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Appendix A

July 2003 Gel Probe Deployment

The gel probes were taken into the field on two occasions, July 2003 and October
2003. In July, acombination of clear and HFO gels were inserted into the probe in order to
compare the sorption behavior in HFO gels to a porewater profile in close proximity. Gel
probes were equilibrated for 7 hours. In October, only clear gels were deployed in severa
locations to estimate spatia variability.

There is evidence of As mobilization a depth from the field deployment.
However, the concentrations of Asin the porewater (clear gels) are substantially |ess when
placed with HFO gels than in previous studies and in the October sampling. As the
porewater comes into equilibrium with the clear gels, minimal perturbation is expected due
to the small volume of each ge. However, the HFO gels may perturb the system
significantly by concentrating As and other constituents onto the HFO through sorption,
thus depleting the surrounding porewater. This is possibly reflected in the low
concentrations in the clear gel profile when placed next to HFO gels. The extent of
perturbation is determined by diffusion of constituents from surrounding porewaters, ability
of the sediment to resupply As to the porewater, and kinetic controls on As sorption to

HFO.
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Figure A.l. Profile from July 2003 deployment of gel probe sampler.
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sediment/water interface is at depth = 0. Open triangles are porewater concentrations
(clear gels) and closed boxes are amount of As sorbed in HFO gels normalized to the
amount of Fe per gel. The deployment time for this probe was 7.5 hours. The clear gels
and the HFO gels were deployed simultaneoudly, and were placed within 3 cm of each

other.
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Appendix B

Additional ESEM images

B1l. Methodology

The methods for Environmental Scanning Electron Microscopy (ESEM) and
bacterial incubations are described in Chapter 6. The results presented here are
observations from the HFO only, and HFO with adsorbed As(I11) or As(V). The solids
were either imaged without bacteria or after incubation with bacteria (Shewanella sp.

strain ANA-3 wild-type (WT) or darr A mutant).

B2. HFO mor phology
The surface structure of HFO without adsorbed As or bacteria is shown in Figure
B.1. The images are of one large aggregate of HFO, with increasing magnification. In

Figure B.1d, structures of ~100 nm are visible.




B-2

0]

| e SN e ey |
[ AccY SpotMagn el Wi sSeee—— -t J0pmesesy 202020200 |
[ 700KV 30 7600 GSF 10T 4561

EERWD = 5'1-'.'% T

~ 200kV 3.0 . SE 10.1 45 Torr

AccY SpotMagn Det wD.——— 1 1mm
20.0kV 3.0 385000x GSE 10.1 4.5 Torr

Figure B.1 a-d. Surface structure of HFO only (no adsorbed As). The solid was not
incubated with any bacteria before the images were taken.
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B.3 Fine structures after incubation with ANA-3WT or mutant strain

After incubation with either the WT or mutant strain of ANA-3, severa types of
structures were visible in between or on the surface of the large aggregates of HFO with
adsorbed As(V). The first type of structure is a thin rosette-like formation, characterized
by a round configuration, occasionally with a radial pattern, and 1-10 um in diameter
(Figure B.2A,B). Figure B.2A shows the rosettes directly on the stage, which is visible
as diagona streaks from upper right to lower left. The rosettes were fragile and
destroyed by the electron beam when imaged at a higher magnification, indicating that
they are very thin. Figure B.2B shows a similar rosette structure on the surface of a
larger aggregate. While the composition of the rosettes is unknown, it is possible that
they are a secondary precipitate formed because of microbial Fe(l11) reduction. It is not
known whether the rosettes are formed with As(I11) or HFO only.

The second kind of structure is a thin pitted structure shown in Figure B.2C.
Although this was only observed in HFO incubated with ANA-3 WT, it was only a small
fraction of the total sample, and may have been easily missed. Like the rosettes, its
fragility prevented measurement of its composition, but it could also be a secondary

mineral precipitate.
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Figure B.2. Rosette structures in HFO pre-equilibrated with As(V) and incubated with
ANA-3WT (a) and mutant (b). Pitted structure of HFO incubated with ANA-3 WT (c).
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B4. Bacterial interactionswith the mineral surface

Bacteria can be seen on the HFO surfaces, with and without adsorbed As. They
appear as darker ovas ~1 pum in length, indicated with arrows in Figure B.3ab,c. The
bacteria appear to be encapsulating themselves in a secondary precipitate or borrowing into

the HFO surface (Figure B.3c, Figure B.4a,b,c).
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Figure B.3. ANA-3 WT (a) and ANA-3 mutant (b,c) on HFO pre-equilibrated with
Ag(l11). Arrowsindicate bacteria cells on the HFO surface.
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Figure B.4a-c. ANA-3 mutant on HFO pre-equilibrated with As(l11). Images are taken
from the same particle with increasing magnification. Arrows indicate pits possibly due
to bacteria (b) or probable bacterial cells partially encrusted with secondary precipitates
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Appendix C

