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Abstract

Radiation consists of ionizing radiation (IR) and non-ionizing radiation (NIR). Apart from naturally

occuring sources, these types of radiation are widely used in Malaysia and can easily be found in

Malaysian environment. IR is widely used in industry, medicine and research; while NIR is widely used

in industry, medicine, telecommunication, defence, entertainment and research. Recent studies indicate

that these radiations are potentially harmful to human beings, in particular the chronic late effects.

Based on this understanding, in 1986 (beginning IRPA RMS) Nuclear Energy Unit (NEU) had initiated

a number of research projects which primary aims are to gather baseline informations and later to make

assessments on the health impact of workers and the population. The projects started off by looking at

problems associated with ionizing radiation and these were extended in late 1993, to include non-ionizing

radiation.

INTRODUCTION

In term of safety, radiations can be categorized into two: namely ionizing and non-

ionizing radiations (NIR). Ionizing radiations are those radiations capable of

producing ionizations when imparted through matter, while non-ionizing radiations

(NIR) are incapable of imparting enough energy to cause ionization in matter (1).

Thus, NIR are less hazardous compared to ionizing radiations. These radiations have

energy less than 12.4 eV per photon, wavelengths longer than 100 nm and

frequencies lower than 3000 THz (1).
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The spectrum of electromagnetic radiations is shown in Figure 1. The NIR spectrum

can be divided into three categories; (i) electro-optical radiations including infra-red,

visible and ultraviolet; (ii) electromagnetic radiations and fields, including static and

extremely low frequency (ELF) electric and magnetic fields and radiofrequency

(including microwaves) radiations; and (iii) acoustic radiations, including ultrasound

and infrasound (2). Each of these fields and radiations has different wavelengths that

relates to their potential cause harm under specific conditions. As shown in Figure

1, the NIR which wavelength and frequency closest to ionizing radiation is the

ultraviolet (UV); followed by the less energetic radiations which are visible light,

infra-red (IR), radiofrequency (RF) fields (including microwaves), extremely low

frequency (ELF) fields and static electric ad magnetic fields. LASERS, however,

have specific wavelengths in the infra-red, visible and ultraviolet regions depending

on the leasing medium. Ultrasound is a sound (a mechanical vibration phenomenon)

having a frequency above the range of the human hearing (typically above 16 kHz)

that requires a medium to propagate (2).
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COMPARISON BETWEEN RADIOLOGICAL PROTECTION AGAINST

IONIZING RADIATION AND NON-IONIZING RADIATION

Human exposure to radiations is extremely variable and quite different in method and

scale, but both ionising and non-ionizing radiations are closely comparable.

The general principles of radiological protection are quite different for ionizing and

non-ionizing radiation. This is due to many reasons; different interactions with

matter, damage of a deterministic or probabilistic character and evolutive protection

system (23).

Ionizing radiation, which act by ionizing the material, only produces stochastic effects

below non-stochastic thresholds and have gone from a system of dose limitatic- to a

system of collective protection optimization, with the limitation of individual

guarantee. Non-ionizing radiation, which act by thermal effects, essentially produce

non-stochastic damage with thresholds and is governed by an exposure limitation

system with safety minimization (23).

ENVIRONMENTAL HEALTH RESEARCH-IONIZING RADIATION

Ionizing radiation is also widely used in Malaysia. It is used for different purposes

in industry, medicine and research. Currently there are more than 1000 users

licensed by the regulatory authority to use this technology and more than 50% of

them are in the medical field.
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Fortunately, the application of these man-made ionizing radiation sources in Malaysia

are limited in terms of radioactivity and types of radiation involved. In most

applications, they are used in the form of well designed machines and facilities with

various built-in safety features that can ensure safety of their operation. Experience

in other countries indicates that uses of these sources do pose any risk to any

environmental problem and the risk to the population is also negligible. Therefore,

the emphasis of research projects on effects of ionizing radiation carried out by NEU

is given more toward studying the health implication of ionizing radiation from

activities related to naturally occuring ionizing radiation sources and technologically

enhanced naturally occurring radioactive meterials (TENORM).

