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* In North America, REE’s are primarily found in

the western US and throughout Canada. S
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Rare Earth Elements

End Use Percentage

Metallurgical applications and alloys 29%
Electronics 18%
Chemical catalysts 14%
Rare earth phosphors for computer monitors, lighting, radar, televisions, and X-ray- 12%
intensifying film

Automotive catalytic converters 9%
Glass polishing and ceramics 6%
Permanent magnets 5%
Petroleum refining catalysts A%
Other 3%

Source: US DOI/USGS 2010
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ICP-MS is the preferred instrumentation for trace metals analysis in
environmental samples for its high throughput and low detection

limits (ppt).

lons are separated
based on their
mass to charge
ratio.
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Technology advances have led to a variety of operation modes (ex. He or H,).
1. Helium Collision mode — considered universal

- inert so no new interferences form

- simpler and more consistent in operation
2. Hydrogen Reaction mode — situationally specific benefits

- substantially better accuracy for metals like Se and As.

Expertise is required to select the right mode to optimize the analysis.
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Rare Earth Elements

As and Se isotope Interference

Element Mass Abundance (%) Doubly charged

As 75 100 150gm++, 150Ng+

Se 77 7.63 1Agmt+, 194G+
78 2377 156Gg++ 1EBD?++
80 49 61 160G g++ 1E|IJD,1',++r
82 8.73 164Dy ++ 184E++

Doubly charged atoms will give positive bias for arsenic and selenium in the mass spectrum.
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2. ANALYTICAL CHALLENGE

Lab prepared samples of REE standards at varying concentrations.
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Samples analyzed on a Agilent 7900 ICP-MS operating in either helium [He] collision cell or

hidroi;en ‘HZ‘ reaction mode.
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Summary of Analytical Challenges:

* A detailed understanding of the sample matrix is critical to properly
report contaminants of concern.

« Itis important to know the specific method used when interpreting
historical data.




CAR(C 3. APPLICATION

ANALYTICAL SERVICES

Water samples collected from a site in BC:

Sample Selenium [He] Gd Dy Selenium [H2]
(ug/L) (ug/L) (ug/L) (ug/L)
1 84.9 159.43 129.86 0.56
2 75.2 143.46 116.86 1
3 88.2 159.62 136.72 1.23
4 74.7 136.72 110.02 0.89
5 78.2 136.27 109.32 1.42

Selenium standard under BC CSR for aquatic water is 20 ug/L .

Selenium standard under Alberta Tier 2 for aquatic life is 1 ug/L .
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Leachate samples collected from a site in BC:

TCLP
120
100
80 Arsenic [H2] Nd Sm Arsenic [H2]
S e (ug/L) (ug/L) (ug/L) (ug/L) corrected
S 0 13.1 50.62 8.54 11.5
20
0 - T T - T — T T T 1 H H H H H H
Sc Y La Ce Pr NdSmEu Gd Tb Dy Ho Er Tm Yb Lu Th CCME guideline for Arsenic in marine water is

12.5 uglL.

Rare Earth Element
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Industrial Process Water:

Organic Extract
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Rare Earth Element
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Peat & Muskeg:

«  High organic content of peat
samples as a leading indicator of  j,st Add Water And The Peat
high levels of REE’s Pellet Will Expand

- Analysis as a soil vs awaterisa 10 This Size >
significant factor in determining
effect of REE’s

1.50 in

1.50 in
Amazon.com
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Summary of Applications:

« REE’s can occur in water samples as well as soil, particularly on
active mining sites

« High organic content materials have been shown to accumulate
REEs

* Indications that further investigation into peat and muskeg matrix
types would be valuable
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REEs will typically oxidize to form metal oxides in water
which show limited solubility.

Dissolved Nd Conc. vs time (hr)
3
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Cerium Conc. Vs. Time Lanthanum Conc. Vs. Time
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Yttrium shows good solubility across all 3 water types.
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Solubility Takeaways:
« Limited solubility has a direct effect on bioavailability/toxicity.

« Itis important to take into consideration the hardness of the water
when considering potential REE solubility and resulting impact on
analytical data.

» Further study is underway to look at the potential toxicity of these
elements.



CARCO 4. SOLUBILITY & REMEDIATION

ANALYTICAL SERVICES

Given their solubility properties, filtration
systems will provide good results for the
reduction of REE concentrations.

E}'

Increasing pH also decreases solubility
through the formation of metal hydroxides. \

Although, recovery may be the better — -~

strategy...
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4. SOLUBILITY & RECOVERY

From the organic material shown previously:

Metal Concentration Value $/1000 m3
(mg/L) (S/ke)
La 1.510 7 $10.57
Ce 2.510 7 $17.57
Pr 0.289 85 $24.57
Nd 0.995 60 $59.70
Sm 0.186 7 $1.30
Eu 0.029 200 $5.80
Gd 0.177 55 $9.74
Tb 0.023 550 $12.65
Dy 0.160 350 $56.00
Er 0.099 95 $9.41

Scanning water samples for routine
monitoring can be a good indicator of
possible REE containing minerals.

U.S. Department of Energy recently
announced $17.4 million for REE recovery
systems.

https://energy.gov/articles/doe-invests-174-million-projects-advance-recovery-
rare-earth-elements-coal-and-coal
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« Rare earth elements will become increasingly relevant as they
become a bigger component of commercial products.

« The impact of rare earth elements on standard metal analysis
must be considered when looking at historical data.

* Understanding solubility in different water types indicates the
potential bioavailability and opportunities for recovery of REES.

« When looking at any data it's important to consider interference
effects in the decision making process, call the lab!
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