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Abstract: To improve bioremediation of arsenic (As) contamination in soil, the use of microorganisms to
efficiently reduce As and their assessment of genetic erosion by DNA damage using genomic template stability
(GTS) evaluation and using RAPD markers were investigated. The five sites examined for microorganisms
and contaminated soils were collected from affected gold mining arcas. The highest As concentration in
gold mining soil is 0.72 mg/kg. Microorganism strains isolated from the gold mining soil samples were
tested for As removal capacity. Two bacterial isolates were identified by 16S rRNA gene sequence analysis
and morphological characteristics as Brevibacillus reuszeri and Rhodococcus sp. The ability to treat As in
nutrient agar (NA) at 1,600 mg/L and contaminated soil samples at 0.72 mg/kg was measured at 168 h, revealing
more efficient As removal by B. reuszeri than Rhodococcus sp. (96.67% and 94.17%, respectively). Both species
have the capacity to remove As, but B. reuszeri shows improved growth compared to the Rhodococcus sp.
B. reuszeri might be suitable for adaptation and use in As treatment. The results are in agreement with their genetic
erosion values, with B. reuszeri showing very little genetic erosion (12.46%) of culture in As concentrations
as high as 1,600 mg/L, whereas 82.54% genetic erosion occurred in the Rhodococcus sp., suggesting that
Rhodococcus sp. would not survive at this level of genetic erosion. Therefore, B. reuszeri has a high efficiency
and can be used for soil As treatment, as it is capable to tolerate a concentration of 0.72 mg/kg and as high as

1,600 mg/L in NA.

Introduction

Metal accumulation by solid substances can counteract
metal mobilization in the environment if the solid substance
is immobile. Arsenic (As) is an extremely toxic metalloid
widely distributed in soil and water. The toxicity and
mobility of As in the environment is dependent on the
chemical form or species in which it exists. It is well known
that inorganic As, such as arsenite and arsenate, are the
most toxic As species. Additional anthropogenic source
of mining activities, utilization of As-based pesticides
or herbicides, and irrigation with As-contaminated water

causes heavy contamination of soil, especially in farmland
ecosystems (Jackson et al. 2006, Chen et al. 2008, Williams
et al. 2009). Moreover, As is also commonly associated
with sulfides, such as in sulfidic ore deposits. Other natural
sources of As include volcanic activities, windborne soil
particles, sea salt sprays and microbial volatilization of As
(Frankenberger and Arshad 2002). As is a major contaminant
of gold mining activities because the concentrations in
the soil found to be high, polluting the environment hence
causing environmental health problems. The concentrations
of As in non-contaminated soils are typically well below
10 mg/kg. Its presence at elevated concentrations in soils
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is due to both anthropogenic and natural inputs (Adriano
2001). In addition, As is known to have mutagenic and
genotoxic effects on humans, and it has been associated
with an increased risk of skin, kidney, lung, and bladder
cancers (Shahedur et al. 2014). Cleaning the environment
by removing these persistent and hazardous contaminants
requires effective approaches allowing for precise restoration
of polluted sites. Physico-chemical methods for remediation
of metals from soils involve chemical extraction with acids
or chelating agents, electrolysis, or size separation of the
fraction of soil particles with the highest metal content (Page
and Page 2002). Contamination of soils with heavy metals
and metalloids, such as lead, cadmium, and arsenic, among
others, represents a serious threat for the ecosystem and
human health and requires the implementation of appropriate
remedial measures. Microbial based technologies for metal
extraction have become attractive because they are cost
effective compared to chemical methods and might be
applicable for a large number of inorganic pollutants (Hutchins
et al. 1986). Bioremediation of As-contaminated soils has
recently gained importance, in part because the processes
promoting the bioremediation and biomethylation of As are
still poorly understood. In addition, the bioremediation of As
by microorganisms has been widely applauded because of the
potential advantages of providing a cost-effective technology
and an environmentally friendly method for heavy-metal
removal (Valls and Lorenzo 2002). The removal of As from
contaminated soils by applying anaerobic bioremediation
techniques has been recently investigated by Chatain et al.
(2005) and Ignatiadis and Battaglia-Brunet (2005).

