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Abstract

Purpose Dissimilatory arsenate[As(V)]-respiring prokaryotes (DARPs) were consider to be the major player driving the
reductive mobilization of As from solid phase. Mn(II) commonly coexists with DARPs in the environment. However, lit-
tle is known about how Mn(II) affects the DARPs-mediated reductive mobilization of arsenic so far. This work aimed to
address this issue.

Method Three As-contaminated samples were collected from the arsenic-contaminated shallow soils. We examined the
diversity and activity of the DARP population in the soils, and detected how Mn(II) affected the DARPs-mediated reductive
mobilization. We also investigated how Mn(II) affected the arrA gene abundances and bacterial As(V)-respiring activities.
Results We observed that a unique diversity of genes encoding As(V)-respiratory reductase were widely present in the shallow
soils. The soils possessed high As(V)-respiring activities by using multiple electron donors. Microcosm assays indicated that
compared to the microcosms without excessive Mn(II), addition of additional 10.0 mM Mn(II) to the microcosms led to 140.2%,
121.3%, and 257.8% increases of the microbial community-mediated As(IIl) release from the three soil samples. To further
confirm this finding, a novel DARP, Bacillus sp. RM19 was ioslated from the samples. Microcosm assays with this cultivable
DARP showed that the presence of additional 10.0 mM Mn(Il) resulted in a 23.9% increase of the RM19-catalyzed As(III) release
from the soils. Taken together, Mn(II) greatly enhances the As(V)-respiring prokaryotes-catalyzed reductive mobilization of As
from soils.

Conclusion This work provided new knowledge about the relationship between the biogeochemical cycles of As and Mn,
and gained a new insight into the mechanism for the dynamic changes of As concentrations in contaminated groundwater.

Keywords Dissimilatory arsenate-respiring prokaryote - Arsenic mobilization - Arsenic-contaminated soil - Mn(II) -
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1 Introduction

Yifan Xu and Wanxia Shi contributed equally to this work.

Arsenic (As)-contaminated groundwater occurs in most countries
in the World, and approximately 4.6-22.0 million people are
directly or indirectly exposed on the groundwater containing
As concentrations higher than the WHO standard (10 pg/L)
(Rodriguez-Lado et al. 2013; Wang et al. 2019; Podgorski and
Berg 2020). A question was thus raised: how was the arsenic-
contaminated groundwater formed? Originally, arsenic exist-
ing as minerals is undissolved and non-toxic to organisms.
However, under the biological, chemical and anthropogenic
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actions, the insoluble arsenic became to be weathered and
dissolved, and finally recharged to the groundwater (Kudo
et al. 2013; Muehe et al. 2016; Hugq et al. 2020). Many investi-
gations suggest that microorganisms, especially dissimilatory
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As(V)-respiring prokaryotes (DARPs), play a key role in
promoting the reductive mobilization of As from solid phase
(Ohtsuka et al. 2013; Cai et al. 2016; Chen et al. 2017; Kudo
et al. 2013). DARPs were shown to be capable of anaerobically
reducing As(V) into As(III) coupled the oxidation of multiple
inorganic and organic reductants, including acetate, citrate, pro-
pionate, pyruvate, formate, succinate, glucose, lactate, hydro-
gen, sulfide, and yeast extract (Chen et al. 2017, 2020; Wang
et al. 2014; Ghosh and Sar 2013). The functional protein is
the As(V)-respiratory reductase (Arr), consisting of ArrA and
ArrB subunits. The arrA gene was a genetic marker for identi-
fication of DARPs (Saltikov Newman 2003; Song et al. 2009).
Some studies suggest that DARPs are able to directly reduce
As(V) on the surfaces of synthetic minerals, and thus capa-
ble of mobilizing As in solid phase (Kawa et al. 2019; Guo
etal. 2015; Cai et al. 2016).

In addition to microorganisms, many environmental other fac-
tors were found to play roles in the mobilization of As, contribut-
ing to dramatic fluctuations of As concentrations in groundwater
(Reza et al. 2010; Chen et al. 2017; Kumarathilaka et al. 2018;
Chen et al. 2020). It was shown that sulfate enhanced the DARPs-
catalyzed release of As(IIl) from As-contaminated soils by
increasing the As(V)-respiratory reductase gene abundance in the
soils (Wang et al. 2017). In contrast, nitrate inhibited the DARPs-
mediated release of As(IIT) from solid phase by decreasing the
As(V)-respiratory reductase gene expression (Zhu et al. 2019).
These investigations suggest that environmental inorganic sub-
stances drive the fluctuations of As concentration in groundwater.