Tin Mining And Mineral Processing Industries

Malaysia was, at one time, a major tin producer in the world and this export

commodity has been mined in the West Malaysia for about two hundred years, with

increased exploitation since the late 19th century. The tin is all produced from the

mineral known as cassiterite (Sn20) and nearly all of it is alluvial in nature and

liberated in form.

A typical concentrate from a tin degrading operation contains the following

percentages:-

Cassiterite

Ilmenite

Silica

Rutile

9.0
41.5

43.4

0.5

Tourmaline

Zircon

Monazite

0.8
2.1

2.0
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Xenotime may also be present in many concentrates and together with Zircon and

monazite, contains the majority of the radioactivity. Monazite contains 7wt% thorium

(as THO2) and 0.2wt% uranium (as U308). The same values for zenotime are

0.5wt% thorium and 0.6wt% uranium.

The heavy mineral by product of tin processing, called amang, normally contains

about 95% of the radioactivity present in the original concentrate. Amang can be

further processed to recover tin, ilmenite, monazite, xenotime, zircon and stuverite

and this is normally done at amang plants.

In recent years, increasing demand for such minerals, has resulted in higher price

giving the needed impetus to the amang plant operators to improve and introduce

sophisticated mineral processing methods and equipments to recover for sale various

minerals in the amang.

At the end of 1984, there were 66 Amang plants operating in Malaysia but the

number dropped to 36 by the end of 1993. It is expected that the number will

decrease further due to the decline of the tin mining industry.

The need to look into radiation safety aspect of amang plants is not something which

is recently realized . Universiti Sains Malaysia (USM) conducted several studies on

this subject in 1980-1984 (3,4,5) and this was followed by a study on tin mines and

amang plants by a research group from Australian Nuclear Science and Technology
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(ANSTO) and NEU in 1985 (6). All these studies concluded that the radiation and

racT"activity level in Amang Plants were very significant and further study was

needed in order to make detail assessment of the impact on workers and the

population.

In Malaysia, it is common to see amangs being dumped on the ground in the open

space. Thus, the amang heaps are subjected to leaching by rain water. As amangs

are left for long period of time before they are processed, there is a need to study the

leaching of radionuclides from the amang heaps and also its migration into the

underground water. In this respect, NEU has started a preliminary research on

leaching using column of amang. The project was proposed under IRPA RM5 but

it has to be extended to IRPA RM6 because of problems of staff, equipment at the

experiment itself which make the project moving rather slowly. Further research

would be under take if data from the preliminary work indicate that leaching of

radionuclide is positive.

NEU is also planning to conduct a study on the behaviour of radionuclides in the

environment. The study would be focussed on areas such as Kinta Valley where

enhanced background radioactivity is significant. Amang the subjects to be studied

are critical pathways, transfer factor, radionuclide distribution pattern and other

related subject. Results of this study and together with information on food

consumption pattern and radioactivity level in food and drinking water, will be used

to make detail assessment of internal dose received by people living in the area.
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Some minerals such as ilmenite, monazite and xenotime after being produced by

Amang Plants, are removed to a special facility for further separation of special

materials such as titanium oxide and rare earths such as yitrium oxide. Currently

there are three companies directly involved processing these minerals in Malaysia.

Uranium, Thorium and their daughter product which are initially in the minerals are

solubilised in these processes and then reprecipitated as waste products. Waste

generated from processing of monazite contains about 14-17% thorium and 0.6%

uranium (7) and very much lower percentage was reported form ilmenite (8).

In view f its high content of radioactivity, the waste is now regarded as radiactive

waste and thus the handling and disposal need to be done in a proper and safe

manner. NEU has embarked on another study to come up with the best and the most

economical means of disposing the waste. This project has been approved under

IRPA RM6 and is technically assisted by International Atomic Energy Agency. This

five years project will hopefully be able to provide the ultimate answer to the problem

of disposing low specific radioactivity waste that can ensure safety of the public to

the future generation.

