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1.0 Executive Summary and Conclusion(s):

As part of its role, the Ontario Drinking Water Advisory Council provides advice on drinking
water quality standards as a result of direct requests by the Minister of the Environment, and can
also undertake consultations to facilitate transparency in process and provide for stakeholder and
public participation. The Council’s advice is directed to the Minister.

In the case of tritium, the Minister formally requested the Council to provide advice on the
Ontario Drinking Water Quality Standard on February 21, 2007, as a result of the issue being
raised by the Medical Officer of Health for the City of Toronto. As part of its review, the
Council was requested to take into consideration the 1994 recommendations on tritium made by
the former Advisory Committee on Environmental Standards (ACES) in their report entitled: “A
Standard for Tritium: A recommendation to the Minister of the Environment and Energy”.

On June 12, 2007, the Minister made an additional request for the Council to also take into
consideration a Greenpeace Canada report, authored by Dr. Ian Fairlie entitled “Tritium Hazards
Report: Pollution and Radiation Risks from Canadian Nuclear Facilities”.

In undertaking its review, the Council established a working group comprised of members with
knowledge of the issue and experience in radionuclide risk and regulation to assist the Council as
a whole. A multi-step approach was developed including:

obtaining and reviewing all pertinent documentation for review;
undertaking an inter-jurisdictional comparison;

meeting with key stakeholder groups and individuals;

holding a public consultation to hear directly from interested parties; and
developing recommendations for the full Council’s consensus.

The preliminary conclusions, reached by the working group and presented to the full Council for
discussion and subsequent Council consensus on a proposed Standard, as well as a number of
measures related to implementation, include the following:

o there is a natural background level of tritium in water in Ontario, in the range of 2 to 3 Bg/L;
any levels above this range imply man-made sources;

e insetting a drinking water Standard in Ontario we are in fact saying that it is acceptable or
‘safe’ to allow that water to be consumed each day over a lifetime of 70 years;

o the Council agrees with the conclusions of the BEIR VII report that there is linear dose-
response relationship and no threshold for the induction of cancers by radionuclides;
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e the target derived risk level should be 1 in a million or 10 (meaning 1 new excess cancer
occurrence over existing background cancer rates in 1,000,000 people);

o the target derived risk level should be over a lifetime of exposure of 70 years, and based on
cancer incidences above background (occurrences) rather than mortality (deaths);

e tritium is the most common point source radionuclide found in drinking water in Ontario and
represents an on-going, active source of radioactivity above background levels, resulting in
lifetime exposure to large populations. As such, the approach taken for regulating tritium in
drinking water should not imply that it is appropriate for other radiologically-regulated
activities or radionuclides;

e current sampling programs conducted by The Ministry of Labour’s Nuclear Reactor
Surveillance Program, The Ministry of the Environment’s Drinking Water Surveillance
Program, and the nuclear power industry should continue;

e urgent action to protect the public from more immediate exposure to tritium should be based
on monitoring and reporting discharges from their source; not the drinking water treatment
plant. As such, short-term exposure to drinking water that exceeds the Standard should not
trigger inappropriate responses by agencies or the public rather such exceedances should be
used to set in motion a series of corrective actions at the emission source of the tritium to the
environment; and

e all tritium data and information should be made available by the nuclear power industry and
the Ministry of Labour, to the public, the Ministry of the Environment, and local public
health offices, as soon as practicably possible.

In an effort to arrive at a proposed Standard, several numerical variations that use the models of
other jurisdictions and authorities were evaluated and revised using the Council’s own
conclusions. The technical challenge was how to best utilize the available radiological research
and information to arrive at a risk as close to 1 in a million (10°°) as possible, while maintaining
practicability and achievability.

These variations resulted in a range for a possible proposed Standard of approximately 7 Bq/L to
109 Bg/L, but the Council concluded that these variations, based on current science and risk
assessment practices, would not lead to consensus on a single number.

Since the Council could not unequivocally select one variation over another, given that the
uncertainties in the scientific methods do not confirm any one particular value over another from
within the range, the following question was considered:
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Taking into account all the research and documentation, meeting with experts,
stakeholders, and the general public, and Council deliberations, is there a tritium
Standard (value or level) that a reasonable and informed person would feel safe
drinking the water every day over a lifetime of 70 years at or below that
Standard?

To answer this question, the Council went back to address some of the basic principles or criteria
used by Health Canada for setting Canadian Drinking Water Quality Guidelines for non-
threshold chemical carcinogens.

This would mean that the maximum acceptable concentration should be established at a level
which represents an estimated lifetime (70 years) risk of cancer falling within the range that is
considered to be “essentially negligible” or as close to “essentially negligible as reasonably
practicable. "Essentially negligible" risk is generally interpreted by most world-wide regulatory
bodies, including Health Canada, as a range of risk of between 10~ and 10°°.

However, the Council concluded that the target derived risk level for tritium in drinking water in
Ontario should be 1 in a million or 10,

The next step was to determine what limit would be considered to be “reasonably practicable”.
To address this, the Council turned to two documents received as part of consultation process:

e The Canadian Nuclear Association noted in a letter to the Council that 20 Bg/L on an annual
average basis is achievable in drinking water, without significant cost to the industry; and

e The Toronto Medical Officer of Health noted in a letter to the Council that the concern with
tritium 1s chronic exposure, and that an annual average of 20 Bg/L would not be exceeded if
Ontario Power Generation did not exceed its current discharge limit of 4,000 Bg/L.

Based on these two documents, the Council concluded that an Ontario Drinking Water Quality
Standard for tritium of 20 Bq/L, applied as a running annual average, would meet the
requirements for an appropriate level of risk and public safety, while remaining practicable and
achievable by the nuclear power industry.

The Council further noted that, in applying a test of practicability to this proposed Ontario
Drinking Water Quality Standard for tritium, it should not be necessary for the nuclear power
industry to alter any of the applicable regulations for occupational or other radiological criteria.

