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Presentation Notes
Today I will present to you the results of my research on the mobilization of selenium from the coal mines of the Elk River Valley



Selenium in the Elk River 

Selenium in the Mist Mountain Formation 

Conclusions 

Selenium Mobilization 

Geochemical Associations of Selenium 

Selenium Biogeochemistry 



Presenter
Presentation Notes
The Elk River Valley is located in the Kootenay mountain range in South Eastern British Columbia. There are five coal mines in the Valley: Elkview and Coal Mountain in the Crowsnest Coalfield and Fording River, Greenhills and Line Creek in the Elk Valley Coalfield. 



• Five open-pit coal mines  

• Generate approximately 24 million tonnes of coal annually 

• Main product: medium- to low-volatile bituminous 
   coking coals  

• Have generated an estimated 2.5 billion tonnes of 
   waste rock since the 1970’s 

Presenter
Presentation Notes
All five mines are open-pit operations. Together they generate approximately 24 million tonnes of coal annually, primarily medium to low volatile bituminous coking coal, but thermal coal. Since the 1970’s the 5 mines have cumulatively produced an estimated 2.5 billion tonnes of waste rock.



• The provincial freshwater guideline for Se is 1 µg/L 

• In the main tributaries of the Elk River Se 
  concentrations of up to 20 µg/L were detected 

• Se concentrations as high as 542 µg/L were measured 
  in waste dump seepage 

Presenter
Presentation Notes
The provincial guideline for total selenium in freshwater is 1 µg/L or ppb. During water testing for a permit amendment at one of the mines in 1995, one sample was found to contain 25 µg/L Se. This prompted the Ministry of Environment, Lands and Parks to undertake a survey of Se levels in water, sediment and biota. Se concentrations in sediment were consistently below the provincial criteria of 5 mg/kg. However, Se concentrations of up to 20 µg/L were detected in several tributaries of the Elk River. At one of the mines waste dump seepage was found to contain as much as 542 µg/L Se. 



•  Se concentrations in algae and  invertebrates 
   downstream from the mines were 2 to 5 times 
   greater than at references sites 

• Se levels in fish were 2 times greater than the 
   published toxic effects thresholds    

However, no negative effects were observed in biota 

Presenter
Presentation Notes
Se concentrations in algae and invertebrates downstream from the mines were 2 to 5 times greater than at reference sites. Se levels were 2 times greater than the published  toxic effects thresholds in cutthroat trout muscle, liver and eggs. Despite this, no negative effects have been observed in biota. 



• Essential micro-nutrient 
   involved in the destruction  
   of free-radicals 

• Narrow range of tolerance 

• Can disrupt reproduction 
  of fish and aquatic birds 

• Can cause embryo defects 
   in fish at concentrations 
   as low as 2µg/L in water Thornton, 1995 

Presenter
Presentation Notes
Selenium is an essential micronutrient. It is a component of glutathion peroxidase, an enzyme that destroys free-radicals that cause tissue damage. Humans and animals have  a narrow range of tolerance for selenium, with both too little and too much Se producing ill-effects. In fish and birds, Se toxicity manifests itself primarily through reproductive. Embryo defects in fish have been observed at water concentrations as low as 2 µg/L.  



OXIDATION 
STATES 
Selenide (-2) 
Elemental Se (0) 
Selenite (+4) 
Selenate (+6) 

Poorly soluble 

Highly soluble 
Most bioavailable 

Selenium is a sulphur analog 

Adsorbs to sediment 

Presenter
Presentation Notes
Located between S and Te in the periodic table, Se shares many of S chemical properties and is therefore able to substitute for S in a number minerals and biomolecules. Se has 4 oxidation states: selenide, elemental Se, selenite and selenate. The partitioning between these species is in large part defined by redox conditions in the environment. Metallic selenides and elemental Se are poorly soluble. Selenite and selenate are highly soluble. Selenate is, however, the most bioavailable since selenite adsorbs readily to sediment. 



 
 

Se Concentration 
(mg/kg) 

 Coal 1.9 

 Hanging wall 4.2 

 Foot wall 4.2 

 Partings 3.2 

 Coarse refuse 2.8 

 Interburden 1.1 

 Coal world average 2.2 

 Crustal average 0.05-0.1 

Ryan and Dittrick, 2000 

Presenter
Presentation Notes
In 1999, Ryan and Dittrick undertook a comprehensive survey of selenium concentrations in all strata in the coal-bearing Mist Mountain Formation of the Elk River Valley. They found that coal contained on average 1.9 mg/kg Se, hanging wall and foot wall, located immediately above and below the coal seams, 4.2 mg/kg Se, partings within the seams, coarse refuse 2.8 mg/kg an interburden 1.1 mg/kg. The Se concentration in Mist Mountain Formation coals is, in fact, below the global average for coal, but is enriched relative to the crustal average.