Radon In Buildings

Radon has been identified as one of the critical natural radiation sources which

contributes a significant amount of radiation exposure that leads to lung cancers of

the populations. If is confirmed in many studies (8) that radon indoor contributed to

more than 50% of 2.4mSv
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annual dose received by the population world wide. It has been widely studied in

japan, China, Australia, US (9), U.K (10) and other European Countries (9). Studies

caried out in these countries indicate that radon exposure is very significant in places

where the soil and building materials are rich with uranium and thorium and no

effective ventilation system is provided. Radon concentration as high as 204 Bq/m3

has been reported in one study (10) which, if converted to total dose equivalent, sould

give 25 Msv of annual dose to the population.

A recent survey carried out by the United States Environment Protection Agency and

announced by the US Public Health Service, has indicated that the indoor radon

problem in the US ia more serious and widespread than previously suspected (11).

According to the US Public Health Service, an estimated 5,000 US lung cancers

among non-smokers each year are believed due entirely to indoor radon exposure and

15,000 lung cancer deaths among smokers. The statistics indicated that indoor

radon's human toll "probably exceeds by 10 times the problem of outdoor air

pollution". Radon is by far the largest source of natural radiation exposure in the US

an average contributing at least two-thirds of any individual's background radiation

dose.

In a press release on 16 March, 1989 the National Radiological Protection Board,

U.K, stated that "Radon may be responsible for anything up to 2,500 or more lung

cancers in a year out of the total U.K incidence of 41,000". Radon indoors now

accounts for half on the average U.K. population exposure to ionizing radiation.
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The need for research on radon in human environmental and in buildings and houses

can clearly be seen from the problems raised in various countries. Local study in

needed in order to understand the problem in Malaysia and if possible, to devise ways

nd means to minimize the exposure of Malaysian population to these natural sources.

NEU strated a preliminary study on radon in building in 1991 as a component under

IRPA RM6 project on effects of radiation and radioactivity on man and the

environment. Various established techniques have been identified and adopted for

measurement of radon and its daughter products, both indoor and outdoor, of a

number of selected places in malaysia. The project goes on smoothly and is

scheduled to he completed by the end of 1995. Results of the study, so far, indicate

that the average level of radon daughters for indoor is 1 WLM (12). These readings

are found to be lower by a factor of two compare to results reported in other studies

(9). However more data are needed in order to confirm this finding.

Measurement of radon in air is yet to be carried out. There is also a plan to include

measurement of radioactivity content in locally available building materials as an

extension of the project which, is completed, will form a good basic for making a

complete assessment of the radon exposure situation in the buildings in Malaysia.

Marine Contaiminan And Sediment Transport

In many countries, ocean has become a dumping ground for certain types of waste

for many years. Ocean is also known to be a good receptor for all types of pollution

exist in the environment. In
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Malaysia, marine contamination is slowly becoming a national problem as a result of

major industrial activities such as mining, manufacturing, exploration, production and

transportation of gas and petroleum and also from various agricultural based

industries.

Through natural processes, these foreign elements introduced into the ocean will

eventually settle in the sediment and get accumulated over the years. Since sediment

is usually free from any disturbance of human activities, therefore, layers of

pollutants which are present in the sediment, can be used as an indicator of the level

of pollution occur in the environment over a certain period of time. A simple

technique making used of natural radioisotope polonium-210 as a dating radionuclide

has been develop and used widely in the study of marine contamination and pollution

control.

A multiyear research project on marine contamination and sediment transport along

costal areas in malaysia using poloium-210 technique was initiated by Nuclear Energy

Unit in 1988 with a technical assistance by International Atomic Energy Agency.

This project which has been accepted into strategic sector of IRPA RM6, is jointly

carried out with UKM, UPM, Department of Environment and Fishery Research

Institute, Penang.

The project progressed quite well according to the schedule. Sampling has been

carried out several times at different places off shore in Penang, Selangor and Johore

to represent north, middle and south of Peninsular Malaysia. Samples are collected

by grab sampling and box coring device and brought back to laboratories for analysis

of their organic and inorganic content. Preliminary results indicate that the areas

under study are significantly contaminated with heavy metals and other pollutants but
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the time ofoccurance of the pollution is not yet determined as more time is needed for

detail polonium-210 decay analysis. This project is scheduled to be finished by 1995.