Tritium is the most common point-source radionuclide found in drinking water in Ontario and
represents an on-going, active source of radioactivity above background levels, capable of
exposing large populations to levels above background. As such, the approach taken for
regulating tritium in drinking water should not imply that it is appropriate for other
radiologically-regulated activities or radionuclides.
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The Council made 6 recommendations in all, as follows:

1.

The Ontario Drinking Water Quality Standard for tritium should be revised to 20 Bg/L,
recognizing that:

e 20 Bg/L relates to heath effects from long-term, chronic exposure over a life time of
exposure of 70 years;

e 20 Bg/L is within the range of variations considered by the Council (7 Bq/L to 109
Bg/L), for a 10°® risk level; and

e 20 Bg/L, based on a running annual average, is achievable in drinking water, without
significant cost to the nuclear power industry, according to the Canadian Nuclear
Association.

The Standard of 20 Bg/L should be applied as the running average of the preceding 52
weekly composite samples. This running annual average is consistent with the current
weekly sampling and reporting programs, and should also be used to generate monthly
averages and identify trends.

The current sampling and monitoring programs, as conducted by the Ministry of Labour and
the industry, are appropriate, and should continue. Sampling and reporting should only be
required for those drinking water treatment plants that are in the proximity of or under the
influence of sources of tritium. As well, the Ministry of the Environment should continue to
monitor tritium at drinking water systems as part of the Drinking Water Surveillance
Program (DWSP).

Monthly reports of weekly test results and running annual averages should be sent to
regulatory bodies, local municipalities and health units, local public interest groups, and
should also be made available to the general public.

It is equally important to monitor trends in the monthly data and if there is an indication of
increases (even if they are below the Standard), the province should require the discharger to
take appropriate corrective actions, in collaboration with other appropriate authorities.

Monitoring and reporting at the point of discharge should be the focus for emergency
response in that monitoring at drinking water treatment plants is not an appropriate approach
for alerting authorities and the public of significant and / or elevated discharges of tritium.
The current program should be enhanced to require the dischargers to report monthly to
regulatory authorities and other public bodies on the levels of tritium discharges and
immediately in each case where discharges exceed designated notification level(s).
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2.0 Introduction

The broad mandate of the Ontario Drinking Water Advisory Council (formally known as the
Advisory Council on Drinking Water Quality and Testing Standards) is to provide advice and
make recommendations to the Minister of the Environment (Minister) on drinking water quality
and testing standards, as well as other drinking water matters deemed appropriate.

As part of its role, the Council provides advice on drinking water quality standards as a result of
direct requests by the Minister, and can also undertake consultations to facilitate transparency in
process and provide for stakeholder and public participation.

In the case of tritium, the Minister formally requested the Council to provide advice on the
Ontario Drinking Water Quality Standard, as detailed in the letter to the Chair dated February 21,
2007 (See Appendix 1). The Minister noted that the issue had been raised by the Medical Officer
of Health for the City of Toronto, in a letter dated September 27, 2006, which also referenced a
related City of Toronto Council Resolution adopted on June 27, 28 and 29, 2006 (See Appendix
2). As part of its review, the Council was requested to take into consideration the 1994
recommendations of tritium made by the former Advisory Committee on Environmental
Standards (ACES) in their report entitled: “A Standard for Tritium: A recommendation to the
Minister of the Environment and Energy” [ACES, 1994].

On June 12, 2007 the Minister made an additional request (See Appendix 3) for the Council to
also take into consideration a Greenpeace Canada report, authored by Dr. Ian Fairlie entitled
“Tritium Hazards Report: Pollution and Radiation Risks from Canadian Nuclear Facilities”
[Greenpeace, 2007].

In undertaking its review on tritium, the Council established a working group comprised of
members with knowledge of the issue and experience in radionuclide risk and regulation to assist
the Council as a whole. A multi-step approach was developed including: obtaining and
reviewing all pertinent documentation for review; undertaking an inter-jurisdictional
comparison; meeting with key stakeholder groups and individuals; holding a public consultation
to hear directly from interested parties; and developing recommendations for the full Council’s
consensus.

The preliminary conclusions reached by the working group were presented to the full Council for
discussion and subsequent Council consensus on a proposed Standard, as well as a number of
measures related to implementation.

It should be noted that the Council reviewed many references during the course of its
deliberations on tritium. Many of the references are highlighted in this report, but for full details,
the original reference should be consulted. Furthermore, the Council has provided only an
abbreviated overview of the scientific background covering concepts related to radiation and has
highlighted only those necessary to this report.
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Part |
1.0 Background

The current Ontario Drinking Water Quality Standard (ODWQS) for tritium is 7,000 becquerels
per litre (Bg/L). This is consistent with the current 1995 Canadian Drinking Water Quality
Guidelines for Radiological Characteristics [Health Canada, 1995a], and the revised Radiological
Characteristics of Drinking Water Document for Public Comment [Health Canada, 2006]. 7,000
Bg/L was originally proposed in a November 1993 report entitled: “Rationale Document for the
Development of an Interim Ontario Drinking Water Objective for Tritium” as prepared by the
Ontario Ministry of Environment and Energy (MOEE) [MOEE, 1993]. At that time, the Ontario
Drinking Water Objective (ODWO) was 40,000 Bg/L.

The Minister then requested the Advisory Committee on Environmental Standards (ACES) to
conduct a public consultation on the MOEE’s proposed interim Objective. In May 1994, ACES
issued its report to the Minister, recommending that the Objective be immediately set at 100
Bg/L and that this limit be further reduced to 20 Bg/L over 5 years, with a goal of further
reductions as tritium background levels decline [ACES, 1994].

The ACES report examined two different risk assessment frameworks used in the development
of drinking water objectives: radiological and chemical. Since all radionuclides and some
chemicals are recognized as carcinogens, ACES proposed that tritium should follow the same
risk assessment framework as chemical carcinogens. As such, it was recommended that the
acceptable level of risk for tritium should be the same as the acceptable level of risk for chemical
carcinogens and their regulation. Reference should be made to the ACES report for full details.
As well, the two approaches for risk assessment will be addressed in Part I, Section 4.0 of this
report.

