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ABSTRACT

The Environmental Radiation Monitoring Programme of the Hong Kong
Observatory entered its twenty-ninth year in 2015. This annual report
incorporates salient features of the work of the programme during 2015, including
a brief report on measurement methods and results, highlights of relevant new
work and changes.

In 2015, the ambient radiation levels in Hong Kong as measured by the
radiation monitoring network were all within the normal background range.
Traces of artificial radionuclides, namely 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 in past years. Their presences were primarily attributed to the
atmospheric nuclear weapon tests between 1945 and 1980.

Following the Radiation Laboratory, the Observatory received 1SO 9001:2008
accreditation for its Ambient Gamma Radiation Level Measurement Service in
October 2015, demonstrating that the quality management practices in ambient
radiation level measurement are in line with international standard.

The enhanced high volume air sampler acquired in 2014 by the Observatory
became operational in 2015. The amount of air samples collected can be
increased significantly when needed, effectively shortening the measuring time
during emergency.

In addition, the Observatory started using a new model of radioactivity sensor
in 2015 to measure radioactivity in the upper atmosphere. Both the new and
existing sensors were in operation in 2015.

Based on the measurement results in 2015, it is concluded that there was no
measurable change in the ambient radiation levels in Hong Kong, activities of
artificial radionuclides in the Hong Kong environment and foodstuffs consumed
by Hong Kong people, as compared with those before the operations of the
Guangdong and Lingao nuclear power stations.
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1. INTRODUCTION

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

In response to the construction of nuclear power stations at Daya Bay in
Guangdong, the HKO embarked in 1983 on a comprehensive programme to monitor
the environmental radiation levels in Hong Kong before and after the power plants
commenced operation. The programme was named the “Environmental Radiation
Monitoring Programme (ERMP)”. It comprises two phases. The first phase is
known as the “Background Radiation Monitoring Programme (BRMP)” and was
conducted from 1987 to 1991 to establish the baseline radiation levels in Hong Kong
prior to the operation of the Guangdong Nuclear Power Station (GNPS) in 1994 (see
Figure 1 for location). These baseline levels would help to reflect any changes
arising from the operation of GNPS. The monitoring results can be found in the report
on the BRMP (Hong Kong Observatory, 1992).

The second phase of the ERMP, implemented since 1992, contains all the
essential features of the BRMP and with adjustments in sampling and measurement to
take advantage of the experience gained. 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 GNPS and the Lingao Nuclear
Power Station (LNPS) since 1994 and 2002 respectively.

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

Chapter 2 of this report describes the sampling schedule, the instruments and
methods used for measuring ambient radiation levels, activity in food and
environmental samples as well as quality assurance. Measurement results of 2015
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 environment of Hong Kong and in the foodstuff
commonly consumed by Hong Kong people. The locations for real-time
measurement of ambient radiation in 2015 are shown in Figure 1. The other
locations for measurement of ambient gamma radiation and collection of
environmental samples in 2015 are shown in Figure 2. A summary of the sampling
and analysis programme in 2015 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 the territory (Figure 1). The
network provides a comprehensive coverage for measurement of ambient gamma
radiation level in Hong Kong.

The dose rates are measured at each station continuously by a high pressure
ionization chamber (HPIC) (Reuter-Stokes Model RSS-131/RSS-131-ER
environmental radiation monitor).  Data are transmitted to the Observatory
Headquarters every minute.

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

http://www.weather.gov.hk/radiation/ermp/rmn/applet/map/rmn_hourly _e.htm
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
2015, the network comprises 29 fixed monitoring points over the territory (Figure 2).
The TLDs are of the lithium fluoride (LiF:Mg,Ti) and calcium fluoride (CaF.:Dy)
type (Harshaw 8807). A batch of five TLDs is placed at each site 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. The
existing Aerial Radiation Monitoring System (ARMS), manufactured by Pico
Envirotec Inc., has been put into operation since 2013. It consists of four 2.5 litres
sodium iodide (Nal) detectors that can be mounted on board a helicopter of the
Government Flying Service for measurement.
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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 and gamma dose rates are displayed on board the helicopter during
monitoring operation. The system can also transmit some of the real-time
measurement data to the Observatory Headquarters through the data transmission
system of the helicopter.

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

2.1.4 Automatic Gamma Spectrometry System

Hong Kong Observatory has been operating the Automatic Gamma
Spectrometry System (AGSS) at Ping Chau, Mirs Bay since 1996 (Figure 1) for
providing early alert of any releases of artificial radionuclides from the nuclear power
stations. The system consists of a zinc sulphide (ZnS) coated plastic scintillator, a
high purity germanium (HPGe) detector and a Nal detector. It continuously collects
airborne particulates on a rotating filter drum and gaseous iodine in a carbon cartridge.
The flow rates of the filter drum and carbon cartridge are around 30 m%/hour and
4 m3/hour respectively. The carbon cartridge is replaced automatically at weekly
intervals. Alpha and beta activities of the particulates are measured by the ZnS
scintillator and then calculated. Gamma rays emitted by the particulates are
measured by the HPGe detector and analysed automatically by a gamma spectrometry
analyses software. The iodine-131 activity is measured by the Nal detector on the
carbon cartridge.

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

The Mobile Radiation Monitoring Station (MRMS) is set up inside a radiological

survey vehicle.

use in routine and emergency radiological surveys.

below:

It is equipped with portable and specially designed instruments for
Major instruments are listed

Instrument

Location

Usage

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

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.

Gamma Dose Rate Probe
(Seibersdorf SSM1-07)

Installed on the vehicle
roof

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

Portable Survey Meter
(Seibersdorf SSM-1)

Portable High Pressure lonization
Chamber (HPIC)

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

Surface Contamination Monitor
(Berthold Technologies LB-124)

Portable Gamma Spectrometric
Analysis Module (Canberra
In-Situ Object Calibration
System/HPGe)

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

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

To measure the ambient
gamma radiation level. At
each measurement location,
staff will mount the sensor
of the HPIC at 1 metre
above ground for
measurement.

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

For ambient gamma
spectrometric analysis at
survey location.

In addition, meteorological instruments are also installed on the vehicle roof to
collect weather data like wind speed, temperature and humidity.

The radiological survey vehicle is deployed for routine radiological survey,

collection of samples and emergency drills.

It also pays regular visits to selected

locations in Hong Kong to collect environmental radiation data.
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2.1.6 Upper-air Radioactivity Soundings

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

Starting from 2015, the Observatory also employed a newly acquired
radioactivity sensor (Model Meisei MNS-13) attached to a new radiosonde (Model
Meisei RS-06G) for measuring radioactivity in the upper atmosphere. The
specifications and working principles of the new sensor are the same as the existing
one.

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

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

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

Atmospheric | Sampling Equipment Flow Rate | Sampling Method
Samples
Airborne High Volume Air Sampler | Typically | Routine weekly airborne
Particulates | (Hi-Q Environmental set at particulate sample is collected
Products Model 4200 17 m*ht from a filter paper installed
AFC-BRL-KIT/230 and inside the High VVolume Air
Hi-Q Environmental Sampler.
Products Model
BRL-3000M)
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 - During the dry season, three sets
Deposition funnel. of carboys and funnels are used
at each location for collection of
sufficient amount of rain for
measurement.
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Atmospheric | Sampling Equipment Flow Rate | Sampling Method
Samples
Total A stainless-steel pan of - Samples are collected at weekly
Deposition 260 mm diameter filled interval.
with distilled water.
Gaseous Sampled through a silver Typically | The cartridge is collected and
lodine impregnated zeolite set at replaced weekly.
cartridge fitted inside a 2.5meh?
radioiodine sampler (Hi-Q
Environmental Products
Model CMP-0523CV/230).
TEDA (triethylene Typically | The cartridge is used to collect
di-amine) impregnated set at gaseous iodine samples, when
carbon cartridge included | 7.0 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 calendar month, until the overall
cartridge. collection time reaches 36 hours

Airborne particulates and wet depositions are regularly collected at King’s Park,
Sha Tau Kok and Yuen Ng Fan (Figure 2) at weekly intervals. In addition,
equipment is also installed at the other nine radiation monitoring stations for
collecting atmospheric samples during emergency. Total deposition, gaseous iodine
and water vapour are also collected at King’s Park.

The Enhanced High Volume Air Sampler at King’s Park became operational in
2015. It is used to collect airborne particulate samples during emergency and drills.

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.

Regarding milk samples, the Observatory collected samples locally and from
Shenzhen in the past. Supply of fresh milk from local dairy farms ceased to be
available on the market starting from the second quarter of 2015. Since then, the
sources of milk samples are from Shenzhen and Huizhou.

2.2.3 Drinking Water, Underground Water and Sea Water

Treated drinking water is collected from distribution taps at Kowloon and Tuen
Mun as well as the treatment works at Shatin, Tuen Mun and Yau Kom Tau (Figure 2).
Untreated or raw drinking water is collected from the High Island Reservoir, the
Plover Cove Reservoir, the Muk Wu B Pumping Station and the treatment works at
Shatin, Tuen Mun and Yau Kom Tau (Figure 2). 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
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radiological measurements.

Yau Kom Tau Treatment Works was under maintenance in January 2015.
Tsuen Wan Treatment Works served as a replacement to provide drinking water to the
concerned area during the maintenance period. As such, staff of the Water Supplies
Department collected drinking water samples from Tsuen Wan Treatment Works to
replace those from Yau Kom Tau Treatment Works during January 2015.

Underground water is collected at six locations (Figure 2), namely Cheung Hong
Estate (Tsing Yi), Kwan Lok San Tsuen (Yuen Long), Wan Tsui Estate (East Hong
Kong Island), Wah Fu Estate (Pokfulam), Fu Shan Estate (East Kowloon) and Ching
Leung Nunnery (Tuen Mun) with assistance from the Housing Department, the
respective estate management and the nunnery personnel.

Each quarter, with the assistance from the Environmental Protection Department,
sea water is sampled alternately at two of four routine sampling locations. The four
routine sampling locations are over the eastern part of the coastal waters of Hong
Kong (Figure 2), 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 2015, land soil samples were collected from King's Park, Shatin, Sai
Kung, Clear Water Bay, High Island West, High Island East, Pak Tam Au and Pak
Sha O (Figure 2).

