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Executive summary
Under the Nuclear Safety and Control Act (NSCA), licensees are required to make adequate
provision for the protection of the environment and the health and safety of persons. This
includes developing effluent and environmental monitoring programs, which are implemented
as a licence condition to demonstrate that the public and the environment are protected. The
results of these monitoring programs are submitted to the Canadian Nuclear Safety
Commission (CNSC) to ensure compliance with applicable guidelines and limits, as set out in
regulations that oversee Canada’s nuclear industry.
Canadian Nuclear Laboratories (CNL) is licensed by the CNSC to operate Whiteshell
Laboratories, under a Class 1B nuclear facility, located near Pinawa, Manitoba approximately
100 kilometres northeast of Winnipeg, on the east bank of the Winnipeg River. CNL is required
to implement and maintain a comprehensive environmental protection program (EPP) in order
to monitor and control radioactive and hazardous substances released from the Whiteshell
Laboratories facilities, determine concentrations of contaminants in the environment, and
assess exposure to the public.
To complement ongoing compliance activities, the CNSC established its Independent
Environmental Monitoring Program (IEMP) in 2012, to verify that the public and the
environment around licensed nuclear facilities are protected. The IEMP involves taking samples
from public areas around the facilities, and measuring and analyzing the amounts of radioactive
and hazardous substances in those samples. CNSC staff collect the samples and send them to
the CNSC’s laboratory for testing and analysis.
The 2017 IEMP sampling plan for Whiteshell Laboratories focused on radioactive contaminants.
A site-specific sampling plan was developed based on CNL’s EPP environmental protection
program, the CNSC’s regulatory experience with the site, and input from the Sagkeeng First
Nation who requested that fish from the Winnipeg River be sampled. In 2017, samples were
collected in publicly accessible areas outside the Whiteshell Laboratories perimeter and
included air, river water, soil and river sediment, vegetation and food.
The radioactivity measured in air, water, sediment, soil, vegetation and food samples was
below available guidelines and CNSC screening levels. CNSC screening levels are based on
conservative assumptions about the exposure that would result in a dose of 0.1 mSv/year. No
health or environmental impacts are expected at this dose level.
The IEMP results indicate that the health and safety of people and the environment in the
vicinity of Whiteshell Laboratories are protected. These results are consistent with the results
submitted by CNL, demonstrating that the licensee’s EPP currently in place protects the people
and the environment.
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1. Introduction
The Canadian Nuclear Safety Commission (CNSC) regulates the use of nuclear energy and
materials to protect health, safety, security and the environment; to implement Canada’s
international commitments on the peaceful use of nuclear energy; and to disseminate objective
scientific, technical and regulatory information to the public.
As a condition of Whiteshell Laboratories’ operating licence, Canadian Nuclear Laboratories
(CNL), the licensee for Whiteshell Laboratories, is required to implement and maintain a
comprehensive environmental protection program (EPP) to monitor and control radioactive
and hazardous substances released from Whiteshell Laboratories.
The CNSC conducts activities to verify compliance of licensees’ programs. These activities
include technical reviews of licensees’ results, which are submitted to the CNSC annually, as
well as site inspections. CNSC staff review the licensees’ monitoring results to ensure that:
 the licensee is demonstrating adequate operational control of its facility
 environmental releases are below applicable limits
 principles of pollution prevention and ALARA (as low as reasonably achievable, with
social and economic factors taken into account) are being applied
 people and the environment are protected
The CNSC implemented its Independent Environmental Monitoring Program (IEMP) to align
with other Canadian and international regulatory bodies. The IEMP complements licensees’
environmental monitoring programs assessed against regulatory requirements during licensing.
The IEMP also complements compliance activities, which are carried out to ensure that
licensees are adhering to the regulatory requirements, licence conditions and their EPPs
throughout the operation of nuclear facilities.
The IEMP is carried out by CNSC staff in public areas and consists of sampling environmental
media and analyzing radioactive and hazardous substances released from facilities in all areas
of the nuclear fuel cycle: uranium mines and mills, processing facilities, power plants and
research reactors, as well as waste management facilities. A summary of the results is made
available on the CNSC website.

