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ABSTRACT

The Environmental Radiation Monitoring Programme of the Hong Kong
Observatory entered its thirty-second year in 2018. This annual report
incorporates salient features of the work of the programme during 2018, including
a brief report on measurement methods and results, highlights of relevant new
work and changes.

In 2018, the ambient radiation levels in Hong Kong as measured by the
radiation monitoring network were all within the normal background range.
Traces of artificial radionuclides, including caesium-137, tritium, strontium-90
and plutonium-239, were detected in various environmental and food samples. The
activity levels of all these radionuclides were not significantly different from those
recorded in past years. Their presences were primarily attributed to the
atmospheric nuclear weapon tests between 1945 and 1980.

Regarding new developments, a new alpha spectrometry system was put into
operation in the third quarter of 2018. Following the step of the Radiation
Laboratory, the Ambient Gamma Radiation Level Measurement Service
successfully received the ISO 9001:2015 certification in August 2018. The
replacement work of the automatic gamma spectrometry system in Ping Chau had
commenced in 2018.

Based on the measurement results in 2018, it is concluded that there was no
significant change in the ambient radiation levels in Hong Kong as well as the
activities of artificial radionuclides in the Hong Kong environment and foodstuffs
consumed by Hong Kong people, as compared with those before the operations of
the Daya Bay and Lingao nuclear power stations.
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1. INTRODUCTION

Since 1961, the Hong Kong Observatory (HKO) has been monitoring
environmental radiation levels in Hong Kong and participating in international
programmes on environmental radiation monitoring organised by the International
Atomic Energy Agency (IAEA) and the World Meteorological Organization (WMO).

In response to the construction of nuclear power stations at Daya Bay in
Guangdong, the HKO embarked in 1983 on a comprehensive programme to monitor
the environmental radiation levels in Hong Kong before and after the power plants
commenced operation. The programme was named the “Environmental Radiation
Monitoring Programme (ERMP)”. It comprises two phases. The first phase is
known as the “Background Radiation Monitoring Programme (BRMP)” and was
conducted from 1987 to 1991 to establish the baseline radiation levels in Hong Kong
prior to the operation of the Daya Bay Nuclear Power Station (Daya Bay NPS) in
1994. These baseline levels would help to reflect any changes arising from the
operation of the nuclear power station. The monitoring results can be found in the
report on the BRMP (Hong Kong Observatory, 1992).

The second phase of the ERMP, implemented since 1992, contains all the
essential features of the BRMP and with adjustments in sampling and measurement to
take advantage of the experience gained and latest technological advancement. The
ERMP is an on-going programme to detect long-term changes in environmental
radiation levels in Hong Kong, if any, particularly those arising from the operation of
the Daya Bay NPS and the Lingao Nuclear Power Station (Lingao NPS) since 1994
and 2002 respectively. Locations of nuclear power stations in Guangdong are shown
in Figure 1.

The monitoring results of the ERMP can be found in the respective annual
reports and summaries (http://www.weather.gov.hk/publica/pubrm.htm). Readers
may refer to the relevant reports for details of the sampling, measurement and quality
assurance work. From 2003 onwards, the annual reports only contain the most
salient features of the programme, including summaries of measurement methods and
results, highlights of new work, changes or measures introduced during the year.

Chapter 2 of this report describes the sampling schedule, the instruments and
methods used for measuring ambient radiation levels, activity in food and
environmental samples as well as quality assurance. Measurement results of 2018
and conclusions are presented in Chapter 3.

2. SAMPLING, MEASUREMENT AND QUALITY ASSURANCE

The emphasis of the ERMP is to monitor three major exposure pathways, namely
the atmospheric pathway, the terrestrial pathway and the aquatic pathway. In respect
of measurement, there are two major components. The first component is the direct
measurement of ambient radiation levels in Hong Kong. The second is the detection
of artificial radioactive material in the environment of Hong Kong and in the foodstuff
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commonly consumed by Hong Kong people. The locations for real-time
measurement of ambient radiation in 2018 are shown in Figure 2. The other
locations for measurement of ambient gamma radiation and collection of
environmental samples in 2018 are shown in Figure 3. A summary of the sampling
and analysis programme in 2018 is given in Table 1.

2.1 Direct measurement of ambient radiation level

2.1.1 Radiation Monitoring Network

The radiation monitoring network (RMN) of the Hong Kong Observatory
comprises 12 monitoring stations distributed over different locations of the territory
(Figure 2). The network provides a comprehensive coverage for measurement of
ambient gamma radiation level in Hong Kong.

The dose rates are measured at each station continuously by a high pressure
ionization chamber (HPIC) (Reuter-Stokes Model RSS-131/RSS-131-ER
environmental radiation monitor). Data are transmitted to the Observatory
Headquarters every minute via a dedicated government communication network and
other data transmission channels.

The hourly average ambient gamma dose rate data recorded by the radiation
monitoring stations are made available on the Internet for reference by the public.
The address of the website is:

http://www.weather.gov.hk/radiation/ermp/rmn/applet/map/rmn_hourly _e.htm

In the past couple of years, the Observatory has progressively established an
online gamma spectroscopic analyzer network (OGSAN) with outdoor gamma
spectroscopic analyzers installed in eight designated radiation monitoring stations.
The network began full operation in 2018 (Figure 2). The gamma spectroscopic
analyzer, Model RS250 Gamma Monitoring System, is manufactured by Radiation
Solutions Inc. It utilizes sodium iodide (Nal) detector for monitoring the ambient
gamma-emitting radionuclides and radiation level in real time. Data from the
gamma spectroscopic analyzer are transmitted to the Observatory Headquarters every
minute. The spectral data will facilitate timely identification of abnormal presence
of artificial gamma-emitting radionuclides, if any, in the environment, thus further
enhancing the capability of emergency response and consequence assessment.

2.1.2 Thermoluminescent Dosimeter Network

A thermoluminescent dosimeter (TLD) network has been in operation since the
late 1980s to measure ambient gamma doses accumulated over a long period. In
2018, the network comprises 29 fixed monitoring stations over the territory (Figure 3).
The TLDs are of the lithium fluoride (LiF:Mg,Ti) and calcium fluoride (CaF2:Dy)
type (Harshaw 8807). A batch of five TLDs is placed at each station to ensure
statistical accuracy. The TLDs are replaced and read on a quarterly basis.
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2.1.3 Aerial Radiation Monitoring System

The Observatory started carrying out aerial radiation monitoring in 1998 and
replaced the monitoring system in 2013. The current Aerial Radiation Monitoring
System (ARMS) is manufactured by Pico Envirotec Inc. It consists of four 2.5 litres
sodium iodide (Nal) detectors that can be mounted on board a helicopter of the
Government Flying Service for measurement. The count rates so measured can
facilitate the monitoring of environmental radiation level.

The ARMS can operate in the plume tracking mode, which has the capability to
determine the existence and extent of any radioactive plume over Hong Kong. After
the passage of the plume, the system, operated in the ground contamination
measurement mode, can be used to identify surface areas contaminated by deposited
radionuclides.  Real-time location information, gamma spectra, spectroscopic
analysis results, gamma dose rates, etc. are displayed on board the helicopter during
monitoring operation. The system can also transmit some of the real-time
measurement data to the Observatory Headquarters through the data transmission
system of the helicopter.

The merit of ARMS is that it can be used to detect radiation levels over remote
areas and over regions inaccessible to land transportation. Every year, routine
measurements are made using ARMS to collect data of environmental radiation level
as well as to monitor the change in radiation levels against altitude.

2.1.4 Automatic Gamma Spectrometry System

Hong Kong Observatory has been operating the Automatic Gamma
Spectrometry System (AGSS) at Ping Chau, Mirs Bay since 1996 (Figure 2) for
providing early alert of any releases of artificial radionuclides from the nuclear power
stations. The system consists of a zinc sulphide (ZnS) coated plastic scintillator, a
high purity germanium (HPGe) detector and a Nal detector. It continuously collects
airborne particulates on a rotating filter drum and gaseous iodine in a carbon cartridge.
The flow rates of the filter drum and carbon cartridge are around 30 m®/hour and
4 m3/hour respectively. The carbon cartridge is replaced automatically at weekly
intervals. Alpha and beta activities of the particulates are measured by the ZnS
scintillator and then calculated. Gamma rays emitted by the particulates are
measured by the HPGe detector and analysed automatically by a gamma spectrometry
analyses software. The iodine-131 activity is measured by the Nal detector on the
carbon cartridge.

Data of alpha and beta activities, iodine-131 activity, as well as results of gamma
spectrometry analysis are transmitted to the Observatory Headquarters every 5 to 15
minutes.

The Observatory started the replacement work of the aforementioned system in
2018. The new system is expected to become operational in late 2019 to early 2020.
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2.1.5 Mobile Radiation Monitoring Station

Currently the Observatory has two radiological survey vehicles for terrestrial
radiation monitoring. A Mobile Radiation Monitoring Station (MRMS) is set up
inside each survey vehicle. It is equipped with portable and tailor-made instruments

for use in collecting samples as well as routine and emergency radiological surveys.

Major instruments are listed below:

Instrument Location Usage

Sodium lodide Gamma Installed inside the To identify artificial
Spectrometer vehicle gamma-emitting
(Alpha Spectra, Inc. radionuclides in the
16D16X64SS/3.5) environment.

(Installed inside the newer survey
vehicle)

High Volume Air Sampler
(Hi-Q Environmental Products)
(flow rate at about 54 m°h)

Radioiodine Sampler
(Hi-Q Environmental Products)
(flow rate at about 4.8 m®h™?)

Air is drawn from outside
into the samplers through an
inlet on the vehicle roof.

Gamma Dose Rate Probe
(Seibersdorf SSM1-07)

Installed on the vehicle
roof

The probe is connected to a
portable survey meter inside
the vehicle so that staff
inside the vehicle can
continuously take readings
of the ambient gamma dose
rate outside the station.

Portable High Pressure lonization
Chamber (HPIC)

(Reuter-Stokes
RSS-131/RSS-131-ER)

The HPIC is mounted
inside the vehicle.

It can also be
dismounted from the
vehicle and placed on
survey site for
measurements.

To measure the ambient
gamma radiation level
enroute when mounted
inside the vehicle.

When placed at each
measurement location, staff
can mount the sensor of the
HPIC at 1 metre above
ground for measurement.

Portable Survey Meter
(Seibersdorf SSM-1)

Surface Contamination Monitor
(Berthold Technologies LB-124)

Portable Gamma Spectrometric
Analysis Module

(Canberra In-Situ Object
Calibration System/HPGe)

The instruments are
stored inside the vehicle
and will be transported
to survey site for
measurements.

Equipped with Geiger
Muiller tube to measure
ambient gamma dose rate.

Equipped with a ZnS
scintillator.  Staff uses the
Surface Contamination
Monitor to take alpha, beta
and gamma surface
contamination measurements
at 1 cm above the surface.

For ambient gamma
spectrometric analysis at
survey location.
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In addition, meteorological instruments are installed on the roof of both vehicles
to collect weather data like wind direction, wind speed, temperature and humidity.
Cameras are also installed in the newer vehicle for real-time monitoring of the
surrounding environment.

The radiological survey vehicles are deployed for routine radiological survey,
collection of samples and emergency drills. They also pays regular visits to selected
locations in Hong Kong to collect environmental radiation data.

