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ExecutiveSummary
TheBosworthCreekMonitoringProject(BCMP)is amulti-disciplinary,long-termstudyof a local

watershedby highschoolstudentsfrom MackenzieMountainSchool,NormanWells,NT, local

residents,andresearchersfromuniversitiesandgovernmentagencies. Thefourseasonalphasesof the

creek(openwater,freeze-up,frozenandbreak-up)aresampledfor biologicalandchemicalbaseline

inventoriesthathelpmonitorpotentialimpactsresultingfromindustrialactivitiesandclimatechange.

A closeworkingrelationshipwith scientistsfrom southernuniversities,governmentagenciesand

industryprovidesnorthernhighschoolstudentswithexceptionalscientificcareeropportunities.

Introduction and ProgramOverview
TheBosworthCreekMonitoringProject(BCMP)wasinitiatedin 2006followingconcernsraisedby

localresidentsaboutfishstocksfollowingtheremovalof aweir. Theweirwasconstructedin 1960to

createapondneededto run a powergenerationstationfor anoil refinery. Closureof therefinery

resultedin dismantlingthe weir in 2005 by ImperialOil ResourcesNWT Limited undera

ReclamationandRestorationPlan. TheSahtuRenewableResourcesBoard(SRRB)contactedthe

DepartmentofFisheriesandOceans(DFO)aboutthelogisticsinvolvedin restockingthecreek. It was

decidedthatfishwouldlikelyre-inhabitthecreekontheirownandtheprojectwascreatedto allow

localyouthanopportunityto trackthesechangesovertime. TheBCMPislookingatmostaspectsof

the 125 squarekilometrewatershedincludingflora, fauna,geology,geography,climatology,and

chemistry. TheBCMPisaimedatlocalyouthcomprisedofapproximately55%DeneandMétisand45

%ofotherethnicorigins. Theprojectincludesapproximatelyequalparticipationbybothgendersand

encouragesandsupportsyoungwomentopursuecareersin thesciences.

TheBCMPhasacquiredthemostextensivechemistrydatasetfor anycreekin theNWT. These

sampleswerecollectedoverthreeandahalfyearsandincludeapproximately55sediment,61water

and17icesamples. Duringthecourseof thesecollections,it becameapparentthattherewerethree

kindsof iceatBosworthCreek. Thefirst two arechemicallyrelatedandincludefrozencreekwater

andblue-greenoverflow. Blue-greenoverflow(Figure1) is well knownby northernersandresults

fromgroundwaterforcingitswaythroughafrozensurfacelayerandcausinglocalfloodingeventsthat

leadto successionallayersof iceon top of theoriginalsurface. Thistypeof overflowis thesame

groundwaterthatnormallyflowsin creeksduringthesummer,andfor manycreekslikeBosworth,

throughoutthewinterundertheice.
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Blue-greenoverflowmayexit throughfissuresin creekor lakeicewherepressureridgesseparate.

However,themostcommonsourceflowsthroughterrestrialsedimentsthateitherborderwaterways,

or occurin areasweregroundwaterdoesnõtnormallyflow; suchasseismiclines,roadsandlow-lying

topography. Slightdifferencesin chemistrycomparedto creekwatermayreflectthisinteractionand

appearsto bemarginallyinfluencedby localdifferencesin soil chemistry. Regardless,thisground

waterdoesnotundergosignificantchangesanddoesnotposeanypotentialhealthconcernsto local

wildlifeor people.

Thethirdtypeof iceisyellow-brownin colour(Figure2) andexhibitselevatedlevelsof mostheavy

metals(Table1) andsomeother properties. Thesedifferencesin chemistrypromptedfurther

investigationthatidentifiedthistypeof iceoccurringthroughoutmuchof theSahtuSettlementArea.

Moreover,localeldersandothersdo not recallseeingthistypeof ice in thepast; whilerecently,

reportshaveaccumulatedaboutfirsttimeappearancesatplaceswhereit neveroccurredbefore.