In December 1994, the MOEE completed a report entitled “Economic Consequences of an
ODWO for Tritium [MOEE, 1994]. This report addressed the cost implications of six scenarios
for a new tritium Objective proposed by ACES, and concluded that there could be significant
cost implications to Ontario Hydro, if the proposed Objective was adopted, depending on the
value chosen and the type and frequency of monitoring and reporting of results. It should also be
noted that when the ACES report was completed, the province did not have legally enforceable
Ontario Drinking Water Quality Standards, as they do now. Instead, drinking water Objectives
were used to guide municipalities in providing safe drinking water, but they could be made
legally enforceable by including them in Certificates of Approval.
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The Minister’s decision to set the ODWO at 7,000 Bg/L was transmitted by letter to Ontario
Hydro. No record of this letter was found. However, the letter is referenced in a response from
Ontario Hydro to the Minister, as outlined below:

On December 9, 1994, the President of Ontario Hydro, Mr. O. A. Kupcis wrote to the Minister of
Environment and Energy endorsing the Objective of 7,000 Bq/L (See Appendix 4). Ontario
Hydro made an additional commitment that “concentrations of tritium in drinking water will
remain less than 100 Bg/L on average”. The commitment was based on applying “the principle
that all exposures to radiation are kept As Low As Reasonably Achievable (ALARA)”, in
keeping with the operational practices employed by Ontario Hydro at is nuclear power plants.
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2.0 Tritium

What is tritium, and what are its properties?

This section of the report provides only a brief summary about tritium and its physical, chemical,
and radiological properties. Several of the references provide more complete details.

The common hydrogen atom has one proton and no neutrons. Two hydrogen atoms combine
with oxygen to form water (H,0O). Tritium is a hydrogen atom that has incorporated into its
nucleus two neutrons (added to the existing proton). Although tritium can be a gas (HT), the
tritium molecule is preferentially found as a component of the water molecule - tritiated water
(HTO), because elemental tritium readily reacts with oxygen to form water, by replacing one of
the hydrogen atoms in the water molecule (See Diagram 1).

Tritiated water has the same physical properties as regular water. It is colorless, odourless, and
- behaves the same as regular water in the environment. Tritium in water exchanges with
hydrogen from other water molecules but can also become incorporated into complex organic
molecules, such as proteins inside and outside cells in the body.

As with all radionuclides, tritium is unstable. This instability is called radioactive decay. As it
decays, tritium emits ionizing radiation in the form of low energy Beta particles. Beta particles
have the same properties (mass and charge) as electrons, and have the greatest biological impact
at very short distances, as they can travel in the air for only a distance of a few feet. Through
this process of radioactive decay, tritium (with a half-life of 4,500 days, or approximately 12
years) slowly breaks down into helium. This relatively short half-life (years vs. thousands of
years) results in more frequent beta emissions from tritium than in a substance with a longer half-
life.

In addition to radioactive half-life, there is a process known as biological half-life. This is the
time it takes for one half of a given substance to be eliminated from the body. Tritiated water
(HTO) has a biological half-life of approximately 10 days. Organically bound tritium (OBT),
with a biologic half-life of approximately 40 days, stays in the body longer by becoming part of
complex molecules. However, once tritium becomes incorporated into cellular structures,
molecules, or DNA, its biological half-life extends to almost a year.
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Diagram 1: Tritiated Water Decay
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What is radioactivity and how is it measured?

In simple terms, radioactivity is the spontaneous nuclear transformation of unstable atoms,
leading to the formation of new atoms, and the emission of radiation.

Radiation describes any process by which energy emitted by one body travels through a medium
or through space, ultimately to be absorbed by another body. It can be classified as ionizing or
non-ionizing radiation, depending on its effect on other atoms, molecules, or biological tissue.
The most common use of the word "radiation" refers to ionizing radiation, which has enough
energy to ionize atoms or molecules. There are three principal types of ionizing radiation, listed
here in their relative order of severity, from low to high as follows: alpha, beta, and gamma.

Geiger counters and scintillation counters are capable of detecting radiation by directly
measuring the disintegration rate of ionizing radiation. The unit of measurement for ionizing
radiation is the becquerel (Bq), which is defined as the activity of a quantity of radioactive
material in which one nucleus decays per second. In terms of measuring ionizing radiation in
drinking water, the units are becquerels/litre (Bq/L), which can quantitatively described as the
number of disintegrations taking place in a litre of water, per second.
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How does tritium get into the environment and into drinking water?
There are both natural and man-made sources of tritium.

When cosmic rays strike nitrogen in the upper atmosphere, tritium is naturally produced and
reaches the earth’s surface via rainfall, causing elevated levels in both surface water and ground
water.

Tritium was also produced during above-ground nuclear weapons testing, causing elevated levels
in both surface water and ground water, on a global scale.

On a local scale, tritium is produced as a result of reactions that take place within nuclear
reactors using deuterium or “heavy water”. During these nuclear reactions, neutrons from the
uranium fuel change some of the reactor’s heavy water into tritiated water. Tritium builds up in
the heavy water until it is physically removed at a Tritium Removal Facility (TRF), such as the
one operated by OPG at Darlington, but it is also released into the environment with the heavy
water, as a result of leaks and spills. This is the predominant route by which tritium reaches
surface water, and subsequently drinking water (See Diagram 1).

Surface Water

Tritium levels from atmospheric nuclear weapons testing fallout appear to be continuously
declining from a peak of just under 25 Bg/L in the mid 1960’s to approximately 1 Bg/L in 2007.
The combination of the natural source and this source results in an overall surface water
background level of 2.13 Bg/L in Lake Huron [Bruce Power, 2008a], and 1.6 Bq/L in Lake
Ontario [OPG, 2008].

