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Radionuclides were first discovered in the late 15005, amd artificial (;lmhmpogmu:] radionuclides
in the 1930z. Since then, this group of subs d into various
peaceful and non-peaceful applications acrass C.'mada and the world, bringing with it both
advanced technological and medical benefits, and public concern about the dangers from radi-
arion exposure. As such, a breadth of research on, and monitoring of, radionuclides in the Ca-
nadian environment has been generated, the results of which span decades. However, a recent
comprehensive review of these is not readily available. This stdy aims to fill this gap by syn-
thesizing available lnemu:e from the last 30 years on the Canadian state and provenance of
to better the context of overall sources and status of
contamination. The findings indicate that while regional and temporal variations exist, on
average, routine radionuclide exposure in Canada is generally acributed mainly to nacural
sources and fallout from historical nuclear weapons testing and nuclear accidents (including the
Chernobyl and Fukushima power plant accidents) and to a smaller degree to emissions from
nuelear facilities, ineluding active and histerical uranium mines and mills, nuelear research fa-
cilities, and nuclear power plants. Levels of anthropogenic radienuclides in the Canadian envi-
ronment have declined since the initial cessation of nuclear weapons testing in the 1960s and are
zenerally below guidelines protective of human health. On the national scale, present-day nuclear
sector facilities do not appear to be a significant source of routine anthropogenic, nor technically-
enhanced naturally occurring radionuclide exposure, though local scenarios may vary. These
findings contribute context for evaluating the of nuclear
radioactive materials and waste in Canada and globally, in line with UN Sustainable Development
Goal 12 and target 12.4: responsible management of chemicals and waste.

Introduction

Radionuclides were first discovered in the late 18005, and artificial (anthropogenic) radionuclides in the 19305 [1]. Since then,
ionuelides have been i ingly incorporated into various peaceful and non-peaceful technologies across Canada and the world,
mdudmg npp].l(-a(mns in energy production, medicine, lighting, historical//tracer analyses, and weapons [2-6]. Entwined with these

and ad has been public fear of the dangers from radiation exposure due to both nuclear weapons
and from peaceful radionuclide use/possession for activities such as routine power generation [7]. Together, these advancements and
fears have driven the formation and direction of key regulatory bodies and frameworks to govern the use of radionuelides. For
example, the International Atomic Energy Agency (IAEA) and the United Nations Comprehensive Test Ban Treaty (CTBT) on the global
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Canadian nuclear facilities do not contribute significantly to

ABSTRACT: "This novel characterization of new Canadian radionuclide release
data aims to hoth deepen the understanding of the nature and magnitude of
present-day emissions from nuclear facilities and accelerate the tracking of this
sector’s progress toward United Nations Sustainable Development Goal (SDG) 12
(responsible consumption and wse patterns) and target 12.4 (environmentally
sound chemicals management). Further novel perspectives on the role of this data
as an indicator of sustainability are discassed by merging it with other pollutant
releases from this sector, as reported to the National Pollutant Release Inventory
(NPRI), to fill gaps in the latter’s substance coverage. These public data sets are
processed and analyzed using Tableau software and the Organization for
rk for using pollutant release
and transfer (PRTR) data in sustainability analysis. Findings confimm that
radionuclide emissions to air and direct discharges to water from present-day
-scale radionuclide

RESPONSIBLE
CONSUMPTION
AND PRODUCTION

W INTRODUCTION

Since the early 20th century, Canada has increasingly
incorporated nuclear technology into a range of applications
including those related to energy, medicine, lighting, tracer
analyses, and weapons.' > Concurrent public concerns over
radioactivity exposure from these uses has driven a large body of
environmental research and monitoring in Canada. A recent
scoping review of this literature showed that, while regional and
temporal variations exist, matural and anthropogenic radio-
nuclides are somewhat ubiquitous in the Canadian environ-
ment” The review found that the state and provenance of
anthropogenic radionuclide contamination in Canada is
generally attributed to fallout from historical nuclear weapons
testing and nuclear accidents (satellite crashes, Chernobyl and
Fukushima power plant accidents), and to a smaller degree from
emissions from nuclear facilities, including active and historical
uranium mines and mills, nuclear research facilities, nuclear
processing facilities, and nuclear power plants. However, while
the review looked at radionuclide presence in the environment, a
specific n of ions/releases from present-d:

