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Intellectual Property Rights Notice

All contents contained in this publication, including but not limited to all data, maps, text,
graphics, drawings, diagrams, photographs, videos and compilation of data or other
materials (the “Materials”) are subject to the intellectual property rights which are either
owned by the Government of the Hong Kong Special Administrative Region (the
“Government”) or have been licensed to the Government by the intellectual property rights’
owner(s) of the Materials to deal with such Materials for all the purposes contemplated in
this publication. The use of the Materials for non-commercial purposes shall comply with all
terms and conditions provided in the “Conditions of the Use of Materials available in the
Hong Kong Observatory Publications for Non-commercial Purposes” (which can be found
at: https://www.hko.gov.hk/en/publica/non-commercialuse.ntm). Besides, the use of the
Materials for commercial purposes is strictly prohibited unless all terms and conditions
provided in the “Conditions of the Use of Materials available in the Hong Kong Observatory
Publications for ~ Commercial  Purposes”  (which can be  found  at
https://www.hko.gov.hk/en/publica/commercialuse.htm) are complied with and prior written
authorisation is obtained from the Hong Kong Observatory (the “Observatory”) for and on
behalf of the Government. For enquiries, please contact the Observatory by email
(mailbox@hko.gov.hk) or by facsimile (+852 2311 9448) or by post.
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Disclaimer

The information contained in this publication is compiled by the Observatory of the
Government for general information only. Whilst the Government endeavours to ensure the
accuracy of this general information, the Government (including its servants and agents)
makes no warranty, statement or representation, express or implied, with respect to the
accuracy, availability, completeness, non-infringement, reliability, security, timeliness,
appropriateness or usefulness of the information, contained herein, and in so far as permitted
by the laws of the Hong Kong Special Administrative Region of the People’s Republic of
China, shall not have any legal liability (including but not limited to liability for negligence),
obligation or responsibility for any loss, destruction, damages, injury or death (save and to
the extent any such injury or death is caused by the negligence of the Government or any of
its employees in the course of employment) howsoever arising out of or in connection with
any use or misuse of or reliance on the information or inability to use such information.

The Government reserves the right to omit, delete or edit, all information compiled by the
Government in this publication at any time in its absolute discretion without giving any
reason or prior notice. Users are responsible for making their own assessment of all
information contained in this publication and are advised to verify such information by
making reference, for example, to original publications and obtaining independent advice
before acting upon it.
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ABSTRACT

The Environmental Radiation Monitoring Programme of the Hong Kong
Observatory entered its thirty-sixth year in 2022. This annual report incorporates
salient features of the work of the programme during 2022, including a brief report
on measurement methods and results, highlights of relevant new work and
changes.

In 2022, the ambient radiation levels recorded 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, the Observatory completed the replacement of
High Pressure lonization Chambers (HPICs) of the Radiation Monitoring Network
(RMN) and new model HPICs were put into operation in all twelve monitoring
stations. Besides, the Observatory also replaced one of the radiological survey
vehicles. A new instrument, the “Sodium-iodide Gamma Spectrometer”, was
installed on the roof of the vehicle for the enroute identification of artificial
gamma radionuclides during mobile radiological surveys.

Based on the measurement results in 2022, 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 environmental samples 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
spanned five years and 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 till now, 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
currently in Guangdong are shown in Figure 1.

The monitoring results of the ERMP can be found in the respective annual
reports and  summaries  (https://www.weather.gov.hk/en/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 are kept concise and
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 and activity in food and
environmental samples, as well as quality assurance. Measurement results of 2022
and conclusions are presented in Chapter 3.
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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 environmental samples of Hong Kong and in
the foodstuff commonly consumed by Hong Kong people. The locations for
real-time measurement of ambient radiation in 2022 are shown in Figure 2. The
other locations for measurement of ambient gamma radiation and collection of
environmental samples in 2022 are shown in Figure 3. A summary of the sampling
and analysis programme in 2022 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). Data are transmitted to the Observatory Headquarters
every minute via a dedicated government communication network and other data
transmission channels.  In 2022, new model HPICs (Reuter-Stokes Model
RS-S131-200 environmental radiation monitor) were put into operation in all twelve
monitoring stations in the network to replace existing HPICs (Reuter-Stokes Model
RSS-131/RSS-131-ER environmental radiation monitor).

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:

https://www.weather.gov.hk/en/radiation/monitoring/index.html

The Online Gamma Spectroscopic Analyzer Network (OGSAN) with online
gamma spectroscopic analyzers installed in eight designated radiation monitoring
stations commenced 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.
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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
2022, 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.

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 sodium
iodide (Nal) detectors, each with a capacity of around 2.5 litres, that can be installed
inside a pod attached to the exterior of the model Airbus H175 Cheetah helicopter of
the Government Flying Service. Radiation measurement data can be transmitted to
the Observatory Headquarters in real-time via satellite transmission system equipped
on the helicopter.

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 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.  Currently, the system consists of an ion implanted silicon detector, a high
purity germanium (HPGe) detector and a Nal detector. It continuously collects
airborne particulates on a cassette type filter paper system and gaseous iodine in a
carbon cartridge. The flow rates of the filter and the carbon cartridge are around
15 mi/hour and 4 m®hour respectively.  The carbon cartridge is replaced
automatically at weekly intervals. Alpha and beta activities of the airborne
particulates are measured by the ion implanted silicon detector and then obtained from
calculation. Gamma rays emitted by the airborne particulates are measured by the
HPGe detector and analysed automatically by a gamma spectrometry analyses
software. The activity of gaseous iodine-131 collected by the carbon cartridge is
measured by the Nal detector.

Data of alpha and beta activities, iodine-131 activity, as well as results of gamma
spectrometry analysis are transmitted to the Observatory Headquarters every 10
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minutes.
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-iodide Gamma Installed on the vehicle | To identify artificial
Spectrometer roof gamma-emitting

(Radiation Solution Inc. RSX-1)

Gamma Dose Rate Probe
(Seibersdorf SSM1-07)

radionuclides in the
environment.

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 measured by the probe.

High Volume Air Sampler
(Hi-Q Environmental Products)
(flow rate at about 54 m®h1)

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

Installed inside the
vehicle

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

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 when
required.

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

When placed outside the
vehicle 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)

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

Equipped with Geiger
Muller 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.
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Instrument Location Usage

Portable High Purity Germanium | The instruments are For ambient gamma
(PHPGe) Detector stored inside the vehicle | spectrometric analysis at
(ORTEC Micro-trans-SPEC) and will be transported | survey location.

to survey site for
measurements when
required.

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 for monitoring the environment.

The MRMS is deployed for routine radiological survey, collection of samples
and emergency drills.  Since 2001, the radiological survey vehicles have been paying
regular visits to designated sites in Hong Kong to conduct radiological surveys, for
the measurement of ambient radiation level and collection of air samples for radiation
laboratory analysis. Currently, there are 17 designated sites for radiological survey
(see Table 3c). Radiological survey is conducted at each designated site once every
two years.

After trial operation for one year on the survey vehicle, the Portable High Purity
Germanium (PHPGe) detector demonstrated good performance in gamma
spectroscopic analysis of radionuclides in the environment. It was officially put into
operation in 2022 to replace the Portable Gamma Spectrometric Analysis Module
(PGSAM) which had been in operation for many years.

In December 2022, a new radiological survey vehicle was put into operation to
replace one of the survey vehicles which had operated for over 10 years. The
radiation monitoring capability of the new survey vehicle was enhanced, highlight
being the new Sodium-iodide Gamma Spectrometer installed on the roof of the
vehicle for measurement of en-route ambient gamma energy spectrums. The
spectrometer can identify artificial gamma radionuclides present in the environment in
real-time, serving as an extension of the fixed-point monitoring of the Online Gamma
Spectroscopic Analyzer Network (OGSAN).

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 Meisei RS-11G).
The radioactivity sensor (Model 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. The gamma-only tube has higher radiation detection
efficiency than the gamma-plus-beta tube. 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.
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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*h?t from a filter paper installed
AFC-BRL-KIT/230 and inside the High Volume Air
HVP 4300 AFC) Sampler.
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 VVolume Air Sampler, when
needed.
Wet A carboy fitted with a top - One set of carboy and funnel is
Deposition funnel. placed at each location to collect
rain for measurement. During
dry season, three sets will be
placed to collect more rain.
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 2.5 m®ht
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 m®*h? | 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
cartridge.

calendar month, until the overall
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,
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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 water treatment works at Sha Tin, 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 water
treatment works at Sha Tin, 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.

Underground water is collected at five locations (Figure 3), namely Cheung
Hong Estate (Tsing Yi), 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 2022, land soil samples were collected from Yuen Long, Tsim Bei
Tsui, Kadoorie Farm and Botanic Garden, Cheung Chau, Lamma Island, Peng Chau
and Silvermine Bay (Figure 3). Owing to the COVID-19 pandemic, access
restriction was implemented at the sampling site in Shek Kong. Therefore, sample
collection could not be performed at the site in 2022.

Intertidal sediments are sampled quarterly at three locations along the coast of
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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 2022 is summarized in Table 1.

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.

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. Currently, four detectors are manufactured by Ortec and
the other two by Mirion. Among the HPGe detectors, four of them are
cooled by liquid nitrogen, complemented by two other detectors
manufactured by Ortec cooled by electric system.

