Purpose of consultation

This guideline technical document outlines the available information on radionuclides
with the intent of updating the guidelines for radionuclides in drinking water. The purpose of this
consultation is to solicit comments on the proposed guidelines, pheaah used faheir
development, and the potential impacts of implemerttiegn

Health Canada isasing theropo®d guidelines oa new reference level of
1 millisievert per yea(mSv/y), which is higher than the value in past recommendatlaribe
previousCanadian drinking wateguidelines 2009, the reference level of 0rhSv/y wasused
consistent witlthevalues chosen to regulate emissions from industaavitiesfor which
measures can be planned in advance (when the facilityliy to keep releases and subsequent
public exposure very lowmhis is no longer considered approprjditecause radionuclides in
Canadian drinking water sources are overwhelmioflyatural origin so the very stringent
requirements for industrial releases do not apply. Furthermore, higher concentrations of
radionuclides tend to occur in small community water sources or private wells. In these cases,
the challenges of meeting the requirement for \@nyradionuclide concentrations can be
significant, whereas the difference in health risk betweem@Sl/y and InSv/y is negligible
On balanceit is not reasonable to imply that intervention is required belowS¥/y. An overly
conservative reference level can create an exaggerated impredséaitofrisk and lead to
interventions that do more harm than good, especially whensti@al, environmentagnd
financial costs are borne by small communities or private individualsn@heeference level,
andproposednaximum acceptable concentratioMACs), are toos to support a more balanced
assessment of risks, benefits and gasithiout sacrificing health protectiohe MAC for
uranium has been removed as it is a chemical hazard covered by the drinking water guidelines
for uranium New proposedVIACs for the most significantadionuclidesincludingradium228
(Ra228), and newnealthbased valuesHBVSs) for other radionuclides of interestcluding
polonium-210 (Pe210)andradon222 (Rr222), have also been included.

Thisdocument is available for a €fay consultation period. Please send comments (with
rationale, where required) to Health Canada via email at:

watereau@hesc.gc.ca

All comments must be received befdanuary 10, 2028Comments received as part of
this consultation, along with the name and affiliation of the author will be shared with members
of the FederaProvincialTerritorial Committee on Drinking Water (CDW). Authors who do not
want their name and affiliation steat with CDW members should provide a statement to this
effect along with their comments.

It should be noted that this guideline technical document will be revised following the
evaluation of comments received, and a drinking water guideline will be established, if required.
This document should be considered as a draft for comment only.

Proposedguideline

Maximumacceptableconcentrations (MACsareproposed fothe most significant
radionuclides in the uraniviand thoriumdecay chaindn addition,new healthbasedvalues
(HBVs) are presenteith Appendix D for adionuclides thamnay beof interest such agadonand
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tritium, and isotopes gbolonium,strontium, iodine and cesium. ThBVs andproposed MACs
are derived from a reference level aiillisievert per yearrqSv/yea) and are listed in Talbdel
and?.

Water supplieshouldbe screened against a gross al@thationlevel of 0.5Bq/L
(becquerel/litrepand a gross beta level of B@/L before individual radionuclide analysss
undertakenThe radionuclidethat have been assignadVAC should beprioritized overthose
with anHBV during individual analysis, based treir probability of occurrencat levels that
warrant investigationf more than one radionuclide is detected, the sum of the ratios of the
observed concentration to tRBV or proposedVAC for each contributing radionuclide should
not exceed 1.

Table 1 Proposednaximum acceptable concentratidasradionuclides irdrinking water

Naturalradionuclides MAC (Bg/L)
Lead210 2
Radium226 5
Radium228 2

MAC — Maximum acceptable concentratidg/L — becquered per litre

Executive summary

This guideline technical document was prepared in collaboration with the Federal
Provincial Territorial Committee on Drinking Water aagsesses all relevant information on
radionuclides

Radionuclides are naturally present in the environment. Everyone is exposed to
background radiation from cosmic and terrestrial sources, including food and drinking water.
While natural sources of radiation are responsiblenffors t o f radiatoe exposure’ s
(accounting folover98% of exposureexcluding medicatourcey, drinking water tends to be a
minor componendf those natural sourceBhe guidelines concern radionuclides present in
existing and new water distribution systems undatine operational condition¥hese
guiddinesdo not applyin the event of auclearaccident whichis coveredunderprovincial
emergency plans

This Guideline Technical Document draws upon international assessments of the human
health risks of radionuclides in drinking waserdconsides new studies and approaches,
includingdosimetric informatiomeleased by the International Commission on Radiological
Protection (ICRP) in 200MACs in drinking waterare proposetbr the 3 natural radionuclides
(Pb-210 [lead21(, Ra226 [radium-226 andRa228 [radium-228) that areconsideredo bethe
mostsignificant basedn theradiation doseeceived frontCanadian water suppligdealth
based valueHBVs) arealsoderivedfor two additional natural radionuclidepdonium-210
andradon222)in AppendixD. FourHBVs are alsoncludedfor artificial radionuclidegtritium,
strontium90, iodine-131, andcesium137)for referencgurposesTheHBVs andproposed
MACs werederived using internationally accepted equations and principles. They are calculated
using a reference dose level ainlllisievert(mSy) for oneyears consumption of drinking
water, assuming a consumpticateof 1.53L/day.

Exposure

Natural radionuclides are present at low concentrations in all rocks and/¢ods.
groundwater has been in contact with rock over hundreds or thousands ofagiarsjclide
concentrations may build up in the water. These concentrations are highly variable and are
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determined by the composition of the underlying bedrock as well as the physical and chemical
conditions in the aquifeNatural radionuclides have also been known to occur in shallow, wells
although this is rare

Increased levels of natural radionuclides in surface waters may be linked to industrial
processes such as uranium mining and milling, or to environmental processes such as
cosmogenic fallout and radon progeny washed out of the atmosfberees oértificial
radionuclides includeatlout from aboveground nuclear weapons testing (before 1963) and
emissions from nuclear reactors astberactivities (such as resear@nd diagnostic and
therapeutic medicine)n Canadalevels of artificial radionuclidesiithe environment are very
low.

Health effects risk and reference level

In the field ofradiation protectionthe main concerassociated witkchronic radiation
exposuras stochastic effectaNhen such effects ocguhe probability of unrepaired DNA
damage leading to cancer is assumed to increase or decreadeddbe.Thel C R R00%
recommendationassume a lineamo-threshold relationship between exposure and cancer risk.
Risk estimatesvere obtained by extrapolatinpwnward fromhe results oépidemiological
studiesn humans exposed to high levels of radiation/radioactiitthough there is uncertainty
about the relationship betweerposure and health effects at low doses and dose rates, the
linearno-thresholdmodel is generally accepted lasingboth appropriate and conservatfoe
the purposes of radiation protectidrhe International Atomic Energy AgenGAEA)
recommends InSv/year as a reference level or target for most water treatment plaitts,
balances the riskagainsthe ICRP justification and optimizatioprinciples

Treatment and analytical considerations

The guideline development process considers the abilityetsure (quantify) and
remove (treat) a contaminagindm drinking watersupplies Methodsare available foscreeimg
water supplies for radioactivityand individual radionuclides can be reliably measured to levels
below theHBVs andpropod MACSs.

At the municipal level, most radionuclides can be effectively removed from water
supplies using treatment technologies such as regsrmsesision exchange and lime softening
For radon, granular activated carbon and aeration are effective methods. For artificial
radionuclides (including tritium, which cannot be removed from water), the strategy should be to
prevent contamination of the source water. It should be notecegidtals from treatment may
cause a lowevel radioactive waste disposal problandwaterutilities should take this into
consideration when choosing a treatment option.

