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Abstract: Arsenic contamination from roxarsone in livestock manure is common, and livestock manure
continuously accumulates in the open environment. Evaluations of the environmental processes of As
mobilization and transformation are critical for predicting the fate of As compounds after roxarsone
degradation. In this study, spatiotemporal variations in As species and microbial community structure were
characterized using laboratory column experiments with background soil collected from Yanggu County
(northern Shandong Plain, China), a region of intense poultry production. Organic and inorganic arsenic
were detected by high-performance liquid chromatography (HPLC) and HPLC with hydride generation
atomic fluorescence spectrometry (HPLC-HG-AFS), respectively. High-throughput sequencing technology
was used to describe microbial diversity. Results showed that roxarsone was transformed completely within
7 days, and As(lll') and As('V') were the major degradation products. The concentration of As(lll) was much
lower than that of As(V). The As(lll) concentration increased significantly after Day 14, whereas the
As(V) concentration increased significantly after Day 84, indicating that As(Ill) was initially produced.
The microbial community structure changed significantly as roxarsone transformed into various As
compounds. A critical and dominant bacterial strain, norank f Family XVIII, was found to be related to
the degradation of roxarsone into As(Ill). This study improves our understanding of the fate of As species
released from poultry litter to soil and groundwater, which is a threat to human health and environment.

Keywords: Arsenic; Roxarsone; Spatiotemporal variation; Microbial community
Received: 09 Jul 2021/ Accepted: 21 Oct 2021

2305-7068/© 2021 Journal of Groundwater Science and Engineering Editorial Office

low toxicity, its degradation products (As(Il),
As(V), dimethylarsinate (DMA), monomethylar-
sonate (MMA), 3-amino-4-hydroxarsoneyphen-

Introduction

Roxarsone (ROX) is a compound with low toxicity

that has been used worldwide as a feed additive to
promote livestock growth, enhance meat pigmen-
tation, and fight intestinal parasites (Kowalski and
Reid, 1975; Konkel, 2016). However, most ROX is
excreted unchanged to the environment through
poultry urine and manure (Morrison and Louis,
1969). Poultry waste is typically deposited in the
open or applied to farmland. Although ROX has
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ylarsonic acid (HAPA), and other As species) are
more harmful (Rahman et al. 2014). Inorganic
arsenic (I-As, including As(Ill') and As('V)) are not
only more toxic but also more mobile than ROX
(Abedin, 2002). Repeated application of poultry
waste to farmland introduces As compounds into
the environment and increases the risk of soil and
water contamination (Nachman et al. 2005; Liu et
al. 2021). The application of ROX-treated manure
explicitly increases the uptake of different As
species by vegetation significantly (Yao et al.
2016). As(V), As(Il), and DMA are found in
turnip tissues grown in soil treated with chicken
manure bearing ROX and its degradation products,
and the As concentration increases as the rate of

http://gwse.iheg.org.cn


http://gwse.iheg.org.cn
http://gwse.iheg.org.cn
mailto:liyasong712@&lt;linebreak/&gt;126.com
mailto:liyasong712@&lt;linebreak/&gt;126.com
https://doi.org/10.19637/j.cnki.2305-7068.2021.04.004
http://www.gwse.iheg.org.cn

Journal of Groundwater Science and Engineering Vol.9 No.4: 304—316

chicken manure application increases (Yao et al.
2009). The biological quality of soil is suppressed
in manure-amended soil containing ROX and its
metabolites (Yao et al. 2019a). As accumulates
readily in rice and thus soils with abundant free
iron and/or high pH increase the risk of the
straighthead disorder (Yao et al. 2019b). The
application of ROX was banned in the European
Union (European Commission, 1999) and the
United States (US Food and Drug Administration,
2013) because of human and environmental health
issues. However, ROX is still used in many
countries, including Mexico, India, and Argentina
(Arcega-Cabrera et al. 2018; Mondal, 2020). In
China, the use of ROX and arsanilic acid was
banned in 2019 (Ministry of Agriculture of the
People’s Republic of China, 2018); however, ROX
was used for decades, resulting in the accumulation
of large amounts of As in the environment. There-
fore, it is necessary to investigate the environ-
mental fate of ROX after entering into the soil to
understand the threat of ROX to soil and ground-
water pollution.