(b) Liquid scintillation counting
The activity of tritium is measured by a liquid scintillation counting system.
The model of the system currently in operational use is PerkinElmer
Quantulus GCT 6220.

(c) Low-level gross beta counting
The activity of strontium-90 is measured by a low level alpha-beta counting
system. The model of the system currently in operational use is Berthod
LB790, while the model of the backup system is Berthod LB770-2.

(d) Alpha spectrometry analysis
The activity of plutonium-239 is measured by an alpha spectrometry system
(Ortec Alpha Ensemble).

A summary of key measurement parameters, including sample size, counting
time and detection limits, are given in Table 2.



38
2.4 Comparison between BRMP and ERMP measurement results

Among the radiation measurements 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.

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). So far, the Observatory has participated in those
organised by the International Atomic Energy Agency (IAEA), the World Health
Organization (WHO), the National Physical Laboratory of the United Kingdom (NPL),
the China Institution for Radiation Protection (CIRP), the China Institute of Atomic
Energy (CIAE), the Shanghai Radiation Environmental Supervision Station (ShRESS)
and the Government Laboratory (GL).

In January 2022, the Observatory participated in an inter-comparison exercise
organised by CIAE for the measurement of activities of radionuclides in water, milk
powder, soil and airborne particulate samples. In July of the same year, the
Observatory also participated in a laboratory proficiency test organised by IAEA for
the measurement of activities of radionuclides in water 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 radiation measurement
work, the management procedures of the King’s Park Radiation Laboratory’s
radiation measurement service and the Ambient Gamma Radiation Level
Measurement Service both adhere to the standards based on the International
Organisation for Standardization 1SO 9001 in their operations. The aforesaid two
services successfully obtained certifications for 1ISO 9001:2008 in early 2009 and late
2015 respectively. Following the release of ISO 9001:2015, the Observatory further
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enhanced the management procedures of the two services. Radiation Laboratory’s
measurement service and Ambient Gamma Radiation Level Measurement Service
successfully passed the ISO 9001:2015 certification audits in 2017 and 2018
respectively.

The certification body regularly conducts surveillance audits of the aforesaid
radiation measurement services to ascertain that the services meet the requirements
for the continuation of 1SO 9001:2015 certification. The quality of radiation
measurement services provided by the Radiation Laboratory and the Ambient Gamma
Radiation Level Measurement Service was reaffirmed upon their successful
completion of the annual surveillance audits in 2022. Meanwhile, the certification of
the aforesaid Ambient Gamma Radiation Level Measurement Service was extended in
2022 to include ambient gamma radiation level measurements en-route and at
designated survey sites during radiological surveys using instruments carried by
radiological survey vehicles.
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3. MEASUREMENT RESULTS AND CONCLUSION

3.1 Measurement 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 2022 are tabulated in Table 3a.

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. However, during
rainy condition or episodes of tropical cyclone affecting Hong Kong, the variations
can be significantly larger and may be a couple of times higher than the level at other
times.

The most significant change in the ambient gamma dose rate in 2022 was
recorded on 3 November. Under the influence of the heavy squally showers
associated with tropical cyclone Nalgae, the 1-minute average dose rate at Sai Wan
Ho rose to about 1.7 times above the mean value of the year, but still within the
baseline levels.

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. The gamma spectroscopic
analyzer nearest to Sai Wan Ho is located at King’s Park. The recorded ambient
dose equivalent rate data also showed significant change on 3 November 2022.
Nonetheless, no artificial gamma-emitting radionuclides were detected in the
spectroscopic analyses. Hence the higher radiation level recorded on that day was
brought by rain washing down the natural gamma-emitting radionuclides to ground
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 2022 are listed in Table 3b. The gamma
dose rates recorded at all stations were found to be within the BRMP range.

3.1.3 Aerial Radiation Monitoring System

In 2022, background measurements in the ground contamination measurement
mode were conducted in April, July and September using the Aerial Radiation
Monitoring System (ARMS) over Kat O, Ping Chau, 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.

The Observatory used the plume tracking mode to carry out measurements of
vertical radiation level profiles over Mirs Bay and Sai Kung in July 2022. 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
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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 2022 are given in Table 4. 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 2022,
The average gamma dose rates ranged from 0.031 to 0.036 uGy h* (Table 5), close to
those measured in previous years.

Since 2017, the Observatory has 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 every year (see Figure 6 for the
survey routes). In 2022, the two survey vehicles conducted a total of 191 surveys.
In summary, the enroute ambient gamma dose rate recorded in 2022 ranged from
0.071 to 0.282 pGy h't, similar to measurement results on the same survey routes in
the past.

The variations of ambient gamma radiation level are generally caused by the
buildings, 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 2022.

In 2022, radiological surveys were conducted at 8 designated sites, using
portable high pressure ionization chamber to measure the ambient gamma dose rate,
portable high purity germanium detector to identify whether there were artificial
radionuclides present in the environment, and high volume air sampler and
radioiodine sampler to collect air samples for laboratory radiological analysis. In
summary, the hourly average ambient gamma dose rate measured at the 8 designated
sites in 2022 ranged from 0.131 to 0.204 uGy h™* (Table 3c), with a variation similar
to the range of data recorded by the Radiation Monitoring Network. No artificial
radionuclides were detected in all radiological surveys and air samples.
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3.1.6 Upper-air Radioactivity Soundings

Two radioactivity soundings were made in 2022. The weather conditions
during these soundings were: mainly cloudy with light southerly winds at the surface
on 13 June and mainly fine with light easterly winds at the surface on 26 September.

The major source of radioactivity in the atmosphere below the altitude of 60 km
is cosmic rays, whereas the atmosphere below 4 km height is dominated by terrestrial
sources (i.e. soil and rock). When high-energy cosmic rays enter the atmosphere
from the outer space, they interact with atoms and molecules in the air and generate
secondary cosmic rays. A maximum in the radioactivity occurs at an altitude where
the generation of secondary cosmic rays is balanced by lose processes such as
absorption and decay.

Figure 7 is the average vertical profiles of atmospheric radioactivity from the
upper-air radioactivity soundings in 2022. We can see that the gamma plus beta
count rates and the gamma count rates decreased sharply from the ground surface to a
height of about 500 m due to rapid reduction with height in the influence of terrestrial
radiation from soil and rocks. Both count rates started to increase with height from
about 2 km above the ground until reaching a maximum of 2.5 and 5.1 counts per
second (cps) respectively at around 16 km height.  Above this height, the count rates
started to decrease. The aforesaid data analysis results obtained were similar to
those in the past (Li et al. 2007).

In the middle to upper atmosphere above 10 km height, as gamma and beta
radiation originates from natural background radiation, the ratio of gamma plus beta
to gamma count rates is generally stable. If there are abnormal artificial radioactive
materials present in the atmosphere, the ratio may fluctuate accordingly. In the
atmosphere below 10 km height where count rates are low and measurement
uncertainties are high, the ratio can vary considerably under normal circumstances.

3.1.7 Food and Environmental Samples

A total of 414 routine food and environmental samples were collected in 2022.
The results of gamma spectrometry analyses, tritium measurements, strontium-90
measurements and plutonium-239 measurements are shown in Tables 6, 7, 8 and 9
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
2022 for the major sample types according to different pathways is given in Table 10.

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.

(a) Gamma Spectrometry Analyses
Traces of caesium-137, an artificial gamma-emitting radionuclide, were

detected in some food, soil and sediment samples in 2022. The measured
activities in these samples were all within the corresponding ranges of BRMP
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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).

(b) Tritium

Very small amounts of tritium were detected in some atmospheric, water
and food samples in 2022. The measured activities in these samples were all
within the baseline radiation levels. The samples included 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 past
atmospheric nuclear weapon tests (UNSCEAR 2008).

(c) Strontium-90

Traces of strontium-90 were detected in some atmospheric, food and soil
samples in 2022. The measured activities in these samples were all within the
baseline radiation levels. The samples included airborne particulates, wet
deposition, total deposition, land soil, milk, vegetables, fruits, meat, seafood and
suspended particulates in sea water.  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 seabed sediment
samples in 2022. The measured activities in these samples were all within the
BRMP range. 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 January 2022, CIAE organised an inter-comparison exercise for the
measurement of activities of radionuclides in food and environmental samples. The
Observatory analysed the water, milk powder, soil and airborne particulate samples.
The report issued by CIAE in June 2023 indicated that the measurement results of the
Observatory were all within the acceptable ranges. The Observatory’s measurement
results are given in Table 11.

