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EXECUTIVE SUMMARY

In responsé to the recommendations of the Environmental Assessment Advisory
Cominittee on the need for an md1v1dual envuonmental assessment on the proposed '
Pickering/ A]ax Water Supply Plant the Mrmstry of Envrronment and Energy
'requested that the Adv1sory Committee on Env1ronmental Standards (ACES) carry

- out a public review and adv1$e the Minister on an appropnate standard for tritium in
- drmkmg water | ‘ ’

In Order to asslst in the public review of the Ontario Drinking Water ;Objective -
(ODWO) for tr1t1um this document has been prepared by the Standards

| Development Branch of the M1n1stry The report summarrzes the process by which-

‘ ‘the current ODWO for tr1t1um of 40,000 becquerels per htre (Bq/ L) was estabhshed

- gives an overview of the pertment 1nformat10n that has become ava1lable since the

| ODWO was estabhshed and prov1des the ranonale for recommendmg an interim

Ontario Drinking Water Ob]echve of 7,000 Bq/L for tntrum The interim ob]ectrve

~ will be apphed as a health-related max1mum acceptable concentratlon It is

' recommended that the 1nter1m ODWO of 7,000 Bq/ L replace the current ODWO and

that it be reexamined once the review of the Canadian Drmkmg Water Guldelme for

tritium is complete

Monitoring data collected under the Ontario Drinking Water'Surveillance Program
and surveﬂlance programs 1n the. vicinity of nuclear generatmg stations in Ontario
demonstrate that the concentratlons of tritium in raw and treated drlnklng water-

: rarely exceed 100 Bq/ L.

A reassessment of the human health effects of loniZing radiation has been Acondu'cte‘d
) A by the United Nations Scientiflc Committee on the Effects of 'Atomic 'Radiation
- (UNSCEAR) ‘the Commrttee on the Blologlcal Effects of Ionlzmg Radlanon (BEIR) of
' Athe Umted States National Research Councrl the lnternat1onal Comm1ss1on on . |
Radlologrcal Protection (ICRP) and the Unlted States Natlonal Councrl on Radiation |
Protectlon and Measurements (NCRP). These scxentrﬁc crrterla documents are |

| ava1lable for pubhc review as a separate attachment to this report
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BACKGROUND

- In order to address the need for additional water snpply to the Pickering/Ajax .

-area of Ontario, the‘Region of Durham in 1990 approved a recommendation to

build a new, larger water treatment plant at the same loca‘aon as the ex1st1ng

‘water supply plant

In 1992 the Minister of the Environment asked the Environmental Assessment
Advisory Committee for its advice on whether an individual environmental

assessment should be required forbth,e proposed water supply plant.

_In its report to the Minister, the Environmental Assessment Advisory

Committee recommended agamst an individual enwronmental assessment for

the proposed plant provided that certain recommendatlons were appropnately

| addressed.

With respect to concerns raised about radionuclide concentrations in drinking

water, the Committee recommended that the Minister “request her Advisory

| Committee on Environmental Standards (ACES) ‘-to oarry out.a public review -

and advise the Minister by the end of 1993 on an appropriate standard for

tritium in drinking water". In addition, "the effects of long-term exposure to

* low levels of radionuclides and of short-term exposure to sudden elevated

levels in drmkmg water" should also be addressed

~ The followmg documentanon is prov1ded by the M1n1stry of Enmronment and

" Energy in order to a551st in the pubhc review of the current Ontano Drinking

Water Objectwe for tritium.
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INTRODUCTION

The current Ontario Drinking Water Objecﬁves (ODWOs) for radionnclides”

N mcludmg tritium, were adopted from the- Canadlan Dnnkmg Water Guidelines

(CDWGs) The CDWGs are developed through a formal Federal-Provmc1al

process mvolvmg representanves from each of the Provmces and Terntones in
'addlnon 10 representanves from Health & Welfare Canada and Envuonment
,Canada_ ) '

The current CDWGs and ODWOs for radlonuchdes were based upon the ﬁndmgs-

- and recommendations of the Internatlonal Connmssmn on Radrologlca.l Protection .

(ICRP) that were pubhshed in 1977: -

| The recommendatlons from the ICRP wh1ch are pnmanly based upon the reports

of the Umted Nations Sc1ent1ﬁc Commrttee on ‘the Ef:fects of Atomlc Radratton

o (UNSCEAR) have recently been rewsed to reﬂect the most up to date
- ’mformanon on the effects of i 1omzmg radiation (ICRP 1990) The UNSCEAR
- and ICRP reports mdlcate that earlier reports underestlmate the risk assocrated

with radratron exposure Most mformatron on the effects of i 1omzmg radratron o

hurnans comes from the contlnumg assessment of the effects of the nuclear '

- explosrons at Nagasalo and Hrrosh1ma, as well as from nuclear mcrdents such as .
‘the one at Chemobyl In light of the rewsed recommendanons from the ICRP |
© the World Health Orgamzauon (WHO) 1S currently rev1smg its dnnkmg water
- gmdehnes for radionuclides, and Canada is currently in. the process of revrsmg its
| _CDWGS for radlonuchdes mcludlng tritium. ’

: Thls report snmmanzes the avarlable mforrnatron that is pertment to revision of
- the Ontano Dnnklng Water Objecnve for tritium and proposes an mtenm .
' ODWO for tr1t1um The ranonale for the mtenm ODWO 1is. based pnmarlly on.



3.0

the information and recommendations prov1ded by UNSCEAR, the ICRP the
WHO and the U. S National Research Councﬂ’s Comm1ttee on the Blologlcal

: Effects of Iomzmg Radiations (BEIR) A glossaty of radmloglcal terms has been

mcluded in Appendlx Al

IHE PROP_ERTIES OF TRITIUM

Tritium is a radroactlve 1sotope of hydrogen and has one. proton and two neutrons
Through the process of beta decay, tntlum ermts 1omzmg radiation i in the form of ,

4 beta particle, or electron. AlI 1on1zmg rad1at10n 1S con51dered to be carcmogemc'

v‘ to humans w1th the nsk of developmg cancer bemg proportronal to the dose to
 the mdrwdual ' |

Tntlated and non—tntlated (1 e, normal) water have smnlar chemlcal and phy51cal o

propertles and the human senses of smell, touch and taste are unable to

_ distinguish tntla,ted from normal water.

