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Executive Summary
TheBoswortlCreekMonitoringProjec{ BCMP)s a multidisciplinarypngterm studyof alocal
watershedy highschooktudentdrom Mackenzi®éountainSchoolNormanWells, NT, local
residentgndresearchefmmuniversitieasndgovernmenagencie$hefourseasonphasesf the
creeklopernwater,freezaip, frozerandbreakup) aresampletbr biologicahndchemicddaseline
inventoriethathelpmonitorpotentiaimpactsesultingromindustriahctivitieandclimatehange
A closeworkingrelationshigvith scientistf'om southerruniversitiegjovernmerdgencieand
industryrovidesortherrhighschoastudent&ithexceptionakientificareeopportunities

Introduction and ProgramOverview
TheBoswortlCreekMonitoring’rojec{BCMPWwasnitiatedn 2006followingconcerngisedy
localresidentaboufishstock$ollowingheremovabf aweir Theweirwasconstructeith 1960to
createa pondneededo run a powergeneratiostatiorfor anoil refineryClosureof therefinery
resultedin dismantlinghe weir in 2005 by ImperialOil ResourceBIWT Limited undera
ReclamatioandRestoratioRlan The SahtuRenewablResourceBoard(SRRByontactedhe
DepartmerdfFisheriemndOceanfDFO)abouthelogisticavolvedn restockinthecreeklt was
decidedhatfishwouldlikelyre-inhabithecreekontheirownandtheprojectwascreatedo allow
localyouthanopportunityo tracktheseehangesvertime TheBCMHAslookingatmostaspecisf
the 125 squareilometrewatershethcludingflora, faunageologygeographyglimatologyand
chemistryfheBCMRsaimedtlocalyouthcomprisedf approximate§B% DeneandViétisanddb
% of otherethnicriginsTheprojecincludeapproximategquaparticipatioby bothgenderand
encouragasdsupportgoungvomeno pursueareers thesciences

The BCMPhasacquiredhe mostextensivehemistrylatasetfor anycreekin the NWT These
sampleserecollectedverthreeandahalfyearsandincludeapproximateys sediment 1l water
andl7icesample®uringthecoursef theseollectionst becamapparerthattherewerethree
kindsof iceat BoswortlCreek Thefirsttwo arechemicallselatecandincluddrozercreekwater
andbluegreeroverflowBluegreenoverflomFigurel) is well knownby northernerandresults
fromgroundwatdorcingtswaythrougtafrozersurfactayerandcausinfpcalfloodingeventshat
leadto successioralersof ice ontop of the originalsurfaceThistypeof overflowis the same
groundwvaterthatnormallyflowsin creeksluringthe summermndfor manycreeksike Bosworth,
throughouhewinterundettheice
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Bluegreernoverflowmayexit throughfissures creekor lakeice wherepressuredgesseparate
Howeverthemostcommorsourcélowsthrougtierrestriabedimentbateithetbordemwaterways,
or occurin areasveregroundvaterd o e sormaltyflow; suchasseismitinesyoadsandowlying
topographlighdifferenceas chemistrgomparetb creekwatermayreflectthisinteractiomnd
appearto be marginallynfluencedby localdifferencem soil chemistryRegardlestyisground
waterdoeshot undergaignificanthangesnddoesot poseanypotentiahealticoncernto local
wildlifeor people

Thethirdtypeoficeisyellowbrownin colour(Figure?) andexhibitelevatetevelof mostheavy
metals(Tablel) andsomeother propertiesThesedifferencesn chemistrypromptedfurther
investigatiaimatidentifiedhistypeoficeoccurringhroughounmuchof theSahtiGettlemerrea
Moreoverocaleldersandothersdo not recallseeinghistypeof ice in the past whilerecently,
reportdraveaccumulateboufirsttimeappearancaplacesherat neveoccurrethefore
Sincehisiceseemto beincreasinig bothprevalencandabundanckcalAborigindleaderand
communitymembersre becomingoncernedboutthe possiblémpactdo the healthof their
peopleandthewildlifethatareessentiédr DeneandVétissubsistenaaddentity

