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- EXECUTIVE SUMMARY

In responsé to the recommendations of the Env1ronmental Assessment Adv1sory
Committee on the need for an md1v1dual env1ronmental assessment on the proposed
Pickering/ Ajax Water Supply Plant the Mimstry of Env:lronment and Energy ‘
requested that the Adv1sory Committee on Env1ronmental Standards (ACES) carry

o out a public review and adv1$e the Minister on an appropnate standard for tritium in

3 drmkmg water.

In order to assist in the public review of the Ontario Drinking Water :Objective .
(ODWO) for tritium, tlus document has been. prepared by the Standards

. Development Branch of the Mimstry The report summarlzes the process by which -

the current ODWO for tritium of 40,000 becquerels per litre (Bq/ L) was estabhshed

- gives an overv1ew of the pertment mformation that has become avarlable since the

| ODWO was established and prov1des the rationale for recommendmg an interim

Ontario Drmkmg Water Ob]ectlve of 7, 000 Bq/L for tritium. The interim ob]ectlve

" will be apphed as a health-related maximum acceptable concentratlon Itis

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

that it be reexamined once the rev1eW of the Canadian Drmking Water Gmdehne for

tritium is complete

Monitoring data collected under the Ontario l)rinking Water Surveillance Program

and surveillance programs 1n the v1c1n1ty of nuclear generatmg stations in Ontario -
| ,demonstrate that the concentrations of trltium in raw and treated dnnkmg water
'~'rarely exceed 100 Bq/L. | '

A reassessment of _thehuman health effects of i'ovniz'ingra_diatiori has been conducted
. | by the United Nations Scientific C_omrnittee on the Effects of 'Atomic'Radia_tion
N (UNSCEAR)‘,‘tl,te”Committee on the Biological Effects of loniZing Radiation _(BEIR'):Of' .
' the United States National Research Council. the Internat'ional Comnmission on “
~ Radlological Protéction (ICRP) and the United States National Counc11 on Radiation
'Protection and Measurements (NCRP). These sc1ent1f1c criteria documents are

’ available for pubhc review as a separate attachment to this report
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BACKGROUND :

In order to address the need for additional Water supply to the. Plckermg/ Ajax. - -
" area of Ontano, the Reglon of Durham i in 1990 approved a recommendahon to -
- build a new, 1arger Water treatment plant at the same locatxon as the existing

'water supply plant

In 1992 the Minister of the Environment asked the Env1ronmenta1 Assessment

Advisory Comrmttee for its adv1ce on whether an individual env1ronmenta1

~assessment should be requrred for the proposed water supply plant

~In its report to the Minister, the Environmental Assessment Advisory

Committee recommended against an individual environmental assessment for -

‘the proposed plant. provided that certain recommendatlons were- appropnately o
addressed. -

.W1th respect to concerns raised about radlonuchde concentratrons in drmkmg B

water, the Commlttee recommended that the Mlmster request her Advisory

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

and adv1$e the Minister by the end of 1993 on an appropriate - standard for -
tntrum in dr1nk1ng water". In addition, “the effects of “long-term exposure to

* low levels of radlonuchdes and of short—term exposure to sudden elevated

levels in drmkmg water" should also be addressed

‘The following documentation is prdvided by the Ministry of Environment and

) Energy in order to assist in the public review of the current Ontano Drinking . |

Water Ob]ecnve for trltlum
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INTRODUCTION

o _The current Ontario Drinking Water Objectives (ODWOs) for radionudides

, 'mcludrng tntlum, were adopted from the- Canad1an Dnnkmg Water Gmdehnes

(CDWGs) The CDWGs are developed through a formal Federal-Provmcra.l

E process mvolvmg representatlves from each of the Provrnces and Temtones in-

,‘addmon to representauves from Health & Welfare Canada and Envu'onment e o
, vCanada. - )

The current CDWGs and ODWOs for rad10nuchdes were based upon the ﬁndmgs

- and recommendatrons of the Intemattonal Commlssmn on: Radiologrcal Protection

‘(ICRP) that were pubhshed in 1977.

| The recommendatlons from the ICRP whlch are pnmanly based upon the reports
: of the Umted Nations Sc1ent1ﬁc Comm1ttee on the Effects of Atomic Radiation
; ‘ (UNSCEAR) have recently been rewsed to reflect the most up to date ’
- mformatlon on the effects of i 1omzmg radiation (ICRP; 1990). The UNSCEAR
 and ICRP reports mdlcate that earher reports underesnmate the risk assoaated

with radlatron exposure Most information on the effects of i 1omzmg radlat10n on -

A humans comes from the contlnumg assessment of the effects of the’ nuclear

explosrons at Nagasakl and Hrroshrma, as well as from nuclear incidents such as .

the one at Chernobyl ‘In light of the rev1sed recommendatlons from the ICRP
the World Health Orgamzatron (WHO) is currently rev151ng 1ts drmkmg water

: o guldehnes for rad10nuchdes and Canada i 1s currently in. the process of rev1smg 1ts
| ;CDWGs for radlonuchdes mcludmg tntlum. o

. This report summaﬁzes‘ the available information that is pertinent fo revision of

- the Ontario Dnnkmg Water ObJectrve for tritium and proposes an 1nter1m
' ODWO for tntlum The rat1ona1e for the interim ODWO 18 based pnmarlly on
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the information and recommendatlons prov1ded by UNSCEAR, the ICRP the ‘
WHO and the U. S Nat10nal Research Counc1l’s Comm1ttee on the Blologlcal

: Effects of Iomzmg Radlatlons (BEIR) A glossary of radmlogmal terms has been a

mcluded in Appendlx Al

THE PROPERTIES OF TRITIUM -

' Tntlum isa radloacnve 1sotope of hydrogen and has one. proton and two neutrons

Through the process of beta decay, tritium emlts 1omz1ng radiation in the form of _

-a beta particle, or electron. AlI 1omzmg rad1at10n is con51dered to be carcmogemc
to humans with the r1sk of ‘developing cancer bemg proportronal to the dose to
. the md1v1dual ' |

' Tntlated and non-trmated (e, normal) water have similar chem1ca1 and phys1cal

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

o ' dlstmgmsh tntlated from normal water

Tntlum isa naturally occumng radlonuchde and may also be produced as a by- :

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

| phys1cal half-life of 12.3. years.- The beta parucles are emitted in a connnuous ‘

spectrum of energy, with the maxrmum energy bemg 18 6 klloelectron volts (keV) v
and the average energy being 5.7 keV. The beta paItlcle em1tted has a range of
approximately 6 millimetres (mm) i in air and 0. 0052 mm in a unit dens1ty matena],

'whlch means, for example that it is mcapable of penetratmg the outer layer of

. human skin.

