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Selenium Occurrence with Phosphate Mining



Selenium in Water and Vegetation Has 
Impacted Certain Grazing Livestock



Sources for Selenium

o Unoxidized carbonaceous 
shales

o Select phosphate intervals
o Wasterock
o Surface waters
o Pitwaters



Selenium Accumulators in SE Idaho

Xylorrhiza glabriuscula
(Woody Aster)

Grindelia squarrosa
(Curleycup Gumweed)

Medicago sativa (Alfalfa)



Reclamation and Mine Abandonment Issues

o Alfalfa planting on wasterock
o Grazing of livestock
o Exposed pitwater
o Abundant natural selenium 

accumulators
o Exposed and oxidizing 

carbonaceous shales
o Controlling water runoff



Options for the Mining Industry

o Complete backfill and burial of exposed bedrock
o Pitwater control or backfill
o Placement of thick cover over wasterock and 

tailings
o Control of surface waters
o Control of vegetative growth
o Phytoremediation
o Selenium treatment or removal
o Selenium stabilization



Selenium Stabilization Concepts

o Adsorption by carbon-rich 
bedrock

o Association with certain 
phosphate bedrock

o Competition with sulfate
o Iron oxyhydroxides 

partially adsorb selenium
o Selenite requires reducing 

conditions
o Concentration in humic

wetlands



Selenium in Pitwater Stabilization Assumptions 
o Fluorapatite, the major constituent of phosphate ore, 

accumulated numerous metals including selenium, when 
deposited in Idaho

Therefore, low selenium phosphate ore, should be able to sorb
selenium in solution

o Carbonaceous shales lose selenium to solution when oxidized, 
causing selenite to change to selenate

Therefore, addition of organic carbon should attenuate 
selenium in solution through valence reduction

o Sulfur competes for selenium sites and iron oxyhydroxides 
partially attenuate selenium

Therefore, the addition of pyrite should assist in stabilizing 
selenium in solution 



Rationale for Selection of High Sulfur Coal

o Phosphate Waters are Low in Sulfate
o Selenium and Sulfur Compete in Biota Uptake
o High Sulfur Coal is Unacceptable for Combustion
o Separation of Pyritic Fraction of Coal (Syncoal) 

leaves Zero Waste Product
o Syncoal Byproduct is Good Carbon Source
o Syncoal Byproduct has other Favorable Qualities

- Hydromorphic
- Light Weight
- Lower Air Combustion Temperature



Pitwater Stabilization Testing Methodology

o Obtain selenium enriched 
pitwater (re: influent)

o Test influent for a full suite of 
analytes and parameters

o Prepare a test column using 
low selenium phosphate

o Prepare a test column using 
high sulfur coal

o Conduct tests over a 3-week 
period for selenium plus pH, 
Eh and EC

o Test effluent for a full suite of 
analytes and parameters





Column Testing Results
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Additional Data Requirements for Pitwater 
Stabilization

o Location and mineralogical phase of the selenium 
on host material

o Potential for solubility or desorption of the selenium 
species

o Particle surface area considerations for solute 
reaction

o Volume of solute that can be effected per unit 
volume of solid 

o Potential for agglomeration of the coal and 
phosphate



Applicability to Soil or Tailings Substrate

o Testing has commenced to evaluate potential use of 
the high-sulfur coal and/or selenium deficient 
phosphate for soil amendments, selenium enriched 
soils, or bedrock.

o Goal is to determine plant uptake on selenium 
impacted material including mill tailings

Ancillary goal is to evaluate the material for use as 
capping material or soil amendment
Another goal is to test loaded media (reject tails) for 
desorption under field conditions



Procedure for Testing Unimpacted Media

o Placement of unimpacted
coal or phosphate (re: 
media) above selenium 
water zone

o Topping of unimpacted
media with topsoil and then 
potting soil to encourage 
plant growth

o Watering below the root 
zone to mimic the capping 
of wet selenium-rich soils or 
tailings

o Planting and harvesting of 
alfalfa for selenium analysis 
through time

Alfalfa

Topsoil

Potting Soil

Unimpacted
Phosphate or Coal

Topsoil

Selenium
Pit Water
Added

HEAD REJECT FROM COLUMN TEST



Procedure for Testing Impacted (loaded) Media

o Placement of impacted coal 
or phosphate (re: media) on 
unimpacted topsoil

o Topping of impacted media 
with topsoil and then 
potting soil to encourage 
plant growth

o Watering above the root 
zone to simulate rainfall, 
run-on, and snow melt

o Planting and harvesting of 
alfalfa for selenium analysis 
through time

Alfalfa

Topsoil

Potting Soil

Phosphate or Coal

Topsoil

No Water
Added
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Added
Water

Impacted



Preliminary Growth Results



Results of Selenium Testing on Vegetation
Top Root n

48.8mm10.3mmTopsoil w/ Selenium 
Water

729.9mm20.3mmCoal Head Reject 
(Unimpacted
w/Selenium Water)

213.5mm21.0mmPhosphate Head 
Reject (Unimpacted
w/ Selenium Water)

48.0mm8.3mmTopsoil Control

612.8mm9.0mmCoal Tail Reject
(Impacted)

1316.4mm17.5mmPhosphate Tail 
Reject (Impacted)



Planned Tailings Applications

o Placement of unimpacted coal or phosphate (re: 
media) atop tailings

o Topping of impacted media with topsoil and then 
potting soil to encourage plant growth

o Watering above the root zone to simulate rainfall, 
run-on, and snow melt

o Planting and harvesting of alfalfa for selenium 
analysis through time