At the residential level, multiple pouuif-entry and poinbf-use treatment technologies
areavailable which haveasimilar removal efficiencyo municipaiscale technologies

Distribution systems

According tostudies found ithe scientificliterature some radionuclidesdr example,
Pb-210, Ra226andRa-228)have been shown tccumulate in distribution system piping,
depending othe source watecharacteristics, distribution system materialsd the presence of
co-occurringmetabk. When radionuclidesarepresent in the source watsystemsshould
determine if they need to be included in their monitoring and distribution system management
plans,to prevent their accumulatiaon corrosiorscales and their subsequerdleasanto the
distributed waterlt is recommended thatater utilities develop distribution system



management platm minimize the accumulation and release of radionuclides atodt@arring
contaminants in the system. This typically involveducingconcentratioaentering the
distribution system and implementing best pi@dito maintain stable chemical and biological
water quality throughout the systeandreducephysical ad hydraulic disturbanceshich can
release corrosion products andaxxurring contaminants (such as radionuclides)

Application of the guideline
Note: Specific guidance related to the implementation of drinking water guidelines should be
obtained from the appropriate drinking water authority in the affected jurisdiction

MACs have been proposed f®naturalradionuclidegPb-210, Ra226andRa228),
which representhe mossignificantradionuclidesn Canadian drinking water supplids.
addition, theHBVs for 6 radionuclidegpolonium-210,radm-222, tritium, strontium90, iodine-
131 and cesiurmi37) that areof interest inspecific scenariosan be found in Appendix.C

Screening criteriaf 0.5Bg/L for gross alphactivity and 1Bg/L for gross betactivity
are recommended hese values are conservative, as tiepyesent onthird of the reference
dose leved used in determining thdBVs andproposedMeasurements of treated water and
water at the point of consumption can be evaluated against the screeningicrdsder to
assess whethardividual radionuclide measuremerii® requiredExceedances of thproposed
MACs should be investigated with additional monitoriagd a risk assessmesitould be
conductedo determine the most appropriate way to handlexteedance.

Drinking water supplies that exceed the guideline \alik rarely pose a health risk,
especially in the shoterm. Discontinung use of the waterwhile characterizing the
radionuclide content and, if necessary, implementing remedial actismnly necessary if
levels are very highi¢gr exampleten timeghe criterion forassessmentj\ny decisions to
discontinte the use of the water for drinking purpose®dto be carefully considered itight of
theoverallcosts andenefis. Factors such as the extent to which the reference level is exceeded,
the costs of remediation and the availability of other drinkuager supplieshould be
consideredEnsuring that a better option is available is essential before discontiheinge of
thedrinking water supply (WHO, 2018).

Sincethe reference level is not a limit, internationadjanizationsecommenda single
valug establishedor adultsIf eitherscreening critean for gross alpha or gross beta
exceeded, it isecommended that an alternative source of watesh{ asottled waterbeused
to prepardormula.Thisis a precautionary measure, because of the time it may take to
characterize a water supplyhe water is stilacceptabldor children flderthanl yea) and
adultsto consume and use.
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1.0 Exposure Considerations

1.1 Radionuclides ofnterest, sources andenvironmental behaviour

1.1.1Radionuclides ofinterest

Radioactivity is preserdgverywhere irthe environmentand has been since the earth was
formed.Naturally occurring radionuclides are predominantly primor@haling halflives
comparable to the age of the eaiiotopes of potassium, uranium and thorjamd their decay
productspor they can be producdtbmt he i nteraction of cosmic ray
atmosphere. Artificiatadionuclides are produced for medical and industrial purposes of as by
products of energy production ahitorical weapons testinglhe radionuclides of interest
identified in thisguidelinedocument, shown in Table @me fromall of these sources.

Pop-out/Information Box:

Radionuclidedhat occurin drinking waterdue toa nuclear emergency are not covered in these
guidelines. Pleasgee Generic¢c Criteria and Operational In.
Emer gency P11 ann(Healh Canadh, 28)8as well as previncial nuclear
emergency plangor more information and guidance.

In Canada, most radionuclides in drinking water are naturally occurring. They enter the
source water via natural processes sudgheasrosion of radionuclidéearing minerals in rock
and soil Inputs from human activitiessuch as mininghuclear power production or nuclear
medicine—tend to be much smalldsecause industrial and medical uses of radionuclides are
regulated at the source aadvironmentaémissions are optimized bewell below regulatory
limits (IAEA, 2016; WHO, 2017). Contributions from past nuclear weapons testing and
accidents are nearly negligible (UNEP, 2016).

Table 2 Radionuclides of interest

Radionuclide Half -life Decay mode Source

Radiun226 1600y alpha Uranium decay chain

Radium228 5.75y beta Thorium decay chain

Radon222 3.82d alpha Uranium decay chain

Lead210 222y beta, gamma Uranium decay chain

Polonium210 138.3d alpha Uranium decay chain

Tritium 123y beta Naturally produced due fateractions of
cosmic rag with molecules in the air
Artificially produced by nuclear reactors

Cesium137 30.08y beta, gamma Nuclear reactors, histoatnuclear weapons
testing

lodine-131 8.02d beta, gamma Nuclearreactors, nuclear medicine

Strontium90 289y beta Nuclear reactors, histoatnuclear weapons
testing

y — year; d- day

Testing for artificial radionuclides is only recommended if there is reason to suspect their

presenceife.,the water sourcis nearhospitals or certain industrial operations).
ProposednaximumacceptableoncentrationsMJACSs) or healthbased value@HBVs)
for 3 radionuclides have been added since the 2009 edition of this doctimemMAC for




radium228 Ra228 andHBYV for radon222 Rn-222) were added because of the discovery of
localized concentrations @anadiarwell water that could lead to exceedances of the reference
level (Health Canadajnpublished data)rhe HBV forpolonium210(Po-210)was added

because it is part of the uranit288 decay chain and is therefai@quitous andalsohas avery

high dose coefficieniThe MAC for uranium has been removed because uranium is only weakly
radioactive angthereforeis treated as a chemical hazard. Information on uranium in drinking
water can be found elsewhere (Health Canada, 2019).

1.1.2Sources andenvironmental behaviour

The occurrence of natural radionuclides in drinking water is most comrassbgeiated
with groundwater. Natural radionuclides are present in all rocks andtaditaeir
concentrations vary depending on the mineral content. Examples of rocks that tend to contain
higher levels of uranium and thorium include crystalline rocks such as granite and quartz
conglomerate metamorphiocks, and sedimentary rocks such as organic shales, sandstones
carbonates and phosphorit€ogvart andBurnett, 1994 Whengroundwater has been in contact
with rock over hundreds or thousands of years, significamtentrations of radionuclides may
leach into the water.

The eavironmental transport of radionuclidssinfluenced byadionuclides ygid¢al and
chemical properties, as well as the properties of the medium or envirommdriththey are
travelling.Ar adi onucl i de’ s manlpby itsinanguclaarsprogeriegadthnse d
isotopes of the same element behave in the samelveayically Hydro-chemical behaviouike
mobility and solubilityare dependern water quality including alkalinity, pH, redox and
chemical composition (WHO, 2018). Volatile radionuclides (like radon) will escape from water
into the atmosphere, meanitigtthey are less likely to accumulate in water sources exposed to
the air (Otton, 1992; WHO, 2011).

Because water qualityayfluctuate seasonally, the levels of radionuclides may also
fluctuate Thisis why seasonal testing is sometimes recommetudeldaracterize a water source
For examplesurface wateacidity may increase in the fall when leaves and needles fall into the
water and decompose (USU, 202Dhe parent radionuclide uranium msore mobilen waters
with a neameutralpH and highcarbonate alkalinity (WHO, 2018%easonal differencasay
also occuin watertablelevels surface ruroff patternswater sourceolume andsoil saturation
(Bartram and Balance, 1996).

Pop-out/Information Box:

It is difficult to predictwhetherradionuclidesare presentand in whatuantitie$ in a specific
geographical location, even withegeology isknown Thereforejt is recommended that each
situation be evaluated on a cdsecase basigOn the basis gbrevious data (such as that
presented irsection 1.2), only a very smdhaction of water sourcearebe expected to have
radionuclide concentrations that exceedghigleline values.