Tritium levels in surface water can also be influenced by precipitation and groundwater sources.

The median concentrations of tritium in surface water at sites adjacent to the Bruce, Darlington,
and Pickering reactor facilities for 2007 are shown below in Table 1 [MOL, 2008].

Table 1: 2007 Surface Water Monitoring Results

Surveillance Area Number of Samples Tritium (Bq/L)
Bruce 10 30
Darlington 8 <5%*
Pickering 8 14

* Minimum Detectable Concentration
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The average tritium concentrations in the Great Lakes from 1997-1998 are presented below in
Table 2. The ascending levels of tritium in surface water are a result of discharges from nuclear
power plants [Greenpeace, 2007].

Table 2: Average Tritium Concentration (in Bg/L) in the Great Lakes in 1997-1998

Lake Superior 2
Lake Michigan 3
Lake Huron 7
Lake Erie : 5.5
Lake Ontario 7.1
Tritium Discharges

Tritium is discharged into the natural environment through routine leaks of heavy water, but it
appears that there are no specific records of such small leaks. Both OPG and Bruce Power have
programs in place to continue to reduce the frequency and volume of these 1eaks [OPG/Bruce
Power, 2006; OPG, 2008; Bruce Power, 2008a].

Notification Levels for Waterborne Tritium Emissions from OPG:

Tritium notification levels for waterborne emissions from OPG are summarized below in Table 3
[OPG, 2007], and form part of the Coordination of the Response to a Liquid Emission at OPG
and Bruce Power [OPG/Bruce Power, 2006].

Table 3: Tritium Levels for Waterborne Emissions

Description Level (total activity) Level (concentration)*
Derived Release Limit Pickering — 5.1 x 10'7 Bq/year 3.0x 10° Bg/L
(CNSC licence — emission - T P

limit) Darlington — 4.3 x 10 Bqg/year 1.6 x 10" Bq/L
Action Level _ Pickering — 4.1 x 10'° Bo/month 2.9 10* Bg/L
(CNSC licence — reporting

level) Darlington — 3.5 x 10'¢ Bg/month 1.5x 10* Bg/L
Ontario Standard for Drinking

Water Quality for Tritium na 7000 B/L (at WSP),
OPG Abnormal Waterborne

Tritium Emission Notification .
Level (notification provided to na 4’000;2/;1‘1;; itatlon
Durham Region, Toronto, g

MOE and CNSC)

* Where the limit is specified in terms of activity, this is the equivalent concentration that would have to be
maintained all year long to reach the limit (with all cooling water pumps running).
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According to OPG, over the past 17 years, there have been 2 releases of tritium that exceeded the
4,000 Bg/L reporting requirement at OPG [OPG, 2007]. Both occurred at Pickering and both
were the result of mechanical problems resulting in a heat exchanger leak. Table 4 below
summarizes information about those releases.

Table 4: OPG Tritium Release Event Data Summary

Data

Pickering Moderator Heat

Pickering Unit 4 Shutdown

Exchanger Cooler Heat Exchanger
Release date August 2, 1992 April 15, 1996
Peak outfall concentration 3 x 10° Bg/L 1.7x 10° Bg/L

Time to Peak Impact

(at Ajax WSP) 4 days (Aug 6, 1992) 30 hours
Duration of elevated tritium R davs na

(at Ajax WSP) Y

Peak concentration

(at Ajax WSP) 1,300 Bg/L 831 Bg/L
Highest daily average

concentration (Ajax WSP) 587 Bo/L na
Maximum calculated dose 0.00012 mSv 0.00010 mSv
from event

CNSC dose limit 1 mSvly 1 mSv/y
Natural background radiation 2 mSvly 2 mSviy

dose

Page 14 of 56




Report and Advice on the Ontario Drinking Water Quality Standard for Tritium
Ontario Drinking Water Advisory Council — May 21, 2009

Notification of Tritium Emissions from Bruce Power:

Tritium notification levels for waterborne emissions from Bruce Power are summarized below in
Table 5, and also form part of the Coordination of the Response to a Liquid Emission at OPG
and Bruce Power [OPG/Bruce Power, 2006].

Table 5: Tritium notification levels for waterborne emissions from Bruce

Source Description Notification Level

Coordination of the Response to | Initial notification from Tritium levels in the cooling

a Liquid Emission at OPG and Bruce Power water outfall >30,000 Bq/L,

Bruce Power [OPG/Bruce corresponding to approximately

Power, 2006] 2,000 Bq/L at the Port Elgin
water supply plant

Bruce Power’s Derived Release | Derived Release Limit for | 2.27E+18 Bq/year

Limits and Environmental tritium in water

Action Levels [Bruce Power, Action Level for tritium 1.21E+16 Bg/month

2008b] releases to water

Notification/Action Protocols for | Action Level 1 Tritium in CCW Discharge

Abnormal Tritium Releases at >30,000 Bg/L and <50,000 Bg/L

BNPD (Bruce Nuclear Power Action Level 2 Tritium in CCW Discharge

Development [Bruce Power, >50,000 Bg/L and <90,000 Bg/L

1996] Action Level 3 Trittum in CCW Discharge
>90,000 Bg/L

Bruce Power has noted that there has been “an increasing trend in tritium in drinking
water since 2004. This trend can be attributed to a number of activities at the Bruce
Power site including the return to service of Units 3 & 4, refurbishment activities
surrounding Units 1 & 2, a sample cooler heat exchanger leak at Bruce A in 2006 (leak
has been isolated and scheduled for repair in 2008) and a boiler tube leak at Bruce B in
2007 (leak has been repaired).” [Bruce Power, 2008a].

Greenpeace Canada provided a list of discharges in their report [Greenpeace, 2007], stating that”
“In addition to routine releases to surface waters, significant groundwater and lake contamination
has occurred at Canadian nuclear facilities in the past.