2.1.6 Upper-air Radioactivity Soundings

Radioactivity in the upper atmosphere is measured at King’s Park by
radioactivity sensors attached to balloon-borne radiosondes (Model Vaisala RS92 or
Meisei RS-06G). The radioactivity sensor (Model Vaisala NSS921 or Meisei
MNS-13) comprises two Geiger-Muller (GM) tubes: a gamma-only tube, which
measures only gamma radiation, and a gamma-plus-beta tube, which measures
gamma as well as beta radiation of energy higher than 0.25 MeV. Data from the
radioactivity sensor is transmitted back and processed by the upper-air sounding
system at the ground station.

The Observatory carries out regular radioactivity soundings under different
weather conditions each year to collect data of the variation of radiation levels with
altitudes.

2.2 Collection of food and environmental samples
2.2.1 Atmospheric Samples
Atmospheric samples, including airborne particulates, wet deposition
(precipitation), total deposition (wet plus dry deposition), gaseous iodine and water

vapour, are collected under ERMP. The sampling equipment and method are listed
below:

Atmospheric | Sampling Equipment Flow Rate | Sampling Method
Samples
Airborne High Volume Air Sampler | Typically | Routine weekly airborne
Particulates | (Hi-Q Environmental set at particulate sample is collected
Products Model 4200 17 m*ht | from a filter paper installed
AFC-BRL-KIT/230, inside the High VVolume Air
BRL-3000M and HVP Sampler.
4300 AFC)
Enhanced High Volume Typically | Airborne particulate sample is
Air Sampler (F&J set at collected from a filter paper
Specialty Products Model | 800 m®h | installed inside the Enhanced
UHV-600) High Volume Air Sampler, when
needed.
Wet A carboy fitted with a top - During the dry season, three sets
Deposition funnel. of carboys and funnels are used
at each location for collection of
sufficient amount of rain for
measurement.
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Atmospheric | Sampling Equipment Flow Sampling Method

Samples Rate

Total A stainless-steel pan of - Samples are collected at weekly
Deposition 260 mm diameter filled interval.

with distilled water.

Gaseous Sampled through a silver Typically | The cartridge is collected and
lodine impregnated zeolite set at replaced weekly.
cartridge fitted inside a 2.5meh?

radioiodine sampler (Hi-Q
Environmental Products
Model CMP-0523CV/230).

TEDA (triethylene Typically | The cartridge is used to collect
di-amine) impregnated set at gaseous iodine samples, when
carbon cartridge included 7.0 m3h? | needed.

in Enhanced High Volume
Air Sampler (F&J
Specialty Products Model

UHV-600)
Water Collected using a gaseous | Typically | Sampling is done intermittently
Vapour effluent sampler (Pylon set at during a week-long period
Electronics Inc. Model 0.12 m*h? | randomly selected in each
VFP-20) with a drierite calendar month, until the overall
cartridge. collection time reaches 36 hours.

Airborne particulates and wet depositions are regularly collected at King’s Park,
Sha Tau Kok and Yuen Ng Fan (Figure 3) at weekly intervals. In addition,
equipment is also installed at the other nine radiation monitoring stations for
collecting atmospheric samples during emergency. Total deposition, gaseous iodine
and water vapour are also collected at King’s Park. During emergency and drills, the
enhanced high volume air sampler will also be used to collect larger volume of
airborne particulate samples, thus increasing the measurement efficiency.

2.2.2 Food Samples

Terrestrial and aquatic food samples typical of the diet of the local population
are collected at main distribution points, wholesale markets and from enlisted
suppliers.  Particular attention has been given to food produced locally and in
Shenzhen.

2.2.3 Drinking Water, Underground Water and Sea Water

Treated drinking water is collected from distribution taps at Kowloon and Tuen
Mun as well as the treatment works at Shatin, Tuen Mun and Yau Kom Tau (Figure 3).
Untreated (raw) drinking water is collected from the High Island Reservoir, the Plover
Cove Reservoir, the Muk Wu B Pumping Station and the treatment works at Shatin,
Tuen Mun and Yau Kom Tau (Figure 3). Both treated and untreated drinking water
samples are collected once every three months by staff of the Water Supplies
Department. The drinking water samples are passed to the Observatory for
radiological measurements.
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Underground water is collected at six locations (Figure 3), namely Cheung Hong
Estate (Tsing Yi), Kwan Lok San Tsuen (Yuen Long), Wan Tsui Estate (East Hong
Kong Island), Wah Fu Estate (Pokfulam), Fu Shan Estate (East Kowloon) and Ching
Leung Nunnery (Tuen Mun) with assistance from the Housing Department, the
respective estate management and the nunnery personnel.

Each quarter, with the assistance from the Environmental Protection Department,
sea water is sampled alternately at two of four routine sampling locations. The four
routine sampling locations are over the eastern part of the coastal waters of Hong
Kong (Figure 3), namely waters off Waglan Island, Basalt Island, Tai Long Wan and
Port Island. At each location, samples are collected at three depths — the upper level
(2.5 metres underneath the surface), the middle level (equidistant from the surface and
the seabed) and the lower level (2.5 metres above the seabed). Suspended
particulates in sea water are collected by filtering the sea water samples through a
membrane filter.

2.2.4 Land Soil and Sediments

Land soil is sampled at 39 designated sites throughout the territory. Each site is
sampled once every five years. At each site, samples were collected from two layers,
the upper layer from the surface to 15 cm deep and the lower layer from 15 cm to
30 cm deep. In 2018, land soil samples were collected from Tung Chung, Shek Pik
Reservoir, Tai O, Pak Nai, Tap Mun, Kat O, Ping Chau and Happy Valley (Figure 3).

Intertidal sediments are sampled quarterly at three locations along the coast of
Hong Kong (Figure 3), namely Pak Sha Wan, Tsim Bei Tsui and Sha Tau Kok. Two
layers are taken at each sampling point, the upper layer from the surface to 15 cm
deep and the lower layer from 15 cm to 30 cm deep. Sampling of seabed sediments
is carried out annually with the assistance of the Civil Engineering and Development
Department at four locations (Figure 3), namely Tai Tan Hoi, Lung Ha Wan, Picnic
Bay and Western Anchorage.

The sampling and analysis programme in 2018 is summarized in Table 1 and 2.

2.3 Measurement of food and environmental samples in laboratory

After treatment, all activity measurements of food and environmental samples
are carried out in the Radiation Laboratory at King’s Park.

A list of the major artificial radionuclides routinely monitored is given in Table 1.
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Each sample, depending on the sample type and measurement objective, will go
through one or more of the following analyses:

(@) Gamma spectrometry analysis

The activities of gamma-emitting radionuclides are determined by using a
gamma spectrometry system which consists of six high purity germanium
(HPGe) detectors. One of the detectors failed in 2018 and was replaced.
After the replacement, four detectors are manufactured by Ortec and the
remaining two by Canberra. Among the HPGe detectors, five detectors
are cooled by liquid nitrogen, complemented by one remaining detector
manufactured by Ortec cooled by electric system.

(b) Liquid scintillation counting
The activity of tritium™ is measured by a liquid scintillation counting system
(TriCarb® 3170 TR/SL) manufactured by Perkin Elmer.

(c) Low-level gross beta counting
The activity of strontium-90 is measured by a low level alpha-beta counting
system. The system was replaced in 2017 by model Berthod LB790
system which is currently being used operationally. The old system,
model Berthod LB770-2, serves as backup.

(d) Alpha spectrometry analysis
The activity of plutonium-239 is measured by an alpha spectrometry system.
The system was replaced in the third quarter of 2018 by model Ortec Alpha
Ensemble system which is currently being used operationally. The old
system, model EG&G Ortec OCTETE PC, serves as backup.

A summary of key measurement parameters, including sample size, counting
time and detection limits, are given in Table 3.

2.4 Comparison between BRMP and ERMP measurement results

Among the radiation measurement works described in Section 2.1 to 2.3, some of
the radiation monitoring stations, the Automatic Gamma Spectrometry System as well
as radiological measurements of some of the environmental and food samples had not
yet started operation during the BRMP 5-year period. Hence, for the measurement
results from these systems or samples, no corresponding BRMP ranges are available
as background reference.

TTritium is primarily produced naturally by cosmic rays entering the atmosphere or generated during
atmospheric nuclear weapon tests conducted from 1945 to 1980. A small amount is also produced
during the operation of nuclear power stations (UNSCEAR 2008).
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Despite this, during the years of operation since the start of the second phase of
ERMP in 1992, long term results of BRMP-covered radiation measurement of
ambient radiation levels and activities of artificial radionuclides suggested that there
had been no material changes in the overall environmental radiation levels in Hong
Kong as a result of the operation of the nuclear power plants (Kong Y.C. and
Olivia S.M. Lee 2017). On this basis, for radiation measurement without BRMP
reference values (i.e. measurement started after the second phase of ERMP), the range
of values in the first five years of measurement were adopted as the reference range in
this report. This reference range, being closest to the BRMP period in time, can
effectively be taken as the approximate baseline level of that radiation measurement
in the absence of visible influences from other variables.

2.5 Quality assurance

Since 1989, the Observatory has been participating in inter-laboratory
comparison exercises and proficiency tests organised by international and national
organisations (Hui et al., 2007), namely the International Atomic Energy Agency
(IAEA), the National Physical Laboratory of the United Kingdom (NPL), the World
Health Organization (WHO) and the China Institution for Radiation Protection
(CIRP). In recent years, the Observatory also participated in the comparison
exercises organised by the China Institute of Atomic Energy (CIAE), the Shanghai
Radiation Environmental Supervision Station (ShRESS) and the Government
Laboratory (GL).

In April 2018, the Observatory participated in a laboratory proficiency test
organised by IAEA for the measurement of gamma activities of radionuclides in water
samples. In June of the same vyear, the Observatory also participated in an
inter-comparison exercise organised by CIAE on the measurement of strontium-90
activities in water and milk powder samples. Details can be found in Section 3.1.8.

Other than inter-laboratory comparison exercises and proficiency tests, the
quality of the environmental radiation monitoring results in Hong Kong is also
assured through internal quality assurance procedures.

To enhance the management efficiency and quality of its radiation management
work, the management procedures of the Observatory’s Radiation Laboratory adheres
to the standards based on the International Organisation for Standardization 1ISO9001
in the provision of radiation measurement service. Certification for 1SO9001:2008
was successfully obtained in early 2009. Following the launch of ISO 9001:2015,
relevant management procedures for the radiation measurement service at the
Radiation Laboratory were further enhanced. The service successfully passed the
ISO 9001:2015 certification audit in November 2017, and subsequently passed the
annual surveillance audit in November 2018, reaffirming the quality of this service
meeting the latest international standards.

Meanwhile, the Observatory also enhanced the management of its Ambient
Gamma Radiation Level Measurement Service and the service successfully received
the ISO 9001:2008 certification in late 2015. Since then the Observatory has
continued to enhance the relevant management procedures of the measurement
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service from time to time and it successfully obtained the ISO 9001:2015 certification
in August 2018, confirming that the level of quality management of the Ambient
Gamma Radiation Level Measurement Service met the latest international standards.

3. RESULTS AND CONCLUSION

3.1 Results
3.1.1 Radiation Monitoring Network

The annual average ambient gamma dose rates and ranges of 1-minute averages
recorded by the RMN in 2018 are tabulated in Table 4a. The measurement results
were all within baseline radiation levels.

Since the operation of the RMN, temporal changes in the radiation level recorded
at the stations are typically a few per cent in seasonal variations. During rainy
condition or episodes of tropical cyclone affecting Hong Kong, the variations can be
significantly larger and the radiation level may even be a couple of times higher than
the level at other times.

The most significant change in the ambient gamma dose rate in 2018 was
recorded on 23 August at Ping Chau. Under the influence of an intense band of
thundery showers developed over inland Guangdong, the 1-minute average dose rate
at Ping Chau rose to about 1.2 times above the mean value of the year, but still within
the baseline levels.

