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Map Showing Uranium and Related Radionuclides
in Groundwater in Nova Scotia

G. A. O’Reilly, T. A. Goodwin and J. M. Drage

Introduction

The Environmental Geology Program of the
Geological Services Division includes a project
studying the distribution of naturally occurring
radionuclides in rocks, water and air throughout the
province. Part of this project consisted of an
examination of the variation of uranium and its
related radionuclides radon, radium and lead*'’ in
groundwater aquifers. From this study, a map is
being derived to show areas more likely to have
elevated levels of one or more of these
radionuclides in the groundwater (Fig. 1).
Completion and publication of this map is
anticipated in 2008.

Radionuclides in Nova
Scotia’s Groundwater

Most rural Nova Scotians draw their drinking water
from wells. Currently, there is an increased public
awareness of the potentially adverse effects of
excess amounts of naturally occurring metals and
other elements and compounds in their drinking
water. In the mid- to late-1970s, two factors
resulted in a realization that there are certain
geological terrains in the province where there is an
increased incidence of wells with uranium
concentrations that exceed the Guidelines for
Canadian Drinking Water Quality (GCDWQ) of
0.02 mg/1 (20 ppb). First realization came with a
federal government well water survey for a suite of
trace elements, including U and Rn, over the
Carboniferous basins in Prince Edward Island,
eastern New Brunswick and northern Nova Scotia
(Dyck et al., 1976). This survey was carried out to
promote uranium exploration but also served to
provide valuable information on the distribution of
these elements throughout these regions. In
addition, during the late 1970s there was a period
of intense uranium exploration activity throughout

Nova Scotia. Several of these exploration projects,
mainly those carried out in agricultural areas with
an even distribution of farms, utilized well water
surveys as a means to define potential target areas
for uranium deposits. These well water analyses for
uranium and/or radon were submitted to the
Department of Mines (now Natural Resources) as
part of the mineral exploration assessment process.

At this same time (1978), a medical research
project unrelated to uranium was being carried out
by the Victoria General Hospital and Dalhousie
University in Halifax. Persons assembled as part of
this project were systematically being tested for a
suite of chemical parameters that included uranium.
One individual within the control sample
consistently returned elevated levels of uranium in
hair and fingernail samples. Investigation of this
situation determined that this individual, who lived
in Harrietsfield, Halifax County, was acquiring this
excess uranium from well water. Further
investigation determined that other wells in that
region were high in uranium and, as a result, the
Nova Scotia Department of Health in 1978 struck
the Provincial Uranium Task Force to evaluate the
situation. The Task Force carried out province-
wide well water surveys for U, Ra and Rn and
reported the results (Grantham, 1986). Among their
conclusions, the Task Force found that: (1) the
phenomenon of elevated radionuclides in Nova
Scotia’s well waters is natural; (2) the incidence of
elevated levels is widespread throughout the
province, but more acute in certain geological
terrains such as granites in the southern and eastern
mainland and the Cumberland Basin sedimentary
rocks of the northern mainland; (3) elevated U and
Rn levels are a drilled-well issue, with 99% of the
exceedences of the GCDWQ guideline occurring in
drilled wells; and (4) the levels of Ra within well
waters in the province were generally found to be
below detection limit and, therefore, not of
widespread concern.
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Level 1 - Area more likely to have groundwater containing a level of uranium approaching or exceeding
the acceptable level of 0.02 mg/L according to Health Canada's Guidelines for Canadian Drinking
Water Quality. These areas may also have elevated levels of radionuclides related to uranium such as
radon, lead and radium. Based on the presence in these areas of geological bedrock known to
contain occurrences of uranium as well as frequent confirmed instances of elevated levels of uranium
and radon in groundwater.
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Level 2 - Area less likely to have groundwater containing elevated levels of uranium or it's related
radionuclides radon, lead  and radium. However, even though the instance of groundwater with
elevated levels of these radionuclides is less common, there are still exceedences to the Health

Canada guideline.
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Figure 1. Preliminary map showing the potential for elevated levels of uranium and the related radionuclides U, Rn,

Pb*"° and Ra in Nova Scotia.

