Acknowledgements

First of all, I would like to thank my advisor, Dr. Madeline Schreiber, for all her support
throughout my work at Virginia Tech. I would also like to thank Dr. Maurice Valett and
Dr. J. Donald Rimstidt for valuable guidance. I would like to thank Athena Tilley for
running the ICP-AES samples and Dr. Chang for running microwave digestion of soil
samples. I appreciate Mary Harvey for helping me with various things in lab. I am also
grateful to Brendan Brown, for helping me collecting soil samples, and Clayton Loehn
for running microprobe analysis. I am also very grateful to every hydro group members. I
would also like to thank my wife, Shrabanti Basu, and my family for their support.

Without them, I would not be able to reach my goals in life.

iii



Table of Contents

ADSITACT. . .o i
ACKNOWIEAZEMENLS. ... .ot il
Table Of CONENES. ... .ot e v
LSt Of FagUICS. ..ttt e vi
List Of Tables. . ...ui e vii
LINtrOdUCLION ..ot e e 1
B 11 T4 D 1P 2
B MEthOMS. . . 3
3.1 Reagents and standards.............ooooiiiiiiiii i 3
3.2 Soil and rock sample collection and preparation..............c.ooeviiiiieiieniniinnnnn 4
3.3 Sequential extraction method.............cooiiiiiiiii i 4
3.4 Modifications of the Turpeinen method................ooiiiiiiiiiiiii i, 6
3.4.1 Desorption experiment of As using phosphate solution.............................ee. 6
3.4.2 Extraction of arsenopyrite and scoOrodite. ............ooeiiiiiiiiiiiiiiiiiia e, 6
3.4.3 Quality CONtrol. ... .o 7
3.5 ATSENIC ANALYSIS. .. uuiietitt ettt e 7
3.6 Imaging and elemental Mapping: ........cc.ovriitiiiiiiiie i 7
A RESUILS. ..t 8
4.1 Results from sequential Xtraction............ooeiiuiiiiiiiiiii i 8
4.1.1 Total digestion TeSUILS. ... ..oouiietit it 8
4.1.2 Distribution of arsenic in different phases................oocoviiiiiiiiiiiiiiiiin.n, 10
4.1.3 Effect Of @rain S1Z€. ... .ovuuiinii ittt 11
4.1.4 Desorption of As by phosphate............cooiiiiiiiii 12
4.1.5 Sequential extraction of arsenopyrite and scorodite on sequential extraction...... 12

4.2 Results from imaging, elemental mapping and electron microprobe analysis.........13

4.2.1 SEM/ EMPA 0Of S€dIMeNts. ......oouuitiiiiii i 13
4.3 SEM/EMPA 0f hoSt TOCKS. ... uviiiii e, 19
B Y 1Y I 10 T 19
4.3.2 Elemental mapping of host rock minerals...................oooiiiiiiiii i 20

iv



4.3.3 Elemental distribution of arsenic in hoSt rOCK. .........uueeieeeeeeeciea 22

S DISCUSSION. . ..ttt ettt et et e 23
5.1 Arsenic partitioning in BAM sediments...... .......cooiiiiiiiiiiiiiiiiiiian 23
5.2 arsenic partitioning in host tock.............oiii i 25
5.3 Reservoirs and Possible Release Mechanism for Asat BAM....................oo... 28
6. CONCIUSIONS. . ..ttt e 29
RETCIENCES. . ..t 30
APPENAIX. ...ttt 32



List of Figures

Figure 1: Topographic site map of Brinton Arsenic Mine.................coovveieiiennen... 3

Figure 2: Average distribution of % of arsenic in different phases for mine tailing
sediments and stream channel sediments..................cooviiiiiiiiiiiiea.. 10

Figure 3: Weight % of As associated with oxides (Step 2+4) in mine tailing and stream

SEAIMENt SAMPLES. ... .viet ettt 11
Figure 4: Release of As in sequential extraction from scorodite and arsenopyrite........ 13
Figure 5: SEM images of grains from sediment samples................coooiiiiiiiinn. 15
Figure 6: % Fe in iron oxides determined by EMPA..................ooiiiiiiiiin, 16
Figure 7: Weight % As associated with iron oxides determined by EMPA............... 17
Figure 8: Weight % As associated with scorodite determined by EMPA.................. 18
Fig 9: % As associated with arsenopyrite determined by EMPA....................... ... 19
Figure 10: SEM images of scorodite/arsenopyrite. .........couevvivieienieniinninneennnnnnnnn. 20
Figure 11: Elemental maps of arsenopyrite with scorodite and elemental S ............ 21
Figure 12: Elemental maps of arsenopyrite grain with scorodite........................... 21
Figure 13: Arsenopyrite grain with zones of scorodite................coooeiiiiiiiiiiiiinn, 22
Figure 14: Arsenopyrite grain with outside intermediate zone of sulfur................... 23
Figure 15: Eh-pH diagram..............ooiiiiiiiiiii e 27

vi



List of Tables:

Table 1: The Turpeinen Extraction procedure..............ccooviviiiiiiiiiiiiiniinniannn.. 5
Table 2: Total digestion data.............cviiniiiiiiii i e, 9
Table 3: Effect of grain Size..........oeoiuiiiiiii e 12
Table 4: Comparison of adsorbed AS..........coviiiiiiiiiiiiii e 12
Table 5: Mineral distribution in sediments. .............covieiieiiiiiiiiiiiennne. 15
Table 6: % of As, Fe and S associated with Fe-oxide............................... 17
Table 7: Weight % of Fe, As and S in scorodite..............cooeieiiiiiiiiiiiiiiinin. 18
Table 8: Weight % of Fe, As and S in arsenopyrite............ooeveiiiiiiiiiienninnennnnn. 19

vii