¢ In 1979, trititum groundwater concentration reached 2.15 MBg/L following a release of 666
TBq at Pickering;

e In August 1983, a pressure tube at Pickering-2 ruptured, dumping an unspecified amount of
coolant into the reactor building;

¢ In September 1983, a leak of 222 TBq of tritium occurred from the Douglas Point reactor on
Lake Huron. The prevailing counter-clockwise circulation pattern in the lake carried the
tritium plume northeast to Port Elgin, where drinking water levels reached 1,600 Bg/L during
a 2-day period;
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e In January 1990, a loss-of-coolant accident at Bruce-4 resulted in a 12,000 kg leak of heavy
water into Lake Huron;

e In June 1991, following a leak from Chalk River Nuclear Laboratories into the Ottawa River,
the tritium concentration in drinking water at Petawawa was about 400 Bq/L. At Ottawa (200
km downstream), the tritium level was ~150 Bg/L;

e In August 1992, a tube break at Pickering-1 caused the release of 2,300 TBq of tritium into
Lake Ontario. A nearby drinking water plant was shut down and elevated levels of tritium
(up to 195 Bg/L) were found in Toronto drinking water;

e In May 1994, Ontario Hydro found a tritium groundwater concentration of 0.7 MBqg/L
following a leak at Pickering;

e In December 1994, a valve failure at Pickering-2 led to 140 tonnes of heavy water being
discharged into Lake Ontario;

e In May 1995, a valve failure at Bruce-5 caused a 25-tonne leak of radioactive heavy water;

¢ In April 1996, a heavy water leak at Pickering-4 released 50 GBq of tritium into Lake
Ontario; tritium levels in local drinking water reached 100 times background levels; and

e In July 1997, it was revealed that Ontario Hydro (the predecessor to OPG) had failed to
report tritium contamination of groundwater on the Pickering site for a period of 20 years.”

Drinking Water

Levels of tritium in drinking water are monitored by the nuclear industry and the Ontario
Ministry of Labour’s Nuclear Reactor Surveillance Program.

Reference can be made to the 2007 annual reports of Ontario Power Generation [OPG, 2008],
and Bruce Power [Bruce Power, 2008a]. Table 6 below presents a summary of the 2007 levels
of tritium found at drinking water treatment plants in Ontario [MOL, 2008].

Table 6: 2007 Drinking Water Monitoring - Tritium Analysis

Surveillance Area Number of Samples Median Value (Bq/L)
Bruce 154 8.9
Darlington 260 7.1
Essex 47 4.9
Ottawa 36 6.7
Toronto 203 6.3
Toronto-West 36 5.9
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In addition, Table 7 below summarizes 5 years (2003-2007) of tritium in drinking water results
from the three surveillance areas that have adjacent nuclear power generation facilities [MOL,

2008].

Table 7: 5-year Results — Tritium in Drinking Water

Bruce Darlington Pickering
Surveillance Area Surveillance Area Surveillance Area
Year # of Concentration # of Concentration # of Concentration
Samples (Bq/L) Samples (Bg/L) Samples (Bg/L)
2003 148 7.31 255 6.38 154 6.43
2004 152 8.47 258 6.23 157 6.17
2005 153 8.99 260 5.86 202 5.98
2006 154 11.92 260 6.63 203 4.81
2007 154 8.87 260 7.08 203 6.29

Concentrations of tritium at specific drinking water treatment plants for 2007 are presented
below in Table 8, according to the Ministry of Labour’s Radiation Protection Monitoring

Service.

Table 8: 2007 Tritium Concentrations at Drinking Water Treatment Plants (Bq/L)

Maximum Median
Nuclear Facility: Pickering .
Water Treatment Plant: Ajax 14 7.2
Horgan 10 7.0
6.9
Nuclear Facility: Darlington . ...
Water Treatment Plant: Newcastle 16 6.5
Bowmanville 13 6.8
Oshawa 16 7.9
Wh1th 14 7.0
Water Treatment Plant: Port Elgin 44 16.1
Southampton 28 5.0
Kincardine 22 5.5
Nuclear Facility: Chalk River e
Water Treatment Plant Deep River 5.9 -
Pembroke 12 7.3
Petawawa 12 7.6
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The City of Ottawa performs independent tritium monitoring of its drinking water treatment
plant intakes, and the analyses are performed by Health Canada’s Radiation Protection Bureau
laboratory. Results for 2008 are seen below in Table 9.

Table 9: City of Ottawa Drinking Water Treatment Plant Tritium Concentrations (Bq/L)

Water Treatment Plant: Britannia 22.8 52

Lemieux 11.5 5.0

Groundwater

Monitoring records show that precipitation in the proximity of nuclear facilities contains elevated
levels of tritium resulting in elevated tritium concentrations in groundwater. In the Darlington
and Pickering survey areas, well levels ranged from 23.5 Bg/L to 86.1 Bg/L in 2007, while in the
Bruce survey area, well levels ranged from less than 6 Bg/L to over 70 Bg/L in 2007 [OPG,
2008; Bruce Power, 2008a].

Also, in the vicinity of SRB Technologies in Pembroke, a well used for drinking water at a
business showed a concentration of 1,293 Bg/L in December of 2008 [SRB, 2009].
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ROLES AND RESPONSILITIES

The following summarizes the roles and responsibilities of various agencies and organizations
with respect to tritium and drinking water:

Federal Government:

Canadian Nuclear Safety Commission (CNSC):

The CNSC regulates nuclear fuel production and power generation in Canada. Licensees and
organizations applying for licences are subject to many rules and regulations, including Derived
Release Limits (DRLs), which represent release rates of all radionuclides from a facility, that
correspond to critical group exposure at the public dose limit of 1 mSv per year.

Health Canada (HC):
Health Canada’s mandate is to reduce the health and safety risks associated with different types
of substances, and radiation by:

e conducting research into the biological effects of environmental and occupational radiation;

e developing better methods for internal radiation dosimetry and its measurement;
providing radiation safety inspections of federally regulated facilities containing radiation-
emitting devices, the devices themselves, as well as training on the proper operation of the
devices;

e developing regulations, guidelines, standards and safety codes pertaining to radiation-
emitting devices;

e providing radiation advice and collaborating with other government departments and
agencies, industry, and the general public; and

o developing guidelines for microbiological and chemical contaminants, and radiological

characteristics, in collaboration with the Federal / Provincial / Territorial Committee on
Drinking Water (CDW).