The OGSAN operated normally throughout the whole year in 2018. OGSAN
and RMN complement each other in that when RMN registers a large variation in
radiation level, the OGSAN can be used to determine whether the changes are brought
by artificial gamma-emitting radionuclides. In future, the Observatory will explore
utilizing the OGSAN as a backup of the RMN and making use of the ambient dose
equivalent rate data recorded by the OGSAN to monitor the environmental radiation
level.

3.1.2 Thermoluminescent Dosimeter Network

The annual average, standard deviation and variation of gamma dose rates
measured at each of the TLD stations in 2018 are listed in Table 4b. The gamma
dose rates recorded at all stations were found to be within the BRMP range.

3.1.3 Aerial Radiation Monitoring System

In 2018, background measurements in the ground contamination measurement
mode were conducted in April, June, August and September using the Aerial
Radiation Monitoring System (ARMS) over Ping Chau, Kat O, Tap Mun and Soko
Islands respectively. The measurement height followed terrain, maintaining at a
height of about 100 metres above the ground. No artificial radionuclides were
detected and measurement results obtained were similar to those in the past.
Figure 4 shows the ambient radioactivity count rates over the areas on the days of
measurements.
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The Observatory used the plume tracking mode to carry out measurements of
vertical radiation level profiles over Mirs Bay and Sai Kung in July 2018. The
helicopter rose from about 100 metres up to about 1000 metres above sea level to
measure the change of radiation levels against altitude. No artificial radionuclides
were detected. Figure 5 depicts the vertical radiation level profiles over Mirs Bay
and Sai Kung.

Similar to past observations, the count rates over waters of Mirs Bay showed no
significant changes with height and reflected basically the background radiation
levels.

As to the vertical radiation level profiles over Sai Kung, similar to past
observations, the count rates measured near land surface were significantly higher
than those measured over the sea surface, as rocks and soil contained more radioactive
substances than sea water. The count rates over land decreased rapidly with height
before reaching a level close to those measured over the sea.

3.1.4 Automatic Gamma Spectrometry System

Results obtained by the AGSS in 2018 are given in Table 5. No artificial
radionuclides were detected in the year and all results were within ranges of
environmental radiation levels.

3.1.5 Mobile Radiation Monitoring System

Four measurements of cosmic radiation were carried out at Plover Cove in 2018.
The average gamma dose rates ranged from 0.035 to 0.038 uGy h! (Table 6), close to
those measured in previous years.

In 2017, the Observatory deployed two radiological survey vehicles with
portable high pressure ionization chambers onboard to carry out enroute radiation
measurement along some major roads in the territory (see Figure 6 for the survey
routes). In 2018, the two survey vehicles conducted a total of 204 surveys. In
general, the enroute ambient gamma dose rate recorded in 2018 ranged from 0.053 to
0.373 uGy h%, similar to measurement results on those survey routes in 2017. The
variations of ambient gamma radiation level are generally caused by the structures,
rock and soil, etc in the vicinity of measurement locations as well as the weather
conditions during measurements. Figure 6 shows the enroute gamma dose rate
recorded along survey routes and the annual average values recorded by the Radiation
Monitoring Network and Thermoluminescent Dosimeter Network in 2018.

3.1.6 Upper-air Radioactivity Soundings

Five radioactivity soundings were made in 2018. The weather conditions during
these soundings were: cloudy with moderate easterly winds at the surface on
26 February; sunny periods with moderate easterly winds at the surface on 29 March;
mainly cloudy with showers and moderate southwesterly winds at the surface on 21
June; fine with moderate easterly winds at the surface on 8 October; and sunny
periods with moderate northeasterly winds at the surface on 8 November.
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Figure 7 shows the average vertical profiles of atmospheric radioactivity from the
upper-air radioactivity soundings in 2018. The data analysis results obtained were
similar to those of past years (Li et al. 2007).

3.1.7 Food and Environmental Samples

A total of 433 routine food and environmental samples were collected in 2018.
The results of gamma spectrometry analyses, tritium measurements, strontium-90
measurements and plutonium-239 measurements are shown in Tables 7, 8, 9 and 10
respectively.

Only results pertaining to measurable activities of artificial radionuclides are
included in all tables. For ease of reference, a summary of measurement results in
2018 for the major sample types according to different pathways is given in Table 11.

All activity data are decay-corrected to the date of sampling. Where sampling
Is done over an extended period (for instance a week or a month), decay correction is
made with reference to the mid-point of the sampling period.

(@) Gamma Spectrometry Analyses

Traces of caesium-137, an artificial gamma-emitting radionuclide, were
detected in some food, soil and sediment samples in 2018. The measured
activities in these samples were all within the corresponding ranges of BRMP
values. The samples included seafood, land soil, intertidal sediment and seabed
sediment. Caesium-137 was detected in such sample types during BRMP and
ERMP so far (Wong et al. 2003). The presence of the radionuclide in
environmental and food samples could generally be attributed to the remnants of
fallout from atmospheric nuclear weapon tests conducted from 1945 till 1980
(UNSCEAR 2008).

Following the detection of very minute amount of zinc-65 in a local
Babylonia formosae sample collected in the fourth quarter of 2017, the
Observatory collected more samples in 2018 (from four samples a year to eight)
to enhance the monitoring of zinc-65 activities in Babylonia formosae.

Among the eight Babylonia formosae samples, a very minute amount of
zinc-65* was detected in a sample collected in the first quarter of 2018. No
zinc-65 were detected in all other samples. The detected zinc-65 activity was
very low and very close to instrument’s detection limit with a relatively large
uncertainty. The source of zinc-65 in this sample could be associated with local
laboratory research activities. The Observatory will continue to collect more
Babylonia formosae samples in 2019 for radiation measurement. Measurement
results will be presented in the 2019 summary.

#  The measured activity of zinc-65 in the Babylonia formosae sample collected in the first quarter of
2018 was 0.2 + 0.1 Bq kg™ (95% confidence level). The BRMP value, < 0.2 Bg kg%, of zinc-65 in
Babylonia formosae sample was estimated from the typical detection limit of the measuring
instrument in BRMP (i.e. 0.2 Bq kg™).
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(b) Tritium

Very small amounts of tritium were detected in some atmospheric, water
and food samples in 2018. The measured activities in these samples were all
within the baseline radiation levels. The samples include water vapour in air,
wet deposition, total deposition, underground water, sea water, drinking water,
bottled water, rice, milk, fruits, vegetables, poultry, meat, seafood and seaweed.
The source of tritium in the samples was attributable primarily to the natural
cosmogenic processes with small contribution from the remnants from
atmospheric nuclear weapon tests (UNSCEAR 2008).

(©) Strontium-90

Traces of strontium-90 were detected in some atmospheric, food and soil
samples in 2018. The activities in these samples were within the baseline
radiation levels. The samples included airborne particulates, wet deposition,
land soil, rice, milk, vegetables, fruits, poultry, seafood, seaweed. Strontium-90
was detected in such sample types in both BRMP and ERMP. The
radionuclide’s presence was also primarily attributable to atmospheric nuclear
tests in the past (UNSCEAR 2008).

(d) Plutonium-239

Minute amounts of plutonium-239 were detected in some food and sediment
samples in 2018. The measured activities in these samples were all within the
BRMP range. The samples included seaweed, intertidal sediment and seabed
sediment. Fallout from past atmospheric nuclear weapon tests could again be
the major source of plutonium-239 (UNSCEAR 2008).

3.1.8 Results of Laboratory Measurement Comparisons

In April 2018, the Observatory participated in a proficiency test organised by
IAEA to measure the gamma activities in two water samples. 1AEA released the
evaluation report for each participating laboratory in October 2018. The report
confirmed that the measurement results of the Observatory were all within the
acceptable ranges as announced by IAEA. The Observatory’s measurement results
are given in Table 12.

In June 2018, CIAE organised an inter-comparison exercise for the measurement
of activities of strontium-90 in water and food samples. The Observatory analysed
the water and milk powder samples. The results were reported in October 2018 by
CIAE. 1t is confirmed that the measurement results of the Observatory were all
within the acceptable ranges as announced by CIAE. The Observatory’s
measurement results are given in Table 13.
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3.2 Conclusion

The ambient gamma dose rates recorded over various parts of the territory in
2018 were within the baseline radiation levels. As in the past years, traces of
artificial ~radionuclides, including caesium-137, tritium, strontium-90 and
plutonium-239, were detected in various environmental and food samples. The
levels of all these radionuclides were not significantly different from those recorded
before the Daya Bay Nuclear Power Station and Lingao Nuclear Power Station came
into operation.

It is concluded that in 2018 there was no significant change in ambient radiation
levels and the activities of artificial radionuclides in the Hong Kong environment and
foodstuffs consumed by Hong Kong people.
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[The average is computed based on the data from both the radioactivity sensors of model Vaisala NSS921 and
model Meisei MNS-13.]
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Table 1. Summary of the sampling and analysis programme in 2018

BAER
Sample type

Ut

Sampling location

biiA S|
Number of
location

vagiit bl
Type of
analysis

HUBEIRAR
Sampling
frequency

RIEME#ES Ambient

Gamma Radiation

R & 2%
Gamma dose rates

P Ping Chau,
&P Tap Mun,

=8 Kat O,

vLUETS Sha Tau Kok,
JLFIE Yuen Ng Fan,
KEE Tai Mei Tuk,
2 EH Tsim Bei Tsui,
i Kwun Tong,
7558 Sai Wan Ho,
i+# King’s Park,
#81H Cape D’ Aguilar,
FrE A Chek Lap Kok

12

e v

— oy

1-minute interval

RIEMERE
Cumulative gamma
doses

SN Ping Chau,

&P Tap Mun,

= Kat O,

JCFIE Yuen Ng Fan,
7H7KE Clear Water Bay,
PEE Sai Kung,

KREE Tai Mei Tuk,

B %7 Wu Kai Sha,
#E81H Cape D’Aguilar,
YbUEFE Sha Tau Kok,
VDEH Shatin,

i Kwun Tong,
HHEE Shau Kei Wan,
KIf Tai Po,

A King’s Park,
I, Happy Valley,
Ze/KiE Deep Water Bay,
FHELHE Shek Lei Pui,
BE{LE ChiFuFaYuen,
K348 Fanling,

257 Tsuen Wan,

f+ii Shek Kong,

M Cheung Chau,
JCEA Yuen Long,
KHF&E Tai Lam Chung,
2 &0IH Tsim Bei Tsui,
d5f9 Tuen Mun,