There are several molecular techniques used to identify
the genetic relationships and species of microorganisms. One
of the most popular and efficient techniques is the sequence
alignment of 16S rRNA genes, which are highly conserved
regions among an identical species and genus (Clarridge 2004,
Neeratanaphan et al. 2015). This sequence can be successfully
used for analysis of genetic diversity and species identification
in bacteria (Gremion et al. 2003, Lindh et al. 2005, Flynn et al.
2013, Kang et al. 2013), including the evaluation of bacterial-
-heavy metal relatedness (Kozdr6j and Van Elsas 2000, Park
et al. 2006).

The gold mining industry has encountered problems with
As formany years, because it is generated during gold extraction
when arsenopyrite is broken down and it also and diffuses into
soil and water, polluting the environment (Henke 2009). It can
be distributed in either soil or water and transported to other
places, polluting water resources and subsequently affecting
water for daily consumption. Thus, organisms in the area near
gold mines will adapt to their environment. Thailand has a gold
mine located in the Wangsaphung district, Loei province, which
affects the humans living in close proximity. Microorganisms
are a suitable model to study possible impacts on human health
if they are eukaryotes, allowing the examination of genetic
erosion or genotoxicity.

A genotoxicity measurement caused by heavy metals in
living things, including microorganisms, is mainly related to
sensitivity and short response time (Gupta and Sarin 2009).
The released pollutants can cause morbidity and mortality in
the exposed organisms, possibly motivating order changes
such as alterations to population dynamics and changes to
biological diversity (An et al. 2012). The genotoxic effects

depend on the oxidative state of the metal, its concentration
and the duration of its exposure. In general, effects are more
pronounced at higher concentrations and at longer exposure
durations (Bhowmik 2000). Various molecular approaches,
such as DNA fingerprinting based on inter simple sequence
repeat (ISSR) and random amplified polymorphic DNA
(RAPD) methods are generally used to effectively identify
genetic relationships. The banding patterns can be scored for
genomic template stability (GTS) evaluation to detect various
types of previously identified DNA damage and mutations
in bacteria, plants and animals (Neeratanaphan et al. 2014a,
Neeratanaphan et al. 2014b). Gupta and Sarin (2009) used
RAPD bands for GTS evaluation in Hydrilla verticillata and
Ceratophyllum demersum and treated it with Cd, Hg and Cu to
demonstrate DNA damage. Zhou(2011) also used RAPD bands
for GTS evaluation, identifying DNA damage in Euplotes
svannus (Protozoa, Ciliophora) induced by nitrofurazone in
marine ciliates.

In this work, the authors aim to study As contamination
level in soil and to identify the species of microorganisms
present in the soil and their effectiveness in As treatment
for further use near gold mining areas. Additionally, genetic
erosion in microorganisms impacted by As was evaluated by
assessing DNA damage and inverting the GTS evaluation by
studying a different RAPD marker.

Materials and Methods

Sampling sites and As soil contamination
measurements

The five sampling sites are located in Wangsaphung district,
Loei province of Thailand near the gold mine and are defined
as the affected area, (Figure 1). As concentrations in the
soil samples were determined with an atomic absorption
spectrometry (AAS) model Analyst 300, Perkin-Elmer
(Correira et al. 2003).