ENVIRONMENTAL HEALTH RESEARCH - NON-IONIZING RADIATION

Natural non-ionizing radiation sources include solar radiation (UV, Visible, IR),

cosmic radiation in the form of light or radiofrequency which are extremely weak.

Artificial sources are, however, varied in the field of optics, waves and ultrasonic

acoustics and are employed in industry, research, medicine and home appliances (13).

In January 1992, we started a survey on the use of NIR devices in this country. The

number of devices identified so far, are shown in Table below, However, the results

of the survey was rather inconclusive, as a number of the organizations contacted did

not want to reveal any information and furthermore, many more users of NIR devices

are yet to be identified.

NIR DEVICES IDENTIFIED SINCE 1992

TYPE OF NIR NO. OF UNITS

1.

2.

3.

Electro-optical Radiations

a. Ultraviolet

b. Infrared

c. LASERS

Microwave

Ultrasound

144

22

9

17

20
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The microwave oven is another item which is gaining popularity in Malaysia. Up to

now, we do not have figures on the number of items manufactured or sold locally.

However, it was reported that, in Singapore, on the average, 70,000 units are

manufactured and exported every month and approximately 4,000 sets are sold locally

per month (14). We assume that the same figures are manufactured or sold locally

in this country, or it may be slightly higher.

ELF Radiation Exposure From Transmission Lines

For two decades, concerns about the possible health effects of electric ad magnetic

fields (EMF) associated with the transmission and distribution of electrical power,

have existed. All electrical power lines, electrical wiring in buildings and electrical

appliances are associated with EMF. In fact, naturally-occuring electric and magnetic

fields are present everywhere, including the earth's magnetic fields and magnetic

fields associated with natural deposits of magnetic ore (magnetite). EMF is associated

with living cells and nerve impulses in any way; electric fields produce static shocks

when in contact with a metal object or another person. In general, electric and

magnetic fields associated with electrical power transmission, distribution and use are

greater than the EMF that occur naturally (15).

Until the late 1970's, most scientist believed that EMF were so low in energy that

they could have no biological impact leading to cancer induction. More recently

however, laboratory research has suggested that these fields may cause certain effects

in biological system. Whether these effects are related in any way to carcinogenesis,

possibly by promoting malignant behavior in cells whose DNA has been altered to be

susceptible to such promotion, is highly speculative (15).
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Suggestions of a link between electromagnetic field exposure and cancer, in particular

leukaemia, arose from epidemiological studies of occupationally exposed populations

and studies on residental exposure to ELF fields (16).

Indeed, with the increasing need for power transmission line construction, public

concern about the fields produced by these line, continue to grow, especially since

scientists seem unable to provide absolute assurance of safety based on definitive

experiments.

According to a recent news release (15) (Microwave News 1989); at least 22

epidemiological studies are underway in 12 countries to investigate the relationship

between ELF and cancer-including the United states, Canada, united Kingdom,

Sweden, Netherlans, Taiwan, Findland, France, Swetzerland, Australia, New Zealand

and Brazil. Thus, the NEU realize that there is a need to look into the ELF radiation

safety aspect of Transmission line in this country, as to collect base line data on the

ELF exposure level. It is now in the process of getting the monitoring equipment

doing literature survey and requesting for the expert services from abroad to carry out

the study.

The study is planned to start in the year 1995. It would be focussed on the exposure

level in residental areas; and also outdoor environmental.

It is hoped that, the results obtained from this study will give ideas on the health

implications and ways and means to reduce the ELF exposure level of the Malaysia

general population.
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Radiofrequency And Microwave Exposure From Radar Installations

When the electromagnetic radiation passes from one medium to another, it can be

reflected, refracted, transmitted or absorbed, depending on the biological system of

the medium and the frequency of the radiation. Absorbed RF energy is eventually

converted into heat. However, not all reported biological effects can be explained on

the basic of thermal conversion alone (17). It was reported that, RF radiation

interacts with human tissues in various number of mechanisms, including (18):
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These three mechanisms of interactions may lead to RF Radiation burns, RF

Radiation electric shock, thermoregulatory responses, cataract production, pulse

radiation audiotory effects (RF hearing) or cautaneous perception depends on a

number of factors, including the amount of energy that they carry and the frequency

of radiation.

