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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.



AEE CRBGHER - R A R
& °E§Fﬁéf7nJH&éJE§'?:Qiﬁ?ﬁjQLLﬁﬁ\ﬁ‘)Hi
TR EE o BEANLE I TP e o

Bo RS ZE O A ERRELET L - pat BT
Bfn LAp R 23 d 302§ i3I Rf 3 r’v’ﬂi&ﬁfwkiﬂ » H oA
FRESEFOREEH KT EAE ¥ AAREFRIZIN - 2% 5
E%Fmﬁﬁ£a#ﬁiﬂﬂiﬂ&LmAlﬁ%@ﬁ%
§ 3545137~ 4~ 4490 2 47239 U PeavE RRTE S & L
%%12$@%9J’wééﬁ*%ﬁﬁ%iﬂﬁé—iwl
-4 NFERFOFPRERK

FIRP AAGE i 5 ke, A2 S A - R - &= 1 @B
Ipte B AB KRB A K APEH TR d R ke E T - 5 B
THE - X o e BERIHRE A REANEHPE SO
BA g Bl EREERE o

BEEED o o Mo F C C &L AT £ (i bt
ORI B pe g Tk 1 A Bof é%#wﬁ'l??@ » A2 AWM FoZE
ALY - RGP L R IR R R P W) R AR S

#
TR E AT A 1 e st & o

‘$-3ﬁﬁﬂﬁ%%@%’ﬁ*??ﬁ?%£$ﬁﬁ?
AR 0 BB IRBEAMORT CRBEHRAZ D AP R
PA IR PR ERTIL EER o



ABSTRACT

The Environmental Radiation Monitoring Programme of the Hong Kong
Observatory entered its thirty-seventh year in 2023. This annual report
incorporates salient features of the work of the programme during 2023, including
a brief report on measurement methods and results, highlights of relevant new
work and changes.

In 2023, apart from the slightly higher radiation levels recorded at King's Park
for a short period of time due to weather changes on the night of 1 September, the
ambient radiation levels recorded by the radiation monitoring network during the
rest of the year 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.

In response to the discharge of nuclear-contaminated water from Fukushima
of Japan, the Observatory has increased the frequency of radiation monitoring of
sea water samples in local waters starting from July 2023, from once a quarter to
about once a month. During the period of enhanced monitoring, the radiation
measurement results of sea water samples did not show abnormalities and were
similar to those in the past years.

Regarding new developments, following the deployment of the
"Sodium-iodide Gamma Spectrometer" on the new radiological survey vehicle that
was put into operation in 2022, the Observatory also installed the spectrometer on
another survey vehicle in 2023, for the enroute real-time identification of artificial
gamma radionuclides during mobile radiological surveys.

Based on the measurement results in 2023, 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 2023
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 2023 are shown in Figure 2. The
other locations for measurement of ambient gamma radiation and collection of
environmental samples in 2023 are shown in Figure 3. A summary of the sampling
and analysis programme in 2023 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 (Reuter-Stokes Model RS-S131-200 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:

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.

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
2023, the network comprises 29 fixed monitoring stations over the territory (Figure 3).
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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 m3/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
minutes.

2.1.5 Mobile Radiation Monitoring Station

Currently the Observatory has two radiological survey vehicles for terrestrial
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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°h?)

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 and
Seibersdorf SSM-1+ respectively
in the two survey vehicles)

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.

Portable High Purity Germanium
(PHPGe) Detector
(ORTEC Micro-trans-SPEC)

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

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 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.

Following the deployment of the "Sodium-iodide Gamma Spectrometer” on the
radiological survey vehicle that was put into operation in 2022, the Observatory also
installed the spectrometer on another survey vehicle in 2023, for the enroute real-time
identification of artificial gamma radionuclides during mobile radiological surveys
and serving as an extension of the fixed-point monitoring of the 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-Miller (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.

Formerly, with the assistance from the Environmental Protection Department,
sea water is sampled alternately at two of four routine sampling locations each quarter.
In response to the discharge of nuclear-contaminated water from Fukushima of Japan,
the Observatory has increased the frequency of radiation monitoring of sea water
samples in Hong Kong to about once a month starting from July 2023, and sea water
is sampled alternately at one 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 continue to be collected each quarter by filtering the sea water sampled
alternately at two of four routine sampling locations through 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
30cm deep. In 2023, land soil samples were collected from Shek Kong, Tung
Chung, Shek Pik Reservoir, Tai O, Pak Nai, Tap Mun, Kat O, Ping Chau and Happy
Valley (Figure 3).
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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 2023 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.
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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 Technology Center of Radiation Environmental Safety
(ShTCRES) and the Government Laboratory (GL).

In February 2023, the Observatory participated in the inter-laboratory
comparison organised by the Government Laboratory on the determination of activity
of caesium-134 and caesium-137 in milk powder sample. In April of the same year,
the Observatory also participated in the inter-comparison exercise on field
measurement of ambient gamma dose rate organised by CIAE at the King’s Park
Meteorological Station. Furthermore, in July of the same year, the Observatory
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-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
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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
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 2023.
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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 2023 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.

In 2023, a relatively large change in the ambient gamma dose rate was recorded
on 1 September. Under the influence of heavy squally showers associated with
tropical cyclone Saola, the 1-minute average dose rate at King’s Park once rose to
0.276 nGy h* at night, which was about 90 percent above the mean value of the year
and slightly exceeded the baseline radiation levels (see Table 3a for the reference
range).

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 ambient dose
equivalent rate data recorded by the gamma spectroscopic analyzers at King’s Park
also showed significant change on 1 September 2023. 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.

Apart from the aforesaid case, the ambient radiation levels as measured by the
radiation monitoring network in 2023 were all within baseline radiation levels.

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 2023 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 2023, background measurements in the ground contamination measurement
mode were conducted in March, May and June using the Aerial Radiation Monitoring
System (ARMS) over Ping Chau, Kat O, Soko Islands and Tap Mun 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
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vertical radiation level profiles over Mirs Bay and Sai Kung in July 2023. 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 2023 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 2023.
The average gamma dose rates ranged from 0.030 to 0.034 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 2023, the two survey vehicles conducted a total of 216 surveys.
In summary, the enroute ambient gamma dose rate recorded in 2023 ranged from
0.071 to 0.247 pGy h, 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 2023.

In 2023, radiological surveys were conducted at 9 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 9 designated
sites in 2023 ranged from 0.111 to 0.205 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 2023. The weather conditions
during these soundings were: sunny periods with moderate east to northeasterly winds
at the surface on 24 October and mainly cloudy with moderate easterly winds at the
surface on 14 December.

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 2023. 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 2.2 and 4.6 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

Together with the routine samples and the local sea water samples collected
during the enhanced sampling period in response to the discharge of
nuclear-contaminated water from Fukushima of Japan, a total of 423 food and
environmental samples were collected in 2023. 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
2023 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.

During the period of enhanced radiation monitoring of sea water samples in
Hong Kong from July to December 2023, a total of 6 sea water samplings were
conducted. Trace amounts of tritium were detected in some of the samples and the
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measured activities were all within the baseline radiation levels. No artificial
gamma-emitting radionuclides were detected in all the samples. The radiation
measurement results of the sea water samples were similar to those of the past years.

(a) Gamma Spectrometry Analyses

Traces of caesium-137, an artificial gamma-emitting radionuclide, were
detected in some food, soil and sediment samples in 2023. 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).

(b) Tritium

Very small amounts of tritium were detected in some atmospheric, water
and food samples in 2023. 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 and seafood. 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 2023. The measured activities in these samples were all within the
baseline radiation levels. The samples included airborne particulates, wet
deposition, total deposition, land soil, rice, vegetables, fruits, poultry, meat,
seafood, seaweed 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 intertidal
sediment and seabed sediment samples in 2023. 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 Measurement Comparisons

(a) Laboratory Measurement Comparisons

In February 2023, the Observatory participated in the inter-laboratory
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comparison organised by the Government Laboratory on the determination of
activities of caesium-134 and caesium-137 in milk powder sample. The
Government Laboratory released the comparison report in March of the same
year. The report revealed that the measurement results of the Observatory
agreed with those reported by other participants.  The Observatory’s
measurement results are given in Table 11.