Microorganism screening

and species identification

The microorganism strains were isolated from the soil sample
observed to have the highest As concentration (0.72 mg/kg) at
site 1. The medium used for isolation was nutrient agar (NA)
(0.5% peptone, 0.5% NaCl, 0.2% yeast extract, 0.2% beef
extract and 1.5% agar, pH 7.0, all W/V) containing 10 mg/L
of sodium arsenate (Suresh et al. 2004). The microorganisms
isolated included both fungi and bacteria. The fungi and
bacteria obtained from the screening exercise were tested to
determine whether fungi or bacteria were more As resistant
in NA supplemented with 10, 100, 500, 1,000, 1,200, 1,400,
1,600 and 1,800 mg/L of As, respectively. Finally, two
bacteria isolates, B109 and B204, were observed to be more
tolerant than fungi. Both isolates were identified by 16S
rRNA gene sequencing with dendrogram construction using
MEGAS program (Tamura et al. 2011) and genetic similarity
values confirmed at the Collaborative Unit of Biological
Science and Biotechnology of Mahidol University and Osaka
University. Additionally, morphological characteristics
were examined by scanning electron microscopy (SEM)
using a LEO 1450VP. Specimens were prepared by fixation,
dehydration and coating with a very thin layer of carbon
(Lyman et al. 1990).
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Testing of As remediation by Brevibacillus reuszeri
(B109) and Rhodococcus sp. (B204)

The As concentrations were selected from a reference noting
that the highest As values found in water are 300 mg/L
(Groundwater Research Center 2010), and the two bacteria
were cultured in petri dishes containing nutrient broth (NB)
contaminated with As at 300 mg/L and incubated at 37°C. The
remaining As in the NB were measured at 0, 24, 48, 72, 96,
120, 144 and 168 h of culture using AAS detection in triplicate
(Correira et al. 2003).

Bioremediation of As in Gold Mining Soils

In gold mining soils, As can be found at concentrations as
high as 0.72 mg/kg. Therefore, this concentration was selected
for As remediation by the isolated bacteria at 0, 24, 48, 72,
96, 120, 144 and 168 h. After As remediation, the remaining
concentrations of As in the soil samples were measured by
AAS, and the growth of bacteria in the soil samples was
detected with the PEG-DOG method (Trung et al. 2011).

RAPD marker, GTS evaluation and genetic erosion
The bacteria were cultured in NA supplemented with As
concentration levels of 0, 100, 500, 1,000 and 1,600 mg/L
for 168 h. DNA was extracted from bacterial cells using the
Genomic DNA Extraction Kit (RBC Bioscience, Taiwan)
following the manufacturer’s instructions. The extracted
DNA was assessed by 0.8% agarose gel electrophoresis and
diluted to a final concentration of 20 ng/ul. Two replicate
experiments were performed by DNA extraction, RAPD
banding patterns and analysis of DNA fingerprint profiles
for GTS evaluation. Genetic erosion was converted from the
GTS value.

Amplifications were performed on each sample in 25 ul
reactions containing GoTaq Green Master Mix (Promega),
0.5 uM primers and 5 ng DNA templates. Fifty RAPD primers
were screened, and the successful primers are listed in Table 1.
The reaction mixture was pre-denatured at 94°C for 3 min, and
the amplification was performed with the following 35 thermal
cycles: denaturation for 1 min at 94°C, annealing for 45 sec
at 40°C, extension for 2 min at 72°C; followed by a final
extension for 7 min at 72°C using a Swift™ Maxi Thermal
Cycler (Esco Micro Pte. Ltd.). Amplification products were
detected by 1.2% agarose gel electrophoresis in TAE buffer
and visualized using ethidium bromide staining. The resulted
RAPD bands were used for dendrogram construction.

The RAPD bands from the successful amplifications were
documented as diallelic characters: present = 1 and absent
= 0. These banding data were used for GTS evaluation by
percentages. The equation GTS = 100 — (100 x a/n) was used
to calculate this value, in which @ is RAPD changes detected
in each sample treated and » is the number of total bands in the
control (Atienzar et al. 1999). Genetic erosion was calculated
from the GTS value.

Results

As soil contamination measurements

at the five sampling sites

The concentrations of As in soils from the five sample sites
ranged from the lowest, 0.04 mg/kg, at site 5 to the highest,
0.72 mg/kg, atsite 1. The average concentrations of As detected
from three replicates at sites 1-5 were 0.72+0.01, 0.36+0.01,
0.57+0.01, 0.30+0.06 and 0.04+0.01 mg/kg, respectively, as
shown in Table 2.