It wasdecidedhata morethorouglinvestigatiomasrequiredollowinghe preliminaranalysisf
theelementatechemistryAnapplicatiowassubmittetb theCanadianghtSourcénc (CLSIat
theUniversityf Saskatchewarundertakeynchrotror-rayanalysisf thesoilandbothtypesof
overflowThisworld classesearcfacilityprovidesimitedtime annuallyor highschoolouthto
undertakeriginakciencerojectshrougtthe StudentsntheBeamlinBrogram Our application
wasapprovetbllowingextensivpeemreviewandsamplesereobtaineffomsoilandooth,yellow
brownandbluegreenoverflowsThesesamplesereanalyzebly threestudentérom two Sahtu
communitiemndncludedhantaBavara@ChiefAlbertWrightSchodICAWS]Tulita)andSiobhan
QuiggandNigelGregoryMackenzidountairschodMMS]Normanells)

Methods

Thedl ce Teamd coll ected samples of both Kk
This was a laborious task that produced approximately 10g of precipitate for every 5L of y
brown ice water and 19 for every 5L-gfdfieice water. Samples were obtained by the stude
from Bosworth Creek, Norman Wells and Four Mile Creek, Tulita. Following processing, the
and team members travelled to Saskatoon to run experiments at the CLSI Syadhrotron M
2010This is a student driven project and they actively participated in all aspects of experir
design and procedures including sample collection, local preparation of samples, sample
CLSI, data collection, data analysis, and will be contributing to a Poster Presauthtiongand
a publication with the beamline scientist on their findings.

A synchrotron is a machine that produces brilliant light by forcing electrons to change dire
powerful magnets. Basically, the procedure employs an electron gun that supplies a linear
with electrons that are accelerated by microwave radio frequency to 250 million electron v
The electrons are then sent to the inner booster ring where further microwave fields incre,
energy to 2,900 MeV. This energy produces an electron flow that travels approximately 99
light speed, or 4.7 m/s slower than the speed of light. When the electrons reach 2,900 Me



transferred by an injection system into the outer storage ring where they circulate for 4 to
The circular looking storage ring is composed of 12 straight sections that bend the electrc
circular path with powerful magnets. Photons are produced every time the 6,800 kg dipole
change the direction of the electron flow and other types of magnetic or insertion devices
wigglers and undulators produce a very high flux of photons along the beamline. The wig
produce a wide range of high erengs; while undulators produce higher intensiags wfith

a narrower range of energies (Walker 2009).

The photons are then passed through a monochronometer at the beginning of each bean
allows researchers to choose which wavelength they require. Different beamlines employ
kinds of monochronometers and this project was granted an 8 hour shift on the Spherical
Monochronometer (SGM) Beamline on March 3. This beamline eragoyangpfigxbetween
250- 2,000 eV and is typically used for studying materials containing elements with low at
numbers (Walker 2009).

The students spent March 2 learning about and touring the facility (Figure 4) and includec
radiological safety orientations, other housekeeping duties and specimen preparations (F
that they were fully prepared at the beginning of their shift the following morning. The shift
8AM and the first samples were loaded into the endstation (Figure 6) and'ateacuas of 10
achieved by 8:40AM (1 atmosphere Pressure = 760 torr). This level of vacuum is required
minimize electron and photon interactions with other atoms and molecules and there are
molecules in the system than there are in space surrounding the international space stati
2009). However, this process is time consuming and care must be taken in choosing sam,
procedures to best maximize the limited time available.

The students were responsible for undertaking the experiments. Assistance was provided
Robert Blyth, Assistant Director of Research, Tracy Walker, Education Outreach Coordinat
Martens (CLS) and Jamie Mackenzie (CLS). However, all decisions regarding sample pric
level of scrutiny, and direction of research were made by the students.