In July 2023, 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 2023. 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.

(b) Field Measurement of Ambient Gamma Dose Rate Comparison

The Observatory participated in an inter-comparison exercise on field
measurement of ambient gamma dose rate at the King’s Park Meteorological
Station organised by CIAE on 13 April 2023.

The inter-comparison methodology was to select several survey points at
King’s Park Meteorological Station for measurement of the ambient gamma dose
rates for a period of about 30 minutes. The median and the normalized
inter-quartile range of the measurement results from all participants were then
used for the comparison. The comparison results of the Observatory were
considered “Satisfactory”, meaning that the measurement results were consistent
with those of other participants. A summary of the measurement and
inter-comparison results of the Observatory is given in Table 13.

3.2 Conclusion

Apart from the slightly higher radiation levels recorded at King’s Park for a short
period of time due to rainy weather on the night of 1 September 2023, the ambient
gamma dose rates recorded over various parts of the territory in 2023 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. Furthermore, for the
enhanced monitoring of local sea water in response to the discharge of
nuclear-contaminated water from Fukushima of Japan, the radiation measurement
results did not show abnormalities.

It is concluded that in 2023 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 2023
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Table 1. (cont’d)
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Siﬁﬁé :)e Samﬁ%i%g ﬂ?ﬁition Number of Type of Sampling
samples®™ analysis frequency
KRS Atmospheric Samples
- . R ETI
Ti+#7 King’s Park
LA King 1 Bt B A
RAAEE . (EAEE | IS v, (T A
Airborne /VUAFE Sha Tau Kok Monthly | #8-90Sr-90, | preliminary y analysis
particulate bulked $1-239 Pu-239 | of weekly samples, full
SCFLHE Yuen Ng Fan sample) analysis for bulked
monthly sample
9
. ((SIEE=ZN
1A King’s Park Monthly
bulked
sample)
10
BORPI(ER) | - ((SIELZZN EHENE - (H R EEH
Wet deposition /b Sha Tau Kok '\gglnktzc'jy Iy, i H-3, | BEAE 257
(precipitation) sample) #8-90 Sr-90, | weekly sampling,
9 #£-239 Pu-239 | bulked monthly for full
(g AR analysis
JTFHIE Yuen Ng Fan Monthly
bulked
sample)
ST 17
Total deposition
AT 52 {nks £ weekly
Gaseous iodine AAH King’s Park =
KAKFER
Water vapour in 12 . H-3 & H monthly
air
HE#EAS Terrestrial Samples
. i LR = A)
Bk Rice Mainland (Pearl River Delta) 4
(8K ) MG 4
Pasteurized milk | Mainland (Shenzhen)
e~ Pt (ZE3)M) Mainland (Shenzhen) 4 & quarterly
3% Choi sum o, Local 2
- . AHE(4E1) Mainland (Shenzhen) 4
2% Pak choi A4t Local 4
ZE Banana At (B ) Mainland (Guangdong) 4
#415 Lychee AHEL(EE 5) Mainland (Guangdong) 1 e EZ summer
0% Mandarin At (B ) Mainland (Guangdong) 2 $8.90 Sr-90 autumn and winter
H#F Sugar cane | PYHE(F5EE) Mainland (Guangdong) 1 HZF spring
_ . I (ZE3)1) Mainland (Shenzhen) 4
Zk Chicken H. Local 2
e Duck A (CZEH1) Mainland (Shenzhen) 4
4~A Beef WHE(EE8) Mainland (Guangdong) 4 —
REHT Pig’s liver At (B ) Mainland (Guangdong) 4 5 quarterly
gsiive A4t Local 4
WHE(EE 8) Mainland (Guangdong) 4
5HIA Pork At Local 4
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Table 1. (cont’d)

REAER R BABEY | s AR
Sampling location Number of Type o_f Sampling
Sample type pling samples®®) Analysis Frequency
+1% HtAH King’s Park, 18 s v, F—HEE 5
(EER &) | 7PH ShaTin, #8-90 Sr-90, | FEREE—X
Land soil PHE Sai Kung, $£-239 Pu-239 | Each location is
(upper and JH7KJE Clear Water Bay, sampled once
lower level) & B /KEPE High Island West, every 5 years.

BE'H/K/E High Island East,

JLE[Y] Pak Tam Au,

/038 Pak Sha O,

Ki Tai Po,

¥4 Fanling,

vbUEFS Sha Tau Kok,

KZER Tai Mei Tuk,

/K Shing Mun Reservoir,

Z5 Tsuen Wan,

K& F 7K Tai Lam Chung Reservoir,
FH111E¢E R Castle Peak Power Station,
JLEH Yuen Long,

JeEH Tsim Bei Tsui,

fRm Shek Kong*,
SEHE PR Y& Kadoorie Farm and
Botanic Garden,

£ Cheung Chau,

B Y B Lamma Island,

PEM Peng Chau,

$RUEE Silvermine Bay,

B Tung Chung*,

FEEKIE Shek Pik Reservoir*,

KR Tai O*,

HJJE Pak Nai*,

F&F9 Tap Mun*,

+HH Kat O*,

SE Ping Chau*,

I EH, Happy Valley*,

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

FGE/KIE Tai Tam Reservoir,

fEnH Cape D'Aguilar,

RFEARCKEE Ngau Tau Kok Service
Reservoir,

HELE JKIE Shek Lei Pui Reservoir

* 2023 HERER
i EG

* locations
sampled in
2023




58

Fz1 ()
Table 1. (cont’d)
X @ X R .
B A et | Tl | musgse Sampling
Sample type Sampling location samples® | analysis frequency
JKEBREAS Aquatic Samples
BRAIZK (SR B TLEEECKE 4
Drinking water (treated) Kowloon distribution tap,
P K A
Tuen Mun distribution tap,
VD HE KR 4
Sha Tln Water Treatment Works, H% quarterly
EEAb N
Tuen Mun Water Treatment 4
Works,
SHUFH S 7K
Yau Kom Tau Water Treatment 4
Works
BRFIZK (R R EH) B E K 4
Drinking water (untreated) |High Island Reservoir,
K A
Plover Cove Reservoir,
A B 7Kk 4
Muk Wu B Pumping Station,
b HH B K 4 7 quarterly
Sha Tin Water Treatment Works, S
P KA P
Tuen Mun Water Treatment 4 m
Works,
SHIFH GEUE /K i
Yau Kom Tau Water Treatment 4
Works
TEHEK (ZEERK) .
arterl
Bottled water (Distilled) |0 Loca 4 5% quarterly
&K (BE R K) -
| arterl
Bottled water (Mineral) At Loca 4 5% qu y
K £ FF Cheung Hong Estate, 1
Underground water IR22d]l Wan Tsui Estate, 1
FE'Z T Wah Fu Estate, 1 G4 yearly
ZE11HE Fu Shan Estate, 1
S 502%6 Ching Leung Nunnery 1
KL ~ i R () ff@ﬁﬁ% Waglan Island, 9 HFEQR023FE1LHE6H)
Sea water (upper, middle kA Basalt Island, 9 Yy H (8 2023 4E 7 )@
and lower level) KORE Tai Long Wan, 6 Quarterly (Jan-Jun 2023),
7RI Port Island about once a month
6 (since Jul 2023)@
NEY GRS e B Waglan Island, 6 & v,
(B2 ~ g KEfE) KA Basalt Island, 6 #5-90 5% quarterly
Suspended particulate in sea -3E3# Tai Long Wan, 6 Sr-90,
water (upper, middle and - #£-239
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Table 1. (cont’d)