ROX can be transformed under both abiotic and
biological conditions. Recently, studies have
investigated the removal of ROX by UV/chlorine
(Yang et al. 2021), Fe(II )/chlorine treatment (Wu
et al. 2022), the Co,0,-Y,0s/peroxymonosulfate
system (Chen et al. 2021), thermal treatment (Zhan
et al. 2021), and the solar/hematite/oxalate system
(Chen et al. 2020). Furthermore, microorganisms
play a key role in ROX degradation and have been
shown to transform ROX into different As species
under anaerobic or aerobic conditions. There is a
close relationship between ROX and microor-
ganisms. Here, ROX promotes microbial growth,
and in turn, microorganisms degrade ROX faster
(Li et al. 2020). Under anaerobic conditions, ROX
is transformed rapidly by Clostridium species in
chicken litter enrichments, with the main products
being HAPA and I-As (Stolz et al. 2007). Some
anaerobic bacteria can convert ROX. The first
anaerobic bacterium isolated that transforms ROX
is Alkaliphilus oremlandii OhILAs, which converts
ROX to HAPA and As(V) (Fisher et al. 2008).
Another two exoelectrogenic bacterial strains,
Shewanella oneidensis MR-1 and Shewanella
putrefaciens CN32, also transform ROX under
anaerobic conditions (Chen et al. 2016; Han et al.
2017). Under aerobic conditions, a pure culture of
Enterobacter sp. CZ-1 is isolated from As-con-
taminated paddy soil, and a novel ROX biotrans-
formation pathway is identified. This bacterium is
capable of reducing ROX to HAPA and then
acetylating the product to give N-AHPAA (Huang
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et al. 2019). The genes of ArsEFG play an ess-
ential role in ROX transformation (Chen et al.
2019). The arsM genes are also important for
arsenic volatilization in ROX-loaded digesters
(Tang et al. 2020).

As contamination caused by the entry of ROX
into the environment is necessary to be inves-
tigated because of the risk of As contamination
posing to soil, water, and plants. Previous studies
have focused primarily on ROX transformation
and removal, whereas migration, especially a
detailed description of the whole process of ROX
transformation and migration, remains poorly
understood. In this study, one-dimensional soil
column experiments were performed to charac-
terize As contamination caused by ROX trans-
formation. In addition, the spatiotemporal variation
in the microbial community structure was assessed
to reveal the mechanism of variation in As species
during ROX transformation in soil.

1 Materials and methods

1.1 Chemicals

Roxarsone (ROX purity >98%, Chemical Abstracts-
Service (CAS) No.: 121-19-7, molecular formula:
C¢HcAsNOg, molecular weight: 263.04) was pur-
chased from Mreda Technologies Inc. (Beijing,
China). As(Ill), As(V), MMA, and DMA stan-
dards were purchased from National Institute of
Metrology (Beijing, China). Chromatographic
grade methanol was purchased from Thermo
Fisher Scientific (MA, USA). All other chemicals
used were guaranteed reagent. Deionized water
was used.