Intertidal sediments are sampled quarterly at three locations along the coast of
Hong Kong (Figure 2), 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 2), namely Tai Tan Hoi, Lung Ha Wan, Picnic
Bay and Western Anchorage.

The sampling and analysis programme in 2015 is summarized in Table 1 and 2.
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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. Three detectors were manufactured by Ortec, two by
Canberra and the remaining one by Tennelec. Among the HPGe detectors,
five detectors are cooled by liquid nitrogen, complemented by one
remaining detector manufactured by Ortec cooled by electric system.

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

[fTritium is primarily produced naturally by cosmic rays entering the atmosphere or
generated during atmospheric nuclear weapon tests conducted from 1945 to 1980. A
small amount is also produced during the operation of nuclear power stations (UNSCEAR
2008).]

(c) Lowe-level gross beta counting
The activity of strontium-90 is measured by a low level alpha-beta counting
system (Berthold LB770-2).

(d) Alpha spectrometry analysis
The activity of plutonium-239 is measured by an alpha spectrometry system
(EG&G Ortec OCTETE PC).

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

2.4 Comparison between BRMP and ERMP measurement results

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

Despite this, during the years of operation since the start of the second phase of
ERMP in 1992, 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. 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
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were adopted as the reference range in this report. This reference range, being
closest to the BRMP period in time, can effectively be taken as the approximate
baseline level of that radiation measurement in the absence of visible influences from
other variables.

2.5 Quality assurance

Since 1989, the Observatory has been participating in inter-laboratory
comparison exercises and proficiency tests organised by international and national
organisations (Hui et al., 2007), namely the International Atomic Energy Agency
(IAEA), the National Physical Laboratory of the United Kingdom (NPL), the World
Health Organization (WHO) and the China Institution for Radiation Protection
(CIRP). In 2015, the Observatory, for the first time, participated in the comparison
exercises organised by the China Institute of Atomic Energy (CIAE) and the Shanghai
Radiation Environmental Supervision Station (ShRESS) respectively.

In June 2015, the Observatory participated in a laboratory proficiency test
organised by IAEA for the measurement of gamma and strontium-90 activities in rice
and water samples. In August and November of the same year, the Observatory
joined the inter-comparison exercises on field measurement of ambient gamma dose
rate organised by CIAE in Hong Kong and Yunnan respectively. Also in November
of the same year, the Observatory participated in the inter-laboratory comparison
organised by the ShRESS on the activity measurement of strontium-90 and tritium 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 its radiation measurement work, the Hong Kong Observatory
Radiation Laboratory adheres to a high standard of radiation measurement services
based on the International Organisation for Standardization 1SO 9001:2008.
Accreditation for the ISO 9001:2008 was obtained in early 2009.

The certification body will conduct annual surveillance audits of the Radiation
Laboratory to ascertain that its radiation measurement services meet the requirements
for the continuation of ISO 9001:2008 certification. The quality radiation
measurement services provided by the Radiation Laboratory were reaffirmed upon
successfully passing the Annual Surveillance Audit in February 2015.

In addition, the Observatory further enhanced the management of its Ambient
Gamma Radiation Level Measurement Service and successfully received ISO
9001:2008 accreditation in October 2015 to ensure its level of quality management
meeting international standard.
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3. RESULTS AND CONCLUSION

3.1 Results
3.1.1 Radiation Monitoring Network

The annual average ambient gamma dose rates and ranges of 1-minute averages
recorded by the RMN in 2015 are tabulated in Table 4a. The measurement results
were all within baseline radiation levels.

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

The most significant change in the ambient gamma dose rate in 2015 was
recorded on 21 September. Under the influence of heavy rain associated with a
trough of low pressure, the 1-minute average dose rate at Yuen Ng Fan rose to about
70% above the mean value of the year, but still within the baseline 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 2015 are listed in Table 4b. The gamma
dose rates recorded at all stations were found to be within the BRMP range.

3.1.3 Aerial Radiation Monitoring System

In 2015, background measurements in the ground contamination measurement
mode were conducted in March, April and June using the Aerial Radiation Monitoring
System (ARMS) over Ping Chau, Kat O 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 3 shows the ambient radioactivity
count rates over the areas on the days of measurements.

In 2015, the Observatory used the ARMS in plume tracking mode to carry out
measurements in various locations and in different months for probing the vertical
radiation level profiles. Measurement flights took place over Mirs Bay and Sai
Kung in February, May and September. 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. Figures 4 to 5 depict 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
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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.

Comparing the measurement results in different months, the count rates in
February (surface winds were north to northwesterlies) were generally higher than
those in May and September (surface winds were respectively south to
southwesterlies and east to southeasterlies). The reason could be due to more natural
radioactive substances associated with continental airstream during measurement in
February, as compared with those associated with maritime airstream during
measurements in May and September.

3.1.4 Automatic Gamma Spectrometry System

Results obtained by the AGSS in 2015 are given in Table 5. No artificial
radionuclides were detected in the year and all results were within ranges of
environmental radiation levels.

3.1.5 Mobile Radiation Monitoring System

Four measurements of cosmic radiation were carried out at Plover Cove in 2015.
The average gamma dose rates ranged from 0.035 to 0.036 uGy h! (Table 6), close to
those measured in previous years.

3.1.6 Upper-air Radioactivity Soundings

Four radioactivity soundings were made in 2015. The weather conditions during
these soundings were: cloudy with light northwesterly winds at the surface on 20 April;
fine with light westerly winds at the surface on 4 June; cloudy with light easterly winds
at the surface on 3 December; and fine with light northeasterly winds at the surface on
15 December.

Figure 6 shows the average vertical profiles of atmospheric radioactivity from the
four upper-air radioactivity soundings in 2015. The data analysis results obtained
were similar to those of past years (Li et al. 2007).

3.1.7 Food and Environmental Samples

A total of 424 routine food and environmental samples were collected in 2015.
The results of gamma spectrometry analyses, tritium measurements, strontium-90
measurements and plutonium-239 measurements are shown in Tables 7, 8, 9 and 10
respectively.

Only results pertaining to measurable activities of artificial radionuclides are
included in all tables. For ease of reference, a summary of measurement results in
2015 for the major sample types according to different pathways is given in Table 11.

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

Traces of caesium-137, an artificial gamma-emitting radionuclide, were
detected in some soil and sediment samples in 2015. The measured activities in
these samples were all within the corresponding ranges of BRMP values. The
samples included 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).

Tritium

Very small amounts of tritium were detected in some atmospheric, water
and food samples in 2015. The measured activities in these samples were all
within the baseline radiation levels. The samples include water vapour in air,
wet deposition, total deposition, underground water, sea water, drinking water,
bottled water, fruits, rice, milk, vegetables, poultry, meat, seafood and seaweed.
The source of tritium in the samples was attributable primarily to the natural
cosmogenic processes with small contribution from the remnants from
atmospheric nuclear weapon tests (UNSCEAR 2008).

Strontium-90

Traces of strontium-90 were detected in some atmospheric, food and soil
samples in 2015. The activities in these samples were within the baseline
radiation levels. The samples included airborne particulates, wet deposition,
total deposition, land soil, rice, milk, vegetables, fruits, poultry, meat, seafood,
and suspended particulate 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).

Plutonium-239

Minute amounts of plutonium-239 were detected in some intertidal
sediment and seabed sediment samples in 2015. 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).
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3.1.8 Results of Measurement Comparisons

@ Laboratory Measurement

In June 2015, the Observatory participated in a proficiency test organised
by IAEA to measure the activities of gamma-emitting radionuclides and
strontium-90 in a rice sample and two water samples. IAEA released the
evaluation report for individual laboratory in November 2015. The report
revealed that the measurement results of the Observatory were all within the
acceptable ranges announced by IAEA. The Observatory’s measurement
results are given in Tables 12a to 12c.

In November 2015, the Observatory also participated in the inter-laboratory
comparison organised by the ShRESS to measure the activities of strontium-90
and tritium in water samples. ShRESS’s report released in December revealed
that the measurement results of the Observatory were in agreement with the
reference values, with relative error less than 10%. The Observatory’s
measurement results are given in Table 13.

(b) Field Measurement of Ambient Gamma Dose Rate

In 2015, the Observatory participated in two inter-comparison exercises on
field measurement of ambient gamma dose rate organised by CIAE. The first
exercise was conducted between 26 and 28 August at King’s Park
Meteorological Station in Hong Kong. The second exercise was held between
1 and 5 November at Kunming and its neighbouring regions in Yunnan.

The inter-comparison methodology was to select several survey points at
each site for measurement of the ambient gamma dose rates for a period of about
25 minutes. The mean of the measurement results from all participants was
used as the reference value at each survey point. Results showed that
measurements made by the Observatory were consistent with the reference
values, with deviations less than 10%. A summary of the inter-comparison
results is given in Table 14.

3.2 Conclusion

The ambient gamma dose rates recorded over various parts of the territory in
2015 were within the baseline radiation levels. As in the past years, traces of
artificial radionuclides, namely 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
Guangdong Nuclear Power Station and Lingao Nuclear Power Station came into
operation.

It is concluded that in 2015 there was no measurable change in ambient radiation
levels and in activities of artificial radionuclides in the Hong Kong environment and
foodstuffs consumed by Hong Kong people.



41

ACKNOWLEDGEMENT

The Hong Kong Observatory wishes to express its gratitude to the Agriculture,
Fisheries and Conservation Department, Civil Engineering and Development
Department, Environmental Protection Department, Water Supplies Department and
Housing Department for their assistance in sample collection, the Government
Laboratory for chemical treatment of samples, and the Department of Health for
providing and reading thermoluminescent dosimeters. We would also like to express
our appreciation to the Government Flying Service for the operation of the Aerial
Radiation Monitoring System, and the Hong Kong Police Force for providing
accommodation at police stations to a number of radiation monitoring stations and the
Automatic Gamma Spectrometry System. Special thanks also go to government
offices and various organisations for giving us permission to install
thermoluminescent dosimeters and to collect samples within their premises.

REFERENCES

1. Hong Kong Observatory 1992  Environmental Radiation Monitoring
in Hong Kong, Technical Report
No. 8: Background Radiation
Monitoring Programme 1987-1991.

