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Environmental Radiation Monitoring in Taiwan

Ching-Chung Huang
Radiation Monitoring Center, Atomic Energy Council
823, Cherng-Ching Road,
Kaohsiung, Taiwan
cchuang @ trmc.aec.gov.tw

| ntroduction:

Chemical, biological and nuclear accident are always considered as the
major hazard to the human. For nuclear accident, radiation is especialy of
great concern to the public. Therefore, environmenta radiation monitoring is
becoming an important issue of the government. In Taiwan, the Radiation
Monitoring Center (TRMC) is a branch of the Atomic Energy Council

AEC Executive Yuan, R.O.C. It is responsible for the environmental
radiation surveillance and related fields in Tawan. Its environmental
radiation monitoring programs can be categorized into two parts:
surveillance of natural ionizing radiation and surveillance of man-made
ionizing radiation. For natural ionizing radiation, surveillance programs are
mainly to establish the radiation baseline data. For man-made ionizing
radiation, surveillance programs include the radioactive fallout surveillance,
the environmental radiation monitoring around the nuclear facilities and
surveillance of radioactivity in foodstuffs. This article summarizes the

relevant programs carried out in Taiwan in the past years.

Sour ces of Environmental Radiation:
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To do the environmenta radiation monitoring, we should understand
where the environmental radiation comes from. The sources of
environmental radiation are often subdivided as natural and man-made
radiation. The natural environmental radiation includes:

1.Cosmic radiation which comes from the outer space.
2.Terrestrial gamma radiation which comes from the ground.
3.Naturally occurring radioactive isotopes, such as

(1) U, Th seriesin soils and building materias.

(2) “°K which exists in everything containing K €l ement.

(3) Radon and its decay products.

The natural environmental radiation contributes the maor radiation
dose received by human. However, human have lived in this naturd
radiation environment for thousand of years.

For the man-made environmental radiation which we are concerned
about, it comes from :

(1) The radiofalout due to nuclear explosion or nuclear accident such

as Chernobyl accident.

(2) The nuclear facilities such as the nuclear research reactor, the

nuclear power plants, the radwaste storage site, etc.

(3) Industrial and medical usage. It has existed in many different fields

of our living.

Method and | nstrumentation:

Since radiation can not be seen with our eyes, it can only be detected
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with proper instruments. The environmental radiation can be monitored with

instruments directly or by sampling and measuring the radioactivity in the

samples.

To measure the radioactivities in the environmental samples, there are

some basic principles:

1)

Sampling: Take samples from the critica pathway. The samples

should be representative of the material under consideration.

(2) Concentration: In most cases, the dadioactivities of environmental

3

samples are quite low, samples should be concentrated first.
Concentration methods include ashing, filtration, precipitation,
extraction and chemical separation and purification....etc.

Detection: After proper pretreatment, samples can be counted to
evaluate its radioactivity. Detectors include gasfilled detector,
liquid scintillation counter, y -ray spectrometry.....etc. The most
common is y -ray spectrometry. The block diagram is shown as
Fig. 1. It is a non-destructive method. Samples are put into the
containers and then counted by the detectors. The y -ray spectrum
will then be accumulated as shown in Fig. 2. Each peak
corresponds to a specific gamma radiation. The computer software
for analyzing the y -ray spectrum have been well developed and

commercialized. It is not difficult to set up the whole system.

To measure the environmental radiation with instrument directly, the

instrument should be sensitive enough. It is difficult to measure the a  and

B radiation, dueto their short range in the air.

One method that is often used is to measure the accumulated radiation
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dose with thermoluminescent dosimeter (TLD). Because of its small-size,
easy-handling and reusableness, it is widely used in the measurement of

personal and environmental radiation.

Examples of Environmental Radiation Monitoring in Taiwan

1. Radioactive fallout surveillance

The first step of environmenta radiation monitoring in Taiwan was
conducted on the monitoring of radioactive falout from the atmospheric
nuclear weapon tests. Radiofallout means the air dust that are contaminated
by the nuclear explosion or the nuclear accident. It descended gradually
from the atmosphere and deposited on the ground. The purposes for the
radioactive fallout surveillance are :

1. to check whether radioactive contamination occurred or not,

2. to identify the influence of increased levels of radiation,

3. to take appropriate measures for radioactive fallout.

To monitor the radiofallout, the radioactive particulates in the air are
collected by ar samplers with filter paper. Dry and wet precipitation are
collected with water tray, gummed film and rain water method. Samples are
collected by the weather stations at sSix main cities around the country, and
then sent to TRMC for anadyzing. Gross 3 activity and y -ray
spectrometry are carried out for each sample.

