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Abstract

Electromagnetic radiations are emitted from mobile phone. Part of these radiations is
absorbed by recipients’ body which is in close pramity to the mobile phone. It has been
hypothesized that children absorbs more radiationThis is attributed to their thinner skull
and small head size. It might have some debilitatg effect in children. Hence, purpose of
our study was to assess hearing ability of childrenage group ranging from 6- 12 years,
before and after 10 min exposure to mobile phone vith receives and transmits radiation of
1900 MHz and 850 MHz frequencies respectively. Coested by parents, 30 healthy children
having normal hearing level (below 25 dB) were reciited for the study. Auditory brainstem
response (ABR) of each child was recorded before drafter 10 min exposure to mobile
phone. ABR was recorded giving rarefaction, condemsion and alternate (rarefaction-
condensation) click stimulus for consecutive 3 daysestricting to one stimulus a day.
Statistically significant increase in latency of weae Il and Interpeak latency (llI-V) was
recorded with alternate click stimulus, showing sora effects on hearing ability of children.
However, no measurable changes were observed witlarefaction and condensation click
stimulus. Further study is suggested to explore thenechanism of latency change due to
alternate click stimulus, and whether it is within physiological range or bgond.
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Introduction condition. Guidelines were developed by the indepah
scientific organizations that include safety masgin

Mobile phones are the integral part of moderndesigned to assure the protection of all perseusrdless

telecommunications. It has been estimated that thane  Of age and health. One of the organizations, laténal

4 billion person around world uses mobile phone [] commission on Non lonizing Radiation Protection

receives and emits electromagnetic radiation. ThéCNIRP) stated SAR limit 2.0 watts/ Kg (W/Kg)

radiations emitted are absorbed by the body tissuk averaged over ten gram of tissue. SAR of differaabile

converted into heat. Thus, widespread use of mobilghones varies depending on the models.

telephones has given rise to concern about thenfialte

influences of radiation on human health. Many stadi Many studies done to evaluate the effect of

were done to see possible effects of electromagnetflectromagnetic radiation emitted from mobile phome

radiation in electroencephalogram, auditory braimst hearing of adult revealed no effects [2, 3]. Howedeie

response and various other aspects of the health. to smaller head size and thinner skull, childrem ar
hypothesized to absorb more energy [4]. This irsgea

As stated, part of radiation emitted by mobile phon the vulnerability of children towards its possileféect on

handset is absorbed by human head. Hypothetichtige  hearing or cognitive function.

areas would be of a higher risk for tumors in scisje¢hat

use mobile phones regularly. The rate at whichatawh ~ Material and Methods

is absorbed by the human body is measured by the

specific absorption rate (SAR). The SAR is exprddgse Subjectsand samplesize

power (watts) by tissue mass (Kg). The SAR isThirty healthy consented children were allowed to

determined by the highest certified power level inparticipate in the study. Of the thirty, twenty tweere

laboratory male
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and eight were female and their age group ranging
between 6-12 years. Female volunteers who had n@ata collection and Data analysis

attained menarche were only enrolled in the studsior Peak ABR latencies (I, II, lll, IV and V) were measd
consent of parents, children and school authorigs w and interpeak intervals (I-lll, 1lI-V and I-V) were
taken. Also, ethical clearance for the study waiobd calculated digitally. For the measurement of pefakBR
from the Ethical Committee of Institute. latencies, the cursor was placed at each peak d® AB
waves I, Il, lll, IV and V and the duration of latges was
Auditory brainstem response recording displayed on the monitor (Fig. 1). Then, interpeak
Auditory brainstem response was recorded using MNihointervals I-ll, 1ll- V and I-V were obtained by btracting

Kohden machine (NM-40205; H636, Japan made). Threaterval 11l from interval I, interval Ill from irgrval V and
electrodes were used for recording ABR of right efar interval V from interval I, respectively .The datnalysis
children. By usingelectrode paste or conducting jelly, was done using SPSS software version 10.0. ABR svave
recording electrode was placed on mastoid regiaighf  and interpeak latencies before and after exposwe w
ear and reference electrode was placed over thexver compared using student paired t-test. Probabildjue
(Cz of the international 10 -20 system). The groundess than 0.05 was considered as statisticallyfi&ignt.
electrode was placed on the forehead over nasi&R A

was recorded at intensity of 80 dB with stimulusera Result

being 30 Hz. It was averaged over 2000 stimuluksli

ABR waves and interpeak latencies compared witbreef
Before recording ABR, hearing threshold level of al and after 10 min exposure to mobile phone with
children were examined by clinical audiometer, Maus rarefaction clicks stimulus (Table 1) does not destiate

Electronics (Orbitor 922, version-2). Subjects havi any significant changes in the variables relategave
hearing threshold not more than 25 dB were enrdlled |atencies or interpeak latencies.

the study.