Tritium may be. taken into the body by inhalation or absorption thrOugh. the skin. B |

Once taken ir, 1t is assumed that tnt1ated water is umformly d1str1buted arnong '

all the soft t1ssues in the body



Ingested, tntlated water is beheved to be completely and 1mmed1ately absorbed

| from the gastromtestmal tract, mrxmg tapidly w1th the tatal body water. Once

absorbed, the retentlon of tritiated water in’ the body is related to the natural

c turnover of body water, wh1ch is. related to water mtake etc. Typrcally, the

| retenhon half life is estlmated to be ten days, but cons1derable vanat10n can occur .

o due to factors such as amblent temperature and personal hab1ts ~

o In the natural envuonment and in drmkmg water treatment plants, tntlated water '

cannot be’ readlly drstmgulshed from other water. Consequently, conventronal

. water treatment is unhkely to reduce tnnum levels that are present in raw water

- .supphes (see Append1x C)

40

5.0

TRITIUM: SOURCES AND OCCURR_ENCE -

| Tritium may be produced nauirally in-the upper atmosphere ‘through the
| ; ,bombardment of mtrogen with. neutrons from cosmic 1ays. Consequently, low |
| v-levels of naturally-formed trmum exist in ramwater and surface waters. Itis .
..esnmated that 10% Bq of tntmm are produced annually by natural processes R
- (UNSCEAR, 1988). | o |

* Tritium is also produced in nuclear explosrons and nuclear weapons testmg is the -

source of most of the tnnum in the global env1ronment. Tnt1um may also be

released into the env1ronment in emrssrons from nuclear energy productron

| -"fac1ht1es m partlcular from CANDU type water—cooled reactors .

EXPOSURE TO IONIZING RADIATION

The most comprehensive source of information on the overall exposure of the -~ -

~ population to jonizing radiation is the United Nations Scientific Committee on the
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“Effects of Atomic Rad1at10n (UNSCEAR) The 1988 UNSCEAR Report on

Sources, Effects. and Risks of Tonizing Radiation sumrnanzes current knowledge

on exposure to 1omzmg rad1at10n.

VNatural Sources of Radiation

Natural sources of radratlon are; by far, the largest contributor to- the overa.ll :

exposure of the global populatron to jonizing radlatlon. Cosmic rays, gamma rays
and naturally. occurrmg radlonuchdes, such as’ the uranium-238 and thorium-232

decay series mcludmg radon, are beheved to contnbute more than 98% of the

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

UNSCEAR has estlmated that the global average exposure to ionizing rad1at10n
from natural sources is 2. 4 mﬂllsleverts (mSv) per year (see Appendlx A for
deﬁmtlons of radrologlcal terms) '

A recent assessment of the average exposure of the U. S populatlon to 1omzmg
' radlatron was made by the National Council on Radiation Protectlon and '
‘ Measurements (NCRP 1987). The NCRP estJmated that annual exposure to

natural background radlatron in the U.S. exceeded the global average and tota.lled

"appromnately 3 mSv per year. The increased exposure estimate. is prlmanly due

to exposure in homes to radon from natural geologlcal sources.

Other Sources of Radiation

In addition to the naturalsources of ionizing radiation, hurnans'rnay_also_ be

| exposed to radiation through medical procedures (e.g. diagnostic x-rays), -

occupational sources, environmental releases from nuclear power production etc.



Table 1: Radiation

Estimated annual radiation exposures from various sources are summanzed m

Table 1. Radon, a naturally occurrmg radioactive gas, is the prmc1pal source- of

v,radlatlon exposure, whereas tritium in drmkmg water compnses less than 1% of -.
~ the total annual exposure to radiation (BEIR, 1990). Dnnkmg water sources of

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

osure from- Various Sources- -

"Sour.ce_ o - T . EstxmatedAnnualExposute .
. mSv | % of Total Annual
: . ’ " | Exposure
| Nﬁmﬂ&mma.'ﬁ o 240302 1 sy

-a)x—rays ‘ R 04 : ] 1%
b) Nuclear Medmne . o014 . 49
Consumer Products (includmg food and 010 - jA'} ' -l 3%
drinking water) S

"m%am&u&y
2 . NCRP, 1987 . -

6.0

HEALTH EFFECTS OF IONIZING RADIATION S

' | Current knowledge on the. health effects of 1omzmg radlatlon is summanzed in
7 the 1990 Report of the Commlttee on the Blologlcal Effects of Iomzmg _
'Radlatlons (BEIR V 11990). This Commlttee was estabhshed by the N ational

Research Coungcil i in the Umted States to update the: assessment on rad1at10n L

effects pubhshed in'1980 (BEIR III, 1980)

Acute exposure to hlgh levels of i 1omzmg rad1at10n may cause severe damage to .

~ bone marrow gastromtestmal mucosa and other rapldly prohferatmg tissue. - The

:degree of darnage is dependent upon the magmtude of the dose and the durahon o




of exposure. ‘Acute radiation exposure is as'sdciated with nuclear "accidents; or
explos1ons and is not relevant to the issue of long-term exposure to low levels of -

radlonuchdes in water

Low doses of radratron may cause adverse effects in the genes and chromosomes

‘of hvmg cells Where reproductlve cells are affected by radlatlon, mutatrons may
: ~occur and adverse effects may be mamfested in offsprmg Adverse heritable ‘

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

L not as yet been clearly demonstrated in humans

6.1

4 Exposure to radratton may also result in the development of ca.ncer., The

carcinogenic potentral of i 1omzmg radiation is affected by such factors as the

duration of exposure, the type of radiation, : and the sensrtmty of the tissue or
" organ irradiated. Some radronuchdes concentrate in certain trssues (e g
radioiodine in the thyroid gland) while other radlonuchdes, such as tntmm, have
' no specific target tissue and are drstnbuted throughout the body.

- In _general, it is assumed.that the -risk of cancer is proporftional to the effectiv_e“

~ 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 tlssues and organs have varying sensrt1v1t1es to radlatlon. »

Consequently, in order to-assess the relative impact of rad1at10n on vanous

blologlcal receptors the mternatlonal scientific commumty has developed a system .
" of radratron and tissue we1ght1ng factors in order that different radiation

| exposures. may be readﬂy compared and assessed. Through th1s approach, the |
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effective dose of different radiation exposure scenarios can be estimated.

1In this report, the effective dose is expressed in sieverts or'mi]]isieverts @sv=
- 1000 mSv) and the amount of radloacuvxty 1s measured in becquerels in .

| accordance wuh the current mternatlonal system of units.