Tritium is a naturally occurring radionuclide andmay also be produced as a by-- ‘

product in ‘water-cooled nuclear reactors. Tritium undergoes beta decay with a-

physical half-life of 12.3 years. The beta partlcles are emitted in a contmuous '

spectrum of energy, with the maximum energy being 18 6 klloelectron volts (keV)
and the average energy. bemg 5.7 keV The beta partlcle emltted has a range of
approxlmately 6 mﬂhmetres (mm) in air and 0.0052 mm in a unit densny matenal,

which means, for example that it is mcapable of penetratmg the outer layer of
. human skin. - '
' Tritium ‘may be. taken into the bod')bl-vby”inhalation‘ or -absorption thr(')ugh. the skm

- Once taken i, 1t is assumed that tntlated water is umformly dlstnbuted among |

all the soft tlssues in the body
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'Ingested, tritiated water is beliey‘_ed.' to be completely’ and,lmmediately'absorbed |
“from the 'gasn'ointestinal__traet, mixing rapi_dly"\yith the _total body water. Once
~absorbed, the retentlon of 'tritlated water in‘.the'bo'dy is related to the natural
‘turnover of body»'water, which is related to water intake, etc.’ :'lfypically, the
| retention half:-life‘i'skestimated to be"ten days, ‘but considerable variation can occur

- due to factor's such as ambient'temperature and personal habits.

In the natural envrronment and in drmkmg Water treatment plants, tntlated water ’
' cannot be readily dlsnngurshed from other water Consequently, conventronal
: -water treatment 1s unhkely to reduce tnnum levels that are present in raw water

,supphes (see Appendlx C)

TRlTIUM: SOURCES AND OCCURRENCE o

Tntlum may be produoed naturally I the upper atmosphere through the

| ) bombardment of mtrogen wrth neutrons from cosmic rays. - Consequently, low -

levels of naturally—formed tnnum exist in rainwater and surface waters Ttis 1

estlmated that 10 Bq of mtrum are produced annually by natural processes B

| .(UNSCEAR, 1988)

' Tritium is }also produced in nuelear explosions, and m_icle'ar weapons testing is the -

* source of most of the tritium in the global environment.. Tritium may also be.

released into the envuonment in emlssmns from nuclear energy productron

| ) fac1ht1es in partrcular from CANDU type water-cooled reactors

' EXPOSURE TO IONIZING RADIATION

The most cornprehensrve source of 1nformat10n on the overall exposure of the

populatlon to 1omzmg radratron is the Umted Natlons Sc1ent1ﬁc Comrmttee on the
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Effects of Atomic Radiation (UNSCEAR). The 1988 UNSCEAR Report on

Sources, Eﬁects and R15ks of Ionizing Radlatlon summarizes current knowledge

on exposure to 1omz1ng radlatlon. '

| Natural Sources of Radiation

" Natural sources of radiation'are'- by far, the largest contributor to the overall -
- exposure of the global population to ionizing radratlon. Cosxmc rays, gamma rays
~and naturally occurrmg rad10nuc11des, such as’ the uranium-238 and thonum—232

‘ decay senes mcludmg radon, are: beheved to conmbute more than 98% of the

annual radiation dose (excludmg medical exposure) to the populatlon. ‘

| UNSCEAR has estimated that the global average exposure to ionizing radiation -
~from natural sources is 2. 4 m111151everts (mSv) per year (see Append1x A for ‘
deﬁmtlons of radiological terms)

A recent assessment of the average exposure of the U S. populatlon to 1omzmg
radiation was made by the National Council on Radratlon Protectlon and V
Measurements (NCRP, 1987). The NCRP estimated that_ annual exposure to
natural ‘background radiation in the U.S. exceeded the global average and totalled ‘_
approxnnately 3 mSv per year The increased exposure estimate is prlrnarlly due

to exposure in' homes to radon from natural geolog1cal sources.

Other Sources of Radiation:

~ In addition to the natural sources of ionizing radiation, humans: lnay also be
. exposed to radrauon through medlcal procedures (e.g. d1agnost1c x~rays),

occupauonal sources envu'omnental releases from nuclear power product10n etc.



* Table 1: Radiation

Estimated -annual radiation exposures from various sources are surnmarized in
Table 1. Radon, a naturally occurring radioactive gas, is the prmapal source: of

.radlatmn exposure, whereas tritium in drmkmg water compnses less than .1% of

vthe total annual exposure to radiation (BEIR, 1990). Drmkmg water sources of

- radiation exposure are “included under "consumer products in this table. :

posure from' Various Sources -

6.0

Sourcc v A R Esumated Annual Exposure
: . mSv | % ofTotalAnnual
S Exposure
| NaﬁnalSoﬁrcasﬂ . L 7.4‘ 30 R R

- a) x—rays v e 04 - 11%

b) Nuclear Medicine R 014 , 49,
Consumer Products (includmg food and 010 - - 3%
dnnkmgwater) v oo

 UNSCEAR, 1988 -
2 NCRP, 1987 .

HEALTH EFFECTS OF IONIZING RADIATION |

Current knowledge on the. health effects of 1omzmg radlatlon is summanzed m

o the 1990 Report of the Commlttee on the Blologlcal Effects of Iomzmg

'Radlatlons (BEIR V 11990). This Comrmttee was estabhshed by the Natxonal

‘Research Council in the United States to update the: assessment on radiation
effects published in 1980 (BEIR I, ‘1980), P |

Acute exposure to hrgh levels of 1omzmg radlatlon may cause severe damage to

bone rnarrow gastromtestmal mucosa and other rapldly prohferatmg tlssue The

’degree of damage is dependent upon the magmtude of the dose and the duratlon B




of exposure. Acute radiation exposure is assocrated with nuclear accrdents or
explosions and is not relevant to the issue of long-term exposure to low levels of -

radionuclides i n water

Low doses of radlanon Imay cause adverse effects in the genes and chromosomes

“of living cells Where reproductlve cells are affected by radiation, mutations may
‘occur and adverse effects may be mamfested in offspring. Adverse heritable

‘effects from radiation exposure have been demonstrated in the mouse but have

" notas yet been clearly demonstrated mh_umans.

6.1

Exposure to radiation may also result in the development of cancer. The

carcinogenic potential of ioniZingAradiation' is affected by such factors as the

' duratron of exposure, the type of radiation, and the sensmv1ty of the tlssue or
organ irradiated. Some radionuclides concentrate in certam tissues (e.g.,

radioiodine in the thyrord gland) while other rad10nuchdes, such as tntlum, have

no specific target tissue and are dlstnbuted throughout the body.

In general it is assumed that the risk of cancer is proportronal to the effective

dose, and there is no "threshold" dose below which a cancer may not occur.

- Assessing the Effective Dose of Radiation

Different types of radiation differ in their ability to cause adverse biological
effects, and body tissues and organs have varying sensitivities to radiation.

' Consequently, in order to assess the relative impact of radiation on vanous
blologrcal receptors, the mternatlonal sc1entrﬁc commumty has developed a system
of radlatron and tissue we1ght1ng factors in order that different radiation

| 'exposures may be readrly compared and assessed. Through thlS approach, the
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effective dose of different radiation exposure scenarios can be estimated.