Sincethisiceseemsto beincreasingin bothprevalenceandabundance,localAboriginalleadersand

communitymembersarebecomingconcernedaboutthe possibleimpactsto the healthof their

people,andthewildlifethatareessentialforDeneandMétissubsistenceandidentity.

It wasdecidedthatamorethoroughinvestigationwasrequiredfollowingthepreliminaryanalysisof

theelementalicechemistry. Anapplicationwassubmittedto theCanadianLightSourceInc. (CLSI)at

theUniversityof Saskatchewanto undertakesynchrotronx-rayanalysisof thesoilandbothtypesof

overflow. Thisworldclassresearchfacilityprovideslimitedtimeannuallyfor highschoolyouthto

undertakeoriginalscienceprojectsthroughtheStudentsontheBeamlineProgram. Our application

wasapprovedfollowingextensivepeerreviewandsampleswereobtainedfromsoilandboth,yellow-

brownandblue-greenoverflows. Thesesampleswereanalyzedby threestudentsfrom two Sahtu

communitiesandincludedChantalBavarad(ChiefAlbertWrightSchool[CAWS],Tulita)andSiobhan

QuiggandNigelGregory(MackenzieMountainSchool[MMS],NormanWells).

Methods
The òIce Teamó collected samples of both kinds of ice and processed them into dry powder (Figure 3). 

This was a laborious task that produced approximately 10g of precipitate for every 5L of yellow-

brown ice water and 1g for every 5L of blue-green ice water. Samples were obtained by the students 

from Bosworth Creek, Norman Wells and Four Mile Creek, Tulita. Following processing, the samples 

and team members travelled to Saskatoon to run experiments at the CLSI Synchrotron March 2-4, 

2010. This is a student driven project and they actively participated in all aspects of experimental 

design and procedures including sample collection, local preparation of samples, sample preparation at 

CLSI, data collection, data analysis, and will be contributing to a Poster Presentation, and co-authoring 

a publication with the beamline scientist on their findings. 

A synchrotron is a machine that produces brilliant light by forcing electrons to change direction with 

powerful magnets. Basically, the procedure employs an electron gun that supplies a linear accelerator 

with electrons that are accelerated by microwave radio frequency to 250 million electron volts (MeV). 

The electrons are then sent to the inner booster ring where further microwave fields increase the 

energy to 2,900 MeV. This energy produces an electron flow that travels approximately 99.999998% 

light speed, or 4.7 m/s slower than the speed of light. When the electrons reach 2,900 MeV, they are



transferred by an injection system into the outer storage ring where they circulate for 4 to 12 hours. 

The circular looking storage ring is composed of 12 straight sections that bend the electrons into a 

circular path with powerful magnets. Photons are produced every time the 6,800 kg dipole magnets 

change the direction of the electron flow and other types of magnetic or insertion devices called 

wigglers and undulators  produce a very high flux of photons along the beamline. The wigglers 

produce a wide range of high energy x-rays, while undulators produce higher intensities of x-rays with 

a narrower range of energies (Walker 2009). 

The photons are then passed through a monochronometer at the beginning of each beamline that 

allows researchers to choose which wavelength they require. Different beamlines employ specific 

kinds of monochronometers and this project was granted an 8 hour shift on the Spherical Grating 

Monochronometer (SGM)  Beamline on March 3.  This beamline employs soft x-rays ranging between 

250 - 2,000 eV and is typically used for studying materials containing elements with low atomic 

numbers (Walker 2009). 