2. Wong, M.C., H.Y. Mok and 1996  Effects of Weather on the Ambient
H.K. Lam Gamma Radiation Levels in Hong

Kong, Proceedings of the
International Congress on Radiation
Protection 1996, Volume 2,
pp.181-183, IRPA, Vienna, 1996.
(http://www.irpa.net/
irpa9/cdrom/VOL.2/VV2_50.PDF)

3. United Nations Scientific 2000 UNSCEAR, 2000: United Nations
Committee on the Effects of Scientific Corgmlttee(on the Effec)ts

. .. of Atomic Radiation (UNSCEAR
Atomic Radiation 2000 Report, Volume I, Sources and

(UNSCEAR) Effects of lonizing Radiation, Annex
B: Exposures from Natural Radiation
Sources.
4. Wong, M.C., H.T. Poon, 2003  Environmental Radiation Monitoring
H.Y. Mok and Y.S. Li in Hong Kong — 1987 to 2002,
Technical Note No. 106, Hong Kong
Observatory.
5. Hui, K.C.,,S\W. Liand 2007  Performance of Hong Kong
K.C. Tsui Observatory in Inter-laboratory

Comparison Exercises on
Radioactivity Measurements 1989 to
2005, Technical Note (Local) No.
84, Hong Kong Observatory.



Li, S.W., Y.S. Li and
K.C. Tsui

United Nations Scientific
Committee on the Effects of
Atomic Radiation
(UNSCEAR)

42

2007

2008

Radioactivity in the atmosphere over
Hong Kong, Journal of
Environmental Radioactivity,

vol. 94, pp. 98-106.

Sources and Effects of lonizing
Radiation, VVolume I: Sources.



B=
Guangdong

i
New Territories
- o

&
S

Kowlooy
=KJ
-

BE
@

KWL

Lantau Island

fE 1. TR RHIER SR AR R -
Figure 1. Locations for real-time measurement of ambient radiation in 2015.

ey



=L
Guangdong

-0

e

5T

QNew Territories

& 2. BRI ST s N B — BRI AE AU -

Figure 2.  Thermoluminescent dosimeter network and locations for collection of environmental samples
in 2015.

144



600
550
500
450
400
350
300
250
200
150
100

50

At BusEkp
Counts per second

600
550
500
450
400
350
300
250
200
150
100

at R
Counts per second

—“F—AEZ A+ HRTH ~F—FENE AR
Ping Chau on 11 March 2015 Kat O on 29 April 2015

600
550
500
450
400
350
300
250
200
150
100

At B EERD
Counts per second

CETFEARH A HRER
Tap Mun on 11 June 2015

517

3. ZEPEEAETHRGE T —1FErpl N - ERAEFTHIEREHEeR CHE SRRt ms—Ek) -
Figure 3. Count rate over Ping Chau, Kat O and Tap Mun respectively as measured by the Aerial Radiation Monitoring System in 2015 (at about 100
metres above the ground)



46

1100

1000

=E CR) Altitude (m)

—E—-AFE_H-+—H 11 February 2015

I ' 4 4 |

50 100 150 200 250
518/ #P Counts per second

1100

1000

900

800

700

600

500

400

= E (3R) Altitude (m)

300

200

100

0 : t t + {
0 50 100 150 200 250

=184/ #5 Counts per second
—%= FETH/\H 8 May 2015

1100

1000

900

800

700

600

500

400

B (3E) Altitude (m)

300

200

100

s 4 s s y

t 1

50 100 150 200 250
=84/ Fb Counts per second

—E—-HFESH+H 10 September 2015

4.
Figure 4.

28 PRI B N A E —F — A OAHE

B 2 MR B R B

a4

\\\;\\\

k-

Variation of count rate with altitude at Mirs Bay, as measured by the Aerial Radiation

Monitoring System in 2015.

(B i3 GRS B TR RS T A At - ]
[The density of data will vary with the climbing speed of the helicopter.]




47

1000 1000
900
C) £
g 3
: £
2 %
- i
IE i
0 t ; ' ' | 0 t t + t {
0 100 200 300 400 500 0 100 200 300 400 500
=8y E=#P Counts per second =8/ =5 #5 Counts per second
—E—-HF_H-+—H 11 February 2015 —E-HHEAH/)\H 8May 2015
1000

3

g

%

iy

e

° 0 IED %0 3&0 4&0 5(‘13
|24/ %P Counts per second
TE-FAHESHTH 10 September 2015
[ 5. 72 RS B 21— B — FLAEAPH L L 2 IR A5 T ek s ey s -
Figure 5. Variation of count rate with altitude at Sai Kung, as measured by the Aerial Radiation

Monitoring System in 2015.

[(BdErI > i3 GRS B TR RS A At - ]
[The density of data will vary with the climbing speed of the helicopter.]




& 6.

Figure 6.

48

35

T+8
T v+B 14

30 F

n~

25 F

Nk

N
o

% (N E) Height (km)

I=

10

s
ey
=
2~
?
< :
4
gA
=
ks
-
N
-
)
<.
-
<
.
s
2
>
2
S
=
l.
<
D
~
2
-
e
gt

1.5 2 2.5 3 35 4 4.5 5 5.5 6
SRy + 8) BBy )aTEE (FFbatE) -
FIEMEIEEE (r+8)7)
Count rate (counts per second ) of gamma plus beta (7 +5)
and gamma ( 7 ), and their ratio ((y +5)/7)

TE RN AT S ZE RN BN S SRR T B RTAR (R
AMEEAS - WA —=+H -~ "HUE ~ +ZHA=H - +2H-+7H) -
Average vertical profiles of atmospheric radioactivity from upper-air
radioactivity soundings conducted at King’s Park in 2015 (dates of sounding:
20 April, 4 June, 3 December and 15 December).

[F45{E H Vaisala NSS921 A5 Kz Meisei MNS-13 ZUSRAVEE S HONAH AR EIEET EIM AL - ]
[The average is computed based on the data from both the radioactivity sensors of model Vaisala NSS921 and
model Meisei MNS-13.]



49

®1  ZE-TERARHEE ROITIEE

Table 1. Summary of the sampling and analysis programme in 2015

AR
Sample type

U St

Sampling location

Rk H
Number of
location

papiik bl
Type of
analysis

Sampling
frequency

RIEME#ES Ambient

Gamma Radiation

TSR &%
Gamma dose rates

SEM Ping Chau,
#£F9 Tap Mun,

=B Kat O,

VDEEFS Sha Tau Kok,
JCFLHE Yuen Ng Fan,
KFEE Tai Mei Tuk,
J2E0H Tsim Bei Tsui,
#iE Kwun Tong,
75855 Sai Wan Ho,
1A King’s Park,
#B1H Cape D’ Aguilar,
Frfifz Chek Lap Kok

12

ks v

— T

1-minute interval

RIEMERIE
Cumulative gamma
doses

S Ping Chau,

FFH Tap Mun,

= Kat O,

JLFIE Yuen Ng Fan,
7K Clear Water Bay,
PHE Sai Kung,

KEE Tai Mei Tuk,
E53%7> Wu Kai Sha,
#E8I1H Cape D’Aguilar,
vDbBEFE Sha Tau Kok,
vDH Shatin,

#i3#E Kwun Tong,
BHE# Shau Kei Wan,
KIH Tai Po,

+# King’s Park,
HIFEHT Happy Valley,
ZE/KE Deep Water Bay,
HZELH Shek Lei Pui,
BHE{LE ChiFuFaYuen,
48 Fanling,

Z58 Tsuen Wan,

fHf# Shek Kong,

M Cheung Chau,
JCEA Yuen Long,
KHE R Tai Lam Chung,
JaEH Tsim Bei Tsui,
dif5 Tuen Mun,

Mg s Chek Lap Kok,

FH1< Tsing Yi

29

g v

&2 quarterly
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Table 1. (cont’d)
F— A SUEBE | S0 RS
Sample type Sampling location Nlumb_er of Type O.f Sampling
ocation analysis frequency
KREEA Atmospheric Samples
KR HAH King’s Park, 3 Mm% v, B (ZEE— H) weekly
Airborne particulate YLEEFS Sha Tau Kok, $-90 Sr-90, (bulked monthly)
JEFLHE Yuen Ng Fan $£-230 Pu-239 | (BARASETTIIG T
Weekly sample for »
analysis only)
BIREY) () HiAH King’s Park, 3 gy, M H-3, | &8 (BE—HIED
Wet deposition VDUEFE Sha Tau Kok, $8-90 Sr-90, #1) weekly (bulked
(precipitation) JLF3E Yuen Ng Fan $7-239 Pu-239 | monthly for analysis)
GERET) SHAA King's Park 1 My, 7 H-3, | 5 (B B F5y
Total deposition $8-90 Sr-90, 1) weekly (bulked
$7-239 Pu-239 | monthly for analysis)
AR 51 King's Park 1 mE y 58 weekly
Gaseous iodine
KEIKIER 148 King’s Park 1 i H-3 & H monthly
Water vapour in air
HEEAEEAS Terrestrial Samples
&>k Rice A, Mainland 1 Mgy, A H-3, | &F quarterly
$8-90 Sr-90
R4S H ) it Mainland, 2 &y, i H-3, | === quarterly
Pasteurized milk AH® Local® #-90 Sr-90
S0 Choi sum N Mainland, 2 &y, 7@ H-3, | &= quarterly
At Local $€-90 Sr-90
(3% Pak choi A Mainland, 2 ey, 7 H-3, | &= quarterly
At Local ##-90 Sr-90
£ Banana A Mainland 1 ey, 7 H-3, | &= quarterly
#H-90 Sr-90
#3515 Lychee A Mainland 1 &y, M H-3, | EZ summer
$8-90 Sr-90
tH#& Mandarin A Mainland 1 &y, 7 H-3, | TkERAZ autumn
$H-90 Sr-90 and winter
H#F Sugar cane A3t Mainland 1 &y, M H-3, | &3 spring
#5-90 Sr-90
% Chicken A Mainland, 2 ey, 7@ H-3, | &= quarterly
A3t Local $H-90 Sr-90
& Duck A Mainland 1 ey, 7@ H-3, | &= quarterly
#8-90 Sr-90
274 Beef A, Mainland 1 My, 7 H-3, | &2 quarterly
#8-90 Sr-90
FERT Pig’s liver A3 Mainland, 2 MmEy, ff H-3, | 3 quarterly
At Local ##-90 Sr-90
F& 14 Pork A, Mainland, 2 Mgy, i H-3, | &2 quarterly
At Local #H-90 Sr-90
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Table 1. (cont’d)
AR EE st G R E Ak Vil EVERIRR
Sampling location Number of Type of Sampling
Sample type location analysis frequency
112 mitAH King’s Park™, 39 % v, F—IEE 5
(EERTE) | 7PH Shatin*, §-90 Sr-90, | FFERE—X
Land soil PEE Sai Kung*, #£-239 Pu-239 | Each location is
(upper and JE7KE Clear Water Bay*, sampled once
lower level) & B /KPS High Island West*, every 5 years.