Specifically, Health Canada’s Radiation Protection Bureau has a mandate is to promote and
protect the health of Canadians by assessing and managing the risks posed by radiation exposure
in living, working and recreational environments by:

¢ supporting Canada's role in the Comprehensive Nuclear-Test-Ban Treaty by operating the
Canadian portion of the International Monitoring System for radionuclides and providing one
of 16 national radionuclide laboratories specified under the Treaty;

e conducting assessments under the Canadian Environmental Assessment Act;

e leading the coordination of federal nuclear emergency preparedness and providing Health
Canada's technical support to the Federal Nuclear Emergency Plan (FNEP);

e developing guidance to protect Canadians from the effects of nuclear accidents, radioactivity
in water and food, radon in indoor air, and naturally occurring radioactive materials from
non-nuclear industries;
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e operating the Canadian Radioactivity Monitoring Network and laboratory to provide health
assessments regarding existing levels of radioactivity and effects of nuclear/radiological
accidents from a national perspective;

¢ conducting research on the health effects of radionuclides in the environment, especially
sensitive Arctic environments and food chains, and on global air and radionuclide
movements;

e providing inter-comparison programs for internal radiation exposure measurements, internal
dosimetry services and research on internal dosimetry and measurements through the
National Calibration Reference Centre for Bioassay and In-Vivo Monitoring;

¢ managing the National Dose Registry, that contains the occupational radiation dose records
of all monitored radiation workers in Canada. and conducts research on exposure trends and
on the health outcomes of occupational exposures;

e conducting research on exposure trends for radiation workers and on the health outcomes of
occupational exposures to radiation; and

e providing advice to federal departments and agencies, other levels of government, industry,
universities, hospitals, workers and the public on health issues related to radiation exposure.

Provincial Government:

Ministry of the Environment (MOE):
The MOE regulates tritium and other radionuclides in drinking water through the over arching

legislation of the Ontario Safe Drinking Water Act, 2002, and associated regulations, including
Ontario Regulation 169/03 (Drinking Water Quality Standards), Ontario Regulation 248/03
(Drinking Water Testing Services), and Ontario Regulation 170/03 (Drinking Water Systems).
There is currently a legally enforceable maximum acceptable concentration (MAC) of 7,000
Bq/L for tritium in drinking water, but monitoring is only mandated through the Certificate of
Approval process, and on a site-specific basis.

Ministry of Labour (MOL):
The MOL’s Radiation Protection Monitoring Service’s (RPMS) main role is to carry out

Ontario’s Nuclear Reactor Surveillance Program, which continuously monitors the environment
for radioactivity around nuclear reactors, in order to assure that public health, safety, and
property are protected. The RPMS also provides radioactivity measurements of raw and treated
drinking water in support of the MOE’s Drinking Water Surveillance Program (DWSP).

Ministry of Health and Long-Term Care (MOHL TC):
The MOHLTC provides guidance on health issues and coordinates activities between the Chief
Medical Officer of Health and the local Medical Officer of Health (MoH), as appropriate.

Emergency Measures Ontario (EMO):

EMO, a branch of the Ministry of Community Safety and Correctional Services, is responsible
for promoting, developing and maintaining emergency programs throughout the province. In the
case of a nuclear emergency, EMO invokes the Provincial Nuclear Emergency Response Plan, if
appropriate.
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Local Government:

Local Medical Officer of Health (MoH):

The local MoH is directly responsible for public health issues, and can order precautionary and /
or protective measures, such as Drinking Water Advisories, or recommending the use of
alternate sources of drinking water.

Local Municipalities and Water Treatment Plant Operators:

Local municipalities and water treatment plant operators are required to meet the Ontario
Drinking Water Quality Standards and take corrective action as described in detail in the Safe
Drinking Water Act, 2002, and associated regulations. They are only required to monitor and
report results for tritium if required by their site-specific Certificates of Approval. Drinking
water treatment plant operators currently work with the Ministry of Labour, and the local nuclear
power plants, to collect water samples on a daily basis.

Owners / Operators:

Ontario Power Generation (OPG) and Bruce Power:

OPG and Bruce Power both monitor their discharges as required under their operating licences
regulations as set out by the CNSC. For OPG, a notification limit for tritium is set at 4,000
Bq/L. Exceedance of this limit requires notification to the regulatory agencies and action to
reduce the discharge levels. Bruce Power’s notification limit is 30,000 Bg/L. OPG also collects
water samples taken by local water treatment plant staff and analyzes them for tritium, for both
OPG and Bruce Power facilities.

Atomic Energy of Canada Limited (AECL):

AECL is the overseeing body for nuclear facilities, such as Chalk River, and is considered the
owner / operator of such. AECL retains ownership of the CANDU technology and licenses its
use to both OPG and Bruce Power, under an agreement.

Page 21 of 56



Report and Advice on the Ontario Drinking Water Quality Standard for Tritium
Ontario Drinking Water Advisory Council — May 21, 2009

3.0 Monitoring and Reporting

The province undertakes an independent monitoring program as part of its surveillance of
nuclear reactors and reports the results annually [MOL, 2008]. Testing is done by the Ministry
of Labour laboratory. For tritium, a number of locations are monitored, covering sources of
human exposure to tritium such as drinking water, surface water, and well water. Drinking water
samples are generally collected by drinking water treatment plant staff for plants in the vicinity
of nuclear power plants and are sent to the Ministry of Labour’s Radiation Protection Laboratory
for analysis. This laboratory is one of only a few that is capable of, and certified for, analysis of
tritium at the level of detection that is expected in water. The Ministry of Labour publishes an
annual report summarizing all test results for the previous year.

