m CELL PHONE
RADIATION HAZARDS
AND SOLUTIONS

b .

Prof. Girish Kumar -l *

IIT Bombay
Tel:(022) 2576 7436
gkumar@ee.iith.ac.in




Outline of Presentation

» Cell Phone Advantages
» Microwave Heating Principle
» Cell Phone — Specific Absorption Rate (SAR)

» Biological effects
»Newspaper Coverage

> Solutions




Cell Phone and Tower Statistics in India ‘

Mobile Towers—
4.5 lakh



Growth of Subscriber Base

Growth of Subscriber base (in million) from 2000 to 2010
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‘Subscriber Base in August 2011

Particulars Wireless Wireline Total
Total subscribers 865.71 34.07 899.78
Total Net addition 7.34 -0.11 7.23
% of monthly growth 0.86% -0.33% 0.81%
Urban subscribers 570.54 25.73 596.27
Rural subscribers 295.17 8.34 303.51
Tele density 72.12% 2.84% 74.96%
Urban teledensity 157.76% 7.11% 164.87%
Rural teledensity 34.10% 24.48% 33.73%

August2011 - subscribers in millions



Cell Phones- Bane or Boon?

Cell phones have several advantages.

Cell phones and cell towers have several
disadvantages including microwave
radiation, which has several harmful
effects.




Microwave Radiation

Microwave radiation effects are classified as:
*Thermal

*Non-thermal

The current exposure safety standards are
mainly based on the thermal effects, which
are inadequate.

Non-thermal effects are several times more
harmful than thermal effects.




Sun Heating vs Microwave Heating
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Microwave Heating Equation

The dependence between the microwave power applied
in heating and the increase of temperature can be de-

scribed by the equation:
Pxt (l]
Vx%xp

AT =

where: AT — the increase of the mean temperature of the
heated body (K)

P — microwave power used for heating (W)

V, Cp P~ volume, heat capacity, density (m?, J/kg K,
kg/m?)

t — time of heating (s)



Microwave Radiation Standards vs.
time in different countries in 1977
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Fig. 10.2 Microwave personnel exposure standards
(Simplified from Dodge and Glaser, The Journal of Microwave Power, 1977.)

Figure from the book entitled “Industrial Microwave Heating” by Metaxas and Meredith,
Peter Peregrinus, 1983, page 280.



Microwave Heating Concept

4.2 KW (4200 W) of microwave power raises

second.

In energy absorption term, 4.2 KW-sec microwave
energy will increase the temperature of 1 Litre by 1°C.

For example, in a microwave oven, temperature of one
cup of water increases from 30°C to 100°C in approx.
70 seconds with 500W of microwave power.

With 1W power (same as output power of cell
phones), temp. will increase by 1°C in 500 seconds.




Cell Phone - Ear Warming? ‘

Have you ever noticed warm
sensation in ear after using mobile

phone for a long time?

Temp. of ear lobes increases by 1°C when
cell phone is used for approx. 20 minutes.

Warm sensation/pain > tinnitus > irreversible hearing loss

!

All these effects lead to Ear Tumor

Tinnitus or “Ringxiety”- sensation of cell phonering




SAR and Cell phone use time limit

i

= ~ 6 minutes/day usage.

A Cell phone transmits
1 to 2 Watts of power

SAR (Specific absorption rate) - Rate at which radiation is absorbed
by human body, measured in watts per kg (W/kg).

In USA, max. SAR Iimit for cell phones i1s 1.6W/Kg which is for
6 minutes. It has a safety margin of 3 to 4, so a person should not use
cell phone for more than 18 to 24 minutes per day.

This information is not given to people in India.




SAR value

Check SAR Values:
Search on Internet
SAR mobile phone

San Francisco Govt. has made it mandatory for the industry to
display SAR value for each phone. (USA Today 14 July, 2010)



Warning from Blackberry

BlackBerry device] keep the BlackBerry device at least 0.98 in. (25 mm) from your bodyjwhen the BlackBerry
device is transmitting. When using any data feature of the Elac or without a USB cable, hold
the BlackBerry device at least 0.98 in. (25 mm) from your body. If you use a body-worn accessory not supplied
by RIM when you carry the BlackBerry device, verify that the accessory does not contain metal and keep the
BlackBerry device at least 0.98 in. (25 mm) from your body when the BlackBerry device is transmitting.

To reduce radio frequency (RF) exposure consider these safety guidelines:

» Use the BlackBerry device in areas where there is a strong wireless signal. The indicator that provides
information about the strength of the wireless signal is located in the upper-right corner of the Home
screen and displays five ascending bars. Three or more bars indicate a strong signal. A reduced signal
display, which might occur in areas such as an underground parking structure or if you are traveling by
train or car, might indicate increased power output from your BlackBerry device as it attempts to connect
to a weak signal.