Bacterial Minimal Medium

Table C.1. Chemical constituents of the bacterial minimal medium

Chemical Formula Concentration Brand and Purity
Ko,HPO, 0.05g/L Mallinckrodt, AR-ACS, 100.0%
KH,PO, 0.035g/L Mallinckrodt, AR-ACS, 99.8%
NaCl 0.46 g/L Mallinckrodt, AR-ACS, 100.1%
(NH,4),SO, 0.225 g/L Mallinckrodt, AR-ACS
MgSO,-7H,O 0.117 g/L Allied Chemical, 99.5%
NaHCO; 8.4% Mallinckrodt, AR-ACS, 100.2%
NaOH M Mallinckrodt, AR-ACS, 99%
HCI M Mallinckrodt, ACS reagent grade
NaC;Hs04 60% syrup Sigma

NaC,H30,-3H,0 J.T. Baker, 99.9%

Vitamin Mix 5mL SeeTable 5.2

Mineral Mix 5mL See Table 52




Table C.2. Vitamin and minerals used in bacterial minima medium

Vitamin Mix

Biotin 2mg/L
Folic acid 2 mg/L
Pyridoxine HCI 10 mg/L
Riboflavin 5mg/L
Thiamine 5mg/L
Nicotinic acid 5mg/L
Pantothenic acid 5mg/L
B-12 0.1 mg/L
p-aminobenzoic acid 5 mg/L
Thioctic acid 5 mg/L
Mineral Mix

NTA 15¢g/L
MgSO, 3.0g/L
MnSO,4-H,0 059g/L
NaCl 10g/L
FeSO,-7H,0 0.1gL
CaCl,-2H,0 0.1gL
CoCl,-6H,0 0.1g/L
ZnCl, 0.13g/L
CuS0O,-5H,0 0.01 g/L
AIK(SO,) -12H,0 0.01 gL
H3sBO3 0.01 g/L
Na;M 00, 0.025 g/L
NiCl,-6H,0 0.024 g/L
Na,WO,4-2H,0 0.025 g/L
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Appendix D

Gd Probe Field Data

Gel probes deployed in July 2003, October 2003, October 2004, August 2005, and
May 2006 were analyzed according to the methods described in Chapter 3. In July 2003,
October 2003, and October 2004, As, Fe, Mn, and P were measured. In August 2005 and
May 2006, gel probes were anayzed for P, Cr, Mn, Ni, Cu, As, Se, Sr, Mo, Sb, Ba, W, Pb,

and U. Any elements not reported in the tables bel ow were not detected.



Table D1. July 2003 field deployment, clear gels only

Depth As Fe Mn P
(cm) (M) M) M) (M)
-1344  0.02 5.57 008 332
-1280  0.04 6.22 013 397
-1216  0.03 6.07 015 447
-1152  0.02 5.11 009 421
-1088  0.02 6.19 010 438
-1024 003 5.10 008 220
-9.60 0.03 6.83 016 338
-8.96 0.04 9.33 027 280
-8.32 0.02 2.54 007 210
-7.68 0.01 261 008 225
-7.04 0.02 474 012 347
-6.40 0.02 2.59 029 446
-5.76 0.07 8.97 035 617
-5.12 0.04 327 031 530
-4.48 0.02 1.23 028 562
-3.84 0.01 0.45 024 485
-3.20 0.02 1.75 027 558
-2.56 0.00 2.16 024 372
-1.92 0.02 1.68 025 536
-1.28 0.03 3.85 029 579
-0.64 0.02 2.89 029 480
0.00 0.03 2.63 030 487
0.64 0.03 5.24 029 447
1.28 0.02 2.65 029 418
1.92 0.02 1.95 026 433
2.56 0.03 2.49 026 558
3.20 0.04 2.77 029 6.05
3.84 0.07 8.36 030 7.05
4.48 0.04 2.39 029 579
512 0.03 3.18 033 425
5.76 0.04 3.49 034 431
6.40 0.04 2.92 029 376
7.04 0.03 5.08 035 467
7.68 0.02 6.28 027 368
8.32 0.03 1.64 025 478
8.96 0.04 0.85 026 463
9.60 0.02 2.24 029 545
10.24 0.04 4.89 037 511
10.88 0.04 4.25 039 580
11.52 0.03 3.01 033 535
12.16 0.05 5.42 053 618
12.80 0.29 1322 110 440
13.44 0.45 241 225 451
14.08 0.38 2707 282 502
14.72 057 10504 538 570
15.36 052 11705 986 582
16.00 068 21509 797 618
16.64 147 24676 741 822
17.28 348 53391 904 1814
17.92 622 61846 746 3295
18.56 573 72434 1205 3442
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Table D2. October 2003

