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ABSTRACT 
        The purposes of this study were to quantify electromagnetic radiation (EMR) 
generated from pico cell mobile phone base stations and its health effect on 
neurobehaviors of  nearby exposed shopping mall attendants. Four hundred healthy 
attendants voluntarily participated in this study. Half of the attendants worked in 
three shopping malls having pico cells installed in the corridors’ ceilings (referred to 
as exposed group) while the other half worked in three other malls without pico cell 
installation (unexposed group). A radiation meter (NARDA/Germany EMR:300) was 
used to measure EMR at the attendants’ work stations. Three neurobehavior tests, 
namely Digit Span, Digit Symbol and Trail Making A were used to assess the 
attendants’ short term memory, coordination of visuomotor speed, and attention span, 
respectively. 
        The EMR measurements revealed that the exposed group was exposed to 
significantly higher power density than the unexposed group (0.0025 Watt/m2 
compared to 0.0014 Watt/m2, p<0.001, Mann Whitney U Test). Comparison of 
neurobehavior assessment results indicated that the exposed group had significantly 
poorer performances on the Digit Span test and the Trail Making A test ((p=0.035 
and 0.001 respectively, Mann Whitney U Test). Comparison of personal 
characteristics between the two studied groups indicated no significant difference 
except the number of working hours per day.  
        In conclusion, pico cell installation increases EMR in the building. Extended 
exposure to higher EMR affects short term memory and attention. 
 
KEY WORDS:  ELECTROMAGNETIC RADIATION / NEUROBEHAVIOR / 

PICO CELL / MOBILE PHONE BASE STATION /  
 SHOPPING MALL ATTENDANT 
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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background and rationale 

         Nowadays electrical appliances and products are used widely in daily life. While 

these products make life much more easier than before, there are increasing public 

concern of health effects from emitted electromagnetic radiation during products usage. 

         One of the electrical products which is used extensively was mobile phone. The 

Telecommunication Consumer Protection Institute of Thailand reported that there 

registered mobile phone numbers in mid 2007 were 47.12 million(1).  Consequently, 

the telephone network owners were racing develop the quality of signal frequencies by 

installed mobile phone base station covered the area nationwide.  Nevertheless, in the 

urban area the density of the skyscraper intercepted mobile phone signal that was sent 

from the cell site tower (macro cell). It made indoor area of the building was not clear 

or no signal. In consequence, the telephone network owners designed the mobile 

phone base station which were usable in indoor area of the building. It was called that 

pico cell. In order to enlarge the signal efficiency of the network for indoor users. The 

pico cells were installed at room ceiling in the office building , shopping malls, bank, 

hospital, transport station, railroad underground station and airport etc (2). 

         At  the consequence from pico cell installation. It made the electromagnetic field  

that had the power strength signal more than the electromagnetic field which were 

emitted from the mobile phone base station the outside of building about 1000 - 3000 

times. The study in Thailand by Nit Hanprated in year 2007 (3) found that power 

density of electromagnetic radiation around the mobile phone base station at the 

outside of building (macro cell and micro cell) was 0.0007 - 0.0023 W/m2. At the 

same time, the electromagnet field which was emitted from pico cell mobile phone 

base station had the maximum of power density was 2.217 W/m2, though the 

electromagnetic field didn’t exceed the reference level of  ICNIRP standard (4) but not 
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means that, the electromagnetic radiation didn’t health effect because of had the many 

studies found the problem from the electromagnetic field exposure such as blood-brain 

barrier of rats were damaged after exposed the power density very low (<10 W/m2
 ) 

and some chemical substance in capillary leaked into the brain which were the cause 

of nerve cell damage(5). And other study found the leakage of albumin substance from 

capillary entered into the nerve tissue and accumulated in the neurons and glial cells 

(6-10) and then Salford LG et al. (11) reported in the time later that the 

electromagnetic filed could damage the blood-brain barrier and albumin substance had 

been leaked into the neurons of hippocampus which it had the function was about 

memory, movement and learning of human. Other than, the many study in human 

about the abnormal symptoms among inhabitants living nearby mobile phone base 

stations found that the abnormal symptoms of them as headaches, sleep disruption, 

irritability, depression, memory loss, nausea, visual disruption, dizziness, tremors and 

lack of concentration etc (16-19). 

         However, the most of the data concerning the electromagnetic radiation and 

health effect were the data from the foreign country not the study systematically in 

Thai. Therefore, ought to study the aforementioned data for Thailand more and more 

because the difference in the meaning of race, environment and technology. In order to 

give information on the people knows risk of the electromagnetic radiation exposure                  

and bring about to conclusion for Thailand standard that appropriately for Thai. 
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1.2 Objectives 

         To investigate electromagnetic radiation in shopping malls installed with pico 

cells and to evaluate neurobehaviors (short-term memory, coordination of visuomotor 

speed and attention) of the mall’s attendants compared to those in shopping malls 

without pico cells. 

          

1.3 Variables and Conceptual framework 

         1.3.1 Independent Variables 

� Power density of electromagnetic radiation (EMR) at workstation 

         1.3.2 Dependent Variables 

� Short-term memory 

� Coordination of visuomotor speed 

� Attention 

         1.3.3 Control Variables 

� Alcohol consumption 

� Encepheralpathy 

� Unexposed to solvent  
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         1.3.4 Conceptual framework 

          Independent Variables      Dependent Variables 

 

 

 

 

 

 

 

         Control Variables 

 

 

 

 

1.4 Scope of this study 

         This study was the study about the power density of electromagnetic radiation in 

retail shop was 400 places in 6 place of shopping malls where were installed pico cell 

mobile phone base station 3 places, and 3 places were not installed pico cell. By 

measured the power density of electromagnetic radiation at workstation and tested 

neurobehavior about short-term memory, coordination of visuomotor speed and 

attention of attendants who had qualification according to inclusion criteria and 

consented to the study.  

 

 

 

 

 
 

Power density of EMR  

at workstation of sale persons 

 

 

 

- Short – term memory 

- Coordination of visuomotor speed  

- Attention  

 

 - Alcohol consumption 

 - Encepheralpathy 

 - Unexposed to solvent 
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1.5 Operational definitions 

         1. Electromagnetic radiation: the electromagnetic radiation that shares the same 

frequency range as radiofrequency and is emitted from pico cell mobile phone base 

station. 

         2. Pico cell: mobile phone base station which were installed inside the buildings 

or where had the large number of users such as, airport terminals, train station or 

shopping mall.  

         3. Power density (S): the appropriate quantity used for very high frequencies 

where the depth of penetration in the body. The radiant power incident  perpendicular 

to the surface, divided by the area of the surface and is expressed in watts per square 

meter(W/m2). 

         4. Attendant: is someone whose job is to serve or help people in a place. For this 

study is the person were working in the shopping malls. 

         5. Exposed group: the attendants who were working in the shopping malls were 

installed pico cell mobile phone base station. 

         6. Unexposed group: the attendants who were working in the shopping malls 

were not install pico cell mobile phone base station. 

         7. Neurobehavior: the function of nervous system as short-term memory, 

coordination of visuomotor speed and attention which used the digit span test, digit 

symbol test and trail making A respectively, for tested the aforementioned function. 

 

1.6 Expected outcomes and benefits 

         To know exposure of electromagnetic radiation from pico cell mobile phone 

base stations and know the neurobehavior of the subjects group in this study which 

will the advantageous for changing the point of installation or decrease the number of 

pico cell for decrease exposure. And use the data for the other building include use as 

the data for the telephone network owners to install pico cell in appropriate areas. And 

adjust design to reduce the power density of electromagnetic field. And as the 

beginning data for the companies that will produce wireless office equipment in design 

to decrease the electromagnetic field from wireless equipments in the future. 
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CHAPTER II 

LITERATURE REVIEW 

 

 

         The researcher reviewed literature, concept, theory and research document  

which involved in this study. It consisted of 6 part namely:  

Part  I  :  Electromagnetic radiation        

Part  II  :  The physiology of  nervous system   

Part  III :  Neuropsychological assessment  

Part  IV :  Mobile phone system  

Part  V  :  Reference levels 

Part  VI :  Literature cited 

 

 

2.1  Electromagnetic radiation (22) 

         2.1.1  Background of using the electromagnetic wave in communication 

         In before century time, The scientist took an interest the electromagnetic field 

and electromagnetic wave in the meaning of experiment and theory.  The scientist who 

was important to discovery the electromagnetic wave were Ampere. He was the 

proposer that the magnetic field exists true and originate from the electric charge that 

are moving or electric current. Ampere has summarized to this proposals 

aforementioned from the experiment during year, 2363 - 2369 B.E. and this proposals 

were called that “ The rule of ampere ” in the time later . 

         In the year 2374 B.E., Ampere has presented the rule of ampere . Michael 

Faraday get the experiment and discover that the magnetic field can happen form the 

change punctual of the magnetic field .  The discovery is important step for finding the 

electromagnetic field in the time later . This call that “The rule of Faraday”  

         Even though  the discovery of the magnetic and electric field exist true but at that 

time , Nobody can explain that the magnetic and electric field will propagate go out . 
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until in the year 2397 B.E., James Clark Maxwell get present the idea about 

displacement which the current originate from the change punctual of the density of 

electric flux that the current cause the magnetic field . Maxwell has indicated that , If 

the hypothesis is truth the energy transmits to electromagnetic form.  In other words, If 

it has the disturbance of electro-magnet such as flash of lightning. It produce an effect 

of magnetic and electric field and hypothesis of Maxwell assume that the 

electromagnetic wave move from the disturbance.     

 Furthermore, Maxwell has collected ampere rule and Faraday rule along with 

his idea which show the result on the equation of mathematics.  It called “Equation of 

Maxwell”. It become to the theorem that described the characteristic of magnetic field 

and electric field , in the meaning of static field or dynamic field. 

 In the past, The concept of Maxwell wasn’t able to prove that is correct. Until 

25 years later , Heinrich Rudolph Hertz showed that the electromagnetic wave was 

apparent in the physical. His experiments showed the interference , the reflection and 

the refraction of the electromagnetic wave which was accepted  in the later time. 

 The usability of electromagnetic wave in the telecommunication began in 2440 

B.E. by Marconi which was used in the telegraph. Former times, The transmitter was 

insert high electricity pressure to electricity pole which it will spark then send the 

electromagnetic wave go out. The transmitter in this characteristic will send especially 

telegraph signal only. Using the electromagnetic wave in sound signal began after that 

invention oscillator circuit and the circuit enlarges used vacuum tube that to succeed 

during 2447 – 2458 B.E. . Thereafter until now, using the electromagnetic wave in the 

telecommunication has the development to quickly and seem increasingly. Table 2-1 

showed the background approximately of using the frequency of electromagnetic wave 

in the communication.  
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Table 2-1 background of discovery and using the electromagnetic wave in the 

communication 

Buddhist Eras ; B.E. Discovery/Using 

2397 James Clark Maxwell announce the theory of electro-magnet 

2422 Hertz proves the theory of electro-magnet that become true 

and is successful 

2440 Marconi use the electromagnetic wave transmit telegraph 

2463 Set up radio station of AM in United States of America 

2468 Use radio short wave for communication between country 

2484 Set up television station in United States of America 

2490 Microwave was used for communication 

2503 EHF wave was used for communication 

2508 Microwave was used for satellite communication 

2521 Infrared frequency was used for communication 

 

 

         2.1.2  Electromagnetic Field-EMF (23)          

         Commonly, the electromagnetic wave will emit the energy in electromagnetic 

field form that time-varying which feature electric field and magnetic field.  By in case 

of plane wave, the magnetic field and electric field were perpendicular and were 

perpendicular with direction of wave. 

 

 

Figure 2-1 direction of the electromagnetic wave 
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         The electromagnetic radiation if consider the vector of the electric field or 

magnetic field which has format is periodic that repeated to format original.  The 

frequency of repeated format is called that cycle per second or Hertz (Hz). The 

electromagnetic wave has the frequency is appropriate for the communication or 

telecommunication like to call that radiofrequency (RF) and the electromagnetic wave 

has the frequency is during 300 Hz to 300 GHz which is valuable for the 

telecommunication. 

         The radiofrequency has a pattern of the radiation is non – ionizing radiation that 

cover the energy and the field which spread to all of the electromagnetic wave and 

generally, the radiofrequency hasn’t enough that cause destruction of the ion in the 

matter. 

         Source of the electromagnetic field has two type, namely 

1) Nature source such as, flash of lightning, thunders, thunderbolt and the 

magnetic field from the sun etc. The electromagnetic field from nature 

source has a very low power density. 

2) Sources of human made for example, radio-transmitter and radio-receiver, 

television, telephone, electric appliances and computer etc. 

 

         The electromagnetic field from the sources of human made, namely 

- Community: The most of electromagnetic field originate in the radio and 

television broadcasts  and telecommunication facilities  which is lower than 

the electromagnetic field from the radio and television broadcasts. 

- Residences: The sources of electromagnetic field in the habitation include 

microwave oven, mobile phone, signal steal and television. The 

electromagnetic field from electric appliances has low level and 

approximately 10 microwatt per square meters. 

- Workplace: The workers who do a task communication and broadcasts may 

be receive the electromagnetic field on high level while they worked close 

up the antenna that send the electromagnetic wave in radiofrequency or 

radar system , for example the military who receive the  electromagnetic 

field on high level. 
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2.1.3 Spectrum of the electromagnetic wave (24) 

The electromagnetic wave is divide 7 type which arrange from short wave 

length to long wave length namely, Gamma ray, X-ray, Ultra-violet, Visible light, 

Infra-red, Microwave and Radiofrequency. Although it has different frequency but 

there are equal velocity. The electromagnetic spectrum was showed in Figure 2-2 

 

Figure 2-2 Spectrum of the electromagnetic wave (25) 
 
 
 

         Gamma ray has a wave length less than 0.01 nanometer (nm) Photon of gamma 

ray has very high energy which occur from nuclear energy such as the star bomb or the 

atomic bomb what dangerous for life. 