2. Background
2.1 Whiteshell Laboratories
Whiteshell Laboratories was established by Atomic Energy of Canada Limited (AECL) in the early
1960s to carry out nuclear research and development activities. The site is a Class 1B nuclear
facility which encompasses an area of 4,375 hectares. The Whiteshell Laboratories site is
located near Pinawa, Manitoba; approximately 100 kilometres northeast of Winnipeg, on the
east bank of the Winnipeg River. In 1997, AECL decided to discontinue most of the research
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programs and operations at Whiteshell Laboratories. Subsequently, AECL received government
concurrence in 1998 to carry out activities to close the facility. CNL has started the activities to
complete the orderly decommissioning of the Whiteshell Laboratories site.
The CNSC regulates CNL’s activities at Whiteshell Laboratories under the Nuclear Research and
Test Establishment Decommissioning Licence, NRTEDL-W5-8.04/2018.

2.2 Whiteshell Laboratories environmental protection program
The Whiteshell Laboratories EPP is comprised of the effluent and emission monitoring program
and the environmental monitoring program (EMP). The effluent and emission monitoring
program ensures that releases to the environment from the facility are controlled and
monitored. The EMP program is established to determine the level of contaminants in the
environment as a result of the releases, and assesses any environmental impacts.

2.2.1 Whiteshell Laboratories effluent and emission monitoring program
As part of the Whiteshell Laboratories EPP, CNL has controls in place to minimize the releases of
radioactive and hazardous substances into the environment. Such controls incorporate the
principles of pollution prevention and ALARA to ensure that releases are below prescribed
limits. CNL’s air emission and liquid effluent monitoring program regularly monitors radioactive
and hazardous releases from the Whiteshell Laboratories operations.
The major operating facilities at the site are the Shielded Facilities, the Active Liquid Waste
Treatment Centre (ALWTC), and the Waste Management Area (WMA). The Shielded Facilities
include the Hot Cell Facility and the Immobilized Fuel Test Facility area which includes a waste
processing/handling area and a suite of analytical laboratories. In total, these facilities are the
major sources of radioactive airborne effluent releases from the site. The primary source of
liquid effluent releases at the site is the process water outfall (Outfall), which discharges
continuously to the Winnipeg River. The secondary source of liquid effluent is the sewage
lagoon (Lagoon), which is normally discharged twice per year to the Winnipeg River.
In line with CNSC requirements, release limits with corresponding action levels for airborne and
waterborne radioactive and hazardous releases from Whiteshell Laboratories are prescribed in
CNL’s operating licence, NRTEDL-W5-8.04/2018, and the corresponding licence conditions
handbook issued by the CNSC. These limits and action levels are in place to establish a
framework to ensure that releases are controlled and to ensure the protection of the health
and safety of the public and of the environment. The results from the Whiteshell Laboratories
effluent and emissions monitoring program for radioactive and hazardous parameters are
below the limits and action levels. CNL’s effluent and emission monitoring results are provided
in CNL’s annual compliance report [1].
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2.2.2 Whiteshell Laboratories environmental monitoring program
CNL maintains an environmental monitoring program (EMP) for Whiteshell Laboratories, which
monitors the radioactive and hazardous substances from numerous locations within the
Whiteshell Laboratories’ site and in the surrounding area.
The results from the Whiteshell Laboratories EMP for radioactive substances were below the
respective regulatory limits indicating that the public or the environment are protected. CNL’s
monitoring and assessment results are provided in CNL’s annual compliance report [1].

3. Independent Environmental Monitoring Program
3.1 Objective
The objective of the IEMP is to independently verify that the public and the environment
around nuclear facilities are protected from the releases from the facilities. Additionally, it
helps to confirm the CNSC’s regulatory position and supports decision making. The IEMP is not
intended to be a mechanism to validate or modify the facility’s EMP, as this is achieved through
the CNSC’s licensing and compliance activities. The results are independent of the facility’s
EMP.
The IEMP objective can be achieved by:
 directly measuring contaminant concentrations in the surrounding environment that are
associated with nuclear activities
 comparing contaminant concentrations with available background values,
environmental quality criteria and other available benchmarks
 assessing risk to the public and the environment associated with releases and
concentrations of radioactive and hazardous substances in the environment
 seeking input from Indigenous communities to provide meaningful results
 disseminating information to the public by posting results on the CNSC’s interactive,
user-friendly IEMP dashboard and by making IEMP technical reports available upon
request

3.2 Program design
The site-specific sampling plan took into consideration CNL’s EMP and the CNSC’s regulatory
experience with Whiteshell Laboratories.