LEGEND

D Mining license area

.. (O  Sampling location

Fig. 1. An overview of the gold mining area and locations of the five sampling sites as shown by numbers 1 to 5
(Groundwater Research Center 2010)
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Table 1. Successful primer sequences for RAPD fingerprinting of the two bacteria isolates B. reuszeri (B109)

and Rhodococcus sp. (B204)

. Nucleotide sequence Successful for . Nucleotide sequence Successful for
Primer Y o Primer o
(63" B109 B204 (63" B109 B204
RAO1 CAGGCCCTTC v - RB16 TTTGCCCGGA v -
RA02 TGCCGAGCTG v v RB17 AGGGAACGAG v v
RAO03 AGTCAGCCAC v v RB20 GGACCCTTAC v
RA04 AATCGGGCTG v v RCO01 TTCGAGCCAG v v
RA05 AGGGGTCTTG v - RCO02 GTGAGGCGTC v -
RA07 GAAACGGGTG 4 v RCO03 GGGGGTCTTT - v
RA09 GGGTAACGCC v v RC04 CCGCATCTAC v -
RA1M1 CAATCGCCGT 4 v RCO05 GATGACCGCC v v
RA13 CAGCACCCAC v v RCO06 GAACGGACTC - v
RA14 TCTGTGCTGG v v RCO08 TGGACCGGTG - v
RA18 AGGTGACCGT v - RC10 TGTCTGGGTG - v
RA20 GTTGCGATCC v v RC20 ACTTCGCCAC v -
RBO1 GTTTCGCTCC - v RDO1 ACCGCGAAGG v -
RB06 TGCTCTGCCC - v RDO02 GGACCCAACC v -
RB0O7 GGTGACGCAG - v RDO03 GTCGCCGTCA v -
RB08 GTCCACACGG 4 v RDO04 TCTGGTGAGG 4 -
RB10 CTGCTGGGAC v v RD11 AGCGCCATTG v -
RB11 GTAGACCCGT 4 - RD12 CACCGTATCC 4 -
RB13 TTCCCCCGCT - v RD14 CTTCCCCAAG v -
RB14 TCCGCTCTGG - v RD18 GAGAGCCAAC v -
RB13 TTCCCCCGCT v - RD20 ACCCGGTCAC v -
RB15 GGAGGGTGTT v - RE02 GGTGCGGGAA v -

Table 2. As contamination in gold mining soil (Meanz SD)

Sampling sites

As concentrations (mg/kg)

Site 1 0.72+0.01
Site 2 0.36+0.01
Site 3 0.57+0.01
Site 4 0.30+0.06
Site 5 0.04+0.01

P00 K X EHT = 10.00kV

WD =

\

{

R~

12 mmFile Name = Bre1-2.4if

-

Microorganism screening and species identification

Colonies from the strain B109 were cream coloured, raised,
smooth, and convex on nutrient agar, and B204 colonies were
cream coloured, circular, and convex on nutrient agar. The
photos of the strains B109 and B204 from SEM revealed the
rod and coccus morphology, respectively, as shown in Figure
2. Sequence alignment and dendrogram construction from 16S
rRNA gene sequence analysis showed the genetic relationship
of these two strains compared to other bacteria from GenBank
of the National Center for Biotechnology Information (NCBI).
The isolates B109 and B204 showed genetic distances of

Fig. 2. Shapes of bacterial isolates B109 (A) and B204 (B) from scanning electron microscopy (SEM)
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0.005 compared to Brevibacillus reuszeri and 0.000 compared
to Rhodococcus erythropolis, R. zopfii, R. kunmingensis,
R. pyridinivorans, R. gordoniae, R. rhodochrous and R. equi.
The dendrogram separated B109 from B. reuszeri as shown
in Figure 3 and included B204 in the branch of Rhodococcus
erythropolis, R. zopfii, R. kunmingensis, R. pyridinivorans, R.
gordoniae, R. rhodochrous and R. equi as shown in Figure 4.

