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ABSTRACT

The bioremediation of chromium-contaminated soil by a rhamnolipid biosurfactant produced by Pseudomonas aeruginosa strain BS2 has
been explored through column studies using uncontaminated soil spiked with toxic concentrations of heavy metals i.e. 1000 mg/kg
chromium. Results on removal of chromium from the spiked soil by using di-rhamnolipid and tap water have shown a high potential of
di-rhamnolipid in mobilization and decontamination of contaminated soil. Within 36 h of the leaching study, di-rhamnolipid facilitated the
removal of chromium 10-13-fold compared to tap water. These results indicated that the specificity of this biosurfactant towards chro-
mium was very high and 92% removal of chromium was observed. Hence, di-rhamnolipid selectively favours mobilization of chromium
from contaminated soil. Biosurfactant specificity observed towards a specific metal will help the preferential elution of a specific
contaminant using di-rhamnolipid. Leachates collected from chromium-spiked soil column treated with di-rhamnolipid solution had a
lower pH (6.60-6.78) than leachates from heavy metal-spiked soil column treated with tap water (pH 6.90-7.25), which showed high

dissolution of metal species from the spiked soil, and effective leaching of metals.

Keywords: bioremediation, biosurfactant, di-rhamnolipid, heavy metals, leachates
Abbreviations: CEC, cation exchange capacity; EC, electrical conductivity; ICP-OES, inductively coupled plasma-optical emission

spectrometer; MSM, mineral salt medium

INTRODUCTION

Rapid developments and increase in mining and industrial
activities have gradually redistributed many of the toxic
metals from the earth's crust to the environment. This has
substantially raised the chances of human exposure to these
heavy metals, which increase in excess of their natural con-
centration, through ingestion, inhalation or skin contact. All
metals that are mined are normally dissipated into the envi-
ronment, thereby endangering the components of the eco-
system. As metals cannot be degraded further to non-toxic
products (Khan et al. 2009), their deleterious effects tend to
be permanent unless measures are taken to recover the
metals economically from the contaminated site.

Metal contamination

Metal contamination of soil represents a potential environ-
mental hazard in terms of toxicity to animals and inhibition
of microbial processes (Babich and Stotsky 1985; Bayat and
Sari 2010). According to an USEPA survey of 395 remedial
action sites, it was found that heavy metals were the most
prevalent class of contaminants (USEPA 1984). Soils are
described as the sinks for metals. The latter being immobile
in soil, accumulate in the topsoils, thus endangering crops
and vegetables and microflora. Soil has complex functions
which are beneficial to man and other living organisms. It
acts as a filter, buffer, storage and transformation system
and thus protecting the global ecosystem against the ad-
verse effects of environmental pollution. In contaminated
sites, heavy metal concentrations may be high enough to
inhibit microbial activity (Ore et al. 2010; Sani et al. 2010).
Soil microorganisms may be critical to plant growth because
they encourage the development of stable soil structure, rel-

ease required nutrients in inorganic forms by mineralization
and produce growth regulating substances (Bronick and Lal
2005; Zaidi et al. 2009). Soil microorganisms also contri-
bute to plant growth by immobilizing heavy metals in soil
(Kuftner et al. 2008). Heavy metal contamination of soil, on
the other hand, decreases microbial activity, microbial num-
bers, and microbially-mediated soil processes such as nitri-
fication, denitrification and decomposition of organic
matter (Doelman and Haanstra 1979; Chang and Broadbent
1981; Nordgren et al. 1988). Attempts to remediate metal
contaminated soil have involved soil washing strategies or
pump and treat strategies for subsurface environments
(Geets et al. 2008). Washing strategies can be greatly en-
hanced by the use of an agent that can increase the desorp-
tion of the soil-bound metals and thereafter facilitate their
transport through the soil matrix.

Biosurfactant-enhanced metal removal

An ideal complexing agent is one that is soluble in water,
chemically stable under environmental conditions, not
strongly bound to soil particles, and has a high affinity for
complexing metals (Chang and Broadbent 1981). Chang
and Broadbent (1981) described the use of water-soluble
bacterial exopolymers to mobilize soil-bound metals in sand
materials.

