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ABSTRACT

Arsenic (As) is one of the most dangerous substances and especially when it exists
in its inorganic form in water, wastewater, air, and food. Elevated concentrations of
inorganic As have been discovered in groundwater sources in many places worldwide,
particularly Bangladesh, India, Nepal, Cambodia, Vietnam, and some areas of Australia.
In many developing countries, As-contaminated groundwater is used as the primary
drinking water source. Its concentration can reach as high as 1,000 pg/L, which is much
larger than the WHO recommended standard of 10 pug/L. Inorganic As can lead to a
number of diseases such as gastrointestinal symptoms, severe disturbances of the
cardiovascular system, central nervous systems, and cancer. In natural aqueous systems,
the most toxic species of As are trivalent arsenite (As(Ill)) and pentavalent arsenate

(As(V)). As(III) is more toxic than As(V) and can be oxidized to As(V).

Research on As removal, particularly As(V), began several decades ago, and many
treatment technologies have been devised and implemented. However, the high treatment
cost and complicated nature of As treatment systems present the main challenges in
applying these technologies, especially at a decentralised scale and in rural or isolated
areas. Consequently, the main objective of this research is to develop novel and cost-
effective methods that can be applied widely to remove As (V), particularly for vulnerable
groups of people. Cost-effective adsorption based on novel adsorbents and
electrocoagulation with solar energy was the focus of this study. Simplicity and cost-

efficiency during design and operation were the main topics analysed here.

In the first part of this research, two novel adsorbents were developed and used
to adsorb As(V) from water. A low-cost manganese oxide ore from Vietnam (VMO)

containing 25.6% Mn and 16.1% Fe mainly in the forms of cryptomelane and goethite
g y
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minerals) was firstly evaluated for its performance in As(V) removal from water. VMO
was then modified by grafting with iron oxide and zirconium oxide to improve its
adsorption capacity. Results show that the Langmuir maximum adsorption capacity of
new modified VMO, namely Fe®~-VMO and Zr*~-VMO were 2.19 mg/g and 1.94 mg/g,
respectively, nearly 20 times higher than that of the original VMO (0.11 mg/L). These
adsorbents were used in a column study to remove As(V) from synthetic contaminated
water under various conditions. Column adsorption data fitted well to the Thomas model
and the predicted adsorption capacities followed the same order as that observed in the
batch experiment for these three adsorbents: Fe*~-VMO > Zr*-VMO > VMO. At an
influent concentration of 0.25 mg As(V)/L, and flow velocity of 0.15 L/h, the Thomas
model adsorption capacities of VMO, Fe?-VMO, and Zr*-VMO were 0.151, 1.145, and

0.925 mg/g, respectively.

Other novel adsorbents, namely FLF-3 and ZLF-3 have also been produced from a
popular agricultural by-product, luffa plant fibre (LF), by grafting LF with iron oxide
and zirconium oxide. This is the first time a /uffa plant, an agricultural by-product, was
used to treat As(V) from water. The Langmuir adsorption capacity of LF, at the influent
As(V) concentration of 0.5 mg/L and pH 7, was found to be only 0.035 mg/g. Although
the adsorption capacity of LF was poor, it improved remarkably after modification, in
fact up to 2.55 mg/g for FLF-3 and 2.89 mg/g for ZLF-3. The adsorption capacities of
FLF-3 and ZLF-3 are comparable or higher than those of many other chemically modified
bio-adsorbents. In the column study, the experimental data also fitted well to the Thomas
model and the As(V) adsorption capacity of ZLF-3 proved to be the highest (2.7 mg/g at

initial As(V) concentration of 0.1 mg/L), followed by FLF-3 (1.26 mg/g) and LF (0.06

mg/g).

XX1V



In the second part of this research, a novel electrocoagulation method using
different power sources (including new renewable energy - solar panel or rechargeable
battery) was applied to remove As(V) in water. This method can be applied to remove
As(V) in rural and isolated areas because of its capability of operating without electricity.
For an initial As(V) concentration of 0.1 mg/L, an operational time of 5 min, an electrical
potential difference of 7.5 V, and electrodes distance of 1 cm were identified as optimal
conditions for removing As(V). In the batch study using a 9 V rechargeable battery and
12 V solar panel, the electrocoagulation reactor could remove 93 and 98% of As(V),
respectively, from 0.1 mg As(V)/L solution. As(V) concentration in treated water was
smaller than that of the WHO drinking water guidelines. In the continuous study, a small,
cost-effective system (cost $15AUD) using DC electrical power or a small solar panel of
12V could successfully treat 121 contaminated water per hour (similar flow rate as many
commercial household filters). During 4 hours of continuous testing, the As(V) removal
efficiency maintained at more than 91% for DC electrical system and 96% for the solar

energy system, respectively

Finally, the third part of this research focused on managing the toxic waste
resulting from the adsorption process. Solidification/stabilisation method (for VMO and
modified VMOs) and phytoremediation method (by Pityrogramma calomelanos (fern
plant) for LF and modified LFs) were investigated. The quality tests of concrete used for
solidification (compressive strength, rapid chloride penetrability test, and volume of
permeable voids) and leaching tests confirm that the concrete produced from the
solidification/stabilisation can be safely disposed of or used as a structural construction
material for driveways or pavements. To manage the exhausted LF and modified LFs,

phytoremediation results show that As(V) could be well transferred from waste
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adsorbents to plants and diffused to all parts of the plants. As(V) concentration from the
mixing of soil and exhausted LFs reduced significantly from 38.56 mg/kg to 9.92 — 10.20
mg/kg, much lower than the permissible level of the United States Environmental
Protection Agency (USEPA) (24 mg/kg) and the ecological investigation level (EIL) limit

of As in soil in Australia (20 mg/kg).

In summary, this study successfully developed two novel adsorbents and a novel
electrocoagulation process for removing As(V) in water. The new adsorbents and
treatment process includes features that favour As(V) removal such as cost-effectiveness,
high removal efficiency, environmental friendliness and simple application. The
exhausted adsorbents can be safely disposed into the environment once the treatment
process is completed. The novel electrocoagulation process using renewable energy is
also a promising approach. The most important feature of this approach is its
independence from power, which allows its application in the rural and isolated areas

with poor infrastructure.
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