Ionizing Radiation

Assessment of the nsk associated w1th exposure to rad1at10n is an ongomg
mternatlonal effort. The United Natlons Scientific Commrttee on the Effects. of ‘

: Atomrc Radlatlon (UNSCEAR) and, in the United States, the National Research-_,, '
- Council’s Commlttee on the Blolog10al Effects of Iomzmg Radtauons have

prepared several comprehens1ve reports on the sources effects and risks of

ionizing radlatlon (UNSCEAR, 1988; UNSCEAR, 1986; UNSCEAR, 1982 BEIR 3

' .V 1990 BEIR I[I, 1980)

~ Both the UNSCEAR and BEIR reports focus primarily on information obtained
- from. follow-up studies on the survxvors of the Hiroshima and Nagasakl atomlc
- explosmns as well as on studles of workers and ‘patients exposed to. 1omzmg '

| radlatlon. Informatlon avallable in the 1980s made 1t apparent that the radratlon

risk estlmates that were avaﬂable for the UNSCEAR, 1982 and BEIR III reports - X

o underestlmated the nsk assoc1ated w1th radiation exposure and requlred extenswe ’

rev1510n. The UNSCEAR 1988 and BEIR v reports reﬂect th15 updated nsk

. assessment

The ﬁndmgs of the UNSCEAR and BEIR comrmttees are used by mternatlonal o

and natlonal agenc1es ‘as the basis for recommendatlons for radlatlon protectlon :
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7.1

The Internatlonal Commlssmn on Radrolog;cal Protect10n (ICRP), and the

B ‘Natlonal Council on Radiation Protectlon and Measurements (NCRP) in the '
. United States, for example, provide recommendatlons to regulatory authonues
‘ based on the information in the UNSCEAR and BEIR reports.

In 1990, the ICRP issued its revised recommendatlons for radiation protectlon A
-~ (ICRP, 1990) Based upon available information, the ICRP has estimated that the - -~

. risk-of developmg a fatal cancer for the general populatron from radiation -

exposure is.Sx 10‘ 2 per sievert.

" DRINKING WATER GUIDELINES FOR RADIONUCLIDES

‘World Health Organization Guidelines

In hght of the additional mformatlon and recommendations that have been

- provided by the ICRP and UNSCEAR, the World Health Orgamzanon WVHO) is

currently revising its recommendatlons with tegard to rad;onuchdes in drmkmg

water.

- In its new guidelines, the WHO 're‘cOmrnends a reference level coxninitted .

effective dose of 0.1 mSv from one yeafsconsumption of drinking water, and

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

‘;'attnbutable to natural background radiation (WHO Draft Guldehnes) In

_calculating the reference level of dose, a water consumptlon estimate of 2 L per

day for a year was assumed and_ the calculatlonvwas based on an adulf’s
metabolism.- Th_e,fWHO states that the influence of age onmetaholism, and’

variations in the consurnption of drinking water, do not require modification of

the reference level of dose as.an 'appropriate margin of safety is provided in the

 calculations 'and the dose is based on a lifetime expo‘sure. L
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For practrcal purposes the reference level of dose needs to be expressed as’ an

- act1v1ty concentration of radlonuchdes in drinking water. Metabohc -and
dosmetnc factors were. oons1dered in the development of dose conversmn factors :~‘

; whlch relate a dose (m Sv) to the amount of radlonuchde (m Bq) mgested. .

The reference concentratton of tr1t1um that would correspond to the reference

. level of dose of 0.1 mSv was: esttmated by the WHO to be 7, 800 Bq per _‘ '
‘ htre(WHO 1993 in press) The WHO apphed dose-conversion factors that bad o
Abeen used by the Nattonal Radlologleal Protectron Board of the Umted Kxngdom 4
' (NRPB 1991) in denvmg the reference concentratlon for tritium. Thls reference

concentrahon of 7,800 Bq/L for tntmm 1s based upon the cancer IlSk assoc1ated |

with rad1at10n exposure. The calculated cancer risk assoc1ated with the comrmtted o
'effecuve dose of 0.1 mSv is approxlmately 5 X 10‘6 (Le, 5 fatal cancers per o
f_mrlhon people exposed) At this level of exposure any cancers that may result Vv
from radronuchdes in dnnkmg water are not detectable or msungmshable from

the normal cancer mcxdence Cancers due to background radlatlon cannot be

| , d1st1ngmshed from other cancers and, since exposure to natural background

12

'_radlatmn cannot be avmded, they are 51mp1y part of the natural cancer 1nc1dence

: Canadian‘Drinking 'Wate:r' Guide_lines |

‘The current Canadran Drmlung Water Gurdehnes (CDWGs) for radtonuchdes .
_ ~1nclud1ng tnttum, are based pnrnanly upon the mformatlon avallable 1n the 1970’ .
| 'from mternatronal sources mcludmg the ICRP and WHO .

“The carreft CDWG'for ‘tn'tium is 40, 000 Bq/L Through' Health & Welfare
'_ . Canada, Canada has played an active role in the rewsron of the WHO gurdehnes
In hght of the new mformatlon on radlonuchdes and the revision of the ICRP and" ’
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WHO recommendations, the CDWGs for radionuclides are currently being

- reviewed and revised through a formal 'federjal-'pr‘ovincial process. and are.expected

to be finalized in 1994. The new CDWGs are expected to reflect the WHO's

‘--_reoommendatlon of a reference level oomm1tted effectlve dose of 0. 1 mSv from-

' one year’s consumptlon of dnnkmg water

13

74

Qntarlg Drmkmg Water Ob]"ectives‘

~  Ontario participates in the formal federal-pi'ovincial ptocess that-establishes the E
. 'CDWGs and normally adopts new and revised CDWGs as Ontano Dnnkmg
| ~Water Objectwe (ODWO) o " |

- The current ODWO of 40 000 Bq per litre is based upon the current CDWG for
- tritium. In effect, the ODWO for tritium and other rad10nuchdes is being =

formally rev1ewed and rev15ed through the federal-provmma.l process at this tlme
Revision of the CDWGS and ODWOs for radlonuchdes is expected to be

h completed in 1994

' Cntario-has th'e perogative to establish ODWOs independently, where o
»appropnate and thls document is'in response to the Ministry of the Envnonment '

' | and Energy’s comm1tment to review the current tnt1um guideline by the end of S
‘ 1993 ' : :

_iUn'ited States’ EnVirontnental Protection Agencv Limits - .

" The EPA has proposed the»eStablishment of a maximum contarninant level

(MCL) of 4 millirems effective dose equivalent per yeal" fol"vbeta—emitting .

] - radionuclides. This would be equivalent to approximately 2300 Bq per litre of |
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tritiuni. This proposed MCL is"cu:renﬂy-being reviev.ved‘ and assessed.

- An assessment of the ratlonale and pohmes supportmg the proposed EPA
: ‘standard-for tritium is beyond the scope of this document. ' '

culation of an Intenm ‘Ontnrio' Drinking Water ' bect:lve .for;Triﬁnm,__; .