This was significant for two reasons. First, each experiment that was preformed on a part
was time consuming in itself, particularly if the range of investigation leads to unexpected
occurred on sever al occasions throughout
their next course of action. Second, their decisions led to the discovery of two previously
phenomena; (1) the ability to image strontium with this beamline and (2) the possible disc
new species of oxygen.

Each student took turns operating the computer, while the other two were occupied with d
recording duties. Except for brief washroom breaks, the students only took 10 minutes off
lunch. The shift ended at 4PM precisely.

March 4 was a very hectic day in which the students compared their data with published \
recorded their observations and drew their conclusions. These were used to create a Pow
presentation that the students gave to CLSI staff that included more than a dozen beamlir
and technicians at 3:30PM that afternoon (Figure 7).



Results and Observations

Elemental chemistry of-gheen and yelldrown overflow has shown that the latter contains
higher concentrations of measured parameters (refer to Table 1), but that both share simil
abundances of these elements (Figures 8 and 9). In fact, there appears to be as much va
relative abundances within each type of ice, as there are between them.

Soils demonstrate variations between samples to a lesser degree and may reflect examp
industrial contamination, other human activities and local geological characteristics.
However, the relative abundance of comparable elements indicates very little, if any relatic
between the soils and ice (Figure 10). This suggests that the impact on both kinds of ice f
chemistry is either uniform or insignificant.

Synchrotron light analyses provide an avenue of investigation that cannot be undertaken
regular elemental analyses. The Spherical Grating Monochronometer (SGM) provides infc
about the structure of a substance or compoundrays ititeract with the sample, the amount
of photon absorption can be measured as the Total ElectronYield (TEY). This value occur
energy levels for each element (Figure 11). If a particular element is present, then it will n
occur at the known energy level, but it will also profile a unique signature that is associate
particular compound. For example, elemental calcium produces aTEY between approxim
and 356 eV and resembles a single peak sine wave. The Ca in the soil and both ice samp
matches the spectrum for calcium carbong)eafCseem in Figure 12. This is expected since
limestone dominants the landscape.

The drawback of this method lies in the apparent lack of a general key for identifying elen
compounds, necessitating exhaustive literature reviews. An example of this can be seen i
profiles (Figure 13). Each ice has a distinct and different sodium compound. It was initially
that the yellelarown ice contained sodium chloride (NaCl) but this was dismissed because
IS too short. It is unclear as to which compounds either of these sodium spectra relates. C
provides another example of unknown compounds (Figure 14). The two forms of ice share
spectra, although a difference resides between the two at approximately 543 eV. Both sha
resemblances to compounds such as calciGaQpaiae gtrontium oxidr@ (afteNakaet

al. 1987) but significant differences preclude their identification. It is possible that these cc
are either unknown, or have never been previously investigated using synchrotron radiatic
Moreover, these profiles differ completely with that of soil which illustrates a typical signat
14a).

This project produced the first SGM spec
occurred because strontium lies at the extreme imaging end of SGM resolution and was |
attempted. It is currently not known if this has been replicated by other facilities and these
be the first SGM baseline data for this element.

Discussion

Bluegreen overflow exhibits very similar chemistry to ordinary creek water and likely origir
the same source as most flowing creeks throughout the summer.-khiswoeog elll people
and has been around as long as anyone can remember. It often poses serious threats to



in its slushy state but does not pose any chemical health cgreennsvdésfiemv generally
occurs at predictable locations where ground water is halted by the formation of frost wall
substrate or in areas dominated by springs.

The yellow overflow is different. While its elemental chemistry is sirgileemnodvierlow and
creek water in relative abundances, the levels of many elemedadcinotufida), Potassium
(K), Magnesium (Mg), Sodium (Na), Iron (Fe), Manganese (Mn), Aluminum (Al), Arsenic (/
(B), Barium (Ba), Copper (Cu), Lithium (Li), Molybdenum (Mo), Nickel (Ni), Lead (Pb), anc
Uranium (U) occur at levels ten times or higher.