probe 1, clear gelsonly

Depth As Fe P Mn
(cm) M) @M)  @M) M)
-9.60 0.07 0.00 3.01 0.00
-8.96 0.08 0.00 283 0.00
-8.32 0.04 0.00 3.02 0.00
-7.68 0.09 0.00 2.85 0.00
-7.04 0.05 0.00 221 0.00
-6.40 0.07 0.00 1.74 0.00
-5.76 0.03 0.00 2.60 0.00
-5.12 0.03 0.00 2.09 0.00
-4.48 0.08 0.00 158 0.00
-3.84 0.02 0.00 193 0.00
-3.20 0.02 0.00 175 0.00
-2.56 0.07 0.00 1.02 0.00
-1.92 0.04 0.00 3.36 0.00
-1.28 0.05 0.00 1.39 0.00
-0.64 011 0.00 1.09 0.00
0.00 0.11 0.00 0.96 0.00
0.64 0.12 0.00 0.47 0.00
1.28 0.01 0.00 128 0.00
1.92 0.01 0.00 1.09 0.00
2.56 0.08 0.00 0.15 0.00
3.20 0.08 0.00 0.89 0.48
384 0.19 3.94 1.10 145
4.48 0.41 13.81 121 3.37
512 0.47 24.14 132 2.26
5.76 0.48 14.19 0.62 5.06
6.40 0.51 9.76 0.10 6.48
7.04 0.55 24.84 0.80 752
7.68 0.51 25.65 0.47 6.63
8.32 0.54 28.18 0.43 7.88
8.96 0.68 38.68 0.19 8.89
9.60 0.78 60.83 0.47 6.39
10.24 0.84 70.91 1.78 8.04
10.88 0.86 7241 0.40 812
11.52 0.63 64.39 1.01 7.86
12.16 147 214.28 117 15.39
12.80 191 22312 1.40 11.76
13.44 281 427.90 1.40 18.60
14.08 4.94 375.79 4.07 16.19
14.72 391 432.97 242 15.99
15.36 3.70 515.62 3.42 13.19
16.64 6.55 866.02 6.53 16.04
17.28 7.07 898.07 2.77 17.25
17.92 7.99 774.94 547 17.24
18.56 827 726.76 3.40 18.35
19.20 9.37 690.46  18.31 18.52
19.84 7.69 571.18 8.57 18.12
2112 9.32 709.74  19.63 19.70
21.76 1106 82070 2180 21.78
22.40 1151 84765  23.70 21.37
23.04 1202 88089 3418 21.35
23.68 7.98 613.00 1223 19.06
24.32 1175  990.33 1378 24.94
24.96 9.47 820.14  17.32 18.26
25.60 9.87 746.46 2132 15.52
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Table D3. October 2003 probe 2, clear gelsonly

Depth As Fe P Mn
(cm) (M) (M) (M) M)
2.56 0.62 62.24 0.96 5.12
320 0.85 83.40 3.10 5.07
384 0.94 101.07 2.15 531
4.48 0.87 90.71 1.83 532
5.12 0.89 99.27 134 551
5.76 0.81 101.01 0.84 531
6.40 0.99 9112 4.65 6.62
7.04 1.36 125.10 1.55 9.12
7.68 1.39 136.06 1.83 9.58
8.32 159 136.67 2.32 11.92
8.96 1.48 190.09 1.07 10.31
9.60 2.25 192.87 0.63 10.20
10.24 1.88 205.54 0.19 12.02
10.88 2.03 196.75 1.96 12.74
1152 1.90 199.35 311 7.71
12.16 2.33 221.34 1.86 11.77
12.80 257 276.78 174 12.98
13.44 3.58 292.76 258 15.49
14.08 3.91 321.00 2.25 15.22
14.72 3.32 378.33 6.22 12.15
15.36 2.79 278.93 2.76 11.45
16.00 3.97 353.20 3.83 1291
16.64 411 427.73 8.86 15.87
17.28 5.21 479.22 8.59 15.45
17.92 411 387.73 8.86 15.87
18.56 8.17 41092 2177 15.87
19.20 8.28 41630 1695 16.00
19.84 7.35 45928  17.68 16.53
2048 8.69 464.74 19.55 16.20
21.12 8.33 49256  15.39 19.20
21.76 7.38 49285 1364 18.87
22.40 9.10 49367 1524 17.90
23.04 1048  50L.78 2238 16.82
23.68 9.58 580.85  29.03 18.77
24.32 7.05 61031  12.77 16.53
24.96 8.02 670.75 534 14.39
25.60 7.01 644.02 1344 22.10
26.24 10.76 666.08 16.95 16.00
26.88 7.01 79264 1034 17.00
27.52 6.78 702.75 8.59 15.45
28.16 9.56 734.85 17.68 16.53
28.80 1362 80285 2238 16.82
29.44 9.59 788.55 13.64 18.87
30.08 11.30 743.59 19.55 16.20
30.72 1083 78809 1539 19.20
31.36 1219 89053 1443 13.86
32.00 7.93 666.41 13.66 22.81
32.64 1130 74359 1955 16.20
33.28 9.76 752.51 9.62 15.22
33.92 8.30 795.83 1556 12.15
34.56 1245 94376  19.03 18.77
35.20 9.16 976.50 12.77 16.53
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Table D4. October 2003 probe 3, clear gelsonly