[ BARE® pariE bl HURSRR
Siﬁﬁé i)e Samﬁ%i;lﬁg i{:zc‘)%;:ition Number of Type o_f Sampling
samples® Analysis frequency
JKEBREZA Aquatic Samples
KA ) 3
Aristichthys nobilis Mainland (Shenzhen)
(Big-head carp) SCEH Yuen Long 3
K= KEH#E Daya Bay,
Nemipterus japonicus FED E
(Melon coat) Seas west of Hong Kong, !
H Kk Hong Kong Waters 3
-k Aod& Daya Bay, 1
Platycephalus indicus T DAVE G
(Bartail flathead) Seas west of Hong Kong, !
F#oKigk Hong Kong Waters 3
i Kai# Daya Bay, 1
Trichiurus haumela HEDIPG
(Hair tail) Seas west of Hong Kong, 1
H oKk Hong Kong Waters 3
=Bl E B LIV R 1 g v, i H-3,
Portunus sanguinolentus Seas west of Hong Kong, $8-90 Sr-90, &= quarterly
(Three-spotted crab) iK% Hong Kong Waters 4 #£-239 Pu-239
FA BTG 1
Metapenaeopsis barbata Seas west of Hong Kong,
(Fire prawn) ZF#/KiE, Hong Kong Waters 4
ke Kad# Daya Bay, 1
Loligo edulis T D e Ak
(Squid) Seas west of Hong Kong, !
7KK Hong Kong Waters 3
B
Sepia spp. oK Hong Kong Waters 4
(Cuttlefish)
i) £} Cheung Chau, 2
'(I'ggens;)phlllppmarum n-g2# Tolo Harbour 2
FH = Cheung Chau, 3
Perna vi_ridis -85 Tolo Harbour, 3
(Green-lipped mussel) A-TE% Daya Bay 3
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Table 1. (cont’d)
AR EY variiE Vil HURARR
I N
S;&:ﬁ?ﬁ/ﬂ: ! e Samﬁ%f ﬂ?ﬁition Number of Type of Sampling
pietyp piing samples® Analysis frequency
JKEBREZA Aquatic Samples
FREIR
Babylonia formosae T AsKig Hong Kong Waters 4 &2 quarterly
(Gastropod)
St XFERNEF
Ulva lactuca LB PoToi O 2 winter and
(Sea lettuce) spring
\;gf]:—l%: ﬁjﬂ/% YI ﬁ H_31
Enteromorpha prolifera | &7 Tolo Harbour 0® #5-90 Sr-90,
Sea hair $R- - .
(gj/%%;'é) #£-239 Pu-239 2Z5 winter
Porphyra dentata 7 A#7KIE Hong Kong Waters 1
(Red algae)
FEEEE \ XEBEREF
Sargassum hemiphyllum | L% Po Toi O 2 winter and
(Brown algae) spring
AR -L (L E R Tg) | 22 Pak ShaWan, 8 e
Intertidal sediment REIH Tsim Bei Tsui, 8 o 23[[§“P y’239 &= quarterly
(upper and lower level) | vb3Efg Sha Tau Kok 8 . v
KRS Tai Tan Hoi, 1
SRR FERE Lung Ha Wan, 1 5% v, K2E yearly
Seabed sediment 2 Picnic Bay, 1 #£-239 Pu-239
PHIEAE A% Western Anchorage 1

A
AL

(1) FINBR B =HFRNHEAE -
(2) HFERAEEIIZGAKHN - RCETE —F - =Ft HRAINE AR KE KA EER B 28— -
() ZEB-=HAEMFEIARBEER -

Note:

(1) The number listed in the table is the number of samples collected in 2023.
(2) In response to the discharge of nuclear-contaminated water from Fukushima of Japan, the Observatory has increased the
frequency of radiation monitoring of local sea water samples to about once a month, starting from July 2023.

(3) Enteromorpha prolifera (sea hair) could not be found in Tolo Harbour in 2023.
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Table 2. Summary of key measurement parameters for samples in 2023®
5
p:lk= bl ZERRE B/ BFE (FD) AT RR®
Measurement type Air Flow ; Counting Minimum Detectable Activity®
Sample size .
Rate time (MDA)
(second)
filt-131 $6-137
1-131 Cs-137
- 12(90 m3
CHEERAE | g oomy | 5500 | 10u8qme | 10u8qm?
“UUE) sample)
(collected by 3
High Volume (F’%QZE 20000 50 uBq m* 50 uBq
j(’ﬁ?%ﬁl;@g Air Sampler) weilis;kmple) Heq HEq
Airborne 800 m3n'L 800 m?
Particulate | (EmARIE | (FINSHEA 60 60
HERSUEE) @ hourly sample) 900
(collected by | I !
Enhanced High 19200 m? 10800 8000 3 10000_3
Volume Air (EHER HBam uBgm
Sampler) ® daily sample)
2.5 mht
RaOR) (R 55000 300 puBg m* -
(collected by weekly sample)
Radioiodine
AR Sampler)
Gaseous 7 mh1 7m
lodine (HE SRR ((SZUNISEEZN 2
TR @ hourly sample) 900 |
(collected by | 150 i
Enhanced High 168 m® 10800 mBa m-
B Yolume Al | G HEEA !
) Sampler) ® daily sample)
BR SRURY)
Gamma Wet - 4L 55000 0.2 BqL* 0.2BqL?
emitting deposition
radionuclides SRy
Total - 0.03 m? 55000 15 Bqm? 15 Bgm?
deposition
£k Rice - 4 kg 20000 0.1 Bgkg* 0.1 Bgkg*
24475 Milk - 1L 55000 0.2BqL? 0.3BgL*
Vez?:ble - 1kg 20000 0.3 Bg kg™ 0.4 B kg™
7K Fruit - 2 kg 20000 0.3 Bq kg* 0.3 Bq kg*
K55 Poultry - 2 kg 20000 0.2 Bg kg™ 0.2 Bgkg*
[AJH Meat - 1kg 20000 0.4 Bq kg! 0.4 Bq kg!
Lafd%oil - 1kg 20000 1.0 Bgkg? 1.5Bgkg?
VIEZN
Water - 4L 55000 0.1BqlL? 0.1BgL?
samples
KT
Su:rgefded - 5L 55000 0.02Bg L* 0.02BqL?
particulate
g Seafood - 2 kg 72000 0.1 Bgkg* 0.1 Bgkg*
Y355 Seaweed - 0.5kg 20000 1Bgkg? 2 Bgkg*
il
IRIUER)
Intertidal/ - 2 kg 20000 0.5Bqkg* 0.5Bqgkg*
seabed
sediment
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R2. (4)

Table 2. (cont’d)
I TR L2
pil=espall BAK/N | RE®) A R EeR ZRAITRR®
Measurement type Sample Counting | Background | Counting | Chemical |Minimum Detectable Activity®
size time (CPM) efficiency | recovery (MDA)
(second) (%) (%)
IR 0.007 L 4BqL?
Wet deposition
SR
Total 0.0001 m? 300 Bg m?
deposition
KRR, 2m? 0.01Bgm?
Water vapour
&>k Rice 0.08 kg 0.3 Bgkg*
22475 Milk 0.007 L 4BqL?
4, Tritium ##3% Vegetable | 0.008 kg 3 Bgkg*
- 18000 25 - 1
JKER Fruit 0.01 kg 3 Bq kg
& Poultry 0.02 kg 2 Bgkg?
TAIKE Meat 0.01 kg 3Bqkg?
7]
KEE 0.007 L 4BqL?
Water samples
HRK
Underground 0.1L 0.3BgL?
water
ez Seafood 0.02 kg 1Bgkg?
3% Seaweed 0.05 kg 1Bgkg?
Airborne 5000 m® 90 1luBgm?
particulate
Cﬁl"’ ==
SR 2L 0.002 Bq L™
Wet deposition
Y 100
Total 0.01 m? 0.5Bgm?
deposition
&>k Rice 3 kg 0.002 Bq kg™!
2475 Milk 1L 0.005Bq L*
$H-90 53Z Vegetable 1k 0.005 Bq kg'*
# : ik Veg g 30000 75 q kg
Strontium-90 7K 5 Fruit ok 0.003 Bq kg*
F & Poultry g 0.003 Bq kg™*
A% Meat 1 kg 0.005 Bq kg™*
8 _ 0.005 kg 90 1Bq kg
Land soil
K PR
Suspended
. . 3L 0.002 Bq L*
particulates in
sea water
Y Seafood 1.5kg 0.004 Bq kg'!
Y% Seaweed 0.05 kg 0.1 Bgkg*
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Table 2. (cont’d)