Another characteristic of this ice is its presence at so many different kinds of locations. Ye
occurs in some areas of disturbance and some areas that have never been disturbed by i
sometimes occurs in association wghekln@verflow and known locations of springs. Howev
also occurs independently efjl#ea overflow and in locations that are not associated with s
It appears to be forming at new locations as evidenced by several examples this winter. A
known to exhibit this ice also appear to be increasing in volume annually. Given the broad
variables and its concentrated natureby@ahNovoverflow must be coming from a different soul
than regular ground water. The most plausible reservoir is permafrost.

This poses a serious concern. While, its presence may not be that significant in itself, the
cumulative effect is enormous and has prompted a call for testing country foods for uranit
related elements. Since this overflow inundates areas rich in lichens, mosses and shrubs
consumed by caribou, moose and other important subsistence species, there istpotential
accumulation of these contaminants by people

Finally, the issue of colour remains unresolved. Tix@welloverflow may be caused by sulpht
as this yellow metal is known to occur in both the sediments and waters in and around Bc
Creek. Sulphurous vapours arpresent in some areas along the creek and arise from sprin
flow at welknown locations. This water produces a strong sulphur smell but is transparent,
the yellovlbrown ice has no smell and does not produce one when melted, while still retain
Therefore, sulphur does not account for thésllowolour of the ice.

Conclusions

Yellowbrown overflow ice contains elevated levels of several elements that can become ta
people and wildlife through bioaccumulation. This ice seems to be increasing in prevalenc
at both predictable and unpredictable locations. Local community residents are concernet
potential negative impacts that this ice could have on their health and their traditional sub:
practices. The SRRB will initiate a testing program in response to these concerns that will
potential contamination of country foods in the Sahtu Settlement Area. These studies will .
major subsistence species including moose, caribou and several predatory fish that are p
bioaccumulation.

The source of this ice remains unknown but it seems to be arising from a different source
bluegreen overflow or general creek water; making permafrost a likely candidate. If this is



then the problem will escalate and may do so very rapidly given the current rate of perma
degradation throughout the north. The preliminary results from elemental chemistry and s
X-ray bombardment suggest that this is a very complicated issue and that further samplin
are required to establish baseline information. These studies will provide tools necessary
potential negative health impacts to the people of the north.



Figure Typical blugreen overflow ice. Figure 2: Typical yelloverflow ice.

Table 1. Elementhkemistry of some creek water angrd#uneand yelldsown overflow ice

mg/L Creek Water Blue-Green  Yellow-Brown  Yellow-Brown

Calcium (Ca) 120 164 1540 1710
Potassium (K) 1.83 2.47 74.4 70.3
Magnesium (Mg) 47.3 66.6 773 983
Sodium (Na) 31 55.2 1020 670
Iron (Fe) 0.034 0.0406 0.986 0.243
Manganese (Mn) 0.0056 0.0116 0.734 0.0926
Aluminum (Al) 0.01 0.023 0.326 0.072
Boron (B) <0.050 0.057 0.609 0.852
Barium (Ba) 0.0861 0.112 1.32 0.998
Cobalt (Co) <0.0020 <0.0020 0.0036 0.0021
Copper (Cu) <0.0010 0.0037 0.0226 0.0222
Lithium (Li) 0.013 0.016 0.237 0.282
Molybdenum (Mo) <0.0050 <0.0050 0.018 0.0478
Nickel (Ni) 0.0034 0.0041 0.0398 0.0381
Lead (Pb) <0.00010 0.00086 0.00869 0.00418
Antimony (Sb) <0.00040 <0.00040 0.00116 0.0016
Titanium (Ti) 0.0012 <0.0010 0.0133 0.0084
Uranium (U) 0.00178 0.00362 0.0203 0.0387
Vanadium (V) <0.0010 <0.0010 0.0035 0.0020