Testing of As remediation by Brevibacillus reuszeri
(B109) and Rhodococcus sp. (B204) in NB

Percentage of As removal by B. reuszeri was higher than by
Rhodococcus sp. as shown in Table 3. Additionally, isolate
B109 showed the fastest of As reduction in the NB from 24 h
tight to 168 h from initial concentration of 300 mg/L as shown
in Table 3 and Figure 5.

Brevibacillus formosus
Brevibacillus agri
Brewbacillus panacihumi
Brevibacillus centrosporus
Brevibacillus parabrevis

—— Brevibacillus limnophilus

—— Brevibacillus invocatus

Brevibacillus reuszeri

Brewvibacillus borstelensis

Breubacillus ginsengisoli

Brevibacillus thermoruber

Brevibacillus laterosporus

Enterococcus gallinarum

0.0 004 0.03

002

001 0.00

Fig. 3. The dendrogram constructed from 16S rRNA gene sequence analysis using the MEGA5 program (Tamura et al. 2011)
showing the genetic relationship of isolate B109 compared to other bacteria in GenBank

Rhodococcus erythropolis
Rhodococcus zopfi
Rhodococcus kunmingensis

Rhodococcus pyridinivorans

Rhodococcus gordoniae
Rhodococcus rhodochrous
Rhodococcus equi

B 204

Rhodococcus rhodnii

Rhodococcus gingshengii

Rhodococcus fascians

o

Rhodococcus kyotonensis

Rhodococcus kroppenstedtii

0030 00% 000 0008

0.010

0005 0000

Fig. 4. The dendrogram constructed from 16S rRNA gene sequence analysis using the MEGAS program (Tamura et al. 2011)
showing the genetic relationship of isolate B109 compared to other bacteria in GenBank
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Bioremediation of As in gold mining soils

Further remediation study using actual gold mining soil
revealed that isolate B109 was superior to isolate B204
with more and faster removal as shown in Table 4 and
Figure 6. Isolate B109 removed 96.67% of As from initial
concentration of 0.7240.01 to 0.03+0.00 mg/kg in 168 h.
The concentration of As remediated by B109 after 168 h
was below the level found in typical non contaminated soil
of 10 mg/kg.

The growth of the two bacteria after As remediation is shown
in Figure 7. B. reuszeri has a larger capacity for As treatment than
Rhodococcus sp., because the residual As in soil samples treated
by B. reuszeri was less than in Rhodococcus sp. When the growth
measurements were performed, the number of Rhodococcus sp.
was higher than B. reuszeri during hours 0-144, whereas after
144-168 h of incubation, the number of B. reuszeri bacteria was
much higher than the Rhodococcus sp. These results suggest that
B. reuszeri could be adapted for As treatment.

Table 3. The concentrations of total As in NB after treatment by B. reuszeri (B109) and Rhodococcus sp. (B204)
and the percentage of remediation (Meant SD)

B. reuszeri (B109)

Rhodococcus sp. (B204)

Time (h) As remaining in NB % As As remaining in NB % As
(mg/L) removal (mg/L) removal
0 300 0 300 0
24 136.81+0.07 54.40 243.74+0.10 18.76
48 132.51+0.50 56.00 222.05+0.07 24.32
72 123.03+0.21 58.99 187.87+0.02 37.38
96 112.530.01 62.49 141.061£0.02 52.98
120 110.26x0.06 63.25 132.18+0.03 55.94
144 98.72+0.15 67.10 123.21£0.01 58.93
168 97.37+0.02 67.55 117.96+0.01 60.68

Table 4. The concentration of total As in gold mining soil samples after treatment by B. reuszeri (B109)
and Rhodococcus sp. (B204) (Meant SD)

B. reuszeri (B109)

Rhodococcus sp. (B204)

Time (h) As remaining in soil % As As remaining in soil % As
sample (mg/kg) removal sample (mg/kg) removal

