05085 0.42238 0.94925 0.36451 0.67869 2.854613 
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pop 2 4 6 2 6 6 8 

16 Tecno 
pop 2+  

0.26273
5 

0.02076
5 

0.03706
9 

0.30790
3 

0.69196
6 

0.26571
8 

0.49474
3 

2.080899 

17 Tecno 

spark 
5 Air 

0.28816

9 

0.02277

5 

0.04065

8 

0.33770

9 

0.75895

1 

0.29144 0.54263

7 

2.282339 

18 Tecno
Camo
n C X 

air 

0.17603
0 

0.01391
2 

0.02483
6 

0.20629
2 

0.46361
1 

0.17802
9 

0.33147
4 

1.394185 

19 Tecno 

350 

0.15966

5 

0.01261

9 

0.02252

7 

0.18711

3 

0.42050

9 

0.16147

7 

0.30065

7 

1.264567 

20 Tecno
Camo

n C 8 

0.23243
7 

0.01837
1 

0.03279
5 

0.27239
6 

0.61216
9 

0.23507
6 

0.43769
0 

1.840933 

21 Tecno 

K9 

0.12350

6 

0.00976

1 

0.01742

6 

0.14473

9 

0.32527

8 

0.12490

8 

0.23256

8 

0.978187 

22 Tecno 
CAM

ON 
G621 

0.21025
5 

0.01661
7 

0.02966
5 

0.24640
0 

0.55374
8 

0.21264
2 

0.39592
0 

1.665246 

23 Tecno 
Pop 4 

0.26678
0 

0.02108
5 

0.03764
0 

0.31264
3 

0.70261
8 

0.26980
8 

0.50236
0 

2.112933 

24 Tecno 

Spark 
5 Pro 

0.26881

4 

0.02124

6 

0.03792

7 

0.31502

6 

0.70797

4 

0.27186

5 

0.50619

0 

2.129042 

25 Tecno 
Pop 3 

0.33115
6 

0.02617
3 

0.04672
3 

0.38808
6 

0.87216
6 

0.33491
6 

0.62358
4 

2.622804 

26 Tecno

Camo
n 11 

0.26475

3 

0.02092

5 

0.03735

4 

0.31026

8 

0.69728

1 

0.26775

9 

0.49854

4 

2.096885 

27 Techn
o A31 

0.35767
7 

0.02826
9 

0.05046
5 

0.41916
6 

0.94201
4 

0.36173
7 

0.67352
4 

2.832852 

28 Tecno 

J8 

0.30892

5 

0.02441

6 

0.04358

6 

0.36203

3 

0.81361

6 

0.31243

2 

0.58172

1 

2.446730 

29 Tecno

Camo
n 
11Pro 

0.25672

6 

0.02029 0.03622

2 

0.30086

1 

0.67614

0 

0.25964

1 

0.48342

8 

2.033307 

30 Infinix 
not 3 

0.07605
3 

0.00601
1 

0.01073 0.08912
7 

0.20030
0 

0.07691
6 

0.14321
1 

0.602347 

31 Infinix 
S-lite 

0.17193
2 

0.01358
9 

0.02425
8 

0.20148
9 

0.45281
7 

0.17388
4 

0.32375
7 

1.361726 

32 Infinix 

X-hot 

0.12075

9 

0.00954

4 

0.01703

8 

0.14151

9 

0.31804

4 

0.12213

0 

0.22739

6 

0.956430 
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33 Infinix 

not-4 
pro 

0.15088

9 

0.01192

5 

0.02128

9 

0.17682

9 

0.39739

8 

0.15260

2 

0.28413

2 

1.195065 

34 Infinix 

smart 
5 

0.17878

9 

0.01413

1 

0.02522

5 

0.20952

6 

0.47087

8 

0.18081

9 

0.33667 1.416038 

35 Infinix 
note 5 

0.20845
6 

0.01647
5 

0.02941
1 

0.24429
3 

0.54901
1 

0.21082
3 

0.39253
4 

1.651003 

36 Infinix 

hot 8 

0.27530

5 

0.02175

9 

0.03884

3 

0.32263

4 

0.72507

1 

0.27843

1 

0.51841

4 

2.180456 

37 Infinix 

smart 
2 

0.27737

1 

0.02192

2 

0.03913

4 

0.32505

5 

0.73051

3 

0.28052

0 

0.52230

4 

2.196820 

38 Infinix 

.note 8 
I 

0.19319

4 

0.01526

9 

0.02725

8 

0.22640

7 

0.50881

6 

0.19538

8 

0.36379

5 

1.530126 

39 Infinix 
hot 6 

0.29488
9 

0.02330