In July 2022, the Observatory also participated in a proficiency test organised by
IAEA to measure the activities of radionuclides in water samples. [IAEA released
the evaluation report for each participating laboratory in November 2022. The report
revealed that the measurement results of the Observatory were all within the
acceptable ranges. The Observatory’s measurement results and performance of
individual measurements are given in Table 12.
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3.2 Conclusion

The ambient gamma dose rates recorded over various parts of the territory in
2022 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 2022 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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Table 1. Summary of the sampling and analysis programme in 2022

BAER
Sample type

Ut

Sampling location

biiA S|
Number of
location

vagiit bl
Type of
analysis

HUBEIRAR
Sampling
frequency

RIEME#ES Ambient

Gamma Radiation

g

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,
éﬁi}%‘ Kwun Tong,
PE/E5e Sai Wan Ho,
i+# King’s Park,
#81H Cape D’ Aguilar,
FrfE A Chek Lap Kok

12

e v

— oy

1-minute interval

RIEMERE
Cumulative gamma
doses

SN Ping Chau,

&P Tap Mun,

=R Kat O,

JCFIE Yuen Ng Fan,

7H7KE Clear Water Bay,

PEE Sai Kung,

KREE Tai Mei Tuk,

E% Wu Kai Sha,

#E81H Cape D’Aguilar,

YDBEFS Sha Tau Kok,

VP Sha Tin,

i Kwun Tong,

HHEE Shau Kei Wan,

Kif Tai Po,

A King’s Park,

I, Happy Valley,

E/KE Deep Water Bay,
HZFLE Shek Lei Pui,

BHEEE ChiFuFa Yuen,

K348 Fanling,

Z5 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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Table 1. (cont’d)
BAEHE pariE bl HURSRR
[ N
Siﬁﬁé :)e Samﬂp?i;ﬁg i{:zt‘)%;ition Number of Type of Sampling
samples® analysis frequency
REEEA Atmospheric Samples
. . R TII
HfH King’s Park . .
FLA King 1 BT BRA A
R SRIBEE e (EAkEA | IS T, (T A
Airborne /VIEFH Sha Tau Kok Monthly | #8-90 Sr-90, preliminary y analysis
particulate bulked #£-239 Pu-239 | of weekly samples, full
SE T4 Yuen Ng Fan sample) analysis for bulked
monthly sample
o A0 King’s Park ()%;iZIK
SRIR(ETT) " FEEEEE - (5B RS
Wet deposition vbEFY Sha Tau Kok onthly i £ y, 77 H-3, - EARE
o bulked B E 2SR
(precipitation) sample) #8-90 Sr-90,
SEFiHS Yuen Ng Fan P $%-239 PU-239 weekly samples, bulked
i : monthly for full analysis
HIED 12
Total deposition
RABH N _ 52 e v 53 weekly
Gaseous iodine A King’s Park g
RAKZER
Water vapour in 12 i H-3 & monthly
air
HETEREAS Terrestrial Samples
w i LR = A)
FOR Rice Mainland (Pearl River Delta) 4
(8K ) PG 4
Pasteurized milk | Mainland (Shenzhen)
. . PIHEGZEDI) Mainland (Shenzhen) 4 &2 quarterly
ey \\ h =
oy Choisum AHr Local 4
- . I (ZE3)1]) Mainland (Shenzhen) 4
5% Pak choi ZH Local 4
EF Banana At (BEER) Mainland (Guangdong) 4
#5147 Lychee it (E BE) Mainland (Guangdong) 1 - HZ summer
ik Y, M H-3, ﬂ(é&xé autumn
FH#% Mandarin WHE(EE8) Mainland (Guangdong) 2 $5.90 Sr-90 and\winter
H#E Sugar cane | ANit(EEEE) Mainland (Guangdong) 1 HZ spring
~ . AIHE(4E31) Mainland (Shenzhen) 4
&l Chicken A4t Local 4
& Duck A (Y1) Mainland (Shenzhen) 4
4~A Beef WHE(EE8) Mainland (Guangdong) 4
REHT Pig’s I AHEL(EE 5) Mainland (Guangdong) 4 5% quarterly
168 fver At Local 4
AHE(EEE) Mainland (Guangdong) 4
JeIA Pork A4t Local 4
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Table 1. (cont’d)

BEAER . BARE | SER AR
Sampling location Number of Type qf Sampling
Sample type piing samples® analysis frequency
% A King’s Park, 14 s v, F—hBE 5
(EE R TE) | 7P Sha Tin, #8-90 Sr-90, | FEREE—XK
Land soil PHE Sai Kung, $£-239 Pu-239 | Each location is
(upper and JE7KE Clear Water Bay, sampled once
lower level) & B /KEPE High Island West, every 5 years.

E Y K/EH High Island East,

JLE[Y] Pak Tam Au,

/038 Pak Sha O,

Ki Tai Po,

548 Fanling,

YDBEFE Sha Tau Kok,

KZER Tai Mei Tuk,

IF97K8E Shing Mun Reservoir,

Z57E Tsuen Wan,

AHEF K Tai Lam Chung Reservoir,
FH111E¢E R Castle Peak Power Station,
JCEH Yuen Long*,

REIH Tsim Bei Tsui*,

FiE Shek Kong*®@,
SEHE PR Y& Kadoorie Farm and
Botanic Garden*,

| Cheung Chau*,

B Y B Lamma Island*,

FEHN Peng Chau™,

$REEE Silvermine Bay™,

B3 Tung Chung,

FEE/KIE Shek Pik Reservoir,

KR Tai O,

HJE Pak Nai,

F&F9 Tap Mun,

=R Kat O,

SN Ping Chau,

FIfH Happy Valley,

SEELA K HE Pokfulam Reservoir,
FEE(F T 7KIE Lower Aberdeen Reservoir,
/K& Deep Water Bay,

FGE/KIE Tai Tam Reservoir,

fEnH Cape D'Aguilar,

RFEARC7KEE Ngau Tau Kok Service
Reservoir,

HELEJKIE Shek Lei Pui Reservoir

* 2022 AR
i EG

* locations
sampled in
2022
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Table 1. (cont’d)
BN E -
AR EUAE A B Number | ZPBEL | g sampling
Sample type Sampling location of ypl . frequency
samples® analysis
JKEBREAS Aquatic Samples
B /K (5% pz ) JURERCKE 4
Drinking water (treated) Kowloon distribution tap,
P K A
Tuen Mun distribution tap,
VDB K g 4
Sha Tln Water Treatment Works, % quarterly
PR /K
Tuen Mun Water Treatment 4
Works,
SHIFH BE e 7K
Yau Kom Tau Water Treatment 4
Works
B /K CRES R HE) H K 4
Drinking water (untreated) | High Island Reservoir,
K8 s
Plover Cove Reservoir,
A B 7Kg 4
Muk Wu B Pumping Station,
VOB 7K g
. &= quarterl
Sha Tin Water Treatment Works, 4 M v, a y
P KL i H-3
Tuen Mun Water Treatment 4
Works,
SHIH TR 7K
Yau Kom Tau Water Treatment 4
Works
TEEEK GREEK)
Bottled water (Distilled) | -0 Loca 4 5% quarterly
TS/ (B 2R 7K)
Bottled water (Mineral) At Local 4 5% quarterly
# oK EFFHE Cheung Hong Estate, 1
Underground water TRIZAR Wan Tsui Estate, 1
== 1 Wah Fu Estate, 1 G4 yearly
ZE11HE Fu Shan Estate, 1
&R 2E%E Ching Leung Nunnery 1
BAK(EE - PR RAKSE) | S Waglan Island, 6
Sea water (upper, middle AN Basalt Island, 6 &= quarterly
and lower level) JELE Tai Long Wan, 6
7RI Port Island 6
KRR T fE 5 Waglan Island, 6 e v,
~ \ S H
(kg EPEZ@) _ KEf)” Ba_salt Island, 6 $1H-90 5= quarterly
Suspended particulate in FEE Tai Long Wan, 6 Sr-90,
sea water (upper, middle - #£-239
and lower level) 7R Port Island 6 PU-239
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Table 1. (cont’d)

N Q| SR iR
S%z!ﬁﬁﬂ ! ﬁyﬁiﬂz‘% . Number of Type of Sampling
ample type Sampling location 1 .
samples® analysis frequency
JKEBfE A Aquatic Samples
RE PG 3
Aristichthys nobilis Mainland (Shenzhen)
(Big-head carp) SCEH Yuen Long 3
K= KoH#E Daya Bay,
Nemipterus japonicus FE D) FE
(Melon coat) Seas west of Hong Kong, !
E /K Hong Kong Waters 3
Afifk Kui# Daya Bay, 1
Platycephalus indicus DL PG Ak
(Bartail flathead) Seas west of Hong Kong, !
7Kk Hong Kong Waters 3
i Kai# Daya Bay, 1
Trichiurus haumela HEDIPG
(Hair tail) Seas west of Hong Kong, 1
EE/KIE® Hong Kong Waters 3
= BLEE EABLLITE R 1 ME vy, i H-3,
Portunus sanguinolentus Seas west of Hong Kong, $H.90 Sr-90, F7 quarterly
(Three-spotted crab) iK% Hong Kong Waters 4 #£-239 Pu-239
TRkl E ALY 1
Metapenaeopsis barbata Seas west of Hong Kong,
(Fire prawn) F /K Hong Kong Waters® 0
it A5d& Daya Bay, 1
Loligo edulis T DITE
(Squid) Seas west of Hong Kong, !
7KK Hong Kong Waters 3
B
Sepia spp. HE/KIE Hong Kong Waters 4
(Cuttlefish)
i) £} Cheung Chau, 2
'(I'ggens;)phlllppmarum -85 Tolo Harbour 2
FH £ M Cheung Chau, 3
Perna vi_ridis -85 Tolo Harbour, 3
(Green-lipped mussel) AE5# Daya Bay 3
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Table 1. (cont’d)
, BAEE vaiit bl HUESERR
|
AR Eyﬁitt%é . Number of Type of Sampling
Sample type Sampling location a .
samples analysis frequency
JKEBfE A Aquatic Samples
PRV
Babylonia formosae FEAE/Kik Hong Kong Waters 4 &= quarterly
(Gastropod)
Tk \ XERES
Ulva lactuca ASLH Po Toi O 2 winter and
(Sea lettuce) spring
;\g T:T ,ﬁjﬂd% ’Yl ﬁ H_3|
Enteromorpha prolifera | &% Tolo Harbour® 0 ££-90 Sr-90,
(Sei 23“) §F-239PU239 | 4 inter
15%\7&
Porphyra dentata EA#7Kig, Hong Kong Waters 1
(Red algae)
FEERE XEREER
Sargassum hemiphyllum | £ Po Toi O 2 winter and
(Brown algae) spring
£ ( R ) | B0 Pak Sha Wan, 8 I
Intertidal sediment %i”ﬂ Tsim Bei Tsui, 8 %_23;'3 _'239 = quarterly
(upper and lower level) | 3bGEfy Sha Tau Kok 8 g .
KBS Tai Tan Hoi, 1
SRR HESEUR Lung Ha Wan, 1 % v, 5 yearly
Seabed sediment ZEE Picnic Bay, 1 $#£-239 Pu-239
PEIERE) A& Western Anchorage 1