1.2 Exposure

1.2.1Radionuclide dosedata from various studies in Canada
Thedataavailableonradionuclide concentrations in drinking wateiCanadandicate a
general trend as depicted in Figurd'he concentrations of natural radionuclides in most water
systems remain low and contribute to an annual dbkss than Inillisievert (mSv) On
occasion, groundwater sources or wells may contain natural radionuclidesutigatsult inan
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annual dose approaching or exceedimgSv. Artificial radionuclides are found in very low
concentrations, resulting in a negligible annual dose.

e

Natural
radionuclides
(limited number
of groundwater
sources or wells)

Natural
radionuclides
(most
groundwater
sources or wells)

<DL or <0.01 mSv

Matural
radionuclides
(large
community
water sources)

Artificial
radionuclides
(primarily surface
waters near
nuclear facilities)

DL — detection limif mSv— millisievert

Figure 1. Characteristicanges of annualdosesof radionuclids in drinking watey based on
typical concentrations in water sources and daily drinking water consumption af (s&2ces
of information described belgw

Radioactivitylevelsfrom artificial radionuclidesneasured in waters near nuclear
facilities in recent yeardefore2022) have consistently been below detection liritdelow
0.01mSvly, according to the results the IndependeriEnvironmental Monitoring Program
(IEMP) of the Canadian Nuclear Safety Commission (CNS@gcifically,cesium137 (Cs-137)
in waters nea® nuclear facilitiescobalt60 in waters near nuclear facilitiesamericium241 in
waters neat nuclear facility,iron-59 in waters neat nuclear facility andodine-131(1-131)in
waters neal nuclear facility, were all below detection limitdeasurements ofitium (H-3) in
waters near 10 nuclear facilities all corresponded to doses belom8WY(CNSC, 2023)

Threepublishedstudies summarizinthe available Canadian data for large community
water sources all indicathat doses from Ra26, Rn222,lead210 Pb-210) and Ra228are
under 0.ImSv/y. Onereviewed natural radioactivity levels the public water supply for 24
metropolitan areas and citi@Shen, 2018a)Anothersummarized the results of a series of
analysesharacterizing natural radioactivity levels in municipal drinking water supplies,
conducted over a 3fear period by Health Canaddeasurements for many of the
municipalities were discontinued after a few years as they showed consistently low levels of
radioactivity. A third study presented R228 concentrations in municipal drinking water in
Regina, Elliot Lake, and Port Hope in 202016 (Chen et al., 20tB8 Measurementaere
continued for3 municipalities where circumstances indicated a potential for higher radioactivity
levels in Regina due to high concentrations of uraniunttie sedimentary bedrock; in Elliot
Lake due to past and present uranium mining operations; and in Port ¢Hep&oactivities
associated with waste management and refining operd@inen, 2018h)



Health Canada’s Radiation Protection Burea
groundwater and wells for special projects and consultations (unpublishest)of these results
indicate that concentrations of natural radionuclides, includingZ®aRa228 and P¥10, are
below levels that wouldorrespond to doses ofdSv/y. However, instancémve occurred of
doseghatwould approach or exceediSvly.

1.2.2Putting exposures fromdrinking water into perspective

It is important to puexposure teadiation from drinking water intperspectiveAs
shown in Figure 2, annual doses from natural sources of ionizing radiatypim different
Canadian citiegdue to factors such as local geology, latitude and altitude. As mentioned in the
previous sectionthedata consistentlghowthat, for most Canadiangypical doses from
ingesting drinking waterepresena very small percentage of the total exposure from all natural
sources

The most important pathway for expostwenost radionuclides in drinking water is
ingestionof the water, which determines the levels for the MACs or HBiVsontrast,
radiological effects fronexternal exposure to the radionuclides of interest in drinking \sie¢er
negligibleand so do not influendbe MAC or HBV. Radiological effects from inhalation of
these radionuclidearealso negligible, except for radon. Radon is discussedeater detain
Section 1.2.3.
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Figure 2. Average annual dogeom various sources of natural radiation exposure in Canadian
cities Health Canadapfthcomingpublicatior)

1.2.3Radon

The largest contributor tine background radiatiodosereceived bynost Canadians is
inhaledradon and its shotived decay products (see Figure 2). Radon is a gas that can
accumulate in the air in enclosed spaces, such as homes and buildings, soahbighdsvels.
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Breathing air that contains high levels of radon can significantly increase lung cancer risk over
time, and this is the most important consideratigrfarwhen managing radon exposure.

Radon typically enters a building through cracks and other opeinicgsitact with the
ground. To a lesser extent, it can also come from groundwater that is brought inside for drinking
or other purpose$rom which aportion of the dissolved radon will transfer (outgas) toatine
eitherbefore or athe tap This is only a concern for peopielying on groundwateiFor surface
water sourceand municipally treated water sourcaatural agitation and exposure to the open
air allows radon to escape before the water reaches the distribution system.

TheHBYV for radon in drinking water is based the ingestion doseaather tharthe
inhalationdose Health Canada has established separate guidance for assessing the inhalation
hazardirom radon A radon test can be performesing simple and inexpensive devicasd the
resultscan be comparetb the national guideline for radon in indoor air to assess the need for
mitigation. More information is available elsewhérealth Canada, 2023)

2.0 Health Considerations

2.1 Health effects

Radionuclides emit ionizing radiation, which has enough energy to remove electrons
from atoms and molecules. In very simple terms, when an electron shared by atoms forming a
molecular bond is dislodged, the bondbiskenand the molecule falls apart. This process may
occur by a direct “hit?” tfoomfree radical formatomdueto r may
theirradiation of adjacent molecules. When ionizing radiation is absorbed in a human cell, it can
cause damage to the raNrA regponseemechdnisms will bftendead d y * s
with the damage before it becomes a problelowever, in some cases, the damage can lead to
abnormal cell growth, or cancer. The primary health objective when managing public exposure
to ionizing radiation is to reduce the risk of attributable cancer.

Factors relevartb radiatiorinduced cancer include, among other things, the pathway of
exposure, the physical characteristics and chemical behaviour of the radionuclide and the
sensitivity of the exposed organs.

The main evidence linking radiation exposure and cancer comes from epidemiological
studies of individuals or groups who have had relatively high exposures, such as:

e atomic bomb survivors at Hiroshima and Nagasaki;

e patients who received high radiation doses for diagnostic or therapeutic purposes; and

e occupationally exposed workers (historical records), including uranium miners and
radiumdial painters

At lower doses and dose rates, the epidemiological evidence is less clear, in part because
everyone is exposed to low levels of radioactivity, and in part because radialimed cancer
cannot be distinguished from cancers due to other causes (ICRP, 20@&ver, mechanistic
studies indicate thaelatively low doses of radiation caémgger biological responsessociated
with cancer (UNSCEAR, 2021). Furthermore, studies have shown that radiation exposure can
lead to heritable effects in animals, altlgh this has not been demonstrated in humans (ICRP,
2007). For the purposes of radiation protection, it is assumed that low doses of radiation have the
potential to lead to cancer or heritable effects, and this assumption forms the basis for risk
assessmérand management as described in the next section. It is recognized that there is a great
deal of uncertainty about the relationship between exposure and health effects at low doses and
dose rates
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2.2 Risk

Radiationinduced cancer and heritable mutations are stochastic effeoteprobability
of occurrence is assumed to increase or decrease as exposure increesesasefRadiation
protection uses calculations that characterize the prospective tisdseéffects as the basis for
making decisions about managing expositihe internatioally-acceptedisk modelfor these
calculationss linear and has no threshold, meaning that it is possible to calculate a risk for any
exposure, no matter how smah.daily life, we face health risks from many different sources.
Sometimes trying to reduce the risk fransinglesource, such as insignificant exposure to
radiation, can inadvertently lead to undesirable consequences and/or risks from other sources. It
is, therefore, important to find a balance. With this in mind, the ICRP has established the
principles of justificion andoptimizationas the basis for its system of protection (ICRP 103).
Specifically:

e any decision to alter a radiation exposure situation (increase or decrease) should do more
good than harm, considering all radiological and all-remfological risks and
consequences; and

e the level of exposure should be as low as reasonably achiewéhleconomic, societal,
environmental and other factors being taken into account.

The ICRP recommendatioase used to inform the Canadiand international systesof
radiationprotection.

TheHBVs andproposedVACs for drinking water in Canadaave beermstablishedt
levels well below any level of importance to human health, so the radiological risk is very small.
In most situations, the nenadiological costs and/or consequences of achieving these targets are
relatively minor; howevetthere are exceptions, particulaftr small or private water supplies.
The negative consequences of water restrictions or expensive treatment systems may
significantly outweigh the benefits of avoiding a small radiation dose. In these cases, it is
important to seek the advice of pgskionals and consider the big picture when deciding how to
proceed

2.3 Referencdevel andeffective dose

ThelCRP recommends that exposures from natural and legacy sources be managed using
a reference level betweemiSv/y and20 mSv/y (ICRP, 2007).

The basis for thélBVs andproposedVACs in this document is a reference level of
1 mSvly, which is at the lower end of the recommended rartgevalueis consistent with the
reference level recommendedthe nternationakafety standardgIAEA, 2014) and
acknowledged by the World Health Organization (WHO, 2018). More discussion of how Health
Canada’s re¢comme n thase diinrteinational®nggnizations andi peekhs is
provided in Section &nd Appendix B

The reference level iseithera limit nora boundary betweenhat is consideredafe and
unsafelnstead it is a level thainvolvesminimalrisk andis reasonably achievabfer most
water systems in Canada. It is usually a reasonable fargetsessing watguality; in
situations where it is notsanentioned earlier, a more detailed assessment of the situation is
warranted before making any decisions.