3.3 Indigenous and municipal engagement and outreach activities
During the planning phase of a sampling campaign, notification letters are sent to Indigenous
communities and municipalities located in the vicinity of the facilities. These letters inform
potentially interested parties about the program and the upcoming sampling campaign. CNSC
staff consider comments or suggestions as a result of these communications when planning the
sampling campaign.
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Initially, no response to the notification letters was received for this year’s campaign. However,
various communications and outreach activities have been ongoing between Indigenous
communities and CNSC staff regarding the environmental assessment process for CNL’s
proposed In Situ Decommissioning of the Whiteshell Reactor #1 (WR-1 Reactor).
In May 2017, the Sagkeeng First Nation and CNSC staff met to discuss the proposed project and
IEMP. During that meeting the Sagkeeng First Nation requested that fish from the Winnipeg
River be sampled. CNSC staff worked with the Sagkeeng First Nation to sample Northern Pike
caught downstream from the Whiteshell Laboratories site.
Sampling results were provided to Sagkeeng First Nation in April 2018. CNSC staff will discuss
the results with Sagkeeng First Nation on September 27th, 2018. CNSC staff will continue to
work with Indigenous communities in future sampling campaigns to ensure meaningful results
are obtained.

4. Sampling, analytical results and discussion
4.1 Sampling criteria
Sampling is conducted based on the following criteria:


Contaminants of potential concern (COPC): Contaminants are identified based on the
operation of the site, releases to the environment, and other factors identified in the
facility environmental risk assessment.



Environmental samples: Environmental samples are obtained from various media and
biota (e.g., air, water, soil, vegetation) and food (e.g., meat, fish, milk, produce),
reflecting the exposure pathways by linking releases from operation of the facility with
human receptors (i.e., environmental transfer).



Locations: Locations are publicly accessible areas that are representative of areas of
potential exposure based on exposure pathways, as well as reference locations (see
section 4.3).

When the sampling locations were being chosen, the possible dispersion of operational
releases from the Whiteshell Laboratories site were taken into account. Most locations are
close to or at the CNL offsite sampling locations for the facility. The samples were collected on
public land at locations that were accessible by the public, outside of the Whiteshell
Laboratories perimeter fence. Figures A-1 to A-6 in appendix A provide maps of these locations.
A total of 17 samples of air, water, soil, sediment and vegetation and food were collected in
August 2017. Sample collection techniques were grab sampling, shovelling, and purchasing of
locally produced dairy and meat from local stores.
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4.1.1 Field protocol
The CNSC’s IEMP sampling procedures were developed based on recognized and validated
sampling methods. Sample preservation is conducted by following best practices for applicable
analytical methods. Field blanks and duplicates are routinely used to ensure quality control.
Samples are shipped to the CNSC laboratory using predetermined protocols for packaging and
chain-of-custody (cooler and ice for sample preservation, delivered in person by CNSC staff or
shipped using a courier service).
For the Whiteshell Laboratory sampling, the samples were transported to the CNSC laboratory
by the sampling team / were transported by courier.