Mg s Chek Lap Kok,

FHAX Tsing Yi

29

g v

&2 quarterly
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1. (%)
Table 1. (cont’d)
- S EEEE | b AURIRE
Sample type Sampling location Nlumb_er of Type O.f Sampling
ocation analysis frequency
KREAEA Atmospheric Samples
KR HiEAH King’s Park, 3 e v, EIE(FFE— H) weekly
Airborne particulate VDUEFE Sha Tau Kok, $8-90 Sr-90, (bulked monthly)
JEFHE Yuen Ng Fan §7-239 Pu-239 | (BEEEASET TN HT
Weekly sample for »
analysis only)
RIRY) () iEAH King’s Park, 3 Sy, M H-3, | &8 (BE—HED
Wet deposition VDUEFG Sha Tau Kok, $8-90 Sr-90, #7) weekly (bulked
(precipitation) JCFIE Yuen Ng Fan $£-239 Pu-239 | monthly for analysis)
HEY) TR King’s Park 1 By, mH-3, | F8 (BE—HED
Total deposition $8-90 Sr-90, 1) weekly (bulked
$£-239 Pu-239 | monthly for analysis)
RARNH TR King’s Park 1 me v 4 weekly
Gaseous iodine
REIKZER 1A King’s Park 1 M H-3 & H monthly
Water vapour in air
HiE A Terrestrial Samples
&k Rice A Mainland 1 &y, 7@ H-3, | &= quarterly
£8-90 Sr-90
(8B E) A Mainland 1 gy, /i H-3, | B3 quarterly
Pasteurized milk #8-90 Sr-90
320 Choi sum A Mainland, 2 ey, 7 H-3, | &= quarterly
At Local ##-90 Sr-90
3% Pak choi P9, Mainland, 2 Sy, i H-3, | &F quarterly
A Local $€-90 Sr-90
EH Banana A3 Mainland 1 Mgy, i H-3, | &3 quarterly
#8-90 Sr-90
75k Lychee A3 Mainland 1 &y, M H-3, | EZ summer
#H-90 Sr-90
fH#% Mandarin i Mainland 1 Mgy, A H-3, | FkEKLZE autumn
$H-90 Sr-90 and winter
H#F Sugar cane A3t Mainland 1 &y, M H-3, | &3 spring
#5-90 Sr-90
% Chicken A, Mainland, 2 My, 7 H-3, | &2 quarterly
3t Local #H-90 Sr-90
HE& Duck A, Mainland 1 My, 7 H-3, | &2 quarterly
#5-90 Sr-90
214 Beef A, Mainland 1 Mgy, 7 H-3, | &2 quarterly
#5-90 Sr-90
FERT Pig’s liver A Mainland, 2 Mgy, 7 H-3, | &2 quarterly
A3t Local $H-90 Sr-90
FE1A) Pork At Mainland, 2 My, 7 H-3, | &2 quarterly
A3t Local #H-90 Sr-90
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Fz1 ()
Table 1. (cont’d)
AT AR B WEEE | SRR IR
Sampling location Number of Type of Sampling
Sample type location analysis frequency
i 719 King’s Park, 39 e v, B 5
(Ef@ R 1) | 7bH Shatin, $8-90 Sr-90, | R X
Land soil PEE Sai Kung, $£-239 Pu-239 | Each location is
(upper and SH7K# Clear Water Bay, sampled once
lower level) E KPS High Island West, every 5 years.

HH7KEE High Island East,

JLEY] Pak Tam Au,

/038 Pak Sha O,

KIH Tai Po,

tr48 Fanling,

YDHEFS Sha Tau Kok,

KEE Tai Mei Tuk,

/K Shing Mun Reservoir,

ZE Tsuen Wan,

KHEF/KH#E Tai Lam Chung Reservoir,
FHUIEEER; Castle Peak Power Station,
JCEA Yuen Long,

Je&H Tsim Bei Tsui,

fif Shek Kong,

BT EEIE Y)E Kadoorie Farm and
Botanic Garden,

£ Cheung Chau,

B Y B Lamma Island,

FEN Peng Chau,

tREEE Silvermine Bay,

BJE Tung Chung*,

FEEKIE Shek Pik Reservoir*,

KHE Tai O*,

HJE Pak Nai*,

&P Tap Mun¥,

& Kat O%,

S Ping Chau*,

HEHr Happy Valley*,

SEFRMA/KIE Pokfulam Reservoir,
EIF T /K Lower Aberdeen Reservoir,
E/KE Deep Water Bay,

FGE/KIE Tai Tam Reservoir,

#8105 Cape D'Aguilar,

EGE AL /KE Ngau Tau Kok Service
Reservoir,

HELE JKIE Shek Lei Pui Reservoir

* 2018 FE{RHE
HhBE

* locations
sampled in
2018
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F 1. ()
Table 1. (cont’d)
BRI AR LR H ﬁ‘yﬁﬁi” EUBEER Sampling
Sample type Sampling location of location | analysis frequency

JKEBfE A Aquatic Samples
G RN %2 SLEERCKE 5 & v, &2 quarterly
Drinking water (treated) Kowloon distribution tap, % H-3

PR KE

Tuen Mun distribution tap,

VD H K R

Shatin Treatment Works,

TR TIE KR

Tuen Mun Treatment Works,

SHAHERE 7K R

Yau Kom Tau Treatment Works
BRFAZK (REE R EH) B H K 6 % v, = quarterly
Drinking water (untreated) | High Island Reservoir, 4 H-3

ey oy W

Plover Cove Reservoir,

AH B Hli7Kish

Muk Wu B Pumping Station,

VAR RN N

Shatin Treatment Works,

FTIE KR

Tuen Mun Treatment Works,

SHFH TR E 7K

Yau Kom Tau Treatment Works
TEEETK (58 7K) Z#h Local 1 {EE v, HZ quarterly
Bottled water (Distilled) i H-3
TEEEK (2R 7K) A, Local 1 s v, 2= quarterly
Bottled water (Mineral) % H-3
HRK HETS Cheung Hong Estate, 6 M v, BAF yearly
Underground water $9%8 kT Kwan Lok San Tsuen, i H-3

FR3E Wan Tsui Estate,

FE M Wah Fu Estate,

ELL#ES Fu Shan Estate,

35236 Ching Leung Nunnery
KB - TR (EE) | BHE Waglan Island, 4 e y, | &= quarterly
Sea water (upper, middle AN Basalt Island, i H-3
and lower level) ASESE Tai Long Wan,

7 Port Island
K R T W& Waglan Island, 4 e y, | &= quarterly
(L& -~ g RfE)E) KA Basalt Island, #8-90
Suspended particulate in KORE Tai Long Wan, Sr-90,
sea water (upper, middle 73 Port Island $R-239

and lower level)

Pu-239
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#z1. (&)
Table 1. (cont’d)
-~ SR SrAIER] ARSI
Siﬁﬁg |J3e Sam?llinﬁg itl%%ition Numb_er of Type qf Sampling
location analysis frequency
JKEBfE A Aquatic Samples
K I 2 Mm% v, M H-3, | F=F quarterly
Aristichthys nobilis Shenzhen, #8-90 Sr-90,
(Big-head carp) TLEA #£-239 Pu-239
Yuen Long
A= PACHY: | 3 % v, i H-3, | &3 quarterly
Nemipterus japonicus Daya Bay, #8-90 Sr-90,
(Melon coat) F AT I $£-239 Pu-239
Seas west of Hong Kong,
FAHKIR
Hong Kong Waters
A-ifk PAGHEY | 3 % v, 7 H-3, | &F quarterly
Platycephalus indicus Daya Bay, #8-90 Sr-90,
(Bartail flathead) HAELIG S $£-239 Pu-239
Seas west of Hong Kong,
F K
Hong Kong Waters
PR PNCEY | 3 s v, m H-3, | &3 quarterly
Trichiurus haumela Daya Bay, #8-90 Sr-90,
(Hair tail) B LAPE #£-239 Pu-239
Seas west of Hong Kong,
T KIR
Hong Kong Waters
=R LA I 2 % v, i H-3, | &% quarterly
Portunus sanguinolentus Seas west of Hong Kong, ##-90 Sr-90,
(Three-spotted crab) T K #£-239 Pu-239
Hong Kong Waters
TR AL, 2 i v, 7 H-3, | &3 quarterly
Metapenaeopsis barbata Seas west of Hong Kong, #8-90 Sr-90,
(Fire prawn) K $£-239 Pu-239
Hong Kong Waters
fit PACEY- | 3 ks v, f H-3, | ¥ quarterly
Loligo edulis Daya Bay, #5-90 Sr-90,
(Squid) AR LIPE R $£-239 Pu-239
Seas west of Hong Kong,
T KIR
Hong Kong Waters
EA /K3 Hong Kong Waters 1 e v, M H-3, | 5= quarterly
Sepia spp. #8-90 Sr-90,
(Cuttlefish) #£-239 Pu-239
=l £ Cheung Chau, 2 g v, 7 H-3, | = quarterly
Tapes philippinarum n-g2# Tolo Harbour #8-90 Sr-90,
(Clam) #£-239 Pu-239
F £ Cheung Chau, 3 Mgy, M H-3, | F=F quarterly
Perna viridis H-#&#% Tolo Harbour, #5-90 Sr-90,
(Green-lipped mussel) KEf# Daya Bay #£-239 Pu-239
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x1l (&)
Table 1. (cont’d)
| MR E pariE bl Bl R
S?fnzr!?lﬁ?/ |J3e Samﬁ%i%g ﬂ?ﬁition Numb_er of Type qf Sampling
location analysis frequency
JKEBREZA Aquatic Samples
BB & A/Ki Hong Kong Waters 1 e v, M H-3, | /X F=F
Babylonia formosae $H-90 Sr-90, Bh—Z
(Gastropod) $£-239 Pu-239 8 times, at least
once every
quarter
add %S Po Toi O 1 Mg v, MH3, | XFERESE
Ulva lactuca $H-90 Sr-90, winter and
(Sea lettuce) $£-239 Pu-239 spring
s H-g8# Tolo Harbour 1 mE v, M H-3, | 4z winter
Enteromorpha prolifera #5-90 Sr-90,
(Sea hair) #£/-239 Pu-239
B8 SE&E Po Toilsland 1 E v, MH-3, | £z winter
Porphyra dentata #8-90 Sr-90,
(Red algae) #£-239 Pu-239
FEEREE %S Po Toi O 1 Mg v, M H3, | XFELESE
Sargassum hemiphyllum £H-90 Sr-90, winter and
(Brown algae) $£-239 Pu-239 | Spring
IR (B2 R T E) /7% Pak Sha Wan, 3 s v, HF quarterly
Intertidal sediment JaEnH Tsim Bei Tsui, #£-239 Pu-239
(upper and lower level) VLUETS Sha Tau Kok
TBIRIIUE) R#EE Tai Tan Hoi, 4 & v, B yearly
Seabed sediment FEWE & Lung Ha Wan, #£-239 Pu-239
ZE# Picnic Bay,
PHIERE A& Western Anchorage
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Table 2. Summary of food samples in 2018

. WEEAREHE
%51 Type 1%k Location No. of samples collected
w D AT ER T =F0)
Bk Rice Mainland (Pearl River Delta) 4
FHy(REK 75) Pasteurized P CAESIN/ ) 8
milk Mainland (Shenzhen/Huizhou)
(S e1)) 4
F0» Choi sum Mainland (Shenzhen)
Ay Local 4
PGS s
H3% Pak choi Mainland (Shenzhen)
A3 Local 4
- Pt ([ 5)
&% Banana Mainland (Guangdong) 4
7317 Lychee AH: Mainland 1
_ PRI (/58 5
fiif# Mandarin orange Mainland ((Guang)]dong) 2
e PRI (B 2R
HIFE Sugar cane Mainland ((Guanédong) !
PR s
ZE Chicken Mainland (Shenzhen)
b Local 4
PG
s Duck Mainland ((Shen)zhen) 4
414 Beef N Mainland 4
PIHL(SE ) A
FEHT Pig’s Liver Mainland (Guangdong)
b Local 4
P A
54 Pork Mainland (Guangdong)
A3 Local 4
K4 Aristichthys nobilis &I Shenzhen 3
(Big-head carp) JCEH Yuen Long 3
KEHE Daya Bay 1
JL= Nemipterus japonicus EHED PG EE 1
(Melon coat) Seas west of Hong Kong
7Kk Hong Kong Waters 3
Kuf# Daya Bay 1
Zfift  Platycephalus indicus EHE DI PG EE 1
(Bartail flathead) Seas west of Hong Kong
Z 7Kk Hong Kong Waters 3
Kioa# Daya Bay 1
ZF#% Trichiurus haumela EHE DI PG EE 1
(Hair tail) Seas west of Hong Kong
7Kk Hong Kong Waters 3
—REEE AL 1
Portunus sanguinolentus Seas west of Hong Kong
(Three-spotted crab) 7 A /Kis, Hong Kong Waters 4
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Table 2. (cont’d)

