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663  Fig. 3. Breakthrough curves of tracers (Br- and DFBA) and silica-shelled silver nanoparticles
664  (SSSNP) from columns packed with water-stable soil aggregates before and after the 20-day
665  Fe(Ill)-bioreduction.
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Fig. 4. Expanded view of breakthrough and elution profiles of DFBA before and after the 20-
day Fe(III)-bioreduction phase.
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669  Fig. 5. Effluent Fe(Il) concentration during the acetate injection phase of the 20-day Fe(III)-
670  bioreduction column experiment.
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673  Fig. 6. Breakthrough curves of tracers (Br- and DFBA) and silica-shelled silver nanoparticles
674  (SSSNP) in pre- (left, a, c, e) and post-acetate (right, b, d, f) treatment transport experiments for
675  60-day Fe(IlI)-bioreduction treatment in the columns packed with water-stable macroaggregates
676  (250-2,000 um). The plots of a, b, ¢, and d are breakthrough curves from replicate acetate-treated
677  columns while the plots of e and f are breakthrough curves from the control column that did not
678  receive acetate injection.
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680  Fig. 7. Concentrations of released Fe(Il) and soil colloids in the effluent during the acetate
681  injection phase of the 60-day Fe(Ill)-bioreduction column experiments.
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685  Fig. 8. The aggregate size distribution of the soil aggregates from the aggregate-packed columns
686  after the conclusion of the 60-day Fe(Ill)-bioreduction experiment. Columns A and B received
687  acetate in the feed solution over a 60-day period. Column C was the control column without

688  acetate injection.
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691  Fig. 9. Readily reducible iron content and distribution of iron-reducing bacteria (Geobacter

692  determined via sequencing of 16S rRNA gene libraries prepared from soil samples) in five

693  depths of the aggregate-packed columns at the conclusion of the 60-day Fe(IlI)-bioreduction

694  column experiment. Columns A and B received acetate in the feed solution over a 60-day period.
695  Column C, the control column, did not receive any acetate. Sections 1 and 5 represent samples
696  collected near the effluent and influent ends of the columns, respectively.
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698 Supplementary Materials
699
700  Table S1. Experimental protocols of transport tests in columns.
Transport Columns
experiments No. Porous media Procedures

Investigation of
effects of iron
oxide on the
transport of
tracers and
nanoparticles

Evaluations of
the effect of
Fe(I1D)-
bioreduction on
the transport of
tracers
(bioreduction
duration of 20
days and 60
days,
seperately)

Goethite-coated
silica

Uncoated silica

Macroaggregates
(250-2000 pm)

Macroaggregates
(250-2000 pm)

Macroaggregates
(250-2000 pm)

Macroaggregates
(250-2000 pm)

Macroaggregates
(250-2000 pm)
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1. Two columns were wet-packed with uncoated and
goethite-coated sands, respectively.

2. The sand columns were flushed with KCl solution
(0.67 mM, pH 6.5) prior to the tracer experiments.

3. The input solution for the sand columns contained Br-
(50 mg/L KBr), DFBA (40 mg/L), and SSSNP (40 ug/L)
in the KClI solution. 4. Breakthrough and elution data of
three tracers were collected.

1. Five columns were dry-packed with Geobactor-
inoculated soil macroaggregates under anoxic
conditions.

2. The soil aggregate columns were flushed with carbon
dioxide to replace the air in soil pores, followed by
flushing with KCI solution (0.67 mM, pH 6.5) to
achieve fully saturated conditions without remaining gas
pockets.

3. Each column experiment consisted of three phases
with constant total ionic strength of solutions (2 mM):

Phase 1: Tracer transport experiments with the KCl
input solution containing Br- (85 mg/L KBr), DPBA (50
mg/L), and SSSNP (40 pg/L).Breakthrough and elution
data of three tracers were collected.

Phase 2: Columns were flushed with artificial
groundwater solution (AGW), which had a total ionic
strength of 2 mM and a pH value of 7.5, consisting of
CaCl2 (0.075 mM), MgCl2 (0.082 mM), KC1 (0.051
mM), NaHCO3 (1.5 mM), trace elements, and vitamins.
The AGW for bioreduction-stimulated column
contained acetate, while the AGW for two control
columns was prepared without acetate. The
bioreducgtion phase lasted for 20 days in two columns
(acetate-treated column 3 and control column 4); while
the other three columns (acetate-treated columns A and
B, and control column C) experienced 60 days of
bioreduction.

Phase 3: The same tracer transport experiments with
Phase 1 were performed at the conclusion of
bioreduction phase.
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703
704

Examinations 5
of the effects of
aggregate size

fractions on the
transport of

three tracers

Macroaggregates
(250-2000 pm)

Microaggregates

(53-250 um)

1. Two columns were dry packed with microaggregates
and macroaggregates, respectively.

2. The soil aggregate columns were flushed with carbon
dioxide, followed by flushing with KCl solution (0.67
mM, pH 6.5) to achieve fully saturated conditions
without remaining gas pockets.

3. Tracer experiments withBr- (50 mg/L KBr), DFBA
(40 mg/L), and SSSNP (40 ug/L) in the KCI solution
were performed in each column.

4. Breakthrough and elution data of three tracers were
collected.

Detection and breakthrough of Br,
DPBA, and SSSNP

Releases of Fe(II) and colloids in the effluents }'—I

Effect of iron oxide:
¢ Goethite-coated silica
¢ Uncoated silica

Extent of acetate-stimulated

bioreduction:
* 20 days
* 60 days

Effect of aggregate size:

* Microaggregates (53-250 pm)

* Macroaggregates (250-2000 um)

Reaction and
adsorption with
solutes and particles

i

Heterogeneity, surface
properties, electric
charge, and structure
breakdown of soil
aggregates

f

Geobacter distribution
in response to acetate

supply

Geobacter
inoculated soil
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|

Input solution containing Br (85
mg/L KBr), DPBA (50 mg/L), and
SSSNP (40 pg/L)

Fig. S1. The schematic diagram of column experiments.
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