5 e | (e I
3 Y X
pilk= bl BAKN | BEED) | A& pyES 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
=
0.003 k 0.3 Bq kg*
#£-239 Land soil g 4%
. — 220000 0.003 20
Plutonium-239 YK R REE 5
Rt
HLF 3L 0.0003 Bq L*
Suspended
particulate
e Seafood 0.5 kg 40 0.002 Bq kg'!
VEEE Seaweed 0.05 kg 60 0.01 Bg kg*
R A
NS It
Intertidal/ 0.003 kg 50 0.3 Bq kg?
seabed
sediment

2.
Al

M

@

3
Note:

@)

O]

®)

RAFTHIE ERMP fE " =F TR RS SHAVHARIE - #2522/ - P ERRFEER > LS8R
Zb - R T > B BEA G S E RIS A RS BOE TR -

ST T IR — N E 2 SAEZ ION E R B IR Re M E FIRV i S RK - SO0 T IRAVEBUERUAR 28K
B BIEERINE LGRS - MEJTE - BARVRE SRRV > FrCAN T IR & R R AR E T
2 o RNFTRHIERH TR BAE— RO E R THYHIAEHE - (E e AR ISR EE 525 2 - ARE
(EREEAHT IR T > ATREME HABEHHRMA N IRAVE K -

B HY B E B B = B PR 2 O T Y S BB T IRAY —A#aE o PREE Rt B s i A Rl e g -

The values given in the table are typical values of key measurement parameters in the ERMP in 2023. 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 MDAs 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 2023 (dose
rate in uGy h'l)

. EE = — Y {EHERE
B B I -
o L ) Annual Standard Variation of
Radiation Monitoring Station
Average Deviation 1-min Average
EHH Kat O 0.098 0.004 0.085-0.199
TR +4H King’s Park 0.143 0.007 0.123-0.276
#H3E Kwun Tong 0.125 0.003 0.112 - 0.202
S Ping Chau 0.097 0.004 0.077 —0.200
PEE ] Sai Wan Ho 0.092 0.003 0.080-10.180
VbEEFE Sha Tau Kok 0.098 0.005 0.082 - 0.157
KZFEE Tai Mei Tuk 0.117 0.003 0.105-0.228
F&F9 Tap Mun 0.086 0.003 0.076 - 0.173
J2&0H Tsim Bei Tsui 0.128 0.005 0.107 - 0.202
JCFEE Yuen Ng Fan 0.116 0.004 0.104 - 0.234
~fiE A Chek Lap Kok 0.144 0.003 0.130 - 0.215
#&nH Cape D’ Aguilar 0.127 0.004 0.112 -0.236
S HE"
0.062 - 0.271
Reference Range®

G
() Z2FHE RN =E UL FENE N SRR IS 2R EE -

Note:
(1) Reference range is the ambient gamma dose rates recorded by the radiation monitoring network from 1992 to 1996.
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Table 3b. Ambient gamma dose rates recorded by the thermoluminescent dosimeter network in
2023 (dose rate in uGy h™)

BB ERIEETERIRE FFE R S
TLD Location Annual Average | Standard Deviation Variation
#E5IH Cape D’Aguilar 0.12 0.00 0.12-0.13
Irfig g Chek Lap Kok 0.14 0.02 0.11-0.15
) Cheung Chau 0.09 0.01 0.08-0.11
B&{LE ChiFuFaYuen 0.12 0.00 0.12-0.13
57K & Clear Water Bay 0.09 0.01 0.08-0.10
E/KE Deep Water Bay 0.09 0.00 0.09 - 0.09
Hr4e Fanling 0.10 0.01 0.09-0.10
HiEE 3 Happy Valley 0.08 0.01 0.07 - 0.08
T8 Kat O 0.10 0.02 0.07-0.12
R4 King’s Park 0.13 0.01 0.12-0.14
#HI#E Kwun Tong 0.10 0.01 0.09-0.11
S Ping Chau 0.11 0.01 0.10-0.11
PEE Sai Kung 0.09 0.01 0.08 - 0.09
YDEEFg Sha Tau Kok 0.08 0.01 0.07 - 0.09
¥bH Sha Tin 0.12 0.01 0.11-0.13
& HEE Shau Kei Wan 0.12 0.01 0.12-0.13
A= Shek Kong 0.12 0.02 0.10-0.13
%L E Shek Lei Pui 0.18 0.01 0.17-0.19
KA Tai Lam Chung 0.17 0.02 0.15-0.18
KREE Tai Mei Tuk 0.12 0.01 0.11-0.14
KA Tai Po 0.09 0.01 0.08-0.10
BP9 Tap Mun 0.08 0.01 0.07 - 0.09
J2B20H Tsim Bei Tsui 0.12 0.02 0.10-0.13
FHA% Tsing Yi 0.11 0.02 0.09-0.13
Z8 Tsuen Wan 0.12 0.01 0.11-0.14
9 Tuen Mun 0.12 0.01 0.11-0.13
E7Z7) Wu Kai Sha 0.12 0.01 0.11-0.13
JtEH Yuen Long 0.09 0.01 0.08 - 0.10
JTFE Yuen Ng Fan 0.11 0.01 0.09-0.11

BRMP £:Z8{H"
0.03-0.29
BRMP Reference Values®
i
(1) BRMP &E 8 {A A BRI S 51484517 BRMP BRI FTSf S ERIR (S A 22
Note:

(1) 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 3c. Designated radiological survey sites and ambient gamma dose rates recorded during
surveys in 2023 (dose rate in uGy h-1)

B AR —/NESEAEHME D (2023 4F) BRI (BE 2022 5)@
Radiological Hourly Average® (2023) Range of past data
Survey Sites (up to 2022)®
53 Cheung Sha 0.122 0.099 — 0.149
=N Hoi Ha 0.169 0.128 — 0.200
HIE Pak Nai 0.200 0.111-0.268
R4GF Tai Mong Tsai 0.111 0.090 — 0.127
KB Tai O 0.131 0.122 - 0.159
KA Tai Po 0.205 0.160 — 0.218
= Tsuen Wan 0.126 0.132-0.220
REL Tuen Mun 0.149 0.163-0.188
Sl Wu Kau Tang 0.186 0.110 - 0.203
RESH Luk Keng - 0.093-0.184
e Mui Wo - 0.115-0.187
PHE Sai Kung - 0.158 —0.211
7VH Sha Tin - 0.132-0.223
EK b Sham Shui Po - 0.145-0.212
T E Tseung Kwan O - 0.181 —0.240
HF Tung Chung - 0.166 — 0.191
piEvat Wo Hop Shek - 0.121 - 0.160
il
(D) HAEEEAE 17 @5 5 RO, > S EROHIBERE AT HO0 « 7E — B =4 RCEEEP 9 ([EXRCHIRDUERE
S ER s = T —/ NSRRI M SR E RN E -
() ERTRCOAIB: R T — B — A BRAGHE THRAT AT -
Note:

(1) Currently, there are 17 designated radiological survey sites.

Survey is conducted once every two years at each site.

