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Table S1. Groundwater pH versus collection date of samples. 
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Table S2. Groundwater oxidation-reduction potential (ORP) (mV) versus collection date of samples. 
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Table S3. Dissolved oxygen (DO) (mg/L) versus collection date of samples. 
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Table S4. Dissolved arsenic (mg/L) versus collection date of filtered groundwater samples. 
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Table S5. Iron (Fe) (mg/L) versus collection date of groundwater samples. 
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Table S6. Sulfate (SO4) (mg/L) versus collection date of groundwater samples. 
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Table S7. Saturation indices of pyrite, arsenian pyrite, orpiment, and realgar were calculated along the I-1 to 
RA-9 flow transect using the following formulas. 

푆푎푡푢푟푎푡푖표푛 퐼푛푑푒푥 = log[푟푒푎푐푡푖표푛 푞푢표푡푖푒푛푡 (푄)/푒푞푢푖푙푖푏푟푖푢푚 푐표푛푠푡푎푛푡 (퐾)] (1) 
푙표푔푄 = log(퐹푒) + 2 log(푆푂 ) − 16푝퐻 − 236.6퐸ℎ (2) 

푙표푔퐾 =  −83.6063 (푎푡 25°C) (3) 
푙표푔푄 = log(퐹푒) + 1.995 log(푆푂 ) − 16푝퐻 − 236.6퐸ℎ + 0.01log(퐴푠) (4) 

푙표푔퐾 =  −101.2263 (푎푡 25°C)  (5) 
푙표푔푄 = 3 log(푆푂 ) − 32푝퐻 − 405.6퐸ℎ + 2log(퐴푠)  (6) 

푙표푔퐾 =  −180.4364 (푎푡 25°C)  (7) 
푙표푔푄 = log(푆푂 ) − 12푝퐻 − 152.1퐸ℎ + log(퐴푠)  (8) 

푙표푔퐾 =  −69.889 (푎푡 25°C) (9) 
 

 
Figure S1. The sand bag installed prior to injection (left panel) and black precipitates observed on the sand bag 5 months 
after the injection (right panel). XRD and XRF analysis confirmed the black precipitate contained arsenian pyrite. . 
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Figure S2. Peak positions of arsenian pyrite and pyrite, as confirmed from the COD database spectra, in the precipitated 
biominerals from monitoring well M-3. Distinct arsenian pyrite peaks are seen at the 2θ values of 28.5°, 33.0°, 37.0°, 40.7°, 
47.3°, and 56.2°. 
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Figure S3. XRF spectra of biominerals from monitoring wells M-3 and RA-10 three months after the injection. The spectra 
from M-3 are representative of the Fe-rich spectral pattern with low-intensity arsenic peaks from 60% of the samples. The 
spectra from RA-10 represent the As- and Fe-rich spectral pattern from approximately 40% of the samples. The relative 
counts of arsenic increased throughout the following months, with a majority of the samples (52%) exhibiting medium-
large As peaks after nine months. As a general note, sulfur cannot be detected with the XRF red filter, which was used to 
detect heavy elements above calcium like arsenic. 
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Figure S4. XRF spectra of biominerals from monitoring well RA-9 after one month of biostimulation, with the sulfur, iron, 
and arsenic peaks displayed. The XRF red filter, necessary for measuring arsenic, is designed mainly to detect heavy ele-
ments above calcium, explaining the low levels of sulfur in the XRF analysis of arsenian pyrite. . 
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Figure S5. SEM backscatter images of arsenian pyrite from I-2 over the experiment duration. (a) A 15-μm arsenian pyrite 
framboid at 4,000x magnification two weeks post-injection. The framboid appears unconsolidated, with the nanocrystal-
line pyrite loosely held together. (b) An 8-μm arsenian pyrite framboid at 7,000x magnification three months post-injec-
tion. The framboid appears consolidated. (c) An 8-μm arsenian pyrite framboid at 5,000x magnification six months post-
injection. (d) A 6-μm arsenian pyrite framboid at 5,000x magnification nine months post-injection. 
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Figure S6. SEM backscatter image of 8-μm euhedral pyrite crystals at 7,000x magnification from injection well I-2 three 
months post-injection. SEM chemical analysis confirmed the mineral as pyrite and not arsenian pyrite. 
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Figure S7. EMP backscatter images of solids and precipitated biominerals from injection well I-2 one week post-injection. 
(a) Backscatter image of the gold-covered stub (1,000 μm x 900 μm area). (b) Backscatter mapping of iron in the grains. (c) 
S mapping in the grains. (d) As mapping in the grains. 15 grains in the thin sections of each sample were analyzed for the 
EMP mineralogical analysis (considering that some samples during the first week of the experiment had little arsenian 
pyrite formation), and 25 thin sections across the experiment duration were analyzed in the SEM imaging analysis. Over-
all, low concentrations of iron, sulfur, and arsenic are present. 
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Figure S8. EMP backscatter images of solids and precipitated biominerals from injection well I-2 nine months post-injec-
tion. (a) Backscatter image of the gold-covered stub (2,400 μm x 1,950 μm area). (b) Backscatter iron mapping in the grains. 
(c) S mapping in the grains. (d) As mapping in the grains. Overall, these grains and biominerals have higher concentrations 
of iron, sulfur, and arsenic compared to one week post-biostimulation. This increase in iron, sulfur, and arsenic indicates 
that over the course of bioremediation, pyrite increasingly precipitated and sequestered arsenic. These images also indi-
cate the heterogeneity of arsenian pyrite, with arsenic present in the biominerals in certain spots and not evenly distributed 
throughout the grains. 

 


