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INTRODUCTION

Laptops contain fans embedded in them that exteistir that is above 110 Fahrenheit most of tme ti
The operating temperature is kept stable in thepetien by these fans thereby ensuring the best ypeafoce, but
potential harmful effects in users is as a resiégposure to exhaust hot air. Electromagneticdsié€EMFs) when
converting energy to perform the range of functiofshe laptop (Diffen, 2012). These EMFs is in tbev
frequency range and then give off of the exterrialisof the computer from such sources like harivedr
operations, processor activities, memory storagesame other computing purposes. Laptops are asednhect
to the internet, tablets like iPads and other campdevices by means of technologies for instaricetBoth, 4G
and Wi-Fi. The receiver and transmitter of a laptogke these connections possible. When a laptplaéed on
the lap, it radiates radio frequency produced hypsmitter and this is absorbed directly by the bdigo, the
various components that make a laptop functiorpasitioned just under the keyboard and mouse padabtop.
Considering that users use both the keyboard andenpad of a laptop every time they make use oftheg are
exposed to the ELF radiation generated by thesegooents. The three types of radiation emitted ftapiop
computers are heat radiation, low frequency Electtignetic Radiation (EMF) and radio frequency radiia{RF)
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(Lucas, 2015; Radha and Gurupranesh, 2014). Timeee tadiations can pose danger to the healthoédth there are
other sources that one gets these radiations lidma flesktop computers, televisions, cell phonesramiowave ovens,
laptop’s radiation exposure is more intense becéageps are operated directly on laps. These tiadgcould actually
be harmless if laptops are placed a few feet aMayebook or laptop does have similar radiation Hredr radiation is
generally lower than what desktop PC's dissipateesthe components are smaller, the screen isroasty LCD or LED
and the laptop is operated mainly with battery.&me laptops are operated closely to the bodyHegroblem of laptop
radiation. Radiation from the laptop is 1 miliggusg) at 30cm and as much as 20 milligaus (mg) at 8od this 20mg
does have severe health effects. Since all the ttyyes of radiation mentioned above are closédogenitals, skin and
muscle. This radiation could create bodily readiauch as skin rashes, muscle soreness and itfeitil electronic
radiation exposure and heat mostly when extendéigto levels, could cause fatigue, headache, dizzinbreathlessness

and different type of cancer.

Perez-Vegaet al (2000) performed measurement of radiation froneeses at 2.5m from the screen of several
receivers using a simple Geiger-Muller counterallithe observed cases, exposure rates producB&€byonitors and TV
receivers were higher than that of background tediaThey reported values for various measurengentitions. The
values were: background radiation - 0.04®7/ h; PC monitor off (background) - 0.0&R /h;PC monitor at 5cm in front
of screen - 0.0132R/h; PC monitor at 5¢cm, lateral - 0.0%8R /h; PC monitor at 5cm in front of the screen, witkefi -
0.013nR/h; PC monitor at 50cm, front - 0.0L3&®R /h; TV receiver at 2.5m - 0.0154R /h; Computer room (20PC'’s) -
0.015nR/h. The presence of ELF radiation above the backgtdewel in mobile phone and monitors had been coef
(Usikalu and Akinyemi, 2007; Akinyemi and UsikaR010). A biological effect occurs when a change lmameasured in
a biological system after the introduction of saiye of stimuli. However, the observation of a bgital effect does not
conclusively suggest the existence of a biologiatard or health effect. However, a biological effenly becomes a
safety hazard when it causes a detectable impairofi¢he health of the individual or of his or hefspring (ICRP, 1991).
Biological effects could be physiological, biocheali or behavioural changes induced in an organtssye or cell.
Radiation can affect the body in many ways, andhirnth effect may not become apparent for manysy8dese effects
range from mild symptoms, such as skin reddeningserious effects such as cancer and death. THéseseare
dependent upon the amount of radiation absorbateipody (the dose), the type of radiation, whetharot the exposure
was internal or external, and the length of expdsed (Haddowet al., 2008). All populations are now being exposed to
varying degrees of man-made sources of Electro Etagfrields (EMF’s) and the exposure levels wikly continue to

increase as technology inventions advance.