Biosurfactants are amphiphilic compounds produced on
living surfaces, mostly on microbial cell surfaces, or ex-
creted extra-cellularly and contain hydrophobic and hydro-
philic moieties that confer the ability to accumulate
between fluid phases, which are reducing surface and inter-
facial tension at the surface and interface respectively. They
are structurally diverse group of surface active molecules
synthesized by microorganisms (Muthusamy et al. 2008).
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Table 1 Physico-chemical and microbiological characteristics of uncontaminated soil and heavy metal spiked soil. Values shown are mean + standard

deviation calculated for triplicates.

Parameters Uncontaminated Metal-spiked Method used
soil soil
Physical properties
Bulk density (g/cm®) 1.16 £0.02 1.28 £0.03 Keen-Rackzowski box method (Ramesh e al. 2008; Thakur et al. 2011)
Water holding capacity (%) 60.20 + 3.04 56.20+4.23 Keen-Rackzowski box method (Ramesh ez al. 2008; Thakur ez al. 2011)
Porosity (%) 51.60 +4.02 49.10£5.51 Keen-Rackzowski box method (Ramesh ez al. 2008; Thakur et al. 2011)
Sand (%) 27+3 28+3 International Pipette Method
Silt (%) 26+2 27+3 International Pipette Method (Rasool ez al. 2008)
Clay (%) 47+5 45+5 International Pipette Method (Rasool et al. 2008)
Textural Class Clay Clay International Pipette Method (Rasool ef al. 2008)
Chemical properties
pH 7.70 £ 0.41 6.30+0.53 Soil to distilled water ratio of 1:2 (Rousk ef al. 2009)
EC (mS/cm) 0.19+0.01 0.29+0.01 Conductivity method (Adviento-Borbe et al. 2006)
Cation exchange capacity (meq/100 g) 73.27 +3.96 66.20 + 4.24 Ammonium-sodium acetate method (Candela et al. 2007)
Organic Carbon (%) 0.45+0.01 0.38 £0.01 Micro-titration method (Beck et al. 2008)
Nitrogen (%) 0.044 £ 0.002 0.030 +0.002 Kjeldahl method (Pavlova et al. 2009)
Phosphorous (%) 0.072 £ 0.008 0.052 £ 0.005 UV-Vis spectrophotometry (Sattayatewa et al. 2011)
Potassium (%) 0.157+0.011 0.170 +0.010 Flame photometer (Hemkar et al. 2010)

Total heavy metals (mg/kg). Determined by inductively coupled plasma-optical emission spectrometer (Hamilton ef al. 2008)

Chromium 47.8+3.6 940.5 + 14.6
Microbial properties (CFU/g). Determined by the pour-plate technique (Bauermeister ez al. 2008)
Bacteria 17 x 10° 58 x 10*
Fungi 26 x 10° 42 x 10
Actinomycetes 43 x 10° 18 x 10!
Azotobacter 23 x 10° 17 x 10
Rhizobium 21 x 10° 16 x 10°

Recently, it has been shown that rhamnolipid biosurfactants
can complex heavy metals and are improving effective in
removing soil bound cadmium, zinc and lead (Tan et al.
1994; Herman et al. 1995; Dahrazma and Mulligan 2007,
Wang and Mulligan 2009; Bondarenko et al. 2010). Micro-
bially produced surfactants offer the advantage of being
potentially less toxic and more biodegradable than some
synthetic surfactants; the diversity of chemical forms pro-
duced by a variety of microbial species may allow the
selection of microbial products with a high specificity for
certain applications (Torrens ef al. 1998). A promising tech-
nology currently being explored is soil flushing with pump
and treat technologies for in-situ remediation. For in-situ
remediation, it is important that the remediation process be
as noninvasive and environmentally benign as possible if
the end product is intended to be a healthy productive eco-
system (Maier et al. 2001). Unfortunately, the few reactants
capable of mobilizing all metal contaminants are either
toxic or destructive to the physical, chemical or biological
structure of the soil. Anionic surfactants have also shown
potential as soil washing agents due to their ability to solu-
bilize metals within micelle (Ahn et al. 2009). They can be
potentially as effective with some distinct advantages over
the highly used synthetic surfactants including high specifi-
city, biodegradability and biocompatibility (Cooper 1986).
Due to the anionic nature of rhamnolipids, they are able to
remove metals from soil and ions such as cadmium, copper,
lanthanum, lead and zinc due to their complexation ability
(Tan et al. 1994; Herman ef al. 1995).