As the Chernobyl accident occurred on April 26, 1986, the radiofallout
surveillance program had magnified its effectiveness. Figure 3 shows the y
-gpectrum of an air filter sample which we collected at May 16, 1986.* The
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sample volume is 2650 n? air and the counting time is 80,000 seconds. The
radionuclides of 31, *2, %Ry, 1Ra, *'Cs, *'Cs------had been found in this
sample. These radionuclides are fission products that hadn’ t been found in
the background spectra in Taiwan. Comparing the sampling date and the date
of Chernobyl accident, we understood it was from the accident. However the

activities were very low and could not be related to any radioactive hazard.

2. Monitoring of radioactivity in the foodstuffs and drinking water?
After the Chernobyl accident, many places in the Europe were
contaminated with radioactivity. So were the foodstuffs produced from these
places. Milk power and dairy products were the most concerned about,
because the radioactivity in these foodstuffs may be concentrated.
The European Economic Community (EEC) first proposed a regulation
limit for the import foodstuffs. Many countries such as U.S, Japan and

Taiwan --- soon adopted the same regulation. The limit is:

“The sum of concentration of **Cs and **'Cs should be less than 370
Ba/kg.”

The regulation checked the concentration of **Cs and *'Cs only.
Because they are the representative radionuclides of fission products and the
half life of 2*'Csisaslong as 30 years.

The monitoring procedures is quite simple. Samples are checked
randomly both from the Customs and bought from the markets. For each

sample,300g of sample was put into a container and then counted by a
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detector for y -ray spectrometry for ten minutes.

In 1986, after the Chernobyl accident, ten samples exceeding the
regulation limit were found. Since then, no samples exceeding the regulation
has been found again.

Besides the survelllance of imported foodstuffs, Ten mgor foodstuffs
and drinking water are sampled and analyzed the radioactivities every half
year to evaluate the radiation dose through food ingestion for the population

in Tawan.

3. Surveillance of natural radiation 3

A study of Talwan’ s natural background radiation was carried out by (1)
in-situ measurement, (2) soil sampling and (3) rock sampling. For the in-situ
measurement, the whole idand of Taiwan was divided into 153 regions by
considering the population distribution, soil characteristics, types of rocks
and transportation conditions. Each region represents a population of at least
3 x10 . A survey meter equipped with cylindrical Nal(T1) detector was used.
School playground or public squares were preferred for measuring. The
survey meter readings were taken a 1 m height above ground. At each
measuring Site, five locations nearby were chosen. At each location, 10
readings were recorded. The measured results are shown in fig. 4.

For soil and rock samples, 8 kinds of soil and 13 kinds of rocks were
sampled. The number of sampling sites are 40 for soil and 209 for rocks,
respectively. After sample preparation, each sample was put into a container
and sealed for 1 month, and then measured with Ge detector. The specific
radioactivities of #*?Th, 2**U and “°K were calculated by the peak area of
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583.1 KeV ( 2°8TI, 30% ), 609.4 KeV ( 2Bi, 45% ) and 1460.8 KeV ( “°K,
10.7% ), respectively. The contents of naturally occurred radionuclides in
rocks varied considerably. The exposure rates at 1 m height above ground
were then caculated using the appropriate conversion factors. The
relationship between the in-situ measurement and the calculated exposure
rates were in good agreement.

Figure 5 is amap from Radiation Atlas published by the Commission of
the European Communities. It isa summary of natural radiation surveillance
In many European countries. Moreover, recently there are some studies that
conduct the wide area surveillance with an airborne gamma ray spectrometry

in a helicopter !

4.The environmental radiation monitoring around the nuclear facilities®
Currently, the nuclear facilities in Taiwan include three nuclear power
plants with six reactors in total, one research reactor and one radwaste
storage Site. According to the “Safety Standard for Protection Against
lonizing Radiation” issued by the Atomic Energy Council R.O.C, an
environmental radiation monitoring system is required to set up in the
vicinity of each nuclear facility to assess the induced population dose and
the level of radioactive contamination. The regulatory guide for the
environmental radiation monitoring of nuclear facilities was first developed
in 1989 and revised in 1992. The environmental radiation monitoring of
each nuclear facility were carried out by the facility owner and TRMC
independently. Take the nuclear power plant (NPP) for example :

The fundamental objective of monitoring is to ensure the heath and



safety of the public around the NPPs and to confirm that the environmental
radiation doses are below the dose limits for the public. The specific goals
are summarized as follows.
(1) To calculate and assess the radiation doses received by the public.
(2) To surely understand the cumulative effects of radionuclides in the
environment.
(3) To assess the impact of abnormal release of radioactive materials from
the NPPs.
(4) To verify the safe operations of the NPPs and maintain the release of
the radioactive materials below regulation limits,
(5) To provide the accurate information of the environmental radiation to

the public.