From then on it was known that the
groundwater in several areas of the province
contains elevated levels of U and Rn, and that no
area in the province is completely devoid of the
problem. Based on this, the provincial Department
of Environment recommended that all private wells
should be tested for uranium. If the concentration
exceeds the GCDWQ acceptable level of 0.02 mg/1
(prior to 2002 this acceptable level was 0.10 mg/1)
then the individual well owner should take action
to remedy the situation. Nova Scotia played a key
role in the 2002 lowering of Health Canada’s
GCDWQ for uranium. Health Canada, being aware
that groundwater in several areas of Nova Scotia is
consistently elevated in uranium, selected New
Ross as one of the areas used as part of a study of

toxicological effects of ingestion of uranium in
drinking water (Limson Zamora et al., 1998) and
another on the gastrointestinal uptake in humans of
uranium from water and food (Limson Zamora et
al., 2002). These two studies were important in
Health Canada’s decision to implement a lowering
of the uranium drinking water guideline.

Early in 2002 it was found that the drinking
water at Sir John A. MacDonald High School (now
known as Five Bridges Junior High), just west of
Halifax, contained Pb*'° levels that exceeded the
GCDWQ recommended level of 0.1 Bg/l for that
element. Considering that Pb*'? is a daughter
product in the U*** decay series, it was felt that its
occurrence at the high school may be linked to
elevated uranium in the groundwater. Tests of the



drinking water at several other schools in the
granitic terrain west of Halifax indicated that they
also had elevated Pb*'°, with most exceeding the
0.1 Bg/l guideline. The province formed a Special
Water Advisory Group (SWAG) with
representatives from several provincial government
departments and Health Canada to determine the
extent of this issue and make recommendations to
government on how to deal with it. SWAG carried
out a comprehensive, four season testing of the
level of Pb*'" and U in the drinking water in all
schools in the province that are on their own water
supply (i.e. derive their water from non-municipal
water supplies). SWAG completed the work by
2004 and determined that the Pb*'’ issue actually
did not exist but was artificially created by the fact
that the surveying used a radiological analytical
technique in which the sampled well waters, once
collected, were left to stand for 30 days prior to
analysis in order that their contained radionuclides
could attain secular equilibrium. This technique,
although widely accepted and very accurate, is
designed for use for waters with little or no initial
Rn. If the samples contain anomalous Rn at the
time of collection, much of this contained Rn will
decay to daughter products, one of which is Pb*'°,
within this 30 day waiting period. This artificially
creates anomalous Pb*' readings in a water sample
that actually had much less of this element at the
time of collection. The water samples should
actually have been analyzed using a technique
whereby the Pb*'® content at the time of collection
was determined. Once this situation was realized,
SWAG re-analyzed the well waters in all schools
that previously exceeded the GCDWQ guideline
using an alternative analytical technique. This re-
analysis determined that the Pb*'° levels at time of
collection in all but one of the schools was actually
well below the GCDWQ acceptable level. The
wells were also analyzed for Rn and found to have
up to 1400 Bq/1 at their time of collection. It should
be noted that the GCDWQ do not include an
acceptable level for Rn in drinking water. The
SWAG work included analyses for U and showed
similar results to the findings of the Uranium Task
Force in concluding that no area of the province is
devoid of wells containing high U, but there are
some areas where reported exceedences are more
common.
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Factors Used in Construction
of the Map

Derviation of a map showing the distribution of
uranium and related radionuclides in groundwater
can draw on direct and indirect indicators. The
more important, direct indicators are previous well
water analyses for radionuclides. Nova Scotia is
fortunate to have several datasets that consist of
some combination of U, Rn, Ra and Pb*'° water
analyses (Fig. 2). These include the mid-1970s
federal government survey of Dyck et al. (1976),
provincial government surveys such as the
Uranium Task Force data (Grantham, 1986), school
well water data collected by SWAG between 2002
and 2004, and well water data from the Department
of Environment and Labour’s registered well water
database. Collectively, these government databases
comprise 2,676 samples. In addition to the
government surveys, considerable well water and
spring water analytical data for U and Rn resides in
the mineral exploration assessment files from
several of the uranium exploration projects carried
out in the province between 1976 and 1981. These
well water data from uranium exploration are
maintained by the Department of Natural
Resources in hard copy only, and were digitized as
part of this project. In total the exploration dataset
comprises 2,041 well and spring water samples.