2.
Bl

(1) =F5E=E
(3) REFRMLERRE
Note:

)
@

CEDTENRREH -
) %2019 TR 5 EJ“ IE2-

L e B HUR R A B > RIS RAEIA

TR T TR A T KIS AR R IR A
(G S— v i U:]:E%z%/xﬁé&f%/ﬁ_ﬂ_*?z&

The number listed in the table is the number of samples collected in 2022.
Owing to the COVID-19 pandemic, access restriction was implemented at the sampling site in Shek Kong.

SN S e N

Therefore, collection of land soil sample could not be performed at the site in 2022.

@)
(4)

possible in 2022.

Enteromorpha prolifera (sea hair) could not be found in Tolo Harbour in 2022.

Due to supply issues, collection of Metapenaeopsis barbata (Fire prawn) samples from Hong Kong Waters was not
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Table 2. Summary of key measurement parameters for samples in 2022
I
pilh=e il ZERm AN HRF [ (D) AT RR®
Measurement type Air Flow ; Counting Minimum Detectable Activity®
Sample size .
Rate time (MDA)
(second)
filt-131 $8-137
1-131 Cs-137
17 meh't 12000 m’
(M 2 e gg%ﬁ Bk 55000 10 uBg m? 10 uBg m?
ulked monthly
Eﬁqﬁzfﬁ‘) sample)
(collected by 3
High Volume ( er?fr;nzix 20000 50 uBg m* 50 uBg m*
j(.’;ﬁ%ﬁl% Air Sampler) weilisjmple) Heq Heq
Airborne 800 m3h'! 800 m?
Pariculate. | (earmzrikiR | (A 60 60
sl eE) @ hourly sample) 900
(collected by | I I
Enhanced High 19200 m? 10800 8000 3 10000_3
Volume Air (EHEAR HBqm uBqm
Sampler) @ daily sample)
2.5 mht
(Eﬁli{%ﬂ"ﬁﬁﬂiﬁi 400 m?
FRaRIER) (FBEEA 55000 300 uBq M ;
(collected by weekly sample)
Radioiodine
FAER Sampler)
Gaseous 7 méh1 7md
lodine (HEESEER ((SZNISEEZN 2
B @ hourly sample) 900 |
(collected by | 150 )
Enhanced High 168 m? 10800 mBg m-*
IR Volume Alr (B !
i Sampler) © daily sample)
5 BRI
Gamma Wet - aL 55000 0.2 BqL* 0.2BqL?
emitting deposition
radionuclides LR
Total - 0.03 m? 55000 15 Bqm? 15Bgm?
deposition
£k Rice - 4 kg 20000 0.1 Bgkg* 0.1 Bqkg®
245 Milk - 1L 55000 0.2BqL? 0.3BqL*
vﬁ;ﬁm - 1kg 20000 0.3 Bg kg™ 0.4 Bq kg™
JKER Fruit - 2 kg 20000 0.3 Bgkg* 0.3 Bq kg*
F & Poultry - 2 kg 20000 0.2 Bg kg™ 0.2 Bq kg*
ASH Meat - 1kg 20000 0.4 Bq kg! 0.4 Bq kg
Lafdizfoil - 1kg 20000 1.0 Bgkg? 1.5Bgkg?
KA
Water - 4L 55000 0.1BqlL? 0.1BglL?
samples
KT
Sujgjde g - 5L 55000 0.02BgL? 0.02BqL*
particulate
g Seafood - 2 kg 72000 0.1 Bgkg* 0.1 Bq kg*
3% Seaweed - 0.5 kg 20000 1Bqgkg? 2 Bg kg?
R
RIRIUEN)
Intertidal/ - 2 kg 20000 0.5Bqgkg* 0.5Bg kg*
seabed
sediment
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Table 2. (cont’d)
T I L2
pilh=e il BARN | B ®D) AE EIES EeR AT RR®
Measurement type Sample Counting | Background | Counting | Chemical |Minimum Detectable Activity®
size time (CPM) efficiency | recovery (MDA)
(second) (%) (%)
}‘f%}ﬁf%‘:%. 0.007 L 4BgL?
Wet deposition
HIEY
Total 0.0001 m? 300 Bg m™?
deposition
KR
Water vapour 2m’ 0.01Bqm”
&>k Rice 0.08 kg 0.3 Bg kg*
2475 Milk 0.007 L 4BqL?
4= Tritium ##3% Vegetable | 0.008 kg 3 Bq kg
7K Fruit 0.01 kg 18000 2 25 ) 3Bqgkg?
* & Poultry 0.02 kg 2Bgkg?
AE Meat 0.01 kg 3Bqkg?
ol 0.007 L 4BqL?
Water samples
K
Underground 0.1L 03BgL?
water
&7 Seafood 0.02 kg 1Bqgkg?
35 Seaweed 0.05 kg 1Bqgkg?
KATIEE
Airborne 5000 m® 90 luBgm?
particulate
/ﬁ/ﬂ‘%% 2L 0.002 Bg L*!
Wet deposition
LT 100
Total 0.01 m? 0.5Bgm?
deposition
&>k Rice 3kg 0.002 Bq kg™*
2475 Milk 1L 0.005Bq L*
Sﬁ'&:go i Vegetable 1kg 30000 L - 0.005 Bq kg™
Strontium-90 KB Fruit 2kg 0.003 Bq kg*
& Poultry 0.003 Bq kg™*
A Meat 1 kg 0.005 Bq kg™
+8 _ 0.005 kg 90 1Bq kg™
Land soil
K IR
Suspended
particulates in st 0002 Bq L™
sea water
g7 Seafood 1.5kg 0.004 Bq kg™
Y% Seaweed 0.05 kg 0.1 Bg kg™
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Table 2. (cont’d)

S sty | fom I
3 Y X
pilk= bl BARN | BE®) | A& Ve LSS -
. . . Minimum Detectable
Measurement type Sample Counting | Background Counting | Chemical .
. . . Activity@
size time (CPM) efficiency recovery
(MDA)
(second) (%) (%)
RRTEE
Airborne 6000 m® 40 0.2 uBgm?
particulate
BRIEY)
Wet 2L 0.0004 Bqg L*!
deposition
— 60
FIRY)
Total 0.01 m? 0.07 Bgm?
deposition
+i
0.003 k 0.3 Bq kg*
#£-239 Land soil g 4%
. — 220000 0.003 20
Plutonium-239 YK R REE 5
HLF 3L 0.0003 Bq L*
Suspended
particulate
e Seafood 0.5kg 40 0.002 Bq kg'!
EEE Seaweed 0.05 kg 60 0.01 Bg kg*
R A
IR
Intertidal/ 0.003 kg 50 0.3 Bqkg?
seabed
sediment
() FAFYIZE ERMP £ “Z " "/ TSR SHAVIEIE - #1252 - FERREER - 8RS80

()

3)
Note:

@

O]

®)

Zb - R T > B BEA G S E RIS A RS BOE TR -
TR T FRZH S — (8B A FHEZ IOV ER TR M B R R KCE « ST ERAVE(E R 2 (E
g > SEEBINESRGHRE  MEITTE - BARVRE SOMERIEI - Fr LABEH T PR & R (8 A AR AR
BMoE - RAFTREIEEN TR BAE— RO E 550 TR MAEE - BRI EERGEESH2F 2
o ARHEEBIBEARTEREI T - TR B HN FIREERACE -
B HY B E B B = A B PR S (E P Y S BB T IRAY —A#aE » PREE Rt s s i A R m e g -

The values given in the table are typical values of key measurement parameters in the ERMP in 2022. 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.

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 various factors, including the characteristics
of the measurement system, method of measurement, sample characteristics and measurement conditions, and thus
vary with individual samples and measurements. The listed MDASs are typical values under ordinary 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.