The scope of the monitoring program covers terrestrial and coastal
(marine) areas. The critical pathway can be shown as Fig. 6. The terrestrial
samples include direct radiation, atmosphere, fresh water, vegetation, soil,
and agricultural products. In coastal areas, the samplings include marine
products, sea-water and beach sands. The details of the monitoring items and
numbers of samplings are listed in Table 1. The monitoring results serve as
the base for the assessment of radiation doses received by the public.
Moreover, the results will surely help us understand the cumulative effects
of radionuclides released from NPPs.

Monitoring methods include the measurements of environmenta
radiation dose and the radioactivity analyses of samples. For the former

method, both the thermoluminescent dosimeter (TLD) and the high pressure
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ionization chamber (HPIC) are used. The latter methods include gross-beta
counting, analyses of tritium activity, analyses of gamma ray spectrometry,
radiochemical analyses of specific radionuclides, etc. Germanium (Ge)
detectors were used to determine the radioactivity of gamma emitters, where
the radionuclides of interest are **Mn, **Co, ®Co, **!I and **'Cs. Figure 7 and

Fig. 8 Show some of the typical results of our experience.”

5. Theenvironmental radiation monitoring networ k

With the development of computer, the rea-time remote radiation
monitoring has become possible.

Anenvironmental radiation monitoring network has been developed by
TRMC in 1991. This network includes real-time monitoring instruments
installed around nuclear power stations and a major cities for the
measurements of gamma radiation. It has the function of continuous
automatic radiation monitoring in the environment. The data collected are
transmitted to TRMC via the telephone network.

The centra computer in TRMC collects the data of each local computer
of this network hourly. In case of abnormal situation, the local computer will
change the sampling rate and send the data to TRMC immediately. The
processing functions of the central computer are listed below:

1.Call up: The central computer can call the local monitoring post one by
one according to the preset schedule. The monitoring post then send the
measured data to the monitoring center.

2.Display: The measured data are displayed on a displaying board of the
local monitoring post that is open to the public.



3. Alarm: As the exposure rate exceeds the adam leve, the centrd
computer will receive the successive data from the loca computer and
send asignal to the alarm system.

4.Reset: The central computer can reset the time, measuring frequency
and alarm level of the local monitoring post.

5.Data processing: The central computer has other functions such as
database management, analysis and display, etc.

With this system, we have participated in the project of “ Nuclear
Trangparency in the Asia Pecific “
Center in the u.s Sandia National L aboratory.

held by the Cooperative Monitoring

(http://www.cscap.nuctrans.org/)

6. Nuclear accident emer gency prepar edness planning:

(1) Organization

The “National Nuclear Accident Emergency Preparedness Plan
NNAEPP " was promulgated as a preventive and preparatory measure
againgt any severe nuclear accident that may happen. The “ National Nuclear
Emergency Management Committee NNEMC 7, as composed of
Chairman of AEC and Ministers of relevant ministries of the cabinet in
R.O.C, is charged with the overview of off-gte nuclear emergency

management and preparedness.
In order to effectively carry out the off-site emergency preparedness
action, NNEMC shall be organized immediately by relevant government
agencies including the AEC, the Ministry of interior, Ministry of Defense,
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Ministry of Economic Affars, Ministry of Trangportation and
Communications, Department of Heath, Department of Police, Tawan
Power Company, etc. The following units have been established under the
NNEMC: Near-site Directing and Coordinating Center, Crisis Directing
Center, Supporting Center, and Media Relations. The god is to unite each
institution’ s capabilities to protect the health and safety of the public. The

organization system is shown as Figure 9.