Mn(II) commonly exists in the soils, aquifers, rivers,
lakes, and sediments (Maity et al. 2020; Wu et al. 2010;
Moskovchenko et al. 2017). It was shown that the concen-
trations of Mn(II) in As-contaminated groundwater are
varied between 0.5 and 100 mg/L, suggesting that DARPs
and Mn(II) coexist in the habitats of DARPs (Machado
et al. 2019; Xie et al. 2009; de Meyer et al. 2017; Rahman
et al. 2021; Dong et al. 2022). However, little is known about
how Mn(II) affects the DARPs-mediated As(III) release
from solid phase. This study aimed to address this issue by
using microcosm assays with both microbial community
and a cultivable DARP strain. The findings gained from
this work would provide new knowledge on the interaction
between the biogeochemical cycles of As and Mn, and help
us to better understand the mechanism for the dynamic fluc-
tuations of As concentrations in contaminated groundwater.

2 Materials and methods
2.1 Collection of As-contaminated soils
Arsenic-contaminated soils were collected from a Shimen

Realgar Mine-affected vegetable field (29°38'49.95 N,
111°01'55.81E), located in the Shimen Town, Changde

City of Hunan Province. The Shimen Realgar Mine had been
the largest realgar mine in Asia for many years. However,
because the mining activities led to severe contaminations of
heavy metal in the surounding environment, it was closed in
1996. There were a few of lettuces sporadically distributed
in the vegetable field, suggesting that the field has not been
abandoned yet. Soil samples were collected by digging with
spade from a depth of approximately 60 cm. Only intact soil
blocks were collected. The samples must not be contaminated
by rain, sweat, dirty hand, and surounding soils. All samples
were placed into anaerobic bags immediately, and shipped
to the laboratory as soon as possible.

2.2 Determination of chemical contents

Total content of arsenic in the soils was analyzed on AFS
after the soils were treated with aqua regia as described
previously (Chen et al. 2017). NO5;~ and NO,™ concentra-
tions were examined using ion chromatography. Dissolved
As(IIT) and As(V) were examined by HPLC-AFS (High Per-
formance Liquid Chromatography linked to Atomic Fluores-
cence Spectrometry). Soluble Fe(Il) and Fe(III) were simul-
taneously determined with ferrozine reagent.

2.3 Examination of bacterial As(V)-respiring
activities

Before active microcosms were prepared, soluble arsenic in
the soil was washed and removed. Soil microcosm was pre-
pared by mixing 2.5 g soils to 17.5 mL oxygen-free MM
(minimal mineral) medium in an anaerobic bottle, amended
with 2.0 mM As(V) and each of 10.0 mM citrate, L-malate,
propionate, lactate, p-fructose, formate, succinate, pyruvate,
glycerol, or butyrate as electron donor. The sterilized soil
microcosms were included as controls. All of the bottles were
anaerobically cultivated at 30°C until the reactions were fin-
ished. At an interval of 12 h, 0.4 mL of suspensions was col-
lected from the bottles. The collected suspensions were cen-
trifuged and the supernatant were taken from the bottles for
measurement of the concentrations of As species.

2.4 Identification of different genes encoding
As(V)-respiratory reductase

Soil total DNA was extracted and purified using Sigma
GenElute™ Kit. PCR reaction was performed to amplify
nearly full-length gene of As(V)-respiratory reductase with
primers shown in Table S1. Produced DNA was recovered
and ligated into a standard T vector for screening positive
clones and sequencing. A phylogenetic tree of the obtained
ArrA proteins and their homologues were generated as
described previously (Chen et al. 2020).
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2.5 Effects of Mn(ll) on the microbial
community-mediated As(lll) mobilization

To conduct the microcosm assays, 2.0 g solid substance was
put to 18.0 mL of oxygen-free MM medium, supplemented
with 10.0 mM lactate and 10.0 mM Mn(I1), or without Mn(II)
in a 30-mL anaerobic bottle. The same slurries were auto-
claved serving as parallel controls. All of the bottles were
anaerobically cultured at 30 °C. At an appropriate interval,
approximately 0.5 mL of suspensions was collected from the
bottles for detecting the concentrations of soluble As, Fe,
and lactate.