The reference level is expressed in termthekffective dose, which ideveloped by the
ICRP to relate ionizing radiaticexposureo the risk of stochastic health effects, primarily
cancer. It combines information about the physical and chemical properties of radionuclides with
data that characterizes biological response. This allows expdswiéfierent radionuclides
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through different pathways to be easily summed and/or compared to limits and reference levels.
Estimates of average exposures to different sources of background radiation, as shown in Section
1, are expressed using effective dose. The unihfeeffective dose is the sievert (Sv). Because
the sievert is a very large unit, doses in the range relevant to drinking water are typically
expressed as millisieverts (mSv), or 1/1000 of a sievert.

ThelCRP has developed dose coefficiefiisse per unit intake of a radioactive
substanckgto facilitate these calculations (ICRP, 2012, 2017). For exaiplesing dose
coefficients fortheingestion ofradionuclidesalong withinformationon radionuclide
concentrations and consumption rates, it is possible to estimate the dose that an individual would
receive from a given source of drinking water. Health Canada used effective dose coefficients
and standard assumptioiasderive theHBVs andproposedVA Cs(see Section 3).

3.0 Assessment and Implementation

Figure 3 describes the process for assessing radiological parameters in drinking water.
The process begins witbugh and relatively inexpensivéaboratory measurements then
advances through more precassessmentghentheresults indicate that this is necessary. Each
of thesesteps is described in more detaiSactions 3..5and3.2.

Alphaandbetaradiationactivity criteria, HBVs andproposedvAC values summation
formula andthe referencdevelwere developebtased ormnnual exposurerhis is important to
bear in mind when initially characteimg a water source. It may be necessamepeathegross
alphaandbeta measurements and/or radionuclide anatpsespture fluctuations and properly
establish a baseline for the water supply. For example, sampling and measuring once per season
for the first year is recommended for water sources that approaeicexed théiBV or
proposed

The dose for infantdess tharl yea old) is higher tharthat for children @ver1 yea old)
andadults at théiBV or proposedVAC. If the screening critawn for gross alpha or gross beta
is exceeded, it is recommended that an alternative source of aathradottled waterbeused
for the preparation of infant formula. The water is still safe for childess tharl yearold) and
adults to consume and u3éne angoing periodic reviewprocesss discussed in Section 3.4.
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Screening: gross
alpha & beta?®
(see Section 3.1)

Water meets
guideline criteria

Exceeds a
screening level?

Radionuclide
analyses
(see Section 3.2)

Water meets
guideline criteria

*Exceeds MAC(s)
or HBV(s)?

Dose assessment
(see Section 3.3)

v

Exceeds
reference level?

Water meets
guideline criteria

Consider whether water
treatment or other options
are necessary

aGross alphaneasurementshould be corrected for the presenceraiium and gross beta
measurements$or the presence gfotassiur0. Refer to specific gross alpha/beta measurement
techniques for detailsuch as those listed in Table 3

bIf the water is being used for the preparation of infant formula, consider using an alternative
source $uch asottled water)

Figure 3: Flowchart for the assessment of radiological parameters in drinking water supplies
(the criteria for geriodic revieware describeth Section 3.4)
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3.1 Grossalpha and beta screening

Sinceall thekey radionuclidegargetedn routine drinking water assessment emit alpha
and/or beta particles, a wasample can usually be quickly screened using analysis methods that
measure gross alpha or gross lzefiavity (see Section 4.1However, goss alphand beta
screeningare noteffective toos for determining radoand tritium levels, respectively.

Therefore, pecific testing for radon or tritium is required if there is reason to believe that either
of these are present in significant quantities.

Gross alpha and beta screenma@relatively inexpensive way of identifying water
samples that require further investigation. The screening criterion proposed for each test
corresponds to an annual dosaofmore tha®.3 mSv, or about 1/3 of the reference level dose.
Health Canada bases the gross akatraening criterioon Pe210(0.5 becquerel per litre
[Bag/L]) andthegross betacreening criterioon Ra228 (1Bg/L), as theeradionuclidehave
the highest dose coefficierasnongthoseconsidered significanh Canadian drinking water
(ICRP, 20122017) This approach is conservative

If the results foboththegross alpha and gross beteasurementare below the
screening criteria, there is no need for further investigati@ither or both measurements are
above the screening criteria, radionuclgpecific analysis is recommended

3.2 Radionuclidespecificanalysis

If the gross alpha and/or gross betaeening criteriare exceeded, or if there is a known
concern about radon or tritium in an area, the next step is to measure specific radionuclides and
compare their activity levels with the MACs (see titer4.2).

TheproposedVACs for the individual radionuclideserederived using adult dose
coefficients (ICRP, 201,2017), assumingdrinking water intake of 1.5B/day (or 558L/year),
and a reference level ofSv per year.

TheproposedVAC for a givenradionuclide in drinking water is derived using the
following formula:

MAC (Bg/L) =

1mSv/year

558 L/year x DC (Sv/Bq) x 1000 mSv/Sv

where:

* 1 mSv/year is the reference level.

« 558 L /dyinkingrwatér congurption rate for an adult, which corresponds to a

daily consumption rate of 1.53 L/day. This value is consistent with that used by Health Canada in
other drinking water guidelindgiealth Canada, 2021)

« D C imgestion tlose coefficiedr a member of the publitased on th&CRP 119standard

(or ICRP 137or radon ingestion)This provides an estimate of the-yar committed effective

dose for adults resulting from a single intake of 1 Bqg of a given radionuclide.

TheHBVs are calculated in the same manner apthposedVACs.
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3.21 Summation formula

The radiological effects of two or more radionuclides in the same drinking water source
are assumed to be additive.erafore the following summation formula should be satisfied in
orderto demonstrate compliance with the guidelines:

¥y C,

i 1

; =1
MAC,
where Cand MAGC are theobserved and maximum acceptable concentrafiddsC or HBV),
respectivelypf each contributing radionuclide. Only those radionuclides that are detected with at
least 95%confidence should be included in the summation. Detection limits of undetected
radionuclideshould not be substituted for the concentration©@erwise, a situation could

arise where gample fails the summation criteri@ven though no radionuclides are present.

Popoutinformation Box:

Chemical MACs should not be included in tlaeiological summation formula. For example,

total natural uranium does not have a radiological MB@instead has chemical MAC, which

is more limiting. Becauseraniumat the chemical MAC generates a very small radiological dose
(~0.01mSvly), uranium should not be included in the summation formula.

3.3 Doseassessment andhitigation decisions

TheHBVs andproposedVACs werederived using default values for some parameters,
such as consumptigates If radionuclide concentrations exceed Hi&V or proposedMAC (or
1, if using the summation formula),ntight be worthwhile to characterize doses more
accurately. The results, when compared against the reference level, can inform decisions on next
steps This isespeciallytruefor private wellswhere intervention could inadvertently lead to
situations where the negative impacts outweigh the positive ones (see Sections 22 @hd 2.
dose assessment will depend on many factockiding the radionuclides present in the drinking
water, seasonal variations in measured concentgtlwata radiation protection expédre
contactedo perform this assessment and provieeommendations. For private wells, the risk
tolerance of the individuals served and the impacts of mitigaticluding cost, are important
and relevant considerations when deciding how best to praéeegdublic or largecommunity
basedsystems, exceedances should generally be mitigated. Treatment options are discussed in
Section 5.

3.4 Periodicreview andmonitoring

Periodic reviews arerecommended in situations where human activities or environmental
changes could increase the level of radionuclides in drinking Widterfrequency of periodic
reviews depend®nthe specific situation, but if there is no reason to expect concentrations to
vary with time, then sampling may be carried out seasonally;@emially or annually. If
measured concentrations are consistent and well beloMBNRes or proposedvACs, this would
be an argument for reducing the sampling freque@onverselythe sampling frequency should
be maintained, or even increased, if concentrations approacidumiMBVs orproposed
MAC:s, if the sum oftheratios of the observed concentration to &V or proposedMAC for
each contributing radionuclide approaches 1f tire source of the radioactivity is known or
expected to chamgapidly withtime.
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Gross alphandgrossbeta screening measurements can be adapted for use in periodic
reviews, at levels different from théefaultscreening criteriaFor example, if the gross levels
initially measured are above the screening critéud radionuclidespecific testing shows that
the water meets the guideline criteria, theasuredjross levels can bdilized asthescreening
criteria for periodic review This is possible becaugsachscreening critedn represents.
fraction of the reference levelikewise, in instances where one or two radionuclides
predominately contribute to the total dotes periodic revievg can focus on them. The decision
on which method to use is based on efficiency and cost.