1.2 Collection of soil
column construction

samples and

Soils for the experiments were collected from
a field site in Yanggu County (36°07'N,
115°49'E), northern Shandong Plain, China. In
our previous work, As pollution of soil was
found beneath the accumulated feces in a
livestock breeding area (Liu et al. 2017a).
Therefore, background soil samples without
fertilization were taken from a nearby grove for
subsequent column simulation experiments. The
depth to the water table was measured to be
approximately 5 m below the surface. Surface soils
with weeds and leaves were removed, and soil
samples of 0-50 cm in depth were collected and
mixed to ensure homogeneity. Roots, twigs, and
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gravel were removed during this preparation. The
mixed soils were then placed in sealed bags and
taken back to the laboratory. A ring knife
measured the soil bulk density of undried soil to be
1.39 g/em’. In the laboratory, soil samples were
passed directly through a 10-mesh screen without
air drying for soil column loading to preserve as
much of the original moisture content of the soil,
which was 6.02% (w/w). The contents of ROX,
As(Il), As(V), DMA, and MMA were 0, 1.45,
502.65, 0, and 0 pg/kg, respectively. The content
of organic carbon was 6.44 g/kg, and the soil pH
was 7.67. The particle size distribution and the
chemical composition are shown in Fig. 1 and
Table 1, respectively. The particle size distribution
showed that the soil was a silty type, and liquid
would seep slowly.

The particle size of quartz sand used for filling
the soil column was 2.5 mm. Possible impurities,
organic matter, or other substances that would
affect the migration and transformation of ROX
were removed by soaking the quartz sand in 20%
nitric acid and hydrogen peroxide for 2 h and then
washed with deionized water and dried at 105°C
before use.

The columns (Fig. 2) were constructed from
polymethyl methacrylate tubes (100 cm length, 8 cm
inner diameter). Sample connection ports with a
diameter of 1 cm were installed at the top, bottom,
and side of the columns. Sample connection ports
were set on the side of the column at seven depths
of 5 cm, 15 cm, 25 ¢cm, 35 cm, 45 cm, 55 cm, and
65 cm from the soil surface. At each depth, three
parallel sampling connections ports were installed
in different directions. Soils from the three parallel
sampling ports were taken and mixed to form a
composite sample for each sampling time. Before
loading, the inner wall of each soil column was
evenly coated with a layer of petroleum jelly to

prevent the side-wall effect during the simulation
process.

A stainless-steel wire mesh was placed inside
the bottom cap to retain fine particles within the
column during the experiment. Before adding
homogenized soil to the column, acid-washed and
deionized water-rinsed quartz sand was loaded to
30 cm from the bottom of the column to simulate
the aquifer under the vadose zone. The columns
were incrementally packed with soil. Layered
loading was adopted, where every 5 cm of the
column was filled with 350 g soil using a funnel,
which was calculated based on the undisturbed soil
bulk density of the actual site (1.39 g/cm’). Each
increment was compacted by weakly pressing with
a clean pestle to provide uniform compaction. The
soil was filled to a height of 65 cm above the
aquifer to simulate the vadose zone. After packing,
a thin layer of quartz sand was placed on top of the
soil. The water inlet and outlet were placed at the
top and bottom of the column and connected to a
rubber pipe. The outer wall of the soil columns
was wrapped with aluminum foil to eliminate the
influence of light and therefore simulate the vadose
zone. The indoor temperature was controlled at
~20°C by an air conditioner. Six identical soil
columns (No.1-6) were prepared to simulate As
transformation caused by ROX at different time
points.

1.3 Column experiments

After soil columns were filled, water was pumped
to 30 cm from the bottom of the column to
simulate the aquifer. Then, the bottom outlet was
closed, and 200 mL of 100 mg/L ROX solution
was added to the surface of each soil column in a
single application. The high concentration ROX
solution was chosen to induce a significant change