         X-ray has a wave length 0.01 – 1 nm which occur from the sun. We use x-ray in 

medical diagnose tissue cell. It may be hazard for life if receive over dose. 

         Ultraviolet radiation has a wave length 1 – 400 nm  Ultraviolet radiation exist in 

the sun which is useful for body. However if we receive over dose make to skin burn 

and may be cause skin cancer. 

         Visible light has a wave length 400 – 700 nm Almost it is the energy from the 

sun. The sunlight is important for the world and used in photosynthesis of the plants. 

         Infrared radiation has a wave length 700 nm – 1 mm . The world and the 

organism make to the radiation come out  that greenhouse effect such as carbon 
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dioxide and water vapour can absorb by the atmosphere which it cause the world 

warming and appropriate for living. 

         Microwave has wave length 1 mm – 10 cm. That useful on the long distance of 

telecommunication. Moreover can apply to the energy in the food oven. 

         Radio wave is the electromagnetic wave that has the most long wave length. 

Radio wave can through the atmosphere then is used on the telecommunication. 

  

         2.1.4  Effects of the electromagnetic field on human 

         Receiving the electromagnetic field that time varies cause the electric current in 

human body and energy absorption of the tissue which depend on coupling mechanism 

and frequency of the electromagnetic wave. 

         Basic coupling mechanism between the electromagnetic field that time varies 

and human body has 3 part , namely 

1) Induction between low frequency of electric field and human (less than 100 

kHz) 

Low  frequency of electric field cause the movement of the electric charge (the 

electric current). The occurrence or combination of the electric charge in tissue cell 

depend on electricity property in the body (conductivity and permittivity) which vary a 

kind of tissue cell and frequency of the electric field. The electric field outside the 

body will induct the ion on skin area which cause the electric current inside the body. 

That depend on the characteristic of receiving, size and the characteristic of body and 

the arrangement of body in the electric field. 

2) Induction between low frequency of magnetic field and human (less than 

100 kHz) 

Low frequency of magnetic field will induct to electric field and the electric 

current circulate in the body.  Size of electric field and density of electric current  will 

direct variation with radiance, changing rate and size of flux density  and conductivity 

of the body which no of the same kind all of the body. 

3) Absorption on the electromagnetic field 

 Usually, low frequency of electromagnetic field make to a few absorption and 

cause body temperature increases but not detect. However ,receiving electromagnetic 

field that have the frequency more than 100 KHz might cause energy absorption 
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extremely and make the body temperature increase at high level. Receiving energy 

from the electromagnetic field was uniform plan-wave will cause deposition and 

distribution of non-uniform energy in the body. 

         The energy absorption of human on the electromagnetic field has 4 part which 

separate frequency of the electromagnetic field, as follows 

1. The electromagnetic field which has frequency 100 kHz to 20 MHz can be 

absorb in a trunk and decrease when the radiofrequency increase. 

Absorption may be happen on neck and legs. 

2. The electromagnetic field which has frequency 20 MHz to 300 MHz can be 

absorb whole body and may be increase if has resonance in part of body 

such as a head. 

3. The electromagnetic field which has frequency 300 MHz to many GHz that 

happen the specific absorption on high level. 

4. The electromagnetic field which has high frequency more than 10 GHz that 

the absorption will happen on skin area of body. 

 

         Specific absorption rate (SAR) in tissue cell is proportion with square of 

magnetic intensity in that tissue. That calculate or approximate an average and 

distribution of SAR from measurement in laboratory. 

         SAR depend on factors, as follows 

- Parameter of the electromagnetic field for example frequency, intensity, 

pole separation and configuration of source (near field or far field) 

- Physical property of body such as size and dielectric of all tissue cell 

- Ground effect and reflector effect of other material which near a person 

who receive electromagnetic field 

         And the electromagnetic field penetration in tissue cell will decrease when 

frequency higher than 10 GHz. SAR value isn’t able to indicate energy absorption  and 

power density is used replace which has a unit is watt per square metre. 

 

         2.1.5 Radio waves (26) 

         Radio waves distribute from an antenna all around in every plane. Distribution 

has a sphere characteristic energy. 
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         Using of radio waves 

         Radio waves has a frequency 10 kHz to 300 GHz which is used in a variety of 

the telecommunication (showed in Table 2-2) 

 

Table 2-2 Variety of radiofrequency and Usage 

Frequency(name) Wave length Usage 

Lower than 30 kHz (VLF) More than 10 km Communicate by sea 

30 – 300 kHz (LF) 10 – 1 km Communicate by sea 

0.3 – 3 MHz (MF) 1 – 0.1 km Radio waves on AM system 

3 – 30 MHz (HF) 100 – 10 m Communicate between countries 

30 – 300 MHz (VMF) 10 – 1 m Radio waves on FM system 

0.3 – 3 GHz (VHF) 100 – 10 cm TV and Microwave waves 

3 – 30 GHz (SHF) 10  – 1 cm Microwave and radar 

30 – 300 GHz (EHF) 10 – 1 mm Microwave 

 

 2.1.6  Effects of radio waves on human (27) 

 Radio waves has can through inside human body about 1/10 of wave length 

and might destroy the tissue of some internal organs. Effects of destroy depend on 

intensity duration and a kind of organs. Sensitive organs on radio waves for example 

eye, lung, gall bladder, urinary bladder, testis and some part of alimentary canal 

system. Especially eye  

and testis which sensitive organs on radio waves. A variety of radiofrequency that may 

be effects on human , as follows 

1. Radio waves has a frequency less than 150 MHz (wave length more than 2 

m). Waves will through the body by have no effects because of have no energy 

absorption. So the body is like as a translucent material on this frequency period. 

2. Radio waves has a frequency 150 MHz to 1.2 GHz (wave length 2.00 to 

0.25 m). This frequency period can through the body about 2.5 to 20 cm of internal 

tissue organs which have energy absorption 40 percentage of energy receipt and it 

cause heat in tissue that none sense.  If the body can not spread the heat as equal to 

receiving after that temperature or heat level in the body will increase which 
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hazardous for the body. The heat in body that more than normally level might many 

cause, such 

- Blood harden slowly which make to the symptom violently when has 

bleeding 

- Increase of blood  circulation  

- The hemoglobin of erythrocyte has oxygen capacity is decrease which 

cause blood has not oxygen enough to support other tissue that produce an 

effect nerve cell, central nervous system and internal organs have not 

oxygen too which cause the muscles twitch. If it carry on ,finally be 

unconscious and might can die. 

 3.  Radio waves has frequency 1 to 3 GHz (wave length 10 to 30 cm) both of 

skin and deep tissue can absorb energy about 20 percentages to 100 percentages that 

depend on a kind of tissue. At this frequency has harmfully on the eyes, especially, 

lens have sensitive on radiofrequency at 3 GHz because of lens haven’t blood and 

repair mechanism which is different from other organs. Thus when the eyes receives 

radio waves continuously it make liquid within the eyes has high temperature and can 

not transfer the heat in order to decrease the temperature is like tissue of other organs 

then cause dangerous severely . If the eyes has high temperature a part of lens might 

destroyed slowly which it makes transparency of the eyes decrease and turbid 

continuously. Finally, it causes the cataract, the sight is unusual and fail to see. 

 4.  Radio waves has frequency 3 to 10 GHz (wave length 10 to 3 cm). 

Epidermis can absorb the most energy and we feel that are like to touch the sunlight. 

 5.  Radio waves has frequency more than 10 GHz (wave length less than 3 cm). 

The skin will reflect  its by have a little energy absorption. Effects of radio waves on 

human were concluded in Table 2-3 
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Table 2-3 Effects of radio waves on human 

Frequency Wave length(m) Target organs Effects 

Less than 150 MHz More than 2.00 - Not absorption 

150 MHz – 1.2 GHz 2.00 – 0.25  Internal organs Cause heat under skin 

   and internal organs 

1 – 3 GHz 0.30 – 0.10  Lens Lens has temperature 

   goes up 

3 – 10 GHz 0.10 – 0.03 Lens and skin Like to touch sunlight 

More than 10  Less than 0.03 Skin Reflect and a little energy 

   absorption 

 

 

2.2 The physiology of nervous system (28) 

The physiology of nervous system has 2 part as follows 

1. Central Nervous System – CNS 

2. Peripheral Nervous System – PNS  

  

         2.2.1 Central Nervous System  

         The central nervous system has 2 part namely, brain and spinal cord 

         1.  Brain  

         Weighting about 3 pound and enclose in the skull. It has 3 membranes 

enveloping brain has cerebro-spinal fluid, cortex has gray and medulla has white. The 

section left and section right brain connect with corpus callosum. The section right 

brain controls section left body , section left brain controls section right body. 

                 1.1 Celebrum has a size about 2/3 of all brain which has called cortex. 

There is the thick about 3 mm and divide is the part differs, as follows 

                         -  Frontal lobe : though, memory, reasonable, determine, prediction 

and planning 

              -  Parietal lobe : physical feeling, heat and cold, pain and touch 

              -  Occipital lobe : sight 

              -  Temporal lobe : hearing 
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                 1.2 Cerebellum controls balancing act and coordination of muscles that 

about movement of the body complicate. 

                 1.3  Pons is crossing of  nerves section left and right section brain  

                 1.4 Medulla controls breathing, heart rate, blood pressure, swallowing and 

digestion which relate the autonomic nervous system. 

The part of other brain area where is important such as 

1. Thalamus is a center of brain nerve from another receptor 

2. Limbic System is frontal brain which has a part important namely 

- Hypothalamus : there is the size equal to a peanut that below of the 

thalamus. It controls about hungriness, water eagerness, pain, temper state, 

sexual behavior, control of various endocrine and activity rhythms. 

equilibrium of the body and control of the autonomic nervous system. 

- Hippocampus : about memory if, have no will can not remember new 

experience but can remember the things has that to ever learn already. 

- Amygdala : about the aggressive 

3. Pituitary or Master Endocrine Gland  be the endocrine that produces 

various kinds hormone 

4. Reticular Formation controls wakefulness circuit and the sleep, the 

ability in the interest, coordination of muscle and balancing time act 

walk. 

 2.  Spinal Cord  

 There is two function, i.e. 

1. Transmits nerve impulse to the brain for interprets and commands  

2. Connects directly with receptor and affecter which make the human has 

reflex on stimulator such as they blink when has adulterated get into the eyes 

 

         2.2.2 Hippocampus function (29)  

         Hippocampus has important on function many system such as endocrine system, 

memory and learning, expression behavior and the autonomic nervous system. 

1. Endocrine system function 

1.1 An estradiol-concentrating neurons is ventral region of hippocampus and 

find that corticosterone concentrating neurons in the same area 
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1.2 Corticosterone injection can inhibit nerve cell in hippocampus 

1.3 Hippocampus destruction or fornix cut can inhibit diurnai rhythm of 

ACTH secretion 

1.4 Hippocampal formation stimulation can inhibit lay eggs in the rat 

2. Resent memory and learning function 

In the person who have the destruction hippocampus will lose the memory and 

learning can not remember new experience mean lose short-term memory(recent 

memory). The patient has the retrograde amnesia symptom that mean can not 

remember the part event and time. Besides the patient still can not remember names 

and characteristic person.   

Hippocampus in invertebrate have important on response about smell because 

of it is a part of olfactory cortex. Therefore hippocampus helps to determine hazard 

from smell or food smell. Other than hippocampus has important in stimulation sexual 

behavior and decision. 

About the memory believe that hippocampus has important in changing short-

term memory become consolidation of long-term memory. If there no hippocampus , 

long-term memory or permanent memory can not happen. 

3.   Affective behavior function 

 3.1 Hippocampus controls aggressive behavior in the animals but not usually, 

because  

  - Stimulation nearby amygdala area increase aggressive behavior  

  -  Stimulation nearby septal area decrease aggressive behavior 

  -  Hippocampus may be effects on performance aggressive behavior of 

hypothalamus. By many connection ways of septal area because of amygdale and the 

area is nearby septal area will send nerve cell to many area of septum septal area. It is 

a center station for nerve impulse from hippocampus send to hypothalamus. 

 3.2  The patients who have abnormality of hippocampus formation and 

terminal lobe which was destructed or tumor that happen aggressive behavior. There is 

the symptom as follows 

  - The convulse symptom has cause temporal lobe and hippocampus that 

have fanciful symptoms and the hallucination of smell and hearing 

Copyright by Mahidol University



Panida Sangkachan Literature Review / 18 

  -  The attempt to move the patient in above item cause aggressive 

behavior 

 3.3  In the animals experiment which were cut hippocampus. They are quick 

and scared if have a loud sound. 

  

 2.2.3 Peripheral Nervous System 

 The peripheral nervous system features cranial nerve, spinal nerve and 

autonomic nervous system (ANS) 

1. Cranial nerve has 12 pair 

2. Spinal nerve has 31 pair 

 Cranial nerve and spinal nerve are called somatic system and are 

divided 2 type namely sensory and movement 

3. Autonomic nervous system (ANS) has 2 part i.e. 

31. Sympathetic Division : when we meet emergency condition that 

make the human is in excited condition or be frightened.  

Sympathetic will change for preparation fight or flee. 

32. Parasympathetic Division : perform opposite sympathetic division. 

It keeps the equilibrium of the body to usual level 

 

 

2.3  Neuropsychology assessment (30) 

         Neuropsycholigy is the applied science, in the old days, is studied about behavior 

that cause from abnormality in the brain. But now as the study on relation between 

workability of brain in normal or abnormal condition with behavior 

         Neuropsychological assessment is attempt to find the specific characteristic of 

behavior from psychological testing that perform abnormality of brain 

  

2.3.1 Digit Span Test (31) 

Testing association with brain function particularly temporal lope and frontal 

lobe. 