4.2 Analytical techniques
Analytical techniques used to analyze the samples collected are presented in appendix B.

4.3 Interpretation criteria
Various sources are used to interpret the results, including comparisons with applicable
background values and appropriate federal and/or provincial environmental quality criteria.
For Whiteshell Laboratories, the following criteria were used to interpret the results.
National environmental quality criteria used include Health Canada’s Guidelines for Canadian
Drinking Water Quality [2].
For radioactive parameters where no criteria exist, CNSC screening levels were established
based on conservative assumptions and using the methodology found in CSA Group standard
CSA N288.1-14, Guidelines for calculating derived release limits for radioactive material in
airborne and liquid effluents for normal operation of nuclear facilities [3]. The screening level
for a particular radionuclide in a particular medium represents the activity concentration in that
medium that would result in a whole-body effective dose of 0.1 mSv/year to a member of the
public, based on the dominant exposure pathways (e.g., inhalation, ingestion or external
immersion). The dose of 0.1mSv/year was chosen to align with the approach used by the World
Health Organization and Health Canada for drinking water standards [2][4]. It represents onetenth of the CNSC’s public dose limit of 1 mSv/year, which is reflective of a dose where no
health impacts are expected.
The licensee’s data are also considered when the CNSC assesses IEMP results. This is to verify
that these data are within the numerical range of what was measured in the IEMP. Accordingly,
should an IEMP sample result be above the range reported by the licensee and have a potential
for risk, an investigation will be launched and necessary actions will be taken to protect public
health and the environment.
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4.4 Air sample results and discussion
Air samples were collected at the locations described in table 1 and shown in appendix A.
Table 1: Description of air samples
Sample ID

Sampling location

Location rationale

WL03-A01

Alice Chambers Trail, off of HWY 520

Located east of the facility. Dominant wind
direction from north west.

Radionuclide concentrations in the air sample collected around the Whiteshell Laboratories are
provided in table 2. Sample results for cesium-137 (Cs-137), and cobalt-60 (Co-60) were below
the minimum detectable concentration (MDC) in the 2017 air samples.
All sample results noted in the table below were either not detected or below CNSC’s screening
levels.
Table 2: Results of air samples
Sample ID
Screening levela
WL03-A01

Year

Cesium-137

Cobalt-60

2017

2.56 Bq/m3
<0.000049

0.832 Bq/m3
<0.000064

Note: The < symbol indicates that a result is below the minimum detectable concentration for laboratory analysis.
a
The concentration required for a hypothetical representative person (most-exposed member of a critical group) to receive an
effective whole-body dose of 0.1 mSv/year due to exposure to the given radionuclide. Screening levels calculated based on
conservative assumptions using CSA Group Standard N288.1-14[3].

4.5 Water sample results and discussion
The location and description of water samples collected are provided in table 3 and shown in
appendix A.
Table 3: Description of water samples
Sample ID

Sampling location

Sample description

Location rationale

WL03-W03

Alice Chambers Trail, off
of HWY 520

Surface water (Stream)

Upstream from the
nuclear facility.

WL02-W01

Willis Rd Public Dock,
Winnipeg River

Surface water (River)

WL01-W02

Lac Du Bonnet, La
Verendrye Boat Launch
Winnipeg River

Surface water (River)
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Upstream from the
nuclear facility.
Downstream of the
outfall. Close to town of
Lac du Bonnet.

Radionuclide concentrations in water samples collected around the Whiteshell Laboratories are
provided in table 4. Levels were compared to Health Canada’s Guidelines for Canadian Drinking
Water Quality [2] except for cobalt-60 data which was compared to CNSC’s screening level [3].
In 2017, levels of tritium, cesium-137 and cobalt-60 in the water samples were below the MDC.
The 2017 gross alpha and gross beta levels were below MDC for sampling locations W01 & W03
and those results for sampling location W02 were below Health Canada’s Guidelines for
Canadian Drinking Water Quality [2] (0.5 & 1.0 Bq/L respectively).
In summary, all results of the 2017 surface water analysis (none of the samples being the
sources of drinking water), as shown in table 4, were found to be below the MDC or Health
Canada’s Guidelines for Canadian Drinking Water Quality [2] demonstrating that the CNL’s
environmental protection program protects the people and the environment.
Table 4: Results of water samples
Sample ID
Screening level
WL03-W03
WL02-W01
WL01-W02

Year

Cesium-137

Cobalt-60

Gross Alpha

Gross Beta

2017
2017
2017

10.0 Bq/La
<0.25
<0.25
<0.25

12.1 Bq/La
<0.27
<0.27
<0.27

0.5 Bq/Lb
0.30
<0.07
<0.07

1.0 Bq/Lb
0.24
<0.13
<0.13

Tritiated
Water
7,000 Bq/Lb
<3.0
<3.0
<3.0

Note: The < symbol indicates that a result is below the minimum detectable concentration for laboratory analysis.
The concentration required for a hypothetical representative person (most-exposed member of a critical group) to receive an
effective whole-body dose of 0.1 mSv/year due to exposure to the given radionuclide. Screening levels calculated based on
conservative assumptions using CSA Group Standard N288.1-14[3].
b
Health Canada Guidelines for Canadian Drinking Water Quality [2]

a

4.6 Soil and sediment sample results and discussion
The location and description of the soil and sediment samples collected are provided in table 5
and shown in appendix A.
Table 5: Description of soil and sediment samples
Sample ID