In 2023, one-hour ambient gamma dose rate measurement was conducted using portable high pressure ionization
chamber at 9 survey sites.
(2) Radiological survey started at some survey sites as early as 2001.
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Table 4. Results of measurement by the Automatic Gamma Spectrometry System at
Ping Chau in 2023
B AREEE
(—hhtz
7\,: 9 = NP (1) 3 NPA frian e :gg—‘ﬂa)
iﬁﬁi ﬂizl:f@ﬁ *%E% E:Fi@ﬁﬁlz ﬁ%ﬁ 1), (2
Air Flow Annual Standard Range of Refjrence an e
Rate Average® | Deviation | Daily Average from first 5 yea?rs
of operation
(1997 - 2001) - @
B E A KL~ Alpha 3
15 méht 1.2 -® -® 1.0-5.8
(L7554 H ] Bg m) "
FEftiufir+ Beta )
15 méht 1.7 1.1 1.0-5.2 1.0-10.1
(155K H ] Bgm) "
H-1311-131 - i .
(grpkE T mBgmd) | M < <
$f5-137 Cs-137 - ) )
(i kEE T mBgmd) | M < <
AAER-131 Gaseous 1-131 - ) )
(&Eir 773k ELET Bg mr) 4 mh <1 <1
(D) HMEEEREREEHITIRM “<xx” FIR > xx EZBHRIVIEON T RE -
2) BEMERSERGNTZZBNZME AN TIREHERZER - —MERT - HREER R Bt F8EERZ A

FAETE TSR SRR L - LIRS P A R AR TV S &
Q) EEF=F HAE-ROHPIESREN TR - FibA 2 0 P EEE -

Note:

(1) Results below the minimum detectable activity (MDA) are reported as “< xx” where xx is the typical MDA value for
that type of measurement.

(2) 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.

(3) In 2023, there was only one day with the daily average above the MDA. Therefore, there are no standard deviation
and range of daily average.

* 5 TR FFHERNG EHERERAES R CHIEMEL: MEIKH)
Table 5.  Measurement results of gamma dose rates due to cosmic radiation in 2023

(measurement site: Plover Cove)

S0 S T B 3R (R N B

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

TEC ST HTHTH 22 Feb 2023 0.032
—m - ZER A+ /\H 18 May 2023 0.032
—“HEC=F)\H+HUH 14 Aug 2023 0.030

TE=FT—H-+/H 16 Nov 2023 0.034
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Table 6. Measurement results of measurable® gamma activities of artificial gamma-emitting

radionuclides in food and environmental samples in 2023
(/A H T Bakg?)

PR $#-137  Radionuclide: Cs-137

EHHEERERN o
4A N BRMP &
e 85 s wE | EEe WD mmpy
T Locati Total no. of R Activity® BRMP Unit
ype ocation samples with ange ctivity range® ni
measurable activity
N EALFE
ki Seas west of Hong 1 - 0.1
Trichiurus N
haumela I\(ong <0.2 Bq kg
(Hair tail) K 1 ] 01
Hong Kong Waters '
+EE(EE) RFE1 1
_ <
Land soil (upper) See Table 1 6 03-18 10 10.0 Bakg
THE(TE) RFE1 1
_ < -
Land soil (lower) See Table 1 > 03-16 10 <40 Bakg
HbE
1 - 0.3
N Pak Sha Wan
e L (EE) L ETH
Intertidal ST 3 0.2-04 0.3 <2.4 Bq kg
. Tsim Bei Tsui
sediment (upper)
el 4 03-07 | 05
Sha Tau Kok
=
3 0.3-0.6 04
N Pak Sha Wan
/EHFEﬁFHi(T@) 7N %Hﬂ
Intertidal ST 4 0.3-0.4 0.3 <31 Bq kgt
. Tsim Bei Tsui
sediment (lower) T
PHA 4 02-05 | 04
Sha Tau Kok ' ' '
R
Tai Tan Hoi 1 i 04
FJE@E%/%Z 1 _ 0.3
TR Lung Ha Wan ' N
. - <19 Bq kg
Seabed sediment eags=
S 1 - 0.4
Picnic Bay
P . _ 05
Western Anchorage '
(1) EALREA P D AR R A S ST 4R R - TN RS 9IRS L Re s AN - 2B B 45 R R T HI & -
() WEZEEEEARERADIEER - MRS -
(3)  BRMP HIE&HFUENEEAITIREL “< xx” FIR » xx Bz RIS RV T IRE » 21 AR S A P PROM SR iU M
BE > EREHREE <xx” - xx AIHIEFINEERAE -
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.

type, the results will be reported as “< xx”” where xx is the maximum measured activity value.

