PHYSICAL REMEDIATION METHODS OF POLLUTED WATERS
The term “heavy metals” refers to any metallic element that has a relatively high density
and is toxic or poisonous even at low concentrations. “Heavy metals” is a general collective
term, which applies to a group of metals and metalloids with atomic density greater than 4 g cm3.
Although several adverse health effects of heavy metals have been known for a long time,
exposure to heavy metals continues and is even increasing in some parts of the world. Heavy
metals include lead (Pb), cadmium (Cd), zinc (Zn), mercury (Hg), arsenic (As), silver (Ag),
chromium (Cr), copper (Cu), and iron (Fe).
The methods for removing heavy metal ions from aqueous solution mainly consist of
physical, chemical, and biological processes. Traditional physiochemical methods include
chemical precipitation, oxidation or reduction, filtration, ion exchange, electrochemical
treatment, reverse osmosis, membrane technology, and evaporation recovery. Most of these are
ineffective or excessively expensive when the metal concentrations are <100 mg L1. For
example, usual physical pathways like ion exchange, activated carbon, and membrane adsorption
belong to the latter costly group, especially when treating large amounts of wastewater .
In recent years, using ultrasonic technology to control and remove heavy metals has
gained some attention. Further, the combined effects of ultrasound with adsorbent materials show
higher removal capacity. The adsorbent materials possess natural metal-sequestering features to
decrease the concentration of heavy metal ions in solution from ppm to ppb level. It can
effectively remove dissolved heavy metal ions and carry them out of dilute complex solutions
with high efficiency; ultrasound features as an ideal candidate for treating high-volume and lowconcentration complex wastewaters . (Pugazhenthiran, Anandan, & Ashokkumar,
2015)Compared with conventional treatment methods, sonochemical process has the following
advantages :