In this report, the effective dose is expressed in sieverts_ or mjﬂisieverts (1Sv=
1000 mSv) and the amount of radioactivity is measured in becquerels in

,aocordance with the current" international system of umts -

Ionizing Radiation

v Assessment of the nsk assocxated with exposure to radlatlon is an ongomg

mternatlonal effort. The Umted Nations SCIentlflC Comm1ttee on the Effects of
Atomic RadlatJon (UNSCEAR) and, in the United States, the National Research

. Councﬂ’s Commlttee on the Blologlcal Effects of Iomzmg Radlatlons have

- prepared several comprehenslve reports on the sources effects and risks of .

ionizing radlatlon (UNSCEAR, 1988; UNSCEAR, 1986 UNSCEAR, 1982' BEIR

iaV 1990 BEIR I]I, 1980)

- Both the UNSCEAR and BEIR reports focus pnmanly on mformatlon obtamed

- from follow—up studies on the survivors of the Hiroshima and Nagasakl atomlc

‘ .exploswns as well as on studres of workers and patlents exposed to. 1omzmg

' radlatxon. Informatlon avallable in the 1980s made 1t apparent that the radlanon ”

nsk estlmates that were available for the UNSCEAR, 1982 and BEIR III reports -

underesumated the risk assoc1ated w1th radiation exposure and requ1red extenslve

' rev1510n. The UNSCEAR 1988 and BEIR Vv reports reflect thlS updated rlsk

' assessment.

' The ﬁndmgs of the UNSCEAR and BEIR comrmttees are used by lnternatronal

and natlonal agenaes as the basis for recommendatlons for radxatlon protecnon
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‘The Internatlonal Commlsswn on Radmlogrcal Protectlon (ICRP) and the
- National Counc11 on Radiation Protectlon and Measurements (NCRP) in the ‘

United States, for cxample, provide recommendations to regulatory authorities

" based on the information in the UNSCEAR and BEIR reports.

In 1990, the ICRP issued its revised recommendatlons for radlatlon protectron -

. ‘(ICRP 1990) Based upon available mformatlon, the ICRP has esumated that the - -
-risk-of developing a fatal cancer for the general populatlon from radlatlon ‘

exposure is 5 x 10 2 per 51evert.

* DRINKING WATER GUIDELINES FOR RADIONUCLIDES

- World Health Organization ‘Guidelines"' _

In hght of the addltronal mformanon and recommendatrons that have been

| 'pr0v1ded by the ICRP and UNSCEAR, the World Health Orgamzatlon (WHO) is

currently revising its recommendatlons with regard to radronuchdes in drinking

~ water.

- In its new guidelines, the WHO rechrnends_a re_ferenc_e level committed - o

| effective dose of 0.1 mSv from one year’s consurnption of drinking water, and

notes that this dose represents less than 5% of the average annual effective dose

_attributable to natural backgrOund radiation (WHO Draft Guidelines).. In

: ‘calculatmg the reference level of dose, a water consumptlon estimate of 2L per ’

day for a year was assumed and the calculatron was based on an adult’s
metabohsm ‘The WHO states that the mﬂuence of age on metabohsrn, and

vanatlons in the consumptlon of dnnkmg water do not reqmre modlﬁcatlon of

- the reference level of dose as an approprrate margm of safety is prov1ded in the

‘ 'calculanons and the dose 1s based on a hfetnne exposure
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'For practlcal purposes ‘the reference level of dose needs to be expressed as an

o act1v1ty concentration of radlonuchdes in drinking water. Metabohc -and

72

dos1metr1c factors were con51dered in the development of dose converswn factors .

which relate a dose (in Sv) to the amount of radlonuchde (m Bq) mgested

The reference ooncentratmn of tritium that would correspond to the reference

: level of dose of 0.1 mSv was estimated. by the WHO to be 7, 800 Bq per o |
_ htre('WHO 1993 m press) The WHO apphed dose-conversion factors that had ‘ o

been used by the Natmnal Rad1010g1ca1 Protectlon Board of the Umted ngdomv

' (NRPB 1991) in denvmg the reference concentratlon for tntmm. Th15 reference

concentratlon of 7, 800 Bq/L for tntmm 1s based upon the cancer nsk assoc1ated

with radxatlon exposure., The calculated cancer Tisk assocrated w1th thc commrtted

' effecuve dose of 0.1 mSv is approxlmately 5 X 1045 (1 e., 5 fatal cancers per ‘

' j“mthon people exposed) ‘At this level of exposure any cancers that may result

from- radlonuchdes n dnnkmg water are not detectable or d15t1ngu1shable from :
the normal cancer incidence. - Cancers due to background radratron cannot be
drstmgutshed from other cancers and, since exposure to natural background »

‘radratlon cannot be av01ded they are sm1p1y part of the natural cancer mc1dence |
Can‘adian’D‘rinldng "Wa»ter Guide_lines ‘)

“The current Canadian Drinking Water Guidelines (CDWGs) for radionuclides,

mcludrng tr1t1um, are based pnmanly upon the mforrnatron avzulable 1m the 1970's

| from mternatrOnal sources including the. ICRP and WHO

" The curreiit CDWG for tntlum is 40 000 Bq/L Through Health & Welfare - ‘
, Canada, Canada has played an actlve role in the rev1510n of the WHO gurdehnes -

In hght of the new mformanon on radlonuchdes and the revision. of the ICRP and L
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WHO reCOmmendatiOns the CDWGs for radionuclides are currehtly being

~ Teviewed and revised through a formal federal-provmcral process and are ‘expected

to be finalized in 1994. The new CDWGS are expected to reﬂect the WHO’s

E recommendatlon of a reference level comm1tted effective dose of 0. 1 mSv from

one yeafs consumptlon of dnnkmg water

Qntario 'D'rin]‘dng Water Obje_ctives

E O‘ntan'o participates in the fornial fede‘ra.l-'provinc‘ial process 'thatestainShes the o
;CDWGS and normally adopts new and rev1sed CDWGs as Ontano Drinking

Water Ob_]ectlve (ODWO). -

* The current ODWO of 40,000 Bq per litre is based upon the current CDWG for
, »tri’t:ium.' In effect, the ODWO for tritium and other radionudides 1sbemg |

formally rewewed and revised through the federal—provmcxal process at this tlrne

~ Revision of the CDWGs and ODWOs for radlonuchdes is expected to be

completed in 1994

S Ontario has the perogative to ,establ.ish ODWOS independently, where

- appropriate, and this document iS‘iIl response to the Ministry of the Environment

and Energy’s commltment to Teview the current tritium guldehne by the end of

11993, -

‘United States Environmental ProtectiOn’»Agenev Limits - - -

S The EPA has proposed the estabhshment of a maxunum contammant level |

(MCL) of 4 rmlhrerns effectlve dose eqmvalent per year for beta—ermttmg

) rad10n1r_<:11des. This would be equivalent to appronmately 2300 'Bq per htre of |
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trittum. This 'proposed MCL is currently being_ reviewed and assessed.

An assessment of the ratlonale and pohcres supportmg the proposed EPA
~ standard-for tritium is beyond the scope of this document.