Characteristics of testing is group of number that the responders repeat the 

digit after the assessor read the digit. Test has 2 parts. First part, the responders speak 
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the digit follow the assessor which the digit has 3 to 9 numbers. Second part, the 

responders read backward which the digit has 2 to 8 numbers  

The competence of testing. Digit span test was used in evaluate hearing, short-

term memory, attention, concentration and remember. This test has sensitivity on 

anxious  and deterioration of brain. The person who has anxiety state will have low 

score. The pathology of left lobe especially temporal lobe can effect on speaking 

forward and backward digit while the pathology of right lobe specially right frontal 

lobe may be effect on speaking backward only. The low score in this test can identify 

pathology of left-hemishere, frontal, temporal and parietal lobe more than right-

hemishere. 

 

2.3.2  Digit symbol Test (31) 

Testing association with brain function of frontal parietal lobe. 

Characteristic of testing compose of 9 digits and symbol represent each number. 

The responders must to write the symbols beneath the digit that code-substitution as 

fast as until time is up. 

The competence of testing. Digit symbol test was used in evaluate function of 

visual motor coordination with rapidly, attention, response speed, learning skill and 

response on the new things with visual and ability to concern between symbol and 

digit that related to short-term memory and visual. The pathology of brain and aged 

can be effect on this test. The high score showed good ability of visual motor, ability 

to learning the new things and rapid psychomotor reaction. The low score showed bad 

ability to learning the new things by visual and have deficient in visual motor. This 

test can identify deficiency of perceptual motor area of cortex 

 

2.3.3  Trail Making A Test (32) 

 Testing brain function that concern to attention, speed and concentration. 

 Characteristic of testing consists of number 1 to 25. The responder must to 

draw a line since number 1 to number 25 as fast as until time is up. 
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 2.3.4  Factor that influence on testing 

 1.  Location testing shall have none noise, suitably light, good ventilation and 

have a chair and table that comfortable for the assessor and the responders 

 2. Characteristic of the assessor shall have friendly with the responders. At the 

beginning with introduce yourself, objective of testing before testing for try to 

understand and receive the cooperation extremely. 

 3.  While testing proceed. The assessor must to relax, not hurry and must 

follow a handbook strictly. 

 4.  The readiness in body and mind of the assessor.  

 

 

2.4  Mobile phone System 

 2.4.1  Type of mobile phone base station (33) 

1.  macro cell : provides the main coverage in a mobile network. The antennas for 

macro cells are mounted on ground- based masts, rooftops and other existing structures. 

They must be positioned at a height that is not obstructed by surrounding buildings and 

terrain. Macro cells have a typical power out of tens watts. 

2. micro cell : provides infill radio coverage and additional capacity where there 

are high numbers of users within a macro cell. The antennas for microcell are mounted at 

street level, typically on the external walls of existing structures, lamp post and other street 

furniture. The antennas for microcells mounted are smaller than macrocell antennas and 

when mounted on existing structures, can often be disguised as building features. 

Typically, microcells provide radio coverage across smaller distance and are placed 300-

1000 m apart. They have lower outputs than macrocells, usually a few watts. 

3. pico cells : provides more localized coverage than a microcell. They are 

normally found inside buildings where coverage is poor or where there are high numbers 

of users, such as airport terminals. Train stations or shopping centres. They also have 

lower outputs than macrocells and occupancy is generally low, although close approach to 

the antennas may occur. 
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         2.4.2  Principle of mobile phone system (34) 

         Now, we can divide mobile phone system is 2 type namely 

1. Cellular phone systems 

2. Cordless phone systems 

         The different of two system is using limitation for example, structure and base 

station of cordless phone system designed for service in small area such as in house or 

small building while base station of cellular phone system designed of cover widely area 

such as a province. For this reason, cordless phone users often using limit in small area 

while cellular phone system has freedom in using more than. Other than the different of 

user. The equipment design in system has different too such as the cellular phone antenna 

has a big size and want to widely area for the set up. On the other hand, the cordless phone 

antenna has a small size and can set up in small area. The power of mobile phone both not 

equal by cordless phone use low power and has different technique by cellular phone 

systems complicate more than cordless phone systems. 

         The technology in mobile phone systems development can divide 2 type namely 

analog systems and digital systems. Formerly, The mobile phone systems development 

applies from the analog technology. The example of analog systems that acceptable in this 

present namely, Nordic Mobile Phone (NMT) and Advanced Mobile phone service 

(AMPS) . The raise of mobile phone users make to the second generation mobile phone 

system which apply the digital technology replace the analog technology. Because of the 

digital system can use bandwidth service efficiency more than the analog system, clearly 

signal and safety form other person intercept. The example of digital system was usable in 

the present that is GSM (Global System for Mobile Communication). The first 

development in the countries in Europe since the year 1982 A.D. Afterward, That has two 

system is USDC (US Digital Cellular) and IS-95 CDMA (Code Division Multiple Access) 

which is the standard for United States of America. Japan has sep up own standard that 

called PDC (Pacific Digital Cellular).  Nevertheless, GSM was usable very much in this 

present because from the statistic of users early in the year 2002 A.D. that have GSM 

users about 620 million persons or 74 percentage of all users. 
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 2.4.3  GSM mobile phone system 

 In ancient time, the word “GSM” means that Groupe speciale Mobile which is a 

group research from many countries in Europe. They studied and develop mobile phone 

system in year 1982 A.D. under control from CEPT (the European Conference of Postal 

and Telecommunications Administrations). The objectives is develop new mobile phone 

system that support demand of users and permit to users have freedom on communication 

from anywhere in European roaming.  GSM mobile phone system is a second generation 

mobile phone systems that develop from a first generation mobile phone systems. The 

important different of both systems is taking digital technology replace analog technology. 

 In the present, GSM is knowing in the name that Global System for Mobile 

Communication which primary using in year 1991 A.D. and well-known in 120 countries 

of the world that include Thailand. The demand of users are increasing then bring GSM 

standard that is usable in 900 MHz and 1800 MHz and called that Digital Cellular System 

1800 (DCS 1800) sometimes be known called that Personal Communications Networks 

(PCN) .The structure and element of GSM system consisted of 4 part namely, Mobile 

station (MS), Base station subsystem (BSS), Network and switching subsystem 

(NSS)Operation support subsystem (OSS) 

 

 

Figure 2-3 Structure and element of GSM system 

 

 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Industrial Hygiene and Safety) / 23 

         1.  Mobile station 

         The mobile station (MS) is mobile phone that the users are usable in calls up or 

receives the call. In the present, mobile phone has many type such as vehicle-mounted, 

portable equipment and handheld station. Ordinarily, mobile phone each types have 

different is usable and power.  For GSM system is divided type of mobile phone is 5 

group according to power of mobile phone as shown in Table 2-4. The DCS 1800 

system is divided type of mobile phone is 2 group only because this frequency has 

small cells and hasn’t high power. The power of mobile phone showed in Table 2-5 

 

Table 2-4 Power of mobile station each type according to GSM system standard 

Power class Maximum power of a mobile station 

1 20  W 

2 8  W 

3 6  W 

4 2  W 

5 0.8  W 

 

Table 2-5 Power of mobile station each type according to DCS 1800 system standard 

Power class Maximum power of a mobile station 

1 1  W 

2 0.25  W 

 

         Internal a mobile station consist of 2 subpart i.e. mobile equipment (ME) and 

subscriber identity module (SIM). The mobile equipment (ME) is function of send 

radio signal between mobile phone and base station and included equipments for 

contact with users such as microphone, loudspeaker, screen and other button. While 

the SIM is a slim smart card which is a personalization of the Mobile Station and 

stores user specific parameters such as mobile number, contacts etc.  

         2.  Base station subsystem 

         Base station subsystem (BSS) consists of 2 main components i.e. base 

transceiver station (BTS) and base station controller (BSC). The base transceiver 

station or BTS contains the equipment for transmitting and receiving of radio signals 
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and the BTS is a plain transceiver which receives information from the MS (mobile 

station). The BTS covers one restrict area that call the cell. The power transmitting of 

base station has several level (as shown in Table 2-6). Group of BTS that cover several 

cells area is under control of typically a BSC.  Normally, typically a BSC has tens or 

even hundreds of BTSs under its control. More detail showed in Figure 2-4 

 

 

Figure 2-4 Characteristic and the function of BTS and BSC 

 

Table 2-6 Power of base station according to GSM 900 standard and DCS 1800 

standard 

Maximum power of a Maximum power of a 
Power class 

GSM 900 base station DCS 1800 base station 

1 320  W 20  W 

2 160  W 10  W 

3 80  W 5  W 

4 40  W 2.5  W 

5 20  W  

6 10  W  

7 5  W  

8 2.5  W  
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 The BSC is main function of control BTS working all unit that under control 

such as handles allocation of radio channels, receives measurements from the mobile 

phones, controls handovers from BTS to BTS.  In addition to, the other side of BSC 

connects to NSS (Network and switching subsystem) that has MSC (Mobile services 

Switching Centre) is main component.  Connection of both equipments apply the 

standard that called A interface and connection between BSC and BTS have certainly 

standard too by its called that Abis interface (see in Figure 2-5) 

 

 

 

Figure 2-5 Interface standard between other link of GSM system 

 

 3.  Network and switching subsystem 

 Network and switching subsystem (NSS) consist of 2 main part namely Mobile 

services Switching Centre (MSC) and database for management using of users.  The 

side of MSC connect to BSC which control transmitting and receiving between users 

member and network and another side connect to the other phone system. So the MSC 

is the part that has function of switch and connect to coaxial cable between user to user 

and between mobile phone user with normal user or service user from other network.  

The connection between MSC with outer network apply connection standard that 

called CCITT Signaling System no.7 (SS7). Normally, A MSC can control several 

BSC which all system combination can cover service public more 1 million persons. 
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 The database of NSS consist of 3 main part i.e. 

- Home Location Register (HLR) is a central database that concerns with 

users such as mobile phone status, transmitting and receiving, the current 

using of mobile phone and including supplementary services. At time that 

the users are usable mobile phone for communication and the part of data 

which contains in the SIM are send to HLR for identify number of users 

and for check that the users have the right or are permitted in service. HLR 

database will keep secret code of each users. 

- Authentication Center (AUC) is the database that contains secret data. So 

This database will keep in safety location and permit for person who is take 

care and is responsible with system only. The data reaching must to fill the 

secret code. In addition to the data that contains in database must to fill the 

secret code again. Remark : This the AUC database connects with part of 

HLR only. 

- Visitor Location Register (VLR) is the database that coexist with MSC for 

collect the data of users such as location or area that mobile phone has 

changing while the users are usable. 

         Totally, the part of  NSS consist of MSC, HLR, AUC and VLR which have duty 

for call control management and mobility management and supplementary services. 

4.  Operation subsystem 

Final part consist of Operations and Maintainance Center (OMC) which take 

care the total of system management such as a problem of equipments damage 

management, parameter set up within system, management about users member of 

system and including service charge. The most function of OMC must to connect with 

HLR database. 

 

          2.4.4  Pico cell  

         A pico cell is wireless communication system typically covering a small area, 

such as in-building (offices, shopping malls, train stations, etc.), or more recently in-

aircraft. A pico cell is analogous to a WiFi access point. 

         In cellular wireless networks, such as GSM, the pico cell base station is typically 

a low cost, small (typically the size of a sheet of A4 paper and about 2-3 cm thick), 
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reasonably simple unit that connects to a Base Station Controller (BSC). Multiple pico 

cell 'heads' connect to each BSC: the BSC performs radio resource management and 

hand-over functions, and aggregates data to be passed to the Mobile Switching Centre 

(MSC) and/or the GPRS Support Node (GSN). 

         Connectivity between the pico cell heads and the BSC typically consists of in-

building wiring. Although originally deployed systems (1990s) utilised PDH links 

such as E1/T1 links, more recent systems utilise Ethernet cabling. 

         More recent work has developed the concept towards a head unit containing not 

only a pico cell, but also many of the functions of the BSC and some of the MSC. This 

form of pico cell is called an access point base station or femto cell. In this case, the 

unit contains all the capability required to connect directly to the Internet, without the 

need for the BSC/MSC infrastructure. This is potentially a more cost effective 

approach. 

         In cellular networks, pico cells are typically used to extend coverage to indoor 

areas where outdoor signals do not reach well, or to add network capacity in areas with 

very dense phone usage, such as train stations. 

 

 

2.5  Reference levels (4) 

 In many countries concerns on effects of exposure to electromagnetic radiation 

(EMR). As they determine the standard and regulation for limitation of exposure to 

EMR which enforce in them countries, including Thailand. That is Guidelines for 

Limiting Exposure to Time-varying Electric, Magnetic, and Electromagnetic Field 

(ICNIRP) (up to 300 GHz) (1998) as shown in Table 2-7 and 2-8 

         Where appropriate, the reference levels are obtained from the basic restrictions 

by mathematical modeling and by extrapolation from the results of laboratory 

investigations at specific frequencies. They are given for the condition of maximum 

coupling of the field to the exposed individual, thereby providing maximum protection. 

Tables 2-7 and 2-8 summarize the reference levels for occupational exposure and 

exposure of the general public, respectively. The reference levels are intended to be 

spatially averaged values over the entire body of the exposed individual, but with the 

important proviso that the basic restrictions on localized exposure are not exceeded. 
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         For low-frequency fields, several computational and measurement methods have 

been developed for deriving field-strength reference levels from the basic restrictions. 

The simplifications that have been used to date did not account for phenomena such as 

the inhomogeneous distribution and anisotropy of the electrical conductivity and other 

tissue factors of importance for these calculations. 

         The frequency dependence of the reference field levels is consistent with data on 

both biological effects and coupling of the field. 

         Reference levels for exposure of the general public have been obtained from 

those for occupational exposure by using various factors over the entire frequency 

range. These factors have been chosen on the basis of effects that are recognized as 

specific and relevant for the various frequency ranges. Generally speaking, the factors 

follow the basic restrictions over the entire frequency range, and their values 

correspond to the mathematical relation between the quantities of the basic restrictions 

and the derived levels as described below. 