Jurisdictions wittfacilities thatgenerag environmental releases of radionuclidigsly to
enter drinking water sourcesay wish to establish agreements witesthfacilities Such
agreementsan allowmonitoring datdo be share@nd early notification of releasgs/en, so
that drinking water treatment plant operatoas take appropriate actiolfi ongoing exposurto
levels exceedintheHBVs andproposed MACSs likely, a jurisdiction may choose to apply
additional measures based on the toxicity, the expected level in the s@beceand the
frequency of occurrence, in order to mitigate risk.

4.0 Analytical andtreatment considerations

A brief summary of analytical methodsedto perform thegross alphandgrossbeta
measurementsf radionuclidesvith HBVs or proposedMACs is provided belowTable 2).
Validated methods referenced here include tlfimsa the Lhited StatesEnvironmental
Protection Agencyy.S. EPA), International Organization for Standardization (ISO) and the
American Society for Testing aMaterials (ASTM) Laboratories ifCanada and the.B. will
often refer to these methods directly mayuse them as a basis for developwvalidating or
testingtheir own methods. Water samples should be collected at the consumptionHsmaith
Canadaecommendusng a laboratorywith an accreditatiomelevant to thenalysis of
radionuclides in drinking wate The laboratorgan providanore information about the
collection procedurencluding sample container and volume.

The detection limitgitedin Sections 4.1 and 4&te based othosein the reference
method. In practice, detection limitsrayvary, depending on sampkgpecific parameteys
counting timeand modifications to the reference method by the laboratory

4.1 Gross alpha andyrossbeta measurements

Analyzing drinking water for gross alpha and gross lathation(excluding radongan
be done by evaporating a known volume of the sample until dry and then measuradjatien
activity in the residue. Since alpha radiation is easily absdrbadhin layer of solid material, the
me t h eelabilky and sensitivityn determiningalphaactivity may be reduced in samples with
a high total dissolved solids (TDS) conteédbme methodsequirethe subtraction opotassiur
40 (K-40) to accurately determine the gross beta activity. The total potassium in the $§gmple
mass can be measureyglusing atomic absorption spectrophotomgtnydthe K-40 activity (Bq)
can then becalculated by applying the factor of 27Bg/g. Recommended athods for
determininggross alpha and beta adtyare listed in Table ,3and the detection limit varies with
laboratories depending on equipment and procedures used. On average, an interlaboratory
comparison puts the detection limittive rangef 1.4-340 mBg/I for gross alpha and424 mBq/I
for gross beté&Jobbagy, 2016)
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Table 3. Referencanethods foigross alpha and gross beietivity measurements
Param | Reference | Preparation Detection Notes
eter Method
Gross | ISO 9696 | Evaporation Gas proportional | Requires TDS content lower than 0.1]
alpha | (2017) counting g/L, and K40 subtraction; not valid if
fission products suspected
APHA Co-precipitation Gasproportional
7110C counting
(1998)
Gross | I1ISO 9697 | Evaporation Gas proportional | Requires TDS content lower than 0.1]
beta (2018) counting g/L, and K40 subtraction
Gross | EPA 900.0 | Evaporation Gas proportional | Requires TDS content lower than 0.1]
alpha | (198() counting g/L, and K40 subtraction
and
gross
beta
ASTM Evaporation Liquid
D7283 scintillation
(2017) counting

Although grossalpha and gross beta activécreeningcan reduce thaeedfor specific
radionuclideanalyses, which are more cosilyhas a number of drawbacks a measurement tool
These drawbacks include falpesitive results, particularlfor gross alpha measurements when
dissolved radon is preseitalse positivesn the rangeof tens of becquerels per litre (Bg/L) are
fairly common, butjn mostof these cases, detaileshalyseswvill showthatall radionuclidesof
interestcomply with theHBV or proposedVAC. In gasproportional counting, false negatives
may occurwhenlarge amourgof TDS occurin the water sample. Ithis case, when the sample
has beemvaporatednd is dry selfabsorption of the particles may lead to a significadtiction
in the count rate. Laboratories that carry out graksa andyrossbetameasurements routinely
report wide fluctuations in count rates, even for samples taken from thewssgresource.ln
gross measurementssingdetectordo detect alpha and beta adijvsimultaneouslycan lead to
crosstalk or spillover betwedhe alpha and beta channgtgsulting in an unpredictabincrease
in analytical errorsTo address these drawbadke analysis ofeplicate samplels recommended
Improvements havecentlypbeen maden the sequential determination of gross alpha/beta activity
in samples with a complex radionuclide composition (Jobbagy, 2022).

If a drinking water sample exceeds the screening criteria for gross alpli(D)5or
gross beta (Bg/L) activity, it is recommended that the analysis be repdsatieg moreto check
the validity of the result. If the initial result is confirmed, then the sample should beeuhé&y
specific radionuclides whose presemsuspected, based on the type and location of the
drinking watersupply (Table2).
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4.2 Radionuclide-specific analysismethods
Radionuclidespecific analysis should prioritizéely radionuclides with a MAC value,

unless there is prior knowledge of the source of contamination (Tal#@dlytical methods$or

detectingradionuclides witran HBV or proposed MAGare listed in Tabl®&.

Table 4. Possible radionuclides contributing to an exceedance of the screening criteria

Excee@nce Likely radionuclides Unlikely radionuclides
(with MACs) (with HBVS)
Grossalpha Radium-226 Pdonium-210
Rada-222
Grossbeta Lead210 Tritium (H-3)
Radium-228 Strontium90
lodine131
Cesium-137

MAC — maximum acceptable concentratidfBV — healthbased value

Table 5. Referencenethods for radionuclidepecificanaly®s

Radio Reference | Preparation Detection DL Notes
nuclide Method Method
Lead210 ASTM Solid-phase Gas 37mBqg/L If high radon is also
D7535 extraction proportional suspected, sample
(2015) counting should be agitated t¢
removedissolved
ISO Solid-phase Liquid 20-50mBg/L | radon before storagq
13163 extraction scintillation
(2021c) counting
Radium- ISO Co-precipitation | Liquid 0.01Bgkg N/A
226 22908 and resuspensiol scintillation (Ra226),
and-228 (202) counting 0.06 Bgkg
(Ra228)
Radium- ASTM Co-precipitation | Alpha ASTM N/A
226 D246007 spectrometry | method:3.7-
(2013x)/ or gas 37mBqg/L
EPA proportional
903.0 Counting
(1999)
ASTM Radonemanation| Scintillation
D3454 chamber
(2022)
EPA
903.1
(198C)
EPA Co-precipitation | Gas Not reported | N/A
Radium-228 | 904.0 proportional
(2022) counting
Pdonium- ISO Auto-deposition | Alpha 5mBg/L N/A
210 13161 or co- spectrometry
(202() precipitation
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Radio Reference | Preparation Detection DL Notes

nuclide Method Method

lodine131 | EPA None Gamma Not reported | N/A
901.1 spectrometry
(198M)

ASTM lon exchange/ Gamma
D478508 | solvent spectrometry
(2013) extraction

Cesiuml137 | EPA None Gamma ISO method: | N/A
901.1 spectrometry [ 5 mBqg/L
(1980)/1S
O 10703
(20218)

Radon222 | 7500Rn None Liquid 0.67Bqg/L Care must be taken
B (APHA scintillation when acquiring
et al., counting samples for radon
2021) measurement, as

radon can easily
ASTM None Liquid 2Bag/L escape when being
D507209 scintillation transferred into
(2016) counting different containers,
agitated, or left to
EPA De-emanation Lucas stand open.
600/2 scintillation
87/082 cell
(1989)

Strontium ASTM Solid phase Gas 37mBqg/L N/A

90 D5811-06 | extraction proportional
(202) counting
ISO Solid phase Liquid 2mBqg/L
13160 extraction or scintillation
(2021b) liquid-liquid counting or

extraction gas
proportional
counting

Tritium EPA Distillation Liquid 0.037 N/A
906.0 scintillation 555Bg/mL
(198ad) counting
/ASTM
D4107
(202m)/IS
0O 9698
(2019)

DL — detection limif Bg/L — becquerels per littanBg/L — milli becquerelper litre Bg/mL- becquerels per

millilitre; Bqg/kg — becquerels per kdy/A — not applicable
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5.0 Treatmentconsiderations

5.1 Radioisotope chemistry

Several technologiesre availabléo reduce concentrations mddiological contaminants
in drinking water. It should be noted that the chemical characteristics of tptiectudets
removal from water, emphasizing the need to prevent significant contamination of the source
water.