The values listed are the typical ranges of parameters and MDA of the Enhanced High VVolume Air Sampler (EHVAS).
The sampling and counting times will be adjusted depending on different situations.
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Table 3a. Ambient gamma dose rates recorded by the radiation monitoring network in 2022
(dose rate in uGy h'l)

. EE = — Y {EHERE
BT BRI -
Annual Standard Variation of
Radiation Monitoring Station®
Average Deviation 1-min Average
EHH Kat O 0.099 0.004 0.086 —0.190
TR+4H King’s Park 0.138 0.004 0.112-0.260
i Kwun Tong 0.120 0.003 0.102 —0.204
S Ping Chau 0.095 0.004 0.079-0.218
PEE 7 Sai Wan Ho 0.091 0.004 0.062 —0.242
VbUEFg Sha Tau Kok 0.095 0.003 0.079 - 0.150
KEE Tai Mei Tuk 0.116 0.003 0.104 — 0.224
F&PY Tap Mun 0.086 0.004 0.075-0.177
J2&0H Tsim Bei Tsui 0.123 0.003 0.103-0.194
JLFIE Yuen Ng Fan 0.115 0.004 0.103-0.234
I~fiE g Chek Lap Kok 0.142 0.003 0.122 - 0.187
#EnH Cape D’ Aguilar 0.126 0.004 0.109 —0.215
SHEEO
0.062 - 0.271
Reference Range®

i
T

0] %%%Elﬁb*ﬂjl NI B NG4S SR S A PR 6 B R -
Q) ESEDTE S AR EERERE C 2 m A T EERE I AZEBEE -

Note:
(1) Reference range is the ambient gamma dose rates recorded by the radiation monitoring network from 1992 to
1996.
(2) In 2022, new model high pressure ionization chambers were put into operation in all twelve monitoring stations
of the network.
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Table 3b. Ambient gamma dose rates recorded by the thermoluminescent dosimeter network in
2022 (dose rate in uGy h™h

B LBIE T BHIRE FrSE . o ﬁfﬁﬁ
TLD Location Annual Average®|Standard Deviation| Variation
#EIH Cape D’ Aguilar 0.12 0.02 0.09-0.13
JrfiEfg Chek Lap Kok 0.14 0.02 0.12-0.16
1 Cheung Chau 0.10 0.02 0.09-0.12
BHEACE Chi FuFaYuen 0.13 0.01 0.11-0.14
JH7KE Clear Water Bay 0.09 0.00 0.09-0.10
E/K 7 Deep Water Bay 0.09 0.01 0.08-0.10
1548 Fanling 0.10 0.01 0.09-0.12
HiEE 3 Happy Valley 0.08 0.01 0.07 -0.09
T8 Kat O 0.10 0.01 0.09-0.11
44 King’s Park 0.13 0.01 0.12-0.14
i 5# Kwun Tong 0.10 0.01 0.10-0.12
SN Ping Chau 0.10 0.01 0.10-0.11
P E Sai Kung 0.09 0.00 0.08 -0.10
YDUEFE Sha Tau Kok 0.08 0.01 0.07 - 0.09

BRMP 2E&{E®

BRMP Reference Values®™ 0.08-029
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Table 3b. (cont’d)

B I RS Rz o gf"%
TLD Location Annual Average |Standard Deviation| Variation
¥>H Sha Tin 0.12 0.02 0.11-0.14
"G FEE Shau Kei Wan 0.12 0.01 0.10-0.14

‘G Shek Kong® - - _
%4 H Shek Lei Pui 0.18 0.01 0.16 - 0.19
AH&F Tai Lam Chung 0.17 0.01 0.16 - 0.18
KEE Tai Mei Tuk 0.13 0.01 0.11-0.14
K3 Tai Po 0.09 0.01 0.08 -0.10
P Tap Mun 0.08 0.01 0.07-0.10
e EIH Tsim Bei Tsui 0.12 0.01 0.11-0.13
FH1< Tsing Yi 0.11 0.01 0.10-0.12
2578 Tsuen Wan 0.13 0.01 0.11-0.14
59 Tuen Mun 0.13 0.01 0.11-0.14
E 27D Wu Kai Sha 0.13 0.02 0.12-0.15
JCEA Yuen Long 0.10 0.01 0.08-0.11
JLFHE Yuen Ng Fan 0.11 0.00 0.10-0.11
BRMP SE8{H®

BRMP Reference Values® 0.03-029

A

Note:

M
()

)

O]

BRMP &2 8{H B 2GR & 54945 17> BRMP HESIFT RS0 R i S 2 =& E -
2 2019 ERR ISR > AREIGHECE HES] > RILAREER 58 = T E % R R R, T R B

=
Hal °

BRMP reference values represent the range of the ambient gamma dose rates recorded by the thermoluminescent
dosimeter network during BRMP.

Owing to the COVID-19 pandemic, access restriction was implemented at the sampling site in Shek Kong.
Therefore, collection and replacement of TLDs could not be performed at the site in 2022.
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Table 3c. Designated radiological survey sites and ambient gamma dose rates recorded during
surveys in 2022 (dose rate in pGy h-1)

LTSRS HER B (S T & 2R

¥

@

ionization chamber at 8 survey sites.

Radiological survey started at some survey sites as early as 2001.

BRI HCHTRE —/NEGEIME O (2022 £F) BRI (B 2021 57)
Radiological Hourly Average (2022) Range of past data
Survey Sites (up to 2021)
JEESH Luk Keng 0.162 0.093-0.184
iSEE Mui Wo 0.158 0.115-0.187
(S Sai Kung 0.198 0.158 — 0.211
/DH Sha Tin 0.138 0.132-0.223
FEOKE Sham Shui Po 0.167 0.145-0.212
HRFEE R Tseung Kwan O 0.204 0.181 — 0.240
A Tung Chung 0.176 0.166 — 0.191
M&ha Wo Hop Shek 0.131 0.121-0.160
=D Cheung Sha - 0.099 - 0.149
SaN Hoi Ha - 0.128 - 0.200
He Pak Nai - 0.111-0.268
RET Tai Mong Tsai - 0.090 — 0.127
KA Tai O - 0.122 -0.159
K Tai Po - 0.160 - 0.218
ES Tsuen Wan - 0.132-0.220
BEL Tuen Mun - 0.163 - 0.188
)=t Wu Kau Tang - 0.110-0.203
o
() HAEEA 17 EHEE RS ZONES - S ERCNBERREFAE TN - £ =B =748 » ROCEEEP 8 (EACHIEELL
EEA SRR =T/ NFRE SR E R E -
() (EH AR — BB — B THR SO0 -
Note:
(1) Currently, there are 17 designated radiological survey sites. Survey is conducted once every two years at each
site. In 2022, one-hour ambient gamma dose rate measurement was conducted using portable high pressure
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Table 4. Results of measurement by the Automatic Gamma Spectrometry System at
Ping Chau in 2022

B ESE
—hhtz
maong  FTOE EEE |BTOERE | L
AR Apnual | Standard | Range of =
Air Flow Rate . . Reference range
Average | Deviation | Daily Average .
from first 5 years
of operation
(1997 - 2001) ©
Bl B 7M1~ Alpha
15 mht 19 0.9 1.1-42 1.0-538
(152K HE B m?)
H AT Beta .
15 meht 2.8 1.7 1.0-9.2 1.0-10.1
(172K HE Bg m?)
fifit-131 1-131
R 15 m3ht <4 N/A® N/A <4®
(F1r77 k= H A mBq m?)
#8-137 Cs-137
— 15 mht <4 N/A N/A <4
(ﬁﬁ%%ﬁﬂ mBg m®)
HEH#-131 Gaseous 1-131
R 4 m3ht <1 N/A N/A <1
(tﬁﬁ*E\T Bgq m?)
e
() BEEEIERGHEZHAEIE N TR LR - —RIEXT ﬁl’ﬂﬁlﬁ;‘ﬁﬁ?%ﬂE@*}Z??ﬁﬁ%ﬁ%ﬁ%
IR IR TSRS B L TS FER R Hh (e R V5 R EL At Y &
(2) NIA FoRAHEH -
(3) HIEEEFRERERN TR “<xx” FoR » xx ZZ SN E 0TGN T IRME -
Note:

(1) Automatic Gamma Spectrometry System aims at detecting artificial radionuclides. In general, the alpha and beta
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.

% 5. TR UUAETHES S [(BHVIMERERAELSR CIEERL ARENOKE)

Table 5.  Measurement results of gamma dose rates due to cosmic radiation in 2022
(measurement site: Plover Cove)

S LR S N

JlE HE] Date of measurement
Al & Average gamma dose rate (UGy ht)

TR HEH 17 Feb 2022 0.035
:W::E/\H+/\B 16 Jun 2022 0.031
R HFNLAFAH 15 Sep 2022 0.032

"B H#E+"H—+—H 21 Dec 2022 0.036
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Table 6. Measurement results of measurable® gamma activities of artificial gamma-emitting

radionuclides in food and environmental samples in 2022
(HATHE Bakg?)