When a particular radionuclide was detected only in some of the samples in a certain sample
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Table 7. Measurement results of measurable® activities of tritium in food and environmental
samples in 2023
(A E Bakg?; FAFFET BaL?; &P KET Bgm? 3775k H AT Bgm?)
N BRMP #[E
SE SERFQ)
¥R Type #h®E Location Total no. of %Ee Aﬁi{/’%iﬁt @ BRMP %rﬁ%
samples with g y range®
measurable activity
AHEGERT=FM)
€K Rice Mainland (Pearl 2 0.2-0.2 0.2 <1 Bq kg
River Delta)
R P CAI
A (EOH) Mainland 2 06-1.7 1.1 <6 Bq L*
Pasteurized milk (Shenzhen)
ACEIN)
BN . Mainland 2 04-26 15
3> Choi sum (Shenzhen) <74 Bq kg
b Local 1 - 0.2
PECZRIIN
H3% Pak choi Mainland 3 02-1.2 0.7 <6 Bq kg™
(Shenzhen)
. P (B ER)
su JBaLr}?gane Mainland 1 - 0.9 <2 Bqg kg*
g (Guangdong)
Wﬂt(%ii;)
= . Mainlan 1 - 0.3
ZE Chicken (Guangdong) <22 Bq kg
ZHr Local 3 0.1-04 0.3
Pt (B )
& Duck Mainland 3 0.1-0.8 0.5 <35 Bq kg
(Guangdong)
Pt (B ER)
414 Beef Mainland 2 07-12 0.9 <53 Bq kg
(Guangdong)
P ()
FEHT Pig’s liver (G“S:;r;]lggr?g) 2 03-07 0.5 <4 Bq kg
ZHr Local 3 0.5-0.6 0.5
Pt (B ER)
Mainland 2 05-0.8 0.6
?%F/%J Pork (Guangdong) <4 Bq kg-1
ZHb Local 3 03-05 0.4
AN
Ariszi(é%ih s Mainland 1 - 0.1
hihy (Shenzhen) <2 Bakg*
_ nobilis EER
(Big-head carp) Yuen Long 1 - 0.2
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Table 7. (cont’d)
FR AR O
2R o N BRMP #iF
o SEREQ)
R Type H®8E Location Total no. of Ifgr?@e Aﬁ%t ? BRMP %rﬁ%
samples with g y range®
measurable activity
PANGEY- 3
= Daya Bay 1 0.2
te FABKIK
Nemlp'gerus Hong Kong Waters 1 - 0.1 <? Bq kg™
japonicus SANEEE
(Me'on Coat) é/%]’]\ﬁ/ jz
Seas west of 1 - 0.5
Hong Kong
K _
Al Daya Bay 1 0.2
Platycemphalus B 2 0.1-0.6 0.3
I Hong Kong Waters ' ' ' <2 Bakg®
indicus eV
H / S
(Bartail flathead) Seas west of 1 i 05
Hong Kong
—BhRE K, 1 i 01
Portunus Hong Kong Waters ’
sanguinolentus Tk DL R <2 Bq kg?!
(Three-spotted Seas west of 1 - 0.2
crab) Hong Kong
2 i FHEKI
Metzﬁ:\efa%é sis Hong Kong Waters 2 0.1-02 0.2
Do nocop TBLLP <49 Bq kg
barbata f
(Fire prawn) Seas west 0 1 - 0.5
Hong Kong
£ Sepia spp. A 7K, @ 1
(Cuttlefish) Hong Kong Waters 2 01-12 0.6 <27 Bakg
aoylon 7K
Babylonia 7K 1
formosae Hong Kong Waters 4 0.1-03 0.1 <1 Bakg
(Gastropod)
HO - 72 1 - 0.7
Perna viridis Tolo Harbour ) <9 Ba ko'
(Green-lipped PR 1 ] o1 4%
mussel) Daya Bay '
> M
Tapes =M y
philippinarum Cheung Chau 1 i 0.6 <2 Bakg*
(Clam)
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Table 7. (cont’d)
ERTHEEEN
YRR - . -
: ‘ #E | EE® | BRMPREEC | Efy
|
51 Type HikG Location Total no. Pf Range | Activity® | BRMP range® Unit
samples with
measurable activity
Prluw!
SESTIEY) King’s Park 4 0.4-4.9 1.8
(FrR) VAT EN = B )
Wet deposition Sha Tau Kok 5 1.0-4.1 1.9 =12 Bq L™
(precipitation) TCIE
Yuen Ng Fan 4 11-45 2.1
k] R 35.1 - © _
Total deposition King’s Park : 1120.9 316.3 <2210 Bqm*
Water vapour in Kine’ " 6 0.01-0.01| 0.01 <2420 Bgm?
air ng’s Par
AR
Kowloon 1 - 2.0
distribution tap
HFECKE
Tuen Mun 2 0.4-0.8 0.6
distribution tap
gk | R
o Yau Kom ]
Drinking water 1 - 0.9 <6 BqL?
(treated) TauWater
Treatment Works
P8 KL
Tuen Mun Water 3 0.2-0.7 0.4
Treatment Works
VO HE K
Sha Tin Water 1 - 1.0
Treatment Works
A B fili7Kik
Muk Wu B 2 03-1.3 0.8
Pumping Station
SHFHBE e 7K
Yau Kom Tau
Water Treatment 1 i 0.9
Works
P8 KR
fr
(5@\5};&@ Tuen Mun Water 2 1.0-1.0 1.0
Drinlzﬁ gkwater Treatment Works <6 BqL®
(untreated) /0 HIE KR
Sha Tin Water 1 - 3.0
Treatment Works
HEKE
High Island 1 - 1.0
Reservoir
AR A
Plover Cove 2 0.3-05 0.4
Reservoir
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Table 7. (cont’d)
==l giﬁ'giiﬁ
X N
A ere | BRMP SEE®
HEH Type HhEE Location Total no. of %Ee Afi{//%iﬁt @ BRMP %rﬁ%
samples with g y range®
measurable
activity
5 Cheung Hong Estate 1 - 0.3
IR Wan Tsui Estate 1 - 0.3
URIVIN .
Underground %25 {1 Wah Fu Estate 1 - 0.3 <28 BqL?
water =111 Fu Shan Estate 1 - 0.3
THIIES 1 i 0.3
Ching Leung Nunnery
) FORE Tai Long Wan 2 0.3-0.3 0.3
NS =
Sea water M Port Island 1 - 1.2 <6 Bq L?
level
(Upper level) F&BE Waglan Island 3 06-17 | 13
KA Basalt Island 1 - 0.2
gK(FE) SEEE Tai .
/Sea et AOEE Tai Long Wan 1 14 <6 Bq L
(middle level) 7 Port Island 1 - 0.2
&k S Waglan Island 3 05-21 1.4
KA1 Basalt Island 1 - 15
’éﬁﬁte}%) BSE Tai Long Wan 2 05-11| 08 <6 By Lt
(lower level) N Port Island 2 04-17 1.1
Fe 2 Waglan Island 1 - 1.7
TEES/K GEEK)
Bottled water A Local 3 0.3-16 1.1 <4.90 BqL?!
(Distilled)
TEHE/K (B8 2R 7K)
Bottled water A Local 3 0.1-04 0.3 <5.80 BqL?!
(Mineral)
[
() ERARNIBAS TR SRS S - AR H RS R R & -
Q) AHEZE—EREASEIR AR EIERE > SRR S 9E - 3
(3) BRMP HIEZEFURAGEH T IRLL “<xx” FoR > xx ZBUHEHTIEIGEN T IRE « 0 SRS AR SR E L

(C]
6))
©6)
@)
Note:
1)
(2
©))
4
®)

(6)

U]

R > SFREImE R “<xx” > xx QI RHERIREZRAE - ‘
ZHANEIEN—NNEF+H - WA TE BRMP IR - SHEETRAH R #E L2 A S R EEIE -
AEAHERIBIN — AN E—H > WA FE BRMP MR - SHEURIHIE #IE Rz A S TER B EIE -

SR IR AEREEAEE BRMP REAIESES - BRSO NRIRAE % - RIAZAE 2008 FREM 1A R LIS
BAARIENE R AE 2011 S50 T HTHIBE A HIREL )04 -

ARG BB CHELH - WA FE BRMP JIR - EHEEURIHIEHIE Rz A S TER I EE(E -

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”.

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.

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.

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 2023
(AT EPTBg kg ATHEFIBg LY GEI0)76 HL AT B m; F )50k H T Bg m?; 44 2 H 7l mBq kg™ ; /47122 H 7 mBq L
B AR H AT uBg m®)
EHTTHIEEEN
B
. Total no. of HE SEEOQO | BRMP #E©® By
[
il Type Hi&s Location samples with Range | Activity® | BRMP range® Unit
measurable
activity
IR = F0)
&K Rice Mainland (Pearl 3 4-13 9 <56 mBq kg
River Delta)
A (Y1) Mainland
0, Choi sum (Shenzhen) 4 15-58 30 < 266 mBq kg™
b Local 3 10-30 20
A (Y1) Mainland
4 747 2
13 Pak choi (Shenzhen) 6 <570 mBq kg
b Local 3 10 - 157 65
- At (B ) Mainland )
Z=%5 Banana (Guangdong) 4 7-18 10 <27 mBq kg
e A (EE 5E) Mainland .
HEF Sugar cane (Guangdong) 1 - 6 <14 mBq kg
. At (B ) Mainland .
TH%& Mandarin (Guangdong) 2 18-31 25 <84 mBq kg
ZE Chicken ZHb Local 1 - 4 <37 mBq kg
ZE74 Beef Wﬂ%ﬁiﬁ d'\gsg)"a”d 2 13- 16 15 <35 mBq kg
A (EE HE) Mainland 3 29 41 34
FEHT Pig’s liver (Guangdong) <43 mBq kg
A3t Local 2 23-25 24
K (EE HE) Mainland 1 i 15
544 Pork (Guangdong) <36 mBq kg
A3t Local 2 13-14 13
K R0 S 1))
Aristichthys | Mainland (Shenzhen) 3 -1 10
. — <94 mBq kg™
nobilis JCEH 3 5_15 10
(Big-head carp) Yuen Long B
PAGED
n= Daya Bay 1 ) 13
NemiFEérus ﬁ/%w\@/iﬂﬁ .
japonicus Seas west of Hong 1 - 10 <21 mBq kg
(Melon coat) §I‘(%Or}gij
7K
Hong Kong Waters 2 14-19 16