Biosurfactants, surfactin from Bacillus subtilis, rhamno-
lipids from Pseudomonas aeruginosa and sophorolipids
from Torulopsis bombicola have been found to enhance the
removal of metals from the sediments as well as soil (Van
Bogaert et al. 2007; Wang et al. 2010). Although 80% of
chromium can be removed from artificially contaminated
soil, in field samples the results were more in the range of
20-80% as reported by Fraser (2000). In summary, rhamno-
lipids still being effective for heavy metal removal from
laboratory scale systems, studies have not been performed
sufficiently on a larger scale. Still more information is re-
quired to establish the nature of the biosurfactant-metal
complexes. Stability constants were established by an ion-
exchange resin technique (Gasper et al. 2007). Yet, exten-
sive research is further needed to assess the potential effec-
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tiveness of biosurfactants for soil flushing of metal-con-
taminated soils.

In this paper, a column study was conducted to study
the potential of the di-rhamnolipid biosurfactant produced
from P. aeruginosa strain BS2 for the removal of chromium
sorbed on soil matrix. The effect of metal contamination on
soil characteristics and the assessment of the effects of
using the latter biosurfactant during metal decontamination
on soil biota have also been reported. This study focuses on
chromium because chromium is of great concern as it has
highly toxic and carcinogenic properties and also for its
potential for the contamination of groundwater due to its
greater mobility in soils and in the aquatic environment
(Massar et al. 2007).

MATERIALS AND METHODS

Column studies were carried out at bench scale at the National
Environmental Engineering Research Institute (NEERI), Nagpur,
India to evaluate the effectiveness of the di-rhamnolipid biosurfac-
tant P. aeruginosa strain BS2 towards the removal of chromium
from soil-contaminated matrix.

Soils

Two soils were used for the column study. The uncontaminated
soil collected from NEERI premises. For the second set, the un-
contaminated soil was spiked with toxic concentrations of chro-
mium at 1000 mg/kg using K,Cr,0,, respectively to increase the
concentration of the respective metal in the soil. Soil was shaken
for 3 days on the rotating shaker, then spread on plastic trays for
air-drying and sieved through 200-mm mesh. Regular grab sam-
pling in triplicates and analysis of the chromium-spiked soils were
carried out until stabilization was reached in 2 months. The soil
used for the column study was analyzed for physico-chemical
parameters. Microbes such as bacteria, fungi, actinomycetes and
nitrogen fixing strains of Rhizobium and Azotobacter were ana-
lyzed by following standard methods for soil microbial popula-
tions and were expressed in terms of colony forming units
(CFU/g) (Juwarkar and Jambhulkar 2008) (Table 1). All values
have been reported as their respective mean with standard devi-
ation calculated for a triplicate set of raw data.

P aeruginosa strain BS2, a potential di-rthamnolipid biosur-
factant producing culture that was isolated from an oily sludge and
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Table 2 Details of the different treatments screened under column experi-
ments.

Table 3 Morphological, biochemical and cultural characteristics of P,
aeruginosa strain BS2 (MTCC No. 5266).