The Ministry of Environment operates the Drinking Water Surveillance Program (DWSP) which
monitors a wide range of contaminants at many drinking water treatment plants, on an annual
basis, across the province. Tritium is included in DWSP, and the analyses are performed by the
Ministry of Labour laboratory.

It should be noted that there are certain practical limitations to the tests conducted by the
Ministry of Labour, such as equipment limits and the time needed to complete each test. The test
involves allowing the sample of water to remain in a counting chamber for a period of time. The
longer the sample remains in the counting chamber, the more sensitive or lower the detection
limit (i.e. the precision of the test is higher). For practical reasons, a routine tritium test is
allowed to remain in the chamber for 100 minutes, which allows the laboratory to handle the
current number of samples. With respect to tritium in drinking water, the Minimum Detection
Concentration (MDC) for the Ministry of Labour method is 5 Bq/L [MOL, 2008].

Also, Health Canada’s Radiation Protection Bureau operates the Canadian Radioactivity
Monitoring Network and laboratory to provide health assessments regarding existing levels of
radioactivity and effects of nuclear / radiological accidents from a national perspective.

Nuclear power plants conduct their own drinking water monitoring program in conjunction with
local municipalities. Samples are taken daily by municipal staff from the water treatment plants
and are combined into a weekly composite sample, which is collected and analysed by Ontario
Power Generation. Their tritium detection level is 4.5 Bq/L (See Appendix 5). Results are
reported monthly to the local municipalities and public health offices. Both OPG and Bruce
Power prepare annual reports, in which drinking water results are included with all other
environmental testing for a variety of radiological parameters. The results are similar to those
reported by the Ministry of Labour. For detailed results, reference should be made to the various
annual reports issued by the nuclear power facilities [OPG, 2008]; [Bruce Power, 2008a].
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In addition, the nuclear power plants maintain an on-line system for monitoring the tritium levels
in their discharge water or cooling water. In the case of Ontario Power Generation (OPG), the
measurement is taken in the cooling water after mixing and the online monitors have a detection
limit of approximately 3,700 Bq/L (See Appendix 5). The OPG nuclear power plants use a level
0f 4,000 Bg/L (See Table 3) [OPG/Bruce Power, 2006] to notify the local Medical Officer of
Health, the Ministry of the Environment, and Emergency Measures Ontario, for coordinated
response and corrective actions.

This notification level has not been triggered for a number of years. Flow and dispersion models
are used to predict the concentrations that may occur at the nearest drinking water treatment
plant. For Pickering the models predict that for a discharge of 4,000 Bg/L the level at the Ajax
drinking water plant would be 600 Bg/L and for the Darlington the level at the Bowmanville
drinking water plant would be 1,100 Bg/L. Bruce Power has as similar system in place, but their
notification level is 30,000 Bq/L (See Table 5).
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4.0 Health and Risk

This section compares and contrasts the two distinct approaches used for setting standards (the
radiological and chemical carcinogen models), outlines some recent and pertinent health studies
and policy directions, and numerically assesses various risk levels.

4.1 Reviews and Reports

As noted in Part I, Section 2.0, in describing the characteristics of tritium, it is the radiological
activity of tritium that is of concern rather than any chemical effects or reactions. This is an
important distinction as it has been the basis for two distinct approaches to setting limits: the
radiological model and the chemical carcinogen model.

The approach described in the Health Canada document: “Approach to the Derivation of
Drinking Water Guidelines” [Health Canada, 1995b] is similar to that used by most international
regulatory bodies when setting objectives or standards for chemical contaminants in drinking
water. The approach considers differences depending on whether the chemical is a carcinogen or
not. In the case of carcinogenic chemicals, a linear no-threshold approach is generally accepted,
unless details on the mode of action are known or adequate low dose data exist to support a
linear approach with a threshold. Exposure is assumed to be over a life time of 70 years and risk
is related to the incidences of new cancers above the existing background cancer rates.

The radiological paradigm, however, assumes a one-year exposure horizon that will presumably
trigger actions to limit further exposure so that the allowable risk limit is not exceeded, and the
risk level is based on cancer deaths (not new incidences of cancer above background).

In setting exposure limits for radiation in general, including tritium, regulators currently consider
all potential exposures to humans from all radionuclide sources. This means that if one source
increases, other sources may have to decrease, so that a total limit is not exceeded. This approach
is described in the various references and we will not attempt to repeat it here. The Canadian
Nuclear Safety Commission (CNSC), Canada’s national regulatory body for radiation matters, as
well as other regulatory agencies in other countries take their lead from the International
Commission on Radiological Protection (ICRP). The ICRP sets out a risk framework that
national organizations may use to establish safety limits and practices for their nuclear industries.
ICRP’s work is based on long-term experience with radiation events and human health effects
research and monitoring, and as such, their initial and primary focus has been on the protection
of workers in the nuclear field [ICRP, 2003].
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There have been several attempts to reconcile the radiological model versus the chemical
carcinogen model to determine if they represent similar levels of protection or precaution, and
whether or not they could be harmonized [Health Canada/AECB/MOEE, 1998]; [HPA, 2007].
These efforts were not entirely successful and it was concluded that it was not fruitful to consider
harmonizing the two approaches in that they provided different, but similar levels of health
protection.

The divide between the radionuclide and chemical carcinogen paradigms for rule making or risk
assessment was highlighted in the publication entitled: “Risky Business: Claimsmaking in the
Development of an Ontario Drinking Water Objective for Tritium” [McMullan, Eyles, 1999].
This publication describes the paradigms and related public policy implications.

There have been several recent assessments or reviews of the health implications of ionizing
radiation, as follows:

A 2004 United Kingdom report by the Committee Examining Radiation Risks of Internal
Emitters raised a number of questions with respect to the ICRP approach and its application by
national regulators [CERRIE, 2004].