Based upon the recommendatlons of the ICRP and WHO an mtenm dnnkmg
water objecuve for tr1t1um may be calculated as follows ' ‘

_ Intenm Ob]ecuve ,
Concentration = 0.1 mSv/vr
' : 730 L/yr x dose conversmn factor (Sv/Bq)
' whefe o 730 L/yr is the annual consumptlon of drmkmg water (assummg 2 0
0.1 mSv/yr is the perm1551b1e exposure to radlonuchdes from S
drmkmg water :

" dose convers1on factor as prov1ded by the Nanonal Rad1010g1cal :
Protection Board (NRPB 1991) and by the WHO for tntlum, =1 8} '
P 10'11 (Sv/Bq) ’ :

Based upon the above, the interim objective coneenttation 'for,f;titiunl_'that would L
" result in 0.1 mSv exposure per year from drinking water is approximately 7,600 ; |
In its most recent publication (Publication 61), the ICRP. applies a different dose -

| conversmn factor for tr1t1um that, if substltuted mto the above calculatlon, would

result in an mterlm obJectlve concentratlon for trittum of apprommately 6, 850

Bq/L (ICRP 1991). Smce an evaluatmn of the dlfferent dose converswn factors |

"AlS beyond the scope of th1s document, and- taklng into account: the appropnateness >
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- of using just one signiﬁcant digit when dealing with scientiﬁe estimates of this

nature, it 1s proposed that the interim Ontano Drmkmg Water Objectrve for
tntlum be established at 7 000 Bq per htre ,

L Where more than one radlonuchde is present ina drmkmg water supply, dnnkrng o

water objective ooncentratmns may need to be ad]usted such that the total

- exposure from all radlonuchdes ina drmlcmg water supply does not result in an -

_average annual exposure in excess of the committed effectrve dose of 0.1 mSv/yr

The’ testmg of drmkmg water: supphes for. radlonuchdes mcludes, in addmon to
testmg for tritium, an assessment of the gross alpha and beta emrssmns from _
various rad1onuchdes ‘Where srgmﬁcant alpha and/ or.beta act1v1ty is detected, it

s necessary to identify the spec1ﬁc rad10nuchdes mvolved, to measure their

mdmdual actrvrty concentrahons and to determme the effecuve dose from each

of _these rad1onuchdes by applymg the approprrate dose Vconvers1on factors.

The commltted effecuve dose from all radlonuchdes in drinking water should not

exceed 0.1 mSv per year

THE NATURE AND APPLICATION OF DRINKING WATER GUIDELINES

“WHO Guidelines e

*The World Health Organization (WHO) first published Guidelines for Drinking
:Water' Quality in 1984 (WHO, 1984), The guidelines were developed hy the =
WHO to descnbe the quahty of water that is suitable for drinking purposes under ;

all c1rcumstances As such the WHO described the derived gurdehne values as .

follows: |
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gmdehne value represents the concentratwn of a const1tuent that ensures B

an aesthetrcally pleasmg water and does not result in any s1gruﬁcant risk to |

, the health of the consumer;

b)

9

--d)

8

the appropnate remedlal actlon, and to consult’ w1th pubhc health

- The quality of water defined by the WHO guidelines is such that it is

suitable for human consum‘ption' and for all normal dernestic purposes; -

‘ Exceedence ofa gmdehne value should be con51dered a 51gna1 to.

. mvestxgate the course of the exceedence ‘with the purpose of determxmng .

o ‘authonnes for advice;

The gurdelmes were denved to describe a qual1ty of water that would be |

acceptable for and would sa.feguard health dunng, hfelong oonsumphon, :

’ Short-term dev1at10ns above the guldehne values' do not necessanly mean :
' -the water is unfit for consumphon. The amount by whlch, and the duratlon_ ‘
-that, any guideline value can be exceeded w1thout affectmg |
- pubhc health depends upon the specrﬁc substance involved;.

; In the case of radloactxve substances ‘the term’ gmdehne value is used i n '

the sense of a reference level" as defined by the ICRP, where a reference

level is not spemﬁcally a limit- but is a 51gnal to pursie certam courses of

‘ actlon, such as mvestlgatlon of the cause or 1mphcat10ns of the elevated _ :

level and

' A value in excess of the gu1dehne value does not in itself 1mply that the

| water'is unsuitable: for consumptlon
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Canadlan }Drinking: Water Guideline (CDWGS) o

The Guidelines for Canadian Drinking Water Quality (Health and Welfare, - |

A ACanada, 1993(b)) indicate that the CDWGs are to be apphed in a 51m1lar fashmn, .
to the WHO guidelines. o '

- S1m11arly to’ the WHO the CDWGs are mtended to prov1de gmdance as to the -
. acceptability of drmkmg water supphes The judicious use of the gmdehnes eg.,
~1nvest1gatmg ‘exceedences, taking remed1al action where appropnate wﬂl resultin
| dnnkmg water that is protectlve of pubhc health

' Qntariof Drinking Water .Ob]'ectives (ODWOs)v ,

Ontario Drinking Water Objectives are applied in a similar fashion to the
Canadian Dnnkmg Water Guidelines. They provide- gmdance as to the

'acceptablhty of pubhc drinking water supplies and water supphes that meet these ‘

s | .objecnves are protectlve of human health.

' 'It should be noted that the assessment of the acceptablhty ofa water supply
- during a SpCCIﬁC nuclea;r emergency (e g, a large spill of trititum) that may lead to
‘ 51gmﬁcantly elevated tritium levels in dnnkmg water supphes is primarily the -

respon51b1]1ty of the local Medical Ofﬁcer,of Health and the Ministry of the -
SolicitOr', General. Through Ontario’s Nu:cleariEmergency ReSponse .Plan, the -
Ministry of the Solicitor General, in cooperation with public health authorities

and other agenc1es would coordmate the appropnate response to any nuclear

acc1dent
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TRITIUM IN DRINKING WATER N oNTARIo B

Through its Drmkmg Water Surveﬂlance Program (DWSP) tbe Ontano Mlmstry

of Environment and Energy now surveys more tha.n 100 water supply systems .

annua]ly for radlonuchdes and other contaminants in water Both raw and treated

fwater are analyzed Tntmm data from. the DWSP are summanzed in Appendlx o 7,,‘

In addition t6 DWSP, the MOEE also runs §uryeﬂlance programs in the vicinity .
' 'of nuclear generating stanons in Ontano Part of this nuclear survelllance | »
-program mvolves regular testmg of water supphes at nearby water treatment
plants. Dnnkmg water data for tntmm from this program, for 1991 are .
, summanzed in Appendlx E2. |

" All radlonucllde analy51s is conducted by the Ortario Mmlstry of Labour’s _
' Radlanon Protection Laboratory A bnef descnptron of the analy’ncal method is .
: g1ven ln Appendlx D.