Depth As Fe P Mn
em @M) @EM) @@M) @M)
-9.60 0.09 0.00 4.85 0.00
-8.96 0.10 0.00 3.91 0.00
-8.32 0.07 0.00 2.98 0.00
-7.68 0.07 0.00 5.30 0.00
-7.04 0.08 0.00 2.09 0.00
-6.40 0.11 0.00 158 0.00
-5.76 0.13 0.00 193 0.00
-5.12 0.16 0.00 4.79 0.00
-4.48 0.03 0.00 391 0.00
-3.84 0.12 0.00 354 0.00
-3.20 0.07 0.00 331 0.00
-2.56 0.10 0.00 3.93 0.00
-1.92 0.11 0.00 4.02 0.00
-1.28 0.17 0.00 5.66 0.00
-0.64 0.21 0.00 451 0.00
0.00 0.23 0.00 5.10 0.00
0.64 0.14 0.00 547 0.00
1.28 0.32 0.00 5.01 0.00
1.92 0.24 0.00 6.12 0.00
2.56 0.22 0.00 4.75 0.00
3.20 0.11 0.00 4.30 0.00
384 0.24 0.00 4.69 0.00
448 0.21 0.00 443 0.00
512 0.37 0.00 4.92 0.00
5.76 0.27 0.00 3.99 0.00
6.40 0.19 0.00 4.86 0.00
7.04 0.15 0.00 4.19 0.00
7.68 0.13 0.00 3.94 0.32
8.32 0.27 0.00 5.05 0.48
8.96 0.12 5.82 4.61 0.40
9.60 0.21 14.18 4.24 0.43
10.24 0.16 8.17 411 0.33
10.88 0.13 7.74 3.73 0.32
11.52 0.13 8.72 4.07 0.28
12.16 0.20 15.26 3.95 0.45
12.80 0.20 29.53 3.66 0.39
13.44 0.45 55.78 5.09 0.61
14.08 0.10 10.81 343 0.23
14.72 0.39 33.02 342 0.58
15.36 0.23 19.73 344 043
16.00 0.36 3547 4.33 0.58
16.64 0.37 33.04 4.05 0.64
17.28 0.49 52,51 4.76 0.73
17.92 0.79 97.32 6.85 1.04
18.56 0.61 67.25 5.30 0.82
19.20 0.69 52.47 2.24 128
19.84 0.97 79.59 2.67 2.02
20.48 0.99 78.32 381 1.88
21.12 1.36 98.17 6.68 2.80
21.76 136 12639 436 2.32
22.40 154 10383 9.04 3.64
23.04 1.28 64.89 2.92 3.02
23.68 214 13485 7.36 3.35
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Table D4 continued)
Depth As Fe P Mn
(cm) @M) @©@M) @M) (M)
2432 284 16910 1205 3.85
2560 291 13572 659 430
2624 424 18658 874 553
2688 376 18398 1053 474
2752 237 13865 674 554
2816 251 14459 503 550
2880 222 13267 419 587
2944 257 12357 439 697
3008 253 9482 348 657
31.36 306 10830 1083 5.20
3200 366 12718 1137 544
3264 264 7869 403 483
3328 489 16856 969  7.90
3392 431 17939 1111 594
3456 524 17992 1609 6.04
3520 506 20431 1444 7.09
3584 752 27976 1548 7.90
3648 670 26394 1543 7.36
3712 648 26865 2280 6.20
3776 817 29310 17.87 833
3840 777 29128 1846 658
3904 769 27118 1857 7.2
3968 732 26574 1763 6.70
4032 703 30570 1663 8.28




Table D5. October 2003 probe 4, clear gelsonly

Depth As Fe P Mn
(em) @M)  @M) @M) (M)
-896  0.16 0.00 0.15 0.00
-832 003 0.00 0.16 0.00
-7.68 0.12 0.00 0.16 0.00
-7.04 007 0.00 0.13 0.00
-6.40 0.20 0.00 0.20 0.00
-576 010 0.00 0.14 0.00
-5.12 0.15 0.00 0.13 0.00
-4.48 0.10 0.00 0.20 0.00
-384 007 0.00 0.12 0.00
-3.20 0.06 0.00 0.16 0.00
-256  0.06 0.00 0.13 0.00
-1.92 0.07 0.00 0.15 0.00
-128  0.09 0.00 0.18 0.00
-0.64 0.10 0.00 0.13 0.00
0.00 0.17 0.00 0.23 0.00
0.64 0.11 0.00 0.19 0.00
128 0.09 0.00 0.12 0.00
1.92 0.12 0.00 0.16 0.00
2.56 0.22 0.00 0.14 0.00
3.20 0.33 0.00 0.26 0.00
3.84 0.11 0.00 0.16 1.10
4.48 021 0.00 0.17 2.79
5.12 0.17 5.88 0.12 355
5.76 028 2240 023 5.23
6.40 036 3887 021 7.09
7.04 029 2730 016 6.67
7.68 078 7935 017 7.20
8.32 0.55 50.37 0.13 6.36
8.96 110 11291 022 9.22
9.60 123 9379 017 9.63
1024 182 1428 037 9.64
1088 310 14695 070 1344
1152 312 14325 093 9.93
1216 345 14687 081 1202
1280 325 11669 072 1342
1344 308 12538 064 1272
1408 313 11814 055 1417
1472 273 7810 038 1577
1536 295 10860 035 17.86
1600 321 15135 058 1964
1664 335 12569 051 2531
1728 233 9039 037 1793
1792 248 8986 036 1887
1856 286 12671 040 2098
1920 242 11772 044 1698
1984 328 16061 045 2034
2048 202 7829 040 1307
2112 185 6681 019 1180
2176 175 6961 030 9.67
2240 193 10661 028 1343
2304 210 12814 034 1311
2368 250 17984 036 1818
2432 260 19689 046 17.75
2496 216 19198 048 1577
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Table D6. October 2003 probe 5, clear gelsonly