There is always an interaction between non ioniziadiations with tissue through heat generatione Th
absorption characteristics of different tissues alpitity to penetrate human body determine thellef/éazards. Following
the initial epidemiological study on childhood, canis a great number of other diseases that hesme &tudied in relation
to ELF fields (Ank, 2013; Awedat al., 2010). These diseases include cardiovascular stiseeurodegenerative disease
and psychiatric disorders. The heart rate varigb#iffect discovered in laboratory work was the rfdation for the
assumption that exposure to ELF might influencerigle of cardiovascular disease and a number afegpiologic results
supported by IARC (2002), Although, well controllezsearch performed later have dismissed this gstsarm However,
many neurodegenerative diseases are still beliawethy of studying, in particular about Amyotrophiacteral Sclerosis
(ALS) and Alzheimer disease (Ahlbom, 2011). Neraed muscle cells are known to be affected by ELGnatc fields,

although little evidence was reported for nervoystesm or behaviour at environmental exposure le\&fect of ELF
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magnetic fields on embryonic development of non-rmatfan species like birds have been suggested byyma
independent researchers. The evidence in mamnsdigies is limited to inconsequential skeletal amas discovered in
various studies with mice and rats. The generalodisries in teratological studies on rodents antbmskeletal variations
are most of the time considered insignificant biadally (Bernhardet al., 2003). Therefore, it is imperative to assess the

ELF emanating from different part of the laptop amake useful advice on best practices to adopsimguaptops.
METHODOLOGY

The device used in measuring the Extremely Low &eeqy (ELF) radiation from various laptops was @edl
Sensor manufactured by Action Electronic, USA. Te#l sensor is a radio frequency detection meteichviis also
capable of being used as an extremely low frequaetgction meter. Cell sensor possesses a remole phat when
connected to the unit makes it an extremely lowdency detection meter. It is primarily for radreduency detection.
When the probe is connected to the main unitldwal one to measure fields in all places, while imglkt easy to watch
the readings on the display unit of the meter. @ibeice measures ELF fields in milligauss (mG) amdhown on the
bottom scale of the display marked ‘Power (ELF)'gireen print. The meter measures in two differdrf Ecales. The
device has a switch on the side that makes it plestd switch between high sensitivity and norneisstivity. The high
sensitivity scale is about 1 to 5 milligauss (mQGjilerthe normal sensitivity scale is of 1 to 50ligduss (mG). The scale
is however only marked with the high sensitivitalecso it is up to the user reading the scale@sthit were marked 1 to

50 when in normal sensitivity mode (Usikalu and iyjl@mi, 2012).

Taking the readings involved first isolating theuste of ELF. The probe is then positioned nexth point at
which reading is to be taken from. Once close ®dburce, the needle on the display deflects. Tagrurate readings,
the probe was rotated in different directions; hontally, vertically and sideways and the displayjt uisplayed the
measured values. At this point, the interior céitree meter was best aligned with the source of Bhé# it will produce a

more precise measurement of the field.

Fourteen (14) laptops were used for the experiniére.laptops were gathered from different staff studlents of
Covenant University. The laptops with codes usetewdP (HP1), ASUS (ASU), HP 250 (HP2), HP Pavittwé (HPD),
HP Pavilon g6 (HPG), HP Elitebook 6930P (HPE), ApplacBook Pro 2015 (AMP), Apple MacBook Air (AMA)P
Pavilon (HPP), HP Chromebook (HPC), Dell Inspir@i)( Compaq Presario CQ56 (CPC), HP Mini NoteboHblR/)
and HP Notebook (HPN). The laptops, used were glacea table, 50cm on each side, away from anyr ctherce of
radiation to avoid external radiation adding uphte radiation from the laptops. The laptops wenelugged from external
power supply to ensure the radiation reading obthemd displayed on the Cell Sensor was solelyymexdi by the laptops.
The ELF radiation was taken from different partstef laptops which were; mouse pad, keyboard,dameen and back of