Use hands-free operation if it is available and keep the BlackBerry device at least 0.98 in. (25 mm) from
your body (including the abdomen of pregnant women and the lower abdomen of teenagers) when the
BlackBerry device is turned on and connected to the wireless network. For more information about
carrying your BlackBerry device, see the holster information in the "Additional safety quidelines® section
of this document.

= Reduce the amount of time spent on calls.

Page 18 - Complete manual can be downloaded from -
http://docs.blackberry.com/en/smartphone users/deliverables/11261/BlackBerry Bold 9700 Smartphone-US.pdf




Results of Re-evaluation of Interphone Study

INTERPHONE — WHO -10 years, 13 countries, largest (5,117 brain
tumor cases), $25 million dollars to evaluate risk on brain tumors.
Conclusion - no overall 1 risk, but suggestions of * glioma -
heavy users & ipsilateral exposures

Re-evaluation - Risk underestimated by at least 25%

»Forevery 100 hours of use -26% * risk of meningioma

» Initial 24% risk of glioma Mo 55% over 10 years- regular

users are taken as people who use it for 2hrs/month.

»Doubled - quadrupled brain tumor risk - heavy users
(1/2 hour/day) over 8 to 10 years.

»Children, young adults— excluded. New study - Mobi-kids




WHO: Cell phone use can increase cancer risk ‘

International Agency for Research on
Cancer (IARC), a part of WHO designates
cell phones as "possible human
carcinogen” [Class 2B]

World Health Organization

Found evidence of increase in glioma and
acousticneuroma brain cancer for mobile phone

International Agency for Research on Cancer

gi’-fiﬁﬁ World Health
N Organization

i

PRESS RELEASE
M= 208

31 May 2011

IARC CLASSIFIES RADIOFREQUENCY ELECTROMAGNETIC FIELDS AS
POSSIBLY CARCINOGENIC TO HUMANS
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Most common complaints:

—
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Headaches Loss of
sleep

(&

Memory loss Ringing ears




BIOLOGICAL EFFECTS

Neurodegenerative Disorders —Alzheimer, Parkinson's

Immune System Degradation

Tinnitus and Ear Damage

Irreversible infertility

Effect on Skin

DNA Damage

Increase in Cancer risk

: Breakdown of Blood Brain Barrier

Increased Risk of Eye Cancers

Increased Risk of Ear Tumors

Increased Risk of Other Cancers



Sleep Disorders

Use of mobile phones before

\ bed disturbs Stage 4 sleep, the
| stage important for  full
recuperation of brain and body.

Keeping mobile phone next
to head or below pillow
while sleeping

NOT ADVISABLE




Risk to Children

Children are more vulnerable as: Iﬁ I ‘%

o Skulls are smaller & thinner - 1*’s radiation absorption

* T rate of Cell division - more susceptible to genetic damage
* Myelin sheath not developed - Electrical brain-wave activity
‘Immune system not well developed -less effective against
fighting cancer growth

A& DLLT TEN-TEAR GLD FANE TEAR OLD

RF penetrationin the skull of an adult (25%), 10 year (50%) and a 5 year old (75%).




Risk to Pregnant Women

A pregnant woman and the fetus both
are vulnerable as RF radiations can pass
placental barrier & continuously react
with the developing embryo and
increasing cells.




Effect on Eye/ Uveal Melanoma

Control

Good qualitylens
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Ability to focus the laser beam at
the variouslocationsis altered.

Prolonged exposure to microwave radiation can lead to
macroscopic and microscopic damage to the lens and part
of this damage does not heal and accumulates with time.




Irreversible infertility

Continuousexposure | ==> 30% sperm decrease in intensive mobile

users, in addition to damage of sperms

Sperm parameter profile tor cell phone use groups.
The x-axis lists eight sperm parameters: 1 = volume
2 = liguselzction lime; 3 = pH; 4 = viscusily

> — sperm count; & — motility; /7 — wability; anc

8 = percent nomal morphology. The y-axia depicts
lhe mean value of the corresponding sperm
parameters for each cell phone use group.
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Live Blood Cells and Electrosmog

L1 l-_ Wi .I’:E:\ L o0 d . -ﬂuﬂu sk 20, 2009

Dr. Magda Havas
Trent University, Canada

Consequences

| 009 oY
slide #1: low EMF/EMR exposure

L{_‘VE:_, E“-LC}C}d: .-"'*.ufju,:i' 20, 2009




DNA Damage

Single and double strand breaks observed in

DNA from microwave exposure at levels below ,
Prof. Henry Lai

the current FCC exposure standard. University of Washington
1995, Diem et al. 2005