EH/KEEHE High Island East*,
JEEM Pak Tam Au*,

H/b Pak Sha O*,

Ki Tai Po,

t548 Fanling,

YDUEFS Sha Tau Kok,

KZEE Tai Mei Tuk,

I PH7KE Shing Mun Reservoir,

Z57E Tsuen Wan,

AHER K Tai Lam Chung Reservoir,
FH1LI#ER; Castle Peak Power Station,
JLEA Yuen Long,

J380H Tsim Bei Tsui,

f+km Shek Kong,
S2ETH E PR )& Kadoorie Farm and
Botanic Garden,

£ Cheung Chau,

B Y B Lamma Island,

FEHN Peng Chau,

$REEE Silvermine Bay

B3 Tung Chung,

HEE/KIE Shek Pik Reservoir,

KR Tai O,

HJE Pak Nai,

&P Tap Mun,

=R Kat O,

S Ping Chau,

FfH Happy Valley,

SEFAKIE Pokfulam Reservoir,

T 7K Lower Aberdeen Reservoir,
/K& Deep Water Bay,

KE/KIE Tai Tam Reservoir,

fEnH Cape D'Aguilar,

RFEARCKEE Ngau Tau Kok Service
Reservoir,

FELEJKIE Shek Lei Pui Reservoir

* 2015 FFEEREE
i EG

* |ocations
sampled in
2015
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Table 1. (cont’d)
AR AR5 et | AL | ot sampling
Sample type Sampling location of location | analysis frequency

JKEBREAS Aquatic Samples
BRI (SR EE) SLEERCKE 5 & v, &% quarterly
Drinking water (treated) Kowloon distribution tap, i H-3

PR KE

Tuen Mun distribution tap,

VDI 7KL

Shatin Treatment Works,

T E 7K ML

Tuen Mun Treatment Works,

SHFH B R /K M 558 e /K g @

Yau Kom Tau / Tsuen Wan

Treatment Works®
B /K CRES R ) B H K 6 Mm% v, &% quarterly
Drinking water (untreated) | High Island Reservoir, % H-3

RS 7K

Plover Cove Reservoir,

ASE B /KI5

Muk Wu B Pumping Station,

VAR RN N

Shatin Treatment Works,

i E 7K ML

Tuen Mun Treatment Works,

SHFH DR R /K i 5578 e /K g @

Yau Kom Tau / Tsuen Wan

Treatment Works®
TEEETK (58 7K) Z#h Local 1 {EE v, HZ quarterly
Bottled water (Distilled) % H-3
TEEETK (%R 7K) AHh Local 1 M v, &= quarterly
Bottled water (Mineral) % H-3
HRK HETS Cheung Hong Estate, 6 M v, BAF yearly
Underground water 9823 Kwan Lok San Tsuen, i H-3

FEZEAT Wan Tsui Estate,

FE M Wah Fu Estate,

E11JHE Fu Shan Estate,

JE S Ching Leung Nunnery
KB ~ g R AERE) | B E Waglan Island, 4 Mm% v, 52 quarterly
Sea water (upper, middle AN Basalt Island, i H-3
and lower level) AORE Tai Long Wan,

FEJN Port Island
KRR T B ES Waglan Island, 4 Mm% v, &= quarterly
(LE ~ e RIEE) KA Basalt Island, #8-90
Suspended particulate in KORE Tai Long Wan, Sr-90,
sea water (upper, middle S Port Island $£-239

and lower level)

Pu-239
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Table 1. (cont’d)
I HREE H vagiik Vil EERSR A
Siﬁﬁ?{ |J3e Samﬂgﬁ ﬂ?ﬁition Numbgr of Type of Sampling
location analysis frequency
JKEBREZA Aquatic Samples
K ZE 2 % v, 7 H-3, | &F quarterly
Aristichthys nobilis Shenzhen, #5-90 Sr-90,
(Big-head carp) TTEA #£-239 Pu-239
Yuen Long
A= PAGHEY | 3 % v, 7 H-3, | &F quarterly
Nemipterus japonicus Daya Bay, #8-90 Sr-90,
(Melon coat) T ARLITE #£-239 Pu-239
Seas west of Hong Kong,
F K
Hong Kong Waters
Ak PACEY 3 ks v, i H-3, | &F quarterly
Platycephalus indicus Daya Bay, $18-90 Sr-90,
(Bartail flathead) NS #-239 Pu-239
Seas west of Hong Kong,
KR
Hong Kong Waters
e PAGHY: | 3 % v, 7 H-3, | &% quarterly
Trichiurus haumela Daya Bay, #8-90 Sr-90,
(Hair tail) LTSI #£-239 Pu-239
Seas west of Hong Kong,
KR
Hong Kong Waters
= DT , 2 s v, m H-3, | &3 quarterly
Portunus sanguinolentus Seas west of Hong Kong, #8-90 Sr-90,
(Three-spotted crab) Kk #£-239 Pu-239
Hong Kong Waters
Frokif LA I 2 % v, 7 H-3, | &% quarterly
Metapenaeopsis barbata Seas west of Hong Kong, ##-90 Sr-90,
(Fire prawn) A $£-239 Pu-239
Hong Kong Waters
fit PACEY- | 3 ks v, i H-3, | ¥ quarterly
Loligo edulis Daya Bay, #5-90 Sr-90,
(Squid) E LTI #£-239 Pu-239
Seas west of Hong Kong,
T K
Hong Kong Waters
= FEAE/Kik Hong Kong Waters 1 g v, f H-3, | &= quarterly
Sepia spp. #8-90 Sr-90,
(Cuttlefish) #£-239 Pu-239
i EM Cheung Chau, 2 g vy, 7 H-3, | &= quarterly
Tapes philippinarum -F&# Tolo Harbour #8-90 Sr-90,
(Clam) #£-239 Pu-239
=Tl E3 Cheung Chau, 3 My, i H-3, | &= quarterly
Perna viridis 58 Tolo Harbour, #8-90 Sr-90,
(Green-lipped mussel) A EZEE Daya Bay $£-239 Pu-239
B Fi&KI Hong Kong Waters 1 e vy, fm H-3, | &= quarterly
Babylonia formosae #8-90 Sr-90,
(Gastropod) #£-239 Pu-239
agd 1H%EH Po Toi O 1 ks v, M H-3, | XFEREF
Ulva lactuca $H-90 Sr-90, wir}ter and
(Sea lettuce) $£-239 Pu-239 spring
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Table 1. (cont’d)
HREE E vagiik Vil AR
S%z!ﬁﬁ?g I ﬁyﬁiﬂz‘% . Number of Type of Sampling
ample type Sampling location location analysis frequency
JKEBREZA Aquatic Samples
s -2 Tolo Harbour 1 & v, i H-3, | £2F winter
Enteromorpha prolifera #5-90 Sr-90,
(Sea hair) #£-239 Pu-239
B SHEe B PoToilsland 1 e v, M H-3, | &2 winter
Porphyra dentata #8-90 Sr-90,
(Red algae) #£-239 Pu-239
FEEREE 1%L Po Toi O 1 s v, mH3, | £#FERESR
Sargassum hemiphyllum $H-90 Sr-90, winter and
(Brown algae) £%-239 Pu-230 | Spring
T L (EE R T E) H /07 Pak Sha Wan, 3 % v, &% quarterly
Intertidal sediment J2E1H Tsim Bei Tsui, #£-239 Pu-239
(upper and lower level) vLPEE Sha Tau Kok
BIRIUE) K#EE Tai Tan Hoi, 4 e v, 5 yearly
Seabed sediment HEUE & Lung Ha Wan, #£-239 Pu-239
Z 7 Picnic Bay,
PHIERE A% Western Anchorage

¥

(1) EZZ-HEFE_FHG > 15 EERA ARG HEEY) -

(2) HEEE KA — B — T — FE T4 258K Bt AR AR A R K R L AR

Note:

1)

)

RKEEEERF - Witk KFFHLIEASR ZZE— T — A EEEIEKRRIEE - DUREK
E T BEE /KRR Pl L2 BXFH K BEA -

Supply of fresh milk from local dairy farms ceased to be available on the market since the second
quarter of 2015.