Based upon the recommendatrons of the ICRP and WHO an mtenm drmkmg
water objecuve for tnuum may be calculated as follows '

Interim Ob_]CCthC
»Co*ncentratlon =__0. 1 rnSv/vr
o 730 L/yr x dose conversion factor (Sv/Bq)
whiere ; 730 L/yr is the annual consurnptlon of dnnkmg water (assurmng 2 0o
0.1 mSv/yr is the perrmssrble exposure to radlonuchdes from
dnnklng water ‘ :

»dose conversion factor as prov1ded by the Na’nonal Radlologlcal
- Protection Board (NRPB 1991) and by the WHO for trltrum, = 1 8
X 10 11 (Sv/Bq) s ‘ _ S S

Based upon the above the interim Ob_]CCtIVC concentratron for tr1t1um that would '

" result in 0 1 mSv exposure per year from dnnkmg water is apprommately 7 600

. Bg/L.

In its most recent publeation (Publication 61), theICRP; applies a different dose

| 'conversion factor for tritium' that, if subSti'nlted into the. 'above calculatibn, would :
. resnlt in an mtenrn objectlve concentratlon for tntlum of approxrmately 6,850 -
. Bq/L (ICRP, 1991) Smce an evaluatlon of the drﬁferent dose conversron factors

is beyond the scope of th1s document, and- takrng into account the appropnateness =
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| of using just one sighiﬁcant digit when dea]ing with scientific estimates of this

nature, it 1s proposed that the interim Ontarro Drmkmg Water Objective for
tritium be established at 7 000 Bq- per litre.

L Where more than one radionuclide is present ina dnnkmg water supply, drmkmg

water obJectlve concentrations may need to be adjusted such that the total

exposure from all radronuchdes ina drinking water supply does not result in an
- average annual exposure in excess of the committed effective dose of 0. 1 mSv/yr
The testmg of drmkmg water supphes for. radronuchdes mcludes in ‘addition to

, testmg for tritium, an assessment of the gross alpha and beta emissions from L

vanous radlonuchdes Where 51gn1ficant alpha and/ or. beta act1v1ty is detected, it
is necessary to identify the speaﬁc radlonuchdes mvolved, to measure their
’md1v1dual act1v1ty concentratlons and to determine the effectlve dose from each

of these radlonuchdes by applying the approprrate dose conversrorr factors.

The commltted effectlve dose from all radlonuchdes in dnnkmg water should not

exceed 0.1 mSv per year.

THE NATURE AND APPLICATION OF DRINKING WATER GUIDELINES

WHO Guidelines

- The World Health Organization (WHO) first published Guidelines for Drinking
~ Water Quality in 1984 (WHO, 1984). The guidelines were developed by the

WHO to descnbe the quahty of water that is suitable for drmkmg purposes under’

call c1rcurnstances As such the WHO descnbed the denved gurdehne values as

 follows: .
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A guideline value represents the concentration of a constituent that ensures

an aesthetically pleasing water and does not reSult in any sigxliﬁcant risk to

- the health of the consumer; |

B

) |

- The quallty of water deﬁned by the ‘WHO gmdelmes is such that itis

sultable for human consumptmn and for all normal domestlc purposes

 Exceedence of a gujdeline value should be conSidered a signal to.
- mvesugate the course of the éxceedence with the purpose of determmmg

‘the appropnate remedial actlon, and to consult w1th pubhc health

authonttes for advme .

' The guldehnes were denved to descnbe a quallty of water that would be
i acceptable for and would safeguard health durmg, lifelong consumptlon, :

) ShOrt-term deviations"abOVe the éuideline values"dvo not necessa.rily mean -
' the water is unfit for consump’uon. The amount by whlch, and the durat10n
: that, any guldehne value can be exceeded without affecting .~

I pubhc health depends upon the specxﬁc substance mvolved

- In the case of radioactive substauces, ithe term‘,g_uideline valuef'ls used in -

the ‘sense of a "reference level’, as defined by the ICRP, vvh‘ere”a'reference

; level is not spec1ﬁcally a hrmt but isa 51gnal to pursue certain courses of

. ’actton, such as mvest1gat10n of the cause or 1mphcat10ns of the elevated

9

level and

| A value 1 excess of the guldehne value does not in itself 1mply that the

. water is unsultable for consumpt1on
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Canadian Drinking“ Water Guideline (CDWGS)

The Guidelines for Canad1an Drmkmg Water Quahty (Health and Welfare

‘Canada, 1993(b)) indicate that the CDWGS are to be apphed in a similar fashion
‘ to the WHO guidelines. ‘

. simjlaxly to the WHO, ;hef CDWGs are intended to provide .guidanc_e as to the
- acceptability of dflnlcihg water supplies. ‘The judicious use of the guidelines e.g.,

inveSﬁgaﬁng’eXCeedences, taking remedial action where appropriate; will result in

 drinking water that is protective of public health.

" Ontario Drinking Water Objectives (ODWOs) -

Ontario Drmkmg Water Objectives are applied' in a similar fashioh to the
Canadian Drinlcing Water Guidelines. They provide guidance as to the
acceptablhty of pubhc drinking water supplies and water supphes that meet these '

| ‘obJectwes are protectwe of human health

It should be noted that the assessment of the acceptability of a water subply

'durmg a spec1ﬁc nuclear emergency (eg,a large spill of tritium) that may lead to

SIgmﬁcantly elevated tritium levels in dnnkmg water supphes is primarily the
responslblllty of the local Medical Officer. of Health: and the Ivhmstry of’ the -

~Solicitor General. Through Ontario’s Nu_clear Emergency Response Plan, the -

Ministry of the Solicitor General, in ”cooperatidn with public health authorities
and other agehcies, would coordinate the appropriate response to:anynuelear:

accident.
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TRITIUM IN DRINKING WATER IN ONTARIO o

VThrough its Drmkmg Water Surverllance Program (DWSP) the Ontano Mlmstry
-~ of Env1ronment and Energy now surveys more than 100 water supply systems .
annually for radlonuchdes and other contammants m water Both raw and treated R
: ;water are analyzed. Tntrum data from. the DWSP are summanzed in Append1x '
E 1 o B ' '

In addrtlon to DWSP the. MOEE also runs §urvelllance programs in the vicinity . |

of nuclear generatmg statlons in Ontano Part of thJs nuclear surveﬂlance '

o -program mvolves regular testmg of water supphes at nearby water treatment

10.0

' plants Drmkmg water data for tritium from this program, for 1991 are .

summa.nzed in Appendlx E. 2

| All radlonuchde analysrs is conducted by the Ontano Mlmstry of Labour s
: Radratron Protection Iaboratory A bnef dCSCI‘lptIOIl of the analyncal method is.
; glven in Appendlx D.

