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Abstract: Problem statement: The proliferation of mobile phone base stations hiacteased
concerns from the public on the radio frequencyatamh hazards that might come from them. The
world wide public concern involved health risk diueradio frequency radiation. In Malaysia also
public interest has increased, although it is oindense as probably in other parts of the wdrid,

had also resulted in tearing down of a few bastosts Due to this growing concern, a study was
conducted to evaluate the radio frequency radidBerls near several mobile phone base stations in
two major cities in MalaysiaApproach: Measurements in terms of electric field strengtbyver
density and specific absorption rate were made heclc the exposure level at public locations.
Broadband meter were first used to survey the siéas the base stations. From the survey, spolts wit
relatively higher readings will be further investigd using narrow band measurements. The measured
values were then compared with the recommendethatienal maximum permissible exposure limit.
Results. The study showed that the measured values werelfto be less than 1% of the maximum
permissible exposureConclusion: The amount of radio frequency radiation from tleéested base
stations in the two major cities are adhering ®ititernational limits although the physical rabase
station infrastructures spawning out everywherih@se areas may give the reverse impression.

Key words: Mobile phone base station, International Commissimm Non-lonizing Radiation
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INTRODUCTION Researches had been carried out to assess the

radiation exposure levels such as at universities i

Mobile phones are preferred due to its advantdge Qa|aysia (Islamet al., 2006) and Macau (Chiang and
unrestricted means of communication, regardless am, 2008).

aggrgg%ez lﬁﬁlgcs)nairr?' Iga':/l%agss"athvgr]:r@;:‘ee rﬁggqm?ht; A study on radio frequency radiation was made to
X y ' pssess the exposure level from mobile phone base

27.7 milion mobile phone subscribers at the end %%tations in Kuala Lumpur and Johor Bahru, Malaysia.

year 2008. That is to say, the penetration rat@alfile :
phone is 98.9% in 2008. The number increases tutaboThe locations for measurements were chosen based on

28.9 milion subscribers out of 28.16 million the accessibility of the_areas by the genera! pF‘*"“d
populations at the first quarter of 2009, or inceatn Places where the public used to spend their tine T
rate of about 1.2% in 3 months. If this incremeater Measured values were than compared with the
maintains, we would expect more than 29.9 millionMmaximum permissible exposure set by the Internation
subscribers at the end of year 2009 in Malaysidcommission on Non-lonizing Radiation Protection
(MCMC, 2009). (ICNIRP). This study discusses the findings of the
An approach to meet the increasing demand ostudy.
mobile phones users is by deploying more mobile

phone base stations in the country, especially &nm MATERIALSAND METHODS

cities such as Kuala Lumpur, Penang and Johor Bahru

Along with the increment of base stations is theligu Measurements were carried out at areas accessible
concern on safety hazards from them. to the public. Places such as children’s playgrsusmd
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public pathways that are near to the base statiame Transmitter
purposely chosen. A broadband portable electrid fie
strength meter was used to determine the aregithest
the highest exposure level within the area of eger
The electric field strength meter was design wittre¢
mutually orthogonal antennas (also known as trélaxi Receiving antenna
design) where three omni-directional antennas \eéde /
in X, y and z-axis. This design produces a resptiete M
is independent of direction and polarization of fieéd 15m
(i.e., isotropic in nature) (Hitchcock, 2004).
Then, a portable spectrum analyzer connected to & \ 7
broadband omni-directional antenna was used tesasse — >10m —
the exposure level at that area. The receivingnaate
was placed at a height of 1.5 m above ground lasel Fig, 1: |llustration of measurements equipmentsetu
illustrated in Fig. 1.
The readings from the spectrum analyzer (in dBm)raple 1: Human brain tissue dielectric parameters
were converted to calculate electric field(iE  Frequency (MHz) Conductivi™*m™)  Mass density (kg if)

dBuV mh) using the following equation: 900 0.7665 1030
1800 1.1531 1030
E = Ry, +107+AF+CL (1) 2100 1.3102 1030
Where: Table 2: _Sgr_nmary _of'ICNIRP’s general public safgtydelines for
E = The electric field strength in dBpV limiting radiation Sxposue \:er:d S’C\i e body Locaiized
Py = The received signal amplitude in (dBm) E-field H-field density average SAR SAR (head)
AF and CL= The antenna factor and cable 10SSrequency (Vi) (Am?Y) Wmd) Wkg) (WkgD
respectively, in dB 400-200 MHz 1.375f1/2 0.003fL/2 /200  0.08 2
2-300 GHz 61 0.16 10 0.08 2
The measurement was repeated with the antenna
laid at the x, y and z axis. Then, the equivaldattec The calculated E-field and SAR values were then
field strength, g in V m !, was then calculated using compared with ICNIRP guidelines for the general
formula (2): public. Table 2 summarizes ICNIRP’s general public
safety guidelines for limiting radiation exposureda
El,=Ex+E+E 2 SAR respectively (ICNIRP, 1998).
where, Ex, Eand E are the electric field strength (in V RESULTS

m?) with the antenna laid at x, y and z axis .
respectively. The g value was then used to calculate Measurements were carried out at 5 randomly
Specific Absorption Rate (SAR). identified locations each in Kuala Lumpur and Johor

SAR is the parameter used in assessing the Iével ahru. Table 3 summarizes the description of the
radiation absorbed by tissue and has units of wetts Measurement locations.