Sampling location

WL03-S01

Alice Chambers Trail, off of
HWY 520

Soil

WL02-S02

Willis Rd Public Dock,
Winnipeg River

Soil

WL01-S03

Lac Du Bonnet, La Verendrye
Boat Launch

Soil

WL02-SE01

Willis Rd Public Dock,
Winnipeg River

Sediment
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Location rationale
Downstream the dominant
wind direction from north west
(deposition).
Upstream from the nuclear
facility.
Downstream of the outfall.
Close to town of Lac du
Bonnet.
Upstream from the nuclear
facility.

Radionuclide concentrations in soil and sediment samples collected around Whiteshell
Laboratories are provided in table 6. Results were compared with CNSC screening levels. All
samples with detectable concentrations were lower than the CNSC screening levels.
These IEMP results are within the same numerical range to the results reported in CNL’s annual
reports demonstrating that CNL’s environmental protection program protects the public and
the environment.
Table 6: Results of soil and sediment samples
Sample ID
Screening levela
WL03-S01
(soil)
WL02-S02
(soil)
WL01-S03
(soil)
Screening levela
WL02-SE01
(sediment)

Year

Cesium-137
58.6 Bq/kg dry weight

Cobalt-60
14.1 Bq/kg dry weight

2017

<0.98

<0.97

2017

8.9

<0.97

2017

1.5

<0.97

37,300 Bq/kg dry weight

5,870 Bq/kg dry weight

<0.98

<0.97

2017

Note: The < symbol indicates that a result is below the minimum detectable concentration for laboratory analysis.
The concentration required for a hypothetical representative person (most-exposed member of a critical group) to receive an
effective whole-body dose of 0.1 mSv/year due to exposure to the given radionuclide. Screening levels calculated based on
conservative assumptions using CSA Group Standard N288.1-14[3].

a

4.7 Grass and wild vegetation sample results and discussion
The location and description of vegetation samples are provided in table 7 and shown in
appendix A.
Table 7: Description of grass and wild vegetation samples
Sample ID

Sampling location

Sample description

WL03-V01

Alice Chambers Trail, off
of HWY 520

Grass/Vegetation

WL02-V02
WL01-V03

Willis Rd Public Dock,
Winnipeg River
Lac Du Bonnet, La
Verendrye Boat Launch

Grass/Vegetation
Grass/Vegetation

Location rationale
Downstream the dominant
wind from the north west
(deposition).
Upstream from the nuclear
facility.
Downstream of the outfall.
Close to town of Lac du Bonnet.

The 2017 results for grass and wild vegetation are presented in table 8. The 2017 values of
tritiated water (HTO), organically bound tritium (OBT), cesium-137 and cobalt-60 were below
the MDC.
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These IEMP results demonstrate that CNL’s environmental protection program protects the
public and the environment.
Table 8: Results of grass and wild vegetation samples
Sample ID
Screening
levela
WL03-V01
WL02-V02
WL01-V03

Year

Cesium-137

Cobalt-60

2017
2017
2017

52 Bq/kg
fresh weight
<3.4
<3.4
<3.4

605 Bq/kg
fresh weight
<3.9
<3.9
<3.9

Organically
Bound Tritium
(OBT)
21,700 Bq/kg
fresh weight
<1.3
<1.3
<1.3

Tritiated
Water (HTO)
50,000 Bq/kg
fresh weight
<3.0
<3.0
<3.0

Note: The < symbol indicates that a result is below the minimum detectable concentration for laboratory analysis.
The concentration required for a hypothetical representative person (most-exposed member of a critical group) to receive an
effective whole-body dose of 0.1 mSv/year due to exposure to the given radionuclide. Screening levels calculated based on
conservative assumptions using CSA Group Standard N288.1-14[3].

a

4.8 Food sample results and discussion
The location and description of food samples are provided in table 9 and shown in appendix A.
Table 9: Description of food samples
Sample ID