. WEEARE
I
$EA Type #i% Location No. of samples collected
UVN 5t FAELIIE SR 1
Metapenaeopsis barbata Seas west of Hong Kong
(Fire prawn) T 7K Hong Kong Waters 4
Koa Daya Bay
fit # Loligo edulis BB ER 1
(Squid) Seas west of Hong Kong
/K Hong Kong Waters 3
4 Sepia spp. (Cuttlefish) | F3#7/Kik Hong Kong Waters 4
i Tapes philippinarum ) Cheung Chau 2
(Clam) HF&#% Tolo Harbour 2
JN Ch Ch 3
=11 Perna viridis %ﬁ” Sung -1y
(Green-lipped mussel) #7278 Tolo Harbour 3
PP Kon# Daya Bay 3
B JEE Babylonia formosae .
(Gastropod) Z KI5 Hong Kong Waters 8
F%E Ulva lactuca P .
(Sea lettuce) LR Po Toi O 2
7#¥& Enteromorpha prolifera N
[] SISEN
(Sea hain) H-Z5# Tolo Harbour 2
=2:3Z Porphyra dentata o .
(Red algae) SHEE PoToi lsland 0
Sargassum hemiphyllum LA PoToi O 2

(Brown algae)
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Table 3.  Summary of key measurement parameters for samples in 2018%

5
pilh=e il ZERm ISR BFE (FD) AT IR®
Measurement type Air Flow Sample size Counting Minimum Detectable Activity®
Rate P time (MDA)
(second)
ffi-131 $6-137
1-131 Cs-137
12000 m®
17 méht i
rmzrmmg | IR ss000 | 10usame | 20uBgm®
o bulked monthly
ZRUEE)
sample)
(collected by 3000 17
High Volume (?ﬁff:zlx 20000 50 uBgq m*® 50 uBq m*
= i S
f?ﬂﬁ% Alr Sampler) weekly sample)
rborne 800 m3nt 800 m°
Particulate | (eargsr kiR | (NSHEA 60 60
R @ hourly sample) 900 ‘ |
(collected by | 8000 0000
Enhanced High 19200 m3 10800 3 1 3
Volume Air (EHER uBgm nBqm
Sampler) @ daily sample)
2.5 m3ht
loctod ¢ (EHEREA 55000 300 uBg m*® }
(collected by weekly sample)
Radioiodine y samp
RAENIL Sampler)
Gaseous 7 méh1 7m?
lodine (HESEER ((SZNISEEZIN 2
HERILEE) @ hourly sample) 900 |
(collected by | 150 -
) Enhanced High 168 m® 10800 3
m%ﬁi%ﬂ@t Volume Air (SEEEA mBg m
BH Sampler) ® daily sample)
Gamma SR
emitting Wet - 4L 55000 0.2BgL* 0.2BgL*
radionuclides deposition
R
Total - 0.03 m? 55000 15Bgm?2 15Bgm?
deposition
£k Rice - 4 kg 20000 0.1 Bgkg* 0.1 Bqkg*
=475 Milk - 1L 55000 0.2Bq L* 0.3Bq L*
B ) 1 1
Vegetable 1kg 20000 0.3 Bqkg 0.4 Bg kg
7K Fruit - 2 kg 20000 0.3 Bq kg™ 0.3 Bg kg*
F & Poultry - 2 kg 20000 0.2 Bq kg 0.2 Bg kg*
[AJH Meat - 1kg 20000 0.4 Bq kg! 0.4 Bq kg!
T _ -1 -1
Land soil 1kg 20000 1.0 Bg kg 1.5 Bg kg
TKEEA
Water - 4L 55000 0.1BglL? 0.1BglL?
samples
KRR
¥ ) 1 1
Suspended 5L 55000 0.02Bg L 0.02BqL
particulate
e Seafood - 2 kg 72000 0.1 Bgkg* 0.1 Bq kg*
V5 Seaweed - 0.5 kg 20000 1Bgkg? 2Bgkg?
IR L
TERIUE) - 2 kg 20000 0.5 Bq kg™ 0.5Bqg kg*
Sediment
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Table 3. (cont’d)
I I {622
pilk= bl BAK/N | RE®) Z:NJ=Y EVES LSS AT IR®
Measurement type Sample Counting | Background | Counting | Chemical |Minimum Detectable Activity®
size time (CPM) efficiency recovery (MDA)
(second) (%) (%)
Wf(;}(:fjion 0.007 L 18000 2 25 - 4BgL?
LY
Total 0.0001 m? 18000 2 25 - 300 Bg m?
deposition
ATR 2md 18000 2 25 - 0.01Bgm?
Water vapour
&>k Rice 0.08 kg 18000 2 25 - 0.3 Bgkg*
4475 Milk 0.007 L 18000 2 25 - 4BgL?
7, Tritium 3% Vegetable 0.008 kg 18000 2 25 - 3Bgkg?
7K 5 Fruit 0.01 kg 18000 2 25 - 3Bgkg?
X5 Poultry 0.02 kg 18000 2 25 - 2Bgkg?
A%E Meat 0.01 kg 18000 2 25 - 3Bqgkg*
ks 0.007 L 18000 2 25 - 4BgL?
Water samples
HRAK
Underground 0.1L 18000 2 25 - 0.3BgL?
water
Y Seafood 0.02 kg 18000 2 25 - 1Bqkg?
Y55 Seaweed 0.05 kg 18000 2 25 - 1Bgkg?
Airborne 5000 m® 30000 1 75 90 1puBgm?
particulate
/ﬁdﬁﬁ% 2L 30000 1 75 100 0.002 Bq L*!
Wet deposition
HIUEY
Total 0.01 m? 30000 1 75 100 0.5 Bg m?
deposition
>k Rice 3 kg 30000 1 75 90 0.002 Bq kg™!
4475 Milk 1L 30000 1 75 90 0.005Bq L*
#£-90 %3 Vegetable 1kg 30000 1 75 90 0.005 Bq kg™*
Strontium-90 -
7K 5 Fruit 2 kg 30000 1 75 90 0.003 Bq kg™*
& Poultry 2kg 30000 1 75 90 0.003 Bq kg™*
A%E Meat 1 kg 30000 1 75 90 0.005 Bq kg'!
Lafdﬁfoil 0.005 kg 30000 1 75 90 1Bgkg?
KRR T
Suspende 3L 30000 1 75 90 0.002 Bq L
particulate
7 Seafood 1.5kg 30000 1 75 90 0.004 Bq kg™*
3% Seaweed 0.05 kg 30000 1 75 90 0.1 Bgkg?
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Table 3. (cont’d)

s iy | b A
Pl hall BARN | BEE) | FE EVES (EEES o
Measurement type Sample Counting | Background Counting | Chemical Mlnlmum. I?etezzctable
size time (CPM) efficiency recovery Activity®
(MDA)
(second) (%) (%)
Airborne 6000 m® 220000 0.003 20 40 0.2uBgm?3
particulate
RIUEY)
Wet 2L 220000 0.003 20 60 0.0004 Bq L*
deposition
HIEY)
Total 0.01 m? 220000 0.003 20 60 0.07 Bg m?
deposition
ﬁtzsg T8 . 0.003 kg 220000 0.003 20 50 0.3 Bgkg*
Plutonium-239 Land soil
KR
Sl 3L 220000 0.003 20 50 0.0003 Bq L*
Suspended
particulate
&7 Seafood 0.5kg 220000 0.003 20 40 0.002 Bq kg*
3% Seaweed 0.05 kg 220000 0.003 20 60 0.01 Bg kg*
T
ARSI 0.003 kg 220000 0.003 20 50 0.3 Bqgkg*
Sediment
E:

(1) FAFTYIZE ERMP 1 —E— UF L 2R SV IIEE - EHSF 2/ - SPEEEREEN - S8R aE
b o FERENLT - BB A S 9L ERER A ESHETRY -

(2) REHIZOR T RRZFE — {8 ST ZON R I B PR AR B AR (VG KT « SR T IRAVEUEBUR A 2 E A% -
BEFEEFIHE RAVRE - S I7E - BEARNEYE FOHIERTES - BT DARH T IR G PEE(E IR AR S i ol - &
PR RAERHT T IR R E— OB T RIS - AR Rt BeE RIS ERE 528 2 - AIEERREAR
HUHIE ST » FTRE IS H BN N RIS R -

(3) FILLHYBUE R B = A SRR B3 IR S BRI T IR A — AR AR « PR R T B R B S bR [0 T 5 -

Note:

(1) The values given in the table are typical values of key measurement parameters in the ERMP in 2018. The values may
vary in practice, and should thus be used as reference only. Under special circumstances, some samples may be measured
under substantially different conditions.

(2) The minimum detectable activity (MDA) of a measurement is the lowest activity level that is practically achievable by the
counting system for that measurement. MDA values depend on the characteristics of the measurement system, method of
measurement, sample characteristics and measurement conditions, and thus vary with individual samples and measurements.
The listed MDAs are typical values under “typical” measurement conditions and serve as a quick reference in interpreting
results in this report. Under individual measurement conditions, activity much lower than the typical MDA would
sometimes be measured.

(3) The values listed are the typical ranges of parameters and MDA of the Enhanced High Volume Air Sampler (EHVAS).

The sampling and counting times will be adjusted depending on different situations.
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*da  EHEDHEEE U GAVERRIREE R o (BBALAE/ NRFHK)
Table 4a. Ambient gamma dose rates recorded by the radiation monitoring network in
2018 (dose rate in pGy h™)

. FEWYE R — oy EIEHEEE
BT BRI -
o L ) Annual Standard Variation of
Radiation Monitoring Station o )
Average Deviation 1-min Average
EHH KatO 0.101 0.003 0.075-0.187
H#H King’s Park 0.145 0.003 0.127 - 0.256
#i#E Kwun Tong® 0.123 0.005 0.080-0.190
SE Ping Chau® 0.086 0.005 0.068 — 0.190
P71 Sai Wan Ho@ 0.089 0.005 0.070 - 0.142
VbEEFE Sha Tau Kok 0.102 0.002 0.093-0.191
KEE Tai Mei Tuk 0.118 0.003 0.104 -0.211
T Tap Mun 0.087 0.003 0.073-0.156
ZJ2&0H Tsim Bei Tsui 0.129 0.002 0.113-0.200
JCFE Yuen Ng Fan 0.119 0.003 0.091 -0.203
g8 Chek Lap Kok 0.144 0.005 0.121 -0.203
#EnH Cape D’ Aguilar 0.131 0.003 0.118-0.213
SEFHE
0.062 - 0.271
Reference Range®

A

it () 2EEE SN SE U UNEES SIS S SR B (6 B Rl -
Q@ PN~ BUERPRE R B ZE— NER A EE » A ZHUE RS AN E ER S R o S
HEHR SIS Z ATREEE - -

Note: (1) Reference range is the ambient gamma dose rates recorded by the radiation monitoring network from 1992 to 1996.
(2) The high pressure ionization chambers in the radiation monitoring stations at Ping Chau, Kwun Tong and Sai Wan Ho
were replaced on 17 May, 24 May and 6 December 2018 respectively. The gamma dose rates measured before and
after equipment replacements were generally similar.