nuclear sector facilities, particularly in the lens of sustainability,
was not included. Thus, there is an opportunity to do so to gain

crown © 2023, Publsed i
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Morcover, findings validate

the usefiulness of combining various PRTR (and similar) data to address substance coverage gaps and set a global precedent for
strengthening PRTR indicator power in SDG 12 evaluation. This work underscores the value of interoperable data in accelerating
Knowledge translation of PRTRs in the lens of sustainable development.

KEYWORDS: SDG goal 12, SDG target 12.4, radionuclide emissions, nudlear sector, Canada, sustainable development

further insights on the role these facilities play in the context of
other sources, and the progress of this sector toward
sustainability.

B BACKGROUND AND APPROACH

How Are Nuclear Material and Activities in Canada
Regulated? In Canada, the regulation of activities involving the
development, production, and use of nuclear energy and the
production, possession and use of nuclear substances is a matter
of federal jurisdiction, as declared in section 71 of the General
Nuclear Safety and Control Act (5.C. 1997, ¢.9) (NCSA).” The
key governing body to execute this function is the Canadian
Nuclear Safety Commission (CNSC) which has decision-
‘making authority independent from government. Table SI-1 (SI,
Supporting Information) details the NCSA regulations and
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Background

Henri Becquerel

» Radionuclides (RNs) first
discovered in late 1800s

= Natural sources (primordial,
secondary, cosmic) (Naturally-
Occurring Radioactive Material,

NORMS) Source: Wikipedia Curie, Marie (phy;icist)
» Technically-enhanced NORMs Source: Wikiel

from human activities

. Types of decay
®» Anthropogenic sources
Alpha ;. \
= Pro: nuclear tech advancements e
—>0

» Con: lonizing radiation is Gamma

dangerous (various types and i

potencies) \

Paper Aluminium Lead Water

Source: CNSC https://nuclearsafety.gc.ca/
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State of RN contamination in Canada

Matrix 4

B CNSC facility B Sand B Vegetation @ Caribou B Fish bone O Muskrat 0 Wolf
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Background (2)

Nuclear Safety and Control Act Loi sur la s(reté et la
réglementation nucléaires

» |n Canada, nuclear material is federal jurisdiction

®» Canadian Nuclear Safety Commission (CNSC) is main authority

» Collaborates with other departments, e.g., ECCC, Health Canada, Transport
Canadaq, etc.

» Regulatory framework

» General Nuclear Safety and Control Act

= Many regulations and regulatory documents for nuclear facilities

» Nuclear power plants, other reactors, nuclear fuel processing, medical facilities,

research, uranium mines and mills, fransportation, etc. % N\
® Environmental management includes reporting releases V \\Q’
» |nternational regulation: \4!\ I!V
7 =

» |nternatfional Atomic Energy Association,

» UN Comprehensive Test Ban Treaty (CTBT) I A E A




The Canadian National Pollutant
Release Inventory (NPRI) & SDG 12

12==. | ENSURE SUSTAINABLE CONSUMPTION
QO | AND PRODUCTION PATTERNS

12-4]

PRTR data

Snapshots &

@Trends m

Analyses for SDG
target 12.4

...achieve sound management of chemicals
and wastes by significantly reducing their
releases to air, water and soil in order to
minimize impacts on human health and the
-environment

Release reductions
achieved?