74

% 8. (%)
Table 8. (cont’d)
R AREER
L
Table 8. : L HE JERE® | BRMP #E® k:<LivA
(cont’d)¥&R Type H%: Location Tc\;:ilhnr?]'egl;jizzﬂées Range | Activity® | BRMP range® Unit
activity
ik Platycephalus N .
indicus ﬁkﬁ:ﬁ %ZValt_'e(r)sng 1 - 4 <21 mBq kg™
(Bartail flathead) g
o e
Trichiurus haumela ﬁf*ﬁ tHong 3 9-12 11 <49 mBq kg
(Hair tail) ong Yvaters
=R
Portunus F /K8, Hong )
sanguinolentus Kong Waters 3 9-24 14 <105 mBa kg™
(Three-spotted crab)
AT,
VIV Seas west of 1 - 4
Metapenaeopsis Hong Kong < 1
barbata K =2l mBakg
(Fire prawn) Hong Kong 3 6-19 14
Waters
- K,
24 Sepl_a SPp. Hong Kong 1 - 20 < 24@ mBq kg
(Cuttlefish) Waters
BREE HAZKI
Babylonia formosae Hong Kong 4 15-19 18 <31 mBq kg™
(Gastropod) Waters
=M
FO Cheung Chau 3 13-4 28
Perna viridis - 72 1
(Green-lipped Tolo Harbour 3 14 - 23 18 <47 mBq kg
mussel) PACEED: | 3 15 _ 95 19
Daya Bay
i) =M 5 6_14 10
Tapes Cheung Chau R
L e <32 mBq kg
philippinarum 524 ’ 1524 20
(Clam) Tolo Harbour B
FEEEE -
Sargassum LR 1
hemiphyllum Po Toi O 1 ) 24 <1440 mBa kg
(Brown algae)
Kif\g?is:iirk 2 28-37 33
KR SLBER
Airborne Shé/l/'l'a[J Kok 5 23-48 33 <5 uBq m®
particulate ——
LI 5 13-46 2.4
Yuen Ng Fan
HIEY) &
ZIN _ (5) "
Total deposition King’s Park 4 10-36 25 <39 Bam”
Ki’j‘?:ﬁrk 4 11.8-366 | 295
TR D
Wet deposition Sh;/Ta[J Kok 3 7.3-29.9 20.0 <39 mBq L
(precipitation) T
5
Yuen Ng Fan 4 5.2-24.8 11.4
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Table 8. (cont’d)
EBRTHIEEREN
EZNCL - N -
) - #HiE JEE® | BRMP #iE® HAir
[ . . .
R Type HBE Location Totgl no. of samples Range | Activity® | BRMP range® Unit
with measurable
activity
+I3E (L) R#FE1
— < -1
Land soil (upper) Please see Table 1 S 17-96 4.2 <213 Bakg
THEE(TE) R#E1
_ < -1
Land soil (lower) Please see Table 1 ! 13-80 38 <199 Bakg
KR . _ 2
ko | T8 bong Wan
Suspendeda)rticulate in Gl 1 - 4.6 <7 mBg L*
Port Island '
sea water
(upper level) N =t
KM . _ it
Basalt Island
whpmpgrep | FRS 1 : 23
- Waglan Island
JE) <7 mBg L*
Suspended particulate in KB
sea water (middle level) Basalt Island 1 - 5.2
KPR T (R
&) e .
Suspended particulate in | Waglan Island 1 33 <7 mBa L
sea water (lower level)

R

M
@)
3)
@)
)
Note:
1
(2
©))
4

®)

ARSI S N A RS - AR ESE RAG Ry mE” -

WA %8 — (B A3 A IR TERE - POl (E -

BRMP B &5 R PRA T IREL “<xx” R > xx ZaZ BRI IAIGOH TIRE « SRR B T HEMEZ T
WERE > SR EImE R “<xx” o xx QIRHERIREZRAE -
ZHEANELEN —NUVEFE+H - WA FE BRMP g - S B RA R #E K2 AT LFEERE -
AEARMEIEN — AN E—H > WA FE BRMP HIE - S BURIVH R #EE Rz A S TLEHEEE -

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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Table9.  Measurement results of measurable® activities of plutonium-239 in food and

environmental samples in 2023
(AT HT Bgkg?)

SR THEERERN
Bkl ey | ERMP Egy
\ : HiE EE® | e _
¥ Type #h &k Location Total no. of o Unit
_ Range | Activity® | BRMP
samples with range®
measurable activity
s (J8) .
Intertidal sediment A 1 - 0.03 <0.19 Bq kg™
Tsim Bei Tsui
(upper)
MEHLTR) | aam
Intertidal sediment ST 1 - 0.05 <0.14 Bq kg
Tsim Bei Tsui
(upper)
PEIERE AR
Western 1 - 0.13
T e s Anchorage
EIRIUBRY) <057 By kg
Seabed sediment s -
1375
Tai Tan Hoi ! i 0.15

=
(1) EFEREA PO W $1-239 HIFR R AR FRElE - ARSI N e % REs L A ST » S AR S 45 AR Al
(2) WE L —(EFEAR ST DI EIER - MRS IEE -
(3) BRMP HIE&ESRRNEEH TR “<xx” iR » xx Zaz SR E A HAIGEH T RRIE o 40 RAE S A R B4 15
L E GRS R <xx” o xx AR HIERINVER & AME
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.



7= 10.
Table

77
TR =R I B A R S
10.  Overall summary of measurement results of samples in 2023
(B HEA Bakgt; ATHERA Bg L™, FIrJiokigH ATuBg m?)

LS RO
B - Measurement
i B reslts® Belsl | 187 | 13 | iR B800 | $R230 | Ef
Pathway Sample Type 1 1-131 Cs-137 Cs-134 H-3 Sr-90 Pu-239 Unit
2EH
Reference values®
RATE 13
(FH Ba8BELR) #i[& Range <10 <10 <10 | <0.2
KA . Air?orne 0 48 WBq m
Atmospheric Particulate
(bulked monthly BRMP <10® <10 <10 <5 <02
sample)
0.2 0.004
sk #i[E Range <0.1 <0.1 <01 \ |
: 0.2 0.013 Bq kg™
Rice : :
BRMP <0.1 <0.9 <0.1 <1 <0.056
0.6
sty #iE Range <0.2 <03 <03 | <0.006
M Terrestrial 1.7 - BqgL*
i Milk q
BRMP <0.2 <0.3 <0.3 <6 <0.081
0.2 0.007
#iE Range <03 <04 <0.3 | |
HR3E Vegetable 26 0.157 Bq kg
BRMP <0.3 <04 <0.3 <74 <0.570
0.1 0.004
& #i[E Range <0.1 0.1 <0.1 | | <0.002
- 0.6 0.019 Bq kg™
Fish : :
7K s BRMP <0.1 <0.2 <0.1 <2 <0.094 <0.002
Aquatic
: oty w 02
. #i[E Range <0.1 <0.1 <01 |
BRHIK 1
o 2.0 Bg L
Treated Drinking
Water BRMP <0.1 <0.1 <0.1 <6
() HEERMAEEHTIRI “<xx” T xx EZBHSEIVHIAIZON T RME o« RSO EAR R MR EZ R X
# > BRMP &SR “<xx” > xx Al B MIEFHEE R AE -
Q) - FRYAETE BRMP K ERMP #E{TILIEHIE -
(3) 1f BRMP HARSSI AT A ABHBERE A o A o A e (s A AR & HH - 131 > JEFE 47 HILE: 328 nBq m™ J% 38 uBq
m3 . [HEERE R EI-131 2R E MR A B FERy/ NE AR 1 B R EE IR IR R e 8 Lo i A E
BRMP HARTHI & H AYA-131 JE R R A SR RN AN B S S #i ] - AR BHEERY BRMP Rfi-131 7 e #iE FE A (R BEHI
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 puBqm 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 11. Results of the 2023 inter-laboratory comparison organised by the Government Laboratory on the determination of activity of
caesium-134 and caesium-137 in milk powder sample
B B
";fég@;’%l 25%@?; HKO 8 PUL HKO i PU2
H A 1 a2 | SRR | R G
S iR AR Difterence | Difforence | BETHEEE | GATHEERE
s Measurement Measurement between between Combined Combined bt
A E AR Result of Result of Uncertainty of | Uncertainty of N
; . Measurement N . HKO and HKO and Comparison
Radionuclide Participating Participating HKO and PU1 HKO and PU2
Result of the HKO . . PU1 PU2 3 3 Result
(52 B Barkg) Unit 1 (PU1) Unit 2 (PU2) (Am)® (Am)® (Ua)® (Ua)®
) &AFHEY &AFTHEY GAFET | GGAFET &AFHEY (&BAFHEE
Ba/kg) Ba/kg) “ N N Ba/kg) Bg/kg)
Ba/kg) Ba/kg) @ @
[P24] [P2*]
[P.®] [P1?]
#(E Value: {8 Value: #(H Value:
= = = fi B = (5)
- < < > 0 0, 0 0
Cs-134 Uncertainty: Uncertainty: Uncertainty: [0.9%] [2.7%] [13.5%] [11.4%] difference®
UHKO =1.8 Upu1 =24 Upuz =17
#r(E Value: {8 Value: #(H Value:
Chko = 191 Cpu1 = 190 Cpu2 = 187 SR oY IO
#8-137 1 4 21.7 19.8 L
AHEESS FHEEE AHEEE 0 0 0 X No significant
Cs-137 Uncertainty: Uncertainty: Uncertainty: [05%] [2.1%] [11.4%] [10.5%] difference®
UHKO =13 Upu1 =174 Upuz =15
o