Fig.3 Cell Phone level
microwave exposure Zhrs

Fig.Z2 X-ray

control. Bundle of calibration 25.6
rads. DNA breaks are Z.45GHz reaching so

Fig.l Unexposed

called safe sAR levels

DMNA (No-Tail :
( ) very obvious
Comet Tail = DNA Damage

When Damage to DNA > Rate of DNA repaired, there is
the possibility of retaining mutations and initiating cancer
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Cell Phone Radiation? Text, Don't
Talk, advises FCC

May. D zoia-gis6pm | 1,586 visis i PECOTETIEndakon 3 Comments

How dangerous is vour

cell phone? The ' ﬁ ﬁ v

unfortunate reality is
that yvou can’t really
know. Even so, only one “4
Vear ago, prograssive 5an

Francisco Mavor Gavin

Newsome proposed an

l]l'li]rIJH.I:I.I:E: ﬂ'lﬂt H’I.'.I'I._Illlj] Source: whatesthebrend. net

have required that all

retailers inform consumers about the amount of radiation
that cell phones emit. Material printed in 11pt. type would
have been posted next to phones disclosing their specific
absorption rate (“SAR”), which is a measure of radio
frequency energy (radiation) absorbed by the body. Last



HALF AN HOUR OF CELLPHONE USE A
DAY INCREASES BRAIN CANCER RISK

A laremark 10-year study undertaken by the Warld Health Organisation
has found that people who speak on their hardset for mare than half an
hour a day bor cwer 10 years are at risk of brain cancer...
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VIuMBAI MIRROR

26 Oct 2011

Study by KEM Hospital
proves hearing problems

Heard this? Talking on
phone makes you deaf

That indispensable gizmo, so much a part of your daily life, has caused hearing loss in the young,
according to a study by KEM Hospital doctors; plugging in to listen to music is not a safee bet either
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MumBAI MIRROR JJ and Nair Hospital - Hearing
16 Nov 2011, Page 5 problem with mobile phones

® Constant exposure to loud noise, overuse of phones can cause high frequency hearing loss

Get off your mobile phone, now

Santosh Andhale

If you cannot hear the sounds of the conso-
mants [, 5, &, and z or high pitched sounds,
chances are you are you are suffering from high
frequency hearing loss.

“Mast healthy people are not aware that
they suffer from high frequency hearing loss,
wihuch is very commaon,” said Dr Joyti Mohite,
associcare professor, audiology and speech
therapy department at Mair Hospital.

Every year, medical students ar Mair and |
hospitals are screened for health problems.
This year, the resulis were startling — around
0% of the 300 students were found suffering
from the high hearing frequency loss. “We
found thar those with high hearing frequency
loss would talk on their mobile phones for
hours and listened o boud music on their ear-
phones,” said Dr Mohate.

“Curreny, these students do not have any
problem, but we have asked them not to use
the mobile phone rigoroushy and avoid expo-
sure to lowd noise,” she added.

People with high frequency hearing boss can
hear vowels, but not consonamts £, s, ¢, and 2.

“People with high frequency hearing loss
show symptoms like inability to hear con-
sonants, failure to hear high pitched sounds,
tinnitus (abnormally loud sounds in the ear
canal for some duration), difficulty talking
in groups and inability to hear when there
mose in the backeround,” explained Dr Mo-
han Jagde, head of ENT department, Sir []
group of hospitals.

He advised that before seeking treatment,
people should visit an audiologist to find out
what type of hearing loss they have and the
extent of the damage. “If peoplewith high fre-
quency hearing boss people do not take prop-
er precautions, they may need hearing aids
soon,” sdid Dr Neelam 5athe, lecturer in the
ENT department, KEM Haspiral.

Apartfrom loud noise, diabetes, neuropathy,
genetics, and infections like cold, fiu and menin-
gitis can cause high frequency hearing loss.

ABOUT THE CONDITION

People with high frequency
hearing loss can hear low
frequencies and tanes, but not
high pitches and other noises that
aren‘t on the normal tonal mnge

High frequency hearing boss is
characterised by the ks of ablity
tohear consonants such as & f, &
and z, even though vowels can be
heard normally, Consequently,
peoaple hear sounds butt cannot
mabe out whatis being said

Health experts warn users of
maokile phones to ook out for
symptoms such a5 ear warmth,
ear fullness, and ringing in the
ears (tinnitus) as early warning
signs that you may have an
auditory abnormality

Fictere [ir represest afim

10K | ok on TGy

Besides loud noise,
diabetes, your genes
and infections like cold,
flu and meningitis can
cause high frequency
hearing loss

Gymkhana can host events with riders

DNA Correspondent

In a major relief to Dadar Parsi
Gymkhana, the Bombay high court
on Tuesday allowed them o use the
ground for social functions and mar-
riages, but asked them to adhere o
the noise pollution control norms.