The selection of an appropriate treatment process will depend on many factors, including
the raw water source and its characteristlos nature of the radionuclidpsesent in the water,
the operational conditions of the selected tr
goals.Pilot- and benckscale testing is critical to ensure the source water can be successfully
treated and to optimize operating conditiohs addition, he handling and disposal dhe
treatment residuals (waste produced by treatment) need to be carefully addressed when removing
radionuclides from drinking water.

5.2 Municipal scale

Most radionuclides can be effectively treatednuanicipalscale treatment facilities.

The best technologies available for the removal of radionucitigsslevel are ion exchange
(IX), reverse osmos{®RO) and lime softening (1. EPA, 2000b)Removal efficencyis
affectedby the characteristiasf the source watemcluding pH, influent concentration,
competing ion concentration (especially sulphate), resin type and alkaBemerally I X resins
exhibit a degree of selectivifgr various ions, depending on the concentratiothefons in
solutionand the type of resin selectéH. capacity andesinselectivity are important
considerations when selecting a resin for a specific radionuclide.

For RO,the reported removal efiencytypically rangesrom 70% to 99% (Annanmaki,
2000). IX removal efficachas beemeported to be as high as 95Btit is dependent on the
specific IX mediaused(U.S. EPA, 2000a)

Both the RO and IX technologies can lower watergpid increase corrosiolm the anion
exchange process, freshly regenerd¥edesin removeghebicarbonate iongzhen removing
contaminantsThis causes reductions in pH and total alkalinity during the initialdsaD
volumes (BVs) of a rurand may require raising the pH of the treated water at the beginning of a
run to avoid corrosion (Clifford, 1999; Wang et al., 2010; Clifford et al., 2011). Simitady,
frequent regeneration of &K resinresults in thesignificant and continual decreasetloé water
pH, also impacting ceosion(Lowry, 2009, 2010). SincRO continually and completely
removes alkalinity in water, it will continually lower the pH of treated water and increase its
corrosivity. Therefore, the product water pH must be adjusted to avoid corrosion issues in the
distribution systemsuch as the leaching of lead and copper (Schock and Lytle) 2011

5.2.1Radium

The reported efficacgf lime softening in removingadiumrangesrom 80% to 95%
(U.S. EPA, 2000a).

ThelX process to remove radium uses a strong acid cation exchange medfzefiesin
is regenerated by an acid solution) (Annanmaki, 2000; Clifford, 2@0dng with 1X, RO and
lime softening Table 6 showshetreatment technologies capable of removing R#226 and
Ra228whichincludegreensand filtration, precipitation witbarium sulphate,
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electrodialysis/electrodialysigeversal and hydrous manganese oxide filtrafid:s. EPA,
2000b).

Table 6. Treatmentechnologiesand removal effienciesfor radium

Treatment method Removalefficacy Comment
IX softening (N&, SAC) > 95% Operate to hardness breakthrough
NaClregeneration
Ba(Ra)SQ 50-95% BaCb addedo feedwater
precipitation beforefiltration
50-95% Use preformed Mn@or
MnOzadsorption MnOz-coatedilter media
RO >99% Effective, someoperational
challenges

Adapted from Clifford (2004)IX —ion exchange; RO reverseosmosis; SAG- strongacid
cation

5.2.2Radon

The US. EPArecommendé$igh-performance aeration as the best available technatogy
removeradonfrom groundwater supplies. Higherformance aeration methods include paeked
tower aeration and mulitage bubble aeratipand can achieve up to 99.9% removal. However,
these methods majsogenerate significardgirborne radon. Adsorptiamsinggranular activated
carbon(GAC), with or withoutlX, can alsogemove a large percentage of radbut is less
efficient and requires large amounts of GAC, making it lesalsieifor large systems.

GAC and poirtof-entry GAC may be appropriate for very small systems under some
circumstances (1$. EPA, 1999). Two potential concerns associated with this technology are the
elevated gamma radiation fields that develop close to the column and the diffielittisgosing
of treatment residuals.

5.2.3Tritium

For artificial radionuclides such as tritium, the strategy should be to prieent
significantcontamination of the source water.
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5.3Managementof residuals

To assess disposal options and regulatory requirements, the waste stream (residuals)
generatednustfirst be characterizedCharacterization must take into accotlm treatment
technology used, the characteristics of the source \atduding theraw waterconcentratios
of radiological contaminastandthe presence of eoccurring radionuclidgsand concentrations
of other contaminants in the residaalreatment technologies produce a variety of solid waste
residuals (spent resfiiter medig spentmembranesndsludge) and liquid waste residuals
(brine, backwash water, rinse water, acid neutralization straadwncentrate). The
characteristics ancbncentration of the radionuclide time residuals will vary with theeatment
technology used and its efficienayl{ich is associated with factossich agrequencyof media
replacement, regeneration and filter backwash).

Utilities should conduct pilot tests of the treatment technologies to determine, for
example, the regeneration schedule when using IXfa@ssociated waste residuals. Special
precautions may be required wheer Waste stream is treated, stored, disposed of or transported.
Operators may need special training to deal with these residuals. Residuals generated by drinking
water treatment facilities should be assessed to deterniimgy ishould be treated &&aturally
Occurring Radioactive Materials (NORNYr disposale.g.,Health Canada2014).1f so, the
appropriate authorities should be consultedHtierrequirements associated wtitlgir disposal. A
list of provincial and territorial radiation protection regulatory authorities can be found on the
Federal Provincial Territorial Radiation Protection Committee (FPTRPC) website
(https://www.canada.ca/en/heatthnada/services/healtlsks
safety/radiation/understanding/fedepabvinciatterritoriatradiationprotection
committee.htn)l A web-based tool can also be used to estimate the removal effid@mcy
radionuclides and eocontaminants from drinking watess well agadioactive concentratisrin
the waste residual (8. EPA, 2005).

5.4 Residentialscale

When theremovalof radionuclidess desired at the household levdbr example, when
a householdetsits drinking water from a private wella residential drinking water treatment
unit may be an optiorin addition, units classified as residentiatale may have a rated capacity
to treat volumes greater than that needed for a single resj@emctherefore can also be used
somewhatargersystems

Before a treatment unit is installed, the water should be tested to determine the general
water chemistry and radionuclide concentrations. Periodic testing by an accredited laboratory
should be conducted on both the water entering the unit and the tneaigedto verify that the
treatment unit is effective. Units can Idbeir removal capacityvith use over timandwill need
to be maintained and/or replaced. Consumers stuhddkthe expectedervice lifeof the
components in the treatment unit and/serit whenrequired c cor ding t o t he man
recommendations

Health Canada does not recommend specific brands of drinking water treatment units.
However, it stronglyurgesconsumerso usetreatmenunits that have been certified by an
accredited certification body. ©ensures thahe treatment unit meets the approprid&F
International/American National Standards Institute (NSF/AN&Ihdards. The purpose of these
standards is to establish minimum requirements for the materials, design and construction of
drinking water treatment units. The certification of treatment units is conducted by a third party
andensures thahematerials in the unit do not leach contaminants into the drinking water (i.e.,
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material safety)The standardalso specifyperformance requiremenise., he removal
efficiencythat must be achieved for specific contamindmés may be present in water supplies.

Certification organizations (i.e., third pid) provide assurance that a product conforms
to applicable standards and mtiegmselvede accredited by the Standards Council of Canada.
Accredited organizations in Canada include:

e CSA Group
NSF International
Water Quality Association
UL LLC
Bureau de normalisation du Québec (available in French only)
International Association of Plumbing and Mechanical Officials
e ALS Laboratories Inc.
An up-to-date list of accredited certification organizations can be obtained from the Standards
Council of Canada.

Residentialscale treatment devices are available that can remove some radionuclides
from drinking water to achieve the proposed guidelines. The most common types of devices
availablefor this purposénclude IX and RO systemB) general,lte emoval efficacyof point
of-use and poinbf-entry treatment technologiesexpected to be similar to those for municipal
scale treatmertechnologies

The liquid andsolid waste from poirbf-useor point-of-entry treatmentinits may be
eliminated in sewer aeptic systemsandmunicipal landfills respectively

5.4.1Lead-210

No treatment devices acairrently certified for the removal ¢fb-210 However, since
thisisotope behaves chemically like elemental lead, devices certified for the removal of lead
shouldalso remove the radioactive isotope.