B $8-137  Radionuclide: Cs-137

SR THEEEN
) BALERH - N BRMP #ifE®
[ = 3 2
Eﬂi ch&a%?on Total no. of R$: e Af'fi{/%t @ BRMP %r{%
P samples with g y range®
measurable activity
Ak N
Platycephalus o R
Indicus Daya Bay 1 - 0.1 <0.2 Bq kg
(Bartail flathead)
EAELIIG
Seas west of Hong 1 - 0.1
Triﬁﬁrus Kong
haumela ﬁﬁ/% 1 } 0.1 <0.2 Bq kg™
(Hair tail) Daya Bay
FHBKI
Hong Kong Waters 2 0.1-01 0.1
T (L) Rl
_ < -1
Land soil (upper) See Table 1 S 03-15 0.7 <100 Bakg
+IH(TE) Rl
_ < -1
Land soil (lower) See Table 1 3 03-13 08 <40 Bakg
HbE 3 0.3-05 0.4
. Pak Sha Wan ' ' '
;ﬁﬁﬁgﬁ%i(i) ZIN %Dﬂ_
Intertidal ST 4 0.3-0.6 0.4 <24 Bq kg
. Tsim Bei Tsui
sediment (upper) R
e 3 0.3-0.4 0.4
Sha Tau Kok
b
_— Pak Sha Wan 4 03-04 1 04
s L (T8 =TT
Intertidal ST 4 0.3-06 0.4 <31 Bq kg
. Tsim Bei Tsui
sediment (lower) oA
o 4 03-05 | 04
Sha Tau Kok
KNS
Tai Tan Hoi . i 04
REUEOR . _ 06
TR Lung Ha Wan ' <19 B kg
Seabed sediment 2R . o <L
Picnic Bay i '
PHERE A . ] 02
Western Anchorage '




).

)
@)
3)
Note:
@

@
@)
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TERA I YRR L O I A TR ESRS T RN A R S ]
HIE -

4V 25— (R A S TR » AR T (-

BRMP JHIH4E BUER BRI FIRLL “<xx” oo 0 xx MR A SN FIRME - 40 SRS (A R RIS
BMERZE > SRBEHRE R <xx” o xx Rl EHIERNEERAME -

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”.

The mean activity is reported if there are 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.
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Table 7. Measurement results of measurable® activities of tritium in food and environmental

samples in 2022
(A HET Bakg?; HAFFET BaL?; &P KER Bam?, 3775k H AT Bgm?)

. BRMP #[#
S SERFQ)
HERI Type #h®E Location Total no. of %Ee Aﬁ{%t ® BRMP %rﬁ%
samples with g y range®
measurable activity
A ERT=F0M)
€K Rice Mainland (Pearl 4 0.1-0.2 0.1 <1 Bq kg
River Delta)
R PIsCRIIN)
AR Mainland 2 04-12 0.8 <6 Bq L*
Pasteurized milk (Shenzhen)
S0z S 1))
N . Mainland 4 02-19 11
520y Choi sum (Shenzhen) <7.4 Bq kg
b Local 3 02-1.2 0.8
P CAEIID
Y . Mainland 2 0.3-0.8 0.5
H=% Pak choi (Shenzhen) <6 Bakg*
ZH# Local 2 11-11 1.1
Pt (B )
FHE Banana Mainland 2 0.3-0.6 0.5 <3 Bq kg
(Guangdong)
e Pt (B ER)
su JBaLr}?gane Mainland 1 - 0.1 <2 Bq kg
g (Guangdong)
(TS
7515 Lychee Mainland 1 - 0.3 <4 Bq kg™
(Guangdong)
Pt (B ER)
_ . Mainland 3 0.1-05 0.3
ZE Chicken (Guangdong) <22 Bq kg
ZH# Local 4 0.1-0.8 0.4
Pt (B )
& Duck Mainland 4 03-1.2 0.5 <35 Bq kg
(Guangdong)
Pt (B ER)
414 Beef Mainland 3 04-10 0.6 <53 Bq kg
(Guangdong)
Pt (B ER)
L Mainland 2 02-04 0.3 .
FEHT Pig’s liver (Guangdong) <4 Bq kg
A Local 2 0.1-04 0.3
P@Ji&(f‘féf)
Mainlan 3 0.1-0.6 0.4
§EIA Pork (Guangdong) <4 Bakg*
ZH#, Local 2 0.1-0.6 0.3
P CAEID
A I Mainland 3 01-06 | 04 s
stientnys (Shenzhen) <2 hkg
_ nobilis R
(Big-head carp) Yuen Long 2 0.1-04 0.3




70

® 7. (&)
Table 7. (cont’d)
ﬁﬁgﬁﬂﬂgiﬁfg‘éﬂ’ﬂ -
&R or N BRMP #if#
T = 3 2
R Type H®BE Location Total no. of Rige Afi{%t ? BRMP %rﬁ%
samples with measurable 9 y range®
activity
= Dé@%gé%y ! ) 04
Nemipterus S i
japonicus B <2 Bakg*
(Melon coat) Hong Kong 1 - 0.1
Waters
ik stk
K,
Pla%((:j?(p:)gslus Hong Kong 1 - 0.8 <2 Bq kg
(Bartail flathead) Waters
o Df%ﬁéj 1 - 0.2
Trichiurus :y iy <2 4
haumela Hﬁ/%?é & 3 0107 04 Bq kg
s ong Kong 1-0. .
(Hair tail) Waters
— T Ki
— g
P?r%frﬁs Hong Kong 2 03-04 0.4
sanguinolentus éﬁvﬁgs % <2 Bq kg-1
(Three-spotted y Ui M
crab) Seas west 0 1 - 0.3
Hong Kong
- HEIKIE
Metekx)gerrgzigpms Hong Kong 1 - 0.3 <4.9 Bq kg
(Fire prawn) Waters
. FHEKI
=
ié‘éuﬁfg);lasﬁfp Hong Kong 1 - 0.5 <278 Bq kg™
Waters
filk FE K
Loligo edulis Hong Kong 1 - 0.7 <3 Bq kg
(Squid) Waters
FURE ki
Babylonia Hong Kon 3 0.1-0.4 0.2 1 E
formosae (i,rc/g ong —U. . < Bq kg
(Gastropod) aters
M i
FH Cheung Chau 1 0.6
Perna viridis g5 1
(Green-lipped Tolo Harbour 3 0.3-05 0.4 <2 Bakg
mussel) PANCHE | 1 i 01
Daya Bay '
Tapes Cheung Chau ) <9 Ba k'
philippinarum -85 1 01 axg
(Clam) Tolo Harbour i '
FERREE e
Sargassum By 1
hemiphyllum Po Toi O 1 i 0.1 <2 Bakg
(Brown algae)
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Table 7.

(cont’d)

51 Type

H8E Location

BETTHIRERR
BAKE
Total no. of
samples with measurable
activity

i
Range

TEEO
Activity®

BRMP #iE®
BRMP range®

B fir
Unit

PaE
Ulva lactuca
(Sea lettuce)

ERESS)L
Po Toi O

1

0.1

<2

Bg kg™

BEY)
(FRi)
Wet deposition
(precipitation)

P £
King’s Park

08-41

1.8

VOUE A
Sha Tau Kok

0.1-30

1.7

JLIE
Yuen Ng Fan

0.2-538

2.2

BqgL*

LAY
Total deposition

A
King’s Park

26 — 564

280

<2210 0

Bgm?

KRKFER
Water vapour
in air

A
King’s Park

0.01-0.01

0.01

<242 ®

Bgqm?3

IR
Drinking water
(treated)

TEEROKE
Kowloon
distribution tap

0.8-2.0

1.4

HFEKE
Tuen Mun
distribution tap

1.7-27

2.2

SHIFH GEDIE 7K i
Yau Kom
TauWater

Treatment Works

03-0.3

0.3

H PR K
Tuen Mun Water
Treatment Works

03-13

0.8

VOB K
Sha Tin Water
Treatment Works

15-18

1.6

<6

BgL*

IERIN
(CRESHTE)
Drinking water
(untreated)