.‘SOCIO-ECONOMIC IMPACT OF REVISED DRINKING WATER
llOBJECTIVE FOR TRITIUM o

_ As summanzed in Section 9.0 and Appendlx E, the levels of tritium in drmlcmg ;

water supphes in Ontano rarely exceed 100 Bq/L. Consequently, revrsron of the'

current onwo of 40,000 Bg/L to an interim ODWO of 7,000 Bq/L would not

be ant1c1pated to have any major socro-economlc unpact in normal 51tuat1ons

: In emergency situations (e. g sp111 of nuclear material), the prov1nc1a1 response

would be d1rected by the. Mlmstry of the Sohc1tor General under its Nuclear ‘_ '
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Eme’rgency Plan for Ontari‘o; Under this plan, the response of various Ministries

(e.g. "Mini'stry of Environment and Energy, Ministry of Labour, Ministry of

* Agriculture and Food, Ministry: of Health) would be coordrnated by the Mmrstry

of the Solicitor General. Addrtronal support and advice would be sought from

Federal Departments such as Health & Welfare Canada, and guidance as to the

~acceptability of water supphes would be provrded by the appropnate medical

' ofﬁcer of health for the affected area. Durlng an emergency situation,. it may be

necessary to consider other sources of exposure (e. g contammated food) in- -

x ‘addition to drinking water and thé' duration of exposure would also need to be

11.0

consrdered. Consequently, emergency response guidance would be provided on ai -

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

-~ is beyond the scope of this document. -

PROPOSED INTERIM DRINKING WATER OBJECTIVE FOR TRITIUM

- For the reasons prowded in thrs report, it 1s recommended that the current

ODWO of 40,000 becquerels/htre for tritium be replaced by an 1nter1rn ODWO

for tr1t1um of 7,000 becquerels’ per litre. This interim obJectlve is a health related .

maximum acceptable concentratlon and should be apphed as such until the

| : CDWGs for radlonuchdes 1nclud1ng trrtrurn, are rev1sed Once the CDWGs for

‘ Aradlonuchdes are revised, this 1nter1m ob]ectlve should be reviewed..
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 APPENDIX A : GLOSSARY

: Absorbed Dose |

, The mean energy rmparted by ionizing radiation to an 1rrad1ated medlum per unit-
- mass. The international unit for absorbed dose is the gray (Gy). Absorbed dose .
. 'was previously expressed in rads (Radla’aon Absorbed Dose) where 1 rad equals
- 0.01 Gy . .

A '.'Activrcy

The rate of decay (1.e number of dlsmtegratmns or tra.nsformahons per unit -
~ time) of a radloactlve nuchde The mternatlonal umt of act1v1ty is the beoquerel

(Bq}

- Alpha Partrcles

Fast moving hehum nuc1e1 (con51stmg of two protons and two neutrons) that are ‘
emitted from certain radioactive isotopes dunng decay or drsmtegratwn. Alpha -
parucles are densely i 1omzmg wrth little. penetratmg power o :

- Background Rad1at10n

*The amount of radlatxon to whrch a member of the populatron is. exposed from
natural sources mcludmg terrestrial radiation due to naturally occurnng
rad10nuchdes in ‘the soil and cosmic radiation ongmatmg in outer space

| 'iBeta Partlcles

Fast movmg electrons ejected frorn the nucle1 of certam unstable radroactlve o
atoms (e g tntrum) Beta partrcles are not densely 1omzmg. o

BEIR

The U.s. Natronal Research Councﬂ’s Comrmttee on. Brologlcal Effects of |
Iomzmg Radlatlon . :

' ,Becquerel (Bq) 2
Internatlonal unit of measurement of the actrvrty ofa radloactlve nuchde One
becquerel corresponds to one atomic transformatron or dlsmtegrauon per second f
and is equlvalent to 2.7 x 10" Curies. - ‘ .
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‘Carc'inogen' :
"An agent that may cause cancer. IOIIlZlIlg radlatlon isa carcmogen

' Comrmtted Effective Dose

The t1me mtegral of the effectlve dose where the mtegraﬂon tlme is usually 50
years o ,

Curie (C1)
| A unit of act1v1ty equal to 3. 7 X 1010 drsmtegratlons per second
Dose Equlvalent | | |

A measurement that relates absorbed dose w1th the blolog1cal eﬁectlveness (1.e
-probability of causing biological damage) of all kinds of ionizing radiation. Dose
- eéquivalents are calculated by multiplying the absorbed dose by a quality factor
that accounts for deferences between different types of rad1at10n. The
- mternatlonal unit of dose eqmvalents is the sievert (Sv)

Effectlve Dose Equrvalent '

A measurement that relates the absorbed dose and dose eqmvalent to the nsk of -
b1olog1ca1 damage, taking into account the varying degrees of sensitivity of -
particular tissues andorgans to radiation damage. In. ordeér to assess effectwe ’
dose equivalents, tissue welghtmg factors have been developed by orgamzatlons
such as the ICRP X .

Gamma Rays
Short—wave electromagneﬁc rad1at10n that is not densely 1omzmg but possesses
high penetratmg ability. It can easily penetrate and pass through a human body..
‘Used in certain med1cal procedures (e.g. cancer therapy) they are more energetlc
than x-rays ,

: Gray

The 1nternatronal unit of absorbed dose where one gray equals one Joule per .
kﬂogram, and one gray equals 100 rad ' :

- ICRP.

Internatlonal Cornrmssmn on Radlatlon Protectlon
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Iomzmg Radlatron '_ ‘

Radlatlon that is capable of producmg ions (partlcles w1th an electrlc charge) by
dlslodgmg electrons from an atom. : :

Maxrmum Acceptable Concentratlon (MAC)

A MAC is a type of Drmkmg Water Objectlve that is estabhshed for certam
substances that are known or suspected to cause adverse effects on-health. Each
MAC has been derived to safeguard health assuming lifelong consumptron of
'drmklng water contamlng the. substance at that concentratlon

Drinking water that contmually contains a substance ata 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 eéxceeded without posing a health risk must be assessed by taking into
‘account the tox1c1ty of the substance 1nvolved

Neutron Radlatlon
Neutrons are uncharged subatomlc partlcles that are capable of producrng
ionization in matter by collision with charged particles. One of the sources of
neutron radiation is the fission process in nuclear reactors and this i 1s often used

tO create radroactlve ISOtOp(’,S

, Rad

FIA unit of absorbed dose, now, replaced in 1nternat10na1 unrts by the gray, where
one rad equals 100 erg/ g, wh1ch equals 0.01 gray ‘
' Rad10act1v1ty

The spontaneous emission of rad1at10n in the form of alpha parncles beta
partlcles etc. ' - C

Relative B1010g1ca1 Effectlveness '

The b1olog1cal potency of one type of radratlon as compared w1th another to
produce eqmvalent b1010g1ca1 damage.