� In the frequency range up to 1 kHz, the general public reference levels for 

electric fields are onehalf of the values set for occupational exposure. The value of 10 

kV m!1 for a 50-Hz or 8.3 kV m!1 for a 60-Hz occupational exposure includes a 

sufficient safety margin to prevent stimulation effects from contact currents under all 

possible conditions. Half of this value was chosen for the general public reference 

levels, i.e., 5 kV m!1 for 50 Hz or 4.2 kV m!1 for 60 Hz, to prevent adverse indirect 

effects for more than 90% of exposed individuals; 

� In the low-frequency range up to 100 kHz, the general public reference levels 

for magnetic fields are set at a factor of 5 below the values set for occupational 

exposure; 

� In the frequency range 100 kHz – 10 MHz, the general public reference levels 

for magnetic fields have been increased compared with the limits given in the 1988 

IRPA guideline. In that guideline, the magnetic field strength reference levels were 

calculated from the electric field strength reference levels by using the far-field 

formula relating E and H. These reference levels are too conservative, since the 

magnetic field at frequencies below 10 MHz does not contribute significantly to the 

risk of shocks, burns, or surface charge effects that form a major basis for limiting 

occupational exposure to electric fields in that frequency range; 
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� In the high-frequency range 10 MHz – 10 GHz, the general public reference 

levels for electric and magnetic fields are lower by a factor of 2.2 than those set for 

occupational exposure. The factor of 2.2 corresponds to the square root of 5, which is 

the safety factor between the basic restrictions for occupational exposure and those for 

general public exposure. The square root is used to relate the quantities "field strength" 

and "power density"; 

� In the high-frequency range 10–300 GHz, the general public reference levels 

are defined by the power density, as in the basic restrictions, and are lower by a factor 

of 5 than the occupational exposure restrictions; 

� Although little information is available on the relation between biological 

effects and peak values of pulsed fields, it is suggested that, for frequencies exceeding 

10 MHz, Seq as averaged over the pulse width should not exceed 1,000 times the 

reference levels or that field strengths should not exceed 32 times the field strength 

reference levels given in Tables 2-7 and 2-8  

� In Tables 2-7 and 2-8 different frequency break-points occur for occupational 

and general public derived reference levels. This is a consequence of the varying 

factors used to derive the general public reference levels, while generally keeping the 

frequency dependence the same for both occupational and general public levels. 

 

Table 2-7 Reference levels for occupational exposure to time-varying electric and       

magnetic field. 

E-field strength H-field strength Equivalent plane wave 
Frequency range 

(V/m) (A/m) Power density Seq(W/m2) 

9 kHz – 65 kHz 610 24.4 - 

65 kHz – 1 MHz 610 1.6/ƒ - 

1 MHz – 10 MHz 610/ƒ 1.6/ƒ - 

10 MHz – 400MHz 61 0.16 10 

400 MHz – 2 GHz 3ƒ1/2 0.008ƒ1/2 ƒ/40 

2 GHz – 300 GHz 137 0.36 50 
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Table 2-8 Reference levels for general public exposure to time-varying electric and 

magnetic field. 

E-field strength H-field strength Equivalent plane wave 
Frequency range 

(V/m) (A/m) Power density Seq(W/m2) 

9 kHz – 65 kHz 87 5 - 

65 kHz – 1 MHz 87 0.73/ƒ - 

1 MHz – 10 MHz 87/ƒ1/2 0.73/ƒ - 

10 MHz – 400 MHz 28 0.073 2 

400 MHz – 2 GHz 1.357ƒ1/2 0.0037ƒ1/2 ƒ/200 

2 GHz – 300 GHz 61 0.16 10 

Notes: 

1. E-field strength in V/m 

2. H-field strength in A/m 

3. f in  MHz 

4. For frequencies between 10 kHz and 10 GHz: Seq, E
2 and H2 are to be averaged over any 6-minute 

period. 

5. For frequencies exceeding 10 GHz: Seq, E
2 and H2

 are to be averaged over any 68/ƒ
1.05-minute period 

(ƒ in GHz) 

  

         At frequencies between 400 MHz and 2 GHz. The reference levels for general 

public less than occupational exposure because of occupational has knowledge about 

hazardous health effects of exposure to EMR more than general public and the 

subjects in this study were the attendants in the shopping malls that were general 

public. So the researcher choose the reference levels in Table 2-8 was the reference 

levels in this study. 

 

 

2.6  Literature cited 

         2.6.1 Mobile phone base stations  

         In 2006, Abdel-Rassoul et al.(16) studied the residents livelihood nearby mobile 

phone base station. Questionnaire and neurobehavioral test battery bring to use in this 

research. In this study has 2 subjects group that is the 85 peoples who exposed to 
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electromagnetic radiation and 80 peoples were a control group. They found the 

subjects who inhibit nearby mobile phone base station risk to brain function change 

and has nervous system problem. Furthermore, found the neuropsychiatric complaints 

such as headache (23.5%), memory changes (28.2%), dizziness (18.8%), tremors 

(9.4%), depressive symptoms (21.7%) and sleep disturbance (23.5%) were 

significantly higher among exposed residents than control. 

         In 2006, Hutter HP et al. (17) investigated the association between exposure 

from mobile phone base station and other sources of high-frequency electromagnetic 

fields (HF-EMF) and the relation between exposure and subjective symptoms. They 

randomly selected residents livelihood in urban and rural area in Austria for more than 

one year which near to 10 base station (900 MHz). 365 subjects were studied and HF-

EMF was measured in the bedroom 336 households. They found that at the distance 

from base station was 24 – 600 m in the rural area had average power density were 

0.05 mW/m2 and the distance from base station 20 – 250 m in the urban had average 

power density were 0.02 mW/m2. For the relation between exposure and subjective 

symptoms, found that significant relation of some symptoms such as headaches, cold 

hand or feet and difficulties to concentrate. 

         In 2007, Preece A W et al. (18) studies about past and future effects which 

caused high power transmissions of high frequency (7 – 30 MHz) radio waves from 

military antenna systems. They investigated in three villages (two exposed, one 

unexposed) which 966, 920 persons for exposure and non-exposure, respectively. The 

result found that field strengths within the two exposed villages were maximum of 

0.30 V/m (at 17.6 MHz) and up to 1.4 V/m from unspecified sources and in the 

unexposed villages were < 0.01 V/m when compared the unexposed villages there 

were highly significant difference in the reporting of migraine (OR=2.7), headache 

(OR=3.7) and dizziness (OR=2.7) 

         In 2003, Santini R. et al. (19) studied health symptoms in the vicinity inhabitants 

of cellular phone base station. A questionnaire was applied in collecting data from 530 

people (270 men, 260 women).  The researcher divided subjects group was 14 group, 

group 1 – 6 was distances from base station (m). The people who lived far from base 

station more than 300 m was unexposed group (group 1), group 7 – 10 was a number 

of year that live nearby base station (year) and group 11 – 14 was location that relate 
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with position of antennas. The study found 20.7 % of subjects lived away from base 

station more than 300 m and the peoples who was different distance had several health 

symptoms such as nausea, loss of appetite and visual disturbance (up to 10 m). 

Irritability, depressive tendencies and lowing of libido (up to 100 m). Headaches, sleep 

disturbances and feeling of discomfort (up to 200 m). and fatigue in the distance 200 

to 300 m. Health symptoms above-mentioned, In the woman significantly higher than 

the man. And not found difference about duration of living nearby mobile phone base 

station. 

         In 2003, Martin Roosli et al. (35) studied health symptoms which was assumed 

effects to electromagnetic field exposure by use a questionnaire survey. 429  

questionnaires were distributed to people who complained about theirs symptoms and 

returned of which 394 persons reported theirs symptoms. The average age of theirs 

were 51 years and 57 percent were female. The study found health symptoms as sleep 

disorder (58%), headache (41%), nervousness or distress (19%), fatigue (18%) and 

concentration difficulties (16%) which their symptoms most frequently occur in the 

residents who lived nearby mobile phone base station (74%). 

 

2.6.2 Animal experiment 

         In 2003, Salford LG et al. (11) studied effects on exposure to microwave in 32 

rat. Specific cage, mobile phone( GSM, 900 MHz (2 watt) and 1800 MHz (1 watt))  

and coaxial cahles microwave were designed in this experiment. Rat were exposed for 

2 hour per day continually 50 days. The result found that hippocampus of exposed rats 

contained damaged neurons.  The pathology was severe and increasing when exposed 

strong power. Not found in control group. 

          In 2002, Ivancica Trosic et al. (36) studied male rats were exposed for 2 hour 

per day, 7 days for up to 30 days to continuous 2450 MHz radiofrequency microwave 

radiation at power density of 5 – 10 mW/cm2. The study found abnormal of cells in 

spinal cord when exposed radiofrequency for 15 days and specific absorption rate 

(SAR) 0.9 – 1.6 W/kg. 

          In 2000, Hideaki kabuto et al. (37) studied effects of electromagnetic field 

(EMF) that affected on monoamine substance in brain rat. The experimental consisted 

of 4 experiment, namely 
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1. Chronic exposure: rats were exposed EMF for 7 days at 60 Hz and 

strength of magnetic field was 10 Gouss in vertical direction. 

2. Prolonged chronic exposure: rats were exposed EMF 84 days at 60 Hz 

and strength of magnetic field was 10 Gouss in horizontal direction. 

3. Acute exposure: 1, 3, 6, 9 and 12 month  rats  were exposed EMF 6 hour 

at 60 Hz and strength of magnetic field was 10 Gouss in horizontal 

direction. 

4. Acute exposure: rats  were exposed EMF 1 hour at 60 Hz and strength 

of magnetic field was 1, 3.3 and 10 Gouss in horizontal direction. 

         From 4 experiment, 1st, 2nd and 3rd experiment not found changing of 

monoamine or metabolite but for 4th experiment found increasing of 

dihydroxyphenylacetic acid (DOPAC) in Hippocampus (HP) and Hypothalamus (HY). 

Increasing of homovanilic acid (HVA) in HY and increasing of 5-hydroxyindolacetic 

acid (5-HIAA) in hippocampus and thalamus-midbrain significantly compare with 

control group that non-exposed EMF. 

         In 2005, Ahmet Koyu et al. (38) studied effects of electromagnetic field at 900 

MHz and thyroid stimulating hormone (TSH) and triiodothronine-thryoxin (T3-T4) 

hormones in 30 male rats, 4 weeks. Rats were separated 3 groups, 10 male rats in each 

group.   

1. Control group: unexposed and non-stress 

2. Exposed group: stress and exposed EMF 30 minute per day, 5 days per 

weeks. 

3. Sham-exposed: similar to exposed group but unexposed EMF 

         They collected the blood from 3 group and then centrifuge the blood until got 

blood serum and analyzed by immunoradiometric assay (IRMA) method and radio-

immuno assay (RIA) for analyzed T3-T4. The results found that TSH hormone and T3-

T4 hormone lower than sham-exposed (p < 0.01) and not found difference between 2 

both hormone between control group and sham-exposed. This study indicated that 

EMF at 900 MHz can reduce TSH and T3-T4 hormone. 
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         2.6.3 Mobile phone 

         In 2001, Sin-Eng Chia et al. (39) studied headache symptom in mobile phone 

users in Singapore. 808 questionnaires were distributed to the sample, 12 – 70 years 

age. This study found that 45 percentage of all used mobile phone which this group 

got headache symptom more than the sample didn’t use mobile phone. Headache 

symptom were vary severe when mobile phone were used long time and found that 

hand-free can reduce headache symptom in mobile phone users. 

         In 2001, Sandstrom M. et al. (40) studied mobile phone users in 2 system namely, 

5613 persons were analogue system and 6379 persons were digital system in Sweden 

and 2500 persons from Norway. By symptom questionnaires and the results found 

analogue system mobile phone users had headache, ears pain and skin irritation  more 

than digital system mobile phone user. Other than found that the amount time of 

mobile phone usability per day associated headache symptom. 

         In 2002, Rodney J. Croft et al. (41) studied electroencephalogram (EEG) in 16 

males and 8 females, age during 19 – 48 years. Inclusion criteria was no abnormal 

about hearing and healthy or was disease that related nervous system. The results 

found that mobile phone usability were affect on nervous system function. 

         In 2005, Kemal Balikci et al. (42) studied effects on neurological symptom and 

sensations experienced which might occur from mobile phone usability. The 

researcher collected the data by questionnaires. 695 persons, 193 female and 502 male. 

The results found mobile phone usability were cause headache, decrease of the reflex, 

clicking sound in the ears and neuron-psychological discomfort. 

         In 2005, Hasan H. Balik et al. (43) studied long-term effects of mobile phone 

usability that affected on the eyes. The researcher collected the data by questionnaires. 

695 persons, 193 female and 502 male. The results found that usage of mobile phone 

may cause blurring of vision, secretion of the eyes, inflammation in the eyes and 

lacrimation of the eyes but not found usage of mobile phone cause redness on the eyes 

and vision disturbance. 
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CHAPTER III 

MATERIALS AND METHODS 

 

 

3.1 Study Design 

         This research was a cross-sectional study with two groups design .The purpose 

was in order to studied power density of electromagnetic radiation in shopping malls 

with pico cell mobile phone base station and to studied neurobehavior (short-term 

memory, coordination of visuomotor speed and attention) on attendants who were 

working in shopping malls. This study was conducted during August to November 2008 

at 11.00 a.m. – 16.00 p.m. on Monday to Friday.  

         The study was approved by the Committee on Human Rights Related to Human 

Experimentation, Faculty of public health, Mahidol University, Bangkok. (Project No. 

MUPH 2008-127) (see appendix A) 

 

 

3.2 Population and sample 

         3.2.1 Population 

         In this study, the population was attendants of retail shop in the shopping malls 

with and without pico cell. It had a total 6 place where permitted into the study. The 

shopping mall consisted of 3 place installed pico cell and 3 place without pico cell. 

