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Procedures used to pack soil columns

Soil columns were dry-packed using previously developed procedures (S7). For
each column approximately 3.2 g dry soil was packed into an Omnifit borosilicate glass
column (10 cm x 0.66 cm, Bio-Chem Valve Inc., Boonton, NJ). The total length of the
packed soil was approximately 6.5 cm. The packed soil was retained by 10 um stainless
steel screens (Valco Instruments Inc., Houston, TX) on both sides of the column. The
packed soil columns were first purged with CO; gas (purity > 99%) for 30 min. Then,
the columns were flushed with DI water at a flow rate of 3 mL/h for 20 h. The trapped
CO; air bubbles in the columns can dissolve in water quickly and this procedure allows
the soil to reach complete water saturation easily (S2). Afterwards, approximately 180
mL electrolyte solution containing 0.5 mM NaCl was pumped through each soil column
to stabilize soil colloids. The flow velocity was gradually adjusted to the experimental
flow velocity as listed in Table 1. The pH of the influent solutions in all column
experiments was within the range of 6.5—6.9 (Table 1). No noticeable change of pH was

observed in the effluents.
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Sorption experiments of PCB to soil

The sorption isotherm of PCB to Lula A was obtained using a previously
developed method (S3, §4). First, a series of amber EPA vials each containing 3.0 g soil
and approximately 40 mL of the same background solution used in the column
experiments (0.5 mM NaCl, pH = 6.7 + 0.2) were prepared. Then, different amount of
PCB stock solution (in methanol) was added to the vials using a micro-syringe, and the
volume percentage of the methanol stock solution was kept below 0.1% to minimize co-
solvent effects. The vials were filled with the background electrolyte solution
immediately to leave minimal headspace and then tumbled end-over-end at 3 rpm for 7 d
(the time required to reach sorption equilibrium was predetermined). Afterwards, the
vials were centrifuged at 3000 rpm for 30 min, and the supernatant was withdrawn to
analyze the concentrations of PCB. The sorbed mass at each equilibrium concentration
was calculated from the measured concentration in the solution based on mass balance.

Each sorption data point was run in duplicate.
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Determination of nCg concentration using an oxidation-extraction protocol

An oxidation—extraction method developed by Fortner et al. (S5) was used to
determine the concentration of nCg stock suspension and to verify nCegy concentrations of
selected samples in this study. The oxidation—extraction method was also combined with
the TOC analysis method to check the residual of toluene within the nCg, aggregates of
the nCg stock suspension. The measured nCgy concentrations using the two methods are
very close, indicating that the mass of residual toluene within the nCey aggregates was
negligible.

First, 10 mL nCg stock solution, 4 mL 0.1 M Mg(ClO4), and 10 mL toluene were
added to a 40 mL glass EPA vial. The vial was sealed and mixed vigorously for 1 h.
After extraction of nCg into the toluene phase was complete, the vial was left in a
refrigerator until the water phase froze. Then, the toluene phase was withdrawn to
measure the UV absorbance at 333 nm. The concentration of nCgo was then determined

based on a pre-established calibration curve of Cg in toluene.
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Detailed description of desorption experiments

Desorption isotherms

Step 1 (adsorption step). First, a series of amber EPA vials each containing
approximately 40 mL of 6.7 mg/L nCg suspension were prepared. Then, different
amount of PCB stock solution (in methanol) was added to the vials using a micro-syringe,
and the volume percentage of the methanol stock solution was kept below 0.1% to
minimize co-solvent effects. The vials were filled with the background electrolyte
solution immediately to leave minimal headspace and then tumbled end-over-end at 3
rpm for 7 d (the time required to reach adsorption equilibrium was predetermined). At
the end of the 7-d adsorption the aqueous suspension of PCB—nCgy mixture in each vial
was passed through a size-exclusion PD-10 column (GE Healthcare, Buckinghamshire,
UK), and the concentration of nCgy and the mass of PCB in the filtrate were measured
(see Analytical methods). Quality control experiments show that over 98% nCg can pass
through the column, but no dissolved PCB can pass through (Figures S4 and S5,
Supporting Information). Thus, the measured PCB mass in the filtrate (denoted as “m;”)
is essentially the mass of PCB adsorbed to nCy at the end of the adsorption step. The
dissolved mass at the end of the adsorption step can be calculated by subtracting m; from
the total mass of PCB added to the vial in the beginning of the adsorption step (denoted
as “mg”).