the laptop

The laptops were turned on and allowed to run foniButes with no programs running. Data was acquice
observe the ELF radiation emitted during start-ipe probe of the Cell Sensor was positioned asgeeific parts of the
laptop from which ELF radiation was to be takenmAter rule was used in measuring the distance fhenparts. For the
mouse pad, the meter rule was placed perpendiguleiie probe was first placed on the mouse padsemwe how much
ELF radiation was being emitted at Ocm. The values wecorded. The probe was then moved to 5 cm &way the

mouse pad and the reading was taken. The procedigeepeated up to 30 cm from the mouse pad alareigtervals of
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5 cm. The procedure was repeated different partiseofaptops.

(a) Front View of Cell Sensor (b) Side View of Cell Sensor

Figure 1
RESULTS AND DISCUSSIONS

The ELF radiation obtained from the screen of #pdps ranged between 0.1 — 0.7 mG for distandegeba 0 —
30 cm as shown in Table 1. HPG had the highestratdktion level of 0.7 mG at Ocm. Even at 40 cm@#ill had ELF
radiation of 0.05 mG. HPE, HP2, HPC and HPM hadldheest ELF radiation level of 0.1 mG at Ocm andgpically 0
mG at 30 cm. The ELF radiation obtained from theaso after the laptop had been ON for 1 hour wass#me value as

the one obtained at start-up.

The ELF radiation obtained from the mouse pad efléiptops ranged from as 0 - 5 mG for distancesdmt 0 —
30 cm. Figure 2 is the pictorial presentation & ELF value measured in the mouse pad of the fenifgptops used in the
study. It was discovered that HPE has the lowest #lue of 0.5 mG at 5cm away from the mouse paitevAMP, HPG,
HPD, AMA, HP1 and CPC have the highest ELF radmatialue of 5 mG each at 5 cm away from the mousis.pa
Laptops such as ASU and HPE had the lowest ELRtiadiof 2 mG at 0 cm. It is believed that thislig to the presence
of the major electronics and electrical componetitectly under the mouse pad. These components rekdaptop
function and in the process, they give off ELF atidin in the form of heat. However, there is a geldeduction in the
ELF measured as the Cell Sensor is moved away thermouse pad. The ELF radiation measured afteut is the same

as5mGat0cm.
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Table 1: ELF Radiation (mG) from Laptop Screen

LAPTOPS | Ocm|5cm | 10cm| 15cm| 20cm | 30 cm
HP1 0.2 0.1 0 0 0 0
ASU 0.4 0.4 0.2 0.1 0 0
HP2 0.1 0 0 0 0 0
HPG 0.7 0.5 0.3 0.2 0.2 0.1
HPD 0.4 0.4 0.4 0.3 0.1 0
HPE 0.1 0 0 0 0 0
AMP 0.2 0.2 0.2 0.1 0.1 0
APA 0.2 0.2 0.1 0.1 0 0
HPP 0.3 0.2 0.2 0.1 0 0
HPC 0.1 0.1 0 0 0 0

]| 0.4 0.3 0.2 0.1 0.1 0
CPC 0.6 0.4 0.3 0.2 0.2 0.1
HPM 0.1 0 0 0 0 0
HPN 0.2 0.2 0.1 0.1 0 0

ELF Radiation (mG)

10 45
Distance (cm)