6 

0.04160
6 

0.34558
4 

0.77664
9 

0.29823
7 

0.55529
1 

2.335562 

40 Infinix 

hot 7 

0.06986

1 

0.00552

1 

0.00985

7 

0.08187

1 

0.18399

4 

0.07065

4 

0.13155

2 

0.553311 

41 Infinix 

hot 4 

0.15576

3 

0.01231

1 

0.02197

7 

0.18254 0.41023

2 

0.15753

1 

0.29330

9 

1.233663 

42 Infinix 
hot S4 

0.36042
4 

0.02848
6 

0.05085
2 

0.42238
6 

0.94925 0.36451
6 

0.67869
8 

2.854613 

43 Infinix 
note 8I 

0.16681
0 

0.01318
4 

0.02353
5 

0.19548
7 

0.43932
8 

0.16870
4 

0.31411
2 

1.321159 

44 Infinix 
hot 8 
Lite 

0.15809
8 

0.01249
5 

0.02230
6 

0.18527
7 

0.41638
3 

0.15989
3 

0.29770
7 

1.252160 

45 Infinix 
hot 6 

Lite 

0.34409
7 

0.02719
6 

0.04854
9 

0.40325
1 

0.90624
8 

0.34800
3 

0.64795
2 

2.725295 

46 Infinix 
hot 5 

0.28606
3 

0.02260
9 

0.04036
1 

0.33524
1 

0.75340
4 

0.28931
1 

0.53867
1 

2.265660 

47 Infinix 
Smart 

5 

0.21025
5 

0.01661
7 

0.02966
5 

0.24640
0 

0.55374
8 

0.21264
2 

0.39592 1.665246 

48 Infinix 
hot 7 

0.26678
0 

0.02108
5 

0.03764 0.31264
3 

0.70261
8 

0.26980
8 

0.50236
0 

2.112933 

49 Nokia 
5.3 

0.22182
3 

0.01753
2 

0.03129
7 

0.25995
8 

0.58421
6 

0.22434
2 

0.41770
4 

1.756872 

50 Nokia 
2.0 

0.27530
5 

0.02175
9 

0.03884
3 

0.32263
4 

0.72507
1 

0.27843
1 

0.51841
4 

2.180456 

51 Nokia 

TA-

0.36873

0 

0.02914

2 

0.05202

4 

0.43212 0.97112

5 

0.37291

6 

0.69433

8 

2.920396 
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1053 

52 Nokia 
5.0 

0.32366
0 

0.02558
0 

0.04566
5 

0.37930
1 

0.85242
3 

0.32733
4 

0.60946
8 

2.563433 

53 Itel P 

33+ 

0.19175

7 

0.01515

5 

0.02705

5 

0.22472

3 

0.50503

2 

0.19393

4 

0.36108

9 

1.518746 

54 Itel 

A56 

0.37112

1 

0.02933

1 

0.05236

2 

0.43492

1 

0.97742

1 

0.37533

4 

0.69883

9 

2.939329 

55 Itel 
A16 

plus 

0.36318
3 

0.02870
4 

0.05124
2 

0.42561
8 

0.95651
4 

0.36730
6 

0.68389
1 

2.876457 

56 Itel 

A56 

0.31367

6 

0.02479

1 

0.04425

7 

0.36760

1 

0.82612

9 

0.31723

7 

0.59066

8 

2.484360 

57 Itel 
1507 

0.26475
3 

0.02092
5 

0.03735
4 

0.31026
8 

0.69728
1 

0.26775
9 

0.49854
4 

2.096885 

58 Itel P 
33 

0.22709
9 

0.01794
9 

0.03204
1 

0.26614 0.59811
1 

0.22967
7 

0.42763
9 

1.798657 

59 Itel A 
33 

0.12350
6 

0.00976
1 

0.01742
6 

0.14473
9 

0.32527
8 

0.12490
8 

0.23256
8 

0.978187 

60 Samsu

ng  S7 
edge 

0.08747

1 

0.00691

3 

0.01234

1 

0.10250

9 

0.23037

3 

0.08846

4 

0.16471

3 

0.692784 

61 Samsu
ng 
A50 

0.10834
8 

0.00856
3 

0.01528
7 

0.12697
5 

0.28535
7 

0.10957
8 

0.20402
5 

0.858133 

62 Samsu
ng J6 

plus 

0.26881
4 

0.02124
6 

0.03792
7 

0.31502
6 

0.70797
4 

0.27186
5 

0.50619 2.129042 

63 Samsu
ng 

A31 

0.12167
1 

0.00961
6 

0.01716
7 

0.14258
8 

0.32044
6 

0.12305
3 

0.22911
3 

0.963655 

64 Samsu

ng 
A30 

0.02269

9 

0.00179

4 

0.00320

3 

0.02660