A measure of dose. eQuivalent (1 rem = 0.01 Sv). )
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Sievert -
The intemaﬁdnal unit vo'f' dose cquivalenté, equal to 100 rem or 1000 millisieverts. |
UNSCEAR |

United Nations Scientific Committee dn_ the Effects of Atomic Rédiatioﬁ. o :
UNSCEAR ‘publishes periodic reports on sources 2_1nd effects of ionizing radiation. ~

X—Rays

Penetratmg electromagnetlc radiation that is art1ﬁc1a11y produced by speaﬁc
dewces X—rays resemble gamma rays but are 1ess energetlc
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| - APPENDIX B : LONG-TERM Vs SHORT—TERM EXPOSURE TO
’RADIONUCLIDES |

.As part of the recommendanon from the Enwronmental Assessment Adwsory Board to
‘the Mm1ster of Envrronment (and Energy) to review the guldehne for tritium in drmkmg
~ water, the Mlmstry was a.lso requested to address the i 1ssue of the effects of long-term

exposure to low levels: of radionuclides -and -of: short-term exposure to sudden elevated S h

levels in dnnlong water ,

- The' proposed interim drinklng’ water objective for tritium of 7000 Bg/L addresses the
issue of long—term expostre to 1ow levels of radlonuchdes Dnnklng water contalmng ‘
7000 Bq/L of tritium would lead to an annual exposure of 0.1 ‘mSv, approxunately 4%. of
the annual background exposure to radiation i m Ontano Exposure t0 1000 mSv of
radlatron at one time might result in nausea and vomrtmg in the short term, but such

. exposures would not be encountered in drmkmg water supphes (ie., in order to be |

| vexposed to 1000 mSv of radratlon from tritium in a day, assuming 2 L of water 1$
consumed the tritium concentratron in the drmklng water would need to be I

. approx1rnately 2.8 x 10" Bq/L (or 28 b1lho_n becquerels/L).



APPENDIX C : REMOVAL OF TRITIUM FROM DRINKING WATER:
B o - TREATMENT OPTIONS ' o

'Very little mformatlon is avallable on the efficacy of vanous water treatment processes -

~with regard to the removal of tritium from water supphes '

: Convermonal treatment- (e g- coagulatron/ sedlmentatlon) is. believed to be of limited -
: effectlveness for the removal of tritium from water (Health & Welfare Canada, 1993(a)).

~ While air stnppmg, adsorptron and ion exchange technologles may be effectlve
technologies for the removal of tntmm, these technologles have not been adequately :
assessed with respect. to tntlum removal (Health & Welfare Canada., 1993(a))

| 'Consequently, the U.S. Envuonrnental Protection Agency recommends_the use of -
" alternate water supplies (including bottled water) when drinking 'water supplies are_
excessively contaminated with tritium (Federal Register, V.56, No. 138; July 18, 1991).



o
| ,APPENDD( D: ANALYSISTQF TRITIUM IN DRINKING WATER o

. 'The analy51s of tritium in drmkmg water is conducted by the Rad1at10n Protectlon ‘
‘Service Laboratory (RPSL) of the Ontano Mlmstry of Labour

The procedure used for the determmatlon of tntmm in water begms \mth the dlstlllatron' A

of the samples. The mlddle fractlon of the dJstﬂlate is combmed w1th a hquld -
scintillation' cocktail .and counted in a Liquid Scmtﬂlatron Counter Normal reported '
o detectlon hmlts are appro:omately 7 Bq per litre. . ' ‘
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" APPENDIX E : TRITIUM IN ONTARIO DRINKING WATER

' APPENDIX;E.l E Drinking Wdter Surveillance Prog:an:i - Tritium'Resﬁl_ts (Ba/l)

 PLANT DATE .= | RAW WATER “TREATED
R B | waTER
AJAX WTP 12-Mar-91 130 30
12-May-92 16 12
ALEXANDRIA WTP  28Sep92 | <7 © <7
ALVINSTON WTP 18-Feb-91 <9 <9
' 19-Aug-91. <10 <10
. 21-0ct-91 <9 <9
| 22-Jun-92 <7 <7
AMHERSTBURG WSS 18-Mar-91 | <9
| © 20-Mar-91 | 10 -
16-Sep-91 <10 <10
16-Mar-92. <9 ,
22-Sep-92 <7
, | 24.Sep-92 <7
ATIKOKAN WTP . 26-Mai-91 <11 <11
| ©23-Sep91 | 8. 10
'23—Mar4-92. < 9. <9 -
25'-‘May—9.2\ <6 7
'BEAVERTON WTP 18-Feb-92 | <9 <9
BELLE RIVER WTP 18-Feb91 <9 <9
- 16-Sep-91 <10 <10
21-Apr-92 55 <38
BELLEVILLE WTP 02-Jul-91 <10 <10
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 PLANT

DATE

RAW WATER =

TREATED . -

04-Nov-91.

<9

" | WATER . -

:<9

06-Apr;92

<9

BRACEERIDGE LEADER SPRING

23-Sep91 |.-

14

10

BRACEBRIDGE WTP

. 23-8ep-91

| 24-Feb-92 '

<9

- 25May-92 |-

BRANTFORD WTP

| 25-Feb-91

1

2%6-Aug91 | -

<20 .

23-Sep-91

<8

. 25-May-92

© 19-Feb91

BROCKVILLE WTP

17-Sep-91

‘ <10 - »

<10

' BURLINGTON WTP

O4-FcB—91‘.

11

06-Aug91 |

<10

| 07-0ct:91 |

01-Jun-92 |

12

CAMBRIDGE WELL
SUPPLY(G3,MIDDLETON ST)

2NJan92 |

<

10 -

04-Feb-91.

18

<16

'CASSELMAN WTP .

B 03~S¢p-91

<10

<10

<9

<9

CAYUGA WTP

© 06-Apr-92
04-Mar-91 |

; <9 .

-,1'< 9.

05-Sep-91

 "<_8

<8

PP

04-May-92
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"PLANT |  DATE | RAWWATER | TREATED
. I o ‘ - | WATER

CHAPLEAUWTP . . | agaprt| <z | - o <x

Bsepor| . <8 | - g
B3Dec9l|. . <8 | |

- | oAFeb92| | <9 <9
' o 28Sep2| <7 e

CHARLOTTENBURGWTP . | 19Jwmor| . 15 .|~ . <

2O0a91| <9 <o

21-Jan-92 E < 9 <9

- 18Auwg2| 9. | S 1

CHATHAM WTP | capmebor| - <12

 05-Febo1 | N 2

06-Aug9l | - <11

07-Aug91 | . <n

COBOURGWTIP . . -~ - - | sroaor| . <o | . <o
CORNWALL WIP . 18Mar91. w0

238ep9l| - 8 B S ¢ U

‘ 4 ‘~.'2'1-Scp-9>2 <7 o <7
DELHI SPRING SUPPLY  04Maro1| <9 | <9

070et91] <8

06-Jan-92 <8 | <8

DELHIWTP - . | oaMaro1| - <8 . S} <3

oot | . - <8 - <8
' 06-Jan-92 _ <8 N <8

T . o6Julo2 | . <7 T

DESERONTO WTP = - . 06-Aug9l R TU AR <11
‘ ‘ "~ 04-Nov-91 - 9 ' . <9

CeMar2| - o9 . | <9
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~ PLANT

DATE

RAW WATER -

TREATED
WATER

'DRESDEN WTP

11-Feb:91 |

9 .