High efficiency and selectivity for heavy metals in low concentrations

Energy saving

Broad operational range of pH and temperature

Easy reclamation of heavy metal

Easy recycling of catalysts
Heavy metal removal by sonochemical and ultrasound-assisted sorption processes has
been investigated during the last several decades. The capability of cavitation-generated radicals
to oxidize metallic elements has first been observed from toxicological point of view. In addition,
sorption materials such as activated carbon , bioinspired materials , etc., can passively bind metal
ions via various physicochemical mechanisms. This discovery then led biosorption to an active
research area for the removal of heavy metal. The ultrasound-assisted processes can be classified
into the following categories: ultrasound only , ultrasound coupled with sorption materials and
ultrasound with a combination of oxidizing agent. Researchers have focused on optimization ,
mechanism, and large-scale trails for the removal of heavy metals.
The advantages and limitations of these conventional methods are given below in
detail:
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Activated Carbon
It is a crude form of graphite with a random or amorphous structure, which is highly
porous, exhibiting a broad range of pore sizes from visible cracks, crevices, and slits of
molecular dimensions. With high specific surface area, microporous character, and chemical
nature of the surface, activated carbon has been found to be a potential adsorbent for the removal
of heavy metals from industrial wastewater. In spite of its advantages, it also shows many
shortcomings such as high cost to prepare, deactivation resulting in a loss of the carbon,
performance type dependent of carbon, being nonselective, etc. Although modified/activated
carbon can improve the selectivity, its preparation cost roars up subsequently . Table 2 shows the
effect of different metal concentrations (lead, cadmium, nickel, chromium, and zinc) on the
removal percentage of heavy metals. It can be seen that at low heavy metal concentration, the
removal percentage is high and gradually decreases with an increase in heavy metal
concentration. At 30 ppm of heavy metals, the removal percentages are 90 %, 86 %, 83.6 %, 83
%, and 51 % for Ni, Cd, Zn, Pb, and Cr, respectively. At 30 ppm, nickel shows the highest
removal percentage at all concentrations, followed by cadmium, zinc, lead, and chromium. On
the other hand, the highest heavy metal concentration (200 ppm) led to the lowest removal
percentage of the heavy metals under consideration (66 %, 70 %, 24 %, 84 %, and 75 % for Cd,
Pb, Cr, Ni, and Zn, respectively). Nickel shows the highest removal percentage at all
concentrations, followed by other metals; however, the lowest removal percentage is the
chromium at all concentrations .
Chemical Precipitation
This pathway is widely used for heavy metal removal from inorganic effluent. Typically,
the metal precipitates from the solution in the form of hydroxide . Since lime or calcium
hydroxide is the most commonly employed precipitant another option, can be trusted to
effectively treat inorganic effluent with a metal concentration of higher than 1,000 mg L1 with a
simple process. For instance, it helped to remove heavy metals such as Zn(II), Cd(II), and Mn(II)
cations with initial metal concentrations of 450, 150, and 1,085 mg L1, respectively, in a batch
continuous system . In spite of its advantages, chemical precipitation requires a large amount of
chemicals to reduce metals to an acceptable level for discharge. And generally it can hardly be
used to handle low concentration of metal ion in wastewater, which is below 100 mg L1. Other
drawbacks are its excessive sludge production that requires further treatment, the increasing cost
of sludge disposal, slow metal precipitation, and the long-term environmental impacts of sludge
disposal . A variety of hydroxides have been used to precipitate metals from wastewater; based
on the low cost and ease of handling, lime is the preferred choice of base used in hydroxide
precipitation at industrial settings.
Chemical Oxidation and Reduction
Adding oxidizing or reducing agents makes toxic substances in wastewater being
oxidized or reduced to nontoxic or low toxic substances. It has been reported that heavy metals
such as Mn2C, Cu2C, Pb2C, Cd2C, Cr3C, and Hg2C could be effectively removed using
potassium ferrate(VI) as oxidation and coprecipitation. However, currently chemical oxidation
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and reduction is generally used as a pretreatment for wastewater before the application of a
powerful process.
Membrane Separation
Membrane separation methods like electrodialysis (ED), nano-filtration (NF),
ultrafiltration (UF), and reverse osmosis (RO) have received considerable attention for the
treatment of inorganic effluent, since they are capable of removing not only suspended solid and
organic compounds but also inorganic contaminants such as heavy metals. Although it can be
applied in occasions to low metal ion concentrations, for example, Tzanetakis et al. illustrate the
removal efficiencies of Co(II) and Ni(II) were 90 % and 69 %, at initial metal concentrations of
0.84 and 11.72 mg L1, respectively. The main disadvantages of these processes are inadequate
selectivity, high energy consumption, and immature technologies, which limit the popularization
of this technology.
Ion Exchange
This is a method that uses an ion exchange resin or agent to exchange metal ions in dilute
solutions to achieve the purpose of extraction or removal of certain metal ions. It is widely used
for the recovery and removal of metals from process and waste streams in chemical process
industries . In general, ion exchange is reportedly effective to treat inorganic effluent within a
relatively wide range of metal ion concentrations from 10 to 100 mg L1 or even up to higher than
100 mg L1 . Furthermore, unlike chemical precipitation, ion exchange does not present any
sludge disposal problems . Despite these advantages, it also has some limitations in treating
wastewater laden with heavy metals ions. Suitable ion exchange resins are not available for all
heavy metals ions, and the capital and operational cost is high . Application of ultrasound to
chemical reactions and processes is termed assonochemistry . In recent years, sonochemical
processes have received a lot of attention due to its special features. The mechanism causing
sonochemical effects in liquids is the phenomenon of acoustic cavitation. The chemical effects of
ultrasound are derived from acoustic cavitation, which is a nonlinear process that serves as a
means of concentration of the diffuse energy of sound in liquids. This high-energy
microenvironment is induced by the extreme conditions generated during acoustic cavitation
leading to the generation of high-energy species (radicals)
Sonochemistry
In aqueous sonochemistry, chemical reactions occur at three regions (1) The cavitation
bubble itself: Interior of collapsing bubbles where extreme conditions of temperature and
pressure exist transiently, which induce chemical reactions yielding products that are typical of
pyrolysis or combustion reactions in the gas phase. (2) Bubble/solution interface: Interfacial
regions between the cavitation bubbles and bulk solution where a high temperature (lower than
that in the bubble core). Nonvolatile solutes that accumulate in this region can undergo thermal
decomposition and induce radical reactions. This interfacial reaction zone is estimated to be
about 200 nm thick. (3) Bulk solution: Where the radicals, being produced in the interior of
bubble and in the interfacial region, that survive migration from the interface can undergo
reactions with solutes present in the bulk solution. ) (Pugazhenthiran, Anandan, & Ashokkumar,
2015)
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Physical methods for soil remediation
In the physical approaches, the concentration of arsenic in soil could be reduced by
mixture of both contaminated and uncontaminated soils together that will lead to an acceptable
level of arsenic dilution. Soil washing is another method which is grouped under physical
approaches whereby arsenic contaminated soil will be washed with different concentration of
chemicals such as sulfuric acid, nitric acid, phosphoric acid, and hydrogen bromide . The choice
of chemicals used for extractant and high cost have often restricted the usage of soil washing into
a smaller-scale operations as it is the disadvantages of using soil washing method . Meanwhile,
cement can immobilise soluble arsenites and has been successfully used to stabilise As-rich
sludges whichmay be suitable for treating sludges generated from precipitative removal units.
Furthermore, the disposal of water treatment wastes containing As, with a particular emphasis on
stabilisation/solidification (S/S) technologies, has been assessed for their appropriateness in
treating As containing wastes. In this process, brine resulting from the regeneration of activated
alumina filters is likely to accelerate cement hydration. Furthermore, additives (surfactants,
cosolvents, etc.) have also been used to enhance the efficiencies of soil flushing using aqueous
solutions as water solubility is the controlling mechanism of contaminant dissolution. The usage
of surfactant alone gives about 80–85% of efficiencies in laboratory experiments. Studies
indicated that when soil flushing is applied in the field, efficiency can vary from 0% to almost
100%. It often givesmoderate efficiencies by using only one product (surfactant, cosolvent, and
cyclodextrin).On the other hand, the use of more complex methods with polymer injection leads
to higher efficiencies. (Lim, Shukor, & Wasoh, 2014)
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