Treatment No. Column details Washing solution

1 uncontaminated soil tap water

I heavy metals spiked soil ~ tap water

I uncontaminated soil 0.1% di-rhamnolipid
biosurfactant

v heavy metals spiked soil ~ 0.1% di-rhamnolipid

biosurfactant

was used for di-rhamnolipid production (Dubey and Juwarkar
2001). The di-rhamnolipid biosurfactant used in the present was
produced from distillery wastewater (a no-cost complete nutrient
medium for biosurfactant production) by P. aeruginosa having
accession No. BS2 (assigned MTCC No. 5266 by Patent Col-
lection Center of Microbial Type Culture Collection and Gene
Bank, Institute of Microbial Technology, Chandigarh, India). Di-
rhamnolipids produced by the strain BS2 are highly efficient in
regard to their surface-active properties.

Batch fermentation was carried out in Erlenmeyer flasks using
sterile mineral salt medium (MSM) (Dubey and Juwarkar 2001).
The MSM used contained (in distilled water): NaNO; - 2.5 g/L;
K,HPO,, - 1.0 g/L KH,PO, - 0.5 g/L; MgSO,- 0.5 g/L; KCI - 0.1
g/L, FeSO, -0.01 g/L; CaCl, - 0.01 g/L; Glucose - 30 g/L. The pH
was adjusted to 6.8-7.0 before sterilization. Sterile medium was
inoculated with P. aeruginosa strain BS2 and incubated at 37°C,
agitation 170 rpm and incubation period of 96 h. After 96 h of fer-
mentation, biosurfactant was concentrated by foam fractionation
method (Cooper ef al. 1981). The rhamnolipid thus obtained was
centrifuged and was passed through millipore filter and was quan-
tified by measuring L-thamnose by orcinol assay method (Chan-
drasekan ef al. 1980). As a measure of quality control surface
tension of rhamnolipid was measured and found to be 27 mN/m.

Column experiments

A column study was conducted to study the feasibility to remove
the heavy metals from soil matrix using di-rhamnolipid biosur-
factant. 50 g of heavy metals spiked soil was filled in 3 glass col-
umns with internal diameter of 2.0 cm and length of 15 cm and
into the fourth column of same dimensions; 50 g of uncontami-
nated soil was filled. From the top of the columns (I-1V), washing
solutions were applied and the total volume of each washing solu-
tion was kept constant at 200 mL. The treatment details are depic-
ted in Table 2.

Collection of the first leachate samples from all the four col-
umns was possible within 2-3 h following start of the experiments.
Thereafter, leachates were collected regularly after 12 h of time
interval. Total leachate metals content were determined following
a modification of the USEPA Method 3051 and analysed with in-
ductively coupled plasma-optical emission spectrometer (ICP-
OES, Optima 4100 DV, Perkin Elmer, USA). 0.1% biosurfactant
solution and tap water were also similarly digested to determine
the presence of heavy metal contaminants. The removal of the
metals by the rhamnolipid was calculated from Equation 1.

[Metal(mg / kg)] removedbybiosurfactant
x100
[Metal(mg/kg)]

Removal(%) = (1.

initial,unspiked

RESULTS AND DISCUSSION
Characteristics of di-rhamnolipid biosurfactant

P. aeruginosa strain BS2 as a potential di-rhamnolipid bio-
surfactant producing culture was isolated from an oily
sludge and used for further di-rhamnolipid production. The
isolate P. aeruginosa having accession No. BS2 has been
assigned MTCC No. 5266 by Patent Collection Center of
Microbial Type Culture Collection and Gene Bank, Institute
of Microbial Technology, Chandigarh, India. The isolate
was identified on the basis of the morphological, cultural
and biochemical characteristics according to Bergey’s Man-
ual of Determinative Bacteriology (1984) and results are
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Morphological Inferences
Gram staining Gram negative
Motility Highly motile
Size (um) 2.0 x0.6
Shape Rods

Cultural
Pigment production on
Nutrient agar (Pyorubin pigment) Positive
King’s-A medium (Pyocyanin pigment) Positive
King’s-B medium (Fluorescien) Positive
Haemolysis on blood agar Positive

Biochemical
Glucose Positive
Fructose Positive
Galactose Positive
Lactose Negative
Maltose Negative
Mannitol Positive
Rhamnose Positive
Xylose Positive