 

         3.2.2 Sample  

         The samples of this study had two groups namely, 200 attendants who were 

working in shopping mall with pico cell were exposure group and 200 attendants who 

were working in shopping mall without pico cell were unexposed group. The total of 

attendants volunteered to participate in the study. 

         Inclusion criteria for samples group were non-alcoholism, non-encepheralpathy 

and unexposed to chemical that effect on nervous system such as solvent etc. and 
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exclusion criteria were attendants who drank alcohol before neurobehavior test 24 

hour or slept less than 6 hour before testing or take a drug that effect on nervous 

system such as cold drug, cough syrup or afterwards found that attendants were a 

encepheralpathy.  

. 

         Sample size calculation 

         The sample size was calculated by Lemesshow et al.,1990 formula () as follows 

 

( )2 2 2
/ 2 1 2

2

Z
n

d

α σ σ⋅ +
=  

                 n  = sample size in each group 

        2 2
1 2,σ σ   = variance of population group 1, 2 often estimate with variance S2

1, S
2
2 

                 d  = error of mean estimation 

            / 2Zα  = percentile at (1-α/2)% of standard normal curve with level of 

significance (α = 0.05) 

 

         The value of  S21, S
2
2 from the study of Abdel-Rassoul which used digit span test 

for neurobehavior testing found that variance of exposed group (S2
1) was 7.9524 point. 

For correspond to coefficient of variance (CV) that determine to 5 %, S2
2 was 0.2209 

point. By showed in the calculation as follows 

2

2

X

S
CV =  

20.05
9.4

S
=  

2 0.47S =  

2
2 0.2209S =  

        1X  = 9.0 point and 2X = 9.4 point  ∴∴∴∴ =−= 21 XXd 0.4 point 

        / 2Zα  = 1.96 
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Represent in formula ; 

    n =  (1.96)2 (7.9524 + 0.2209) 

                                                                       (0.4)2 

      =  (3.8416)(8.1733) 

                                                                    0.16 

          =  196.24 

∴∴∴∴The numbers of sample size were 200 peoples in each group 

 

 

3.3 Material and Instrument 

         3.3.1 Instruments 

         1. Radiation Meter (NARDA / Germany : EMR – 300) 

         Radiation meter was used measure the power density of electromagnetic 

radiation at frequencies 100 kHz – 3 GHz which it could measure in unit V/m, A/m, 

mW/cm2 and W/m2. In the measurement took a time 6 minute per working position of 

sale persons.(Figure 3-1) 

         2. Laser rangefinder 

         Laser rangefinder was used for measure a distance between pico cell and 

working position of sale persons which it could measure 4.5 – 1350 meter (5 – 150 

yard) and selected in unit meter and yard. It had the error was +/- 0.9 meter (1 yard). 

(Figure 3-2) 

         3. Tripod 

         It was used for supported and installed radiation meter. In case of work position 

was standing. 

         4. Stopwatch 

         It was used reckon time for neurobehavior testing. 

 

         3.3.2 Questionnaires  

         The questionnaire consisted of 3 part namely, 

                 1. Personal data  

                 2. Working data and mobile phone usage 

                 3. Medical history  
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         3.3.3 Neurobehavior Test 

         The neurobehavior test consisted of 3 method of measuring, 1.short-term 

memory testing by digit span test, 2. coordination of visuomotor speed testing by digit 

symbol test and 3. attention testing by trail making A test. All samples group were 

tested with 3 method of measuring in each persons onetime. 

 

 
 

Figure 3-1  Radiation Meter (NARDA/Germany : EMR-300) 

 

 

                                                 

 

Figure 3-2 Laser rangefinder (Bushnell : Elite 1500) 
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3.4 Data Collection 

        3.4.1 The surveying 

        The researcher surveyed the shopping mall in Bangkok and up-country.   In order 

to knew about the shopping mall with and without pico cell. along with, the number of 

attendants who consented to the study. After that the researcher sent a letter to the 

shopping mall manager asked for permission data collecting in the shopping mall. 

         

         3.4.2 The electromagnetic radiation measurement 

         1. The battery charge state was checked by pressed the ON/OFF button while 

switched on. The monitor showed the battery state residual in bar-graph pattern and 

the all time after the last charge. 

         2. The probe was installed by took the red dot of probe connected with the red 

dot of radiation meter and then raised and hold the locking sleeve and pressed toward 

the radiation meter until the plug locks. 

         3. Radiation meter switched on by pressed the ON/OFF button. It was performed 

self-test as follows. 

                 - The alarm LED light up and the monitor showed all function 

                 - The monitor showed a word “CAL” that means calibration factor. 

                 - Checked the memory, A/D converter, probe and internal pressure 

                 - The battery pressure express in bar-graph 

                 - The end of self-test was indicate by a beep 

         4. Changing of unit measurement by pressed the mW/cm2 button 3 time for 

changed to unit modes W/m2  

         5. Set the average time by pressed the LIMIT/CAL 3 time until the monitor 

displayed “ATI”. Then pressed hold down the SHIFT button and used the ↑ button to 

increase the value or the ↓ button to decrease the value. Six minutes(06:00) was 

selected. 

         6. Changing of output data was average by pressed the MAX/AVRG 2 time 

         7. Start to measurement by pressed the SHIFT + START/STOP(MEM) button 

         8. The result of electromagnetic radiation measure was wrote on blank form 

         9. The last result also deleted by pressed  the SHIFT + CLEAR(SPATIAL) 

button until to hear a beep 
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         10. Turn off the radiation meter by pressed the ON/OFF button. 

 

        3.4.3 The Interview  

        The questionnaire consisted of 3 part namely, personal data, working data and 

mobile phone usage and medical history which use the time about 5 minutes for 

interviewed. 

 

         3.4.4 Neurobehavior Test 

                 3.4.4.1 Digit span test                   

                 Digit Forward: This testing was a digit series. The researcher read the digits 

onetime and then the subject repeat after the researcher. The researcher told the subject 

listen to be carefully. The test begins with 3 digits and increase in sequence. The 

researcher read each number every second. 

                 For example, the researcher read 2-8-4 and then the subject must to speak  

2-8-4 

                 If the subject said wrong number or misunderstood, the research would give 

the answer and start a new series of digit. The test had 2 part. If the subject failed in 

first part such as ask for the repeating or said wrong number. The researcher would 

continue the second part. The test will end if the subject failed in both part of the test. 

                 Testing time: 5 minutes 

                 Mark: The highest score was the subjects repeated correct in first or second 

part of the test. The full score was 9. 

                 Digit backward: This testing was a digit series. The researcher read the 

digits onetime and then the subject repeat backwards. The researcher told the subject 

listen to be carefully. The test begins with 2 digits and increase in sequence. The 

researcher read each number every second. 

                 For example, the researcher read 7-1 and then the subject must to speak 1-7 

                 If the subject said wrong number or misunderstood, the research would give 

the answer and start a new series of digit. The test had 2 part. If the subject failed in 

first part such as ask for the repeating or said wrong number. The researcher would 

continue the second part. The test will end if the subject failed in both part of the test. 

                 Testing time: 5 minutes 
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                 Mark: The highest score was the subjects repeated correct in first or second 

part of the test. The full score was 8. 

                 3.4.4.2 Digit symbol test 

                 This testing consisted of 9 digit and it had a symbol to match each digit. 

The researcher explained a test to the subject. The subject would observe the digit 

above the quadrilateral and the symbol below the quadrilateral. The subject must to 

write a symbol in the quadrilateral which matched with the digit above the 

quadrilateral. 

                 For example,  

                 The quadrilateral number 1, the subject wrote the symbol > 

                 The quadrilateral number 2, the subject wrote the symbol + 

                 The quadrilateral number 3, the subject wrote the symbol ∩ 

                     The researcher had been shown 3 symbols to the subject and asked the 

subject to do the test in 6 number. If the subject misunderstood, the researcher must to 

explain until the subject wrote the symbol in 6 quadrilateral correctly. 

                 The testing will start when the subject is ready. The subject must to write 

the symbol in every quadrilateral and did it as fast as possible until time up. 

                 Testing time: 2 minutes 

                 Mark: The correct answer. The full score was 100. 

                 3.4.4.3 Trail Making A test 

                 This test consisted of the number 1 to 25 . The researcher explained the test 

to the subject and done a example test showed the subject. The testing will start when 

the subject is ready. The subject must to draw a line in the test and did it as fast as 

possible until time up. 

                 Testing time: 90 seconds 

                 Mark: The time (seconds) that the subject used for did the test 
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3.5 Statistical analysis 

         The data were analyzed by SPSS version 11.0 and the following statistical 

methods were used for this analysis  

 

        3.5.1 Descriptive analysis 

                 1. The General characteristics of the sample groups were presented as 

frequency, percentages, mean (Χ ) and standard deviation (SD). 

                 2. The data of neurobehavior test were presented as median, Maximum and 

Minimum. 

                 3. The power density of electromagnetic radiation was presented as median, 

Maximum and Minimum. 

        3.5.2 Analytical analysis 

                 1. Kolmogorov-Smirnov test was used to testing of normality. 

                 2. Independent t-test was used for testing the mean of samples group: age, 

working duration, workday, work hours and mobile phone usability data. 

                 3. Pearson Chi-Square test was used for testing the relation of samples 

group: alcohol drinking, smoking, congenital disease, regularly oral drug, hand free 

usability, sex, education level and status. 

                 4. Fisher’s Exact test was used for testing the relation of samples group: 

chemical exposure. 

                 5. Mann Whitney u test was used for testing a comparison of the median of 

power density between the shopping malls with and without pico cells and the result of 

neurobehavior test. 

                 6. Multiple Regression was used for testing independent variables which 

influenced on dependent variables.  

                   7. Level of significantly at α = 0.05 (p-value ≤ 0.05 was considered statistically 

significant). 
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CHAPTER IV 

RESULTS 

 

 

         The purpose of this study was measurement of power density of electromagnetic 

radiation (EMR) that was emitted from mobile phone base station ( pico cell ) and 

tested neurobehavior of attendants who exposed EMR in shopping mall and compared 

the power density and neurobehavior between attendants who were working in 

shopping malls with and without pico cell. The result of this study consisted of 4 part, 

as follows 

         4.1 Characteristics of samples 

         4.2 The measurement of electromagnetic radiation (EMR) 

                 4.2.1 The shopping malls with pico cell.  

                 4.2.2 The shopping malls without pico cell.  

                 4.2.3 Compare the power density of EMR. 

         4.3 Neurobehavior testing 

                 4.3.1 The attendants who were working in shopping malls with pico cell. 

                 4.3.2 The attendants who were working in shopping mall without pico cell. 

                 4.3.3 Compare the neurobehavior of the attendants.  

         4.4 Multiple Regression analysis 

                 4.4.1 Factors which influenced on points of digit span test 

                 4.4.2 Factors which influenced on trail making A test 

                 4.4.3 Summary of variable association 
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4.1 Characteristics of samples 

         The total of samples that consented to this study were 400 peoples, 200 peoples 

from shopping malls with pico cell (exposed group = shopping mall A, B and C, the 

attendants who participated in the study were 10, 32 and 61, respectively) and 200 

peoples from shopping malls without pico cell (unexposed group = shopping mall D, E 

and F, the attendants who participated in the study were 60, 59 and 81, respectively) 

         Both of the samples group had the same occupational such as clothing and 

decoration attendants, mobile phone, toy and miscellaneous things etc. 

         The characteristics of 2 samples group were presented in Table 4-1, 4-2, 4-3 and  

Table 4-4. 

 

        4.1.1 Personal data 

         The personal data of exposed group and unexposed group consisted of gender, 

age, education level and status were shown in Table 4-1. 

         The majority of exposed group was a female (80%) and the majority of 

unexposed group was a female, as well (72%). The ages of exposed group and 

unexposed group were during 20 – 29 year (57.0% and 51.0% respectively). The average 

ages of the exposed group and unexposed group were 27.50 + 6.26 years and 28.72 + 8.26 

years respectively. The minimum and maximum ages of both groups were 18 years and 49 

years respectively. 

          The education level of exposed group was secondary school, bachelor’s degree 

and vocational were (42.5%, 35.5%, and 17.5% respectively). The education level of 

unexposed group was bachelor’s degree, secondary school and vocational were 

(38.0%, 33.5%, and 23.5% respectively). The majority of the both group were single 

(77.0% and 71.5% respectively). 
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Table 4-1 The personal data of samples group 

Exposed group Unexposed group Characteristic 

n = 200 percent n = 200 percent 

p-value 

Gender      

male 40 20.0 56 28.0 

female 160 80.0 144 72.0 
0.061b 

Age (years)      

18-19  21 10.5 21 10.5 

20-29 114 57.0 102 51.0 

30-39 54 27.0 52 26.0 

40-49 11 5.5 25 12.5 

Mean ± S.D. 27.50 ± 6.26 28.72 ± 8.26 

0.098a 

Education level      

primary education 9 4.5 11 5.5 

secondary education 84 42.5 67 33.5 

vocational education 35 17.5 46 23.5 

bachelor’s degree 71 35.5 76 38.0 

0.311b 

Marriage status      

single 154 77.0 143 71.5 

married 44 22.0 48 24.0 

divorce 2 1.0 9 4.5 

0.081b 

Note:  a = Independent Samples t-test, b = Chi-Square test 
 
 

         4.1.2 The working data of samples 

         The working data of samples include working duration, workday per week and 

work hour per day were shown in Table 4-2. 