The BEIR VII report concluded that, for ionizing radiation, there is a linear-dose response
relationship between exposure to ionizing radiation and the development of radiation induced
cancers in humans, and that there is no safe level for exposure [BEIR, 2006]. The ICRP also
endorses the assumption of this linear-dose response relationship [ICRP, 2007]. It should also be
noted that the “EPA classifies all radionuclides as Group A carcinogens.” [USEPA, 2001a].

A recent United Kingdom report prepared for the Health Protection Agency, by the Advisory
Group on Ionizing Radiation (AGIR), concluded that the ICRP approach was still appropriate but
that for tritium the “Relative Biological Effectiveness” (RBE) should be increased from a factor
of 1 to a factor of 2, and consideration be noted for critical groups [AGIR, 2007],

The RBE for a given radionuclide is a measure of its potency for causing biological damage,
relative to some standard, usually gamma or X-rays. An RBE of greater than 1 indicates the
radionuclide is more potent (i.e. effective) than the reference radiation; conversely, an RBE of
less than 1 indicates that the radionuclide is not as potent as the reference radiation. The RBE is
used in dose and risk calculations such as those involved in establishing regulatory standards.
The RBE change for tritium would affect the exposure -cancer relationship and serve to lower the
limit of exposure by 50%.
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As noted in the introduction, the issue of the Ontario Drinking Water Quality Standard for
tritium was brought to the attention of the Minister of the Environment by Toronto Public Health
and Greenpeace Canada. Greenpeace commissioned a report by Dr. Ian Fairlie, who is an
independent consultant on radioactivity in the environment, entitled “Tritium Hazard Report:
Pollution and Radiation Risk from Canadian Nuclear Facilities, 2007”. This report documents
the extent of tritium radiation exposure in the environment in Canada and challenges a number of
the assumptions of the ICRP model and the approach used in international jurisdictions, and
Canada by the CNSC and the Ontario nuclear industry. It recommends that “safety factors” for
tritium be increased by up to a factor of 20 [Greenpeace, 2007].

The Canadian Nuclear Association retained Dr. R. V. Osbome (a biophysicist) to review the
report by Dr. Ian Fairlie. This review contains a comprehensive appraisal of the current
approach taken in Canada and responds to the issues raised by Dr. Fairlie [Osbore, 2007].

In addition to these reports, CNSC held a one day public workshop on the safety issues relating
to tritium. Recognized experts presented papers on various aspects on the issue and participants
had a chance to ask question and debate issues [CNSC, 2008b].

It should also be noted that Recommendation 12 made to federal and state / provincial
governments in the 7th Biennial Report (February, 1994) of the International Joint Commission
(IJC) recommended that radionuclides, with a half-life greater than eight weeks (tritium has a
half-life of approximately 12 years) be included in the definition of persistent toxic substances
under the Great Lakes Water Quality Agreement, and that strategies for virtual elimination of
these pollutants from waste streams be implemented [IJC, 1994].

All of the above noted sources are referenced and are available for more detailed review. This
report does not attempt to describe this information in detail but rather to highlight the
information that the Council members had available and considered throughout this review.
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4.2 Risk Level

Traditionally, the standard setting processes employed by most environmental regulatory bodies
consider 10 as the furthest bounds of an acceptable risk level. Acceptable risk levels of 10 or
more stringent, are considered to be “de minimis” or trivial [Kelly, 1991]; [Graham, 1993].

Health Canada establishes its Canadian Drinking Water Quality Guidelines for non-threshold
chemical carcinogens at a level which represents an estimated lifetime (70 years) risk of cancer
falling within the range that is considered to be “essentially negligible” or as close to “essentially
negligible” as reasonably practicable. "Essentially negligible" risk is generally interpreted by
most wgrld—wide regulatory bodies, including Health Canada, as a range of risk of between 10~
and 10™.

The ICRP’s “Principle of Optimisation Protection” states that “The likelihood of incurring
exposure, the number of people exposed, and the magnitude of their individual doses should all
be kept as low as reasonably achievable, taking into account economic and societal factors.”
[ICRP, 2007]. The ICRP notes that “For public exposure in planned situations, the Commission
continues to recommend that the limit should be expressed as an effective dose of 1 mSvina
year.” [ICRP, 2007]. The ICRP also notes that “The proposed values are implicitly set as a
fraction of the dose limit” in that the “Dose constraint for public exposure, for prolonged
component from long-lived nuclides” should be “0.1 mSv/year” [ICRP, 2006].

In addition, for carcinogens whose guideline levels have been established at a level above the
health-based value (due to for example limitations in analytical and treatment technologies),
Health Canada recommends the As Low As Reasonably Achievable (ALARA) principle [Health
Canada, 1995b].

The Ministry of the Environment’s approach to setting health-based Standards for carcinogens in
drinking water considers an incremental lifetime risk of 10 to be acceptable, and uses this level
as a starting point.

As well, the Ministry of the Environment sets air Standards based on values that protect against
health and environmental effects, as opposed to those that consider technical or economic issues.
For carcinogens, the Standards are set at the 10 risk level. An alternative standard process was
developed to establish interim site-specific standards with the goal of continuous improvement
toward achieving the effects-based standard over time [MOE, 2005].

The United States Environmental Protection Agency (USEPA) establishes drinking water
standards for carcinogens as close to zero as possible, considering economic, technical,
treatability and other factors and do not explicitly consider risk. However, the Agency’s
acceptable risk range is from 10™ to 10 [USEPA, 2000].
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The World Health Organization (WHO) establishes drinking water criteria for carcinogens based
on an incremental lifetime risk of 10° [WHO, 2004].

An approach to better understand risk is the "Rofecoxib" (Vioxx) Risk Characterization Theatre,
which illustrates and compares the approaches of other agencies and jurisdictions [Strauss,
2008].

Risk may also be addressed by applying precautionary measures, such as ALARA (As Low As
Reasonably Achievable), or BATEA (Best Available Technology Economically Achievable).

In the case of Canada’s nuclear industries, exposure and risks are mitig