A B fili7Kis5
Muk Wu B
Pumping Station

09-138

1.5

SHHFHBE S 7K
Yau Kom Tau
Water Treatment
Works

1.0

P TE K
Tuen Mun Water
Treatment Works

0.3-0.9

0.6

VO E K
Sha Tin Water
Treatment Works

04-0.7

0.6

HHKE
High Island
Reservoir

0.1-05

0.3

WESKH
Plover Cove
Reservoir

0.1-0.8

0.4

<6

BgL?
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Table 7. (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
5 Cheung Hong Estate 1 - 0.2
SR IR0 Wan Tsui Estate 1 - 0.1
7
Underground HEE UL Wah Fu Estate 1 - 01 <238 BqL®
water & L1145 Fu Shan Estate 1 - 0.2
SEREI . ] 01
Ching Leung Nunnery '
KA Basalt Island 1 - 1.3
57J<(L}§') AEE Tai Long Wan 1 - 17 5 .
ea water < Bq L
(upper level) M Port Island 1 B} 0.6
Fa & Waglan Island 1 - 1.1
57J<(':Pt}§) K53 Basalt Island 1 - 0.6 5 Bg Lt
ea water —— < gL
(middle level) RRE Tai Long Wan 1 - 0.8
KN Basalt Island 2 06-1.2 0.9
57J<(1E§t}§) FSESE Tai Long Wan 1 - 0.2 5 5o Lt
ea water < qL
(lower level) F5J Port Island 2 03-21 1.2
e & Waglan Island 2 04-15 0.9
&K (GREEK)
Bottled water ZHr Local 3 02-1.8 1.0 <4.90) BqL?
(Distilled)
K (2R 7K)
Bottled water ZHr Local 1 - 0.6 <5.80 BqL?
(Mineral)
%:in: N —_a S S iy
() EEANIBAEE I ZE AR BRI S » 2RI B SE SRR Ry R -
Q) UV (AR B AR E R - R P - - -
(3) BRMP BEEEFREFHRM TR “< xx” 7R xx @z SO EHYHRSOI T ERIE a0 ER AR sh BRI
PSR » BRI <o o LR EINTE R - -
() FHEARREHN—ULEETH > SATE BRMP IR « SRR B HEE R B e T R e -
() EEEANELAN —NIUNF—H > W2FFE BRMP IR - SEBURHY I E#E e A S 1A S8 -
(6) FREFHIRAVAEREREAHEE BRMP RRAESE s - [FIRFRM T RIS T - [RAEAE 2008 SEIER T Reaa i
S SRIENIL AT 2001 SE4RF THINEEATIRE Tk - e
() ZHARHESRN -BBLEAH - WEEE BRMP HIE < SEERIHEHRE %A S LEHIERIE -
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 implementation of a new Liquid Scintillation Counting System for measurement in 2008
and the adoption of a new sample pre-treatment method in 2011.
(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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Table 8.  Measurement results of measurable!? activities of strontium-90 in food and environmental
samples in 2022
(BT HTT Bg kgt FAFHET Bg LY &7k AT Bg m?; G5 2KEE Bg m?; SFATEHT mBq kgt EAFEHT mBg
L ki HTuBg m?)
SETHREEDN
B
N . e JEE® | BRMP #E® R==CivA
[ Total no. of samples g IR e 1
KAl Type $&, Location with measurabl?e Range |Activity® BRMP range® Unit
activity
— PGS
Pqifdb(‘f%/?%)lk Mainland 1 - 8 <81 mBgq L*
asteurized mi (Shenzhen)
Spi oS 1)
. Choi Mainland 3 30-60 41 < .
> Choi sum (Shenzhen) < 266 mBq kg
ZHh Local 2 17-44 30
Spi oS 1)
% Pak choi Mainland 4 7-25 15 < .
3t Local 3 9-33 18
Pt ()
HH Banana Mainland 1 - 16 <27 mBq kg
(Guangdong)
- Pt (B ER)
sy Jaa:’?gane Mainland 1 - 5 <14 mBq kg
g (Guangdong)
P ()
#31% Lychee Mainland 1 - 2 <14 mBq kgt
(Guangdong)
P (B R)
fHi% Mandarin Mainland 1 - 6 <84 mBq kg™
(Guangdong)
Pt (B ER)
414 Beef Mainland 2 11-22 16 <35 mBq kg
(Guangdong)
P ()
FEAT Pig’s liver Mainland 1 - 31 <43 mBq kg™
(Guangdong)
Pt (B ER)
Mainland 1 - 10
F&A Pork (Guangdong) <36 mBq kg
73t Local 3 16 — 27 21
PG
Arisjti(fﬁl\th . Mainland 2 3-8 5
nobilis y (Shenzhen) <94 mBq kg
. TCEA
(Big-head carp) Yuen Long 1 - 6
= .
Nemipterus japonicus ﬁk%; Ki\//jVa!c_'ech: g 1 - 8 <21 mBq kg
(Melon coat) g
ERii s ‘
Trichiurus haumela ﬁk%ﬂd\% It-|0ng 1 - 5 <49 mBq kg!
(Hair tail) ong vvaters
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Table 8. (cont’d)
EHEHIEE
FEHy
BRAEE . BRMP #ifE®
. HE TEEO BBfir
I
¥R Type HEE Location Total no. 9f Range  |Activity® BRMIz Unit
samples with range®
measurable
activity
— Wbz . .
- Hong Kong 1 - 21 <105 mBq kg-1
sanguinolentus Waters
(Three-spotted crab)
Metjgefaéiépsis AR
Hong Kong 1 - 15 <66 mBq kg
barbata
. Waters
(Fire prawn)
- . K,
==
= F Sepia spp. Hong Kong 1 - 10 <24 ® mBq kg'*
(Cuttlefish)
Waters
BB K,
Babylonia formosae Hong Kong 2 5-9 7 <31 mBq kg
(Gastropod) Waters
== SN
Perna viridis Cheung Chau <47 Ba kg
(Green-lipped 25 3 1231 18 - mEa
mussel) Tolo Harbour -
i) M 1 i 12
Tapes Cheung Chau
T <32 mBq kg!
philippinarum 55 1 8
(Clam) Tolo Harbour )
Ki/??[sjiirk ! L0-40 25
KR Sers
- / o _ < -3
Alr_borne Sha Tau Kok 7 0.8-4.9 3.3 <5 uBg m
particulate R
H
Yuen Ng Fan 4 12-39 20
HIEY) s
N B (5) ¥
Total deposition King’s Park 6 08-37 21 <39 Bam”
Kif‘fi E;rk 2 339-339 | 339
TR () o5
Wet deposition i 2 2.7-263 | 145 <39 mBq L*
L Sha Tau Kok
(precipitation) e
7=}
Yuen Ng Fan 5 9.4-335 17.7
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Table 8. (cont’d)
EBHETHIEEREN
e ZNTCL -
~ " . BRMP #i[&©
, . Total no. of | SEEQ BAfr
I
%R Type B Location samples with Range | Activity® ilil\gg) Unit
measurable g
activity
T (L) R#EL
_ < -1
Land soil (upper) Please see Table 1. 4 45-220 123 <213 Bak
THE(TE) HFEL
_ < -1
Land soil (lower) Please see Table 1. S 4.3-94 6.7 <199 Bakg
H
Port Island 1 ) 5.7
K AT ()
Suspended particulate in T B 1 i 36 <7 mBg L
sea water Waglan Island
(upper level) A
KA 1 ] 37
Basalt Island '
K R .
/t7J<EP,_\/%Jrﬁ_¥(EP)Z_) KE}J‘H _
Suspended particulate in 1 - 5.6 <7 mBg L*
i Basalt Island
sea water (middle level)

R
M
)
3)

)
)
Note:
)
(2
3
4
)

EREANRFAESI SN A RS - AR ESE R R E” -

WHE B — R AS IR AT EIERE - SRS M - )

BRMP I LE BN FIREL “<xx” TR > xx EZENERYIAEON NIRME - a0 S AEE B A ERAE %
BT R - SRS R “<xx” - xx Al BAIEEHEE R AE - 3

ZHEANELEN —NUVEFE+H - WA FE BRMP g - S B RH IR #E R AT LFER I EHE -
AEARMEIEN — AN E—H > WA FE BRMP JIE - S BURITN R EEE Rz A S TEAHERE -

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.

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.
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Table 9. Measurement results of measurable activities of plutonium-239 in food and
environmental samples in 2022
(553 LT B kg

SR THEERERN
Bt VP gy
\ _ - HiE EEO | HEEO
R Type Hr®E Location Total no. of Unit
Range Activity® | BRMP
samples with
range®
measurable activity
REE
Picnic Bay ! i 0.30
PHIEE AR
Western 1 - 0.14
TSRV Anchorage 1
Seabed sediment o <057 Bakg
K 1 _ 0.20
Tai Tan Hoi '
HE@E}Z/EJ
Lung Ha Wa . ) 049
i
(1) B1EEEAS A E1-239 RYFTR AR T8I - N ZEE TN SN Z A AR - ZEERAT N E4E5 6 R T
I o
Q) B % wm—EEAS IR TR EERE > RS F9E -
(3) BRMP JHIE&ESFYEAHOH T IRLL “<xx” Fo 0 xx ZazBUHIENIEIEOITRE - 3T MmOz
DR  ERRER <xx” - xx QA EFIFEREEAE -
Note:

(1) 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”.

(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.
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Table 10.  Overall summary of measurement results of samples in 2022
(BAFHEA Bakgt; GATHHET Ba LY, Eir 7k E ATuBg m?)
SRR
Measurement
R AR results® Hi-131 $1-137 $1-134 i $#5-90 $£-239 E==EivA
Pathway Sample Type N a 1-131 Cs-137 Cs-134 H-3 Sr-90 Pu-239 Unit
SEYE
Reference values®
KRHAREE 0.8
(FH B&fEtER) #i[# Range <10 <10 <10 | <0.2
KA . Air'bome 0 49 \Bq m®
Atmospheric Particulate
(bulked monthly BRMP <108 <10 <10 <5 <0.2
sample)
0.1
ek #i[E Range <01 <0.1 <01 \ <0.002 .
Rice 0.2 - Bokg
BRMP <0.1 <0.9 <01 <1 <0.056
0.4
#[E Range <0.2 <0.3 <03 0.008
Hhif Terrestrial 4 " ’ 1?2 - BqL?
Milk
BRMP <0.2 <03 <03 <6 <0.081
0.2 0.007
#i[E Range <03 <04 <03 | |
BR¥E Vegetable 19 0.060 Bq kg?
BRMP <03 <04 <03 <74 <0.570
0.1 0.003
@ #i[& Range <0.1 0.1 <0.1 | | <0.002 .
Fish 08 0.008 Bq kg
K BRMP <0.1 <0.2 <0.1 <2 <0.094 <0.002
Aquatic _ 0.3
G A=ED
ERE #i[& Range <01 <0.1 <01 |
ERHIZK a
o 2.7 Bq L
Treated Drinking
Water BRMP <01 <01 <01 <6
(1) AEGEREREHTIRM “<xx” FoR » xx ZaZ SRS HIIIPON T IRME © a0 SRS A R B U 1
%2 » BRMP @85l fy “<xx” - xx Al HIE I EERAE -
(2) - FEHTE BRMP J ERMP (T HIEHIE -
(3) 7£ BRMP HARSMTHIAR FRMREERE A S A AW B ACH & 131 » JERESTHIE 328 uBq m3 J
38 uBq m3 - [HAKFHE AR ST-131 AR E M AR A By NE(RBE MBS B REYIBER - R R IER 2
L ATE BRMP HARHIE H Y- 131 JERE R R R RTREENT AR B A E - KRTIEENY BRMP #i-131 AE#EE
JERAER BRI 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 puBq 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 11. Results of the comparison organised by the China Institute of Atomic Energy (CIAE)