1 

0.05978

2 

0.02295

7 

0.04274

3 

0.179779 

65 Samsu

ng 
A10 

0.04298

3 

0.00339

7 

0.00606

4 

0.05037

2 

0.11320

4 

0.04347

1 

0.08093

9 

0.340431 

66 Samsu
ng 
A51 

0.33115
6 

0.02617
3 

0.04672
3 

0.38808
6 

0.87216
6 

0.33491
6 

0.62358
4 

2.622804 

67 Samsu
ng 

A205F 

0.19463
7 

0.01538
3 

0.02746
1 

0.22809
7 

0.51261
5 

0.19684
6 

0.36651
1 

1.541550 

68 Samsu
ng GG 

0.38035
6 

0.03006
1 

0.05366
4 

0.44574
4 

1.00174
3 

0.38467
4 

0.71622
9 

3.012471 

69 Samsu 0.29488 0.02330 0.04160 0.34558 0.77664 0.29823 0.55529 2.335562 
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ng 

A32 

9 6 6 4 9 7 1 

70 Samsu
ng C9 

Pro 

0.34141
2 

0.02698
3 

0.04817 0.40010
5 

0.89917
8 

0.34528
8 

0.64289
7 

2.704033 

71 Samsu

ng 

0.13552

6 

0.01071

1 

0.01912

1 

0.15882

4 

0.35693

4 

0.13706

4 

0.25520

2 

1.073384 

72 Samsu
ng S 9 

Plus 

0.11894
5 

0.00940
1 

0.01678
2 

0.13939
3 

0.31326
5 

0.12029
5 

0.22397
9 

0.942061 

73 Samsu

ng 
T231 

0.22367

8 

0.01767

8 

0.03155

9 

0.26213

1 

0.58910

2 

0.22621

8 

0.42119

7 

1.771563 

 

 

Table 4: Average SAR values to the head and neck for various phone operating at 900MHz 

and 1800MHz 

 

PHONE MODELS 

AVERAGE SAR VALUES TO THE HEAD AND NECK 

REGION (W/kg) 

900MHz 1800MHz 

TECNO 1.61 1.97 
INFINIX 1.35 1.65 

NOKIA 1.92 2.36 

 ITEL 1.71 2.10 

SAMSUNG 1.23 1.51 
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Figure 1: Comparison of the average SAR values for various phone models operating at 

900MHz and 1800MHz to ICNIRP reference levels/recommended limits. 

 

Exposing humans to cell phone radiation can have health implications. Cell phone radiation can 

affect memory and learning, hence, change the brainwave activity. Changes in the way in which 
the brain and nervous system react depend very much on the specific exposures. The ICNRP has 
developed exposure guidelines for workers and for the general public stating reference levels and 

recommended limits for general public exposure to time-varying Electric (E) field, Magnetic (H) 
field, Power density and SAR at different frequency. Table 6 shows the Phone network band, 

electric field intensity magnetic field intensity, and power density of 73 mobile phones.  
The recommended limits are 58.34V/m, 0.157A/m (157mA/m) and 9.0W/m2 (9000mW/m2) for 
Electric (E) field, Magnetic (H) field Power density respectively. These limits were used in 

assessing the results obtained in Table 1 above which shows the Electric (E) field, Magnetic (H) 
field and Power density of seventy three phones studied. The highest E-field value was observed 
on phone model, Tecno pourvoir, with a value of   18.83V/m while the least was Samsung A30 

with a value of 4.60V/m. The magnetic field ranges from12.2022 mA/m to 51.30mA/m while the 
power density value ranges from 56.13 mW/m2 to 940.40mW/m2corresponding to phone model 