Depth As Fe P Mn
em ®@M) @M) @@M) @uM)
-8.96 0.02 0.00 1.98 0.00
-8.32 0.08 0.00 2.65 0.00
-7.68 0.04 0.00 312 0.00
-7.04 0.07 0.00 2.97 0.00
-6.40 0.07 0.00 2.78 0.00
-5.76 0.05 0.00 3.22 0.00
-512 002 0.00 175 0.0
-4.48 0.01 0.00 2.29 0.00
-3.84 0.04 0.00 2.04 0.00
-3.20 0.08 0.00 221 0.00
-2.56 0.05 0.00 1.55 0.00
-1.92 0.08 0.00 2.88 0.00
-1.28 0.08 0.00 2.32 0.00
-0.64 0.12 0.00 1.76 0.00
0.00 0.16 0.00 3.4 0.00
0.64 0.09 0.00 1.84 0.00
1.28 0.12 0.00 3.22 0.00
1.92 0.07 0.00 1.70 0.00
256 017 1002 3.07 0.00
320 011 967 247 0.00
3.84 0.21 15.07 391 0.34
4.48 0.34 33.19 5.16 0.58
512 087 3130 406 261
576 038 5751 544 068
6.40 0.31 30.27 491 0.58
704 062 6831 9.08 102
7.68 0.62 88.73 11.62 0.94
8.32 0.17 25.73 477 0.35
8.96 0.60 7473 1040 0.99
9.60 0.55 59.46 8.10 1.05
10.24 0.88 69.21 6.61 2.35
10.88 1.02 57.25 5.09 3.38
1152 137 9624 851 346
1216 053 2424 377 193
1280 059 4105 435 214
13.44 1.10 76.28 7.24 3.59
1408 110 6540 7.04 385
1472 213 9675 1014 575
1536 347 17342 671 070
16.00 3.60 14488 14.75 6.78
16.64 291 11149 1267 6.59
1728 365 14548 1264 872
1792 337 14378 1079 6.90
18.56 281 10041 890 7.35
1920 400 11573 1145 823
1984 470 12026 1035 9.20
2048 472 13573 1716 759
21.12 459 140.72 21.30 6.13
21.76 477 16501 21.05 729
22.40 435 12552 20.26 9.35
23.04 377 12242 17.12 7.66
2368 310 12966 1298 7.66
2432 412 14689 1846 875
2496 423 15198 1548 977




TableD7. October 2003 probe 6, clear gelsonly

Depth As Fe P Mn
(cm) &™) M) @M @M)
-16.00 0.07 0.00 2.60 0.00
-15.36 0.02 0.00 2.09 0.00
-14.72 0.09 0.00 2.85 0.00
-14.08 0.04 0.00 3.36 0.00
-13.44 0.05 0.00 2.92 0.00
-12.80 0.03 0.00 2.36 0.00
-12.16 0.07 0.00 3.12 0.00
-11.52 0.06 0.00 2.70 0.00
-10.88 0.09 0.00 1.96 0.00
-10.24 0.09 0.00 3.25 0.00
-9.60 0.08 0.00 2.65 0.00
-8.96 0.07 0.00 173 0.00
-8.32 0.09 0.00 3.22 0.00
-7.68 0.10 0.00 2.06 0.00
-7.04 0.10 0.00 1.60 0.00
-6.40 0.06 0.00 2.59 0.00
-5.76 0.09 0.00 221 0.00
-5.12 0.12 0.00 3.28 0.00
-4.48 0.09 0.00 3.27 0.00
-3.84 0.07 0.00 2.68 0.00
-3.20 0.11 0.00 3.19 0.00
-2.56 0.08 0.00 3.49 0.00
-1.92 0.06 0.00 219 0.00
-1.28 0.09 0.00 3.79 0.00
-0.64 0.10 0.00 3.07 0.00
0.00 0.20 0.00 3.09 0.00
0.64 0.12 0.00 313 0.00
1.28 0.14 0.00 1.80 0.00
1.92 0.26 13.66 3.74 1.34
2.56 0.31 23.66 3.14 0.00
3.20 0.41 34.66 284 0.00
3.84 0.38 35.79 450 121
4.48 0.31 24.86 3.86 112
5.12 0.49 54.58 4.06 481
5.76 0.60 72.04 9.10 1.97
6.40 0.54 75.45 5.40 5.26
7.04 0.81 106.58 7.04 4.86
7.68 157 119.51 7.98 7.91
8.32 1.00 135.44 5.82 8.15
8.96 0.85 108.96 5.36 7.52
9.60 0.48 121.32 4.58 3.58
10.24 1.26 115.89 7.60 10.57
10.88 1.14 79.70 6.70 8.92
11.52 153 81.65 5.89 9.33
12.16 0.64 72.47 8.43 3.90
12.80 1.59 79.05 6.50 9.82
1344 227 100.82 8.07 8.90
14.08 2.90 109.48 10.82 11.26
14.72 1.86 130.37 8.97 10.13
15.36 2.59 81.90 10.01 11.32
16.00 1.62 57.89 4.42 9.28
16.64 217 86.70 7.83 11.63
17.28 152 63.11  10.18 9.91
17.92 191 81.01 6.75 10.51
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(Table D7 continued)