_iSOCIO-ECONOMIC IMPACT OF REVISED DRINKING WATER

' OBJECTIVE FOR TRlTIUM

As 4summari.zed in Section 9.0 and Appendth' E, the l‘evels'of tntlumm drmlcmg .
water supplies in Ontarro rarely exceed 100.Bq/ L Consequently, rev1sron of the

.- current ODWO of 40, OOO Bq/L to an mtenm ODWO of 7,000 Bq/L would not " |

be ant1¢1pated to have any ma]or soao—econon.uc unpact n normal 51tuat1ons

In emergency s1tuat10ns (e g splll of nuclear matenal) the prov1nc1al response '

would be dxrected by the Mrmstry of the Sohcltor General under its Nuclear AA ‘
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' Ernérgenc‘y Plan for Ontari‘ov Under this plan, the response of various Ministries

(e g., Mlmstry of Environment and Energy, Ministry of Labour, Ministry of

_Agrlculture and Food, Mrmstry of Health) would be coordlnated by the Mlmstry

of the Solicitor General Additional support and advice would be sought frorn |
Federal Departments such as Health & Welfare Canada, and ‘guidance as to the

' acceptablhty of water supphes would be prov1ded by the approprlate medrcal
» offlcer of health for the affected area. Durlng an emergency 51tuat10n, it may be

'necessary to consider other’ sources of exposure (e. g- contarmnated food) in

addition to drmklng water and the duration of exposure would also need to be
consrdered Consequently, emergency response guldance would be provrded on a

case-by-case basis, ‘and assessment of the socio- economic impact of such an event

s :heyond the scope of this document."

PROPOSED rNTERIM DRINKING WATER OBJECTIVE FOR TRITIUM

'For the reasons provided in this report, it 1s recornmended that the current
_ ODWO of 40,000 becquerels /litre for tritium be replaced by an interim ODWO

for tritium of 7,000 becquerels per litre. This interim objective is a health-related . -

maxinlurn acceptable concentration and should be applied:as such until the

_ CDWGs for radionuclides, includrng‘ ~tr_itiurn, are revised: .Once the CDWGs for

‘radionuclides are revised, this interim objective should be reviewed..
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~ APPENDIX A : GLOSSARY

Absorbed Dose .

. The mean energy mearted by ionizing radiation to an 1rrad1ated medium per umt;_
- mass. The international unit for absorbed dose is the gray (Gy). Absorbed dose .-
- 'was previously expressed in rads (Radra'aon Absorbed Dose) where 1 rad equals
001 Gy . o

e Activ1ty

 The rate of decay (1.e number of dlsmtegranons or transformahons per unit
time) of a radioactive nuchde The mternatlonal unit of actmty is the becquerel

- (B

'_ ‘Alpha'Particles- o

Fast moving hehum nucle1 (con51stmg of two protons and two neutrons) that are
emitted from certain radioactive isotopes dunng decay or dxsmtegratron. Alpha o
partlcles are. densely 1omzmg with little penetratmg power . v

E Background Rad1at10n

~The amount of radranon to wh1ch a meémber of the populatron is exposed from
natural sources mcludmg terrestrial radiation due to naturally occurring -~ .
radronuchdes__ in the soil and cosmic radratlon originating in outer space.. .-

A‘Beta bParti'cles -

Fast movmg electrons e]ected from the nuc1e1 of certam unstable radroactlve -
o atoms (e g. trrtrum) Beta partlcles are not densely 1omz1ng ' )

BEIR

The us. Nanonal Research Councﬂ’s Commlttee on. Brologlcal Effects of o
Ioruzmg Radratron - : : S

: Becquerel (Bq)

Internatronal umt of measurement of the act1v1ty of a radioactive nuchde One

becquerel corresponds to one atomic transformatron or dlsmtegratlon per second o

and'is equlvalent to 2.7 x 10™ Curies.
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Carc'inogen :

“An agent that may cause cancer. Iomzmg radlatlon 18 a carcmogen

Commltted Effecuve Dose

The time mtegral of the effectrve dose where the mtegratlon t1me is usually 50
years - ,

Curie (Cl)

A unit of act1v1ty equal to 3.7x 1010 dlsmtegratrons per second

DOSe-.Equrvalent :

A measurement that relates absorbed dose with the b1olog1cal effectlveness (1 e:

probability of causing blologlcal damage) of all kinds of ionizing radiation. Dose

equivalents are calculated by multiplying the absorbed dose by a quality factor
that accounts for differences between different types of radiation. The =

E ~1nternat10nal unit of dose eqmvalents is the sievert (Sv). -

Effectwe Dose Equ1valent o

A measurement that relates the absorbed dose and dose eqmvalent to the nsk of -
biological damage, taking into account. the varying degrees of sensitivity of -

- particular tissues and organs to radiation damage. In order to assess effective

dose equivalents; tissue we1ght1ng factors have been developed by orgamzatrons
such as the ICRP :

Gamma ,Rays

Gray

Short-wave electromagnenc rad1at10n that is S not densely 1omzmg but possesses

high penetratmg ability. It can easily penetrate and pass through a human body.
‘Used in certain medlcal procedures {e.g. cancer therapy) they are. more energet1c
than x—rays :

~The- mternauonal unit of absorbed dose where one gray equals one ]ouIe per

: kﬂogram, and one gray equals 100 rad

" ICRP.

~  International Commission on Radiation Protection -
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Iomzmg Radiation

Radiation that is capable of producing ions (part1cles w1th an electric charge) by
drslodgmg electrons from an atom. : ‘

Maxrmum Acceptable Concentratlon (MAC)

A MAC is a type of Dnnkmg Water Objectwe that is estabhshed for certa.tn
substances that-are known or. suspected to cause adverse effects on-health. Each
MAC has been derived to safeguard health-assuming lifelong consumptron of "
drmkmg water contalnmg the substance at that concentration. -

Drmkrng water that contrnually contams a substance at a level greater than its

 MAC will contribute significantly to consumers’ exposure to the substance and -

may, in some instances, induce deleterious effects on health. However, short-term - |

_excursions above the MAC do not necessarily mean that the water constitutes an

undue risk to health. The amount by which, and the period for which; the MAC-

can be exceeded without posing a health risk must be assessed by taking. into.
‘account the toxrcrty of the substance 1nvolved : :

Neutron Radiati‘on :

) Rad

Neutrons are uncharged subatomic. partlcles that are capable. of producxng
ionization in matter by collision with charged particles.  One of the sources of
neutron radiation is the fission process in nuclear reactors and this is often used
to create radloactrve 1sotopes : :

_A unit of absorbed dose, now. replaced 1n 1nternat10nal units by the gray, where
one rad equals 100 erg/ g, which equals 0.01 gray :
-Radloactmty

The spontaneous emission of radlat1on in the forrn of alpha part1cles beta
partrcles etc. - Con

| Relatlve B1olog1cal Effectweness :

*Rem

The brologlcal potency of one type of radlatron as cornpared w1th another to -
produce equlvalent brologlcal damage. : : -

