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ABSTRACT

Heavy metal contamination in soil is a critical environmental issue that poses significant
risks to human health, agricultural productivity and ecosystem stability. Traditional
remediation techniques often fall short due to their high cost, low efficiency and
potential secondary pollution. Biosurfactants, microbial-derived surface-active
compounds, offer a novel and sustainable approach to address this problem. These
compounds increase the bioavailability and enhance the mobility of heavy metals,
facilitating their removal or stabilization in contaminated soils. Biosurfactants offer
several advantages over conventional methods, including biodegradability, low toxicity
and effectiveness at low concentrations. Their production from renewable resources
and potential for in situ application further underscores their environmental and
economic benefits. This review explores the properties of biosurfactants, mechanisms
by which biosurfactants interact with heavy metals, different biosurfactants employed
in soil remediation, their effects on soil properties, effects on plant growth, its
limitations, comparison with synthetic surfactants and available commercial products.
By integrating biosurfactants into heavy metal remediation strategies, it is possible to
achieve more sustainable and efficient management of contaminated sites.

Keywords : Heavy metals, Soil contamination, Biosurfactants, Surface tension, Soil washing, Remediation

ccorDING to the Central Pollution Control Board

(CPCB), a site is considered contaminated when
it contains hazardous pollutants at levels that threaten
human health and the environment. Of 240 sites in 21
Indian states, 127 are contaminated and 113 are
probable contaminated sites (CPCB, 2022). Heavy
metal contamination, involving elements like lead
(Pb), cadmium (Cd), mercury (Hg) and arsenic (As),
is a significant environmental issue. These metals,
which persist in the environment, can accumulate in
plants and animals, leading to various levels of toxicity
depending on exposure and dose (Mansourri et al.,
2016). Sources of contamination include industrial
processes, mining and improper waste disposal.
Studies have also revealed that increased use of
fertilizers and plant protection chemicals in crop
cultivation has resulted in increased concentrations

of chemical residues and heavy metals in the soil
causing pollution (Uday et al., 2022). These heavy
metals impact plant health very negatively (Hamsa
and Prakash, 2018).

Soil remediation may start by looking up
biosurfactants produced by microorganisms such as
bacteria and fungi as a potent solution. These agents
are biodegradable and eco-friendly, enhancing the
solubility and mobility of heavy metals thus
facilitating the desorption of these elements from soil
particles to make extraction easier or even stabilization
(Banat et al., 2010). Unlike synthetic surfactants,
biosurfactants pose minimal risk of secondary
pollution and can work under different environmental
conditions including variations in pH value,
temperature and salt concentration. A great deal of
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Surface Tension

CMC

Concentration

Fig. 1 : Micelle formation at Critical micelle concentration (Santos et al., 2016)

research has been done on biosurfactants because they
may be good candidates for effective and
environment-friendly techniques for rehabilitating
polluted lands (Rosa et al., 2015; Pacwa-Plociniczak
et al., 2011; Makkar et al., 2011 and Vijayakumar
etal., 2015).

Properties of Biosurfactants

Biosurfactants tend to assemble due to the presence
of Van der Waal forces and Hydrogen bonding to form
micelles at their critical micelle concentration. This
micelle formation property of biosurfactants can be
affected by various external factors. Jahan et al. (2020)
suggested that changes in biosurfactant concentration,
solution salt content, temperature, pH and pressure,
etc. can modulate the micelles’ size and shape.

They significantly lower the surface tension of water
and the interfacial tension between immiscible
fluids like oil and water. When the rhamnolipid
concentration was increased from zero to 40 mg L,
the surface tension of water was decreased from
72 to 35 mN/m. With a further increase in the

rhamnolipid concentration to 200 mg L, the surface
tension was reduced to 28 mN/m, as reported by
Haryanto and Chang (2015). Also, they are naturally
occurring compounds and so, more biodegradable than
synthetic surfactants, hence less toxic which reduces
adverse environmental impacts.

Many biosurfactants are stable across a wide range
of temperatures and pH levels, which is advantageous
for various industrial processes. Rocha et al., 2018
studied the effect of pH and temperature on surface
tension reduction capacity. They found that there are
no significant changes over a wide range of pH and
temperature. Similar results were found by Kim
et al., 2000 and Franca et al., 2015. In contrast,
Saponin exhibits stability only under alkaline
conditions (Liu et al., 2015). This suggests that the
suitability of the biosurfactants can be decided based
on the prevailing conditions.

One more important property of biosurfactants is their
HLB number. HLB stands for hydrophilic-lipophilic
balance. This number describes the relation between
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Fig. 2 : Chemical structure of a) surfactin (Zanotto ef al., 2019) and b) Rhamnolipid (Kapadia ef al., 2013)

the hydrophilic and hydrophobic parts of the molecule. TaBLE 1

It is used to decide which biosurfactant will be suitable Microbial origin and HLB number of different

for use. A study by Schmidts ez al. (2010) suggests biosurfactants (Sharma et al., 2023)

that a biosurfactant with a HLB value between 3 to 8

forms water in oil emulsion (w/o systems) and that Biosurfactant Microbial origin HLB number

between 9 to 12 form oil in water emulsion (o/w Rhamnolipids Pseudomonas aeruginosa 10.17

systems). A higher HLB value will suggest higher Lipopeptides Bacillus cereus 10-11.1

water SOlubﬂity Sophorolipids Candida bombicola 10-13

Production of Biosurfactants Surfactin Bacillus subtilis 10-12
Glycolipids Candida apicola 10-15

Biosurfactants production involves the use of plant

as well as microbial sources. It is usually produced used to prepare biosurfactant by Jayalatha et al.

extracellularly or as part of the cell membrane by (2024). Lactobacilli strains referred to as Generally

yeast, bacteria or filamentous fungi. Bacillus subtilis Recognised as Safe (GRAS) strains, in contrast to the

MTCC 2423 strain grown on nutrient agar media was biosurfactants produced by pathogenic strains, e.g.

Substrate (Microbial Sources) J + [ Growth Media J
2

[ Fermentation followed by Centrifugation J

\

| Purification (Removal of Microbes) I

{

Final Product

Fig. 3 : General procedure of biosurfactant production
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