         The majority of exposed group and unexposed group had working duration less 

than 1 year (56.5% and 51.0% respectively) and workdays were 7 days per week 

(56.5% and 67.0% respectively). The majority of work hour of exposed group and 

unexposed group were 9 – 12 hour per day (84.5% and 71.5% respectively). 
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Table 4-2 The working data of samples group 

Exposed group Unexposed group Characteristic 

n = 200 percent n = 200 percent 

p-value 

Working duration (month)      

≤ 12 113 56.5 102 51.0 

13-36 46 23.0 57 28.5 

37-60 22 11.0 22 11.0 

> 60 19 9.5 19 9.5 

Mean ± S.D. 24.43 ± 31.13 31.80 ± 42.20 

0.047a 

Workday per week (day)      

5-6 87 43.5 66 33.0 

7 113 56.5 134 67.0 

Mean ± S.D. 6.52 ± 0.58 6.53 ± 0.74 

0.940a 

Work hour per day (hour)      

1-8 31 15.5 57 28.5 

9-12 169 84.5 143 71.5 

Mean ± S.D. 10.25 ± 1.40 9.35 ± 1.84 

<0.001a 

Note:  a = Independent Samples t-test 
 

4.1.3 The mobile phone usability data 

         The mobile phone usability consented of the amount years, the amount times per 

day, the amount minute per times, the amount minute par day that used mobile phone 

and hand free usability were shown in Table 4-3 

         The majority of exposed group and unexposed group about the amount years that 

used mobile phone were during 5 – 10 years. The majority amount times that used 

mobile phone per day of exposed group were 1 – 10 times and for unexposed group 

were 11 – 20 times (84.0% and 83.0% respectively). The majority amount minute that 

used mobile phone per times of exposed group and unexposed group were 1 – 60 

minutes (55.0% and 59.0% respectively). And the both group didn’t use hand free 

during mobile phone usability. 
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Table 4-3 The mobile phone usage data of samples group 

Exposed group Unexposed group Characteristic 

n = 200 percent n = 200 percent 

p-value 

Year      

< 5 35 17.5 46 23 

5-10 141 70.5 139 69.5 

>10 24 12.0 15 7.5 

Mean ± S.D. 7.69 ± 3.93 7.00 ± 3.30 

0.058a 

Time per day      

1-10 168 84 166 83.0 

11-20 25 12.5 30 15.0 

21-30 5 2.5 4 2.0 

> 30 2 1.0 0 0.0 

Mean ± S.D. 8.52 ± 6.97 8.08 ± 5.82 

0.498a 

Minute per time      

1-15 140 70.0 148 74.0 

16-30 50 25.0 48 24.0 

31-45 3 1.5 1 0.5 

46-60 7 3.5 3 1.5 

Mean ± S.D. 13.95 ± 13.56 12.02 ± 11.16 

0.121a 

Minute per day      

1-60 110 55.0 118 59.0 

61-120 33 16.5 33 16.5 

121-180 19 9.5 17 8.5 

181-240 11 5.5 11 5.5 

> 240 27 13.5 21 10.5 

Mean ± S.D. 111.71 ± 130.69 95.28 ± 110.58 

0.175a 

Hand free       

non-use 175 87.5 161 80.5 

use 25 12.5 39 19.5 
0.056b 

Note:  a = Independent Samples t-test, b = Chi-Square test 
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         4.1.4 The history medical of samples group 

         The medical history include congenital disease, regularly oral drug, alcohol 

drinking, smoking and chemical exposure were shown in Table 4-4. 

         The majority of exposed group and unexposed group didn’t have the congenital 

disease (81.0% and 82.5% respectively) and didn’t eat regularly oral drug (90.5% and 

90.0% respectively).   

         The majority of exposed group and unexposed group didn’t drink alcohol before  

neurobehavior testing in last night (93.5% and 83.0% respectively) and didn’t smoke 

tobacco (90.5% and 89.5% respectively). 

         All of the samples group didn’t expose chemical substance during working. It 

had only 0.5% of both group that exposed chemical substance as thinner and lead weld. 

 

Table 4-4 The medical history of samples group 

Exposed group Unexposed group Characteristic 

n = 200 percent n = 200 percent 

p-value 

Congenital disease      

non-disease 162 81.0 165 82.5 

disease 38 19.0 35 17.5 
0.698b 

Regularly oral drug      

non-oral drug 181 90.5 180 90.0 

oral drug 19 9.5 20 10.0 
0.866b 

Alcohol drinking      

non-drink 187 93.5 166 83.0 

drink 13 6.5 34 17.0 
0.001b 

Smoking      

non-smoke 181 90.5 179 89.5 

smoke 19 9.5 21 10.5 
0.739b 

Chemical exposure      

non-expose 199 99.5 199 99.5 

expose 1 0.5 1 0.5 
1.000c 

Note:  b = Chi-Square test, c = Fisher’s Exact test 
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         The data of exposed group and unexposed group in Table 4-1, 4-2, 4-3 and Table 

4-4 were took to analyze with statistics. The result of statistics analysis not found 

significantly difference between sex, age, education level, status, workday per week, 

the mobile phone usability, hand free usability, congenital disease, regularly oral drug, 

smoking and chemical exposure. But, significantly difference of work duration, work 

hour per day and alcohol drinking (p = 0.047, p< 0.001 and p = 0.001 respectively). 

 

4.2 The measurement of electromagnetic radiation (EMR) 

         4.2.1 The power density in shopping malls with pico cell 

         The researcher measured the electromagnetic radiation (EMR) in 3 shopping 

malls. The result of measurement were shown in Table 4-5. 

 

Shopping mall A 

         The number of pico cell mobile phone base stations were installed in shopping 

mall A were 100 bases. It was installed on the underground floor ,1st, 2nd, 3rd were 48, 

19, 16 and 17 base stations respectively. The total of measurement  were 107 locations. 

The average distance between pico cell and workstation of attendants was 8.85 m. The 

number of measure power density of EMR at workstation of attendants were 107 

locations. The median of power density was 0.0015 W/m2 (Range = 0.0004 – 0.0566 

W/m2). The distribution of power density were presented in Figure 4-1. 

 

Shopping mall B 

         The number of pico cell mobile phone base stations were installed in shopping 

mall B were 9 bases. It was installed on the underground floor ,1st, 2nd, 3rd were 3, 2, 2 

and 2 base stations respectively. The total of measurement were 32 locations. The 

average distance between pico cell and workstation of attendants was 13.94 m. The 

number of measure power density of EMR at workstation of attendants were 32 

locations. The median of power density was 0.0019 W/m2 (Range = 0.0009 – 0.0052 

W/m2). The distribution of power density were presented in Figure 4-2. 
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Shopping mall C 

         The number of pico cell mobile phone base stations were installed in shopping 

mall C were 37 bases. It was installed on the underground floor ,1st, 2nd, 3rd were 7, 9, 

10 and 11 base stations respectively. The total of measurement were 61 locations. The 

average distance between pico cell and workstation of attendants was 4.98 m. The 

number of measure power density of EMR at workstation of attendants were 61 

locations. The median of power density was 0.0110 W/m2 (Range = 0.0026 – 0.1107 

W/m2). The distribution of power density were presented in Figure 4-3. 

 

Table 4-5 The power density of EMR at workstation of attendants in shopping  

                 malls with pico cell 

Power density (W/m2) Malls Floor No. of 

pico cell 

Distance No. of 

measure Median Min - Max 

0 48 7.10 52 0.0021 0.0004 – 0.0188 

1 19 8.20 10 0.0019 0.0007 – 0.0566 

2 16 10.50 18 0.0014 0.0005 – 0.0040 
A 

3 17 11.44 25 0.0011 0.0004 – 0.0021 

 Total 100 8.85 107 0.0015 0.0004 – 0.0566 

0 3 12.82 11 0.0021 0.0009 – 0.0052 

1 2 12.60 5 0.0023 0.0017 – 0.0045 

2 2 13.44 9 0.0019 0.0013 – 0.0043 
B 

3 2 17.29 7 0.0019 0.0013 – 0.0025 

 Total 9 13.94 32 0.0019 0.0009 – 0.0052 

0 7 4.80 20 0.0050 0.0026 – 0.0198 

1 9 4.94 18 0.0156 0.0048 – 0.0240 

2 10 5.86 14 0.0101 0.0033 – 0.1107 
C 

3 11 4.11 9 0.0127 0.0057 – 0.0311 

 Total 37 4.98 61 0.0110 0.0026 – 0.1107 

Note:  floor 0 = Underground 
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Figure 4-1 The distribution of power density in shopping mall A 
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Figure 4-2 The distribution of power density in shopping mall B 
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Figure 4-3 The distribution of power density in shopping mall C 

 

         4.2.2 The power density in shopping malls without pico cell 

         The researcher measured the electromagnetic radiation (EMR) in 3 shopping 

malls. The result of measurement were shown in Table 4-6. 

 

Shopping mall D 

         The total of measurement were 60 locations. The median of power density was 

0.0009 W/m2 (Range = 0.0002 – 0.0053 W/m2). 

 

Shopping mall E 

         The total of measurement were 59 locations. The median of power density was 

0.0025 W/m2 (Range = 0.0006 – 0.0069 W/m2). 

 

Shopping mall F 

         The total of measurement were 81 locations. The median of power density was 

0.0022 W/m2 (Range = 0.0006 – 0.0055 W/m2). 
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Table 4-6 The power density of EMR at workstation of attendants in shopping  

                 malls without pico cell. 

Power density (W/m2) 
Malls Floor No. of measure 

Median Min - Max 

1 30 0.0007 0.0002 – 0.0012 
D 

2 30 0.0011 0.0007 – 0.0053 

 Total 60 0.0009 0.0002 – 0.0053 

1 35 0.0025 0.0007 – 0.0065 
E 

2 24 0.0023 0.0006 – 0.0069 

 Total 59 0.0025 0.0006 – 0.0069 

F 1 81 0.0022 0.0006 – 0.0055 

 Total 81 0.0022 0.0006 – 0.0055 

 

         4.2.3 The compare of the power density between shopping malls with and 

without pico cell. 

         The power density of EMR between shopping malls with pico cell mobile phone 

base stations and without pico cell were significantly difference (p < 0.001). The 

results were shown in Table 4-7 

 

Table 4-7 The power density between shopping malls with and without pico cell 

                 ,statistics analysis. 

Power density (W/m2) 
Malls No. of measure 

Median Min - Max 
p-value d 

107 0.0015 0.0004 – 0.0566 

32 0.0019 0.0009 – 0.0052 with pico cell 

61 0.0110 0.0026 – 0.1107 

Total 200 0.0025 0.0004 – 0.1107 

60 0.0009 0.0002 – 0.0053 

59 0.0025 0.0006 – 0.0069 
without 

pico cell 
81 0.0022 0.0006 – 0.0055 

Total 200 0.0014 0.0014 – 0.0069 

< 0.001 

Note: d = Mann-Whitney U Test 

Copyright by Mahidol University



Panida Sangkachan 
 

Results / 54 

         4.2.4 Analysis of variance between power density (dependent variable) and 

Factors (independent variable). 

         Table 4-8 was analysis of variance (1-WAY ANOVA) to studied dependent 

variable (power density) depend on independent variables ( mall, floor, distance and 

number of pico cells). The results found that the power density of EMR depend on 

type of mall (with and without pico cell) and test of power density variance of 6 malls 

found that mall C had the mean of power density difference from other malls and the 

number of pico cell in mall C had the mean of power density difference from mall A 

and mall B were significantly difference (p<0.001). But not difference between floors 

of malls. Moreover, the distance less than 6 m had the mean of power density was 

differed from the distance more than 10 m was significantly difference (p=0.009) . 

 

Table 4-8 Analysis of variance between power density of EMR (dependent variable)  

                 and Factors (independent variable). 

Factors X   S.D. Minimum Maximum F p-value e 

Mall         

A 0.002878 0.0060448 0.0004 0.0566 

B 0.002266 0.0010646 0.0009 0.0052 

C 0.013475 0.0145653 0.0026 0.1107 

D 0.001238 0.0011339 0.0002 0.0053 

E 0.002868 0.0017636 0.0006 0.0069 

F 0.002442 0.0014480 0.0006 0.0055 

29.712 0.000 

Floor       

0 0.003947 0.0040517 0.0004 0.0198 

1 0.003835 0.0059775 0.0002 0.0566 

2 0.004502 0.0117839 0.0005 0.1107 

3 0.004707 0.0077654 0.0004 0.0311 

0.255 0.858 

Distance       

< 6 0.009191 0.0143388 0.0009 0.1107 

6 – 8 0.005644 0.0063734 0.0005 0.0240 

8 – 10 0.005272 0.0058917 0.0004 0.0204 

> 10 0.003234 0.0078612 0.0004 0.0566 

3.938 0.009 
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Table 4-8 Analysis of variance between power density of EMR (dependent    variable)    

                 and Factors (independent variable). (continued) 

Factors X   S.D. Minimum Maximum F p-value e 

# of pico cell       

Mall A, 100 0.002878 0.0060448 0.0004 0.0566 

Mall B, 9 0.002266 0.0010646 0.0009 0.0052 

Mall C, 37 0.013475 0.0145653 0.0026 0.1107 

29.000 0.000 

Note: e = Analysis of variance (1-WAY ANOVA) 

 

 

4.3 Neurobehavior Test 

         4.3.1 The results of neurobehavior test of the attendants who were working 

in shopping malls with pico cell.  

         The researcher tested the neurobehavior test of attendants in shopping malls with 

pico cell all 3 place. By used the digit span test for short-term memory, the digit 

symbol test for coordination of visuomotor speed and the trail making A test for 

attention. 200 attendants consented to this study but 13 attendants drank alcohol before 

neurobehavior testing last night and exposed chemical substance were separated out. 

The results of neurobehavior testing were shown in Table 4-9. 

 

Shopping mall A  

         The number of attendants who consented to neurobehavior testing were 100 

persons. They got the median points of the digit span test was 11.00 point (Range = 6 

– 17 point), the median point of the digit symbol test was 58.00 point (Range = 26 – 

87 point) and the median time (second) of the trail making A test was 33.00 second 

(Range = 13 – 90 second) 

 

Shopping mall B  

         The number of attendants who consented to neurobehavior testing were 28 

persons. They got the median points of the digit span test was 11.00 point (Range = 8 

– 16 point), the median point of the digit symbol test was 56.00 point (Range = 33 – 
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87 point) and the median time (second) of the trail making A test was 35.50 second 

(Range = 13 – 90 second) 

Shopping mall C  

         The number of attendants who consented to neurobehavior testing were 59 

persons. They got the median points of the digit span test was 11.00 point (Range = 8 

– 16 point), the median point of the digit symbol test was 57.00 point (Range = 29 – 

97 point) and the median time (second) of the trail making A test was 30.00 second 

(Range = 15 – 90 second) 

 

Table 4-9 The results of neurobehavior test of the attendants who were working in 

                 shopping malls with pico cell. 