Se in Coal 

Inorganic/Mineral 
Association 

Organic/Maceral 
Association 

Ionically 
Bound 

Covalently 
Bound 

Dispersed in 
Minerals 

Discrete 
Minerals 

Bound to Clay 
Minerals or 

HFMO Adapted from Dale (1996) 
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Presentation Notes
The literature indicates that Se can have both organic and inorganic associations in coal. It can be incorporated within the organic matrix or ionically bound to its surface. Alternatively, it may be present as discrete selenide minerals, substitute for S in sulphides or be bound to clay minerals or HFMO. There is considerable debate about the relative importance of these associations and no work has been done to determine their importance in materials closely associated with coal seams.



• Identify Se-bearing mineralogical components in the  
  Mist Mountain Formation 

• Evaluate the rate of Se release from different lithologies 

• Suggest possible geochemical mechanisms of Se 
   mobilization 

• Provide mine operators with information needed  
  to assess the risk of Se release from waste rock  
  and plant refuse 

Presenter
Presentation Notes
This study had four main objectives: to identify Se-bearing mineralogical components in the Mist Mountain Formation, evaluate the rate of Se release from different lithologies, suggest possible geochemical mechanisms of Se mobilization and provide mine operators with information needed to assess the risk of Se release from waste rock and plant refuse.



Interburden 
Coal 

Parting 

Coal 

Presenter
Presentation Notes
Samples for this study were collected from each stratigraphic layer in the Mist Mountain Formation at all five mines in the Elk River Valley. Material was taken at regular intervals along the cross-section of each strata so as to obtain approximately 4 to 5 kg of material. The materials were classified as interburden, hanging wall, foot wall, coal seam and parting. Interburden generally consisted of sandstone or mudstone and parting, hanging wall and foot wall material of carbonaceous mudstone.



• 375 samples were collected and analyzed for 
   Se by INAA 

• 16 samples, representing the 5 main lithologies,  
   were selected to study the mineralogical  
   associations of Se 

• 5 of these samples were used to study the rate  
  of Se release 

Presenter
Presentation Notes
In total, 375 samples were collected and analyzed for Se by instrumental neutron activation analysis.16 samples, representing the 5 main lithologies, were selected to study the mineralogical associations of Se5 of these samples were used to study the rate of Se release.



Samples from Pit Wall 
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Humidity 
Cells 
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Presentation Notes
The material collected from the pit wall was crushed on site in a cone crusher. Once at UBC, the samples were passed through a disc crusher to obtain –3 mesh material for the humidity cell tests. Material for the sequential extractions, heavy liquid separations, elemental and oxide analyses and x-ray diffraction were obtained by pulverizing the samples to below 200 mesh, while settling columns were used to isolate the fines. 



2θ(CuKα) 

X
R

D
 In

te
ns

ity
 (c

ps
) 

Q = quartz 
K = kaolinite 
I = illite 
A = ankerite 
C = calcite 
S = siderite 

I 

I 

K 

K 

K 
Q 

Q 

A C S 

Presenter
Presentation Notes
X-ray diffraction identified illite, kaolinite and quartz in all of the samples. Ankerite, calcite and siderite were also present in small quantities in some of the samples.



 

Mineral Percent of Total 
Sample Weight 

  Illite 3.90 - 22.5 

  Kaolinite 1.80 – 20.8 

  Quartz 1.30 – 22.3 

  Carbonate 0.20 – 5.85  

  Sulphides 0.03 – 0.84 

Presenter
Presentation Notes
The range of percent of total sample weight accounted for by the minerals detected through XRD varied considerably. Sulphide concentrations also varied, but values were consistently below 1%. 

http://www.minersoc.org/pages/gallery/minpix/quartz/(Empty%20Reference!)
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Presenter
Presentation Notes
No correlation is observed between Se and TOC, suggesting that organic associations are not of primary importance in defining Se occurrence. Interestingly, looking only at samples with TOC contents greater than 40%, Se and organic S concentrations appear to follow a similar trend. The question is whether this is because Se is substituting for organic S or whether Se concentrations increase as a function of high sulphide concentrations reported in samples with high TOC. 
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refuse coal parting 
interburden hanging wall/foot wall 

sulphides ≈ 71 % of total S  
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Presenter
Presentation Notes
A plot of Se versus sulphide content reveals no obvious correlation. Total S, on the other hand, is very well correlated with sulphide content. This is not surprising given that sulphides account 71% of total S. It would thus appear that either the amount of Se substituting for S in sulphides is highly variable or that other mineralogical associations are of greater importance in defining Se concentrations.