Drinking water treatment devices can be certified to NSF/ANSI Standard 53 (Drinking
Water Treatment Units Health Effects)adsorptionor NSF/ANSI Standard 58 (Reverse
Osmosis Drinking Water Treatment Systeffias)lead removal (NSF, 20222022). A number
of certifiedresidential treatment devices are availdbleemove lead from drinking wateising
adsorption (i.e., carbon block/resiafdRO. An infographic is available to aid in the selection of
acertifiedadsorption filter for lead removahifps://www.canada.ca/en/health
canada/services/publications/healtlwng/infographicfinding-drinking-waterfilter.html).
Drinking water treatment devices certified to NSF/ANSI Standard 62 (Drinking Water
Distillation Systemsan also be usedsthis distillation technologys alsoeffectivein
removing lead at the residential sc@leSF, 2022c)However,no certified distillation systems
are currently available

5.4.2Radium

Drinking water treatment devices certified to rem&a226andRa-228from drinking
water usingX andRO technologiesre availableDevices certifiedo meetNSF/ANSI Standard
58 (ReverseOsmosis Drinking Water Treatment Syst@¢msdStandardi4 (Residential Cation
Exchange Water Softeng@re capable of reducing radium levels from an influent concentration
of 25picocuries per litredCi/L) (925mBg/L) to a maximuntoncentration of pCi/L
(185mBqg/L) or less (NSF International, 2212 2022).
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5.4.3Radon

Drinking water treatment devices certified to remove radon geneisdiyctivated
carbon adsorption technology. Treatment devibasarecertifiedto meet NSF/ANSI Standard
53 (Drinking Water Treatment Units Health Effects) (adsorptioanredue radon leveldrom
an influent concentration of 40Qi/L (148Bg/L) to a maximum concentration of less than
300pCi/L (11Bg/L) (NSF, 20224).

These iltration systems may be installed at thp (pointof use) or at the location where
water enters the home (powmitentry). Pointof-entry systems are preferred for rademoval
because they provide treated water for bathing and laundry as well as for cooking and drinking.
Whencertified pointof-entry treatment devices are not available for purchase, systems can be
designed and constructed from certified materials.

5.5 Distribution systemconsiderations

Radionuclides inreated water can be deposited in the distribution systé@re they
accumulatéFriedman et al., 2010Higher concentrations of radionuclideshe water entering
the distribution system increastee potential for accumulatiorzurthermore,fichemical
changes or physical disturbances occur, radionuclides can be remobilized in the water
potentially resulting in increased concentratiohsadionuclides, such as radiuat,the tap
Discoloration(red or grey watergpisodes are likely to be accompanigdhe release of
accumulated contaminants, includireglionuclides becauséhey areadsorbed onto iron
deposits

The potential ecumulation of radiological contaminants in distribution system piping is
influenced by a variety of factorsicluding contaminant concentrat®mipe material, co
occurrence of iron and manganese in the pipe scale deposifsH and redox conditions in the
water.Distribution system piping is susceptible to corrosion thiehccumulation of irorscale
deposits on the interi@urfaceof the pipe. The presence of manganese in the source water may
also influence the accumulation of soradionuclidegFriedman et al., 2010)

Radionuclidedhat, when presentan adsorb and accumulate in distribution systems
include Pb210, Ra226 and R&28(Valentine and Stearns, 1994; Field et 8095 Reiber and
Dostal, 2000)Friedman et al. (2010) found that-2a6was the sixth most concentrated trace
element in deposit samples, with a median concentratiOrBd8q/g The occurrence of radium
in pipe-scale deposits is suspected to be due primarily to surface adsamdi@aprecipitation
reactions involving soluble radium. The agst@n of radium isotopes onto hydrous iron and
manganese oxides is well established.

Studies have shown that changesvater chemistry (pH and redoaj in water treatment
processesor physical disturbancesn release these radionuclides froipe scaledepositsand
causaemobilization ancelevated concentrations at the t@pnsequentlydiscoloured water
should not be considered safe to consume or treated as only an aesthegicdsboeldalso
trigger sampling for metaBnd radiouclidesand potentiallyrequireadditionaldistribution
system maintenance. Wheadionuclidesarepresent in the source water, utilities should
determine if they also need to be included in their monitoring and distribution system
management plans.
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6.0 International Considerations

6.1 Referencéevel

Health Canada has adopted a reference leveh@®Wy, which is in line with
international recommendations, including those by the ICRP and IAEA (IR, IAEA
2014). The WHO acknowledges the IAEARcommended reference level oBv/y, but also
goesbeyondthis o generally recommend a modified refe
criterion” o fmSWy.(WHQ 2017 2018) This value is based on the ICR&commended
dose constraint for a planned exposure situation gbrthlenged component from lodiyed
nuclides Health Canada has instead chosen to base its guidance on the lower end of thatband
ICRPrecommends foreference levelfor existing exposure situatiofiise., 1-20 mSvly) , as
this is in agreement with the Canadian exposure considerations explafesdiam1.

From a health perspective, neither h$v/ynor 1 mSv/yposesa significant risk
However, for many communities, especially those that depend on groundwater sources in
Canada, a level of 0rhSv/y may be unjustified given the emotional and financial stress it may
place on communities or homeownérhe 1 mSv/yreference levek already metn most
drinking water supplies in Canada, and in many cases, should be easily achievhiolsetbat
test above this levelt should be notethat sometimetheexceedance of the reference level is
alsojustified.

To summarize, Health Canada has chosers4/y as the reference levals it is in line
with international recommendations, is reasonably achievable in most cases, is not expected to
placean unfairbourden on communities, and does not create a false perception of health risk to
the publi¢ which might result froma lower level

6.2 Methodology
Health Canada follows the methodology recommended by the YWAED 2017 2018)
This includes:
1) establishing a reference level
2) screening water samples using gross alpha and beta activity levels that are derived from
thereference leveland
3) if alpha/beta levels are exceeded, measuring individual radionuclide concentrations and
comparing them to rounded guidance concentration levels that correspond to the
reference level
Note that caution must be exercised if tryingoonpare different guidance values across
organizationsDifferent organizations may consider different technical, economic,
environmental and societal factors when choosing a reference level (or similar S8aleehing
levels may be based on different reference levels, or fractions of those levels, as well as different
radionuclides, drinking water consumption rates and rounding conventions. MACs (or similar
values) may also be based on different referencéslesrenking water consumption rates
roundng conventions, or may be defined completely differemtiyaddition, the various
guidance values may be associated with different actions or diffgsentizationexpectations.

1 Note that WHO acknowledges the reference level recommended in the International Basic Safety Standards (IAEA
2014) but has chosen to use 1/10 of that level as the basis for their drinking water guidance (WHO 2018)
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7.0Rationale for the maximum acceptableconcentration

MACs have been proposed f@naturalradionuclide§Pb-210, Ra226andRa228)
potentially found in Canadian drinking watédditional HBVsfor 6 otherradionuclides
(P0210, RR222,tritium [H-3], Sr-90, 131andCs-137)are in Appendix Gor use in specific
scenarios.

TheHBVs andproposedVIACs were determinedsing internationally accepted
equations and principles and can be interpreted as reference concentrations, where an exceedance
does not pose immediate risk but triggers investigaigsoon as reasonabldeywerederived
from an annual reference dose ah&vfrom ingestion onlyand assuing aconsumption rate of
1.53L/day. Health risks from inhalation or skin absorption at the levels dfiB\s and
proposedVACs are almost always negligible, except for radon Gation 1.3 for more
information about radonY.heHBVs andproposedMACs for radionuclides do not take
treatment or analytical limitationsto considerationThe teatment of water suppli¢és remove
radionuclides should be governed by the principle of keeping exposures as low as reasonably
achievablewith social, economic, and environmental considerations being taken into account.
Both the screening iteria, the HBVsand theproposedVACs for radionuclidesapply to routine
operationamonitoringof existing or new water suppli¢seeSection 3.4)but do not apply in
the event of contamination during an emergency involving a large release of radionuclides into
the environment.
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Appendix A: List of abbreviations

ANSI
ASTM
AWWA
Bq
CNSC
DC
DL
DNA
GAC
GSR
HBV
IAEA
ICRP
IE

ISO

mSv
MAC
NSF
pCi/

RO

Sl

Sv

TDS
UNEP
UNSCEAR
US EPA
WEF
WHO

American National Standards Institute
American Society for Testing and Materials
American Water Works Association
becquerel