2.6 Isolation and identification of a new DARP

Active microcosms were prepared by mixing 2.0 g soils
to 18.0 mL of the oxygen-free MM medium amended with
3.0 mM As(V), and 10.0 mM lactate in a 30-mL anaerobic
bottle. The bottle was cultivated at 30°C until all As(V) was
anaerobically converted to As(IIT). About 1.5 ml of suspended
mixtures was collected from the bottle, and mixed with fresh
MM medium amended with the same substances for another
round of enrichment. After 2-3 rounds of enrichments, sin-
gle bacterial strains were isolated and purified on agar under
anaerobic conditions. To clone the 16 S rRNA gene sequence
of the DARP strain, the isolate was cultivated, and the bacterial
cells were collected for genomic DNA preparation by boiling
method. An almost complete microbial 16 S ribosomal RNA
gene was PCR-amplified with primers 27F and 1492R, and
the produced DNA was shipped to Shenggong Biotechnol-
ogy Corp. (Wuhan) for sequencing. To examine the As(V)-
respiring activity of the isolate, bacterial cells in logarithmic
phase were inoculated to MM medium with 1.0 mM As(V)
and 10.0 mM lactate under anoxic conditions. The anaerobic
bottles were cultivated until all As(V) was reduced to As(III).
At an appropriate interval, 0.35 mL of the bacterial suspensions
was collected from the bottle for analyzing the concentrations
of soluble As(III).

2.7 Effects of Mn(ll) on the cultivable
DARP-mediated release of As(lll)

Bacterial cells in logarithmic phase were inoculated to
the autoclaved As-contaminated soil-derived microcosms,
which were generated by inoculating 2.0 g soils to 18.0 mL
of MM medium in a 30-mL bottle under anaerobic condi-
tions. The microcosms were further amended with 10.0 mM
lactate and 10.0 mM Mn(I), or without Mn(II). All of
the mixtures were cultivated at 30 °C until all As(V) was
reduced to As(III). At an appropriate interval, approximately
1.5 mL of mixtures was collected from the bottles for detec-
tion of the concentrations of soluble As, Fe, and lactate.
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3 Results

3.1 Geochemical features of the As-contaminated
soils

Three As-contaminated soil samples were collected from
R1, R2, and R3 sampling sites in the Shimen Realgar Mine-
affected vegetable field. As shown in Table S2, the samples
R1, R2, and R3 contained extremly high contents of total As
(12,646.5, 14,502.1, and 31,990.6 mg/kg), but much lower
concentration of soluble As (3.0, 194.4, and 545.8 mg/kg).
The three samples also contained SO,>~ (60.7, 1980.9,
and 58.1 mg/kg), Mn (300.3, 990.2 mg/kg, ND), Fe (38.4,
31.4 g/kg, ND), NH4Jr (64.5, 57.5, and 75.9 mg/kg), and
NO;™ (3.0, 100.5, and 895.3 mg/kg).

3.2 As(V)-respiring activities of the soils

For the sample R1, when each of 10.0 mM citrate, L-malate,
propionate, lactate, D-fructose, formate, succinate, or pyruvate
was amended to the microcosms, about 7, 3, 7, 3, 3, 7, 3, and
7 days were needed to anaerobically-reduce all As(V) into
As(IIT), respectively. This suggests that the microbial com-
munity in R1 soils had high As(V)-respiring activities by using
multiple electron donors, and most preferred to use malate,
lactate, p-fructose, or succinate (Fig. 1a). For the sample R2,
when each of 10.0 mM citrate, L-malate, propionate, lactate,
p-fructose, formate, succinate, or pyruvate was amended to the
soil-derived microcosms, about 3, 10, 3, 3, 3, 3, 7, and 3 days
were needed to reduce all As(V) to As(II), respectively. This
suggests that the microbial community in R2 soils also pos-
sessed significant As(V)-respiring activities by using multiple
electron donors, and most preferred to use citrate, propionate,
lactate, p-fructose, or pyruvate (Fig. 1b). Similarly, for the
sample R3, when each of 10.0 mM citrate, L-malate, propion-
ate, lactate, p-fructose, formate, succinate, pyruvate, glycerol,
or butyrate was amended to the microcosms, about 14, 3, 8,
10, 22, 7, 10, 13, 13, and 7 days were needed to reduce all
As(V) to As(III), respectively. This indicates that the micro-
bial community in R3 soils had high As(V)-respiring activities
by using multiple electron donors, and most preferred to use
malate (Fig. 1c).

These data suggest that the shallow soils possessed appar-
ent As(V)-respiring activities by using multiple electron
donors, and each sample had its own unique most preferred
one.