= A"rneasuir'e of ddse,‘eq.uivalent (1 rem = '0.01"Sv),.
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"Sievert
The intefnatio'nal unit of dose equivalents, equal to 100 rem or 1000 millisieverts. |
UNSCEAR |

- United Nétions Scientific Committee on the Effects of Atomic Radiation. :
'UNSCEAR publishes periodic reports on sources and effects of ionizing radiation. -

.X—Rays

Penetratmg electromagnetic radlatlon that is artlﬁcxally produced by spec1fic
devices." X-rays resemble gamma rays but are less energetic.
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- APPENDIX B LONG—TERM VS SHORT TERM EXPOSURE TO
RADIONUCLIDES

As part of the recommendatlon from the Enwronmental Assessment Adv1sory Board to
' the Mlmster of Enwronment (and Energy) to rev1ew the gmdehne for tntlum in drmkmg
| water the Mlmstry was also requested to address the i issue of the effects of long-term

_-exposure to low levels of radronuchdes -and of, short-term exposure to sudden elevated A

R levels in drmkmg water :

- Theiproposed interim drinking' water objeetive for tritium ofj 7000 Bg/L addresses, the -
issue of long-term exposure to 1'ow'1e've1§ of 'radionuclides .Dri‘nking'water‘containing'
: 7000 Bq/ L of tntlum would lead to an annual exposure of 0.1 mSv, approxrmately 4%. of o
| - the annual background exposure to radratron in Ontarlo Exposure 10 1000 mSv. of "
e radlatron at one time mlght result in nausea and vomrtmg in the short term, but such
‘exposures would not be encountered in drmkmg water supphes (i.e., in order to be |
‘exposed to 1000 mSv of radratlon from tritium in a day, as surmng 2 L of water is
| consumed the tritium concentratlon in the. dnnklng water- would need to be

‘ approx1mate1y 2. 8 x 1010 Bq/L (or 28 brlhon becquerels/L)
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APPENDIX C REMOVAL OF TRITIUM FROM DRINKING WATER
TREATMENT OPTIONS

Very little mformatlon is available on the efficacy of vanous water treatment processes

~with regard to the removal of tntlum frorn water supphes

Conventlonal treatment (e £ coagulaﬁon/sedmentaﬁon) is believed to be of limited -
: effectrveuess for the removal of tntlum from water (Health & Welfare Canada, 1993(a)). :

While air stnppmg, adsorption and jon exchange technolog1es may be effectwe

technologles for the removal of trltmm, these technologles have not béen adequately

assessed with respect to tritium. removal (Health & Welfare Canada, 1993(&))

| Consequently, the U.S. Enwronmental Protection Agency recommends the use of
‘alternate water supphes (mcludmg bottled water) when drmkmg water supphes are

: excessrvely contammated with tritium (Federal RegLster V56 No. 138; July 18, 1991)
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_ The analysrs of tritium in dnnkmg water is conducted by the Radratmn Protectlon
‘Service ]'_aboratory (RPSL) of the Ontano Ministry of I_abour

The procedure used for the determmatron of tntrum in water begms w1th the dlstlllatlon} L :

of the samples. The mlddle fractlon of the drstlllate is combmed wnh a hqu1d
‘scmtrllatron cocktail and counted in a quuld SClIltlﬂatIOIl Counter Normal reported '

detectron lumts are approx1mate1y 7 Bq per litre.
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~ APPENDIX E : TRITIUM IN ONTARIO DRINKING WATER |

APPENDIX_-E.l": Drinkin Water Surveillance Pro am -

- PLANT

DATE

RAW WATER

“TREATED

AJAX WTP

12—'Mar-91

“WATER

12—May‘-92

16 -

- 28-Sep-92

)
.<7-v:.

<17

ALEXANDRIA WTP

18-Feb-91

<'9

<9

ALVINSTON WTP.

1§—Aug-91-

<10

<10.

21-0ct-91

‘< 9

<9

22-Jun-92

<7

<7

18-Mar-91

<9

AMHERSTBURG WSS

. 20-Mar-91 |

10

16-Sep-91

<10

<10 :

-16-Mar-92

<9

© 18-Mar-92 |

<9

22-Scp‘-92

<7

<7

ATIKOKAN WTP -

" 24-Sep-92
 26-Mar-91

<11

<11

" 23-Sep91 | -

10

 23-Mar-92

<9.

, 25-May-92.,

<6

'BEAVERTON WTP

18-F65-92 ‘

<9

<9

BELLE RIVER WTP -

' 18-Feb:91

<9

<9

<10

<10

16-Sep-91
21-Apr-92

55

< 8_

- <10 ;

 <le

BELLEVILLE WTP

02-Jul-91 |-
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DATE

“RAW WATER

. | TREATED =

“WATER

04—Nov491.

<9

<9

06-Apr-92

<9

<9

BRACEBRIDGE LEADER SPRING.

23-Sep-91 |

14

10

' BRACEBRIDGE WTP

- 23Sep 91 |

' 24Feb-92 |

<9

25-May-92 |

'BRANTFORD WTP

- %—Fcb%‘)l,

BT

26-Aug91 | -

<20

- ?3-Scp-91 :

<8

| 25-May-92

. BROCKVILLE WTP

19-Feb-91

<9

17-Sep91 |

’ <10

<10

: 21;Apr-92 |

| BURLINGTON WTP

. Q4~Fcb-91‘

11

‘, 66-Aug-91 '

<10 -

| 07-Oct91

o 01-Jum-92 |

12

CAMBRIDGE WELL |
SUPPLY(G3,MIDDLETON ST)

21-Jan-92 -

. 04-Feb:91"

18

<16

'CASSELMAN WTP

0‘3—S_cp—v91'

<10

<io

v' '06-Apr-92

~><9‘

<9

CAYUGA WTP

‘ - ‘04—Mar-9'1' :

ey

o OS-SE:p791 :

<8

<38

<8 .

04-May-92
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"PLANT

DATE

' RAW WATER

TREATED
WATER

CHAPLEAU WTP

'1‘8-A‘pr-91

<1l

<11

23-Sep-91

<8

' 03-Dec-91

<8

<8

 24Feb-92

, ‘<9‘.

f<9

L 28Sepo2|

><.7

<7

19-Jun-91 |

<‘1 0

CHARLOTTENBURG WTP

22-Oct-91

<9

<9

21-J an-92 | )

<9

. i8-Aug—92

. '<‘9

9

1

04-Feb-91

<12

CHATHAM WTP

- 05-Feb-91

12 .

06-Aug-91

<11 .

07-Aug-91

<11

COBOURG WIP

21-Oct-91

<9

‘<9

CORNWALL WTP

. 18;Mar¥91 :

10

10

23-Sep-91

11

: 21-Sep-92

.,<7

<7,.