Similar observations about ABR waves and interpeak
Exposure Setup latencies were found with no significant changeshe
Electromagnetic radiation was administered in rggntof  variables related to wave latencies or interpetdntzies
children by using mobile model Nokia 2600, type-B#i- when compared with before and after 10 min exposure

for 10 min without removing setup for recording ABR mobile phone with condensation clicks stimulus (&ab
This mobile receives and emits radiation at fregyeof  2),

1900 MHz and 850 MHz respectively. SAR value fas th

model is 0.80 W/Kg body weight, according to stadda However, after the children were exposed to mobile
guideline [5]. During exposure to radiation, chéddrwere  phone with alternate click stimulus for 10 min, thBR
instructed to avoid unnecessary movements. Mobilwaves and interpeak latencies when compared befate
phone was mounted on headset in normal use position immediately after 10 min of exposure to mobile phon
right ear. The headset was made of plastic materiagfTable 3), significant increase were observed ie th
During exposure children were not allowed to cosger latency of the following: wave Il (before exposure
with anyone. Immediately after 10 min exposure ABR3.74+0.20; after exposure, 3.83+0.25, p<0.05) aiel4

was recorded.
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Figurel. Auditory brainstem response (ABR) of right ear

Table 1. ABR waves and interpeak latencies before and after 10 min mobile phone exposure with rarefaction click
stimulus ( ms : millisecond)

Variables ABR waves and interpeak latencies, ms (n=30) p value

Before exposure (mean+SD)  After exposure (meanxSD)

Wave latency | 1.57+£0.13 1.57+£0.15 0.70
Wave latency I 25+0.22 2.55+0.22 0.79
Wave latency llI 3.79+£0.26 3.77 £0.24 0.70
Wave latency IV 4.80 £0.30 4.89 £ 0.36 0.06
Wave latency V 5.58 £0.29 5.61+£0.27 0.24
Interpeak latency I-lll 2.21 +0.61 2.20+£0.21 0.80
Interpeak latency 1lI-V  1.78 + 0.28 1.84+£0.12 0.22
Interpeak latency I-V ~ 4.00 + 0.26 4.04 £0.25 0.24
No significant changes in ABR wave latency variable, I, Ill, IV, V. and interpeak latency betwed-Ill, 11I-V,I-V

were observed while comparing before and after 1® mmobile phone exposure to children with rarefacticlick
stimulus, .

Table 2. ABR waves and interpeak latencies before and after 10 min mobile phone exposure with condensation click
stimulus

Variables ABR waves and interpeak latencies, ms (n=30) p value

Before exposure (meantSD)  After exposure (meantSD)

Wave latency | 1.62+£0.13 1.61+£0.15 0.65

Wave latency I 254 +0.24 257 +0.24 0.16

Wave latency llI 3.70£0.24 3.79+£0.2 0.46

Wave latency IV 4.86 £0.42 4,96 +0.34 0.12

Wave latency V 5.61 £ 0.22 5.63+0.21 0.41

Interpeak latency I-lll 2.08 + 0.22 2.18+£0.22 0.08

Interpeak latency -V 1.91 +0.27 1.84+£0.16 0.22

Interpeak latency I-V ~ 3.99 £ 0.23 4.02+0.24 0.25

No significant changes were observed with condérsatick stimulus in the ABR wave latency variaiid, 11, 111, 1V,
V and interpeak latency between I-lll, IlI-V, I-\ebore and after 10 min exposure to mobile phone.

Table 3. ABR waves and interpeak |atencies before and after 10 min mobile phone exposure with alternate click stimulus

Variables ABR waves and interpeak latencies, ms (n=30) p value
Before exposure (mean+SD)  After exposure (mean+SD)

Wave latency | 1.62+0.18 1.6+0.14 0.53
Wave latency Il 2.63+0.21 2.58 +0.23 0.34
Wave latency Il 3.74 £0.20 3.83+£0.25 0.02*
Wave latency IV 4.89 +0.30 4,91 +0.35 0.67
Wave latency V 5.60 £ 0.20 5.65+0.28 0.13
Interpeak latency |-l 2.13 +0.18 2.23+£0.26 0.04*
Interpeak latency IlI-V 1.85 +0.21 1.81+£0.03 0.30
Interpeak latency I-V ~ 3.98 £ 0.21 4.05+0.14 0.14