Step 2 (Desorption step No. 1). The filtrate from the previous step (approximately
38-39 mL) was equilibrated for 7 d to allow redistribution of PCB mass between nCg
and the aqueous solution. Note that at the beginning of this step (i.e., immediately after

the filtrate was collected) the filtrate contained essentially no dissolved PCB (because all
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the dissolved PCB was detained by the PD-10 column). This drove the desorption of
PCB from nCg to the aqueous solution, until new equilibrium was reached. Upon
desorption equilibrium the aqueous suspension of PCB—nCgy mixture was passed through
a fresh PD-10 column, and the concentration of nCgg and the mass of PCB in the filtrate
were measured. The measured PCB mass in the filtrate (denoted as “m;,”) was the mass
of PCB adsorbed to nCg at the end of desorption step No. 1. The dissolved mass at the
end of the desorption step No. 1 was calculated by subtracting m, from m;. Thus, the
equilibrium concentration of PCB adsorbed to nCg and the concentration of PCB in the
aqueous phase at the end of desorption step No. 1 can be obtained.

The procedures described in Step 2 were repeated to obtain additional repetitive
desorption data. A total of three desorption steps were conducted. PD-10 columns from
selected experiments were cut into pieces and Soxhlet-extracted with acetone for 24 h to
check mass balance; the recovery of PCB was above 95%.

Desorption kinetics

First, the procedures of Step 1 mentioned above were carried out. Then, the
filtrate collected from Step 1 was equilibrated to allow desorption of PCB from nCg to
the aqueous solution (which contained no dissolved PCB immediately after the filtrate
was collected). At selected time intervals small aliquots of the aqueous suspension were
collected. Each sample was passed through a PD-10 column to determine the adsorbed
mass of PCB on nCgo and the concentration of nCg, and then the concentrations of PCB
adsorbed to nCgg at different time intervals were obtained.

All the adsorption and desorption experiments were conducted at room

temperature (23 + 1 °C).
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Figure S1. Schematic illustration of the experimental apparatus for column tests.
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Figure S2. Time required to reach adsorption equilibrium of PCB to nCg (2.5 mg/L). C
is freely dissolved PCB concentration at time ¢; Cy (12.4 png/L) is the total PCB
concentration in the solution at # = 0. Error bars indicate standard deviation of triplicate

samples.
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Figure S3. Loss of PCB during the filtration of PCB solution with a 0.02-um Al,O;

membrane. Error bars, in some cases smaller than the symbol, represent variability of

duplicate samples.
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Figure S4. Breakthrough of 200 mL 10 pg/L PCB through a PD-10 Column.
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Figure S5. Breakthrough of 5 mL 5.8 mg/L nCs through a PD-10 column. The total

mass recovered from the effluent—calculated by integration of the breakthrough curve—

was 98%.
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Figure S6. Testing of potential quenching effect of nCg on radioactivity measurement

of "*C-radiolabeled PCB. No quenching effect of nCgy was observed.
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Figure S7. Comparison of nCgy concentration and PCB/phenanthrene (PHEN)
concentration in the effluent. (a) Exp. 1; (b) Exp. 3; (¢) Exp. 5. Note that PCB
concentration in the effluent increased after approximately 15 PV in Figs. S7a and S7b,
even though nCg concentration remained relatively constant. A possible explanation is
that the deposition of nCgy within the soil column covered some surface of the soil

particles and therefore inhibited the sorption of dissolved PCB to soil.
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Figure S8. Sorption isotherm of PCB to Lula A.
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Figure S9. (a) Adsorption isotherm of PCB to nCep; (b) partitioning coefficients of PCB
(Co =12.4 png/L) with respect to different nCgp concentrations; (c) adsorption isotherm of
phenanthrene to nCe (2.0 mg/L). The freely dissolved concentrations of
PCB/phenanthrene in the influents of the column experiments (Column 9, Table 1) are in

general within the ranges of the equilibrium Cy, values.
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Figure S10. (a) Sorption kinetics of PCB to Lula A (0-24 h); (b) sorption kinetics of

PCB to Lula A (0-2 h). Data was obtained by equilibrating 3 g soil in 40 mL PCB
solution (initial concentration = 12.5 pg/L) and monitoring dissolved PCB concentration

with time.
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Figure S11. Comparison between percentage breakthrough of PCB with: (a) percentage
of PCB mass in the adsorbed state in the influent (column 8 of Table 1); and (b) PCB
concentration on nCe (Lg-PCB/mg-nCe) in the influent. nCgy concentrations in the

influent are: 12.2 mg/L (Exp. 1), 5.10 mg/L (Exp. 7) and 2.20 mg/L (Exp. 8).