Depth As Fe P Mn

cm)  @M) @M) @M) @M)
1856 047 57.08 661 246
1920 152 6311 1018 991
1984 201 6175 1136  10.60
2048 266 10409 1233 1293
2112 28 9083 1053 1307
2176 267 11123 1551 1212
2240 256 15109 1402 1243
2304 309 14302 1389 1441
2368 144 13154 906 892
2432 356 16188 1608 1376
2560 279 9564 1037 1178
2624 240 7611 835 1252
2688 207 7428 739 976
2752 210 7462 772 886
2816 256 10554 896 1164
2880 196 16784 1071  12.37
2944 204 10992 1035  9.88
3008 190 10886 2137 978
31.36 299 10030 1189  11.66
3200 233 13773 1139 1270
3264 228 8421 1074 1052
3328 237 13226 1113 1042
3392 157 17477 1167  9.08
3456 281 20522 1125 1541
3520 255 19974 1086 1167




Table D8. October 2004, single probe with HFO and clear gels, probe 1
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HFO-doped gels

Clear gels
Depth As Fe P Mn
(cm) (M) (M) (™M) (M)
0.69 0.00 154.95 1.83 1.01
2.06 0.00 47.80 1.78 9.02
343 0.00 56.12 0.58 13.82
4.80 0.00 43.95 0.44 14.32
6.17 0.33 175.82 0.32 21.29
7.54 0.08 162.48 0.00 17.04
8.91 0.06 179.12 0.00 18.59
10.28 0.00 155.99 0.00 17.32
11.65 0.09 164.48 0.00 17.88
13.02 0.11 217.80 0.00 1957
14.39 0.27 283.38 0.58 21.59
15.76 0.09 226.63 0.00 20.10
17.13 0.27 282.55 0.04 2241
18.50 0.35 317.39 0.00 25.69
19.87 0.19 229.18 0.15 17.09
21.24 0.26 272.80 3.35 21.48
22.61 0.33 282.91 3.48 21.44
23.98 0.75 327.83 6.18 26.21
25.35 1.19 411.27 5.35 24.29
26.72 1.13 428.75 5.54 24.64
28.09 2.00 510.05 11.23 29.51
29.46 1.39 524.74 456 28.32
30.83 1.20 499.85 414 28.81
32.20 0.69 349.76 2.69 17.53
33.57 1.02 361.08 7.74 20.13
34.94 1.70 425.87 357 19.31
36.31 1.73 495.14 281 23.97
37.68 1.92 549.05 3.42 24.93
39.05 1.77 520.30 2.70 23.42
40.42 1.84 542.69 257 26.03
41.79 1.62 476.44 2.25 21.15
43.16 3.45 528.22 22.23 18.65
4453 4.24 584.24  16.06 19.01
45,90 6.65 659.37 29.36 19.52
47.27 5.21 615.02  48.00 17.86
48.64 9.05 860.08 60.89 21.66
50.01 6.93 655.56 78.44 17.95
51.38 11.86 945.84 91.83 23.23
52.75 9.67 844.92 65.59 21.86
54.12 7.63 845.09 37.93 25.05

Depth

(cm) mol Agmol Fe  mol P/mol Fe
1.37 0.0002 0.0020
274 0.0008 0.0023
411 0.0005 0.0014
5.48 0.0007 0.0015
6.85 0.0023 0.0024
8.22 0.0010 0.0013
9.59 0.0009 0.0015
10.96 0.0012 0.0017
12.33 0.0011 0.0018
13.70 0.0017 0.0018
15.07 0.0011 0.0019
16.44 0.0013 0.0017
17.81 0.0017 0.0020
19.18 0.0012 0.0014
20.55 0.0012 0.0014
21.92 0.0017 0.0017
23.29 0.0014 0.0015
24.66 0.0042 0.0044
26.03 0.0027 0.0022
27.40 0.0028 0.0028
28.77 0.0032 0.0023
30.14 0.0032 0.0028
3151 0.0029 0.0021
32.88 0.0028 0.0026
34.25 0.0038 0.0037
35.62 0.0031 0.0023
36.99 0.0047 0.0047
38.36 0.0028 0.0022
39.73 0.0033 0.0025
41.10 0.0027 0.0023
42.47 0.0032 0.0037
43.84 0.0070 0.0080
4521 0.0086 0.0101
46.58 0.0099 0.0131
47.95 0.0115 0.0225
49.32 0.0140 0.0324
50.69 0.0159 0.0341
52.06 0.0106 0.0199
53.43 0.0124 0.0193
54.80 0.0081 0.0115