In addition to the well water analytical data,
derivation of the map drew on indirect sources of
geological information from which logical
inferences could be made as to their potential to
provide radionuclides to the groundwater.
Knowledge of the distribution and frequency of
uranium occurrences, large and small, throughout
the province was used. As well, and perhaps more
importantly, knowledge of geological terrains
where uranium has been known to have been
mobilized in the past and redeposited into
widespread, fracture-controlled occurrences of
radioactive minerals that are now readily accessible
to migrating groundwater.

Nova Scotia is the only province in the country
to have the benefit of compete provincial coverage
in federal government airborne radiometric surveys
that were flown between 1976 and 1985. Maps
compiled from these surveys for equivalent
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Figure 2. Map showing the location and distribution of well water samples analyzed for some combination of U, Rn,
Pb?'® or Ra that were used to derive the U and related nuclides map of Nova Scotia.

uranium (eU) clearly show the relative distribution
for this element over the entire province. Although
more applicable in determining areas of anomalous
radon in homes, these maps are still of use in
defining geological regions where there is a higher
amount of uranium available to the groundwater.
As a result, these maps were an important source of
information in compiling the map of potential for
radionuclides in groundwater.

Patterns of Distribution

A preliminary version of the map showing potential
for elevated uranium and related radionuclides is
shown in Figure 1. The map has two designations
showing: (Level 1) areas more likely to have
groundwater containing uranium and related

radionuclides exceeding the GCDWQ acceptable
limits; and (Level 2) areas less likely to have these
radionuclides in levels above the GCDWQ
acceptable limits. There are two geological terrains
that constitute the majority of the Level 1
designation. First are the granitic terrains found in
the southern and eastern mainland. It is in these
granitic rocks that wells with the highest levels of
uranium in well waters have been reported (up to
0.7 mg/1, Grantham, 1986) and, as well, contain the
most significant and numerous occurrences of
uranium. The second geological terrain with the
Level 1 designation includes areas of
Carboniferous and Jurassic sedimentary sequences
in which both chemically reduced and oxidized
units are common. These sedimentary units
underlie much of the Cumberland Basin in northern



Nova Scotia, the Annapolis Valley, and between
the towns of Windsor and Maitland. In addition,
smaller enclaves of these same sedimentary rocks
are found throughout the remainder of the mainland
and Cape Breton Island. Although examples of
uranium enrichment found to date in these
sedimentary rocks are of lower grade than those
found in the granitic terrains, they are known to be
widely distributed and occur within the same
porous sedimentary units that form most of the
groundwater aquifers. As a result, there are areas
where a high percentage of the wells have elevated
radionuclides that approach the GCDWQ
acceptable limit, but don’t exceed it.

The Level 2 designated area consists of
geological units in which wells exceeding the
GCDWAQ acceptable limits are known to occur but
are less common. In these rocks, uranium
occurrences are rare and typically small relative to
the Level 1 areas. Even though the potential for
elevated radionuclides in groundwater in the
Level 2 area is low, the Department of
Environment and Labour recommends that owners
of all private wells in the province test their well
water for uranium and a suite of other naturally
occurring elements on a biannual basis (http://
www.gov.ns.ca/enla/water/privatewells.asp).

Report of Activities 2007 79

References

Dyck, W., Chatterjee, A. K., Gemmell, D. E. and
Murricane, K. 1976: Well water trace element
reconnaissance, eastern Maritime Canada;
Journal of Geochemical Exploration, v. 6,

p. 139-162.

Grantham, D. A. 1986: The occurrence and
significance of uranium, radium and radon in
water supplies in Nova Scotia; Nova Scotia
Department of Health; Nova Scotia
Department of Natural Resources, Open File
Report ME 1986-70.

Limson Zamora, M., Tracy, B. L., Zielinski, J. M.,
Meyerhof, D. P. and Moss, M. A. 1998:
Chronic ingestion of uranium in drinking
water: a study of kidney bioeffects in humans;
Toxicological Sciences, v. 43, p. 68-77.

Limson Zamora, M., Zielinski, J. M., Meyerhof,
D. P. and Tracy, B. L. 2002: Gastrointestinal
absorption of uranium in humans; Health
Physics, v. 83, no. 1, p. 35-45.







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