Enzyme production
Catalase Positive
Oxidase Positive
Gelatinase Positive
Lecithinase Positive
Lipase Positive
Caseinase Positive
Amylase Negative
Arginine dihydrolase Positive
Growth on citrate Positive
Growth on acetamide Positive
Growth on succinate Positive
Growth on lactate Positive
Growth on hydrocarbons (decane, dodecane, Positive
tetradecane, hexadecane, crude oil and oil sludge)

Growth at 4°C Negative
Growth at 41°C Positive
Production of indole Negative
Production of H,S Positive
G+C content (mole %) 64.97+4.21
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Fig. 1 Effect of time on removal of chromium from the heavy metal
spiked soil using di-rhamnolipid biosurfactant (sample size, n=3).

presented in Table 3.

Results presented in Fig. 1 show that chromium remo-
val efficiency is very low i.e. in the range of 0.4-2% when
tap water is used for mobilization of heavy metals present
in the spiked soil whereas the di-rhamnolipid biosurfactant
effectively increased the removal of chromium from the
spiked soil by 13 folds within 30 h. The first leachate sam-
ple collected from column IV, had 4% of chromium which
steadily increased to 8% at 6 h, 12% at 12 h, 16% at 24 h
and 26% at 30 and 36 h, respectively in subsequent leachate
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Fig. 2 Variation in the pH of the leachate collected from soil columns

(n=3 for each data point).

samples collected. The di-rhamnolipid biosurfactant also
removed chromium in the range of 0.4-0.5% from garden
soil. In contrast to the di-rhamnolipid biosurfactant solution,

tap water alone failed to remove chromium from garden soil.

The total removal of chromium from heavy metal spiked
soil was 92% when spiked soil was eluted with 0.1% di-
rhamnolipid biosurfactant as compared to 1.80% when
eluted with tap water within 36 h. Surface tension measure-
ments of rhamnolipid before and after treatment of soil
ensured that there was little loss of rhamnolipid due to
adsorption to soil or degradation. Rhamnolipid at 0.1% re-
moved up to 92% chromium from the spiked soil.

Variation in pH of the leachate

Leachates collected from soil columns I-IV were also moni-
tored for the changes in pH along with the concentrations of
heavy metals. pH gives an indication for the extent of metal
removal because retention/mobilization mechanism is

strongly pH dependent. Results presented in Fig. 2 indi-
cated that leachates collected from column having uncon-
taminated soil treated with tap water (column I) had pH
above neutral ranging 7.28-7.42 which was almost equal to
the pH of uncontaminated soil. Leachate collected from
heavy metal spiked soil treated with tap water i.e. column II
had comparatively lower pH ranging from 6.90-7.26, which
was due to the treatment with tap water that removed the
heavy metals in the range of 0.4-2.4%. Leachates from col-
umn III which contained uncontaminated soil treated with
di-rhamnolipid had pH in the range 6.84-7.10 wherein the
pH of 6.84 coincided with high concentrations of heavy
metals viz. Pb (2%) and Cd (0.8%) in the leachate. These
concentrations were higher than the concentrations of these
metals present in the leachates from column I in which tap
water was used as eluant instead of the di-rhamnolipid. In
case of leachates collected from heavy metal spiked soil
treated with biosurfactant solution (column IV), the pH
range was the lowest at 6.60-6.78 indicating high dissolu-
tion of metal species from the simulated soil and effective
leaching with the aid of di-rhamnolipid biosurfactant which
amounted to 4-26%. The lowest pH of 6.60 recorded at 36 h
of leachate collection coincided with the highest leaching of
Pb (22%) and Cd (20%) each.