Sampling location

Sample description

WL04-F01
WL05-F02
WL06-F03
WL07-F04
WL07-F05
WL07-F06

Reserve Boundary
Fontaine’s Creek
Courchesne’s Point
Greenway Grocery
Greenway Grocery
Greenway Grocery

Food – Northern Pike
Food – Northern Pike
Food – Northern Pike
Food – carrots
Food – kale
Food – cucumber

Location rationale

Of interest to Sagkeeng First
Nation
Greenway grocery is the
closest source of local food

The 2017 results for food are presented in table 10. The results detected were much lower than
CNSC’s screening levels, where the 2017 values of tritiated water (HTO), organically bound
tritium (OBT), cesium-137 and cobalt-60 were below the MDC with the exception of WL04-F01
(Northern Pike).
These IEMP results demonstrate that CNL’s environmental protection program protects the
public and the environment.
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Table 10: Results of food samples
Sample ID

1,350 Bq/Kg
fresh weight

Organically
Bound Tritium
(OBT)
212,000 Bq/Kg
fresh weight

488,000 Bq/Kg
fresh weight

<1.1

<1.2

1.3

<3.0

2017

<1.1

<1.2

<0.9

<3.0

2017

<1.1

<1.2

<0.9

<3.0

160 Bq/Kg
fresh weight

373 Bq/Kg
fresh weight

45,200 Bq/Kg
fresh weight

104,000 Bq/Kg
fresh weight

2017

<1.4

<1.5

<0.9

<3.0

2017

<1.2

<1.5

<0.9

<3.0

2017

<1.0

<1.3

<0.9

<3.0

Year

Cesium-137

Cobalt-60

1,040 Bq/Kg
fresh weight
2017

Screening levela
WL04-F01
(Northern Pike)
WL05-F02
(Northern Pike)
WL06-F03
(Northern Pike)
Screening levela
WL07-F05
(carrots)
WL07-F06
(kale)
WL07-F04
(cucumber)

Tritiated
Water (HTO)

Note: The < symbol indicates that a result is below the minimum detectable concentration for laboratory analysis.
The concentration required for a hypothetical representative person (most-exposed member of a critical group) to receive an
effective whole-body dose of 0.1 mSv/year due to exposure to the given radionuclide. Screening levels calculated based on
conservative assumptions using CSA Group Standard N288.1-14[3]

a
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5. Conclusion
The analyses for radioactive substances of samples collected around the Whiteshell
Laboratories were performed using appropriate and validated analytical methods.
The measured radioactivity in all the samples with detectable radioactive substance
concentrations was below CNSC screening levels and Health Canada guidelines. CNSC screening
levels are based on conservative assumptions about the exposure that would result in a dose of
0.1 mSv/year, which represents one-tenth of the CNSC’s public dose limit of 1 mSv/year.
Overall, the results indicate that no health impacts are expected at this dose level.
The IEMP results for 2017, for Whiteshell Laboratories indicate that the public and the
environment in the vicinity of the Whiteshell Laboratories are protected. These results are
consistent with the results submitted by CNL and demonstrate that the licensee’s EPP protects
people and the environment around the nuclear facility.
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Acronyms
AECL

Atomic Energy of Canada Limited

ALARA

as low as reasonably achievable

ALWTC

Active Liquid Waste Treatment Centre

CNSC

Canadian Nuclear Safety Commission

CNL

Canadian Nuclear Laboratories

COPC

contaminant of potential concern

CSA Group

name of organization formerly called Canadian Standards Association

EMP

environmental monitoring program

EPP

environmental protection program

HPGe

high-purity germanium

HTO

tritiated water

IAEA

International Atomic Energy Agency

IEMP

Independent Environmental Monitoring Program

LSC

liquid scintillation counter

MDC

minimum detection concentration

NIST

National Institute of Standards and Technology

NSCA

Nuclear Safety and Control Act

OBT

organically bound tritium

PT

proficiency testing

QC

quality control

WL

Whiteshell Laboratories

WMA

Waste Management Area
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Appendix A: Maps
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Figure A-1: Overview of Whiteshell Laboratories and 2017 sample locations
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Figure A-2: Locations of the Whiteshell Laboratories site and 2017 samples east of the facility
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Figure A-3: Locations of the Whiteshell Laboratories site and 2017 samples north of the facility
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Figure A-4: Locations of the Whiteshell Laboratories site and 2017 samples south of the facility
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Figure A-5: Locations of the Whiteshell Laboratories site and 2017 samples north west of the facility
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Figure A-6: Locations of the Whiteshell Laboratories site and 2017 samples east of the facility

