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ABSTRACT

Arsenic (As), a highly toxic heavy metal, is widely distributed in cultivated soils
worldwide thus a high risk of food-chain contamination. Arsenic generates various
adverse effects to human health and other living organisms leading to a much concern of
both environment and human health. In Thailand, concentration of arsenic in soils that
exceed the national environment standard (3.9 mg/kg) have been found in many
cultivated soils including on highland areas of northern Thailand. Therefore, the present
study was aimed to isolate and screen As resistant bacteria capable of performing arsenic
transformation. Detoxification mechanisms and plant growth promoting ability of
bacterial isolates were evaluated. Phylogenetic analysis of the high arsenic-resistant
isolates was also performed. High As resistant isolates were selected and examined their
effects on arsenic transformation in contaminated soil and As accumulation in carrot.

The results indicated that cultivated soils of highland areas of northern Thailand
(Site: 1) Prabathhuaytom; 2) Pangda; 3) Tungroeng; 4) Maehae; 5) Angkhang 6) Vavee
and 7) Sobkhong) showed higher concentration of arsenic (5.45 to 39.48 mg/kg) than the
arsenic maximum concentration limits (MCL) (3.90 mg/kg). A total of 40 arsenic

resistant isolates was obtained. After preliminary screening, only nine isolates were
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resistant to various levels of arsenic (sodium arsenite: Na-As(I11)) under low pH (4.5 and
4.7) with the MIC of 40 mM. After the second screening, only four isolates, i.e. BASS,
BAs11, BAs19 and BAs29 exhibited promising resistant ability under various pH values,
thus were selected for further investigations. Moreover, BAs7 appeared to be sensitive to
arsenic particularly under low pH values therefore it was selected to test a long with the
resistant isolates. Determination of arsenic transformation revealed that the oxidation of
As(I11) to As(V) was observed in all the high tolerant isolate. BAs29 exhibited the highest
resistant ability with the maximum percentage of arsenite transformation 64.5%. High
arsenic resistant isolates increased the pH of the broth medium from 4.7 to around 7 to >
8.0 while arsenic sensitive isolate (BAs7) was not able to increase the pH of the medium.
Therefore, the raising of pH up to the value near to neutral/alkaline might be required for
the effective oxidizing of the highly toxic form of arsenic (As(l11)) into the less toxic form
(As(V)). The results of this experiment highlighted the two survival mechanisms (pH
changes and arsenite oxidation) of the arsenic resistant isolates and the close relationship
between pH conditions of surrounding medium and As(I11) oxidation process.

Plant growth promoting potential of the high resistant isolates was determined.
The results showed that all the isolates were able to solubilize phosphate (P). The selected
isolates showed a high potential to solubilize insoluble Ca-phosphate (5.95 to 100.04 mg
P/L), and a moderate potential to produce 1AA (9.36 to 20.32 mg IAA/L). The ability of
each isolate to solubilize Ca-phosphate was increased 2 to 6 times when exposed to an
arsenite environment. Arsenic-sensitive isolate, BAs7 showed the highest ability to
solubilize Ca-phosphate in medium without and with arsenite (55.56 and 100.04 mg/L,
respectively). The results implied that the increment of phosphate solubilization is an
important mechanism to exclude arsenic uptake thus less toxicity. The similar results
were found with IAA production and might also be another mechanism of bacteria to
cope with arsenic toxicity. Our results seemed to be the first report on this clear
phenomenon.

Phylogenetic analysis based on 16S rRNA gene sequences indicated that the five
selected isolates, representing two major bacterial genera; Bacillus and Mycobacterium.
Isolates BAs7 and BAs19 showed 99% similarity to Bacillus stratosphericus, BAs8

showed 98% similarity to Bacillus pumilus, BAs 29 showed 98% similarity to Bacillus
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altitudinis and BAs11l showed 99% similarity to Mycobacterium neoauurum. A
qualitative silver nitrate (AgNO3) indicated that isolates BAs11 and BAs29 exhibited both
arsenite oxidizing as well as arsenate reducing abilities suggesting their ability in
producing both arsenite oxidase and arsenate reductase enzymes. BAs8 and BAs19
showed only the ability to oxidize arsenite. A sensitive isolate, BAs7 was not able to
oxidize arsenite and could only reduce arsenate.

The isolates BAs7, BAs11 and BAs29 were selected to evaluate their effects on
arsenic transformation in Pangda soils (initial amount of As = 17.14 mg/kg) and arsenic
accumulation in the roots and leaves of carrot under un-lime and liming conditions.
Pangda soils under each respective treatment were incubated for 15 days then the soils
were used to grow carrot for 75 days. The results indicated, after harvesting, that the soils
treated with BAs29, BAsll+Lime and BAs29+Lime gave the highest As reducing
percentage (24.88, 24.61 and 24.29%, respectively). Treatment BAs29 and BAs29+Lime
also gave the highest sum values of As(V) for the entire period of incubation (15+75
days) suggesting that this isolate could effectively oxidize As(lll) to As(V). On the
average, the use of As-resistant bacterial isolates gave lower phosphorus (P) values than
the controls. In contrast, the soil P values of treatments with liming were higher than
treatments without liming. Since, arsenate can enter the plant cell through the same
system as phosphate therefore, this phenomenon implied the uptake of phosphate instead
of As to cope with toxicity. Pangda soils treated with BAs29 gave the lowest value of As
accumulations in leaves (0.025 mg/kg) while BAs29 + Lime gave the lowest value of As
accumulations in the storage roots (0.025 mg/kg). In addition, the use of As-resistant
isolates not only reduced As in soils and in carrot but also increase biomass and nutrients
uptake. The present study revealed that the pH and phosphate levels in a specific
environment are of important factors for effective detoxification mechanisms by As-
resistant bacterial. The isolate BAs29 exhibited effective As detoxification thus can be
used as a promising microorganisms for bioremediation which can led to less As

accumulation in edible crops.