(1) Am=Cumza—Cunzs

(4) P2=Ua/((C=s=a+ C muzs)/2)

Note:

(1) Am= CLaboratory A— CLaboratory B
(4) P,=Ua/ ((CLaboratoryA + CLaboratory B)/Z)

(2) P1= Am / ((C sz A + C am 8)/2)

(3) Ua= V(U sz n)? + (U 555 8)?

(5) M Am=<2Ua - LEMSFI(ERIELERS " mEE0ml, -

(2) P1=Am/ ((CLaboratoryA + CLaboratory B)/z)

(3) Ua= \/(U Laboratory A)2 + (U Laboratory B)2

(5)  If An<2Ua, the comparison of two measurement results is considered as “No significant difference”.

8.



7% 12.
Table 12.
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radionuclides in water samples
Z% Table 12a. 7KEEA— Water Sample 1

[T RE M 2B R 7K AR A P R AR 2O
Results of the 2023 proficiency test organised by the International Atomic Energy Agency for the

I= A

ERe

HEAGER

measurement of activities of

AXE

BRI TRENE | BRI TR BRI T Rets ®
AXE HIREER i i SN s A EHEH
ARER | Fmrs | gnos | FEEZERE | maymeo R RO Bl
, Measurement Measurement " = Relative %) > Vil 3 @ | @
BUEERER | geciit of HKO Uncertainty of IAEA Target Uncertainty of Bias(®) P Maximum SRR @ PR 4 Ranking of
Radionuclide | /a1ue HKO) HKO Value IAEA Target Value (Biasrelative) (%) | Acceptable Relative | Accuracy Precision HKO® /Number
@GAFHE | (UHKo) | (ValuelAEA) LA (%) Bias (MARB) of Participating
Bq/kg) @EArEE | @BaTRT @EATHEE provided by IAEA Unit
Ba/kg) Bq/kg) Ba/kg) (%) "
$t-60 AR | AR
Co-60 15.0 0.6 14.7 0.7 2.0 6.22 20 Acceptable | Acceptable 110/285
I WAEEE | AR
H-3 29.5 2.8 29.0 15 1.7 10.81 30 Acceptable | Acceptable 21/124
Z% Table 12b. 7KiEZA— Water Sample 2
RKXE -
?Ejé? HIEE % _ @%}E%ﬁ%ﬁﬁ% B%E%SE%% %yéﬁp%@)
SHIEL v 24 RO i 3
ARER | Fpee | el B | FEUCBRE | simeo FisRg BAH /BIAR
B R Measurement Measurement | | Ao Target Value Uncertainty of Re_lata;e p®@ Maxin:]um EEEC ErEE©@ ﬁl%@ﬁ
Radionuclide | Resultof HKO Uncertainty (Value_IAEA) IAEA Target Value Bias (%) | Acceptable Relative | Accuracy® | Precision® Ranking of
(Value_HKO) of HKO o U IAEA (Biasrelative) p Y HKO® /Number
EAFrET (U_HKO) (AT HH ( 7 ) (%) Bias (MARB) of Participating
Sk GAFE Bq/kg) (SN =LE] provided by IAEA i
) T ko) Ba/ks) (%) nits
§6-134 A2 w17
Cs-134 41.0 1.3 40.0 2.0 2.5 5.92 20 Acceptable | Acceptable 75/287
§3-137 AR w17
Cs-137 44.3 11 441 2.2 0.5 5.57 20 Acceptable | Acceptable 32/287
$E-90 AIREZ AIRERZ
Sr-90 14.3 1.2 14.2 0.7 0.7 9.73 30 Acceptable | Acceptable 7/122

6.
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(©)
©)
Q)

Note:
1)
@
@)
4)
(®)

¥R Z Biasrelative = (Value_HKO — Value_IAEA)/Value_IAEA x 100%

P=\((U_IAEA/Value_IAEA)? + (U_HKO/Value_HKO)?) x 100%

# Biasrentive< MARB » I E45 5 7 HERER By [W[HEZ] -

# P<MARB [ Biasrentive< kK*P » JHIE&ER ZKEMERE By " W[ HEZ | - K REEET > 99%EE/KFIF K £ 2.58
“RILEHE EIREBE — 2B R R EZ B N2 RIEFHR R E K -

Relative Bias, Biasrelative = (Value_HKO — Value_IAEA)/Value_IAEA x 100%
P=V((U_IAEA/Value IAEA)? + (U_HKO/Value_HKO)?) x 100%

If BiaSrelative < MARB, accuracy of the measurement is considered “Acceptable”.

If P< MARB and Biasrelative < k*P, precision of the measurement is considered “Acceptable”. k is the coverage factor.

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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Table 13. Results of the 2023 inter-comparison on ambient gamma dose rate measurement organised by the China Institute of Atomic Energy
SHBEACEER
SHEBIAEGER ALY S AL B
RXEHEER SRV
Dﬁ?ﬂ? L)j;fft}%fn SHEEE Measurement Result | Median of All Participants’ | Normalized Inter-quartile | Z FEr&Y AT
“ . of HKO Measurement Results Range of All Participants’ Z-score® e
of Survey Point M M Resul ~ Comparison Result
Inter-comparison N (M) easurement Results )
(B/N\EF&4K nGy/h) (NIQR)
(B/NEF4AX nGy/h)
(B/N\EF4IX. nGy/h)
1. HHh Meadow 159.9 159.80 5.00 0.02 S Satisfactory
—m—= 2. Hiih Meadow 163.1 162.15 4.19 0.23 i Satisfactory
l‘f‘f J'réo?s 3. Bifh Meadow 176.6 176.80 471 0.04 e Satisfactory
pri -
A 4. Z{;{n)jké:f‘%t;ﬁfloor 164.2 162.65 5.26 0.29 JHiE Satisfactory
N SR
King’s Park e e
Meteorological 5. ¥ Hi Meadow 160.8 159.90 8.45 0.11 W Satisfactory
Station
YR ==
§ Epﬁhj;@ﬂﬁoor 168.6 168.80 5.34 -0.04 M. Satisfactory

23,
al-

(1) Z=(CNEGSHR - PO [ ALV - iZ[I|Z|< 2 LEWEERE TWE

EERSERS T AME ) RS R M S B

B LS —(EREREE -

Note:

(1) Z = (Measurement Result — M) / (NIQR).
consistent with those measured by other participants.
measurement result deviates from those measured by other participants.

B BEA Rk - &

> FoRHIEGE RELE M S B
Z1=3 > LRy TR

that the measurement result is an outlier compared to those measured by other participants.

S A B E YA - a2 <[Z]< 3
FONHEGE R AM 2 B 5

FRArHY

If |Z|< 2, the comparison result is considered “Satisfactory”, meaning that the measurement result is
If 2 <|Z|< 3, the comparison result is considered ‘“Problematic”, meaning that the

If |Z|> 3, the comparison result is considered “Unsatisfactory”, meaning
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