Samsung GG and Samsung A30 having the most and least power densities respectively. It was 
observed that all the studied mobile phones fall below the recommended E-field, H-field and 
Power density limits and hence, operates within the recommended limit. 

 
During cell phone use, a relatively constant mass of tissue in the brain is exposed to the radiation 

at relatively high intensity measured by the specific absorption rate (SAR) in watt per kilogram 
(W/Kg) as recommended by ICNIRP with an allowable level of 2.0 W/Kg (in 10 g of tissue). 
From table 2 and 3 above, all the seventy three phones studied when operating at 1800MHz has 

SAR for the organs of the head and neck ranges from 1.51 W/Kg to 1.97 W/Kg and when 
operating at 900MHz has SAR values ranging from 1.23W/Kg to 2.36W/Kg. As shown in table 4 

and figure 3above, the maximum average SARs was 2.36W/Kg while the minimum was 
1.23W/Kg corresponding to phone models ITEL and SAMSUNG respectively. The  average 
SAR values for the five phone models when operating at 900MHz were 1.61W/Kg,  1.35W/Kg, 

1.92W/Kg, 1.71W/Kg, 1.23W/Kg representing phone models,  TECNO,  INFINIX, NOKIA,  
ITEL and SAMSUNG  respectively. And when operating at 1800MHz, the average SAR values 

were, 1.97W/Kg, 1.65W/Kg, 2.36W/Kg, 2.10W/Kg and 1.51W/Kg corresponding to phone 
models,  TECNO,  INFINIX, NOKIA,  ITEL and SAMSUNG respectively.  The average SAR 
values for NOKIA and ITEL operating at 1800MHz were seen to be higher than the ICNIRP 

recommended limit. All the cellular phones operating at 900MHz studied conformed to  
recommended 2.0W/Kg limit by ICNIRP while only 60%  of phones operating at 1800MHz 

conformed to the recommended limit by ICNIRP international standard. Many studies suggested 
that potential health hazards could be linked to excessive exposure to high-power densities of 
non-ionizing radiation. These health hazards include, Cancer, Tumors, Headaches, Fatigue, 

Alzheimer Disease and Parkinson Disease (Guidance for Industry and FDA-Regulation of 
Medical Devices, U.S Department of Health and Human Services, Food and Drug 

Administration, Centre for Devices and Radiological Health).This studies revealed that all the 
21st century phones studied in this work operating using the 900MHZ have SAR below 2.0W/Kg 
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are safe and pose no effects. However , phones operating at 1800MHZ frequency network at 
Plateau shows that only 60% users of such phones face no cancer risk and all other related 

radiation risk while 40% may come down with cancer and all other radiation related effect.  
 
CONCLUSION 

The wide deployment of cellular communications technologies makes the cell phone one of the 
common sources of radio frequency (RF) radiations that causes concerns about the probable 

health effects due to exposure to wireless radiations. To ascertain the health risk, the E-field 
strengths together with available data on dielectric properties and density of various tissues of the 
head and neck were used to evaluate the specific absorption rate (SAR) to the head and neck 

region. The average SAR value of all the cellular phones studied conformed to the 900MHz 
recommended limit by ICNIRP while only 60% conformed to the 1800MHz recommended limit 

by ICNIRP international standard. The rate of non-conformity according to ICNIRP standard at 
1800MHz may be as a result of poor network signal or proximity to network base station.   
  

A number of countries have developed and/or adopted national or international guidelines for 
checking and ensuring that emissions from installed wireless communication systems conform to 

electromagnetic field (EMF) safety levels and Nigeria is not an exception.  
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