The students spent March 2 learning about and touring the facility (Figure 4) and included 

radiological safety orientations, other housekeeping duties and specimen preparations (Figure 5) so 

that they were fully prepared at the beginning of their shift the following morning. The shift began at 

8AM and the first samples were loaded into the endstation (Figure 6) and a vacuum of 10-11 torr was 

achieved by 8:40AM (1 atmosphere Pressure = 760 torr). This level of vacuum is required to 

minimize electron and photon interactions with other atoms and molecules and there are fewer 

molecules in the system than there are in space surrounding the international space station (Walker 

2009). However, this process is time consuming and care must be taken in choosing samples and 

procedures to best maximize the limited time available.

The students were responsible for undertaking the experiments. Assistance was provided by Dr. 

Robert Blyth, Assistant Director of Research, Tracy Walker, Education Outreach Coordinator, Ronda 

Martens (CLS) and Jamie Mackenzie (CLS). However, all decisions regarding sample priorities, the 

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 particular sample 

was time consuming in itself, particularly if the range of investigation leads to unexpected results. This 

occurred on several occasions throughout the shift and the students had to decide ôon the flyõ as to 

their next course of action. Second, their decisions led to the discovery of two previously unknown 

phenomena; (1) the ability to image strontium with this beamline and (2) the possible discovery of a 

new species of oxygen. 

Each student took turns operating the computer, while the other two were occupied with data 

recording duties. Except for brief washroom breaks, the students only took 10 minutes off each, for 

lunch. The shift ended at 4PM precisely. 

March 4 was a very hectic day in which the students compared their data with published values, 

recorded their observations and drew their conclusions. These were used to create a PowerPoint 

presentation that the students gave to CLSI staff that included more than a dozen beamline scientists 

and technicians at 3:30PM that afternoon (Figure 7). 



Results and Observations
Elemental chemistry of blue-green and yellow-brown overflow has shown that the latter contains 

higher concentrations of measured parameters (refer to Table 1), but that both share similar relative 

abundances of these elements (Figures 8 and 9). In fact, there appears to be as much variation in the 

relative abundances within each type of ice, as there are between them.  

Soils demonstrate variations between samples to a lesser degree and may reflect examples of local 

industrial contamination, other human activities and local geological characteristics.

However, the relative abundance of comparable elements indicates very little, if any relationship 

between the soils and ice (Figure 10). This suggests that the impact on both kinds of ice from soil 

chemistry is either uniform or insignificant. 

Synchrotron light analyses provide an avenue of investigation that cannot be undertaken through 

regular elemental analyses. The Spherical Grating Monochronometer (SGM) provides information 

about the structure of a substance or compound.  As the x-rays interact with the sample, the amount 

of photon absorption can be measured as the Total Electron Yield (TEY). This value occurs at known 

energy levels for each element (Figure 11). If a particular element is present, then it will not only 

occur at the known energy level, but it will also profile a unique signature that is associated with a 

particular compound. For example, elemental calcium produces a TEY between approximately 348 eV 

and 356 eV and resembles a single peak sine wave. The Ca in the soil and both ice samples closely 

matches the spectrum for calcium carbonate (CaCo3) as seen 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 elemental 

compounds, necessitating exhaustive literature reviews. An example of this can be seen in the sodium 

profiles (Figure 13). Each ice has a distinct and different sodium compound. It was initially believed 

that the yellow-brown ice contained sodium chloride (NaCl) but this was dismissed because first peak 

is too short. It is unclear as to which compounds either of these sodium spectra relates. Oxygen 

provides another example of unknown compounds (Figure 14). The two forms of ice share similar 

spectra, although a difference resides between the two at approximately 543 eV. Both share minor 

resemblances to compounds such as calcium oxide (CaO) and strontium oxide (SrO) (after Nakaiet 

al. 1987) but significant differences preclude their identification. It is possible that these compounds 

are either unknown, or have never been previously investigated using synchrotron radiation. 

Moreover, these profiles differ completely with that of soil which illustrates a typical signature (Figure 

14a).

This project produced the first SGM spectra for strontium in the facilityõs history (Figure 15). This 

occurred because strontium lies at the extreme imaging end of SGM resolution and was previously not 

attempted. It is currently not known if this has been replicated by other facilities and these spectra may 

be the first SGM baseline data for this element.