(2) The missions of NNEM C and its established or ganizations
a. NNEMC:

This unit is in charge of reporting to head of state and executing
decisions on public evacuation, issuing evacuation orders, setting up the
Supporting Center and Crisis Directing Center, dispatching manpower and
materials needed in evacuation, monitoring and assessing off-site radiation
intensity, publishing nuclear accident news, decison making on major
policies related to nuclear accidents, issuing recovery orders, and issuing
exercise orders.

b. Near-site Directing and Coordinating Center:

This center is composed of AEC and TPC personnel and subdivided
into technical group, radiation monitoring team and genera affair group that
takes on the responsibility of collecting and submitting accident information,
assessing the accident consequences and radiation dose, and monitoring and
controlling the off-site radiation and contamination.

c. Crisis Directing Center:

This center is composed of units of the loca governments responsible
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for informing and helping the public to evacuate, arranging accommodations
and providing medical care.
d. Supporting Center:

This center is composed of military units responsible for providing
vehicles, carrying out evacuation in affected areas, and establishing
temporary communications network, traffic controlling and safeguarding.

e. Media Relations Office:

This office is composed of AEC and TPC personné responsible for

issuing and updating news on up-to-date nuclear accident conditions and the

preparedness measures recommended by NNEMC.

Summary

It has been more than 20 years since the operation of nuclear power
generation in Taiwan. The environmental radiation monitoring is an
important part of the so-called “Nuclear Safety”. The environmental
radiation monitoring of each nuclear facility is carried out by the owner and
the TRMC independently.

Most of our regulation and monitoring program followed the guide of
international authorities such as the ICRP and the IAEA. We aso quoted
some of the practical guides from the U.S and Japan.

For the past years, we have established the basdline data of natural
ionization radiation in Taiwan and have carried out the environmental
radiation monitoring around the nuclear facilities quarterly. A national

exercise on nuclear accident emergency preparedness planning was carried
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out every two yedr.

The measuring results show that the radiation dose of the public was
contributed mostly from the natural and the medica radiation. However,
most people are ill very afraid of the hazard of radiation. Therefore, it is
necessary to keep carrying out a thorough environmenta radiation

monitoring program in the future.
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Figl. Block Diagram of a Gamma-Ray Spectrometry System.

Fig2. Germanium Detector Pulse Height Spectrum.

Fig 3. Gamma-ray Spectrum of the Airborne Dust after the Cher nobyl
Accident.
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Figd. Terrestrial Gamma Radiation in Taiwan.

Fig. 5 A Map from Radiation Atlas Published by the Commission of
the European Communites.

Fig 6. Radiation Exposur e Pathwaysto Man.

Fig. 7 Variation of Direct Radiation Dose Rates Around the Maanshan
NPP.

Fig. 8 Concentration of Radionuclidein the Soil Sample.

participating
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Fig.9 Organization System of National Nuclear Accident Handling Committeein

Taiwan.

Table 1. Program for the environmental

surveillance around the M aanshan NPP.

Monitoring Sample Sampling Analysis Frequency Sampling
Category Frequency L ocation
Direct TLD Quarterly Accumulated Dose/Quarter 17
Radiation HPIC Continuous Continuous Dose Rate 5

Airborne
Particulate Weekly Gross Beta/Week, Gamma/Month 3
Atmosphere
Fallout Monthly Gross Beta/Month, Gamma/Month 1
Water Vapor Monthly Tritium/Month 3
Gross Beta/Quarter, Gamma/Quarter 4
] Grass Sample Quarterly —
Vegetation Tritium/Quarter 3
Hsianshih Tree Quarterly Gross Beta/Quarter, Gamma/Quarter,
Tritium/Quarter 1
Drinking Water Quarterly Gross Beta/Quarter, Tritium/Quarter 3
Ground Water Quarterly Gross Beta/Quarter, Tritium/Quarter 2
Water Pond Water Quarterly Gross Beta/quarter, Tritium/Quarter 1




Gross Beta/Quarter, Gamma/Quarter,

Sea Water Quarterly Tritium/Month S

SeaWater' Weskly Gross Beta/ M onth, Gamma/Week
Tritium/Month 1
Goat Milk Monthly Gamma/Month, lodine-131/Month 2
Produce and Chicken Biannually Gamma/Half-year 1
Marine Duck Biannually Gamma/Half-year 1
Products Rice Biannually Gamma/Half-year, Strontium-90/Y ear 1
Sweet Potato Biannually Gamma/Half-year 1
Vegetable Quarterly Gamma/Quarter 2
Onion Annually Gamma/Y ear 1
SeaFish Quarterly Gamma/Quarter 1
Sea Food Seaweed Annually Gammalyear, Strontium-90/Y ear 1
Shellfish Annually Gamma/Y ear 1
Cumulative Sail Biannually Gamma/Half-year 3
Effect Beach Sand Quarterly Gamma/Quarter 5
Sediment Annualy Gamma/Y ear 4

*Seawater collector was installed nearby the NPP' s cooling water vent.