Review environmental
performance relative to

goal

Adapted from:

www.ec.gc.ca/inrp-npri/

https://one.ocecd.org/document/ENV/JM/MONO%282017%297/en/pdf
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Current status of radionuclide release
data

Not currently on the NPRI
Proposed to be, by ENGOs (2013)

Declined, contingent on improved
access to existing data

Since 2018, CNSC has posted
radionuclide data to GoC Open data,
similar to NPRI

https://open.canada.ca/data/en/datas

et/6ed50cd?-0d8c-471b-a5f6-
26088298870e

~950+ views & 500+ downloads in last 12
months

Hyperlinks now live from NPRI to CNSC
data

This study: merged the 2 datasets

NPRI Work Group Meeting

Reporting Releases of
Radionuclides to the NPRI

Anna Tilman and John Jackson

November 13, 2013

i+l

Government  Gouvernement |
of Canada du Canada Search Canada.ca n

MENU

Canada.ca

LA dd

> QOpen Government

Have your say

Rate this dataset
Commen t(s)

> Radionuclide Release Datasets

Radionuclide Release Datasets

The Canadian Nuclear Safety Commission (CNSC) is publishing total annual releases of
radionuclides released directly to the environment from nuclear facilities.

This update includes 2021 radionuclide loading data.

Publisher - Current Organization Name: Canadian Nuclear Safety Commission
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Snapshot: Facllities, sectors,
sulbbstances, env. compartrments

Reporting_Year Facility_Name Compartment Substance Name NAICS 6 code and title
(alp e (all) e (ally - (Ally - (Ally -
P =
a) Map of NPRI and CNSC facilities e b) Substances reported per industrial sector
h g
= Nuclear Nuclear Uranium
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541990 - All
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scientificand| services electric power) _inorganic mining
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QO @ Particulate gross alpha Bq |
@ @ Particulate gross beta Bq |
Plutonium-238 Bq
Plutonium-239/240 Bq
Polonium-210 Bq \
Radium-226 Bq e [
Strontium-90 Bq .
Thorium-230 Bq \
© 2023 Mapbox © OpenStreetMap Total noble gases Bg-MeV
a Tritium (HTO) Bq | |
Colour legend for map a) NAICS 6 code and title Uranium (activity) Bq
B 212291 - Uranium ore mining ranjum (mass ;i . [ .
@ 221113 - Nuclear electric power generation Xenon-135 Bq
Xenon-135m Bg

0 325189 - All other basic inorganic chemical mfg.
@ 541990 - All other professional, scientific and tech'l services
@ 562910 - Remediation services

Colour legend for table b) Compartment of release

O Releases to Water Bodies

O Releases to Air

0 All releases




Metal and Diamon
Regulations (MDMER) - radium-226 reporting (2014-2018)

d Mining effluent

Metal and Diamond Mining Effluent monitoring results 2014-2018

Parameters Units 2014 2015 2016 2017

3.2+

3.0+ |
2.8+

2.6 ‘
2.4+

224 ‘

20- \

Radium-226 Bg/L

Avg. Value (with <MDL as 0)

0.8+ |

6
Radium-226 water guideline for protection of human health and the environment
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October

February

April

2018

June

August
October

Mine/Mill Name

M Anderson Dam
Aurbel (Mine)
| | Barry (Mine)

Eléonore (Mine)

Endako Mines
Beaufor M Fire Lake (Mine)

M Beaver Brook Antimon.. Flin Flon Complex
Bell Creek Mine and Mill Il Francoeur (Mine)

M Bellekeno Mine Gahcho Ku, Mine
Birchtree Mine M Garson Mine

M Black Fox Mill Complex Géant Dormant (Mine)
Bonanza Ledge Mine [l Giant Mine

M Borden Gold Project M Gibraltar Mine

¥ Brucejack Mine Site M Golden Giant Mine

M Brunswick Mine Goldex (Mine)
Brunswick No. 12 M Haley Plant
M Bucko Lake Mine Hislop Mine

Camflo (Mill)
¥ Campbell Mine
Canadian Malartic Mine
M Cantung Mine
Caribou Mine - Mill
M Carol Project
Casa Berardi (Mine)
I chisel North Mine

" Holloway Mine
Horne (Smelter)
M Huckleberry Mine

M island Gold Mine
James Mine

M Jolu Mill Site
Kemess South Mine

Cigar Lake Operation [l Key Lake Operation

M Clavos Mine Kidd Metallurgical Divis..
Complexe métallurgiqu.. Bl Kidd Mining Division

M Con Mine Kiena (Mine)