Canadian Nucleasafety Commission

dose coefficient

detection limit

deoxyribonucleic acid

granular activated carbon

GeneralSafety Recommendations
health-basedvalue

International Atomic Energy Agency
International Commission on Radiological Protection
ion exchange

International Organization for Standardization
millisievert (mSv)
maximumacceptableconcentration

NSF International

picocurie

reverse oSmosis

International System of Units

sievert

total dissolved solids

United Nations EnvironmerRrogramme

United Nations Scientific Committee on the Effects of Atomic Radiation

United States Environmental Protection Agency
Water Environment Federation
World Health Organization
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Appendix B: Detailed analysis ofinternational/national recommendations

The following organizations (with references in brackets) have all established radiological
criteria relevant to drinking water assessment:

e International Atomic Energy Agency (IAEAj)ef: IAEA International BasiSafety
StandardsGGSR Part 3)

e World Health Organization (WHO) (refs: WHO, Guidelines for Drinkimgter Quality,
Fourth Edition, 2017; WHO, Management of Radioactivity in Drinkiigter, 2018)

e Council of the European Union (ref: Official Journal of the European Union, Council
Directive 2013/51/Euratoraf 22 October 2013)

e Australian National Health and Medical Research Council fre$tralian Drinking
Water GuidelinesPapei6, 2011, Version 38, UpdatedSeptembeR022)

¢ United States Environmental Protection Agency (US EPA) Kaftonal Primary
Drinking Water Regulations; Radionuclides; Final Rule

While this may not be an exhaustive list, these represent organizations or countries for which
information from the21stcentury is readily available, and informatismot duplicated
(Europearcountries that have adopted EU recommendations are not.listedjollowing text
outlines3 main steps in the establishment of radiological criteriathedgssessment dfinking

water, and compares the approaches taken by these organizations and ICsimauld. be noted
that,while general approaches are compared, specific values cannot be directly coiftpared

is becaus¢hesevalues arelefined differently across organizatiorisr(exampleyalues based on
aprojected dose may be associated with different actions, or different optimization expectations;
screening levels are based on different projected dose guideline values, or fractions of those
values, as well asifterent radionuclides, drinking water consumption rates and rounding
conventions; and regulatory values are based on different projected dose values, drinking water
consumption ratesr rounding convention®r may be defined completely differently (such as in
the case of tritium or radon).

1. Establish a guidelinealue or reference level, based on projected.dose

a. IAEA: The IAEA, in its Basic Safety Standards (GSR PartcBesthe
recommendations ICRP 103, and recommends that authorities establish a
reference level for drinking water that shogkeherally not exceedrhSvl/y.

b. WHO: While the WHO generally recommendg@deline valuef 0.1 mSvly, it
alsoacknowledgsthe IAEA reference leveland statethat aguideline value
higher than 0.InSv/y (but generally less thamiSv/y) may be appropriate in
certain situationssfuch asvhere there is dependence on groundwater supglies).
shouldalsobenotadh at t he WHO’s genermbBWyissr ec o mme n
basednthe ICRP recommended dose constraint for the planned exposure
situation of the prolonged component from ldivgd nuclides, rather than the
recommended band of reference levels, (.20 mSv/y) for existing exposure
situations.
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c. Council of the European Unioithe Council of the European Union has adopted
a guideline value that ia line with the lower bound of what is recommended by
the WHO (0.1ImSvly).

d. Australian National Health and Medical Research Coumbié Australian
National Health and Medical Research Council has ad@ptrddeline value that
isin line with thelAEA reference level and thgpper bounaf the WHO
guideline valug1l mSvly).

e. US EPA The US EPA has not established a guideline value basagrofected
dose.

f. Health CanadaHealth Canada has adop&edeference level thatis line with
the lower bound of what is recommended by the ICRP, and the upper bound of
what is recommended by the IAEA and WHOn{$v/y). The chosen level is also
in line with theguideline value adopted by tieistralian National and Medical
Research Council.

g. Notes In choosing this level of dose, a number of factors need to be considered
(technical, economic, environmental and societal)

2. Screen water samples using gross alpha and beta activitytleaetse derived from the
guidance level.

a. WHO: TheWHO recommends screening for gross alpha and grosadtetay
as an initial step towards determining whether water is fit for drinkanffurther
investigation is required heir chosen alpha and beta screening concentrations
are derived from the guideline do$evalues ardelow the screening criteria, no
further action is requiredf either screening leves exceeded, individual
radionuclide concentrations should be measured and compared with rounded
guidance levels that correspondte established level of dose.

b. Council of the European Unioithe Council of the European Union has adopted
the same general screening approach as the WHO.

c. Australian National Health and Medical Research Couftié Australian
National Health and Medical Research Council has adopted the same general
screening approach as the WH@th screening concentrations that are based o
a fraction of the guideline dose valaecording tadhe projected dose

d. US EPA The US EPA has established maximum contaminant levels for beta
particle and photon radioactivity, in addition to gross alpha actiNitye that
these act as limits for community water systems, rather than screening levels for
further investigationThis differs from the approach taken by the WHO baypd
other countries.

e. Health CanadaHealth Canada has adopted a similar screening approach as the
WHO, the EU, and Australidike Australia,thecalculated screening

35



concentrations are baseda dose that is a fraction of the guideline value based
ontheprojected dose (i.e0.3mSv/y rather than inSv/y).

f. Notes The values adopted for gross activity screening concentrations are
influenced by the way they are calculated, including the dodeadionuclides
thatthey are based on, the assumed consumption rate of drinking water and
rounding The factors used may differ between organizations.

3. Assess exposure more carefully using individual radionuclide concentrations

a. WHO: If a screening level is exceeddélde WHO recommends measuritige
individual radionuclide concentrations and comparing them to rounded guidance
levels that correspond to the establistedelevel. It provides guidance levels for
a number of suggested natural and artificial radionuclidez38,U-234,Th-
230,R&226,Pb-210,P0-210,Th-232,Ra228,Th-228,Cs134,Cs137,Sr-90, I -

131, tritium,C-14,Pu-239 andAm-241 It notes that the list is not exhaustive,
thatthe chemical toxicity of uranium imore sigificant thanits radiological

toxicity, andthatcertain radionuclides may not occur in drinking water or doses
may be too low to be of public health concéfrthe sum of ratios athe

measured concentrations to the guidance levels is less than or equal to unity, no
further action is requiredf exceeded, and exposure to the same measured
concentrations were to continue for a year, further evaluation is né¢oledthat

a decision to alter the radiation exposure situation should be justified.

b. Council of the European Unioithe Council of the European Union has adopted
the same general approach as the WHO for measuring radionuclide concentrations
and comparing results to guidance levBlgferences includés exclusion of
radioisotopes of thorium froiits list, andthe inclusion ofa value for tritiunto
triggertesting foradditional artificial radionuclides. Additionally, they identify a
concentration for radon in water for the purposes of reducing inhalation exposure.

c. Australian National Health and Medical Research Coufibié Australian
National Health and Medical Research Council has adopted the same general
approach as the WHO for measurnaglionuclide concentrations and comparing
results to guidance levelghey state that the list of radionuclides should always
includeRa226 andRa-228, as well as any othedionuclidesvherenecessary.

d. US EPA The US EPA has established a maximum contaminant level for
combinedRa-226 andRa-228 Note that thiss intended aa limit for community
water systems.

e. Health CanadaHealth Canada has adopted the same general approach as the
WHO for measuring radionuclide concentrations and comparing results to
guidance levelsThe approach is also generally in line wiiat of theCouncil of
the European Union and the Australian National Health and Medical Research
CounciHe alth Canada’s suggest KRad228,i st of r &
Pb-210,P0-210,Ra228,Cs-137,Sr-90,1-131, tritium and radarNote that
Health Canada’s guidanc eindthevwngektionfdose r ado
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coefficient; Health Canada recommends testing radon concentrations in air to
assess inhalation risk.

f. Notes The alculated guidance levelsr radionuclide concentratigrare
influenced by the dose they are based on, the assumed drinking water
consumption ratand roundingThe factors used may differ between
organizations.
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Appendix C: Health-Based Values

Table 7. HBVs for less common HBV (Bqg/L)
radionuclidedlaturalradionuclides

Polonium210 (R-210) 1
Radon222 (Rr222) 2 000
Artificial radionuclides HBV (Bg/L)
Tritium (H-3) 100 000
Strontium90 (Sr90) 50
lodine-131 (F131) 50

Cesium (Csl37) 100

HBV — healthbased valueBg/L — becquerd per litre
8SeeSection 1.2.3Rador) for information on exposure by inhalation
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