100 5.0
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_ 70} 1335 %0 A
= 60 13.0 % : ’
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© 3l 115 10.0 27.06
201k 110 20.0 46.54
10F 105 45.0 78.02
0 - . . . 0 75.0 94.95
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Size/um 200.0 100.00
Fig. 1 The particle size distribution of soil
Table 1 The chemical composition of soil
Chemical compounds Sio, Al O, CaO Fe,0, MgO K,O Na,O TiO, Others
Proportion (%) 64.65 15.22 6.54 4.46 2.89 2.68 1.81 0.802 0.948
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Fig. 2 Design of the one-dimensional soil column

in arsenic concentration within the simulated soil
column, thereby facilitating analysis of changes in
concentration of the various As forms. Deionized
water was supplied using a peristaltic pump to
simulate the leaching effect from the top of the soil
column. The peristaltic pump was run 12 h con-
tinuously per day with a 0.5 mL/min flow rate.
Then, the bottom outlet was opened, and leachate
from the bottom of the soil column was collected
continuously, which allowed water to flow down-
wards from the top of the column. Every 7 days, a
new bottle would receive the day-long leachate,
which was used as the test solution to detect
various As forms.

Soil samples of different depths were taken from
soil column 1 to 6 on Day 7, 14, 28, 56, 84, and
112, respectively. The soil samples were analyzed
for As species (ROX, As(Ill), As(V), DMA, and
MMA), microbial community structure, and che-
mical elements (Mg, Al, P, K, Ca, Mn, Fe, Cu, Zn,
Cd, and Pb). As species (ROX, As(Ill), As(V),
DMA, MMA) were analyzed in the leachate
samples collected every 7 days.

1.4 Analytical methods

During the soil column experiment, As species
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(ROX, As(Ill), As(V), DMA, MMA), microbial
community structure, and the presence of chemical
elements (Mg, Al, P, K, Ca, Mn, Fe, Cu, Zn, Cd,
and Pb) were examined. HAPA was not detected in
this experiment because of the limitations of
instrument and method development.

Soil samples for As species were lyophilized
and ground. Then, 4 g of ground sample was
extracted with 20 mL of 0.1 M H,PO, and 0.1 M
NaH,PO,-2H,0 (1:9, v/v) (Liang et al. 2014; Fu et
al. 2016). The samples in centrifuge tubes with
extraction solution were placed in a water bath at
55°C for 10 h and then sonicated for 10 min. The
supernatant was filtered through a 0.22-um filter
membrane after centrifugation at 10 000 rpm for
5 min. The leachate was filtered directly through a
0.22-um filter membrane. All filtrates were stored
at 4°C until further analysis.

High-performance liquid chromatography (HPLC
-2030C 3D, Shimadzu Corporation, Kyoto, Japan)
with a Shimadzu C18 column (5 um, 4.6x250 mm)
was used to detect ROX. The mobile phase was
0.05 mol/L KH,PO,:CH,;OH:HCOOH = 90:9:1
(v:iv:v) at a flow rate of 1.0 mL/min. The sample
size was 20 pL. The wavelength for ROX determi-
nation was 254 nm, and the column temperature
was 30°C.

The concentrations of As(Ill), As(V), DMA,
and MMA in the samples were determined by
HPLC with hydride generation atomic fluorescence
spectrometry (Jitian Instrument Co., Ltd, Beijing,
China). A C18 column (ODS3, 5 um, 4.6%250 mm,
Phenomenex Company, Torrance, CA, USA) was
used. The mobile phase was 10 mM NaH,PO, at a
flow rate of 1.0 mL/min. The acid solution was
7.0% HCI (v/v), and the reducing agent was 2.0%
(w/v) KBH, in 0.5% (w/v) KOH.

High-throughput sequencing and chemical ana-
lyses of soils were conducted at Shanghai Personal
Biotechnology Co., Ltd. (Shanghai, China) and
Beijing Zhongke Baice Technology Service Co.,
Ltd. (Beijing, China), respectively.