Tests 

Digit Span (point) Digit Symbol (point) Trail Making A (s) 

Malls Samples 

(n) 

Median Min-Max Median Min-Max Median Min-Max 

A 100 11.00 6 - 17 58.00 26 - 87 33.00 13 - 90 

B 28 11.00 8 - 16 56.00 33 - 87 35.50 13 - 90 

C 59 11.00 8 - 16 57.00 29 - 97 30.00 15 - 90 

Total 187 11.00 6 - 17 57.00 26 - 97 31.00 13 - 90 

 

         4.3.2 The results of neurobehavior test of the attendants who were working 

in shopping malls without pico cell. 

         The researcher tested the neurobehavior test of attendants in shopping mall 

where were not install pico cell all 3 place. 200 attendants consented to this study but 

34 attendants drank alcohol before neurobehavior testing last night and exposed 

chemical substance were separated out. The results of neurobehavior testing were 

shown in Table 4-10. 

 

Shopping mall D  

         The number of attendants who consented to neurobehavior testing were 49 

persons. They got the median points of the digit span test was 12.00 point (Range = 9 

– 16 point), the median point of the digit symbol test was 61.00 point (Range = 29 – 
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93 point) and the median time (second) of the trail making A test was 27.00 second 

(Range = 15 – 90 second). 

 

Shopping mall E  

         The number of attendants who consented to neurobehavior testing were 54 

persons. They got the median points of the digit span test was 11.00 point (Range = 8 

– 15 point), the median point of the digit symbol test was 57.00 point (Range = 20 – 

100 point) and the median time (second) of the trail making A test was 27.50 second 

(Range = 10 – 90 second). 

 

Shopping mall F  

         The number of attendants who consented to neurobehavior testing were 63 

persons. They got the median points of the digit span test was 12.00 point (Range = 6 

– 17 point), the median point of the digit symbol test was 59.00 point (Range = 27 – 

91 point) and the median time (second) of the trail making A test was 21.00 second 

(Range = 12 – 71 second).  

 

Table 4-10 The results of neurobehavior test of attendants who were working in 

                 shopping malls without pico cell. 

Tests 

Digit Span (point) Digit Symbol (point) Trail Making A (s) 

Malls Samples 

(n) 

Median Min-Max Median Min-Max Median Min-Max 

D 49 12.00 9 -16 61.00 29 - 93 27.00 15 -90 

E 54 11.00 9 - 15 57.00 20 - 100 27.50 10 - 90 

F 63 12.00 6 - 17 59.00 27 - 91 21.00 12 - 71 

Total 166 12.00 6 - 17 59.00 20 - 100 25.00 10 - 90 

 

         4.3.3 The compare of neurobehavior testing between attendants who were 

working in shopping malls with and without pico cell. 

         Table 4-11 shown the result of neurobehavior of the samples group with 3 test. 

The results found that exposed group got the point of short-term memory (Digit Span 

Test) less than unexposed group and took a time for attention (Trail Making A Test) 
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more than unexposed group significantly difference (p = 0.035 and p < 0.001 

respectively). Not found the difference between group for coordination of visuomotor 

speed (Digit Symbol Test). 

 

Table 4-11 The results of neurobehavior of samples group and statistics analysis 

Exposed gr.(n=187)  Unexposed gr.(n=166) 
Tests 

Median Min-Max  Median Min-Max 
p-value 

Digit Span (point) 11.00 6 - 17  12.00 6 - 17 0.035d 

Digit Symbol (point) 57.00 26 - 97  59.00 20 - 100 0.154d 

Trail Making A (s) 31.00 13 -90  25.00 10 - 90 <0.001d 

Note: d = Mann-Whitney U Test 
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4.4 Multiple regression analysis 

         The multiple regression analysis was used in order to studied factors or 

independent variable which influenced on dependent variable (Digit span Test and 

Trail Making A Test). 

Table 4-12  Dummy table for regression analysis 

Variables Measure / Indicator-Coding Variables 

Dependent variables  

1. Digit span (point) Interval scale 

2. Trail Making A (second) Interval scale 

Independent variables  

1. Gender  

    1.1 male gen1  = 0 if subject is female 

    1.2 female (ref. group)           = 1 if subject is male 

2. Marriage status status1 status2    

      2.1 single (ref. group) 0 0    

      2.2 Married 1 0    

      2.3 divorce 0 1    

3. Working duration Interval scale 

4. Workday per week Interval scale 

5. Work hours per day Interval scale 

6. Alcohol drinking   

    6.1 non-drink (ref. group) alcoho1  = 0 if subject doesn’t drink alcohol 

    6.2 drink               = 1 if subject drinks alcohol 

7. Duration in using mobile phone 

(year) 

Interval scale 

8. Frequency in using mobile phone 

per day (number/day) 

Interval scale 

9. Duration in using mobile phone 

each time (minute/time) 

Interval scale 

10. Duration in using mobile phone 

per day (minute/day) 

Interval scale 
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Table 4-12   Dummy table for regression analysis (continued) 

Variables Measure / Indicator-Coding Variables 

11. Hand free usage  

     11.1 non-use (ref. group) handfre1  = 0 if subject doesn’t use hand free 

     11.2 use                  = 1 if subject use hand free 

12. Distance from pico cell  Interval scale 

13. Power density  Interval scale 

14. Location of shopping mall mall1 mall2 mall3 mall4 mall5 

     14.1 A (ref. group) 0 0 0 0 0 

     14.2 B 1 0 0 0 0 

     14.3 C 0 1 0 0 0 

     14.4 D 0 0 1 0 0 

     14.5 E 0 0 0 1 0 

     14.6 F 0 0 0 0 1 

15. Number of pico cell / mall pico1 pico2    

     15.1 100 base stations/A(ref. group) 0 0    

     15.2  9 base stations/B 1 0    

     15.3  37 base stations/C 0 1    

16. Distance2 dis1 dis2 dis3   

     16.1 < 6 m  1 0 0   

     16.2  6 – 8 m 0 1 0   

     16.3  8 – 10 m 0 0 1   

     16.4  > 10 m(ref. group) 0 0 0   

17. Pico mall      

     17.1 without pico cell  picomall1  = 0 if subject is exposed group 

     17.2 with pico cell(ref. group)                   = 1 if subject is unexposed group 
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         4.4.1 The relationship analysis between dependent variables and independent 

variables of 400 shopping mall attendants. 

                 4.4.1.1  Factors which influenced on points of digit span test 

                  Dependent variable: points of digit span test 

                  Independent variables: consisted of 4 part namely, personal data and 

working data, mobile phone usage data, power density data, and type of shopping 

malls (with and without pico cell). Independent variables were examined by vary 

methods such as enter, backward, forward and stepwise and tested assumption of 

regression analysis (as shown in appendix D and Table D-1). The results of analysis 

found that independent variable associated with points of digit span test as follows. 

1. Gender 

2. Marriage status 

3. Frequency in using mobile phone per day (number/day) 

4. Duration in using mobile phone each time (minute/time) 

5. Distance from pico cell (< 6 m, 6 – 8 m, 8 – 10 m, and > 10 m) 

                 Then, the researcher tested interaction effect found that without interaction 

effect and fitting model as shown in Equation (1) 

 

      d1  = 10.656 + 4.332E-02number/day      (1) 

 

                 The results of regression computing for model presented in Equation (1). 

By the points of digit span test of 400 shopping mall attendants could explain with 

equation only 2%, R2 = 0.020 and found that factor which influenced on points of digit 

span test was frequency in using mobile phone per day (number/day). Equation (1) 

was interpreted as follows. 

- Frequency in using mobile phone per day increased 1 times. The points 

of digit span test increased as 0.043 points 

- The points of digit span test  as 10.656 points when without mobile 

phone usage. 
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Table 4-13   Regression analysis of digit span test (d1)  

Variables Coefficient SE(b) Beta t p-value 

Frequency in using mobile phone 

per day (number/day) 

4.332E-02 0.021 0.143 2.035 0.043 

R2 = 0.020    R2 
adj = 0.016     

MSE = 4.378 

Constant = 10.656 

 

                 4.4.1.2  Factors which influenced on trail making A test 

                  Dependent variable: Trail making A test 

                  Independent variables: consisted of 4 part namely, personal data and 

working data, mobile phone usage data, power density data, and type of shopping 

malls (with and without pico cell). Independent variables were examined by vary 

methods such as enter, backward, forward and stepwise and tested assumption of 

regression analysis (as shown in appendix D and Table D-2). The results of analysis 

found that independent variable associated with trail making A test as follows. 

1. Gender 

2. Marriage status 

3. Type of shopping malls (with and without pico cell) 

                 Then, the researcher tested interaction effect found that without interaction 

effect. When the trail making A test was transformed to natural logarithm, it was more 

linearity than original from. And fitting model as shown in Equation (2) 

 

       Ln d2 = 3.516 – 9.19E-02gen1 + 0.175status1 + 9.905E-02status2  

                    –  0.267picomall1                    (2)

  

                 The results of regression computing for model presented in Equation (2). 

By the time (second) of trail making A test of 400 shopping mall attendants could 

explain with equation only 12.30%, R2 = 0.123 and found that factor which influenced 

on the time (second) of trail making A test were gender, marriage status and type of 

shopping malls (with and without pico cell) and fitting model as shown in Equation (2). 
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                 1) Gender 

                  - The mall’s attendants as male. They will take time on trail making A test 

less than female, equal to exp(-9.19E-02) = 0.912 second, while other factors were 

fixed. 

                 2) Marriage status 

                  - The mall’s attendants were married.  They will take time on trail making 

A test more than single, equal to exp(0.175) = 1.191 second, while other factors were 

fixed. 

                  - The mall’s attendants were divorce.  They will take time on trail making 

A test more than single, equal to exp(9.905E-02) = 1.104 second, while other factors 

were fixed. 

                 3) Pico mall 

                  - The mall’s attendants worked in shopping mall without pico cell . They 

will take time on trail making A test less than the mall’s attendants worked in 

shopping mall with pico cell , equal to exp(-0.263) = 0.765 second, while other factors 

were fixed.  

 

Table 4-14   Regression analysis of natural logarithm of trail making A test (Ln d2) 

Variables 
Coefficient SE(b) Beta t p- 

value 

1. Gender      

    1.1 male -9.19E-02 0.051 -0.086 -1.791 0.074 

    1.2 female (ref. group) - - - - - 

2. Marriage status      

      2.1 single (ref. group) - - - - - 

      2.2 Married 0.175 0.052 0.161 3.374 0.001 

      2.3 divorce 9.905E-02 0.134 0.036 0.741 0.459 

17. Pico mall      

     17.1 without pico cell (ref. group) - - - - - 

     17.2 with pico cell -0.263 0.043 -0.292 -6.131 0.000 

R2 = 0.123  R2 
adj = 0.115   

MSE = 0.184 

Constant = 3.516 
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                 4.4.1.3 Summary of variable association 

                 1. Factor which influenced on points of digit span test was frequency in 

using mobile phone per day (number/day) 

                 2. Factor which influenced on the time (second) of trail making A test were 

gender, marriage status and type of shopping malls (with and without pico cell) 

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ. 
 

 

M.Sc.(Industrial Hygiene and Safety) / 65 

 

 

CHAPTER V 

DISCUSSION 

 

 

5.1 Discussion of study design and methodology 

         This study was a cross-sectional study with two groups design. By measured the 

power density of electromagnetic radiation (EMR) at work station and tested 

neurobehavior of attendants in shopping mall where were installed and didn’t install 

pico cell mobile phone base station. 

         From the result, the researcher believed that the errors might occur from several 

factors such as method error, instruments error and personal error etc. 

 

         5.1.1 Systematic error 

                 1. Method error 

                 Due to this study measured the power density of EMR and tested 

neurobehavior on attendants onetime. Furthermore, the pico cell was installed before 

the researcher studied. That may be occur the errors from the method. So, in order to 

decrease the errors, cohort or prospective study ought to take for further study and 

neurobehavior testing, EMR measurement should repeatedly. 

                 2. Instruments error 

                 The radiation meter that used in this study . It measured radio frequencies at 

100 kHz – 300 GHz which caused the power density was not indicate that it was 

emitted from any frequency (800 – 1900 MHz). Moreover, some workstation of 

attendants was nearby the other source of electromagnetic field for example electric 

appliances, electro acoustic and incandescent lamp etc. Therefore, in order to decrease 

the errors, The radiation meter should selected frequency range for measurement or 

use the device that presented the specific absorption rate (SAR) which radio frequency 

energy is absorbed by the body when exposed to radio-frequency electromagnetic field. 
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And in case of the attendants worked nearby the other source, the researcher attempt to 

measure far from other source but close to the attendants. 

                 For, neurobehavior test was applied to this study. It was a test that used for 

assess the abnormality of nervous system from chemical exposure or toxin which 

effected on central nervous system. Also, EMR exposure had an affect on nervous 

system as the study in rat.(5,9) 

                 3. Personal error 

                 Due to the neurobehavior testing about short-term memory, coordination of 

visuomotor speed and attention on attendants in shopping mall must to have the 

suitable environment. So, the environment in shopping mall might affect on this 

testing such as noise, light etc. In addition during the testing when had the customer 

got in the shop, the researcher must to stop the testing and started the testing again 

after the customer left from the shop. In order to decrease the errors, the researcher 

chose the time for neurobehavior testing was 11.00 a.m. to 16.00 p.m. which was the 

free time of attendants and suitable for all the testing. The data collection was carried 

out on Monday to Friday because of on Saturday and Sunday were a busy day for 

attendants and the most of attendants didn’t consent to collected and tested 

neurobehavior. 