* Satistically significant value (p<0.05)
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Significant increase in the latency of ABR wave lllincrease in specific absorption rate of radiatigrube of
(p=0.02) and in interpeak latency I-lll (p=0.04)temf metallic substances [17, 18, 18jonversation avoidance
exposure of mobile phone to children with alterndiek  prevented the possibilities of negative acoustieat$ on
stimulus. Whereas, there were no significant diffees outer hair cells and hence in auditory pathway.

in other wave latencies variable in I, I, IV, Vha

interpeak latencies llI-V, I-V. In our study, there was no significant effect of minh
electromagnetic radiation exposure for rarefactanmd

Discussion condensation click stimuli on the latencies of wav,
[, IV and V and the interpeak latencies I-111)-N and I-

Use of mobile phones by children are increasingh wit V- This result confirm_s result of_earlier invesﬁga_ done
rapidity as parents feel secure by giving mobilengs to I adults demonstra_tlng, 10 min of GSM mobile p_hone
children as they perceive that children can compatai €Xposure does not induce measureable changes in ABR
at times of emergency and needs to seek earlyfteip [2]. Negative result in our stud_y might be pos&_dlya to
parents. Detrimental effects of continuous exposore Shorter exposure of only 10 minute or could belatted
radiation are more likely to be seen in childretthey are 0 less absorption of radiation by cochlea, as taey

in the various developmental stages of life, du¢hir ~ Shielded by very compact bone [3].

thinner skull and small head size and also in exgless

judgmental sense of discretion over usage of mobil®/nlike, insignificant results with rarefaction and
phone for a prolonged period. condensation clicks, there was significant increase

latency of wave Il and interpeak latencies I-lllithv

Of all the anatomical structure, brain is in clpseximity ~ alternate click stimulus. Wave IIl represents eleat
to mobile phone. Early consumer had complaints ofiCtivity of superior olivary nucleus and the intirv
health problems like fatigue, headache, dizzinession fepresents electrical activity from cochlear neree
and sleep disturbances [6, 7, 8]. Absorption ofatigh ~ Superior olivary nucleus [20].
by brain is reported to have influence on wellbeing ) o ) )
cognitive function, various response times and als&ffects of electromagnetic radiation on hearingngsi
hypothesized as causal factor of tumors like agobsain ~ &lternate click stimulus showed increase in wavel an
tumor [9, 10]. Several studies regarding changes ifterval Iatenues. This result raises the questwhe_ther
electroencephalogram (EEG) waves were endorsedlternate click is more sensitive than rarefactamd
During and after exposure, when compared with por condensation click stimulus.
electromagnetic radiation, diverse results wereead. N _ _ o
This diversity ranged from decrease in alpha agfiid] S_C|ent|f|c .reseqrch_ articles concerning sensitiviey
or increase in alpha activity post exposure[12] dadng different click stimuli haye revealed diverse rmuSo_me
exposure[13] to no any significant changes on E&@y have reported rarefaction bette_r than other [21jlev
exposure[14,15]. thers have reveal_ed condensation better than fRer
Likewise, some articles have also reported thattiseno

Like brain, auditory apparatus is also not resisteorn  difference in different click stimulus and neittgovides
exposure to radiation. Thus our study was condutded advantages over other for the diagnostic purpodgZ2.

assess effects of radiation on auditory pathway dfiowever, according to our result, we can conclues t
children, before and after exposure to mobile phdne alternate click is better than rarefaction and emsation

our study we recruited children between 6-12 yemxrs Click.

age. This study was done only in right ear, assgrthiat ) ) ) )

there is no left and right latency difference onRAR6]. Regarding the biological effects of electromagnetic
radiation, exact mechanism of changes in ABR i sti

For exposure, as aforementioned we used mobile ImodgnNknown. Though increase in latency with alterrwiitek

Nokia 2600, type-RH-59 since it is widely used andsugge_sts us .to_becpme vigilant about its effedtearing

popular in this part of the world as it is cheagdrms of of chlldre_n, it is still unknown t_hat whether or tnt_ble

value for money and long lasting reliability. Mabiith ~ Perturbation observed can be directly related gatiee

higher SAR limit is not popular and these mobiles a €ffect. To rule out this, study with large samplees

available sporadically worldwide. Activated mobile €xploring the mechanism of increase in latency is

phone (which transmits electromagnetic radiatiogsw récommended.

mounted on right ear in normal use position. Mobile

phone was held in normal use position with the reflp Acknowledgement
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