M Lac Bachelor
Lac Bloom (Mine)
M Lac Des lles Mine
M Lac Herbin (Mine)
M Langlois (Mine)
Lapa (Project)
M Laronde (Mine)
Lockerby Mine

Copper Cliff Complex
M Copper Mountain Mine
Copper Rand (Mine)
M Crean Hill Mine
[ David Bell Mine
[ Detour Lake Mine
Diavik Diamond Mine (..
M Doyon (Mine)
Duck Pond Operations
I Eagle River Mill
Eagle River Mine
M Edwards Mine
Ekati Diamond Mine
M Eilder (Mine)

Lupin Mine
M Macassa Mine
Magnacon Mine (part ..
M Mary River Project
Matagami (Mine)

M Elross Lake Area Iron O..

Iron Ore Company of C..

Long Harbour Operatio..

B MAX Molybdenum Min..

McAlpine Mill Site

B McArthur River Operati..
McClean Lake Operatio..

B McWatters Mine
Meadowbank Mine
M Meliadine
Ming Mine
Il Minto Project

[ Mishi Pit (part of Eagle ..

I Monique (Project)
Mont-Wright (Mine)

I Montcalm Project
Mount Polley Mine

1 Mouska (Mine)
Musselwhite Mine

M Myra Falls Operations
Niobec (Mine)

M Nugget Pond Facility

Scully Mine
M Seabee Gold Mine
Shakespeare Nickel Mi..
[ Sigma (Mine)
Silvertip Mine
I Snow Lake Mill
Snow Lake Mine
M Sudbury Integrated Nic..
[ Sudbury Integrated Nic..
M Sugar Zone Project
Tanco Mine
M Taylor Mine
Thompson Complex
¥ Timmins West Complex
Tio (Mine)
M Totten Mine
Touquoy Mine
Il Trout Lake Mine
Vezza (Mine)

Nunavik Nickel (Project) M Victor Diamond Mine

M Phoenix Gold Project
Pine Cove Property
M Podolsky Mine

Porcupine Gold Mines (..
|| Porcupine Gold Mines (..
Porcupine Gold Mines (..
M Porcupine Gold Mines (..

Quebec Lithium (Mine)
Il Rabbit Lake Operation
¥ Raglan (Mine)
I Rainy River Project
Red Chris Mine
I Red Lake Mine
Redstone Mine
¥ Renard (Mine)
Restigouche Mine
I Rice Lake Gold Mine / ..
RioTinto Alcan Vaudre..
M Santoy 7 Mine
Santoy 8 Mine
M Scotia Mine

Victoria Advanced Min..
M Voisey's Bay Mine
Wabush Mines Joint Ve..
B Whale Tail Project
WillaMax Project
B Williams Mine
Windfall (Projet)
W Wolverine Project
M Yellow Giant Mine
¥ Yellowjacket Gold Mine
Young-Davidson Mine
M Yukon Refinery

https://publications.gc.ca/site/eng/9.904555/publication.html
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Quantities & trends

Nuclear processing fac s in substance quantity (various units) CNL research labs in substance quantity (various units)
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nsight into human iImpacts

a) Map of NPRI and CNSC facilities

inset: Lake Ontario shore
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NAICS 6 code and title, Facility Name

B 221113 - Nuclear electric power generation, Bruce Power
221113 - Nuclear electric power generation, Darlington Nuclear
221113 - Nuclear electric power generation, Gentilly-2
221113 - Nuclear electric power generation, Pickering Nuclear - A & B

B 221113 - Nuclear electric power generation, Point Lepreau Generating Station
325189 - All other basic inorganic chemical mfg., Blind River Refinery

" 325189 - All other basic inorganic chemical mfg., BWXT - Peterborough
325189 - All other basic inorganic chemical mfg., BWXT - Taronto

B 325189 - All other basic inorganic chemical mfg., Cameco Fuel Manufacturing
325189 - All other basic inorganic chemical mfg., Nordion - Ottawa

B 325189 - All other basic inorganic chemical mfg., Port Hope Conversion Facility
325189 - All other basic inorganic chemical mfg., SRB Technologies