3.3 Diversity of the ArrA proteins from samples

A partial gene sequence of the ArrAs from As-contaminated
samples was amplified by PCR and analyzed by sequencing
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and bioinformatic methods. We identified 19 different ArrA
proteins from the three As-contaminated soil samples, which
were referred to as RAr1-19 (Fig. 2). RArl, RAr3, RAr6,
and RAr9 genes were cloned from R1 sample. RAr15 and
RAr16 genes were from the R2 sample. RAr2, RAr4, RArS,
RA17, RA18, RAr10, RArl1, RAr12, RArl3, RAr14, RArl7,
RArl18, and RAr19 genes were from R3 sample. RAr1-19
share 74.3-91.2% sequence homology to each other. A phy-
logenetic tree containing RAr1-19 sequences and their known
homologues were constructed with an ArrA protein from
Pyrobaculum arsenaticum DSM 13,514 as the outgroup. As
shown in Fig. 2, RAr18 and RAr19 formed an independent
branch, showing 81.8% and 81.7% sequence homology to the
ArrA protein from Geobacter sp. OR-1, respectively, sug-
gesting that RAr18 and RAr19 represent a new subfamily of
ArrA proteins (Fig. 2). The sequences of RAr15, RAr16, and
RAr17 show 65.5%, 78.1%, and 61.7% maximum homology
with the ArrA protein from Chrysiogenes arsenatis DSM
11,915, respectively. The four ArrA proteins were affiliated
to the same group. RAr11, RAr12, RArl3, and RAr14 share
83.6-89.1% homology with the ArrA from Geobacter sp.
OR-1, suggesting that they belong to an ArrA family. RArl1,
RAr2, RAr3, RAr4, RAr5, RAr6, RAr7, and RAr8 formed
an independent branch, showing 73.9-85.3% sequence

homology to the ArrA proteim from Aeromonas sp. JH155,
Geobacter uraniireducens; this suggests that the eight RAr
proteins constitute a novel subfamily of ArrA proteins. RAr9
and RAr10 shares 90.9% and 88.9% sequence identity to the
ArrA proteins from Geobacter uranitreducen and Geobacter
uranitreducen Rf4, respectively (Fig. 2).

Taken together, we showed that highly diverse DARPs
were distributed in the shallow As-contaminated soils.

3.4 Mn(ll) increases the microbial
community-mediated reductive mobilization
of arsenic

We performed microcosm assays using the R1, R2, and R3 soil
samples that were amended with 10.0 mM Mn(II) or without
excessive Mn(II) (Fig. 3a—f). After 21 days of anaerobic incu-
bation, approximately 4.23, 3.14, and 2.56 mM As(III), and
0.17,0.26, and 0.17 mM Fe(II) were released from the micro-
cosms of R1, R2, and R3 without excessive Mn(II), respec-
tively. In comparison, when 10 mM Mn(II) was amended
to the microcosms, after 21 days of anaerobic incubation,
about 10.16, 6.95, and 9.16 mM As(IlI), and 0.22, 0.33, and
0.28 mM Fe(Il) were released from the active microcosms of
the three samples, respectively. This suggests that the additions

@ Springer



3170

Journal of Soils and Sediments (2022) 22:3166-3175

Fig.2 A phylogenetic tree

of ArrAs identified from the
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of 10.0 mM Mn(II) to the microcosms led to 140.2%, 121.3%,
and 257.8% increases of the releases of As(IIl), and 29.4%,
26.9%, and 64.7% increases of the releases of Fe(Il) from the
microcosms of the three samples, respectively.

We also examined the changes of lactate concentrations in
the microcosms during the assays (Fig. 3g). For the microcosm
assays without 10.0 mM Mn(II), after 14 days of anaerobic
incubation, the concentrations of lactate in the microcosms
of R1, R2, and R3 decreased from 10.0 mM to 3.7, 3.8, and
3.1 mM, respectively. In contrast, if 10.0 mM Mn(II) was
added to the microcosms, after 21 days of incubation, all lac-
tate was consumed up in all the microcosms of R1, R2, and R3.

This data suggests that the addition of 10.0 mM Mn(II)
greatly promoted microbial community-mediated the
reductive mobilization of As(III) from the microcosms.

3.5 Characterization of a new indigenous DARP
strain from the soils

To further confirm the above findings, it is neces-
sary to perform microcosm assays using an indigenous

@ Springer

ABP4991 (Pyrobaculum arsenaticum DSM 13514)

As(V)-respiring bacterial strain. We thus isolated a new
DARP from the sample R1, which was referred to as
RM19. Based on the phylogenetic tree analysis (Fig. 4a),
RM19 was classified as a new member of the genus Bacil-
lus. We thus named RM19 as Bacillus sp. RM19.