A division bench of justice PB Ma-
jmudar and Mridula Bhatkar asked
the gymkhana management not to
overlook comfort of the residents of
the area who are disturbed by the
noise during functions.

"There are 50 mamy communities
and festivals in our country. We must
learn o enjoy it withourt disturbing
others,” remarked justice Majmudar.
“For enjoying your festival, you must

not disturb somebody’s peace.”

The judges observed that while

ITIAIT and social functions are a
art of our society, a balance has o
e Struck.

EP Bharucha, adwocate for
gymkhana, said they were willing to
mﬁ.: check on noise pollution.

court was hearing a petition
filed by Dadar Parsi Gymkhana chal-
lenging the order of the Lokayukta re-
straining them from using the ground
any purpose other than sports.

On 2, the Lokayukra had passed
anorder following a complaing
by a local, [yotibhaskar Salgaonkar,
alleging that these functions incon-
vemence those residing in the area

In September, the high court had

stayed the Lokayukta's order ques-
CIOMing its jurisdicrion o pass such an
order.

On Tuesday, when assistant gov-
ernment pleader Jasbir Saluja in-
formed the court that the ground was
surrounded by many buildings and it
was a ‘silent colony’, justice Majmu
dar replied: "To find silence one has
o go 100km away from the ciry. This
is the hazard of modern living.”

The judges directed the gymkhana
o ensure peace of citizens in area is
not disturbed at the next function on
Movember 19, and instructed the po-
lice toverify and monitor the decibel
bewel and submit a compliance reporc

The marter will be next heard on
December 7.



ThE EcoNonic Tint

The radiation figure for each handset
modelmustalsobedlsplayedpromment

ly at all retail outlets that sell mobile
phones.

€S

19 Nov 2011, Page 1

Radiation Norms Set
for Mobiles, Towers

Guidelines close to ones
followed in US; Telecom
min asked to prepare
implementation road map

JOJITHOMAS PHILIP

KEW DELHI »
Concerned about impact on consumer
health from excessive mobile usage, the
government has finalised radiation
emission guidelines for cellphones and
towers. The guidelines are close to the
norms followed in the US.

ET hasacopy of the new rules that spec-
ify upper limit for radiation for handsets
that can be sold in the country:

Radiation emitted by cellphones is mea-
sured in terms of specific absorption
rate (SAR) — the amount of radio waves
absorbed by the body tissue when a mo-
bile phone is in use. It is different for dif-
ferent phones.

The new rules state that
hetmpormdmdwlﬂhlndiamrhrﬂ'lhe
SAR level is below 1.6 watts per kg (W/
kg). Sofar India had unofficially followed
European norms which state the maxi-
mum SAR level must not exceed 2 W/kg.

The guidelines state that SAR value, or
the radiation emitted by the handset,
must be specified on the device, its
manual, the box as well as the websites of
both the company and the telecom de-

partment.
The radiation figire for each handset
model must also be displayed prominent-

ly at all retail outlets that sell mobile
phones. Radiation limits for towers have
also been tightened to a tenth of the exist-
ing exposure level.

For consuimers, the cost of acquiring a
cellphone is set to go up by a minimum of

— company sald most
handsets, except some
Thenewrules (Chinese hrands, wereal
statemobiles  eqady adheringtothe US
can be specified radiation lim
importedand s For instance, the Ap-
soldinindla  ple iPhone 4, has a SAR
Smieils  paoe o LE, e e
sung a
below 1.6 SAR of 0338, while for
wattsperks  the BlackBerry Curve
8310, the
value is at'0.72. A significant part of the
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‘Are cell phones injurious’
Sep. 2011.
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While the cell has become an
additional appendage for most
of us, all this, of course, does
not mean that we have to stop
using cell phones. Just ensure
you take precautions:

B Limit your use

B Talk for short durations

M If possible, use SMS

I Use cell phone with lower SAR
value

B Use the speakerphone or
wired hands free or Bluetooth,
but keep the cell phone at a
distance of at least 12 inches
from your body

B Use the land-line, when
available

B Do not keep cell phones in
your hand/pocket for long.

B At home/office, keep the
phone away from you