Table D9. October 2004, single probe with HFO and clear gels, probe 2

HFO-doped gels
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Clear gds
Depth As Fe P Mn
(cm) (M) (M) (M) (M)
-2.74 0.08 35.68 459 0.07
-1.37 0.08 17.06 2.66 0.00
0.00 0.06 12.60 241 0.00
1.37 0.03 8.62 1.94 0.00
2.74 0.03 11.47 2.05 0.00
411 0.14 2285 4.29 1.10
5.48 0.15 4215 2.50 4.25
6.85 0.14 31.09 1.68 5.86
8.22 0.28 56.23 2.28 8.37
9.59 076 14928 322 8.91
10.96 122 28467 253 14.66
12.33 148 35036 247 14.95
13.70 204 42940 235 11.98
15.07 177 36091 277 7.85
16.44 153 43214 235 13.19
17.81 195 53076 378 12.93
19.18 304 65836  5.09 14.91
20.55 443 68682 1496 1229
21.92 590 90769 1390  17.48
23.29 400 69331 1208  16.16
24.66 421 66263 2384 2868
26.03 511 61960 3580  64.06
27.40 623 73315 4714 7662
28.77 478 56394 5054  50.83
30.14 661 75316 39.06  63.64
3151 6.62 83116 5366 5174
32.88 6.29 81467 4137 4175

Depth

(cm) mol As'/mol Fe mol P/mol Fe
-2.06 0.0001 0.0015
-0.69 0.0001 0.0014
0.69 0.0001 0.0014
2.06 0.0001 0.0013
343 0.0002 0.0013
4.80 0.0004 0.0015
6.17 0.0005 0.0012
754 0.0006 0.0013
8.91 0.0012 0.0018
10.28 0.0018 0.0015
11.65 0.0022 0.0017
13.02 0.0036 0.0022
14.39 0.0027 0.0015
15.76 0.0039 0.0022
17.13 0.0032 0.0023
18.50 0.0044 0.0033
19.87 0.0061 0.0044
21.24 0.0073 0.0066
2261 0.0062 0.0047
23.98 0.0073 0.0081
25.35 0.0072 0.0098
26.72 0.0089 0.0173
28.09 0.0089 0.0225
29.46 0.0092 0.0216
30.83 0.0090 0.0199
32.20 0.0090 0.0202
33.57 0.0051 0.0070
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Table D.13. LC-ICP-MS As speciation data from August 2005 double probes 1, 2, and 3

Double Probe 1
depth A1) As(V)
(cm) (uM) (uM)
-4.11 0.28 0.43
-2.06 0.28 0.37
0.00 0.28 0.33
2.06 0.28 0.44
411 0.32 0.62
6.17 0.47 0.89
8.22 0.87 0.90
10.28 1.60 1.14
12.33 0.72 0.76
14.39 0.86 1.19
16.44 0.91 1.13
18.50 1.22 0.99
20.55 2.65 1.44
22.61 3.22 1.59
24.66 2.78 2.03
26.72 343 1.74
28.77 1.95 1.42
30.83 1.21 1.17

Double Probe 2
depth A1) As(V)
(cm) (M) (uM)
0.69 2.50 0.97
4.80 2.20 1.55
8.91 3.29 1.77
13.02 413 1.94
17.13 4,14 1.66
21.24 3.46 1.83
25.35 5.61 2.45
29.46 3.94 2.10
33.57 4.26 1.79
Double Probe 3
depth A1) As(V)
(cm) (HM) (uM)
-4.80 0.06 0.18
-2.06 0.27 0.16
0.69 0.68 1.05
3.43 3.58 0.97
6.17 525 0.77
8.91 7.82 1.18
11.65 7.38 1.64
14.39 6.67 1.19
17.13 6.82 1.32
19.87 5.22 1.64
22.61 1.22 0.76
25.35 0.73 0.58
28.09 0.85 0.65




TableD.14a. May 2006 clear gels

Depth As P Mn Sr w Fe
em @M @M) @M)  @EM) @M) @EM)
-069 045 1874 257 1.33 1.03  79.86
0.00 0.49 5.29 1.54 1.18 049 8191
0.69 0.31 0.00 1.28 0.97 037 2766
1.37 0.44 0.41 2.07 1.07 036 5571
2.74 0.60 8.08 2.77 1.04 038 7216
343 1.07 1323 410 1.20 041  80.93
411 1.19 5.34 477 1.34 046 8931
4.80 1.15 4.20 5.35 1.44 042  108.90
6.17 0.96 5.15 4.32 112 0.38  156.18
6.85 1.43 531 7.78 1.74 056 7341
7.54 0.93 7.30 4.20 1.07 041  139.97
8.22 110 3357 498 1.29 040 8270
9.59 1.23 9.52 5.25 1.34 035 7991
1028 111 6.95 4.98 1.27 039  106.69
1096 168 1033  6.93 1.73 049  99.06
11.65  1.92 9.52 7.68 1.69 048  97.29
1302 210 9.94 7.26 1.61 050 133.36
1370  2.00 8.94 7.94 1.68 054  124.16
1439  1.60 8.28 6.08 1.39 049  114.60
1507  1.70 8.33 7.20 1.61 043  110.35
1644 161 1333 634 1.50 045 10358
1713 1.60 8.60 7.21 1.60 044 9462
1781 164 1064 713 1.64 045  104.73
1850  1.96 983 1093 215 049  111.81
1987 144 3408 813 171 044  96.90
2055  1.96 578 1336 258 048  146.98
2124 192 968 1029 210 046  187.26
2192 176 8.13 8.52 1.83 042  137.02
2329 237 1777 125 1.65 055 13891
2398 178 9.98 6.81 1.58 058 15531
2466 226 1172  6.30 1.37 074 12011
2535 353 2479 516 1.33 087 106.14
2672 404 15036 5.02 1.48 097  166.76
27.40 - - - - - -
2809 540 5326 411 1.42 110  159.29
2877 39 6566 397 1.24 0.82  140.68
3014 -- -- 391 1.23 090 15834
3083 467 2811  5.09 1.52 1.76  156.06
3151 505 4761 435 1.40 118  199.14
3220 486 7918 425 1.37 110  184.46
3357 605 5560 452 1.48 122 211.29
3425 479 3519 460 1.43 110  157.87
3494 351 1187 681 1.52 081  100.87
3562  2.09 5.93 7.29 1.52 052 115386
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Table D.14b. May 2006, HFO-doped gels