Zinc (Zn) <0.0040 0.0108 0.187 0.039



FigureS. Collectiomndpreparatioof thesample8a sciencteacheKit DennidValkerand
ChantaBavaréfomChiefAlbertWrightSchoolTulitg 3b: Siobha@QuiggandNigelGregory
fromMackenzigountairschoolNormanMells 3c. meltingyellowbrownoverflowicein a
beaker3d: precipitatéhatrisego thetop of theiceduringmeltingatroomtemperaturée:
thedriedprecipitatthatwasgyroundn amortarandpestle¢o createreryfinepowder




Figurel. Marcl®, 20104a writingtheradiatiolsafetgxamdb touringhefacility(thelarge
animakeceivindaywheretheyareableto imagdive animalsslargeasbison) 4c. the
synchrotroontrolroom 4d: the SphericabratingMonochronometbeamlinede: the
endstatiowherghesamplesreplacedor analyses




Figureb. Preparatioof thesamplefor thebeamlinedEactsamplés preparethy covering
pieceofcarbomapewiththepowderegrecipitatéba Tracywalke(CLSandChantaBavard
discussingchniquavith SiobhaiQuiggandJamieMackenzi€CLS)workingon another
sample5h: ChantahndSiobhamworkingintentlywith Jamidookingorny 5c: Tracy,Nigel
GregorySiobhaandJamig3d: thefinalstagesf preparatiqrbe: thefinishedampleeady

fortheendstation
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Figures. Marcl8, 2010 6a thefirstsamplesreloadedntotheendstatiqb: Siobhaatthe
controls 6c.checkinganothersamplebeforeloadingit into the endstation6d: finding
somethingnusuabe: conductingriginakcience




Figurer. March4, 2010 Presentatido CLSstaff 7a JamiendSiobhalookingovernotes
forthepresentatioib: ChantaBavard/c. NigelGregory7d: SiobhaQuigg 7e cookieand
coffedollowingasuccessipitesentation




Figure 8. Relative abundance of comparabteowetiaee values.
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Figure 9. Relative abundance of compargiokeblice values.
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Figure 10. Relative abundance of comparable ice and soil values
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Figurell TotalElectrorYieldg TEY)for carbor{C), oxygerfO), sodiunfNa), magnesium
(Mg), aluminiunfAl), andsilicon(Si) Eachspectrunoccursat specifienergyevelsand
pureelementgroducehesesignvavepatterngfromalker2009.




Figurel2 TEYCaspectrumaf soilandbothtypeoficefromBoswortiCreekThese
signaturedoselyesemblaCaC8 spectrunfFromKoetal 200% andoccumithinthe
expectednergyangefCa K appears thesoilsampléutisabserftombothicesamples,
althougkactexhibitainknowrsignaturebatoccubeyondheeVrangdor K.

Absorption (atlaryunits)
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Figure 13. Calcium eV range TEY
spectrums of both types of ice from
Bosworth Creek. These signatures
closely resemble a Ga@ectrum
(From Ko et al. 2007) and are
assumed to be calcium carbonate.
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Figure 14. TEY Na spectrums of both types of ice from Bosworth Creek. These spect
were initially thought to be the result of Cl addition, resulting in NaCl. However, the la
of peak signatures precludes NaCl as the likely compound and both ice samples exf
different compound structural edges. Further investigation is required.
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Absorption (arbitramgits)

Figure 15. TEY O spectrums of both types of ice from Bosworth Creek are currently |
and may represent an unknown species or compound. The TEY O spectrum for soil {
a typical signature also occurring within the expected eV range for O.
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Figure 15a.The TEY
spectrum for oxygen in so
Is a typical signature
occurring near the 550 eV
range. Other elements
occurring in this sequence
include manganese, iron,
cobalt and nickel.