2 Results and discussion

2.1 Concentrations of As compounds
in soils and leachate during column
experiments

During the 112-day simulation, no ROX was
detected in the soils in different layers of the six
soil columns, indicating that ROX was rapidly
degraded and had been completely transformed
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within the first 7 days. Similarly, the possible
degradation products DMA and MMA were not
detected in the soils, implying that DMA and
MMA were not the major products or that they
were easily transformed into other As compounds.
During the simulation, trace amounts of As were
detected in the leachate at different time points (3.8
pg/L and 24.6 pg/L of As(V) on Day 21 in column
No.4 and on Day 40 in column No.5, respectively).
No other As compounds were detected in the
leachate. These results showed that the ROX
degradation products did not penetrate through the
soil column with leachate during the 112-day
incubation. It was detected that the filled soil was
silty soil, and the permeability of silty soil was
second only to that of silty clay. In addition, it was
prone to accumulation of water at this flow rate,
when the water was injected for 12 h and stopped
for 12 h at the speed of 0.5 mL/min, indicating that
the soil in this filled state had a slow infiltration of
solution. The above causes led to the slow
migration of arsenic compounds in leachate.
As(Il) and As(V) were the major As species
detected and the major degradation products of
ROX in the soil columns (Fig. 3). In the first 56
days, the As(V) content changed slightly; how-
ever, this content increased significantly from Day
84 and continued to increase until Day 112, with
the highest content of 2 258.5 pg/kg at 45 cm.
Concentrations of As(Ill) in the soil samples were
much lower than those of As(V), because As(V)
is more stable and exists more readily under
standard environmental conditions when compared
with that of As(Ill). In contrast to the variation in
As(V) content with time, the As(Ill) content
continued to increase in the first 56 days, with the
highest content of 113 pg/kg at 25 cm on Day 56.
The As(Ill) content decreased after Day 56. ROX
was completely degraded by Day 7, but the
concentrations of As(lll) and As(V) did not
increase significantly by Day 7, indicating that
ROX was not degraded into As(Ill) and As(V)
directly. ROX may be converted into other inter-
mediates initially and then degrade to As(Ill) and
As(V). The As(Ill) concentration increased signi-
ficantly after Day 14, while the As(V) concen-
tration increased significantly after Day 84, indica-
ting that As(Ill) was produced first. The results
described here are similar to the degradation
process proposed by Chen et al. (Chen et al. 2018):
(i) ROX is easily biotransformed to HAPA; (ii)
HAPA is cleaved through an Arsl-catalyzed diary-
lation reaction yielding As(Ill); and (iii) As(Ill) is
transformed to As(V) via biotic or abiotic oxida-
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Fig. 3 Spatiotemporal variation in As(IIl) and As(V)
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tion. The presence of soluble trivalent iron most
likely promotes ROX reduction (Chen and Rosen,
2016).

Variation in As(lll) and As(V) concentrations
with depth showed that both As(Ill) and As(V)
migrated and were enriched at specific depths in
the soil. As(Ill) was enriched mainly at a depth of
15-35 cm, whereas As(V) was enriched primarily
at a depth of 35-55 cm. These results indicated that
35-55 cm depths were more oxygenated, resulting
in As(V) accumulation. The redox conditions are
different at different depths, and the As species are
closely related to the redox conditions. The redox
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environment of the vadose zone does not always
tend toward a reducing environment with increa-
sing depth, so that an oxic environment may occur
in the deep horizon (Chen et al. 2017).

2.2 Effect of chemical elements on As
species

The chemical composition of the soil at different
depths was analyzed to determine the effect of
other chemical elements on As species (Table 2).
Correlation analysis showed that there was a
significant positive correlation between As(V) and
As(Ill) (p<0.01). A significant negative corre-
lation was observed between As(V) and Mg, Al,
and Ca, while As(Ill) had a significant negative
correlation with Mg. Studies have shown that Ca
and Mg may promote the migration of As (Sarkar
et al. 2007). Therefore, migration of As may have
been faster in regions where Ca and Mg content
are high, and these regions also contain lower
levels of As species because of the higher levels of
Ca and Mg. Nitrogen content had a significant
positive correlation with total organic carbon
(TOC); however, no significant correlation was
observed between As species and total organic
carbon. The geological origin of As can be related
to various elements (Mn, Fe, P, F, Cl, V, B, Zn,
Cu, and TOC) (Cao et al. 2014). In this study, As
was not foundto correlate with most of the
chemical elements analyzed, suggesting that the As

observed was not from rock weathering or a
natural origin, which further confirmed that most
of the inorganic arsenic found in the soil column
was converted from the added ROX. This analysis
also indicated that migration and transformation of
high concentrations of As from exogenous sources
were less affected by chemical elements, except Ca
and Mg in the soil, and may be more affected by
microbial action and leaching.