' 10-Jun-91

.1'0“

. <10

12-Aug 91

<11 V

04—_May-92 ’

<8

<8

© 25-Mar-91

Coem

<11

DRYDEN WTP

27-Jan-92-| -

<8 .

- 12-Aug91

<10

<8

'DUNNVILLE, WSS (INDUSTRIAL WATER) |

’ 08—Jun-92

10

DUNNVILLE WTP

11-Feb-91 -

<16

16,

U 12-Aug91

<10

<10

08-Jun-92°

<6

<10 .

<10

EMO WTP

v ~10-Jun—§1
©16Julo1 |

. <11

<1

,12—N6v—91

<8

13-Nov-91.

<8 '

| 10-Feb-o2.

<9

11-Feb-92 |

© 13-Oct-92

14092 |

'  <_7'

<7

|| FORT ERIE (ROSEHILL) WTP - -

10-Jun:91 |

<10

- <10

‘ A07;'Oct-91 1

10

10

09-Mar-92

<'9

<9

 25-Feb91’

<8

<8

 FORT-FRANCES WTP -

. 28-Sep92 |

<7

GODERICH WTP

06-Apr-92

<8

<9’

08-Sep-92

<7

 GRAVENHURST WIP

18-Mar-91

10
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PLANT DATE | RAWWATER ~ | TREATED
. S WATER
16-Sep-91. <10 <10
'21-Oct-91 <9 <9
| 17-Feb-92 <9 <9
GRIMSBY WTP 18-Nov-91 | <38 11
| 21Apr92 | —m 12 <8
HALDIMAND/NORFOLK WSS 04-Feb-91 s |
‘ - 06-Feb-91 |- . <8 |
03-Sep-91 <10 <10
A06-'Apr-92‘ <9
08—Apr{92. | <9
HAMILTON WSS  25-Nov-91 <38 <8
» : 22-Jun-92 - 12 9
HAR.ROWaCOLCHESTER‘WSS | 25:Mar-91 11
| ' ’ | _26-Mar-91 | <9
. 27Jane2 | 9 |
‘ 28-Jan-92' ' <8
HAWKESBURY WTP 11-Feb-91 <18 <18
" S 12-Nov-91 9 '; 9
|  13-Apro2 9 <8
JOHNSON ST WELL, BARRIE 10-Mar-92 . <18 |
| kENORA WTP | 25-Feb-91 <9 <9
' ‘ ' 26-Aug91 <10 {10
o 22.Jup-92 <7 <7
KINGSTON WTP " 10-Jun-91 | o 1
.04-Nov-91 <9 <9
) 06-Apr-92 13 : <9
06-ul-92 <7 <7
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_ PLANT

© DATE

RAW WATER

WATER

KITCHENER (STRANGE STREET
RESERVOIR) ,

t6dulen |-

<11

'KITCHENER WELL SUPPLY

16-J ul—91

C<1l

<11

LINDSAY WTP .

25-Feb—91 ,

16

14

09-Scp-91 :

<10

<10

28-Oct-91

<9

- 25-May-92

16

LONDON (LAKE HURON) WSS

~ 18-Nov-91

15-Jun-92 |

10

MANITOUWADGE WELL " |

iSaMay—Ql |

11

<10

SUPPLY(WELL1,3 RES). -

© 28-Tan-92

<8

C<g

MARA'I‘HON WELL SUPPLY

- 22-May-91 |

<10

<10"

METRO TORONT O (F.J HORGAN) WSS

17-Jun91 |

<10 -

‘<10  o

15-Jun-92 |

<6

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

17-Jun-91 |-

17

“ : 19-May-92 |

17

METRO TORONTO (ISLAND) WTP

| 19-May-92

14

17

MITCHELLS BAY WTP

" 19-Aug-91

v <10

- 17-Feb-92°

19-Féb-92 |

29"

17-Aug-92

S §

‘NAPANEE WTP-

27-May-91 |

<11.

22-) ug-92 _

< T

NIAGARAFALLS WTP

| 13-May—9 1

.<1O
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" PLANT

. DATE .

'RAW WATER

TREATED

WATER -

09-Sep-91 |

<10

<10

11-M£y-92' 1B

<9

4<V 9  .

27-May-91 |

‘<1'0

<10

NIPIGON WTP

. 24-Feb-22

<9

. <9

27-Jul-92

NORTH BAY WTP

"18-Jun-91

<10 .

- <10 -

28-0ct-91 | -

<9

v <9

- 22-Jun-92

<7

’ .<"7

 OAKVILLE WTP

13-May-91 .

<10

<10

O§-S¢p~91

<10 -

‘<10‘

<9

<9

| 13:0ct92

<7

‘ODESSA WTP

- 22-Apr-91

<11, :

<"11

26-Aug-91

<10

<10 .

© 28-0ct91 |

<9 .

<9

28-Aér792

<8

<8

_ 05-Oct-92

<1

ORANGEVILLE WELL SUPPLY-
)| OSHAWA WSS

12-Mar-91

<7

17

- 09-Jul-91

140

© 14Jan92|

14 '

13-0ct-92

OTTAWA (BRITANNIA) WSS

- 26-Aug91

14

 24Feb-92

<9

OTTAWA (LEMIEUX ISLAND) WSS

24-Jun-91 _

37

37

- 26-Nov-91

< 8

‘<8

‘ »23—Mar—92 v

<9

<9
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" PLANT. =

DATE

RAW WATER

TREATED

WATER *

WTP

'OWEN SOUND (RICHARD H. NEATH) *© -

24-Jun-91

<10

<10

28;Apr‘—92

<38

1'1‘

'0.9—Ma.r'-'92' :

'PEMBROKE WTP

14-Sep-92

' PERTH WTP

- O4—May—92

.<‘87: i

17 .

' PETERBOROUGH WSS

10-Jun-91

<10

<10

15-Oct-91

) <-8 .

- 08-Jun-92

- 10-Aug92 |

PICTON WTP

- 13Jan-92 |

<o

‘<9 :

13-0ct-92

13-May-91

<10 -

PLANTAGENET WIP

<10 -

<10

" 09-Sep-91

27-Apr-92

.<‘8'

<8

08-Jun-92 .