04-Mar-91

<:9

_<"9'

DELHI SPRING SUPPLY

07-Oct-91

< 8-

06—] an-92v

<8

<8‘

08-Sep-92

<7

<7

04-Mar-91

 <8

DELHI WTP

 07-Oct:91

<8

s

. 06-Jan-92

<8

06-Jul-92

- .'06-Au.g—91'

<1

DESERONTO WTP

- 04-Nov-91

1<9

. 02-Mar-92

<9
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PLANT

DATE

- | RAW WATER. -

TREATED

DRESDEN WTP

~ 11-Feb-91

WATER

 10-Tun-91-

10

- <10

‘ 12-Aug—91 ;

<11

047Ma§-92 ‘

< 8 "' .

<11 v

<11

DRYDEN WTP _

25-Mar-91 |
27Jan92|

v<8..

<8

'DUNNVILLE. WSS (INDUSTRIAL WATER) |

.12-Aug—9‘1

<10

© 08-Jun-92

10

DUNNVILLE WTP

‘11-Feb-91

o <16 - .

16.

<10

~ <10

. 12-Aug-91
08-Jun-92

<6

'EMO WTP

10-Jun-91 -

- <10

<10.

©16.Julo1 |

<11,

<11

- 12-Nov-91

<8

<'8'

13-Nov-91

| 10—Feb;92 '
11-Feb-92 |

<9

<9 ”

~ 13-0ct-92

P

' 140ct.92 |

<7

' 10-Jun:91

<10

<10

|l-.FORT ERIE (ROSEHILL) WTP

© 07-0ct-91 |

- 10

10

09-Mar-92

<‘9

Lo< 9

~25Feb 91

<8

<8

FORT FRANCES WTP -

. ‘28:-‘S:ép—9'2:

'  <.7._.

: 06—Apr;92>

<8,* 

< 9"

|| GODERICH WTP

08-Sep-92

<7

4 < 7

|| GRAVENHURST WTP

18-Mar-91
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PLANT DATE [ RAW WATER TREATED
N WATER
16-Sep-91. <10 ' <10
' 21-Oct-91 Y <9
| 17-Feb-92 <9 <9
GRIMSBY WTP 18-Nov-91 <8. 1
21_Apr_§2, I 12 <8 .
HALDIMAND/NORFOLK WSS 04-Feb-91 et |
- | 06-Feb-91 | <8
03-Sep-91 <10 <10
06-Apr-92 <9 S
08-Apr-92. ‘ <9
HAMILTON WSS . 25Nov-91 <8 <3
| ’ 22-Jun-92 12 9
HARRow;COLCHEsTER'Wss | 25-Mar-91 11
| '  26-Mar-91 <9
_ 27-Jan492 i 9
. L : 2‘8-Jan-92‘ <8
HAWKESBURY WTP 11-Feb-91 <18 <18
- R 12-Nov-91 9 9-
o ‘B-Apvr-;92 9 .<8' .  ‘
JOHNSON ST WELL, BARRIE © 10-Mar-92 . <18 |
KENORA WTP 25-Feb-01 <9 <9
' o ) '26—Aﬁg-,91 I <10 : <10
. 22-Jun-92 <70 <7
|| kiNGsTON WTP © 10-Jun91 | Rt o
i 04Nov9l | <9 <9
| 06-Apr-92 “ 13 - <9
'OG—ful—92 <7 ' <l7
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_ PLANT

DATE

RAW WATER

TREATED

| WATER

KITCHENER (STRANGE STREET
RESERVOIR) :

16391

<11

'KITCHENER WELL SUPPLY

16-Jul-91

<1l

<11 :

LINDSAY WTP

"~ 25-Feb-91

— ‘,16_

14

. 09-Sep91

<:10

28-Oct-91

<9

<10

- 25—May—92

16

LONDON (LAKE HURON) WSS

L , 18'—‘N9v—9vlr

ij-juné92 _

0

'MANITOUWADGE WELL-

11

<10

SUPPLY(WELLL3,RES).

28—J an-92

<8

)

MARATHON WELL SUPPLY

. 22-May-91

<10

<10 -

17-Jun-91-

S <10 -

<10

METRO TORONTO (F.J. HORGAN) wss

© 15-Jun-92°

' METRO TORONTO (R. L. CLARK) WTP -

17-Jun-91 -

T 19-May-92

17 i,

METRO TORONTO (ISLAND) WTP

19-May-92 |

14

7

MITCHELLS BAY WIP

19-Aug-91

<10

<10

 17-Feb-92°

<9 -

C19-Feb92 [

- 17-Aug-92

. 1

'NAPANEE WTP-

 27-May-91°

: < 11_' .

<11 -

2.Jun-92

S <7

VIR

NIAGARA FALLS WIP

' 13-May-91

L '<10’_‘
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 PLANT

DATE

RAW WATER

TREATED
WATER =~

09-Sep-91

<10

<10

11-M;'=\y-92 :

<9

<<v9:4

27-May-91

 <]>.0 :

<10

NIPIGON WTP

<9

<9

" 24Feb-92
27-Jul-92

NORTH BAY WTP

'18-Jun-91

‘ '<10 ‘

<10

28-Oct-91

<9

<9

- 22-Jun-92

:<',7‘

<

OAKVILLE WTP

13;May-91 .

<10

<10

09-Sep-91

<10 -

<10

o 13-Jan-92

<9

<9

13-0ct-92

<7

,'-_<‘7~  ‘

- 22-Apr-91

'<11 :

<11

-ODESSA WTP

26-Aug-91

. <10

<9 .

- <10
<9 .

. 28-0ct-91
. 28-Apr-92

<8

 , .<,8”

ORANGEVILLE WELL SUPPLY

. 05-Oct-92

<7

<7

OSHAWA WSS

12-Mar-91

17 -

09-Jul-91 |

19

14

© 14Jan-92°|

14

13-0ct-92

OTTAWA (BRITANNIA) WSS

© 26-Aug-91 |

14

OTTAWA (LEMIEUX ISLAND) WSS "~

| 24-Feb-92

24-Tun-91-

<o

.737.

317

26-Nov-91 |- -

.<8

o ‘ '»23-Mar-92 |

<9
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" PLANT -

DATE

'RAW WATER

| TREATED

WATER

OWEN SOUND (RICHARD H. NEATH)
WTP .- /

24-Jun-91

<10

<10.'

| ‘ 28;Apr—92

<38

11

09-Mar-92°

'PEMBROKE WTP

14-Sep-92 |

 PERTH WTP

| 04-May-92

.<v8<' .

17

10-Jun-91

<10

: <10

PETERBOROUGH WSS

15-0ct-91 |

08-Jun-92 -

<8

 10-Ang-92 |

PICTON WTP .

' 13-Jan-92

<9

I.< 9

13-0ct-92

<7 ‘

13-May-91

L<10

PLANTAGENET WTP

< 10 '

<10 -

0938ep-91 :
27-Apr-92

,<8.

 <8.