63

Rab.  BFBLEIR T T RSB BB -

(BEAL R B/ NRF )

Table 4b. Ambient gamma dose rates recorded by the thermoluminescent network in 2018

(dose rate in pGy h™)

BRI B AR RS R - %mﬁ.
TLD Location Annual Average |Standard Deviation| Variation
#EH Cape D’Aguilar 0.15 0.01 0.14-0.15
Irfig g Chek Lap Kok 0.15 0.01 0.14-0.15
N Cheung Chau 0.11 0.01 0.11-0.12
BE{LE ChiFuFaYuen® 0.16 0.01 0.15-0.16
JH7KE Clear Water Bay 0.12 0.03 0.09-0.16
E/K 7 Deep Water Bay 0.12 0.01 0.11-0.13
1548 Fanling 0.11 0.01 0.11-0.12
HiEE 3 Happy Valley 0.10 0.01 0.09-0.10
B Kat O 0.11 0.01 0.10-0.12
44 King’s Park 0.14 0.02 0.13-0.16
#HI#E Kwun Tong 0.12 0.01 0.11-0.13
S Ping Chau 0.12 0.01 0.11-0.13
PEE Sai Kung 0.11 0.01 0.10-0.12
YDEEFS Sha Tau Kok 0.09 0.01 0.09-0.10

BRMP 2EH{E®

0.03-0.29

BRMP Reference Values®
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Table 4b. (cont’d)

B R I RS Rz o gﬁ“ﬁ‘?
TLD Location Annual Average |Standard Deviation| Variation
VL Shatin® 0.14 0.02 0.12-0.16

5 E % Shau Kei Wan 0.14 0.01 0.14-0.15

i Shek Kong® 0.12 0.01 0.11-0.13

%4 H Shek Lei Pui 0.19 0.01 0.18-0.20

AH&F Tai Lam Chung 0.18 0.01 0.18-0.19

KEE Tai Mei Tuk 0.15 0.01 0.14-0.16
K Tai Po® 0.10 0.01 0.09-0.12
P Tap Mun 0.10 0.01 0.09-0.11

e EIH Tsim Bei Tsui 0.13 0.01 0.12-0.14
FH1< Tsing Yi 0.14 0.01 0.13-0.15

4278 Tsuen Wan 0.14 0.01 0.13-0.15

i[9 Tuen Mun 0.14 0.01 0.13-0.15

5& D Wu Kai Sha 0.14 0.01 0.13-0.15

JCEA Yuen Long 0.11 0.01 0.09-0.12

JLFHE Yuen Ng Fan 0.13 0.01 0.11-0.14
BRMP SE8{H

BRMP Reference Values® 0.08-029

A

gt (D)

)
Note: (1)
(2

I EETEE -~ PH - ARRAHZ B E T 2R — \ER =T RE T rsREGE - FEIi
ig SE R RIS N G B AR AP - £ IR B B S = R B -
BRMP &R {H Ry BV R 5148457 BRMP HARSI TSR SRV ER S5 (i B 25 &= 2R -

The TLDs installed in Chi Fu Fa Yuen, Shatin, Shek Kong and Tai Po were blown away by the strong winds associated
with tropical cyclone Mangkhut in the third quarter of 2018. In this connection, data of the third quarter of TLDs in
these locations were not available for the calculation of the annual average, standard deviation and variation of ambient
gamma dose rates.

BRMP reference values represent the range of the ambient gamma dose rates recorded by the thermoluminescent
dosimeter network during BRMP.
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Table 5. Results of measurement by the Automatic Gamma Spectrometry System
at Ping Chau in 2018
BHRECNNER
—EEH)
ZERAE (FVEE| B | HPBIEEE SEHE"
Air Flow | Annual | Standard Range of Reference range
Rate Average | Deviation | Daily Average | from first 5 years
of operation
(1997 - 2001) @
Pl B EHL 5~ Alpha )
30 méht 1.3 0.3 1.0-21 1.0-538
(175K H A Bgm?)
H kT Beta )
30 méht 14 0.3 1.0-26 1.0-10.1
(175K H A Bgm?)
fifi-1311-131
b 30 méht <4 N/A® N/A < 46
(B1rJ5k=Z H il mBg m?)
#8-137 Cs-137
. 30 méht <4 N/A N/A <4
(F1r77>kZ=H 5] mBg m?)
S FEN-131 Gaseous 1-131 )
4 m3ht <1 N/A N/A <1
(F1r77>Kk 5] Bg m)

() EBMBIARGHEEEAERE A TR « T » HEER TR R A T I R RS
B AT SRS L o IR R T A R B TR S

In general, the alpha and beta

() NIA FoRAEH -
() CHIEEEFERTEI TR “<xx” FoR > xx B BN EHYHEEZON T IR(E -
Note: (1) Automatic Gamma Spectrometry System aims at detecting artificial radionuclides.
values obtained by the system indicate the variations as depicted by the system in the environment, rather than the
concentration of alpha and beta activities in the environment.
(2) N/A means ‘Not applicable’.
(3) Results below the minimum detectable activity (MDA) are reported as “< xx” where xx is the typical MDA value for
that type of measurement.
*® 6. TE—/UFETHIERNG[EWMERERNESR CHIEME: HUEIKH)
Table 6.

(measurement site: Plover Cove)

Measurement results of gamma dose rates due to cosmic radiation in 2018

JHIE HEA Date of measurement

SR B R =R NRFCR)

Average gamma dose rate (UGy h?)

—F—/)FE—H+1tH 17Jan 2018 0.038
—ZE—JUEMH+H 12 Apr 2018 0.035
—%F— ) \EHH+—H 11Jul 2018 0.036
—%—)\FE+H+—H 11 Oct 2018 0.038
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Table 7.

66

radionuclides in food and environmental samples in 2018
(HATHE Bakg?)

B $8-137  Radionuclide: Cs-137

TE— a2 N TN O A R e e O B S A R

Measurement results of measurable® gamma activities of artificial gamma-emitting

Western Anchorage

EETHEEREDN
\ & - N BRMP &i[E©®
7 s R wE | Eme WD | gy
Type Location Total no. of Range | Activity® BRMP Unit
yp samples with g y range®
measurable activity
i KEaE ) _ o1
Trichiurus Daya Bay ' <02 .
haumela 5K , o1 o1 =0 Bakg
(Hair tail) Hong Kong Waters ' '
+IE(LE) Rl
— < -1
Land soil (upper) See Table 1 4 08-21 15 <100 Bak
+IE(TE) Rl
— < -1
Land soil (lower) See Table 1 4 03-23 15 <40 Bakg
HbE 3 0.3-0.4 0.4
N Pak Sha Wan ' ' '
/$HFEE'FE'JJ:(J:) ZIN %Hﬂ
Intertidal ST 2 03-05 0.4 <24 Bq kg
. Tsim Bei Tsui
sediment (upper) ——
VYIS 4 03-07| 05
Sha Tau Kok
b8
4 0.2-05 0.4
. Pak Sha Wan
/$HFE"1%JJ:(_F) ZIN %Hﬂ
Intertidal ST 2 0.3-0.4 0.4 <31 Bq kg
. Tsim Bei Tsui
sediment (lower) —
VYIS 4 03-05| 04
Sha Tau Kok
RS
Tai Tan Hoi ! i 04
REUEOR . _ 02
SEHSTURY) Lung Ha Wan ' <19 Bq kg
Seabed sediment 2R - 4%
o 1 - 0.3
Picnic Bay
P . ] 03
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Table 7. (cont’d)

fettEfZE: $£-65 Radionuclide: Zn-65

Ay

BE TTHIRERR
& - - BRMP #iE®
e S8 AR wE | SEEO R
Type Location Total no. of Range | Activity® BRMP Unit
yp samples with g y range®
measurable activity
SRR
Babylonia T AK 4
- <

formosae® Hong Kong Waters ! 0.2 0.2 Ba kg

(Gastropod)

(1) EEREAPE O HAERIZ RIS ST4REEEE - T RETRIRE % e s AR - AR E4E F A Ry r]
M o

(2) WHEZE—ERASEIEER - AR E -

(3) BRMP HIE&RHEEA TR “<xx” Fom » xx & AR AV BB T IRE - 20 S AR AT A ERZ
MR SRR E R “<xx” o xx QI RHIERIHELRAE -

(4) BRMP I EIREA 1§65 HYPRMN I FRZNE & I N TS B X R A sl FIRMERLHIAK - £
— S TR IS HYSE-65 JEE R 02 £ 0.1 Bg kgt (95% E(E/KF) o PLEBUEER I GEEsATHEMN T IR
0.2 Bg kg™ 73 4H£4T -

Note: (1) When the gamma energy peak(s) of the concerned nuclide is/are discernible in a sample and the detected signal is above
the respective spectral background, the measurement result of that sample is considered as “measurable”.

(2) The mean activity is reported if there are more than one sample with measurable activities.

(3) BRMP results that are below the minimum detectable activity (MDA) are reported as “< xx” where xx is the typical MDA
value for that type of measurement. When a particular radionuclide was detected only in some of the samples in a
certain sample type, the results will be reported as “< xx” where xx is the maximum measured activity value.

(4) The detection limit of zinc-65 in Babylonia formosae sample in BRMP is estimated from the detection limit of similar

artificial radionuclides during the BRMP period. The measured activity of zinc-65 in the sample collected in the first
quarter of 2018 was 0.2 + 0.1 Bq kg* (95% confidence level). This value is close to the detection limit, 0.2 Bq kg, of
measuring instrument at that time.
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Table 8. Measurement results of measurable® activities of tritium in food and environmental
samples in 2018
(BATHR Bakg'; &ATHAR Bq L & FIR AR Bam? &7k H A Bgm?)
N BRMP &z &
S SEREQ)
R Type HEEE Location Total no. of Igigr?ﬂe Aﬁ{%t @ BRMP %rﬁ%
samples with g y range®
measurable activity
€K Rice AN Mainland 1 - 0.2 <1 Bq kg
ACEIN)
Mainland 1 - 15
(&K E) (Shenzhen) <6 Bq L*
Pasteurized milk Pt (FEIN) !
Mainland 3 03-24 12
(Huizhou)
N . 731l Shenzhen 3 04-21 1.2 R
32 Choi sum I Local 5 1022 16 <74 Bqg kg
. 731l Shenzhen 2 02-1.6 0.9
¥ Pak cho s <6 Bq kg™
B ' it Local 3 0.7-24 14 q%9
7FE Banana N Mainland 3 04-0.7 0.6 <3 Bq kg
7317 Lychee At Mainland 1 - 1.1 <4 Bq kg™
fHi% Mandarin A Mainland 2 0.2-2.0 1.1 <4 Bq kg
b _
Z& Chicken Mainland 4 02-15 06 <22 Bq kg
3t Local 4 0.1-0.3 0.2
HE Duck Past 2 0.1-04 0.2 <35 Bq kg™
Mainland ' ' ' - axg
414 Beef A Mainland 3 02-11 0.6 <5.3 Bq kg
C i Mainland 2 05-1.1 0.8 )
SRR Pig’s liver 205 T ocal 3 0.1-21 0.8 <4 Ba kg
At Mainland 2 0.2-0.3 0.2 R
51 Pork JH Local 1 i 0.4 <4 Bakg
KA
Aristichthys TTEA Bq kg*
nobilis Yuen Long 3 0.1-04 0.2 <2
(Big-head carp)
— B
N [E.\* Hong Kong Waters 2 02-03 0.3
emipterus i _ < Ba kat
japonicus A LA qarxa
(Melon coat) Seas west of 1 - 0.1
Hong Kong
PAGEY: )
Daya Bay 1 0.2
I ﬁpﬁﬂf(l [ K,
Platycephalus HEKIR B
indicus Hong Kong Waters 3 0.1-02 0.2 <2 Bq kg
(Bartail
flathead) HALITG A
Seas west of 1 - 0.1
Hong Kong
Eth% K,
Trichiurus /K 1
haumela Hong Kong Waters 1 i 0.2 <2 Bakg