Yau Kom Tau Treatment Works was under maintenance in January 2015. Tsuen Wan
Treatment Works served as a replacement to provide drinking water to the concerned area during
the maintenance period. As such, staff of the Water Supplies Department collected drinking
water samples from Tsuen Wan Treatment Works to replace those from Yau Kom Tau Treatment
Works during January 2015.
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Table 2. Summary of food samples in 2015

. AR H
$E51 Type 1%k Location No. of samples collected
w D AT ER T =F0)
Bk Rice Mainland (Pearl River Delta) 4
tl:%(é@ﬁ%_) Pasteurized Mainlaﬁﬁ(ts(ﬁgr?z”ég%ﬁljli—llzizhou) 7
milk Z3th Local 1
REAG) s
320> Choi sum Mainland (Shenzhen)
b Local 4
eSS 1)) 4
E3Z Pak choi Mainland (Shenzhen)
b Local 4
e PRI 3 (& R
&% Banana Mainland ((Guan;dong) 4
#4157 Lychee A Mainland 1
_ P (B ER)
fiff Mandarin orange Mainland (Guangdong) 2
. PRI (2 R
I Sugar cane Mainland ((Guanédong) !
eSS 1)) 4
ZE Chicken Mainland (Shenzhen)
b Local 4
ESpulS 1))
s Duck Mainland (Shenzhen) 4
414 Beef AN Mainland 4
PO R) s
FEAT Pig’s Liver Mainland (Guangdong)
b Local 4
PR ) A
54 Pork Mainland (Guangdong)
b Local 4
K4 Aristichthys nobilis &I Shenzhen 3
(Big-head carp) JCEH Yuen Long 3
Kei# Daya Bay 1
JIL=Nemipterus japonicus AL 1
(Melon coat) Seas west of Hong Kong
Z#&7K¥5 Hong Kong Waters 3
Ko Daya Bay 1
f-ift Platycephalus indicus EAELIGEE 1
(Bartail flathead) Seas west of Hong Kong
Z 7Kk Hong Kong Waters 3
Ko Daya Bay 1
OF# Trichiurus haumela & D TG 1
(Hair tail) Seas west of Hong Kong
7Kk Hong Kong Waters 3
= AL 1
Portunus sanguinolentus Seas west of Hong Kong
(Three-spotted crab) FA/Kisk Hong Kong Waters 3
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Table 2. (cont’d)

. AR H
I
A Type #fi% Location No. of samples collected
UVN 5t FAELIIE SR 1
Metapenaeopsis barbata Seas west of Hong Kong
(Fire prawn) T 7K Hong Kong Waters 3
Koa Daya Bay
fitfa Loligo edulis T AP R 1
(Squid) Seas west of Hong Kong
FEA#/Kisk Hong Kong Waters 3
4 Sepia spp. (Cuttlefish) | F3#7/Kik Hong Kong Waters 3
i Tapes philippinarum ) Cheung Chau 1
(Clam) HF&#% Tolo Harbour 3
JN Ch Ch 3
11 Perna viridis %ﬁ” Sung -1y
(Green-lipped mussel) #7278 Tolo Harbour 3
PP Kon# Daya Bay 3
HHEEZ Babylonia formosae R
(Gastropod) EA/KIsk Hong Kong Waters 3
F%E Ulva lactuca P .
(Sea lettuce) 1AL Po Toi O 2
7#¥& Enteromorpha prolifera N
[] SISEN
(Sea hain) H-#27% Tolo Harbour 1
F2:3Z Porphyra dentata o .
(Red algae) & B Po Toi lsland 0
Sargassum hemiphyllum LA PoToi O 2

(Brown algae)




57

%= 3. "B -FEFEAY FEEES BT
Table 3. Summary of key measurement parameters for samples in 2015®
5
pill=e bl ZERME B/ BFRE (FD) FEHITRR®
Measurement type Air Flow ; Counting Minimum Detectable Activity®
Sample size .
Rate time (MDA)
(second)
ffi-131 $8-137
1-131 Cs-137
17 mehd 12000 m?
izt | PR gs000 | a0usamt | 10uBgme
ulked monthly
3L sample)
(collected by 3
High Volume ( pF%QZIK 20000 50 uBg m* 50 uBg m®
k’f\%ﬁ[% Air Sampler) We}y&s;kmple) HBq HBa
Airborne 800 m3nt 800 m°
Particulate | (srmzrmaR | (S/NEEEA 60 i
R @ hourly sample) 900
(collected by | | |
Enhanced High 19200 m? 10800 8000 o 10000_3
Volume Air (EFHEA uBq m uBa m
Sampler) @ daily sample)
2.5 m3ht
(Ei{%ﬁ’fﬁﬁlﬂlﬁl 400 m?
B asiR) (EEEA 55000 300 uBq m? -
(collected by weekly sample)
Radioiodine
SRR Sampler)
Gaseous 7 méh1 7m?
lodine (HESEER ((SZNISEEZIN 2
BERsEE)® hourly sample) 900 |
(c;;llectsd pyh - | 150 -
) Enhanced Hi 168 m 10800 E
i FE R Voo A Al mBq m’?
8D Sampler) © daily sample)
Gamma RIEY
emitting Wet - 4L 55000 0.2BgL* 0.2BgL*
radionuclides deposition
HEIEY)
Total - 0.03 m? 55000 15Bgm?2 15Bgm?
deposition
£k Rice - 4 kg 20000 0.1 Bgkg* 0.1 Bqkg*
=475 Milk - 1L 55000 0.2Bq L* 0.3Bq L*
Vezlz;?;ble ; 1kg 20000 0.3Bq kg™ 0.4 Bq kg™
7K Fruit - 2 kg 20000 0.3 Bq kg™ 0.3 Bg kg*
F & Poultry - 2 kg 20000 0.2 Bq kg 0.2 Bg kg*
[AJH Meat - 1kg 20000 0.4 Bq kg! 0.4 Bq kg!
La:ntdtifoil - 1 kg 20000 1.0 Bgkg? 15Bgkg?
TKEEA
Water - 4L 55000 0.1BglL? 0.1BglL?
samples
KRR
s jpﬁeae | - 5L 55000 0.02Bq L? 0.02 Bq L
particulate
e Seafood - 2 kg 72000 0.1 Bgkg* 0.1 Bq kg*
V5 Seaweed - 0.5 kg 20000 1Bgkg? 2Bgkg?
IR L
TERIUE) - 2 kg 20000 0.5 Bq kg™ 0.5Bqg kg*
Sediment
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#*3. ()
Table 3. (cont’d)
G I {622
HEE BAKR/N | RE®) A& EIES EER FEHITRR®
Measurement type Sample Counting | Background | Counting | Chemical |Minimum Detectable Activity®
size time (CPM) efficiency recovery (MDA)
(second) (%) (%)
Wf(;}(:fjion 0.007 L 18000 2 25 - 4BgL?
LY
Total 0.0001 m? 18000 2 25 - 300 Bg m?
deposition
ATR 2md 18000 2 25 - 0.01Bgm?
Water vapour
&>k Rice 0.08 kg 18000 2 25 - 0.3 Bgkg*
4475 Milk 0.007 L 18000 2 25 - 4BgL?
7, Tritium 3% Vegetable 0.008 kg 18000 2 25 - 3Bgkg?
7K 5 Fruit 0.01 kg 18000 2 25 - 3Bgkg?
X5 Poultry 0.02 kg 18000 2 25 - 2Bgkg?
A%E Meat 0.01 kg 18000 2 25 - 3Bqgkg*
ks 0.007 L 18000 2 25 - 4BgL?
Water samples
HRAK
Underground 0.1L 18000 2 25 - 0.3BgL?
water
Y Seafood 0.02 kg 18000 2 25 - 1Bqkg?
Y55 Seaweed 0.05 kg 18000 2 25 - 1Bgkg?
Airborne 5000 m® 30000 1 75 90 1puBgm?
particulate
/ﬁdﬁﬁ% 2L 30000 1 75 100 0.002 Bq L*!
Wet deposition
HIUEY
Total 0.01 m? 30000 1 75 100 0.5 Bg m?
deposition
>k Rice 3 kg 30000 1 75 90 0.002 Bq kg™!
445 Milk 1L 30000 1 75 90 0.005Bq L*
#£-90 %3 Vegetable 1kg 30000 1 75 90 0.005 Bq kg™*
Strontium-90 -
7K 5 Fruit 2 kg 30000 1 75 90 0.003 Bq kg™*
& Poultry 2kg 30000 1 75 90 0.003 Bq kg™*
A%E Meat 1 kg 30000 1 75 90 0.005 Bq kg'!
Lafdﬁfoil 0.005 kg 30000 1 75 90 1Bgkg?
KRR T
Suspende 3L 30000 1 75 90 0.002 Bq L
particulate
7 Seafood 1.5kg 30000 1 75 90 0.004 Bq kg™*
3% Seaweed 0.05 kg 30000 1 75 90 0.1 Bgkg?
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#3 (4@
Table 3. (cont’d)

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

(1) FAFTYIZ ERMP 1£ “E—FF T HBESHHV G - EHSF 2 - SPEREREED - 82k aE
b o FERENLT - BB A S 9L ERER A ESHETRY -

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

(3) FILLHYBUE R B = A SRR 2R IR S BRI T IR A — AR AR « PR R ST s R B S e R [0 T 5 -

Note:

(1) The values given in the table are typical values of key measurement parameters in the ERMP in 2015. The values may
vary in practice, and should thus be used as reference only. Under special circumstances, some samples may be measured
under substantially different conditions.

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

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

The sampling and counting times will be adjusted depending on different situations.
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*da  EHNEDHEEE B - TUFERRGAVERRIEEE R o (BBALAE/ NRFHK)
Table 4a. Ambient gamma dose rates recorded by the radiation monitoring network in
2015 (dose rate in pGy h™)

. FPYE R — oy EIEHEEE
BT BRI -
o L ) Annual Standard Variation of
Radiation Monitoring Station o )
Average Deviation 1-min Average
EHH KatO 0.104 0.007 0.085-0.142
H#H King’s Park 0.143 0.003 0.128 - 0.188
5% Kwun Tong 0.120 0.001 0.109 - 0.162
SN Ping Chau 0.082 0.003 0.070-0.137
7E& 1 Sai Wan Ho 0.093 0.003 0.071-0.134
VbEEFE Sha Tau Kok 0.101 0.002 0.090 - 0.152
KEE Tai Mei Tuk® 0.119 0.009 0.096 —0.175
T Tap Mun 0.085 0.003 0.075-0.134
ZJ2&0H Tsim Bei Tsui 0.128 0.002 0.114-0.201
JCFE Yuen Ng Fan 0.117 0.002 0.106 — 0.199
g8 Chek Lap Kok 0.146 0.003 0.120 - 0.207
#&1H Cape D’ Aguilar 0.136 0.003 0.121-0.195
2EHE"
0.062 - 0.271
Reference Range®

A

it () 2EEE SN SE U UNEES SIS S SR B (6 B Rl -
() EHENNEENASEEEPE IS T ORE - HRNERGETHEE LR - SN - nE L A LA
I TERZ RSN AT ISR HTEE b BRI BdS REUEE -

Note: (1) Reference range is the ambient gamma dose rates recorded by the radiation monitoring network from 1992 to 1996.
(2) The radiation monitoring station was originally located on the rooftop of the Tai Mei Tuk Activity Training Centre.
Due to renovation of the site, the station was temporarily relocated to the ground next to the building on 5 September
2015. The gamma dose rates measured at the two locations were generally comparable.
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R 4b.  BFBLEIR T T T BB BB -

(BEAL R B/ NRF )

Table 4b. Ambient gamma dose rates recorded by the thermoluminescent network in 2015

