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S1. Supplementary Texts
S1.1. Materials
S1.1.1. Soil

The sampling depth of soil sampling was 5-20 cm, and dried naturally after
removing stones and plant residues. The dried soil was sieved through 20 meshes and
fully mixed with a certain concentration of arsenic solution. The target arsenic
contaminated soil was obtained after aging and culturing for one month with a moisture
content of about 35%.

51.1.2. Preparation of PRB Filler Fe/Mn/C-LDH

In this study, the waste bamboo scraps from the bamboo processing industry in
Guangxi were selected as the original structural template. Through a series of
modification processes such as pretreatment, precursor solution leaching, washing,
drying and muffle furnace calcination, the PRB material for the remediation of arsenic-
contaminated soil by electrically driven enhanced permeable reactive wall was prepared.
The specific preparation method is as follows:

Fe/Mn/C-LDH composites were prepared by co-precipitation method at a constant
pH value using 100 mesh sieved bamboo charcoal as a template.

1. Preparation of bamboo charcoal: (i) The bamboo was cut into blocks of about 30 mm
x 10 mm x 3 mm, and immersed in 5.00 % dilute ammonia water for 6 h at 100 °C.
The bamboo after soaking was washed with deionized water and dried in an oven at
80 °C for 24 h. (ii) The dried bamboo was placed in a muffle furnace and calcined at
600 °C for 3 h. Sample 1 was obtained by grinding and passing through a 100-mesh
sieve. (iii) The obtained sample 1 was immersed in concentrated nitric acid and boiled
in an oil bath at 110 °C for 2 h, then washed with deionized water until the pH value
was neutral, and dried at 80 °C to obtain a bamboo charcoal template.

2. Preparation of Fe/Mn/C-LDH by co-precipitation method: (i) According to the molar
ratio of Fe:Mn of 2:1, quantitative ferric chloride and manganese chloride were
weighed and dissolved in ultrapure water to obtain a mixed solution of iron and
manganese with a concentration of 1 mol/L. (ii) The prepared bamboo charcoal
template was immersed in ultrapure water to make it fully wet. The pH value of the
solution system was adjusted to 11.5 with 3.2 M sodium hydroxide and 1M sodium
carbonate solution. (iii) Fe-Mn mixed solution and mixed alkali solution were added
dropwise to the mixed solution of bamboo charcoal template with a pipette to obtain
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the mixed solution system for preparing materials. During the preparation process,
the pH value of the mixed solution system was controlled at 11.5. (iv) The mixed
solution was stirred for 2 h and then placed in a water bath at 60 °C for 24 h. (v) The
solution was taken out and cooled to room temperature, and it was filtered and
washed until the pH was neutral. Then it was freeze-dried. The dried product was
Fe/Mn/C-LDH material.

51.2 Construction and Operation of EK-PRB Device

The experimental reactor of this study is a self-made EK-PRB device. The schematic
diagram is shown in Figure 1 and the physical diagram is shown in Figure S1. The whole
EK-PRB device is customized from organic glass. The main components of the device
include a DC power supply, soil filling chamber, electrolysis chamber, electrolyte
collection tank, circulating pump and electrode plate.

1. Soil chamber: length x width x height (10.0 cm x 5.0 cm x 5.0 cm). Both ends of the
soil chamber are connected to the cathode and anode electrolysis chamber, and the
middle is separated by a perforated organic glass plate. When filling the soil, a 300
mesh filter cloth should be placed between the soil and the partition, and a PRB
material wrapped by the filter cloth should be placed in the middle of the soil. The
type and filling amount of the material can be determined according to the type of
pollutant and the amount of remediation.

2. Electrolysis chamber: length x width x height (5.0 cm x 5.0 cm x 5.0 cm), separated
from the soil chamber by a perforated organic glass plate. There is a clamping slot in
the middle, and different electrode plates can be placed. The upper and lower ends
of the outer side of the electrolytic chamber are respectively provided with a pipe
orifice with a diameter of 1.0 cm, which can not only ensure the water level balance
of the electrolytic chamber and the soil chamber but also maintain the concentration
of the electrolyte unchanged by externally connecting the electrolyte collection tank.

3. Electrolyte collection tank: 500 mL capacity, collect the electrolyte overflowed from
the electrolysis chamber, and connects the reflux peristaltic pump through the
peristaltic tube to make the electrolyte of the collection tank continuously flow in the
electrolysis chamber. Control the water level and solution concentration of the
electrolysis chamber.

51.3 Analysis Methods

51.3.1. Soil Physical and Chemical Properties

The pH value and electrical conductivity (EC) of the treated soil were measured by
pH and EC meters (pHS-3E, Shanghai, China) after extraction with deionized water using
a soil/water ratio of 1:2.5 (pH) and 1:5 (EC). The redox environment of arsenic in soil was
described by measuring the redox potential of soil pore waters [1].

51.3.2. Analysis Method for Arsenic Content

In detail, 2.5 g of dry soil was mixed with 50 mL TCLP extraction, and oscillated at
25 °C for 18 + 2 h. Besides, to determine the total and residual arsenic content, 0.2 g of dry
soil was digested in 10 mL of aqua regia in a boiling water bath for 2 h. The arsenic
concentration and leaching toxicity concentration were analyzed by inductively coupled
plasma spectrometer (Optima 7000DV, Waltham, MA, USA) [2].



Nanomaterials 2023, 13, 325 3 of 4

S2. Supplementary Tables

Table S1. The physical and chemical properties of soil before and after pollution.

Organic Alkali Hydrolyzed Available Target Arsenic

Soil pH ( :,E/Sm) (:1};,) Matter Nitrogen Phosphorus  Concentration
" (g/kg) (mg/kg) (mg/kg) (mg/kg)
Background soil 5.35 50.12 422 25.31 91.35 9.01 -
Arsenic 635 268 381 - - - 500

contaminated soil

* The selection of target heavy metal pollution concentration was based on the field investigation
data of Guangxi contaminated site remediation project; * “—" represented not detected.

Table S2. The extraction of heavy metals from soil by improved BCR method.

Arsenic Form Extraction Experimental Condition Soil/Water
Acid dissolved state 20 mL 0.1 M HOAc Oscillated at 25 C for 16 h 1:40
Reducible state 20 mL 0.5 M NH:OH HCI Oscillated at 25 C for 16 h 1:40
. 10 mL 8.8 M H202 . . .
Oxidizable state 50 ML1 M NH:OAC Water bath heating at 85 C 1:10
Residue state HCI~HNOs~HF~HCIOx4 Electric heating plate digestion ——

S3. Supplementary Figures

Figure S1. Electric drive enhanced permeable reactive wall device diagram.
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