kilogram. SAR can be calculated from electric fielid Figure 2 shows location A where the study on the
using the following equation (ANSI/IEEE C95.1, €xposure level has been carried out. The Fig. 2&vsho

1999): four monopole towers exist next to a children’s
playground. The highest value obtained for measured

SAR =0]|Eed/pma ©) E-field, power density and SAR were then compaced t
the ICNIRP guideline, as in Table 2. The highedtuea

Where: for E-field strength was 0.3978 V for 0.9644% of

o = The conductivity the compared limit. For power density, the highest

Pmd = The mass density value was 0.042 pW ctor 0.0093% and the highest

- i recorded value for SAR was about 0.0002 W kyy
The conductivity and mass density value for they 9194 Taple 4 summarizes the exposure level fer th

brain can be obtained from Federal Communication%easured E-field, power density and SAR for GSM
Commission (FCC) (2006) and are summarized ingog GSM 1800 a;qd 3G.

Table 1.
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Table 3: Descriptions of locations studied = 043

City Location Description £ gfo

Kuala Lumpur A Children playground 2 0.03
B in a shopping mall 3 025
C Public pathway o 0.02
D children pathway g 013
E Schools waiting point =

= 0.01
Johar Bharu F School s field 0'00" A_/v\

G Public pathway
H Public pathway 925 9285 931 9355 939 %15 946 9485 953 9565 960
| Public pathway/bus stand Frequency (MHz)
J Inside hotel
Fig. 3: Electric field strength measured at loaat#tofor
Table 4: Percentage of highest exposure level medsu location A GSM 900 system
E (%) S (%) SAR (%)
CSM 900 0.9644 0.0093 0.0150 - .
GSM1800  0.1093 0.0001 00002 L %%
3G 0.1726 0.0003 0.000 3) 0:035
2 0.003
2 0.025
£ 0.002
= 0.015
3 0001
N :  P—

925 9285 932 9355 939 9425 46 9495 953 9565 960
Frequency (MHz)

Fig. 4: Power density measured at location A foMGS
900 system

0.000123
0000112+
0.000001
8.73E03+
T3E03

SAR (W kg 1)

i e ——

925 932 939 946 953 960
Frequency (MHz)

Fig. 2: Base station nearby playground in locaion

Measurements were carried out in front of the_. .
towers, based on the highest reading of E-fielengfth Fig. 5: SAR measured at location A for GSM 900
meter. Figure 3-5 show the results for the GSM BO0 system
field strength, power density and SAR measurement i
the area respectively. Table 4 summarizes the highest exposure level for
The highest value of measured E-field, powerthe measured E-field, power density and SAR for GSM
density and SAR were then compared to the ICNIRF00, GSM 1800 and 3G in location A.
guideline, as in Table 2. The highest value foriefdf The same procedure was applied to assess the
strength was 0.3978 V Thor 0.9644% of the compared exposure level for all the locations identified.blea 5
limit. For power density, the highest value wa84@ summarizes the results obtained. The results shatv t
W cmi? or 0.0093% and the highest recorded value foexposure levels for all locations did not exceed th&o
SAR was about 0.0002 W Kgor 0.015%. guideline set by ICNIRP.
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Table5: Percentage of highest exposure level measuratiz location

GSM 900 GSM 1800 3G
Site S (%) SAR (%) E (%) S (%) SAR (%) E (%) S (%, SAR (%)
A 0.9644 0.0150 0.109: 0.0001 0.0002 0.1726 0.000:¢ 0.0007
B 0.3089 0.0006 0.165( 0.0003 0.0000 0.0500 0.000( 0.0002
Cc 0.5552 0.0020 0.061¢ 0.0000 0.0001 0.0820 0.000: 0.0001
D 0.3365 0.0007 0.129¢ 0.0002 0.0003 0.1582 0.000: 0.0006
E 0.1321 0.0001 0.107: 0.0001 0.0000 0.1684 0.000:¢ 0.0007
F 0.2677 0.0005 0.021¢ 0.0000 0.0000 0.0141 0.000( 0.0000
G 0.0199 0.0000 0.020¢ 0.0000 0.0000 0.1162 0.000: 0.0003
H 0.1982 0.0003 0.008: 0.0000 0.0000 0.0233 amoc 0.0000
| 0.1821 0.0002 0.110¢ 0.0001 0.0002 0.2632 0.0007 0.0016
J 0.1893 0.0002 0.185: 0.0003 0.0007 0.0300 0.000( 0.0000
DISCUSSION REFERENCES

Measurements were carried out to assess
radiation exposure level from mobile phone kb
stations in Kuala Lumpur and Johoalu. The highes
recorded electric field strengths, power densitesl
Specific Absorption RatéSAR) were compared wit
the ICNIRP guideline. The results show that thehbgy
recorded exposure levels in &tations are well beloy
the guideline.

CONCLUSION

The era of pervasive and ubiquitc
communications are inevitably coming and are
much dependent on the na@mising radio frequenc
radiation forcommunications. However, measures n
to be taken so that it would not be at the expenfs
pubic health and other environmental hazards from
pollution.

Generally, the authors propos#tht tte national
and local government anddustry should all becon
actively involved in addressingublic concerns about
the installation of mobile phone le stations by
propagating awareness programmes amongst the g
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