(dose rate in pGy h™)

B R = | =W
TLD Location Annual Average |Standard Deviation| Variation
#EH Cape D’Aguilar 0.14 0.01 0.13-0.15
Irfig g Chek Lap Kok 0.14 0.01 0.13-0.15
N Cheung Chau 0.12 0.01 0.11-0.13
B & {LEl Chi Fu Fa Yuen 0.15 0.01 0.14-0.17
JH7KE Clear Water Bay 0.10 0.01 0.09-0.11
E/K 7 Deep Water Bay 0.11 0.01 0.10-0.13
1548 Fanling 0.12 0.01 0.10-0.12
HiEE 3 Happy Valley 0.09 0.01 0.08 -0.10
B Kat O 0.11 0.01 0.10-0.12
44 King’s Park 0.15 0.01 0.14-0.16
#HI#E Kwun Tong 0.12 0.01 0.11-0.12
S Ping Chau 0.11 0.01 0.10-0.13
PEE Sai Kung 0.12 0.01 0.11-0.13
YDEEFS Sha Tau Kok 0.09 0.01 0.09-0.10

BRMP 2E&{E®

0.03-0.29

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

BRI R I RS Rz o gf"%
TLD Location Annual Average |Standard Deviation| Variation
VbH Shatin 0.13 0.02 0.12-0.15
548 Shau Kei Wan 0.14 0.01 0.13-0.15
i Shek Kong 0.12 0.01 0.11-0.13
%L H Shek Lei Pui 0.20 0.01 0.18-0.22
AH&F Tai Lam Chung 0.18 0.01 0.17-0.20
KEE Tai Mei Tuk 0.15 0.01 0.14-0.16
K3 Tai Po 0.11 0.01 0.09-0.11
P Tap Mun 0.09 0.01 0.08-0.11
e EIH Tsim Bei Tsui 0.13 0.01 0.12-0.14
FH1< Tsing Yi 0.14 0.01 0.13-0.15
4278 Tsuen Wan 0.14 0.01 0.13-0.15
i[9 Tuen Mun 0.16 0.02 0.14-0.17
5&) Wu Kai Sha 0.14 0.01 0.13-0.15
JCEA Yuen Long 0.11 0.01 0.10-0.12
JLFHE Yuen Ng Fan 0.12 0.01 0.11-0.13

BRMP SE8{H®

0.03-0.29

BRMP Reference Values®

5

BRMP S-S {H BB 51484417 BRMP HARIFT S-S HVBRIS (i B R 2t ] -

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 5.  Results of measurement by the Automatic Gamma Spectrometry
System at Ping Chau in 2015
BHAECNNER
—EEH)
ZERAE (FVEE| £ | HPBIEEE SEHE"
Air Flow | Annual | Standard Range of Reference range
Rate Average | Deviation | Daily Average | from first 5 years
of operation
(1997 - 2001) @
Pl B EHL 5~ Alpha )
30 méht 1.3 0.2 1.0-20 1.0-538
(175K H A Bgm?)
H kT Beta )
30 méht 2.0 0.8 1.0-4.38 1.0-10.1
(175K H A Bgm?)
fifi-1311-131
b 30 méht <4 N/A® N/A < 46
(B1rJ5k=Z H il mBg m?)
#8-137 Cs-137
. 30 méht <4 N/A N/A <4
(F1r77>kZ=H 5] mBg m?)
S FEN-131 Gaseous 1-131 )
4 m3ht <1 N/A N/A <1
(F1r77>Kk 5] Bg m)

A

it () BBSENEARSHNTEEEAZNE N TR R - —fER T » B RE A S AR B AR Z 2 E

BOE T ATERISHEME o T EERR R R A R Atk PRy & &
() NIA FoRAEH -
) CHIEGSREREEH TR “<xx”  FTom o xxBi BUHE AT HEEON T IR(E -

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.
*® 6. “E-TNFETHEHNT[EWMERERNESR CHIEME: HUEIKH)
Table 6. Measurement results of gamma dose rates due to cosmic radiation in 2015

(measurement site: Plover Cove)

JHIE HEA Date of measurement

S B ESR G/ NERCR)

Average gamma dose rate (UGy h?)

—HE-FAFE—H_+=H 23January 2015 0.036
TE—FFMH 1t H 27 April 2015 0.035
TEAE—AFEEH M 24 July 2015 0.035

“FE—TF+H_+/SH 26 October 2015

0.035
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Table 7. Measurement results of measurable gamma activities of artificial gamma-emitting
radionuclides in food and environmental samples in 2015
(HATHE Bakg?)

B $8-137  Radionuclide: Cs-137

SATTAREREN BRMP
& - .
k] s i wE | RO | mEC | W
Type Location i Range Activity® | BRMP Unit
samples with range®
measurable activity g
+IE(LE)
. HFE1l
— < -1
Land soil See Table 1 5 04-29 14 <10.0 Bq kg
(upper)
+IE(T =)
- HFE1
_ < -1
Land soil See Table 1 4 0.7-1.6 1.1 <4.0 Bq kg
(lower)
b8
4 0.3-05 0.4
N Pak Sha Wan
/ﬁﬂFEﬁT‘ﬁ'i(J:)%‘) N %Uﬁ
Intertidal ST 4 0.4-05 0.5 <24 Bq kg
. Tsim Bei Tsui
sediment (upper) T
A 4 0.4-0.7 0.6
Sha Tau Kok ' ' '
PakE{SSijg\;i/an 3 0.3-0.4 0.4
MR ECFR) e
Intertidal ST 4 0.4-0.7 0.5 <31 Bq kg
. Tsim Bei Tsui
sediment (lower) T
PHA 4 0.3-06 0.4
Sha Tau Kok ' ' '
KEER
Tai Tan Hoi ! i 0.6
FElE e 1 ) 0.6
SHHETRY Lung Ha Wan
TR LS e < -
Seabed sediment _%?E/% 1 - 05 <19 Bk
Picnic Bay
PHlELE
Western 1 - 0.3
Anchorage

(1) wEZE-EEAEBEARER - RS T -
(2) BRMP IS SRl FIREL “< XX 270 XX SIS0 BB R TR o 40 A S AR P B3 U M 2 -
SEREA R S XX XX BIRHIR RIS R -

Note: (1) The mean activity is reported if there are more than one sample with measurable activities.

(2) 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 8. Measurement results of measurable activities of tritium in food and environmental
samples in 2015
(AT HAT Bakg?; SATHHE BLY; EFIPKHEE Bgm? S5k HeT Bgm?)
ﬁﬁﬂ;ﬁkﬂ%gfgﬂ’ﬂﬁ
WK oo N P e
3 ; HiE FEE® | BRMPEE® | Efr
H3l Type $#h& Location SZ;::SII ers]?/.viq(L Range | Activity® | BRMP range® | Unit
measurable activity
&k Rice AH Mainland 2 0.1 0.1 <1 Bq kg?!
PRt CAIN)
ST () Mainland 4 0.1-15 1.0 i
; : (Shenzhen) <6 BglL
Pasteurized milk =
Sha Tau Kok )
N . Z&3Il Shenzhen 3 1.1-2.2 1.8 )
L Choi sum ZH Local 2 02-06 04 <14 Ba kg™
. . Z&YI| Shenzhen 4 05-25 1.1
52 Pak ch <6 Bq kg™
H3% Pak choi K, Local 3 09-15 12 4%
FHH Banana A Mainland 3 03-04 0.4 <3 Bq kg™
HIE : )
Sugar cane A Mainland 1 - 0.2 <2 Bq kg!
7387 Lychee AHr Mainland 1 - 0.8 <4 Bq kg!
% Mandarin AHr Mainland 1 - 0.8 <4 Bq kg
A
% Chicken Mainland 2 0.2-05 04 <22 Bq kg
Z3th Local 2 0.1-0.3 0.2
& Duck Pasty 3 0.1-0.3 0.2 <35 Bq kg*
Mainland Y : =2 4%
1A Beef A3t Mainland 3 02-1.2 0.5 <53 Bq kg!
. A Mainland 3 0.1-0.7 0.3 .
FHRT Pig's liver ——=F g ool 2 0.1-08 0.4 <4 Ba kg
A#r Mainland 2 04-13 0.9 )
54 Pork S, Local 3 0.1-08 0.3 <4 Bakg®
K &1 Shenzhen 1 - 0.2
Aristichthys <2 Bgkg®
e JLH 2 01-04 0.2
(Big-head carp) Yuen Long T :
K
L= Hong Kong 3 0.1-0.2 0.1
Nemipterus Waters )
japonicus L <2 B ke
(Melon coat) Seas west of 1 - 0.2
Hong Kong
HARK I,
Atk Hong Kong 1 - 0.5
Platycephalus Waters .
indicus Fol DTG R <2 Bqkg*
(Bartail flathead Seas west of 1 - 0.1