e-Doc: 5512721

24

Appendix B: Analytical techniques
1. Analytical techniques
The following sections discuss the analytical techniques used to analyze the samples
collected around the Whiteshell Laboratory facility.

1.1. Radiological analyses
1.1.1. Air Samples
The air-particulate filter samples were analyzed using the high-purity germanium (HPGe)
detector for gamma-emitting radionuclides.

1.1.2. Water samples
The water samples were analyzed for tritiated water (HTO) using a liquid scintillation
counter. The water samples were analyzed for gross alpha and beta content using a gas
proportional counter. The concentration of gamma-emitting radionuclides was
measured using a high-purity germanium detector.

1.1.3. Soil/sediment samples
For gamma radioactivity, the soil samples were first gently sieved through a 2 mm mesh
sieve. The sieved samples were dried in a laboratory oven at 105 °C for 24 hours. After
drying, the samples were dry milled and measured for gamma-emitting radionuclides
using a high-purity germanium detector.

1.1.4. Fish, food and vegetable samples
The fish, food and vegetable samples were analyzed for HTO and organically bound
tritium (OBT). For HTO analysis, water was extracted from food samples using the
freeze-drying method. The extracted water samples were analyzed for HTO using a low
background liquid scintillation counter. For OBT analysis, the dried food samples were
combusted in an oxygen pressure vessel. The extracted water was purified and
measured using the liquid scintillation counter.
For gamma analysis, each food sample was homogenized using a food blender and
transferred into an appropriate container for measurement using high-purity
germanium detector.

1.1.5. Grass and wild vegetation samples
For gamma analysis, the samples were cut into small pieces and transferred into an
appropriate container for measurement using high-purity germanium detector. The wild
vegetation samples were also analyzed for HTO and OBT. For HTO analysis, water was
extracted from the samples using the freeze-drying method. The extracted water
samples were analyzed for HTO using a low background liquid scintillation counter. For
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OBT analysis, the dried samples were combusted in an oxygen pressure vessel. The
extracted water was purified and measured using the liquid scintillation counter.

1.2.

Quality control

The principal objective of the laboratory analysis is to produce high-quality data. This is
achieved through the use of validated analytical methods and procedures that are
accurate and reliable.
Standard reference materials obtained from the U.S. National Institute of Standards and
Technology (NIST) and the International Agency for Atomic Energy (IAEA) written
methods and standard operating procedures are used. In addition, the CNSC laboratory
participates in proficiency testing (PT) offered by national and international PT
providers.
The following sections provide an overview of the quality control (QC) elements which
ensure the quality of the IEMP data.

1.2.1. Radiological analyses
Selected standard reference materials traceable to NIST were used to calibrate the
parameters of the counting instruments. For the tritium analysis, a tritium NIST 4926e
standard was used as the QC sample and calibration standard. In addition, instrument
performance is verified regularly using the standards provided with the instrument. The
QC criterion specifies that the amount of variation of the set of data values of the QC
checks must be within 3 standard deviations of the mean value of the QC standard
values. All radiological sample batches also include background measurements.
The laboratory participates in PT exercises offered by national and international
providers and has achieved passing results for analysis of tritium, gross alpha/beta, and
gamma-emitting radionuclides in various samples. For example, the CNSC laboratory
participates annually in the IAEA’s PT program and has analyzed samples with gamma
emitting radionuclides in environmental and food samples.

1.2.2. Minimum detectable concentration
The minimum detectable concentration (MDC) is the minimum detectable activity
measured in unit of concentration. MDC is defined as the smallest concentration of
radioactivity in a sample that can be detected [1]. The reported MDC values are within
the 95% confidence levels and represent the overall measurement method. They will be
slightly different from sample to sample depending on sample size and measurement
time.
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