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Effect of Composite Passivator on Arsenic Contaminated Soil Passivation
Remediation and Microbial Community Structure

JIANG Shun, WU Jing, CHEN Bo, DING Xilou, HONG Xinzhu, LTIAN Jianjun
(School of Energy and Environment, Anhui University of Technology, Maanshan 243032 China)

Abstract: A novel composite passivator HAP—C was prepared by mixing hydroxyapatite (HAP) and hydrothermal
carbon (HTC). The morphological characteristics, crystal structure, and functional groups of the prepared composite
passivator were characterized using scanning electron microscopy and energy spectrum analysis, X ray diffraction,
and Fourier transform infrared spectroscopy. Taking As-contaminated soil as the research object, the effects of
adding HAP-C with mass fraction of 1%, 3%, and 5% on the physicochemical properties of the soil, arsenic
speciation, and enzyme activity were investigated. High-throughput sequencing technology was used to analyze the
changes in the composition of the soil microbial community. The results show that the prepared HAP—C contains the
main characteristic elements of HAP and HTC (carbon, oxygen and calcium), along with theircrystal structures and
main functional groups (P—O, —OH, C=—0, —CH,—). The addition of HAP—C can reduce the content of
bioavailable adsorbed arsenic in the soil (22.20%—40.26%, mass fraction, the same below), with 3% HAP—C
showing the most significant immobilization effect. The mechanisms by which HAP—C immobilizes arsenic in soil
mainly include surface complexation chemical precipitation, and ion exchange. Adding HAP—C can increase soil pH
(19.56%—-21.51%), electrical conductivity (205.99%-290.91%), and enhance soil organic matter (23.12%—32.16%),
available phosphorus (104.29%—-176.54%) and nitrate nitrogen content (203.33%-250.19%).It also improves soil
enzyme activity and richness and diversity of the microbial species. The relative abundances of Rhodanobacter and
Sphingomonas in arsenic contaminated soil are relatively high. The relative abundances of Rhodanobacter and
Gemmatimonas in 3% HAP—C treatment group are 10.30%-29.06% and 34.94%—48.12%, respectively, compared
with the control group. The addition of HAP—C can not only enhance the passivation effect of As but also improve
the health status of soilt, indicating potential application in As-contaminated soil remediation projects.

Keywords: arsenic; hydroxyapatite; hydrothermal carbon; passivation mechanisms; microbial communities; soil

contamination; soil remediation
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Tab.1 Physical and chemical properties and As content of the tested soil

pH EE,TE'F%E/(mS'cm’I)

A HLE/(gokg ) A ABE/ (mgekg )

B /(gekg)  B/(mgekg )

4.48 0.327 15.62

31.12 1.25 45.58
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Fig.1 Schematic diagram of the preparation process of HAP—C
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Tab.2 Operational step of the characterization methods
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Tab.3 Steps for continuous determination of As form in soil using Wenzel method

%€ J7 ik
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8 10

Energy/keV

Full scale 508 cts cursor: —0.279 (0 cts)
(b) HTC

¥ 8 10
50 um Energy/keV

Full scale 508 cts cursor: —0.279 (0 cts)
(c) HAP-C

E2 HAP,HTC,HAP-C £ SEM/EDS &
Fig.2 SEM/EDS images of HAP, HTC and HAP—C

2.2 SEALFIRT LB RN ERE MY R0

221 AT LB MR
3|, 4265 4 R ASTEEEAE I X 13 pHL, A HLEE (SOM),
i A 00 s HL S (EC), ATHCHE (AP). B S (NHY—N) T
= i BAE (NO;—N) [, E a, b, ¢, d, e R4

W HHIRFEbR 22 7 B (p<0.05), FIH.
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Fig.3 XRD,FTIR images of HAP, HTC and HAP—C FPRE AR SR, X FE R H T HAP-C -
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