Hong Kong
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8. (49)
Table 8. (cont’d)
ﬁﬁgiﬂﬂ%‘}ﬁfgﬂ’ﬂ
W Feson \ 1 frian =104
) i #iE JEE® | BRMP #iE® | Efi
R Type HLES Location sZr?*TSII ers]?/'v?tfh Range  |Activity® BRMP range® | Unit
measurable activity
K
okl Hong Kong 1 - 0.5
Metapenaeopsis Waters ]
barbata Z 5 DL I <49 Bq kg
(Fire prawn) Seas west of 1 - 0.6
Hong Kong
o K
iéﬁutstfgflgﬁfp Hong Kong 1 - 0.1 <270 Bq kg™
Waters
KR
. Hong Kong 2 0.1-0.8 0.5
f
Loligjg%dulis ﬁgﬁgs B <3 Bq kg
(Squid) ’ =
Seas west of 1 - 0.1
Hong Kong
formosae Hong Kong 3 0.1-0.6 0.3 <1 Bq kg
(Gastropod) Waters
=M
HO Cheung Chau 2 01-04 0.3
Perna viridis -85 )
(Green-lipped Tolo Harbour 2 0.4-11 0.7 <2 Bakg®
mussel) NGED-
Daya Bay 1 ) 0.7
- H- 2
Tapes - 8%7 ]
philippinarum Tolo Harbour 1 i 0.2 <2 B kg™
(Clam)
FEEERE .
Sargassum LR .
hemiphyllum Po Toi O 2 0.1 0.1 <2 Bq kg™
(Brown algae)
e
Enteromorpha H- 7 ;
prolifera Tolo Harbour 1 i 0.5 <5 Ba kg™
(Sea hair)
Iz o
N
Ulva lactuca Pﬁf/‘% 2 0.2 0.2 <2 Bq kg™
(Sea lettuce) o fol
Pt s
(FZEPF) | 3 .
Wet deposition Sha Tau Kok 8 0.1-26 1.3 <12 BqL*
(precipitation) TCHIE
Yuen Ng Fan 5 07-19 1.2
HIREY) P wic| @ i
Total deposition King’s Park ! 47113 232 <2210 Bg m*
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7 8. (8)
Table 8. (cont’d)
ERTHEEEN
AR . -
: HE EEO BRMP Hi[E©® | Eifir
I
BA Type | Hkh Location Total no. of Range | Activity® | BRMP range® | Unit
samples with
measurable activity
REAKER .
Water vapour in _R#’FEI 7 0.01 0.01 <2420) Bgm?3
air King’s Park
JLBERC/KE
Kowloon 2 0.2-04 0.3
distribution tap
BHZK (B R ) HRECKE
Drinking water Tuen Mun 3 03-12 0.6 <6 BqgL?
(treated) distribution tap
SHIFH TR 7K
Yau Kom Tau 2 01-11 0.6
Treatment Works
A B Kk
Muk Wu B 2 0.2-0.6 0.4
Pumping Station
SHITHEEE K
Yau Kom Tau 1 - 0.1
Treatment Works
P TE K
XK Tuen Mun 1 - 0.5
(REE T Treatment Works <6 By L
Drinking water VOB K ik g
(untreated) Shatin Treatment 1 - 0.9
Works
B H/KE
High Island 1 - 0.1
Reservoir
B
Plover Cove 2 0.2-0.6 0.4
Reservoir
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% 8. (48)
Table 8. (cont’d)
= U= =vrs
e
i o HE JEEW | BRMP #HiE®@ Efir
¥ Type Hi®E Location Total no. of HilE] s o L
samples with Range |Activity'] BRMP range Unit
measurable
activity
£ FF1f Cheung Hong Estate 1 - 06
FILEHT 1 i 04
Rk Kwan Lok San Tsuen :
Under r70und IR Wan Tsui Estate 1 - 0.4 <28 Bq L1
wa%er #E & §i; Wah Fu Estate 1 - 0.4 sS4 q
& LUl Fu Shan Estate 1 - 05
TEESG 1 i 05
Ching Leung Nunnery '
HK(LEE) K FM Basalt Island 2 07-10 | 08
Sea water - <6 BqL?
(upper level) e Port Island 2 01-16 0.9
K () Sk Basalt Island 2 03-1.2 0.8
Sea water - <6 BgL*
(middle level) 7~ Port Island 1 - 0.2
AZK((E)E) K3 Basalt Island 2 0.8-1.0 0.9
Sea water <6 BqL?
(lower level) R Port Island 2 11-13 1.2
TEEE/K GEERK)
Bottled water A Local 2 0.2-0.3 0.3 <4.96) BgL*
(Distilled)
TEHE/K (B8 2R 7K)
Bottled water A Local 3 02-1.0 0.6 <5.86 BgL*
(Mineral)

A

g

(1) WEZE—(EAEREH RS - RS -

(2) BRMP IRGRMERIEMN IR “<xoc o xx BEFARHARISEEA TN - 00 - UER G AT EIE
SRR - ISR "<

» xx AR B RHY SRR AE -

(©))
4)
®)
(6)
Note: (1)
&)
3
4)

®)

(6)

ZEANEIEN— N EFE+ A WAL BRMP & - S EURHHIE HiE Az A S AN S 8IE -
ZIEANELEN—NIRFE—H > WAL BRMP & - S EURHHIE HE Rz A S RN R 8IE -
IR R AEREREAHEL BRMP BRIERR S » [FIRFEORN IR AR TR » JRRZEAE 2011 50 T eIBEA AT
PRERJT7A AT 2008 FEHER T RAS PG T RS IEHIE -

ZEANEIEN BT EFEAA WA BRMP & - SEURHVHIEHE Az A S LR 8IE -
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 adoption of a new sample pre-treatment method in 2011 and the implementation of a
new Liquid Scintillation Counting System for measurement in 2008.

Measurement of this sample started in May 2007. The sample was not measured in BRMP. The indicated range
refers to results from first 5 years” sample measurement.
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9. B AFEEY RIREGE AN A HIEE-0 JEEHI 245 R
Table 9.  Measurement results of measurable activities of strontium-90 in food and environmental
samples in 2015
(AT HTT Bg kgt BAFHHET Bg LY & J72RET Bgm?®; &R AT Bgm?; FATEHT mBg kgt GAFAEHET
mBq L™; &K E FTuBg m)
SR HEEEN
U ZNL o . -
) : #E | EEY | BRMP®E® | By
| i .
¥ Type #h &k Location Totgl no. of samples Range |Activity® BRMP range® Unit
with measurable
activity
&K Rice A3t Mainland 2 2 2 <56 mBq kg
PIECAII/ZEIN)
Mainland
A (RN (Shenzhen/ 6 560 16 <81 B L
Pasteurized milk Huizhou) = meq
| 1 ) 6
Sha Tau Kok
L . &Il Shenzhen 4 37-96 56
550 Ch <266 Bq kg*
by AoLSAm JHt, Local 4 48-142 | 102 meake
. . ZEYI| Shenzhen 4 14 - 248 88
2% Pak choi <570 Bq kg
=% At Local 4 39-55 | 47 meae
ZH Banana A Mainland 3 613 10 <27 mBq kg
fHAE Mandarin A3t Mainland 2 42 — 82 62 <84 mBq kg
ZE Chicken A3t Mainland 2 2-4 3 <37 mBq kg
414 Beef A3t Mainland 1 - 7 <35 mBq kg
FERT Pig’ s liver A Mainland 1 - 25 <43 mBq kg
j(@ ZE3Il Shenzhen 1 - 4
Aristichthys .
- — <94 mBq kg*
nobilis TCEAH 5 4_5 4
(Big-head carp) Yuen Long
= -
Nemipterus japonicus ﬁk%ﬂd\’/ﬁv ![-|ong 1 - 4 <21 mBq kg
(Melon coat) ong vvaters
Zfifk Platycephalus R :
indicus %&%;K i\//ﬁVa!c_'e(szng 1 - 5 <25 mBq kgt
(Bartail flathead) g
TRkl
Metapenaeopsis FEAH/Kisk Hong i .
barbata Kong Waters ! 14 <66 mBq kg
(Fire prawn)
£ f4 Sepia spp. /K Hong
o 3 11-18 15 <240 mBq kg™
(Cuttlefish) Kong Waters
Loligo edulis /K Hong 1 - 9 <43 mBg kg
. Kong Waters
(Squid)
RV KK
Babylonia formosae Hong Kong 2 21-29 25 <31 mBg kg
(Gastropod) Waters
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*9. (%)
Table 9. (cont’d)
AR THIESE
R
BALRE e FEE® | BRMP #iE®
S T , HiE = Efir
ype &L Location Total no. of Activity BRMP .
. Range 1 @ Unit
samples with ( range
measurable
activity
M
L Cheung Chau 3 37-38 38
Perna viridis - 227k "
(Green-lipped Tolo Harbour 8 2 —46 21 <47 mBa kg
mussel) Kom&
Daya Bay 1 i 44
L)
Tapes - 22 A
- < -1
philippinarum Tolo Harbour ! 6 82 mBa kg
(Clam)
ngiaark 4 09-31 | 19
AT SO
. = _ < -3
Aw_borne Sha Tau Kok 4 2.2-4.2 3.2 <5 uBgm
particulate ——
LI 4 21-28 | 25
Yuen Ng Fan
Kf\gfﬁrk 3 75-292 | 17.9
SBIB(%) e
Wet deposition R 4 33-208 | 111 <39 mBq L
N Sha Tau Kok
(precipitation) T
H
Yuen Ng Fan 6 3.4-25.6 8.6
HIEY) s
N _ < 4) 2
Total deposition King’s Park 3 06-14 09 <39 Bam
o g R L
iiﬁg:%) Please see Table 6 2.3-139 5.8 <27.3 Bq kg*
Land soil (upper) 1
5 (e R
itﬁg?z) Please see Table 6 23-13.2 6.2 <19.9 Bq kg™
Land soil (lower) 1
KR ()
Suspgnded particulate oM 1 i 43 <7 mBq L
in sea water Port Island
(upper level)
KRR (R E) .
Suspended particulate Gl .
in sea water Port Island 1 i 3.9 <7 mBq L™
(middle level)
KRR (N E)
Suspz_anded particulate oM 1 ) 45 <7 mBq L
in sea water Port Island
(lower level)
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EaN (V) WHZEEREARSHR A HRER - RS E -

(2) BRMP HIEARMPTRATIRIL "< xx"  FoR » xx EaZ ARG T IRE - 0SB A P PRI ERZ B
o R E R <xx” > xx BB HEE 0 SRR ALY -

() BEAHEEN—IIEFE+A > WAL BRMP iR - S B RITHI R HE R A S A EHESE -

(4) FEAHEEN—NE—H > WA 1E BRMP IR - S BRI R HRE Rz A s TR EHE -

Note: (1) The mean activity is reported if there is more than one sample with measurable activities.

(2) 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.

(3) Measurement of this sample started in October 1997. The sample was not measured in BRMP. The indicated range refers to the
measurement results of the first 5 years.

(4) Measurement of this sample started in January 1996. The sample was not measured in BRMP. The indicated range refers to the
measurement results of the first 5 years.