After As is released from ROX, the geochemical
speciation and bioavailability of As are affected by
soil properties. Inhibition or activation of As in soil
is closely related to pH, organic matter, metal
oxides, and the clay content of soil (Masscheleyn
et al. 1991; Datta et al. 2006; Fu et al. 2011). Soil
As bioaccessibility is enhanced by total P and total
Ca + Mg contents, whereas soil electrical conduc-
tivity and clay content can reduce soil As bioaccessi-
bility (Sarkar et al. 2007). Soil exchangeable Ca
has been shown to promote I-As uptake in garland
chrysanthemum fertilized with chicken manure
contaminated with ROX metabolites (Yao et al.
2017). A complex interaction between Ca and
As in soil-plant systems has been shown to ex-
ist. The absorption of ROX metabolites by plants
increases the risk of human exposure to As through
the food chain, especially in regions with Ca-rich
soils, which is one of the major soil types in China
(Boopathy et al. 1998) and around the world
(Gorontzy et al. 1993). Fortunately, ROX and
arsanilic acid have been banned from use after
May 1st, 2019 in China, reducing the health risk

Table 2 Correlation analysis of arsenic (As) species and chemical elements

As(V) As(IIl

Nitrogen content TOC

Pearson Significance Pearson

correlation (bilateral)

Significance
correlation (bilateral)

Pearson Significance Pearson Significance

correlation (bilateral) correlation (bilateral)

Mg —0.596**" 0,000 -0.333*@ 0,031 —0.041 0.798 —0.180 0.255
Al —0.430** 0.005 —0.232 0.139 —0.163 0.303 -0.144 0.361
P —-0.029 0.853 0.011 0.947 —0.111 0.482 0.141 0.375
K —0.220 0.161 —0.101 0.526 —0.227 0.149 -0.125 0.429
Ca -0.351%* 0.023 —0.181 0.252 -0.370%* 0.016 -0.275 0.078
Mn -0.282 0.070 -0.089 0.576 -0.290 0.063 -0.224 0.154
Fe —0.148 0.349 —0.024 0.881 -0.271 0.082 —0.066 0.676
Cu 0.013 0.934 0.090 0.571 -0.296 0.057 0.014 0.927
Zn —0.196 0.213 —0.071 0.656 —0.300 0.053 -0.214 0.174
Pb 0.191 0.225 0.209 0.184 —0.246 0.117 0.105 0.509
As(V) 1.000 0.448%** 0.003 -0.079 0.618 0.303 0.051
As(ll)  0.448%* 0.003 1.000 -0.182 0.249 0.100 0.529
Nitrogen —0.079 0.618 -0.182 0.249 1.000 0.443%* 0.003
content
TOC 0.303 0.051 0.100 0.529 0.443%* 0.003 1.000

Note: (1) ** Correlation is significant at the 0.01 level; (2)* Correlation is significant at the 0.05 level.
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arising from the use of animal manure bearing
ROX and its metabolites (Hu et al. 2019).