Bacillus sp. RM19 has significant As(V)-respiring
activity. It was capable of anaerobically reducing all
1.0 mM As(V) to As(III) in 48 h (Fig. 4b). In addition,
RM19 possesses nitrate-respiring activity, capable of
anaerobically reducing 3.0 mM nitrate into nitrite in
50 days (Fig. 4c¢).

3.6 Mn(ll) greatly enhances the Bacillus sp.
RM19-mediated reductive mobilization of arsenic

Microcosm assay was used to detect how Mn(Il) affect Bacillus
sp. RM19-mediated reductive mobilization of As(IIl) from the
sample R2. We found that after 21 days of anaerobic incuba-
tion, approximately 4.6 mM As(III) and 0.3 mM Fe(Il) released
from the microcosms without 10.0 mM Mn(II) (Fig. 5a and b).



Journal of Soils and Sediments (2022) 22:3166-3175

3171

Fig.3 The effect of Mn(II)

on the microbial community-
mediated reductive mobilization
of As and Fe in the soil sam-
ples from the Shimen Realgar
Mine-affected vegetable field as
examined using microcosm
assays. a release of As(III) from
R1; b release of Fe(Il) from R1;
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In comparison, if 10.0 mM Mn(II) was amended to the micro-
cosms, after 21 days of incubation, approximately 5.7 mM
As(IIT) and 0.5 mM Fe(II) were released from the microcosms

R2 R3

(Fig. 5). This suggests that Bacillus sp. RM 19 was able to sig-
nificantly promote the reductive mobilization and release of
As from As-contaminated soils, and the addition of 10.0 mM
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Mn(II) led to 23.9% and 45.1% increases in the Bacillus sp.
RM19-catalyzed release of As(IIl) and Fe(II), respectively.

4 Discussions

Dissimilatory As(V)-respiring prokaryotes were shown to
play a key role in promoting the reductive mobilization
of arsenic from As-contaminated solids (Drewniak and
Sklodowska 2013; Liu et al. 2022). Many other factors
also are involved in controlling the transformation and
mobilization/immobilization of arsenic (Wang et al. 2017;

Fig.5 The effects of Mn(II) on
the Bacillus sp. RM19-mediated
mobilization and release of
As(IIT) (a) and Fe(II) (b) from
the Shimen Realgar Mine-
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Zhu et al. 2019; Chen et al. 2020). All the biological,
chemical, and anthropogenic factors work together, lead-
ing to the frequent fluctuations of arsenic concentrations
in contaminated groundwater. However, it remains to be
investigated for how chemicals/contaminants in the envi-
ronment affect the DARPs-mediated reductive mobiliza-
tion of arsenic from solid phase. Our group is interested
in addressing this issue.

Mn(II) ubiquitously exists in the soils, surface water,
groundwater, and sediments. Mn(II) commonly coexists
with DARPs in the As-contaminated soils and aquifers (De
Meyer et al. 2017; Rahman et al. 2021; Dong et al. 2022).
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For instance, in Bangladesh, most As-contaminated wells
also contained high concentration of Mn(II) (Rahman
et al. 2021). Therefore, it is interesting to investigate how
Mn(II) affects the DARPs-mediated reductive mobilization
and release of arsenic from solid phase. To address this
issure, we collected soil samples from As-contaminated
vegetable field. We found that the geochemical param-
eters of the three samples differed greatly from each other
(Table S2); however, all of them were characterized of
containing extremely high contents of solid arsenic. This
provided enough substrates for detecting the activities of
DARPs to catalyze the reductive mobilization and release
of arsenic from solid phase. To detect the As(V)-respiring
activities of microbial community in the soils, the samples
were washed to remove soluble arsenic, and then mixed
with MM medium for preparation of microcosm assays
(Fig. 1). We added 2.0 mM soluble As(V) as substrate
to each of the microcosms. Because soluble As(V) has
much higher priority to be anaerobically reduced than
solid As(V), before all soluble As(V) was reduced into
As(IIT), almost no significant amount of arsenic in solid
phase was reductively mobilized and released. Therefore,
the As(V) in soil phase was not utilized as the substrate by
the microbial communities, and can be negligible for these
assays. The results suggest that all the As-contaminated
soils had apparent As(V)-respiring activities using each of
multiple small-molecule organic substances as an electron
donor, and each sample has its own unique electron donor
recipe (Fig. 1).