08-Jun-92 .

<6

<6

PORT COLBORNE WTP

- 04-Mar-91

<8

10

- 05-Aug-91

<10

06-Aug-91

' <10

C13-Jul92 |

<7

'PORT DOVER (DOANS HOLLOW)
SPRING SUPPLY.

' 22.Jul-91

<11

12

PORT DOVER WSS

C2lor]|

PORTELGIN WTP

L 04-May-92 | -

17

0s-Augez |

IRV

16
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. PLANT |° DATE | RAWWATER | TREATED
: ' : | - WATER

PORTHOPEWTP . - - | ~ o04Maro1| . <8 | A <

280a91] <9 <9

23-Mar-92 0o

'PORT STANLEY WTP . o 24dweol| <10 | 2 <10
B o ' )  BMarm2| . <9 | g

PRESCOTT WTP . : 19-Aug-91 | - <10 | <10
o | | o1eMar2| 0 <9 | B

RAINY RIVER WIP o ©10Jw91 | <10

1w} | <10

BNowoL| <8 | - <8

13-Apr-92 | <8

14-Apr92 |- - R <8

RED ROCK R 18Jun91| <100 S <10
o C24Mar2| 0 <9 - <9

RENFREW WTP © o ogAprol| <1 . n

15-0ct-91" <8 | <8

) CApr2| 0 9 | <8
ROCKLANDWTP | 11Febor| 18 T

- 13-Jan-92 ‘ <9 | 10

SARNIA (LAMBTON COUNTY) WIP | . 03Julol| = - ~ =~ | "
' | o 04-Nov-91 , <9 ‘ '

05-Nov-9L| . <
- 03-Feb-92 | - <9' _ | |

04Feb2 | o <9
.Qq.Aug-QZ R 8 » - R 10

SAULT STE MARIE (GOULAIS WELL) | - 10-Feb-92 <o <9

ez
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DATE

RAW WATER

SAULT STE MARIE (LORNA WELL)

- 08-Jul-91

<'11

WATER .

<11

11-May—92 , |

' ,<‘9*

<9

SAULT STE MARIE (SHANNON WELL)

11-May-92

<9

ogyulo1|

T <11

<11

SAULT STE MARIE (STEELTON WELL) ‘
SAULTSTEMARIEWTP S ‘

08-Julo1 |

<11

' <11'.,'

' SMI‘I‘H FALLS WTP

' '15-(’)&-9"1‘

o '<‘8:

<8

13-) an-92

<9

<9 o

. 14-Scp-92'

<6

SOUTH PEEL (LAKEVIEW) WSS

02 ul-91

<10

<10

SOUTH PEEL a,ORNE PARK) WSS

_12-Aug91 -

<11

ST CATHARINES (DE CEW) WSS

18-Mar-91

<9

. 16-Sep-91

<10 -

20-Jan-92 |

<10
<9

<9

| 02-Ju1 91 o

>"<10A

. ‘<1(5 :

ST THOMAS (ELGIN) WSS

: ‘04—Nov—91- )

<9

o <9

06-Jan-92

<8

L 06:Jul92

<7

<7

STONEY POINT (TILBURY NORTH) WSS -

2Tuls1

11

1

C27-Apr92 |

<8

‘<L8

: .fZO—Aug4917

- ..<10> .

5101 -

STOUFFVILLE WELL SUPPLY
STRATFORD WELL SUPPLY

13-Jul-92

<42

<7

05-Jun:91

- ,.<11”

<11 .

'SUDBURY (DAVID ST) WTP.

06Jan92 |

""<8'

. 08-Jul-92

‘><'7'>'fh.

<7 -

o4qunor|

'SUDBURY (WANAPITEI) WSS

os-Juﬁ-91 1

<11

‘v <11~

- 06 Jan—92 '

<8

08 Jul 92~ |

<7

'< 7.

) :-<10 :

- <10

'TECUMSEH WTP

. 19-Aug-91
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PLANT DATE RAW WATER TREATED
| . WATER
| 3  20-Jul92 7 : <6
' TERRACE BAY ' 21-May-91 <10 <10
| o  23-Apr-92 <8’ <8
THAMESVILLE WELL SUPPLY 16-Apr-91 S <11
| o 21-0ct-91 B <9
E  20Jule2 | 6 <6
'THUNDER BAY (BARE POINT) WTP " 08-Apro1 <11 <2
o | | 15-Oct-91 | <8 <8
THUNDER BAY (LOCH LOMOND) WTP - 08-Apr-91 REPITEN <11’
|l TILBURY wTP o 15-Jul91 | <11 <11
| - 17-Feb-92 <9 <9
‘1v7-AugA—‘9>2A 1i - 8 |
TRENTON (CHESTER ROAD) WTP 03-Jun-91 TY <11
TRENTON SPRING SUPPLY | ' 03-Jun-91 <n e
UNION WSS - . 06-Aug-91 <10 <10 -
| . 07:0et:91 10 |
08-0ct-01 | - 10
WALLACEBURG WTP 13:May-91 <10
o - 14-May-91 | <10
09-Sep-91 <10 - <10
08-Jun-92 7. 8
17-Aug-92 1 " g
WALPOLE ISLAND WTP 02-Jul-91 < 15
| 03-Sep91 <10 <10
o 07-Jul92 .8 |
| - 08-Jul-92 | <7
WATERLOO WELL s_UPpLY (WZERBST | 16Jul91 | <11
RES) P :
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 PLANT -

DATE -

| RAW WATER

TREATED

 2-Jul92

. <6

WATER

WATERLOO WELL .

16-Jul-91 |

<11

<11

- SUPPLY(W2,WILLIAM ST RES)

© 21-Jul92

<6

10

02-Sep91

<10

WELLAND WSS

. "03-Feb-92

 <9 :

<9

,<’6  -

WINDSOR WSS

 17-Jup-91

<10 -

© 18-Jun91-

12-Nov-91

< 10‘_: .

13-Nov-’91 A

<10

~.'08-Jun-92

S ~10—Aug-92

11-Aug92 |

(@) < = less than




APPENDIX E2 : 1991 TRITIUM DATA - NUCLEAR SURVEILLANCE PROGRAM

P LANT B s o o Range (Bq/l) in Treated Water
AJAX WTP e | <9:5 | o
| AMHERSTBURG WTP <g8-34
'BOWMANVILLE WTP - - <9-27

DEEPRIVER =~ .~ 7 |'<8-12

HARROW-COLCHESTER = | <8-12
KINCARDINE PUC | <8-25
NEWCASTLE . | <g-24
| osmawawre . l<o.3

PETAWAWA S 1 <9-370"

PEMBROKE R C il <9-270
PICKERING o | 17:21
TORONTO =~ 5 ol <s-s7

WARKWORTH : <9
WHEATLEY WTP . . . |<9-1
WHITBY WTP ol <s8-3%

'VERNEER WTP R | <10 -
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