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Mining waste material, particularly 
from sulfide ores, is enriched in 
toxic metal(loid)s. 

Arsenic is a human toxicant and 
carcinogen (#1 on the ATSDR 
substance priority list). Lead is #2 
on ATSDR SPL.

Wind dispersion of tailings leads to 
significant human health risk 
(ingestion and inhalation of 
contaminated dusts).

Legacy mine tailings in the western US 



Specifics depend on the 
amount of H2O and O2 
fluxing through (climate)



Key research questions and hypotheses

• How bioaccessible  is the arsenic 
(As) in mine tailings particulate 
matter (mt-PM)?

• How does environmental 
weathering affect the molecular 
speciation of As in mt -PM?

• Is As molecular speciation 
predictive of its bioaccessibility in 
gastrointestinal fluid?
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Research Approach

• Sampled a climate sequence of 
arsenic -containing mt -PM across the 
western U.S. to assess the impacts of 
climate on weathering of the mine 
tailings profile and arsenic molecular 
speciation. 

• Quantified the relative contribution of 
various As molecular species to the 
total mt-PM pool (using X -ray 
absorption spectroscopy, XANES and 
EXAFS).

• Measured the bioaccessibility of the 
various mt -PM species using IVBA 
and in vivo methods to simulate 
gastric and intestinal conditions. 



Weathering profiles across the climosequence
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Use synthetic body fluids to elucidate operationally defined % BAc

In vitro bioassay for % bioaccessibility

Step 1
10 g kg-1 pepsin
NaCl 0.01 M
pH 1.5, 37 oC
1hr

Step 2
pancreatin 0.36 g kg-1 
bile salts 3.6 g kg-1

NaCl 0.15 M
pH 6.5, 37oC
Low pO2, 6 hr

Synthetic Gastric + Intestinal Fluids

Tsabouri et al., doi: 10.1016/j.aller.2013.03.010

pO2 Organ IVBA

𝐴𝑠 %𝐵𝐴𝑐 =
𝑖𝑛 𝑣𝑖𝑡𝑟𝑜 𝐴𝑠

𝑡𝑜𝑡𝑎𝑙 𝐴𝑠
 𝑥 100

Liu et al., doi: 10.106/j.Geoderma.2023.116377
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Intercept -0.01295 ± 0.01022

Slope 0.21714 ± 0.08261

Pearson's r 0.659

R-Square (COD) 0.43428
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Gastrointestinal bioaccessibility of PM 50
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Gastric bioaccessibility of surface 
relative to parent (PM 50 )
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Dominant host minerals and As species in mt -PM



As K -edge EXAFS spectra of mt -PM and references
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As molecular speciation change from parent to surface
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Relation of mt -PM As species composition to bioaccessibility
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Mouse model (in vivo) 
experiment methods

Treatment groups (n = 3 per group), 
Germ Free and Wild Type (male): 

As(V) -jarosite, As(V) -ferrihydrite, 
arsenopyrite, arseniosiderite , 
negative control

Equivalent As dose of 40 µg As per 
treated mouse

As bearing particles sterilized by 
gamma irradiation (Sandia Nat’l Lab, 
NM)

Germ Free or 
Wild Type
(to test 
effects of gut 
microbiome)

Kendra 
Bonsey, 
Graduate 
Student

Dr. Pawel Kiela
UA College of 
Medicine
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Arsenic recovery in GI tract
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Conclusions

• The arsenic -bearing weathering products that form in mine tailings 
exhibit a wide range in bioaccessibility.

• Total arsenic concentration is not an accurate predictor of ingestion 
risk for mt -PM (particle size and species effects ).

• Molecular speciation exerts a strong control on bioaccessibility 
measured in vitro  and bioavailability measured in vivo .

• The molecular form of toxic metal(loid) constituents of mine tailings 
should be considered in risk assessments of such sites.
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