Control 0.72+0.01 0 0.72+0.01 0
0 0.61+0.01 15.28 0.70£0.02 2.78
24 0.23+0.01 68.10 0.37+0.02 48.62
48 0.15+0.00 79.17 0.22+0.01 69.45
72 0.07+0.00 90.69 0.18+0.01 75.00
96 0.06+0.01 91.67 0.14+0.01 80.56
120 0.04+0.00 94.45 0.08+0.00 88.89
144 0.04+0.00 95.14 0.05+0.01 93.06
168 0.03+0.00 96.67 0.04+0.00 94.17

Fig. 5. As removal by B. reuszeri (B109) and Rhodococcus sp.
(B204) in NB with an As concentration of 300 mg/L at 0, 24,
48, 72, 96, 120, 144 and 168 h of incubation

Assessment of DNA changes in B. reuszeri

and Rhodococcus sp.

The bacteria B. reuszeri and Rhodococcus sp. were cultured
in NA containing As concentrations of 0, 100, 500, 1,000 and
1,600 mg/L for 168 h. Both species were analyzed for DNA
changes by GTS evaluation using RAPD markers. The 34 and
24 successful RAPD primers generated clear and analyzable
fingerprinting profiles for B. reuszeri and Rhodococcus sp.,
respectively, and examples are shown in Figure 8. Only bands
present in both samples for each experiment were included, and
an identical number of 365 characteristics that were used for GTS
evaluation. The GTS values are shown in Table 5 for B. reuszeri
and Rhodococcus sp. The genetic erosion of the two bacteria
are 0, 7.48, 6.33, 7.17, and 12.46 for B. reuszeri and 0, 65.08,
73.02, 69.05 and 82.54 for Rhodococcus sp. after exposure to As
concentration of 0, 100, 500, 1,000 and 1,600 mg/L, respectively.
The values of genetic erosion and As concentration levels are
correlated, such that when the As concentration was high, a large
amount of genetic erosion occurred.
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Fig. 6. Residual As in gold mining soil samples after treatment
by B. reuszeri (B109) and Rhodococcus sp. (B204)
after 0, 24, 48, 72, 96, 120, 144 and 168 h

Fig. 7. Number of B. reuszeri (B109) and Rhodococcus sp.
(B204) in gold mining soil samples of As treatment
after 0, 24, 48, 72, 96, 120, 144 and 168 h
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Fig. 8. Examples of RAPD banding patterns
for As-treated bacteria from the primers CAGGCCCTTC (A)
and CAATCGCCGT (B) for B. reuszeri, and AATCGGGCTG
(C) and CAGCACCCAC (D) for Rhodococcus sp.

Table 5. Genomic template stability (GTS) and genetic erosion evaluated from the RAPD banding patterns of the bacteria
B. reuszeri (B109) and Rhodococcus sp. (B204) exposed to different concentration of As

As concentration GTS (%) Genetic erosion GTS (%) Genetic erosion
(mg/L) of B109 of B109 of B204 of B204
0 100.00 0 100.00 0
100 92.52 7.48 34.92 65.08
500 93.77 6.33 26.98 73.02
1,000 92.83 717 30.95 69.05
1,600 87.54 12.46 17.46 82.54
Discussion for heavy-metal removal (Valls and Lorenzo 2002). The

It is well known that microorganisms can be used to remove
heavy metals. Microorganisms have been widely applauded
because of the potential advantages of providing a cost-
-effective technology and an environmentally friendly method