 

         5.1.2 Random error 

          Exposed group who participated in this study had the variety of occupation, age 

and education level so the researcher decreased the errors which might occur by 

selected the homogeneous group was the unexposed group. For the workload of each 

attendants in both group (exposed and unexposed) didn’t collect at that time which 

might affect on neurobehavior testing and the shopping malls were differed on the 

number of customer, the height of ceiling. 
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5.2 Discussion of study result 

          5.2.1 The result of electromagnetic radiation and neurobehavior test 

         This study showed that the electromagnetic radiation (EMR) in shopping malls 

where were installed pico cell mobile phone base station more than the location that 

didn’t install pico cell were significantly. When compared EMR between this study 

and Hanprated N. (3) found that the power density lower than Hanprated N. about the 

median (0.0015 W/m2 and 0.0029 W/m2 respectively) and the maximum value (0.1107 

W/m2 and 2.217 W/m2  respectively)  because of Hanprated conducted to measure at 

1.50 m. under pico cell was not workstation of attendants. But the objectives of this 

study were assessment the power density that attendants exposed during working. This 

study measured the electromagnetic radiation which emitted from pico cell by distance 

approximately 4 – 22 m. that it may cause the measurement EMR lower.    

         Although, the maximum of EMR that attendants exposed form pico cell (0.1107 

W/m2) in this study less than the reference levels of ICNIRP ( 4 – 9.5 W/m2 , 800 – 

1900 MHz) but the results of neurobehavior test indicated attendants who exposed 

high EMR had short-term memory and attention poorer attendants who didn’t expose 

EMR from pico cell were significantly. As the study of Abdel-Rassoul G. et al (6) 

researched in 165 Egyptians who lived nearby macro cell mobile phone base station 

amount 3 places. The power density was 0.000002 – 0.000067 W/m2 and found that 

samples group were difference in short-term memory and attention when compare 

control group. Besides, Hutter Hp. et al (7) studied EMR exposure in 3655 Australian 

who lived from macro cell 600 m reported that found the association between EMR 

exposure at 0.00001 – 0.00005 W/m2 and headache cold hand or feet and difficulties 

to concentrate. While Santini R. et al (8) reported that 530 persons who lived in 10 – 

300 m. from macro cell had nausea, bored with food, moody, headache and fatigue. 

         In addition to study in human, have the study in animal experiment presented  

that the electromagnetic radiation that had the power density lower than reference 

levels of ICNIRP can damage efficiency of blood-brain barrier of capillary in rat brain 

such as Oskar et al (5) found leakage of manitol, inulin and dextran from capillary into 

cerebellum of rat which exposed low EMR (0.0030 W/m2). As Salford l. et al (9) 

reported that EMR cause albumin substance leak from blood vessel and damaged 
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neurons in hippocampus of rat brain which had function about memory, movement 

and learning. Besides, had the study that found effects on rat cells or hormone (36-38). 

         So the electromagnetic radiation exposure from pico cell base station continuous 

may occur effects one or the other on nervous system. 

 

         5.2.2 The result of regression analysis 

            This study was a cross-sectional study and measured onetime so the data might 

not represent of general public exposure about the electromagnetic radiation. Because 

of main effects variable didn’t include in regression computation. Equation (1) 

presented that mobile phone usage influenced on short-term memory of shopping mall 

attendants and equation (2) presented that type of shopping mall (with and without 

pico cell) influenced on attendants. However, regression model which presented in this 

study were not appropriate models but this was beginning point for further study. 
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CHAPTER VI 

CONCLUSION AND RECOMMENDATION 

 

 

6.1 Conclusion 

         The purpose of this research were to studied power density of electromagnetic 

radiation (EMR) in shopping mall installed with pico cell mobile phone base station 

and to studied neurobehavior (short-term memory, coordination of visuomotor speed 

and attention) on attendants in shopping mall with and without pico cell, by using the 

radiation meter (NARDA/Germany : EMR-300) for measured the power density of 

EMR at workstation of 400 attendants along with, the neurobehavior testing of them 

with the test was digit span, digit symbol and trail making A. The result of this study 

were concluded as follows: 

         6.1.1 The power density measure of EMR in shopping mall installed with pico 

cells 3 places, 200 workstations were measured. The result found that the maximum of 

power density was 0.1107 W/m2. When compared with the reference level was 2.77% 

- 1.17% of 4 W/m2 - 9.5 w/m2 (at the frequencies were 800 MHz and 1900 MHz) 

respectively. And the power density measure of EMR in shopping mall without pico 

cells 3 place, 200 workstations were measured. The result found that the maximum of  

power density was 0.0069 W/m2. When compared with the reference level was 0.17% 

- 0.07% of 4 W/m2 - 9.5 w/m2 (at the frequencies were 800 MHz and 1900 MHz) 

respectively. 

         Testing the statistic difference between the power density of EMR in shopping 

mall with and without pico cell. The result showed that both of two group were 

significantly difference (p< 0.001). 

         6.1.2 The neurobehavior testing of attendants in shopping mall installed with 

pico cell. The result showed that 187 attendants got the median point of short-term 

memory testing, coordination of visuomotor speed testing and the median time of 

attention testing were 11.00, 57.00 and 31.00 respectively. For the neurobehavior 
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testing of attendants in shopping mall without pico cell. The result showed that 166 

attendants got the median point of short-term memory testing, coordination of 

visuomotor speed testing and the median time of attention testing were 12.00, 59.00 

and 25.00 respectively.  

         Comparison of the result of the neurobehavior testing between attendants who 

were working in shopping mall installed with and without pico cell. The result found 

that attendants in shopping mall installed with pico cell, got the point of short-term 

memory testing (Digit span test) less than attendants in shopping mall without pico 

cell and took  time for attention testing (Trail Making A Test) more than attendants in 

shopping mall without pico cell with statistically significant (p = 0.018 and p<0.001 

respectively). But, not found the difference between coordination of visuomotor speed 

testing (Digit symbol Test) 

         6.1.3 The multiple regression analysis was used in order to study factors or 

independent variable which influenced on dependent variable (Digit span Test and 

Trail Making A Test). The result of analysis was conclude as follows. 

                 6.1.3.1 A total of 400 attendants were analyzed with regression analysis. 

The result showed that the factors which influenced on short-term memory testing 

(Digit span test) was frequency in using mobile phone per day (number/day), (R2 = 

0.020)  

                 6.1.3.2 A total of 400 attendants were analyzed with regression analysis. 

The result showed that the factors which influenced on attention testing (Trail Making 

A Test) were gender, marriage status and type of shopping malls (with and without 

pico cell, (R2 = 0.123). 

 

 

6.2 Recommendations 

         6.2.1 Recommendation from this study 

         1. Even though this study measured the power density of electromagnetic 

radiation lower the reference standard of ICNIRP but the accomplice such as switched 

telephone network owner or state agency shall check and measure intermittently. To 

build up confidence of public and the data shall publicize to the public. 
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         2. Pico cell installation of each network shall use the pico cell accompany with. 

In order to decrease the number of pico cell and decrease the power density in 

shopping malls. Even if the frequency of each network not equal which is the problem 

that ought to resolve in the future . 

         3. The standard that Thailand has been using at this time. It take from ICNIRP 

standard which has been defined the minimum of general exposure more than the 

power density in this study. Therefore, Thailand shall decrease the standard at least 

100 or 10000 of the standard reference.  

          

         6.2.2 Recommendation for further study 

         1. The subjective symptoms shall collect for further study such as headaches, 

sleep disruption, Irritability and depression etc because the symptoms abovementioned 

may be express suddenly after expose the electromagnetic radiation. 

         2. The cohort or prospective study shall take to study about the subjective 

symptoms that may be occur from the electromagnetic radiation exposure. The sample 

size is not many equal this study but at least 30 persons (the minimum for statistic 

analysis). The data collection shall has the daily note book for write the subjective 

symptoms, the amount time of a mobile phone using and the amount minute of a 

mobile phone using etc . In order to decrease recall bias of subject group and measure 

the power density of electromagnetic radiation everyday. 
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Digit Span Test 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3. 4-8-5; 2-6-8 
 

4. 9-2-6-4; 7-3-8-1 
 

5. 3-5-6-9-1; 6-3-8-5-7 
 

6. 2-9-6-8-1-4; 8-2-5-3-4-1 
 

7. 3-9-1-4-6-8-2; 5-0-9-6-2-1-8 
 

8. 2-7-4-1-9-6-5-8; 1-9-7-4-2-6-8-3 
 

9. 5-8-2-5-9-3-1-4-7; 6-1-3-7-9-2-8-5-4 
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Digit Span Test Form 
 

DIGIT  SPAN SCORE 
Digits  Forward Circle 
 
4-8-5 
2-6-8 
 

9-2-6-4 
7-3-8-1 
 

3-5-6-9-1 
6-3-8-5-7 
 

2-9-6-8-1-4 
8-2-5-3-4-1 
 

3-9-1-4-6-8-2 
5-0-9-6-2-1-8 
 

2-7-4-1-9-6-5-8 
1-9-7-4-2-6-8-3 
 

5-8-2-5-9-3-1-4-7 
6-1-3-7-9-2-8-5-4 
 

 

3 
3 
 

4 
4 
 

5 
5 
 

6 
6 
 

7 
7 
 

8 
8 
 

9 
9 
 

Digit  Backward Circle 
 

4-8 
2-6 
 

9-2-6 
7-3-8 
 

3-5-6-9 
6-3-8-5 
 

2-9-6-8-1 
8-2-5-3-4 
 

3-9-1-4-6-8 
5-0-9-6-2-1 
 

2-7-4-1-9-6-5 
1-9-7-4-2-6-8 
 

5-8-2-5-9-3-1-4 
6-1-3-7-9-2-8-5 

 
2 
2 
 

3 
3 
 

4 
4 
 

5 
5 
 

6 
6 
 

7 
7 
 

8 
8 

 
F___________+ B__________   = ______________ 
        Highest numbers circle 
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Digit Symbol Test 
 

 
Samples 

 
 
 
 
  
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

1 2 3 4 

> + ∩ · · 

3 1 4 2 1 2 4 3 1 3 
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Digit Symbol Test Form 
 

 
Digit  
 
 

 
Symbol 

 
 

2 1 4 6 3 5 2 1 3 4 2 1 3 1 2 3 1 4 2 6 3 1 2 5 1 
                         
 
3 1 5 4 2 7 4 6 9 2 5 8 4 7 6 1 8 7 5 4 8 6 9 4 3 
                         
 
1 8 2 9 7 6 2 5 4 7 3 6 8 5 9 4 1 6 8 9 3 7 5 1 4 
                         

 
9 1 5 8 7 6 9 7 8 2 4 8 3 5 6 7 1 9 4 3 6 2 7 9 3 
                         
 
 
 
 
 
 
 
 
 
 
 
 
 

1 2 3 4 5 6 7 8 9 score 
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Trail Making (Part A) Test 
 
 

Sample 
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Trail Making (Part A) Form 
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APPENDIX C 

 

 
 

Figure C-1 The subjects signed informed consent form 
 

 

 
 

Figure C-2 Digit span testing 
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Figure C-3 Digit symbol testing 

 
 

 
 

Figure C-4 Trail making A testing 
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(A) 

 
 
 

(B) 

 
 

Figure C-5 Electromagnetic radiation measurement ((A),(B)) 
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APPENDIX D 

Possible Regression Models 

 

Table D-1 Possible additive model of the points of digit span test (d1) 

Variable selection 

methods 

The possible additive model R2         R2  
adj Sig. 

1. Enter d1 =  10.249 + 0.533sex1 – 0.228status1 

– 1. 367status2 + 4.222E-02number/day  

+ 1.268E-02minute/times + 0.331dis1  

+ 0.474dis2 + 9.576E-02 dis3 

0.047 0.007 0.321 

2. Forward* d1 = 10.656 + 4.332E-02number/day 0.020 0.016 0.043 

3. Backward* d1 = 10.656 + 4.332E-02number/day 0.020 0.016 0.043 

4. Stepwise* d1 = 10.656 + 4.332E-02number/day 0.020 0.016 0.043 

Note  

*  = Additive model 

            Model 2, 3, and 4 were selected to be fitting model. Although their coefficient 

of determination (R2) was low but it was simple for interpretation, the value of 

tolerance was equal to 0 – 1 and the value of VIF < 2. 
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Table D-2 Possible additive model of time of trail making A test (second) (Lnd2) 

Variable selection 

methods 

The possible additive model R2         R2  
adj Sig. 

1. Enter d2 =  37.373 – 3.483sex1 -8.866group1 + 

6.690status1 + 3.153status2 

0.090 0.081 0.000 

2. Forward d2 = 36.634 – 9.041group1+7.029status1 0.083 0.078 0.000 

3. Backward d2 = 37.463 – 3.627sex1 – 8.741group1 + 

6.555status1 

0.090 0.083 0.000 

4. Stepwise d2 = 36.634 – 9.041group1+7.029status1 0.083 0.078 0.000 

5. Enter* 

(Transformation) 

Ln d2 =  3.516 – 9.19E-02sex1 + 

0.175status1 + 9.905E-02status2 – 

0.267group1 

0.123 0.115 0.000 

6. Forward 

(Transformation) 

Ln d2 = 3.497 – 0.271group1 + 

0.183status1 

0.114 0.110 0.000 

7. Backward* 

(Transformation) 

Ln d2 = 3.516 – 9.19E-02sex1 + 

0.175status1 + 9.905E-02status2 – 

0.267group1 

0.123 0.115 0.000 

8. Stepwise 

(Transformation) 

Ln d2 = 3.497 – 0.271group1 + 

0.183status1 

0.114 0.110 0.000 

Note  

 *  = Additive model 

             Model 5 and 7 were selected to be fitting model. Because it was simple for 

interpretation and their coefficient of determination (R2) was moderate. The value of 

tolerance was equal to 0 – 1 and the value of VIF < 2.  
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