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Abstract—One of the major pollutants in the environment is 

arsenic (As). Due to the toxic effects of As to all organisms, its 
remediation is necessary. Conventional technologies used in the 
remediation of As contaminated soils are expensive and may even 
compromise the structure of the soil. An attractive alternative is 
phytoremediation, which is the use of plants which can take up the 
contaminant in their tissues. Plant growth promoting bacteria (PGPB) 
has been known to enhance growth of plants through several 
mechanisms such as phytohormone production, phosphate 
solubilization, siderophore production and 1-aminocyclopropane-1-
carboxylate (ACC) deaminase production, which is an essential trait 
that aids plants especially under stress conditions such as As stress. 
Twenty one bacteria were isolated from As-contaminated soils in the 
vicinity of the Janghang Smelter in Chungnam Province, South 
Korea. These exhibited high tolerance to either arsenite (As III) or 
arsenate (As V) or both. Most of these isolates possess several plant 
growth promoting traits which can be potentially exploited to 
increase phytoremediation efficiency. Among the identified isolates 
is Pseudomonas sp. JS1215, which produces ACC deaminase, indole 
acetic acid (IAA), and siderophore. It also has the ability to solubilize 
phosphate. Inoculation of JS1215 significantly enhanced root and 
shoot length and biomass accumulation of maize under normal 
conditions. In the presence of As, particularly in lower As level, 
inoculation of JS1215 slightly increased root length and biomass. 
Ethylene increased with increasing As concentration, but was 
reduced by JS1215 inoculation.  JS1215 can be a potential 
bioinoculant for increasing phytoremediation efficiency.   

 
Keywords—As-tolerant bacteria, plant growth promoting 

bacteria, As stress, phytoremediation. 

I. INTRODUCTION 
RSENIC is one of the most hazardous substances in the 
environment [1].  Prolonged exposure to low 

concentrations or immediate exposure to sufficiently high 
concentrations of inorganic As in the natural environment 
such as in the soil and water are toxic to organisms. The 
attention to As has increased in the past two decades due to 
the number of people who were exposed to the contaminant.  
In addition to naturally occurring As, it is estimated that over 
80% of all the As ever produced by man has dissipated to the 
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environment [2]. The main activities that contributed to As 
contamination are mining, smelting and ore processing, use of 
arsenic-containing fertilizers and pesticides, and wood 
preservation using Chromated Copper Arsenate (CCA) [3]. 
Inorganic forms are considered more toxic than organic forms 
and the most common species found in As-contaminated soil 
are arsenate and arsenite. These are also the main 
phytoavailable forms of arsenic in the soil solution [4].  
Microorganisms have an important role in the cycling of As in 
the environment as these can biotransform arsenite to arsenate 
(arsenite oxidation), arsenate to arsenite (arsenate reduction).  

Due to the hazardous effects of As exposure, efforts to 
clean up contaminated soil and waters are necessary. 
Compared to organic pollutants, As cannot be degraded and 
thus requires appropriate methods for its removal [5]. 
Remediation technologies such as physical and chemical 
techniques that are being employed are not only costly but 
may also compromise soil physical, biological and chemical 
properties [6]. An alternative technology that has advanced in 
recent years is phytoremediation. The discovery of plants that 
can take up heavy metals in large amounts created optimism 
for the remediation of polluted lands. However, even tolerant 
plants can have limited growth when exposed to high levels of 
heavy metals. The biotechnological use of microorganisms in 
association with plants offers more advantages for metal(loid) 
uptake or removal [7], [8] Heavy metal contaminated soils are 
known to harbor heavy metal tolerant microorganisms.  Some 
of the isolated bacteria from such soils were characterized as 
having plant growth promoting (PGP) traits [9], [10], [11], 
[12].  Known PGP traits of bacteria such as IAA production, P 
solubilization, siderophore production, nitrogen fixation, and 
ACC deaminase production are among the most studied traits. 
It was the aim of this study to isolate and characterize As-
tolerant bacteria possessing various plant growth promoting 
traits which can be potentially used in enhancing 
phytoremediation of As.  

II.  METHODOLOGY 
A. Characterization and Identification of As-tolerant Isolate 
The isolate was characterized by its Gram reaction, oxidase, 

and catalase activity following standard methods. Tolerance of 
the bacteria to As III and As V was determined by its 
minimum inhibitory concentration (MIC) of that particular As 
species. MIC is defined as the lowest concentration that causes 
no visible growth. Strains were grown in 5 ml TLP broth 
media without As for 48-72 h at 28±2°C on a rotary shaker 
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