2.3 Spatiotemporal variation in micro-
bial community structure

2.3.1 Alpha diversity

The ACE, Shannon, and Shannoneven indices of
alpha diversity were chosen to analyze the varia-
tion in community richness, community diversity,
and community evenness over time, respectively
(Fig. 4). The coefficient of variation (CV) was
used to represent the differences between groups at
different depths. The average ACE increased
during the first 28 days, fell sharply on Day 56,
and increased again. The community richness was
highest on Day 28. The CV of ACE did not change
substantially during the first 28 days, after which it
declined slightly between Day 56 and Day 84 and
then increased significantly on Day 112. The differ-
ence in community richness at different depths was
the largest on Day 112. Variations in the Shannon
and Shannoneven indices were consistent over
time. The community diversity and evenness
decreased during Day 7-56 and then increased after
Day 56. The community richness, diversity, and
evenness were lowest on Day 56. The microbial
community was stable in the initial soil. Then, with
the addition of ROX and the generation and
migration of As species, the diversity and evenness
of the microbial community decreased because the
microorganisms needed to adapt to new environ-
ment. After the microbial community had adapted
to the new environment, the diversity and evenness
of the microbial community increased in the latter
stages of the experiment.

2.3.2 Variation in microbial community structure

Principal coordinate analysis (PCoA) on genus
level showed that the samples at different depths
clustered together on Day 7. In contrast, samples at
different depths from other time points varied
noticeably (Fig. 5). The microbial composition was
similar among different depths, and there was
minimal difference in the abundance of dominant
strains on day 7 (Fig. 6). The dominant strains on
Day 7 were norank ¢ Subgroup 6 and Gaiella.
After Day 7, the microbial composition of different
depths varied significantly, and the dominant
strains were more obvious. The most dominant
strains,norank f Family XVIII,wasonlydetected
after Day 7 and not detected on Day 7. The
abundance of strain norank f Family XVII in-
creased significantly before day 56 and then decre-
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Fig. 4 The variation in alpha diversity indices over
time. CV: coefficient of variation

ased after Day 56 (Fig. 7). Spearman correlation
heatmap between dominant species and environ-
mental factors showed that strain norank f
Family XVIII had a significant positive correla-
tion with As(Il) (p<0.001) (Fig. 8), and the
increase in As(Ill) concentration promoted the
growth of strain norank f Family XVII. The
phylogenetic tree of dominant strains (Fig. 9)
showed that strain norank f Family XVII was
independent and significantly different from the
other strains detected.

The strain of norank f Family XV I was not
detected in the background soil; however, this
strain began to appear after the addition of ROX,
indicating the degradation of ROX into As(Ill)
influenced the abundance of norank f Family
XVII in soil. The strain of norank f Family
XVII belongs to order Clostridiales of phylum
Firmicutes, which was reported previously to
contain As-associated bacteria. Some strains of
phylum Firmicutes are dominant strains associated
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Fig. 6 Relative microbial community abundance on genus level of different soil depths at six sampling times
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with ROX degradation in the laboratory batch
experiment (Liu et al. 2017b).
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3 Conclusions

The spatiotemporal variation in As species and
microbial community structure after ROX entering
soil was characterized using one-dimensional
column experiments. The following conclusions
were drawn: (i) In soil, ROX was rapidly con-
verted to inorganic arsenic (As(Ill) and As(V)),
and the concentrations of As( V) were much higher
than those of As(Il). In silty soil, arsenic
compounds migrated slowly and did not penetrate
through the soil column with leachate during the
112-day incubation. (ii) The addition of ROX
decreased the diversity and evenness of the
microbial community. The dominant strain, norank
f Family XVII, was related to the degradation
of ROX into As(Ill). The strain of norank f
Family XVIII belongs to the order Clostridiales of
phylum Firmicutes, which was reported previously
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to contain As-associated bacteria. There is a close
interaction between microorganisms and ROX.
Microorganisms can degrade ROX. At the same
time, the microbial community is also affected by
changes in As species.

In conclusion, ROX can be rapidly degraded

http://gwse.iheg.org.cn

into inorganic arsenic under microbial action after
entering the environment, posing a serious threat to
the safety of soil and plants. Although arsenic
compounds migrate slowly in fine-grain soil,
accumulation over a long time represents a poten-
tial contamination issue to groundwater.
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