Depth
(cm)

mol As'mol Fe  mol P/mol Fe  mol Sr/mol Fe mol W/mol Fe

-0.69
0.00
0.69
1.37
274
343
411
4.80
6.17
6.85
7.54
8.22
9.59
10.28
10.96
11.65
13.02
13.70
14.39
15.07
16.44
17.13
17.81
18.50
19.87
20.55
21.24
21.92
23.29
23.98
24.66
25.35
26.72
27.40
28.09
28.77
30.14
30.83
31.51
32.20
33.57
34.25
34.94
35.62

0.0008
0.0008
0.0019
0.0020
0.0018
0.0012
0.0013
0.0009
0.0018
0.0012
0.0018
0.0028
0.0022
0.0021
0.0036
0.0027
0.0028
0.0021
0.0022
0.0018
0.0022
0.0023
0.0025
0.0024
0.0020
0.0023
0.0016
0.0011
0.0037
0.0034
0.0035
0.0051
0.0044
0.0045
0.0044
0.0050
0.0058
0.0058
0.0048
0.0076
0.0097
0.0078
0.0049
0.0009

0.0139
0.0000
0.0036
0.0230
0.0016
0.0000
0.0000
0.0000
0.0000
0.0000
0.0055
0.0064
0.0057
0.0017
0.0045
0.0023
0.0035
0.0008
0.0141
0.0019
0.0012
0.0039
0.0046
0.0030
0.0010
0.0082
0.0008
0.0000
0.0090
0.0075
0.0086
0.0163
0.0108
0.0156
0.0138
0.0164
0.0184
0.0190
0.0141
0.0189
0.0275
0.0221
0.0115
0.0000

0.0002
0.0002
0.0002
0.0003
0.0003
0.0003
0.0003
0.0002
0.0003
0.0002
0.0003
0.0005
0.0003
0.0003
0.0004
0.0004
0.0004
0.0003
0.0003
0.0004
0.0004
0.0004
0.0003
0.0004
0.0004
0.0004
0.0003
0.0003
0.0003
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0004
0.0003

0.0003
0.0002
0.0004
0.0004
0.0003
0.0002
0.0002
0.0002
0.0002
0.0002
0.0002
0.0004
0.0003
0.0002
0.0004
0.0003
0.0003
0.0003
0.0003
0.0002
0.0002
0.0003
0.0003
0.0003
0.0002
0.0002
0.0002
0.0001
0.0005
0.0007
0.0005
0.0006
0.0006
0.0006
0.0006
0.0006
0.0007
0.0008
0.0006
0.0007
0.0009
0.0008
0.0005
0.0002
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Table D.15. LC-ICP-MS arsenic speciation data for May 2006

Depth  As(IIl)  As(V)
(cm) M) (@M)
069 024 027
411 064 035
754 069 036
1096  1.17 0.59
1439 089 049
1781 101 035
2124 123 056
2466 263 072
2809 314  0.82
3151  3.84 1.13




E-1

Appendix E

Core Analysisand Microcosm Results

E1. A 600 mL container of sediment was defrosted under N in an anaerobic chamber. At
each time point, the sediment was homogenized and a 20 mL aliquot was centrifuged to
separate the bulk solids from the porewater. The porewater was syringe filtered (0.2 um)
and anayzed for dissolved total Fe and Fe(ll) by a colorometric method and As by ICP-
MS.
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E2. Sediment core sections from May 2006 were extracted with 25 mM H3PO,4 under N,
in an anaerobic chamber. The durry was centrifuged, the supernatant was syringe filtered
(0.2 pm) and analyzed by LC-ICP-MS.
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E3. The solid-to-solution ratio was measured by weighing a core section, drying it at 60°C,
and reweighing the sample. The core was taken in May 2006 prior to the gel probe
deployment when the sediment was soft.
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E4. The solid-to-solution ratio was measured by weighing a core section, drying it at 60°C,
and reweighing the sample. The core was taken in May 2006 at the time of gel probe
deployment, when the sediment was hard.
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