(Hair tail)




69

#8. (4)
Table 8. (cont’d)
@ﬁgﬁﬂ%ﬁ%&'ﬁﬂ’ﬂ
WD feinn{ e = \‘ 2) 2= ()
A Type HhBE Location Totgl no. of Rige Aﬁ%ty‘a I?F?MMIE rf‘;Ene(g,) %rﬁ%
samples with measurable
activity
=R
Portunus KK
sanguinolentus Hong Kong 3 0.1-05 0.3 <2 Bq kg-1
(Three-spotted Waters
crab)
EABZKIK
okl Hong Kong 3 0.1-04 0.3
Metapenaeopsis Waters )
barbata BT, <49 Bake”
(Fire prawn) Seas west of 1 - 0.3
Hong Kong
o . K
o=
Waters
ks F K,
Loligo edulis Hong Kong 2 02-14 0.8 <3 Bq kg™
(Squid) Waters
g
sabyonia s
Hong Kong 3 0.2-0.6 0.4 <1 Bq kg*!
formosae Waters
(Gastropod)
=
F Cheung Chau 1 i 0.4
Perna viridis - 22 )
(Green-lipped Tolo Harbour 1 i 0.4 <2 Bq kg™
mussel) Roae
Daya Bay 2 0.3-0.4 0.3
] =0 1 ] 01
Tapes Cheung Chau ' <9 Ba ko
philippinarum 25 ) 0203 03 axg
(Clam) Tolo Harbour ' ' '
BE -

Enteromorpha 5% i
prolifera Tolo Harbour ! i 05 <5 Bakg®
(Sea hair)

aEd -
Ulva lactuca ﬁ%{ﬁi 1 - 0.1 <?2 Bq kg
(Sea lettuce) PoToi O ' A
P s
e 3 3 1.0-27 1.7
;?é;);%% King’s ;ﬁark
(FEpR) | N }
Wet deposition Sha Tau Kok 5 0.2-27 15 <12 BgL*
(precipitation) TS 5 02-30 18
Yuen Ng Fan
HIEY) s ©) !
Total deposition King’s Park 4 37-547 | 202 <2210 Bqm*
RAKER .
N wHAAE ®)
Water vapour in King’s Park 5 0.01 0.01 <242 Bg m-3

air
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% 8. (&)
Table 8. (cont’d)
ERTHIREEN
YRR . -
. ~ #WE | EE® | BRMPRE® | Hfir
|
51 Type Hb&: Location Total no. of Range |Activity® BRMP range® | Unit
samples with measurable
activity
FURERC/KE
Kowloon 1 - 1.4
distribution tap
K E
Tuen Mun 4 04-26 15
distribution tap
BRI /KGR HE) | A SEE 7Kg
Drinking water Yau Kom Tau 1 - 0.8 <6 BgL*
(treated) Treatment Works
P K g
Tuen Mun 2 0.9-5.6 3.2
Treatment Works
VDK g
Shatin Treatment 2 1.6-2.8 2.2
Works
A B fl7Kink
Muk Wu B 1 - 2.1
Pumping Station
SHIAH TEE 7K
Yau Kom Tau 1 - 0.6
Treatment Works
EP R K
XK Tuen Mun 2 01-1.1 0.6
(AL ) Treatment Works <6 By L
Drinking water VOB K ik g
(untreated) Shatin 2 09-15 1.2
Treatment Works
HEKE
High Island 3 05-1.9 1.1
Reservoir
A8
Plover Cove 1 - 2.9
Reservoir
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8. (1)
Table 8. (cont’d)
SEHEE
N BRMP #iF]
Se SEREQ)
HEH Type HhEE Location Total no. of %Ee Aﬁ{%‘c @ BRMP %rﬁ%
samples with g Y range®
measurable
activity
HR K
Underground #EE 1l Wah Fu Estate 1 - 0.1 <28 BgL*
water
KA Basalt Island 1 - 0.8
Sea water 7@?&/%, Tai Long Wan 1 0.4 <6 Bq L+
(upper level) 7 Port Island 2 0.7-1.8 1.2
Fe & Waglan Island 1 - 2.2
KA Basalt Island 1 - 1.3
HK(TE) RIRJE Tai Long Wan 1 - 0.9
Sea water - <6 BgL*
(middle level) I~ Port Island 2 0.8-1.0 0.9
Fe & Waglan Island 1 - 1.6
KA1 Basalt Island 2 0.2-2.0 11
K (fR)E) KB Tai Long Wan 1 - 0.4
Sea water <6 BgL*
(lower level) e Port Island 2 0.7-0.8 0.7
Fe & Waglan Island 2 04-14 0.9
&K (R EEK)
Bottled water A Local 3 01-17 0.9 <4.90 BgL*
(Distilled)
K (2R 7K)
Bottled water Z3r Local 3 0.1-15 0.8 <5.80 BqL?
(Mineral)
it (1) EREARERAEIREINZE ORISR > AR BAERA R TR -
() WHZB—EEASRAARTER > SRS PE - \ -
(3) BRMP JIELEIREHEEM MREL “<xx” For > xx EaZSUHIBAYHIPON TR © 0 A A SOME]
PSR > SRS <o ol B AREIAE AL - o ‘
(4)  HEAMRGH—SIUEET A > A E BRMP I - &8 BRI e A TR AR B -
(5) BEAMELEN—IUILANF—H - WAL BRMP IR - S @BV SRR Rz A S AFEAT I EEE -
(6) FRHFNIEAYEREEAHEL BRMP BERIERES o [FIRFHON MERANANE Th - SRR 2011 S50 T #rvEEART
PRELTERAE 2008 EIEA TIPSt A SEIR - ) \
(1) FEEANREEN _EZCFETH WA BRMP IS < iS@ERH ISR E AR AE IAEHIEEIE -
Note: (1) When the detected signal of a sample is stronger than that of a blank sample, the measurement result of that sample
is considered as “measurable”.
(2) The mean activity is reported if there is more than one sample with measurable activities.
(3) BRMP results that are below the minimum detectable activity (MDA) are reported as “< xx” where xx is the typical
MDA value for that type of measurement. When a particular radionuclide was detected only in some of the samples
in a certain sample type, the results will be reported as “< xx” where xx is the maximum measured activity value.
(4) Measurement of this sample started in October 1997. The sample was not measured in BRMP.  The indicated range
refers to results from first 5 years” sample measurement.
(5) Measurement of this sample started in January 1996. The sample was not measured in BRMP.  The indicated range
refers to results from first 5 years’ sample measurement.
(6) Substantially higher accuracy and lower detection limit are achieved for current measurement when compared to
those of the BRMP owing to the adoption of a new sample pre-treatment method in 2011 and the implementation of a
new Liquid Scintillation Counting System for measurement in 2008.
(7) Measurement of this sample started in May 2007. The sample was not measured in BRMP. The indicated range

refers to results from first 5 years” sample measurement.
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9. CE— R R RN T E VSE-00 SEE I EAE R
Table 9.  Measurement results of measurable™ activities of strontium-90 in food and environmental
samples in 2018
(AT HTT Bg kgt BAFHHET Bg LY & J72RET Bgm?®; &R AT Bgm?; FATEHT mBg kgt GAFAEHET
mBq L™; &K E FTuBg m)
SETHREEDN
e ZINACL
N . HiE JEE® | BRMP #iE® BAfr
[ Total no. of samples HfE i ! 1
%A Type $i Location with measurabl?e Range |Activity® BRMP range® Unit
activity
&>k Rice A3t Mainland 3 1-4 3 <56 mBq kg!
PG
Mainland 4 6-9 7
GRS (Shenzhen)
t‘:ﬁﬁ(\:\ﬁxﬁlﬁ) <81 mBgq L
Pasteurized milk PR HE(EER)
Mainland 3 6-10 8
(Huizhou)
. 7“3l Shenzhen 4 58 — 105 72
0 Choi sum N < 266 Bq kg™
L JHt, Local 4 11-64 | 44 meqid
. 7“1l Shenzhen 4 12 - 147 74
3% Pak choi s <570 Bq kg™
A% At Local 4 2254 | 38 meae
741% Lychee AHr Mainland 1 - 4 <14 mBq kgt
fH#% Mandarin i Mainland 2 6-19 13 <84 mBq kg
#E Chicken A Local 1 - 3 <37 mBq kg
ESpi 1
T& Duck Mainland 1 - 6 <53 mBq kg
j(@ ZE3Il Shenzhen 1 - 2
Aristichthys .
. — <94 mBq kg
nobilis TCEA 9 3.8 6
(Big-head carp) Yuen Long
A= /K
Nemipterus japonicus Hong Kong 1 - 12 <21 mBq kg
(Melon coat) Waters
21-fifk Platycephalus Bk
indicus Hong Kong 2 4-16 10 <25 mBq kg
(Bartail flathead) Waters
. FEAE/Kigk Hong
—mpfiE _
= Kong Waters 2 5-12 8
Portunus <105 B ka'
sanguinolentus eSS, = 4%
(Three-spotted crab) Seas west of 1 - 7
Hong Kong
g /KiK. Hong
ORI . Kong Waters 4 [ 1
Metapenaeopsis <66 B ko'l
barbata St 1%
(Fire prawn) Seas west of 1 - 22
Hong Kong
. A HEKIE
=z
S48 Sepia spp. Hong Kong 3 11-14 12 < 24 mBq kg

(Cuttlefish)

Waters
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9. (%)

Table 9. (cont’d)
EHEHIEE
FEHy
B . BRMP #iE®
, HE TEEE BBfir
I
&R Type 3Bk Location Total no. .of Range  |Activity® BRMIz Unit
samples with range®
measurable
activity
BRI KIS
Babylonia formosae Hong Kong 2 12-30 21 <31 mBq kg
(Gastropod) Waters
M
FHL Cheung Chau 3 32-36 34
Perna viridis H-FE Ak "
(Green-lipped Tolo Harbour 3 26 - 45 34 <4 mBa kg
mussel) PAGEY-
Daya Bay 3 9-38 23
15 M 2 325 14
Tapes Cheung Chau
L <32 mBq kg!
philippinarum H 553 ) 1 1
(Clam) Tolo Harbour
Sargassum £3) )
hemiphyllum PO Toi O 2 377 -944 660 <1440 mBq kg
(Brown algae)
BE
Enteromorpha - 72 o
prolifera Tolo Harbour 1 i 57 <100 mBq kg
(Sea hair)
K REE i
. _ -3
Awpmﬂe Sha Tau Kok 7 14-49 35 <5 uBg m
particulate P
H
Yuen Ng Fan 6 11-48 36
NI A
THRIIR) A 1 : 42
L Sha Tau Kok
Wet deposition A <39 mBq L
(precipitation) Yuen Ng Fan 1 14.6
+EE(EE) R#FEL
— < -1
Land soil (upper) Please see Table 1. S 14-182 11.3 <213 Bakg
(T E) RFEL
_ < -1
Land soil (lower) Please see Table 1. 6 16-185 104 <199 Bakg

B ()]
@
@)
4)
Note: (1)
@
(©)

4

ERANPEAEREN ARG - R RS R TR -
WHZ B—(ERAEIE DA RE - SRS T aE -
BRMP HIEASE SRR HM IR "< xx”  FoR > xx EaZ USSR N IRIE - 4024
2oERKRER <" xx B HEEINERRAE -
HEAMESBR— NI EFETH 0 A E BRMP IR - SHETRHHE

DB PRI B A%
S R A B TR IR -

When the detected signal of a sample is stronger than background signal, the measurement result of that sample is considered as
“measurable”.