Discussion
Blue-green overflow exhibits very similar chemistry to ordinary creek water and likely originates from 

the same source as most flowing creeks throughout the summer. This ice is well-known by local people 

and has been around as long as anyone can remember. It often poses serious threats to travelers while



in its slushy state but does not pose any chemical health concerns. Blue-green overflow generally 

occurs at predictable locations where ground water is halted by the formation of frost walls in creek 

substrate or in areas dominated by springs. 

The yellow overflow is different. While its elemental chemistry is similar to blue-green overflow and 

creek water in relative abundances, the levels of many elements including Calcium (Ca), Potassium 

(K), Magnesium (Mg), Sodium (Na), Iron (Fe), Manganese (Mn), Aluminum (Al), Arsenic (As), Boron 

(B), Barium (Ba), Copper (Cu), Lithium (Li), Molybdenum (Mo), Nickel (Ni), Lead (Pb), and 

Uranium (U) occur at levels ten times or higher. 

Another characteristic of this ice is its presence at so many different kinds of locations. Yellow overflow 

occurs in some areas of disturbance and some areas that have never been disturbed by industry. It 

sometimes occurs in association with blue-green overflow and known locations of springs. However, it 

also occurs independently of blue-green overflow and in locations that are not associated with springs. 

It appears to be forming at new locations as evidenced by several examples this winter. Areas that are 

known to exhibit this ice also appear to be increasing in volume annually. Given the broad range of 

variables and its concentrated nature, yellow-brown overflow must be coming from a different source 

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 potential 

cumulative effect is enormous and has prompted a call for testing country foods for uranium and other 

related elements. Since this overflow inundates areas rich in lichens, mosses and shrubs that are 

consumed by caribou, moose and other important subsistence species, there is potential for long-term 

accumulation of these contaminants by people

Finally, the issue of colour remains unresolved. The yellow-brown overflow may be caused by sulphur 

as this yellow metal is known to occur in both the sediments and waters in and around Bosworth 

Creek. Sulphurous vapours are ever-present in some areas along the creek and arise from springs that 

flow at well-known locations. This water produces a strong sulphur smell but is transparent, whereas, 

the yellow-brown ice has no smell and does not produce one when melted, while still retaining colour. 

Therefore, sulphur does not account for the yellow-brown colour of the ice.

Conclusions

Yellow-brown overflow ice contains elevated levels of several elements that can become toxic to 

people and wildlife through bioaccumulation. This ice seems to be increasing in prevalence and occurs 

at both predictable and unpredictable locations. Local community residents are concerned about the 

potential negative impacts that this ice could have on their health and their traditional subsistence 

practices. The SRRB will initiate a testing program in response to these concerns that will investigate 

potential contamination of country foods in the Sahtu Settlement Area. These studies will address 

major subsistence species including moose, caribou and several predatory fish that are prone to 

bioaccumulation.

The source of this ice remains unknown but it seems to be arising from a different source than the 

blue-green overflow or general creek water; making permafrost a likely candidate. If this is the case, 



then the problem will escalate and may do so very rapidly given the current rate of permafrost 

degradation throughout the north. The preliminary results from elemental chemistry and synchrotron 

X-ray bombardment suggest that this is a very complicated issue and that further sampling and analyses 

are required to establish baseline information. These studies will provide tools necessary for mitigating 

potential negative health impacts to the people of the north.



Figure 2: Typical yellowoverflow ice.Figure 1:Typical blue-green overflow ice.