Presenter
Presentation Notes
It would thus appear that either the amount of Se substituting for S in sulphides is highly variable or that other mineralogical associations are of greater importance in defining Se concentrations. 
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Presentation Notes
Does TOC affect Se concentrations in sulphides? This was studied by normalizing sulphides wrt TOC. By dividing sulphides by TOC one is, in essence, making it as TOC content were constant in all the samples. The samples containing more than 6 mg/kg Se were excluded on the basis that they contained more than twice as much Se as the average coal and hanging wall/foot wall samples, possibly in the form of selenides. The interburden was also excluded on the grounds that it was the only lithology that formed fully isolated from the effects of the coal swamp environment. For the remaining samples, the correlation was highly significant suggesting that TOC plays a role in defining the amount of Se incorporated into sulphides. 
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Presentation Notes
This flow chart illustrates the procedure selected after testing the efficiency of different reagents. Readily soluble Se was removed using distilled water. Hydroxyl ammonium chloride was then used to extract Se associated with HFMO, perchlorate and hydrochloric acid to remove Se bound to sulphides and organic matter and a aqua regia to extract Se from the silicate matrix. 
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Organic matter and sulphides clearly account for the bulk of total Se. The amount of Se in the water soluble phase was not correlated with the amount of sulphides in the sample indicating that



20 g sample  
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•  5 different materials selected 

•  1 kg of material placed in each cell 

•  7 day moist-air/dry-air/leach cycle 

•  Leached once a week with 500 ml  
   of distilled water  

•  Run for 20 weeks 

Presenter
Presentation Notes
The humidity cells were mounted and run following the standard procedure used for evaluating the kinetics of ARD. 5 different materials were selected and 1 kg of each was placed in plexiglass cell. They were leached once a week with 500 mL of distilled water and then aerated with moist air for 3 days and then by dry air for the 3 days preceding the next leach. The humidity cell tests were run for 20 weeks.



Designation in 
Tables 

Se Content 
(mg/kg) 

Sulphides 
(%) 

TOC 
(%) 

Interburden 3.2 0.05   4.7 

Refuse 3.4 0.13 12.5 

Parting 5.9 0.07    5.8 

Coal 8.4 0.43   4.0 

Foot wall 8.8 0.12  70.3 

Refuse 

Coal 

Foot wall 

Interburden 

Parting 
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Presentation Notes
The materials were selected to represent the five main lithologies: interburden, refuse, parting, coal and foot wall. An effort was made to choose samples with a range of Se, sulphide and TOC contents.
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Presentation Notes
This graph shows that all five materials release Se. It also shows that in 4 out of 5 cases, a considerable amount of Se is readily solubilized, with the peaks observed in the first 3 weeks of operation likely representing the release of selenium salts. And thirdly, the graph shows that Se release rates stabilize after the third week.
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Presenter
Presentation Notes
This graph shows that Se release from all of the materials is within the same order of magnitude relative to the total amount of Se present in the sample. Kinetic tests of a longer duration would be strongly recommended since Se rates do not level off by the end of the 20-week period.. 
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refuse coal parting 
interburden hanging wall/foot wall 

0

5

10

15

20

0 10000 20000 30000

Sulphate (µg/L)

Se
 (µ

g/
L

)

0
10
20
30
40
50
60

0 10000 20000 30000 40000
Sulphate (µg/L)

Se
 (µ

g/
L

)

0
50

100
150
200
250
300

0 30000 60000 90000 120000
Sulphate (µg/L)

Se
 (µ

g/
L

)

0

50

100

150

200

0 200000 400000 600000

Sulphate (µg/L)

Se
 (µ

g/
L

)

0
20
40
60
80

100
120

0 5000 10000 15000 20000

Sulphate (µg/L)

Se
 (µ

g/
L

)

0

20

40

60

80

100

120

0 10000 20000 30000 40000 50000

Sulphate (µg/L)

Se
 (µ

g/
L

)



In which mineralogical 
associations is Se found? 

73% SULPHIDES 
AND ORGANICS 

8% WATER SOLUBLE 4% HFMO 

15% RESIDUAL 



From which lithologies 
is Se being mobilized? 

Se is released from all lithologies 
parting > coal > refuse > foot wall > interburden 



The rate of Se release is not correlated 
with total Se or sulphide content or 
with AP/NP 

What controls the rate of Se release? 
Sample mineralogy plays an important 
role in controlling the rate of release 



From what minerals is Se 
being released? 

Humidity cell test results 
suggest that sulphide oxidation 
is the main source of Se 



• Conduct longer term humidity cell 
   or field plot tests 

• Study the effect of sulphide form 
   and mineralogy on Se release rates 

• Perform a mass balance to determine 
   the effect of waste dump hydrology 
   on Se release 

• Study abatement methods and their 
   applicability 
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I would like to thank my supervisors, Marcello Veiga and Sue Baldwin, and staff in the Mining and Geology Departments at UBC for their assistance. I would also like to thank Barry Ryan and Maggie Dittrick at the Ministry of Energy and Mines, personnel at the five mines and Steve Day and Rob Bowell at SRK and Fording Coal, Teck-Cominco, Luscar and the National Science and Engineering Research Council for their financial support.

http://www.fording.ca/bins/content_page.asp?cid=1
http://www.fording.ca/bins/content_page.asp?cid=1
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