removal of As from contaminated soils by applying anaerobic
bioremediation techniques has been recently investigated
by Chatain et al. (2005) and Ignatiadis and Battaglia-
Brunet (2005). The problem of As contamination occurs
in soil where majority of gold mine tailings pond sediment
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(Anderson and Cook 2004). Therefore, the authors screened
for microorganisms to efficiently treat As contamination in
areas near a gold mine that is defined as an affected area in
Thailand. Microorganism screening was performed in soil
samples from the hazardous areas, called sites 1-5, and two
groups, fungi and bacteria, were observed. When the fungi
and bacteria were tested in NA to identify which has a higher
capacity for As removal, two bacteria isolates were selected
and called B109 and B204. Sequence analysis of 16S rRNA
is frequently used for bacterial identification and has been
widely reported (Gremion et al. 2003, Lindh et al. 2005,
Kang et al. 2013). For the B109 16S rRNA, the genetic
distance was 0.005 compared to Brevibacillus reuszeri in
the dendrogram and showed a high similarity of 0.995, so
this isolate is likely to be B. reuszeri. For B204, there is no
genetic distance between the seven species Rhodococcus
erythropolis, R. zopfii, R. kunmingensis, R. pyridinivorans,
R. gordoniae, R. rhodochrous and R. equi above. Therefore,
it cannot be identified as a single species, but only as the
genus Rhodococcus sp. When all of the data were examined,
including the morphological characteristics assessed by
SEM photos and 16S rRNA sequence, these isolates were
concluded to be B. reuszeri and Rhodococcus sp.

When testing As remediation by B. reuszeri and
Rhodococcus sp., the results showed that both species
possess an ability for As treatment. B. reuszeri can remove
54.40-67.55% As over 24-168 h, and Rhodococcus sp. can
remove 18.76-60.68% As over 24-168 h from a starting As
concentration of 300 mg/L in NB. The experiment indicated
more As removal after a long incubation of 168 h. After this
treatment, soil contaminated with As by gold mining was
used to examine As removal in an environmentally relevant
situation with a starting As concentration of 0.72 mg/kg.
The As percentages after treatment were 15.28-96.17% over
24-168 h by B. reuszeri and 2.78-94.17% over the same
time period by Rhodococcus sp. Similar to culturing in NB,
after a long incubation, the amount of As removed by both
B. reuszeri and Rhodococcus sp. was higher, as shown in
Tables 3 and 4. However, when tested for growth under the
same As concentration of 0.72 mg/kg, B. reuszeri grew well,
as shown by the graph in Figure 7, and from the time period
of 144168 h, the number of B. reuszeri bacteria was much
higher than Rhodococcus sp. This indicated that B. reuszeri
could be adapted and used for As treatment. The results are in
agreement with the genetic erosion values, because B. reuszeri
showed little genetic erosion at 12.46% after 168 h and in an As
concentration of 1,600 mg/L, whereas 82.54% genetic erosion
occurred in the Rhodococcus sp. The Rhodococcus sp. would
not survive this level of genetic erosion. Therefore, B. reuszeri
has a high efficiency and can be used for soil As treatment,
with a concentration tolerance of 0.72 mg/kg and as high as
1,600 mg/L in NA.

Bioremediation of As by microorganisms has been widely
accepted because of the potential advantage of providing a cost-
effective and environmentally friendly technology to remove
heavy metals (Valls and Lorenzo 2002). The discovery of a new
As treatment species, B. reuszeri, might be useful to research
and ameliorate hazardous As contaminated areas worldwide,
because its efficiency is higher than the concentration standard
levels determined at 0.40 mg/kg by The US EPA Regional
Screening Level; RSL (US EPA 2002).

Conclusions

Microorganism strains isolated from the gold mining soil
samples were tested for As removal capacity. Two bacterial
isolates were identified by 16S rRNA gene sequence analysis
and morphological characteristics as Brevibacillus reuszeri
and Rhodococcus sp. Both species have the capacity to
remove As, but B. reuszeri shows improved growth compared
to Rhodococcus sp. Thus, B. reuszeri might be suitable for
adaptation and use in As treatment. The results are in agreement
with their genetic erosion values, with B. reuszeri showing very
little genetic erosion (12.46%) of culture in As concentrations as
high as 1,600 mg/L, whereas 82.54% genetic erosion occurred
in the Rhodococcus sp., suggesting that Rhodococcus sp. would
not survive this level of genetic erosion. Therefore, B. reuszeri
has a high efficiency and can be used for soil As treatment,
being able to tolerate a concentration of 0.72 mg/kg and as high
as 1,600 mg/L in NA. In addition B. reuszeri, might be useful
to research and ameliorate hazardous As contaminated areas
worldwide.
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