Table 1. Elementalchemistry of some creek water and  blue-green and yellow-brown 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



Figure3. Collectionandpreparationof thesamples. 3a: scienceteacherKit Dennis-Walkerand

ChantalBavardfromChiefAlbertWrightSchool,Tulita; 3b: SiobhanQuiggandNigelGregory

fromMackenzieMountainSchool,NormanWells; 3c: meltingyellow-brownoverflowicein a

beaker; 3d: precipitatethatrisesto thetopof theiceduringmeltingatroomtemperature; 5e:

thedriedprecipitatethatwasgroundinamortarandpestletocreateveryfinepowder.
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Figure4. March2, 2010. 4a: writingtheradiationsafetyexam; 4btouringthefacility(thelarge

animalreceivingbaywheretheyareableto imagelive animalsaslargeasbison); 4c: the

synchrotroncontrolroom; 4d: the SphericalGratingMonochronometerbeamline; 4e: the

endstationwherethesamplesareplacedforanalyses.
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Figure5. Preparationof thesamplesfor thebeamline. Eachsampleispreparedbycoveringa

pieceofcarbontapewiththepowderedprecipitate. 5a: TracyWalker(CLS)andChantalBavard

discussingtechniquewith SiobhanQuiggandJamieMackenzie(CLS)workingon another

sample; 5b: ChantalandSiobhanworkingintentlywith Jamielookingon; 5c: Tracy,Nigel

Gregory,SiobhanandJamie; 3d: thefinalstagesof preparation; 5e: thefinishedsampleready

for theendstation.
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Figure6. March3, 2010. 6a: thefirstsamplesareloadedintotheendstation; 6b: Siobhanatthe

controls; 6c:checkinganothersamplebeforeloadingit into the endstation; 6d: finding

somethingunusual; 6e: conductingoriginalscience.
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7e7d

7c

7b

Figure7. March4, 2010. Presentationto CLSstaff. 7a: JamieandSiobhanlookingovernotes

for thepresentation; 7b: ChantalBavard; 7c: NigelGregory; 7d: SiobhanQuigg; 7ecookiesand

coffeefollowingasuccessfulpresentation.

7a



Figure 8. Relative abundance of comparable yellow-brown ice values.



Figure 9. Relative abundance of comparable blue-green ice values.



Soils: PRO 14a, PRO 15, PRO 16, PRO 17 

Ice : IS 17 (B-G)

Figure 10. Relative abundance of comparable ice and soil values

Ice : IS 16 (Y-B)



Figure11. TotalElectronYields(TEY)for carbon(C),oxygen(O), sodium(Na),magnesium

(Mg),aluminium(Al), andsilicon(Si). Eachspectrumoccursat specificenergylevelsand

pureelementsproducethesesignwavepatterns(fromWalker2009).



Figure12.TEYCaspectrumsofsoilandbothtypesof icefromBosworthCreek.These

signaturescloselyresembleaCaCo3 spectrum(FromKoetal. 2007) andoccurwithinthe

expectedenergyrangeofCa. K appearsin thesoilsamplebutisabsentfrombothicesamples,

althougheachexhibitsunknownsignaturesthatoccurbeyondtheeVrangeforK.
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Figure 13. Calcium eV range TEY 

spectrums of both types of ice from 

Bosworth Creek. These signatures 

closely resemble a CaCo3 spectrum 

(From Ko et al. 2007) and are 

assumed to be calcium carbonate. 



Sodium chloride

From Hudson et al. 1994.

Figure 14. TEY Na spectrums of both types of ice from Bosworth Creek. These spectra

were initially thought to be the result of Cl addition, resulting in NaCl. However, the lack 

of peak signatures precludes NaCl as the likely compound and both ice samples exhibit 

different compound structural edges. Further investigation is required.
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Figure 15. TEY O spectrums of both types of ice from Bosworth Creek are currently unknown

and may represent an unknown species or compound. The TEY O spectrum for soil (not shown) is

a typical signature also occurring within the expected eV range for O. 

Figure 15a. The TEY 

spectrum for oxygen in soil 

is a typical signature 

occurring near the 550 eV 

range. Other elements 

occurring in this sequence 

include manganese, iron, 

cobalt and nickel.
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