% breakthrough of PCB = PCB concentration in the effluent «100%

total PCB concentration in the influent

PCB concentration on nCgg in the influent =

(total PCB concentration in the influent) x (fraction of PCB mass in the adsorbed state)

nC,, concentration in the influent
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Table S1. Summary of Physicochemical Properties of nCgo and DOMSs.

Property nCeo FA HA BSA
Molecular weight i 300 * 1100° 69000 "
(Da)
Radius of
particles/gyration 86 0.77* 1.1° 32°
(nm)
Zeta potential
(mV) 42 i i i
Isoelectric point <1.0¢ - - 4.8°
Carbon mass e e f
percentage (%) 100 52 53 47
Surface charge . .
negative - - negative

atpH=7

 from Ref. S6;
® from Ref. S7;
¢ from Ref. S8;
4 from Ref. S9;
¢ from Ref. S10;
f from Ref. S71.


http://baidu.dailiav.com/browse.php?u=56305305279d1dd4e2Oi8vZW4ud2lraXBlZGlhLm9yZy93aWtpL0lzb2VsZWN0cmljX3BvaW50&b=13

Table S2. Summary of the Parameters Used in the Calculation of R Values.

Column properties Influent properties
Exp. R*
No. Soil @ /'z tr’ng) f) Contaminant nCeo/DOM (L[/<lgg) (IEI/)E;A) R OCGDI?;/L)
1 Lula A 1.44 0.45 PCB nCgo 287 5.01E+5 12.2 130
2 Lula A 1.49 0.43 PCB - 287 - 0 996
3 Lula A 1.37 0.48 PCB nCeo 287 5.01E+5 12.8 112
4 Lula A 1.41 0.46 PCB - 287 - 0 881
5 Lula B 1.58 0.40 phenanthrene nCeo 32.7 2.51E+4 1.55 125
6 Lula B 1.41 0.46 phenanthrene -- 32.7 -- 0 101
7 Lula A 1.46 0.44 PCB nCgo 287 7.94E+5 5.10 190
8 Lula A 1.47 0.45 PCB nCgo 287 7.94E+5 2.20 342
9 Lula A 1.39 0.47 PCB HA 287 3.16E+4 22.6 496
10 Lula A 1.47 0.44 PCB FA 287 3.16E+4 18.3 609
11 Lula A 1.40 0.46 PCB BSA 287 3.16E+4 19.7 539
"R=1+ &( K, j :
o \1+ K pom - CDOM
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Table S3. Fitted Biphasic Kinetic Parameters for PCB Desorption from nCg

and PCB Sorption to Lula A.

Fitted parameters of two-compartment kinetic model *

Data set 7
F ki (b F. ky (b c C. (ng/L R’
Desorption 0.683 3.07 0.315 0.170 229 0.999
without Tenax ° (0.050) (0.40) (0.047) (0.101) (5.76) ’
Desorption with 0.489 3.49 0.512 0.153 164 0.999
Tenax ° (0.018) (0.26) (0.016) (0.011) (1.92) ’
Sorption to Lula 0.876 99600 0.124 1.22 . 0.754 0.999
A (0.011) (0) (0.022) (0.05) (0.103) ’
q—dq.

* Desorption kinetic data was fitted with: =F e +F,-e™", and sorption

QO _qe

o .. C-C
kinetic data was fitted with ﬁ =F e +F,-e™". g, qoand g. represent

€

adsorbed PCB concentrations at time # (h), time zero and desorption equilibrium; C,
Cy and C; represent dissolved PCB concentrations at time # (h), time zero and
adsorption equilibrium; &, (h™) and &, (h™") represent apparent first-order rate
constants for the rapid and slow adsorption/desorption fractions, respectively; F; and
F, represent mass fractions associated with the fast and slow adsorption/desorption
fractions, respectively. Values in the parentheses indicate standard error associated
with the fitted parameters.

® Data in Figure 4a was used.

¢ Data in Figure S10 was used.
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