The mean activity is reported if there is more than one sample with measurable activities.

BRMP results that are below the minimum detectable activity (MDA) are reported as “< xx” where xx is the typical MDA value for
that type of measurement. When a particular radionuclide was detected only in some of the samples in a certain sample type, the
results will be reported as “< xx” where xx is the maximum measured activity value.

Measurement of this sample started in October 1997. The sample was not measured in BRMP. The indicated range refers to results
from first 5 years” sample measurement.
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% 10. “F— /Y RGN o IR $R-239 JERN = 4R
Table 10. Measurement results of measurable® activities of plutonium-239 in food and
environmental samples in 2018
(BT HE Bakg?)

EBRTHIEEREN
Bt VP s
. - ] EEO | wmEe
% Type HhBE Location Total no. of o Unit
] Range Activity® | BRMP
samples with
o range®
measurable activity
FEEREE .
Sargassum S )
hemiphyllum Po Toi O 1 ) 0.03 <0.07 Bakg™
(Brown algae)
BEELCR | pam
Intertidal ST 1 - 0.13 <0.14 Bq kg
. Tsim Bei Tsui
sediment (lower)
2
R
Picnic Bay ! 0-36
TRy | EGETIE _
- B k 1
Seabed sediment Western 1 0.36 <0.57 q kg
Anchorage
NS
Tai Tan Hoi ! i 0.0

[Fa

Note:

1)
2
®)

1)

@)
®)

EAEEA Ry PRESR-239 BYPTREAR FAEIE » TR (ESRINEN AR AR » SRR ARGV EE R Ry rHIE -
WHZ B— (BRI DA RER - MRS T9E -

BRMP SR &S SRR PRA FIREL “< XX” 27 » XX 2B R AR ZOR R IR « 40 QES B PRS2 e
FE o GRS R “SXX7 0 XX AR EHERERAE -

When the alpha energy peaks of plutonium-239 are discernible in a sample and the detected signal is
above the respective spectral background, the measurement result of that sample is considered as
“measurable”.

The mean activity is reported if there is more than one sample with measurable activities.

BRMP results that are below the minimum detectable activity (MDA) are reported as “< xx” where xx is
the typical MDA value for that type of measurement. When a particular radionuclide was detected only
in some of the samples in a certain sample type, the results will be reported as “< xx” where xx is the
maximum measured activity value.




75
11 e SANGS P ZINS bR S
Table 11.  Overall summary of measurement results of samples in 2018
(ForHA Bakg?; FATHET Bg Lt FILJoKEHE ATuBg m?)

LS RO
B - Measurement
paES KR results® 1t-131 $f-137 #f6-134 i #E-90 $£-239 Hfir
Pathway Sample Type 1-131 Cs-137 Cs-134 H-3 Sr-90 Pu-239 Unit
2EHEY
Reference values®
KRHAREE 1.1
(FH B&fEtER) #i[# Range <10 <10 <10 | <0.2
KA Airborne ) 49 yBq m
Atmospheric Particulate
(bulked monthly BRMP <108 <10 <10 <5 <02
sample)
0.001
sk #i[# Range <0.1 <0.1 <0.1 0.2 |
=25 1
Rice 0.004 Bakg
BRMP <0.1 <0.9 <0.1 <1 <0.056
0.3 0.006
sy #3[# Range <02 <03 <03 | |
Hhif Terrestrial ; 24 0.010 - BqL?
Milk
BRMP <0.2 <0.3 <03 <6 <0.081
0.2 0.011
#i[ZE Range <03 <04 <03 | |
B3 Vegetable 24 0.147 Bq kg
BRMP <03 <04 <03 <74 <0.570
0.1 0.002
& #i[E Range <01 0.1 <01 | | <0.002
1
Fish 0.4 0.016 Bgkg
7K BRMP <0.1 <0.2 <0.1 <2 <0.094 <0.002
Aquatic
: R B 04
. #i[E Range <0.1 <0.1 <0.1 |
ERHIZK 1
o 5.6 BqL
Treated Drinking
Water BRMP <01 <01 <01 <6

Ay
Bl

(1) HWELFEREPZEITIRI “<xx” Fom xx EZ SR SREON T IRE - a0 SER AT SR ERZ BN 1% 2 > BRMP
RGN <xx” o xx RIBHIEFIRERRAE -

(2) - FRZHIE BRMP J ERMP (T ILIEHIE -

(3)  7F BRMP HARI /T8I A RBREERE A T » A S LA R (AR AH] & HHiE-131 » JEE 53 712 328 uBq m™® i 38 uBq m® » {HLK
EIRAET-131 Z AR E WAL A1 B ey N AR 1 BB BRI » PRSI A SRS 15 Ee i A AF. BRMP ST & LH At
-131 JEE R R R AT A S S & o K RPIEERT BRMP ft-131 ARG B Ry (R PRI TR

Notes:

(1)  Results that are below the minimum detectable activity (MDA) are reported as “< xx” where xx is the typical MDA value for that
type of measurement. When a particular radionuclide was detected only in some of the samples in a certain sample type, the
BRMP results will be reported as “< xx” where xx is the maximum measured activity value.

(2)  --- means “Measurements not included under BRMP and ERMP”.

(3) During the BRMP period, among the airborne particulate samples analysed, 1-131 was detected only in two weekly samples at

King’s Park (activity 328 uBqm and 38 uBq m®), subsequent investigation suggested that a possible source of 1-131 could be the
release of small amount of low-level radioactive medical waste from Queen Elizabeth Hospital nearby. Hence the 1-131 activities
detected in these samples during BRMP should not be interpreted as baseline activity for airborne particulate. The baseline
BRMP range of 1-131 in airborne particulate should be below MDA.
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Table 12.

B BRI T RE S e H R KR A T IS U AR R

Results of the 2018 proficiency test organised by the International Atomic Energy Agency for the measurement of activities of

gamma-emitting radionuclides in water samples.

Z< Table 12a. 7/KfgA— Water Sample 1

=k

EHE

AR

T BRPE JR T-RE i BUFEIR TR
FUSHRER | ERRREERE BPER TRt | Fridttz BRRE Frigft s AR E
Measu rem:etrlwt \i\jlleasu remeﬁ Ptz BBvE Zﬂ‘rﬁi&"{ *ﬁﬁﬁém ﬁﬁ
B Result of HKO Uncertainty of IAEA Target Uncertainty of Re_latlve p@ Maximum SEREREO) SEREREO
; o Value IAEA Target Bias® Acceptable 3 R
Radionuclide (Value_HKO) HKO . _ (%) . . Accuracy® | Precision®
AR (U_HKO) (Value_IAEA) Value (Biasrelative) Relative Ble_ls
Ba/kg) (’é&ﬁ‘ﬁﬁf (GSZNIEE (U_IAEA) (%) (MARB) provided
Ba/kg) Ba/kg) 7Nz E) by IAEA
Ba/kg) (%)
#1-133 A GiE3
Ba-133 28.0 2.3 28.6 0.2 -2.10 8.24 15 Acceptable Acceptable
§:-60 GiE- 2 GiE- 2
Co-60 9.0 52 976 0.8 143 5.32 15 Acceptable Acceptable
s-134 AP A
Cs-134 578 31 58.2 0.3 -0.69 5.39 15 Acceptable Acceptable
se-137 AP A
Cs-137 295 L7 29.0 0.2 172 5.80 15 Acceptable Acceptable

9/,



Z< Table 12b. /KiEA<—. Water Sample 2

*12.  (#)
Table 12. (cont’d)

P B P S T e A BPE[R T Re i
LR | R BIMERFREMRIE | FriRtz BRR(E Frigfit Z A fE S
Measu rem‘c;t \i\jlleasu remeﬁ FriRfcz BRE *Eﬁi&k JFE%{RE(D {ﬁ%
Bt AR Result of HKO Uncertainty of IAEA Target Uncertainty of Re_lat:xe p@ Maximum BREREO) AT
; ; Value IAEA Target Bias Acceptable 3 e
Radionuclide (Value_HKO) HKO . _ (%) e Accuracy® | Precision®
(AT (U_HKO) (Value_IAEA) Value (Biasrelative) Relative Ble_ls
Ba/kg) (’é&ﬁ‘ﬁﬁf EATHu (U_IAEA) (%) (MARB) provided
Ba/kg) Barkg) (BAFEY by IAEA
Ba/kg) (%)
$1-134 Az AR
Cs-134 3070 150 3010 60 +1.99 5.28 15 Acceptable Acceptable
$fa-137 Al AR
Cs.137 2040 100 2010 40 +1.49 5.29 15 Acceptable | Acceptable
B-131 Az ARz
1-131 251 24 241 ! *4.15 9.99 20 Acceptable Acceptable
i

(1) HMH¥EMREZ BiaSreaive = (Value_ HKO — Value_IAEA)/Value IAEA x 100%

(2) P=V((U IAEA/Value IAEA)? + (U_HKO/Value_HK0)?) x 100%
(3) 75 BiaSretative <= MARB - JHIEAE R ERER Fy [ 027

(4) % P<=MARB J Biasreiative <= K*P » JHIEEER ZKEERE By " W HEZ | - K BEERT - 9SWE(S/KTHF K F5 2.56 -

Note:

(1) Relative Bias, Biasrelaive = (Value_HKO — Value_IAEA)/Value IAEA x 100%

(2) P=V((U IAEA/Value IAEA)? + (U_HKO/Value_HKO)?) x 100%
(3) If BiaSrelaive <= MARB, accuracy of the measurement is considered “Acceptable”.
(4) If P<=MARB and Biaselaive <= k*P, precision of the measurement is considered “Acceptable”.

k is the coverage factor.

For the 95% confidence level, k is 2.5

Ll
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Table 13. Results of the comparison organised by the China Institute of Atomic Energy
(CIAE) in 2018 for the measurement of activities of strontium-90 in water and

milk powder samples

%% Table 13a. 7KAE 4~ Water Sample

78

PR R T RER AT SR R KR B A HE T T 2 890 JRUE 1

. FER FRERIRY b
RYEHRER y _y
Rtz 2EEH THERREO
Measurement Result of ELBEER
BURMER Reference Value Relative _
HKO Comparison
Radionuclide AFET) provided by CIAE Error® Result
AN esu
CGSYNY=EI) (%)
(Barkg)
(Barkg)
¥e-90 68.5 67.1 2.1 S
Sr-90 ' ' ' Acceptable
Z< Table 13b. {5¥71% A Milk Powder Sample
B R FRERIEI 7
RXEHRER o e
Rt 2EE fHERREO
Measurement Result of ) ELEEER
BUR R Reference Value Relative _
HKO Comparison
Radionuclide EAFE) provided by CIAE Error® Result
A esu
EAE) (%)
(Ba/kg)
(Barkg)
5E-90 THE
Sr-90 7838 80.2 L7 Acceptable
E

(1) fHEE = CIELEE - 2FHE)/2HE X 100% - LIS EREIE 30%LL > EEB4E B m i -

Note:

(1) Relative Error = (Measurement Result — Reference Value)/(Reference value) x 100%.

is within 30%, the comparison result is considered “Acceptable”.

If Relative Error