It was, however reported that, many of these effects are subjects of controversy, due

to conflicting reports that are indicative of unreliable experimental techniques. Areas

particularly open to criticism are the methods used in establishing symptoms in

epidemiological studies, dosimetry and the presence of extraneous influences not

taken into account in interpretation of results. The available data concerning the

health effects of RF radiation in man are insufficient, although some surveys of the

health status of personnels occupationally exposed to RF have been carried out (2).

The main difficult in the evaluation of such information is the assessment of the

relationship between exposure levels and the observed effects. As often happens in

clinical work, it is difficult to demonstrate a casual relationship between a disease and

the influence of environmental factors, at least in individual cases. Large groups must

be obscurred to obtain statistically significant epidemiological data.

The exposure of man to radiation from natural sources in the RF and microwave

frequency range of 100kHz-300 GHz, is very low. However, a number of sources

of occupational exposure to radiofrequency and microwaves, currently caused some

concern. These include dielectric (RF) heaters, broadcast towers shortwave diathery

equipment and some radar faulty.
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It has been reported that about 99% of the population in the United Stated of America

have been exposed to less than luW/cm2 (54-900 MHz). Sources operating at

frequencies outside the broad casting bands do not contribute significantly to general

population exposure (19).

In this country, RADAR is used for various purpose, including marine radar,

telecommunication, military and also research. Thus, besides the workers, general

population may be exposed to RF and microwave radiation from RADAR installation

in this country. The emphasis will be placed on the big RADAR installations such

as used in telecommunicationd and military.

Besides the NEU is also planning to provide personnel monitoring dosimetry services

as to monitor doses received by workers. This project will be carried out under

RM7, with consultation from IAEA expert. It is hoped that, the findings from this

project will initiate steps to ensure safety of workers and also general population from

RADAR installations in the country.

Ultraviolet Exposure In The Outdoor Environment

The ambient levels of ultraviolet radiation (UVR) incident upon the eye and skin vary

dramatically with latitude, time of day (solar zenith angle), and geometry of exposure

and life style.

Estimation of the amount of UVB-biological effect that individual receive from the

sun or artificial UV light sources are important for several reasons :-
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a) The human skin for example may not be exposed at all, to UV

for several moths or longer, or may be exposed for the whole

year of their life. This can have serious consequences with

respect to the Vitamin D supply. UVB is the active component

of the sunlight concerning the Vitamin D synthesis in the skin.

b) UVB can have deleterious effects on the skin such as induction

of non-melanoma skin cancer and solar elastosis. Therefore,

it seemed important to estimate the amounts of UVB received

by the general population in this country. This would enable

us to compare the amounts of UVB received during exposure

to sunlight, as well as the extra burden of medical treatment

using UVB, such as the phototherapy (20).

In this country a research group from USM have initiated a study on the UVB

exposure in the outdoor environment (22). However, the NEU is planning to carry

out a study on it to look into a more detail aspects of the UV exposure in Malaysian

environment. The scope of the proposed study will be wider, that is to include all

strategic areas that would give a correct prespectire of the UVB exposure level for

the paninsular to provide proposals on mitigation steps that need to be taken as to

reduce the UVB exposure levels if necessary; to educate general population on the

safety aspects of UV exposure and etc. NEu also planning sto engage expert from

oversea as for us to carry out the proposed study.
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To carry out the proposed study, NEU is planning to get budget, including staffs and

equipments under IRPA RM7. It is hoped that results of this study will be useful for

the country to ensure safety of the general population from UVB exposure in the

outdoor environment.

CONCLUSIONS

The following conclusions cab be drawn from the existing scientific evidence and

public concern about the potential bioeffects associated with exposure to Ionizing and

Non-Ionizing Radiations:

a) For both ionizing and non-ionizing radiations, the exposure levels

should be kept as low as resonably acheivable, with social and

economic factors being taken into account.

b) Further research is needed on practical ways to reduce exposures to

ionizing and non-ionizing radiations through mitigation measures, if

possible.

c) Investments in research and the expense of actions to reduce ionizing

and non-ionizing exposures should always be compared with the

benefits and action programs that address other public health concern.
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