Figure 2: Variation of Mouse Pads ELFs of DifferentLaptop

The result obtained from the keyboard is more ss Emilar to be observed in the mouse pad, the liatiiation
is relatively high. It is also located just abote electrical and electronics components of thiofapre so not surprising
to observe a similar pattern in the radiation. Fég8 showed the measured ELF from the keyboardlifterent laptops.
All the laptops under observation had ELF radiatidr> mG at Ocm. HPC and HMN had the lowest ELRatah from
the keyboard with a value of 0.4mG and 0.5 mG anSespectively, followed by HP2 which has a valti@.0 mG at the
same distance from the keyboard. The ELF radiatieasured after 1 hour remained at > 5 mG at Ocwastalso noticed
that HPC and HMN recorded the lowest ELF are baithi taptops (i.e. they are of smaller size thanutaglaptops), this

may be attributed to the number of electronics camepts under the keyboard.

The ELF radiation obtained from the fan of the ¢ggst ranged between 0.1 — 5 mG at 0 cm as showabte .
HPE had the highest ELF radiation level of 5 m® atm. AMP and AMA had the lowest ELF radiation lee£0.1 mG at
Ocm and practically 0 mG at 5 cm. The ELF radiatitmained from the fan after the laptop had beenf@N hour was
the same value as the one obtained at start-upeT®@o ELF radiation from the back of the laptopscept for the AMP
which gave an ELF radiation value of 0.1 mG at O&ththe laptops under observation had no deteet#ilF radiation
from the back of the laptop and the ELF radiaticzasured at back of the laptops after 1 hour rerddin@G even for the

AMP. The mean ELF radiation from the different padf all the laptops under observation at varioistadces is
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displayed in Figure 4. Generally from from the meament of different parts of a computer, it wasebked that ELF
decreased with distance which in consonance wihréiports of (Akinyemet al., 2011 and Usikalet al., 2018). This

revealed that the ELF radiation measured at thk bacreen < fan < keyboard < mouse pad.

ELF Radiation (mG)

Distance (cm)

Figure 3: ELFs of Keyboards with Respect to Distane

Table 2: ELF Radiation (mG) from Laptop Fan

LAPTOPS | Ocm | 5cm | 10cm | 15cm | 20cm | 30 cm
HP1 2.5 0.5 0.3 0.1 0 0
ASU 3 0.2 0.1 0 0 0
HP2 1.5 1 0.2 0 0 0
HPG 3.5 2 0.5 0.2 0 0
HPD 3 1.2 0.7 0.1 0 0
HPE 5 4 0.5 0.2 0 0
AMP 0.1 0 0 0 0 0
APA 0.1 0 0 0 0 0
HPP 3 1.5 1.0 0.2 0 0
HPC 1.2 0.2 0.1 0 0 0

DI 2.5 0.8 0.5 0.2 0 0
CPC 3.4 2.1 0.7 0.2 0 0
HPM 1.0 0.2 0.1 0 0 0
HPN 1.5 1 0.3 0.1 0 0
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Figure 4: Comparison of the ELF Radiation (mG) fromVarious Parts of
Laptops at Various Distances for all the Laptops

Impact Factor (JCC): 7.6197 SCOPUS Indexed Journal NAAS Rating: 3.11



Radiation from Different Parts of Laptops 159

CONCLUSIONS

In this work, we have confirmed the presence of EhBiation above the background level, to a minimum
distance of 50cm from the laptops, monitors, irdBva monitor and CST Computer laboratory and Ela@iation
decreases with distance. The part of a laptopttieemitted highest value of ELF radiation was kbgboard while the
back of the laptop had the lowest ELF radiatiorwds revealed from the study that the ELF radiatioas not increase
within 1 hour of operation of the laptops. Compgrthe obtained ELF values from radiations from @tda keyboard
suggests that mini laptops emit less ELF radiati@m laptops of size ranging from 14 inches — Thés. The research
hereby recommended the use of the mini laptops gratudents and everyone in the society. It furthgygested the use
of external peripherals or wireless keyboard andsednstead of direct use of the laptop’s keybaaudi mouse pad. Also,

government should scrutinise the importation ofdap into the country as laptops with low ELF oshould be imported.
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