On the basis of the fact that diverse DARPs were dis-
tributed in the collected As-contaninated soils, we conduct
performed microcosm assays with both microbial communi-
ties and cultivable As(V)-respiring bacterial cells to explore
how Mn(I) affects the microorganisms-catalyzed reduction,
mobilization, and release of As from soils. Because Mn(II)
is an essential nutrient for bacteria, we thus used excessive
Mn(II) to perform the assays. We found that Mn(II) greatly
increased the microbial community and DARP-catalyzed
reductive mobilization of both As and Fe. This finding pro-
vided new knowledge for the interaction between the bio-
geochemical processes of Mn and As.

Moreover, it was a commonly accepted view that the
existence of Mn is negatively correlated with As release
(Kumarathilaka et al. 2018; Keimowitz et al. 2017; Muehe
et al. 2016). However, based on our finding, this descrip-
tion is incomplete and not accurate. Mn oxidation status
generally includes Mn(II), Mn(III), Mn(IV), Mn(V), and
Mn(VII). In the reducing and anaerobic environment,
Mn(II) is dominant among the Mn species (Lu et al. 2021;
Johnson et al. 2016). Under this circumstance, Mn would
be positively correlated with the soluble As concentration.
Therefore, our findings gained new knowledge on correla-
tion between Mn and As in the environment.

It was shown that Mn(II) is an essential nutrition for the
growth and proliferation of all organisms (Imlay 2008).
We thus added excessive Mn(II) to the microcosms for
exploration of the actual effects of Mn(II) on DARPs; this
excluded the interference of Mn(II) acted as nutrition. The
last question is: why does Mn(II) be able to stimulate the
DARPs-mediated reductive mobilization and release of
arsenic from soils? Based on the established knowledge
(Mhatre et al. 2016; Hussain et al. 2018; Archibald and
Fridovich 1981; Imlay 2008; Hohle and O’Brian 2012;
Yin et al. 2018; Sepulveda et al. 2010), we proposed that
this observation was most likely attributed to the following
mechanisms: (i) Mn(II) may promote biofilm formation, and
thus increase the bacterial activity and their resistance to the
arsenic toxicity; (ii) Mn(IT) may help bacterial cells to scav-
enge free radicals, such as H-, Cl-, and NO., and thus pro-
tected bacterial cells against damages of DNA and proteins,
and saved energy; (iii) Mn(II) may increase the major carbon
metabolism pathway, and thus promote bacterial growth.
Taken together, it is most likely that excessive Mn(II) would
confer higher resistence to the toxicity of arsenic on DARPs,
and thus increased their metabolic activities. Further inves-
tigations are required to confirm this hypothesis.

5 Conclusions

Dissimilatory arsenate-respiring prokaryotes play a key role in
promoting the reductive mobilization and release of arsenic.
Mn(II) always coexists with DARPs in the As-contaminated
environment. However, little is known about how Mn(II)
affects the DARPs-mediated reductive mobilization of arsenic
in the environment. We tried to address this scientific issue
by working on investigation of an As-contaminated vegeta-
ble field. A unique diversity of DARPs was found to exist in
the soils, which had high As(V)-respiring activities by using
multiple electron donors. Microcosm assays with the soils
suggest that the microbial community in the soils was capable
of catalyzing the reductive mobilization of As and Fe. In com-
parison, if 10.0 mM Mn(II) was amended to the microcosms,
in comparison to the microcosms with no additional Mn(II),
the addition of 10.0 mM Mn(Il) greatly increased the micro-
bial community-catalyzed reductive mobilization of arsenic.
To further investigate the microbial mechanism for this obser-
vation, a new indigenous As(V)-respiring bacterial strain was
isolated from the samples. Microcosm assays also showed
that the addition of 10.0 mM Mn(II) to the soils markedly
enhanced the As(V)-respiring bacteria-mediated reductive
mobilization of arsenic and iron. This work partially revised
the common view that Mn is negatively correlated with solu-
ble As in the environment. When Mn(II) is a dominant Mn
species in the environment, Mn would be positively correlated
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with soluble As. The finding of this study also gained a new
insight for the mechanism by which As concentrations in
groundwater dynamically changed, and provided new knowl-
edge about the interaction between the geochemical processes
of Mn and As.
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tary material available at https://doi.org/10.1007/s11368-022-03275-z.
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