¥ 541990 - All other professional, scientific and tech. srv.,, Chalk River Laboratories
541990 - All other professional, scientific and tech. srv.,, Douglas Point

B 541990 - All other professional, scientific and tech. srv., Whiteshell Laboratories
562910 - Remediation services, Port Granby Waste Management Facility

M 562910 - Remediation services, Port Hope Waste Managament Facility

Quantity (mSv/yr)

b) Trends in substance quantity (various units, log scale)
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Progress towards specific benchmarks

Substance Name 1s DRL exceeded?
(Al) v Al -

Substance Name

W Americium-241 [ Cesium-137 W Particulate (gross.. [J Total noble gases [ Xenon-133 H lodine-131
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Releases to Air

541990 - All other professional, scientific

Chalk River Laboratories

Douglas Point
Nuclear Power Demonstration
kaw Lel?lf}x i

ites oratories

Argon-41

Carbon-14

Elemental Tritium (HT)
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lodine-131

Carbon-14

Tritium (HTO)

Tritium (HTO)

Tritium (HTO)
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e |

and technical services

Releases to
Water Bodies

Chalk River Laboratories

Douglas Point )
Nuclear Power Demonstration

Whiteshell Laboratories

Particulate %ross alpha
Tritium (HTO)

Tritium (HTO)

Tritium (HTO)
Americium-241
Cesium-137
Particulate gross alpha
Plutonium-238

oa I
[ X ] II
oct© I
[ ] 1 I

l

1

Releases to Air

221113 - Nuclear electric power
generation

Bruce Power

Darlington Nuclear

Gentilly-2

Pickering Nuclear - A & B

Point Lepreau Generating Station

Uranium (activity)
Carbon-14

Particulate (gross beta/gamma)
Particulate gross alpha

Total noble gases

Tritium

lodine-131

Carbon-14

Elemental Tritium (HT)
Particulate (gross beta/gamma)
Particulate gross alpha

Total noblegases

Tritium (HTO)

lodine-131

Carbon-14

Particulate gross beta/gamma)
Tritium (HTO)

-14
Particulate (gross beta/gamma)
Particulate gross alpha
Total noble gases
Tritium (HTO)
lodine-131
Carbon-14
Tritium (HTO)
lodine-131

Releases to
Water Bodies

Bruce Power
Darlington Nuclear
Gentilly-2

Pickering Nuclear - A & B

Point Lepreau Generating Station

Carbon-14
Particulate (gross beta/gamma)
Particulate gross alpha
Tritium (HTO)
arbon-1
Particulate (gross beta/gamma)
Particulate gross alpha
Tritjum (HTO)
Carbon-14
Particulate (gross beta/gamma)
Tritium (HTO)
Carbon-14
Particulate (gross beta/gamma)
Particulate %ross alpha
Tritium (HTO)

e
OC;;O Ih I
e
amo  Eme 1

e

325189 - All other basic inorganic

T Releases to Air

Nordion - Ottawa

SRB Technolodies

Xenon-135
lodine-125
lodine-131
Xenon-135m
Tritium (HTO)

@ d® | I
e 2 '
.  —

1e+05 1e+07 1e+0_9 le+11 1e+1_3 1e+15 1e+17 1e+19

https://nuclearsafety.gc.ca/eng/resources/publications/reports/regulatory-oversight-reports/index.cfm
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Compatiblility with the NPRI
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Opportunities

e

Improvement:

Radionuclide
release data

More data: Radionuclide spills/accidents, disposals and
transfers data, Derived Release Limits (DRLs)

Data details: minor adjustments for better crosstalk
between programs

Sector coverage: improve understanding of RN
releases from:

- CNSC licensees currently not reporting (e.g.,
medical isotope therapeutics) and

- non-CNSC licensed facilities, (e.g., non-uranium
mining).



Conclusion

=» Combining existing RN release data in an NPRI-like format addresses
this substance coverage gap

» More holistic view of nuclear sector facilities is possible
» PRTR indicator power for this sector is improved

» Template for application beyond Canada

= Several opportunities for future work: accidents, disposals/transfers,
incorporation of release limits, and adjustments to increase sector
coverage if/when warranted.
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