in 2022 for the measurement of activities of radionuclides in food and environmental

samples
7% Table 11a. /KA Water Sample
rxanger | TARIRREIRR | o
5 N %3‘
B ERZR Measurem«igc)Result of Reference Value Relative cﬁéﬁi 0
Radionuclide GG R provided by CIAE Error® Result
(Ba/kg) AT R (%)
(Ba/kg)
#5-90 AR
Sr-90 241 24.2 0.4 Acceptable
i 131 AT
1-131 9470 10003 .3 Acceptable
5134 A
Cs-134 56.1 55.9 04 Acceptable
se-137 AT
Cs-137 56.6 578 21 Acceptable
$5-60 ARz
Co-60 49.7 49.5 04 Acceptable
7% Table 11b.  §5¥3tE 24 Milk Powder Sample
xxouger | TREIERZIR | o
, Measurement Result of itz 25E B EEd&ER
B R HKO Reference Value Relative o
Radionuclide AR provided by CIAE Error® Rt[e)sult
(Ba/kg) (AT R (%)
(Ba/kg)
#£-90 TR
Sr-90 41.3 47.9 13 Acceptable
B-181 T
1-131 948 1011 6.2 Acceptable
5134 GE
Cs-134 102 105 2.9 Acceptable
se-137 T
Cs-137 102 104 1.9 Acceptable
fi 60 TR
Co-60 892 94 6.5 Acceptable
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7% Table 11c. 1A Soil Sample
—— N[ B A==
RXEGARIER iy 73 el
, Measurement Result of = : EEBEER
SRR HKO Reference Value Relative c :
; ’ - ) omparison
Radionuclide @A FET) provided by CIAE Error Result
(Balkg) G )) (%)
(Ba/kg)
i e
1-131 865 921 61 Acceptable
5134 A
Cs-134 101 102 1.0 Acceptable
se-137 A
Cs-137 104 104 0.0 Acceptable
5560 A
Co-60 930 938 0.9 Acceptable
Z< Table 11d.  KEZHEERE A Airborne Particulate Sample
R ST PRI AT N
, Measurement Result of RIS B EEREER
B R HKO Reference Value Relative c :
; ’ ; W omparison
Radionuclide AFREA E ) provided by CIAE Error Result
(Bg/sample) (2 ZN=) (%)
(Bg/sample)
==
$9-133 (B4 Sample 1) 13.9 . +3.0 e
Ba-133 (KA Sample 2) 13.7 +15 Acceptable
==
Cs-134 (B4 Sample 2) 16.0 +0.6 Acceptable
==
Cs-137 (KA Sample 2) 16.2 +1.9 Acceptable
4560 (B Sample 1) 14.3 " +0.7 e
Co-60 (B Sample 2) 14.0 14 Acceptable
i

(1) AEREE = CHIRSSE - SBE)SH{E x 100% - AHEREAEAE 0% - LLEIEE R (Al | -

Note:

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

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

If Relative Error is within
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Table 12. Results of the 2022 proficiency test organised by the International Atomic Energy Agency for the measurement of activities of
radionuclides in water samples

Z% Table 12a. 7KEEA— Water Sample 1

RXE BeETew | BRFETREME B H TREtAS
Kzt HEER | mrmpog | FREZEEE | meyme PR Bk AR EHhE”
ARER | Fwe A RHEERE W %l IS
y Measurement Measurement Uncertainty of ; 2) Maximum 3 ®3) 3 )
ﬁfl%‘j‘ fi*%_? Result of HKO Uncertainty of IAEA Target IAEA Target Re_l ative P Acceptable R i[%ﬁf,@i Ranking of
Radionuclide Value Bias® (%) p Accuracy® | Precision®
(Value_HKO) HKO Value IAEA Value Bios. o Relative Bias HKO® /Number
(@BATHEE (EU/_PHPE%T ( ( %Ze}_ﬁ* EE} g_l\%g)j ( 'a(‘f)z';‘"ve) (MARB) provided of Participating
Ba/kg) (#FaTHE (BATHE by IAEA Units
Ba/kg) Ba/kg) Ba/kg) (%)
$-60 AJRERZ A7
Co-60 17.9 0.7 17.7 11 1.13 7.34 20 Acceptable | Acceptable 46/244
ser13d AEE | AR
Cs-134 15.8 0.6 15.9 1 -0.63 7.35 20 Acceptable | Acceptable 25/252
$6-137 THET | AT
Cs-137 24.2 0.9 24.2 15 0.00 7.23 20 Acceptable | Acceptable 1/254
#8-90 AJRERZ A7
Sr-90 27.8 2.4 26.4 1.6 5.30 10.55 30 Acceptable | Acceptable 49/96
Z% Table 12b. 7KEEZA — Water Sample 2
AXE B R T REAR S BUFE IR FREIR IR
RxE AEGER | ERETEME | et DEE | e FrER > BAH ARG
AEER | Fpeom | PR HEE | R W %R ST
' Measurement | Measurement IAEA Target Uncertainty of : ©) Maximum 3 @) 3 @
g%%ﬂf‘*jﬁi Result of HKO Uncertainty Value IAEA Target R;::E:Xe (IZ %) Acceptable ﬁ;ﬁ% @ Iﬁﬁiﬁs% @ Ranking of
(Value_HKO) of HKO (Value_IAEA) Value (Biasretative) Relative Bias y HKO® /Number
N U_HKO VAN U IAEA relative . et
T | wrn | S | GnrRe |09 ke
a] Bg/kg Bg/kg %
§E-137 AR | A
Cs-137 8.37 0.36 8.36 05 0.12 7.37 20 Acceptable | Acceptable 3/252
I A A
H-3 12.1 1.2 10.8 0.6 12.04 11.37 30 Acceptable | Acceptable 60/105
#8-90 AIREZ Az
5r-90 7.8 0.7 7.42 0.45 5.12 10.83 30 Acceptable | Acceptable 53/107

08



Z% Table 12c. /KiEA= Water Sample 3

RX& BB AR BRI T HEMR IS o
RX& ARER | ERETREME | PR BRE | e B Frigfit 2 B R AH AX G
HIEGER THEERE | ARtz HEUE FHEE ) = /é}gliéﬂﬁﬂ’?%
' Measurement Measurement IAEA Target Uncertainty of . 2 Maximum 3 ®) \ @
g%%?o%u%‘i?; Result of HKO Uncertainty Value IAEA Target RBE::;:XE (lz %) Acceptable Afc Eﬁrj;% 3) Fﬁ ﬁ%m@ Ranking of
(Value_HKO) of HKO (Value_IAEA) Value (Biasretative) 0 Relative Bias Y HKO® /Number|
G7NI=E (U_HKO) EATHET (U_IAEA) (%')‘ (MARB) provided of Participating
Barkg) BATH Barkg) @BATHET by IAEA Units
o] Ba/kg) Ba/kg) (%)
$1-134 Az A7
Cs-134 12.3 0.5 121 0.7 1.65 7.07 20 Acceptable | Acceptable 59/248
se-137 AR | AR
Cs-137 23.0 0.9 22.6 14 1.77 7.33 20 Acceptable | Acceptable 90/250
$£-239 ) Az AR
PU-239 451 0.28 5.16 0.31 12.6 8.64 30 Acceptable | Acceptable 16/54

2.
Bl

(1) HH¥E{mZ Biasrentive = (Value_HKO — Value_IAEA)/Value_IAEA x 100%

(2) P=V((U IAEA/Value IAEA)? + (U_HKO/Value_HKO)?2) x 100%
(3) 5 Biasrelative <= MARB » JHIE45 5 7 HERERE By [ AHE7 ]

(4) 7 P<=MARB J Biasrelative <= K*P » HIRLER ZHEMEE S " A1HE2 ) - kK REERT - 9%E S/ P K £ 2.58 -

O “RXEF"ERMET— Vel B AR R 22 (E /N B RNE RS TR -

Note:

2L

EZ N

(1) Relative Bias, Biasretative = (Value_HKO — Value_IAEA)/Value_IAEA x 100%

2) P=\((U_IAEANValue_IAEA) + (U_HKO/Value_HKO)?) x 100%

(3) If Biasrelative <= MARB, accuracy of the measurement is considered “Acceptable”.

(4) If P<=MARB and Biasrelative <= k*P, precision of the measurement is considered “Acceptable”.

k is the coverage factor.

(5) The “Ranking of HKO” is computed by sorting the relative biases of all the participating units in ascending order.

For the 99% confidence level, k is 2.58.
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