<6

<6

PORT COLBORNE WTP

04-Mar-91

<8

10

-05-Aug-91

<10

. <10

-

 06-Aug91’
13-Jul92

<17

'PORT DOVER (DOANS HOLLOW)
SPRING SUPPLY. . o

T 22-Jul91

ar

12

PORT DOVER WSS

22-Jul-91"

11 -

PORTELGIN WIP

04-May-92

16

17

~ _05—Aug-92 ‘

14

16
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PLANT

- DATE

RAW WATER.

'TREATED
WATER

PORT HOPE WTP

© 04-Mar-91 | -

< 8.

28-Oct-91

<9

23-Mar-92

10

.PORT STANLEY WTP

| 24Jun91 |

<10

<10

23-Mar-92

<9

<9

’ 19—Aug-91 .

'<1(_)'

<10

PRESCOTT WTP

16-Mar-92

<9

" 10-Jun-91 |

RAINY RIVER WTP

 11-Juno1 |

<10

<10

13-N§v-91 ‘

<38

13-Apr-92

<8

14-Apr-92

<8

RED ROCK

18-Jun-91 '

<10

<10

- 24-Mar-92

<9

<.9"

RENFREW WTP

 08-Apr-91

<11 -

11

15-0¢t-91-

<8

<8

L 13Apr92

<38

" 11-Feb-91°

18

<18

ROCKLAND WTP

12-Aug-91

16

- 13-Jan-92

<g -

10

. 03-Jul-91

<10

'SARNIA (LAMBTON COUNTY) WIP

04-Nov-91

<9

05-Nov-91

<9

03-Feb-92

<9

04-Feb-92

<9

04-Aug-92

10

SAULT STE MARIE (GOULAIS WELL)

10-Feb-92

v<A9

<9
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PLANT

DATE

RAW WATER

- 08-Tul-9L

C o<1

WATER

<1

'SAULT. STE MARIE (LORNA WELL)

11-May-92 1

SAULT STE MARIE (SHANNON WELL)

11-May-92

<9

<9

SAULT STE MARIE (STEELTON WELL) ’

08-Jul-91

<11

<9 -
<11

SAULTSTEMARIEWTP .

Co8Julor |

RSty

<11 -

' SMITH FALLS WTP

150091

o <'3,

<8

13-Jan92 |

<9

<9

14-Sep-92

<;6

<6

SOUTH PEEL (LAKEVIEVV) WSS

" o2Julor1 |

<10

SOUTH PEEL (LORNE PARK) WSS

12-Aug91

<11

<10

ST CATHARINES (DE CEW) WSS

18-Mar-91

<9

. 16-Sep-91

<10

<10 -

20-Jan-92

<9

<9 .

2Juler |

' "f<10 |

:<1b ‘

Il sTTHOMAS (ELGIN) Wss |

04—-Nov{91

<9

<9

06-Jan92

<8

06-Jul-92,

| STONEY POINT (TILBURY NORTH) WSS

22-Jul-91

11

1

- 27-Apr-92 |.

<8

'<:_8

STOUFFVILLE WELL SUPPLY

" 20-Aug-91

,<10‘ .

<10. .

STRATFORD WELL SUPPLY

13-Jul-92

<42

<7

SUDBURY (DAVID ST) WTP

05-Jun-91

<11

<11

g 06—]@11-.9'2' .

<8

."< 8 _ |

- 08-Jul-92

<7

' 04-iun;91

<11

<7

SUDBURY (WANAPITEIL) WSS

05-Jun-91 |

<11 -

06-Jan-92

<8

< 8.

08-Jul-92

<1

<7

._ <10 . .

“TECUMSEH WTP

~+19-Aug-91

<10




WATERLOO WELL SUPPLY (W7 ERB ST
RES) . .

) .35
'PLANT : 'DATE - | RAW WATER '.TR‘EA.'I‘ED.A
R ‘ WATER .
| 20wz | 7 ' <6
1| TERRACE BAY © 21-May-91 <10 <10
, | . , 1 23-Apr—92. . <8 '  . <8 ‘
THAMESVILLE WELL SUPPLY 16-Apr-91 <11 <1
| o 21-0ct:91 ECE <9
o |  29Tule2 L6 <6
THUNDER BAY (BARE POINT) WTP " 08-Apr-91 <1 <2
S - 15-0ct-91 | <8 T
THUNDER BAY (LOCH LOMOND) WTP - : 08-Apf-91 <1l | <11
T[LBURY WTP S - a5Julor | S <11
17-Feb-92 | <9 <9
17-Aug2 | o 8
TRENTON (CHESTER ROAD) WTP 03-Jun91 < Clar
TRENTON SPRING SUPPLY " 03-Jun-91 Ity 4'<11‘
UNION WSS . 06-Aug-91 <10 <100
| . 07-Oct-91 10 |
 08-0ct:91 10
Il warLACEBURG WTP 13-May-91 <0
o | 14-May-91 ) <10
09-Sep-91 <10 <10
08-Jun-92 | g 8
17-Aug-92 1 g
‘WALPOLE ISLAND WTP  (2-Jul91 <11 15
103—'S'cvp‘-'91' <10 <10
07-Jul-92 ' 8 ‘
08Jul92 | <7
16-Julo | <11




PLANT -

-DATE

RAW WATER

TREATED

WATER

. 22-Jul-92.

. <6 .

<6

WATERLOO WELL . -

16-Jul-91 |

<11

 <11 o

' SUPPLY(W2,WILLIAM ST RES) =

21-Jul-92

<6

10

_o2sepor| -

<10

<1077

WELLAND WSS

'03-Feb-92.

<9

<9

.~ 04-Aug®

. 17-Jun-91

<6

WINDSOR WSS -

. <10

18-Jun-91 | -

12-Nov-91

4 <10

<10

' '-13-Nov-91 ‘

L 08Jun-92 |

o iO-Aug‘-92

11-Aug92 | -

(a) < =less than




APPENDIX E.2 : 1991 TRITIUM DATA - NUCLEAR SURVEILLANCE PROGRAM
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 PLANT " Range (Bq/l) in Treated Water
AJAX WTP | <9-50 ‘ '
AMHERSTBURG WTP <8-34
"BOWMANVILLE WTP. <9-27
DEEP RIVER <812
HARROW-COLCHESTER 1 <s8-12
KINCARDINE PUC <8-25
NEWCASTLE N <g-24 .
OSHAWA WTP <9-3
PETAWAWA < 9-370
PEMBROKE <9-270
' PICKERING 17-21
TORONTO <8-57
WARKWORTH <9
WHEATLEYWTP |1 <9-11
'WHITBY WTP | <8-3
VERNEER WTP <10 -
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