% 100 “E-NFRYPEREEARNAIEA-2395 MR
Table 10. Measurement results of measurable activities of plutonium-239 in food and
environmental samples in 2015
SR TNREREN
T BRMP
_ - #wE | EEO | ®EO | B Uit
$A1 Type | #&E Location Total no. of o
) Range | Activity® | BRMP
samples with
o range®
measurable activity
MR (L) | VA 1 : 0.18
Intertidal Sha Tau Kok 1
. <0.19 Bg kg
sediment I
(upper) Tsim Bei Tsui 2 0.14 0.14
REE
Picnic Bay . 050
PHEREH
BRI Western 1 - 0.20
Seabed Anchorage <0.57 Bgkg®
sediment KIS
Tai Tan Hoi ! i 033
FEtRE
Lung Ha Wan ! 037
=

(1) wHZE—EEAERTTEER > IS S P -

(2) BRMP HIE&E R EHHM TR “< XX” 77 XX ZRZ SR SAZEI IR o 40 RAE DA th PSR i
BE o GRS R “<xXxX” o XX AR R RIS R A -

Note:
(1) The mean activity is reported if there is more than one sample with measurable activities.
(2) 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 11.  Overall summary of measurement results of samples in 2015
(ForHA Bakg?; FATHET Bg Lt FILJoKEHE ATuBg m?)

SRR
B - Measurement
B REAER results® Bt-131 $1-137 $1-134 i #8-90 $£-239 B
Pathway Sample Type N a 1-131 Cs-137 Cs-134 H-3 Sr-90 Pu-239 Unit
SEYE
Reference values®
KRHAREE 0.9
(FH B&fEtER) #i[# Range <10 <10 <10 | <0.2
=) Airborne 4.2
KA ' ---2 uBqm®
Atmospheric Particulate
(bulked monthly BRMP <108 <10 <10 <5 <0.2
sample)
sk #[E Range <0.1 <0.1 <0.1 0.1 0.002
. _— Bq kgl
Rice
BRMP <0.1 <0.9 <0.1 <1 <0.056
0.1 0.005
sty i Range <02 <03 <03 | |
Hhif Terrestrial ; 2.1 0.060 BqLt
Milk
BRMP <0.2 <0.3 <03 <6 <0.081
0.2 0.014
- #i[& Range <03 <04 <03 | |
3Z Vegetable 25 0.248 Bq kg™
BRMP <03 <04 <03 <74 <0.570
0.1 0.004
& #i[E Range <0.1 <0.1 <0.1 | | <0.002
i 05 0.005 Bakg®
Fish : :
7K BRMP <0.1 <0.2 <0.1 <2 <0.094 <0.002
Aquatic
: R B 01
" #i[& Range <01 <01 <01 |
ERHIZK 4
o 1.2 Bq L
Treated Drinking
Water BRMP <0.1 <0.1 <0.1 <6

Ay
Bl

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

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

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

Notes:

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

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

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

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

B AR R T RE R PR BORNI A T 11 S #E-90 R PEAZ 2

Results of the 2015 proficiency test organised by the International Atomic Energy Agency for the measurement of activities of

gamma-emitting radionuclides and strontium-90 in rice and water samples.

Z< Table 12a. & ktE 4 Rice Sample

=ae

EHE

HEAGER

P B [ R BPE [R - Re i
AR | e | ERFETERN | FrEet BmE Rt RO
Measu rem:;wt \i\slleasu remerﬁ FriRfcz BRE Zﬂiﬁiﬂ% JFE%{RE(D ﬁ%
B Result of HKO | Uncertainty of IAEA Target Uncertainty of Re_latlve p@ Maximum SEREREO) ERERE®
; o) Value IAEA Target Bias® Acceptable 3 R
Radionuclide (Value_HKO) HKO . _ (%) . . Accuracy® | Precision®
AR (U_HKO) (Value_IAEA) Value (BiasSrelative) Relative Bias
BLq* 0) S A BT @A EE (U_IAEA) (%) (MARB) provided
Ba/kg) Barkg) (BAFEY by IAEA
Barkg) (%)
$1-134 Az AR
Cs-134 133 10 12.0 04 +10.8 8.2 15 Acceptable Acceptable
se-187 GE 2 EE
Cs-137 407 2.1 386 0.9 54 57 15 Acceptable Acceptable
Z< Table 12b. /KiEA— Water Sample 1
K B R S T RE AR BB [RFREtiE
e %{é@% R BRI TREMEE | PRtz BEE Frigft <z s A fE S
- IV Frigttz BERME HEE HEHRE= =
Measurement Measurement IAEA T . f Relati Maxi
R et Result of HKO | Uncertainty of arget Uncertainty o elative @ aximum SERERED FERERE®
; - Value IAEA Target Bias® Acceptable 3 m
Radionuclide | (Value_HKO) HKO . _ (%) e Accuracy® | Precision®
AR ET (U_HKO) (Value_IAEA) Value (Biasrelative) Relative Ble_ls
Bq/kg) (Z&}-’rﬂﬁj &EATHEY (U_IAEA) (%) (MARB) provided
Bq/kg) Ba/kg) \BATHEA by IAEA
Ba/kg) (%)
$fa-134 Az AR
Cs-134 306 14 300 0.9 +2.0 55 5 Acceptable Acceptable
$f-137 Az AR
Cs-137 30.7 13 301 0.9 +2.0 5.2 5 Acceptable Acceptable
#5-90 AIREZ ARz
Sr-90 207 20 29.6 08 64 & 15 Acceptable Acceptable

€L



Z< Table 12c. /KigA . Water Sample 2

*12.  (#)
Table 12. (cont’d)

Bk T RefdS BRI
AXEHE | ERFETERE | Btttz BEE PR ft =~ S AAE S
AXEHBER | GERTIEER | prggty BEE FHEERE TRz fRz
Measurement Measurement ; ; ;
B Result of HKO | Uncertainty of IAEA Target Uncertainty of Re_latwe p@ Maximum SO EE RO
; ] Value IAEA Target Bias® Acceptable s o
Radionuclide (\(/gﬁgg%) (UH|—F|<}?O) (Value_IAEA) Value (Biasrelative) (%) Relative Bias Accuracy® | Precision
1 H B — relative
BLq\/kg) EATE t=7NI=E (U_IAEA) (%) (MARB) provided
Ba/kg) Ba/kg) BATEY by IAEA
Barkg) (%)
§y-22 T AT
Na-22 60.2 30 65.1 15 7S >3 15 Acceptable | Acceptable
£-65 BE s B
Zn-65 185.0 80 177.3 >1 +4.3 >4 15 Acceptable | Acceptable

).

(1) FHEHMRZE BiaSrelaive = (Value_ HKO — Value_IAEA)/Value IAEA x 100%

(2) P=V((U IAEA/Value IAEA)? + (U_HKO/Value_HKO)?) x 100%
(3) 7 BiaSrelative <= MARB » /EU%Z?::%Z/EEEE;% |—EJ‘¢%§J

(4) & P<=MARB J Biasrenative <= K*P » JIEERZIFHEE R " 1I#E2Z ) - K HEERT - 95%E(F/KPEF K £ 2.56 -

Note:

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

(2) P=V((U IAEA/Value IAEA)? + (U_HKO/Value_HKO)?) x 100%
(3) If BiaSrelative <= MARB, accuracy of the measurement is considered “Acceptable”.
(4) 1f P<=MARB and Biasrelaive <= k*P, precision of the measurement is considered “Acceptable”.

k is the coverage factor.

For the 95% confidence level, k is 2.56.

172
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Table 13. Results of the 2015 inter-laboratory comparison organised by the Shanghai

Radiation Environmental Supervision Station for the measurement of
activities of strontium-90 and tritium in water samples

TR R B b
AXEHEER SR
Rtz EE N
Measurement _ EEaE S
Reference Value provided EE¥EER
BUHERZR | Result of HKO Relative _
] . by ShRESS Comparison
Radionuclide Error®
(SRR %) resal
=} (o]
(BEAHET)
(Bg/sample)
(Bg/sample)
\Fg'go EJ‘?%%
6.56 7.02 -6.6
Sr-90 Acceptable
R AR
0.96 1.05 -8.6
H-3 Acceptable

¥
(1) fHERE = CHELEE - 2% E)/2EME x 100% - AIAHEEZR7SE 10%LLA > LSS AT a8 |-

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

is within 10%, the comparison result is considered “Acceptable”.
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Table 14.  Results of the 2015 inter-comparison on ambient gamma dose rate measurement organised by the China Institute of Atomic Energy

9/,

RXEHERGER o) @
tb%ﬁ%ﬁ&i&% ISR Measurement Result 2%5E ) {E§ ) PLEEER

Date and Location of Survey Point of HKO Reference Value® Deviation® c o Resll
Inter-comparison . /NS R, nGy hl % omparison Result
B . 1# Eilh, Meadow 161.0 161.0 0.0 [ $%3Z Acceptable

NAZAAE=+\H - -
26 t0 28 August 2# EiHh Meadow 165.3 166.7 -0.8 H[$#5Z Acceptable
EAFRLARREE 3# JKJEHE Concrete floor 174.8 175.0 0.1 T[22 Acceptable
King’s Park Meteorological | 44 w5y Meadow 162.4 163.0 04 AHZ Acceptable

Station, Hong Kong N —
5# JKJJEitmE Concrete floor 155.2 155.9 -0.4 af#:57 Acceptable

® =
S1 S . 105.5 105.5 0.0 T2 Acceptable

Centre of a room®

S2 FREAMAAH® -
+—H—Z1H On marble table inside a room® 129.0 1275 *1.2 PIESZ Acceptable

1to 5 November . . -
i S3 IiHEEYEE City waste warehouse 1215.0 1156.1 +5.1 n[$#5% Acceptable

ERAG T BT S ‘ _ —
Kunming and its S4 g City waste warehouse 684.7 668.9 +2.8 a5 Acceptable
neighbouring regions in E5 /KifilE Measurement over waters 58.5 57.4 +1.9 w57 Acceptable
Yunnan E6 =i Meadow 87.1 87.7 -0.6 H[$25% Acceptable
E7 7KJEHtiE Concrete floor 73.3 72.5 +1.1 H[$%5Z Acceptable
E8 JEF &M Asphalt pavement 68.1 67.7 +0.6 T $257 Acceptable

At

1)  2HERFAESEBEIAIEFSE -

(2 fwE =CHEl — 25H)/ 2%E x100% , HEEFREE 10%A N B EEZ -
() KRR - HEE=EET -

Note:

1) Reference value is the mean measured value of all participants.

) Deviation = (Measured value — Reference value)/Reference value x 100%. Measurement result with deviation within 10% is considered acceptable.
3) Measurements were carried out at indoor locations due to rainy weather.