Results depicted in Table 4 show that the pH, electrical
conductivity (EC) and cation exchange capacity (CEC) of
the uncontaminated soil before and after treatment with di-
rhamnolipid biosurfactant varied from 7.70 to 8.02, 0.19 to
0.22 mS/cm and 73.27 to 743.4 mg/kg, respectively. Simi-
larly, the pH, EC and CEC of the heavy metal spiked-soil
before and after treatment with di-rhamnolipid biosurfactant
changed from 6.30 to 6.80, 0.29 to 0.27 mS/cm and 66.20 to
723.4 mg/kg, respectively. Thus, only an appreciable change
was seen in pH caused by accumulation or removal of
cations. Similarly, the organic carbon and nutrient status
with respect to nitrogen, phosphorous and potassium of the
heavy metal-spiked soil before and after treatment with di-
rhamnolipid biosurfactant varied from 0.38-0.42% and
0.030-0.040%; 0.052-0.075% and 0.170-0.240%, respec-

Table 4 Physico-chemical characteristics of uncontaminated soil and heavy metal spiked soil before and after treatment with di-rhamnolipid biosurfactant.
Same methods of determination used as indicated in Table 1. Values shown are mean =+ standard deviation calculated for triplicates.

Parameters Different treatments under glass columns with specifications
Uncontaminated soil Heavy metal-spiked soil
Before treatment After treatment Before treatment After treatment
Bulk density (g/cm’) 1.16 +£0.02 1.18+£0.02 1.28 £0.03 1.24+£0.02
Maximum water holding capacity (%) 60.20 + 3.04 62.50+£3.51 56.20 £4.23 55.20+5.01
Porosity (%) 51.60 +4.02 52.10+5.13 49.10+5.51 50.10 £ 6.03
Sand (%) 27+3 27+2 28+3 30+3
Silt (%) 26+2 27+2 27+3 28 +2
Clay (%) 47+5 46 + 4 45+5 42+4
Textural class Clay Clay Clay Clay
pH 7.70 £0.41 8.02+0.32 6.30 +0.53 6.80 = 0.63
EC (mS/cm) 0.19+0.01 0.22+0.02 0.29+0.01 0.27 £0.02
Cation exchange capacity (meq/100g) 73.27+£3.96 7434+ 4.17 66.20 £ 4.24 72.34 +3.89
Organic carbon (%) 0.45+0.01 0.46 +0.01 0.38+0.01 0.42+0.02
Nitrogen (%) 0.044 £ 0.002 0.049 £ 0.002 0.030 £ 0.002 0.040 + 0.002
Phosphorous (%) 0.072 £ 0.008 0.079 £ 0.007 0.052 +0.005 0.075 +0.007
Potassium (%) 0.157 £0.011 0.168 £0.013 0.170+0.010 0.240 £ 0.020
Chromium (mg/kg) 47.8+3.6 298+ 1.8 940.5 + 14.6 80.0 £ 6.4

Table 5 Microbiological characteristics of uncontaminated and heavy metal spiked soil samples from glass columns after treatment with di-rhamnolipid

biosurfactant solution

Glass Column with specifications of soil treatments Bacteria Fungi (CFU/g)  Actinomycetes  Azotobacter Rhizobium
(CFU/g) (CFU/g) (CFU/g) (CFU/g)
Control
L. Uncontaminated soil treated with tap water 19 x 10° 31x10° 45 x 10° 28 x 10° 33 x 10°
11. Heavy metal spiked soil treated with tap water 64 x 10* 47 x 10? 24 x 10! 21 x 10 20 x 10?
Experimental
I11. Uncontaminated Soil treated with 0.1% 23 x 10° 29 x 10° 51 x10° 24 % 10° 41 % 10°
di-rhamnolipid biosurfactant
IV. Heavy metal spiked soil treated with 0.1% 10 x 10° 26 x 10° 13 x 10° 21 x 10° 20 x 10°

di-rhamnolipid biosurfactant
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tively. The changes in organic carbon and nutrients status of
the heavy metal spiked soil were due to the changes in pH
from slightly acidic to neutral (Yan et a/. 2008; Kumar et al.
2011). Thus, the treatment of heavy metal-spiked soil with
0.1% di-rhamnolipid biosurfactant solution enabled the soil
to regain its lost fertility.

The results presented in Table 5 show that the total
heavy metal content with respect to chromium in the un-
contaminated soil before and after treatment with di-rham-
nolipid biosurfactant varied from 47.8 to 29.8 mg/kg, res-
pectively. Similarly, the total heavy metal content with
respect to chromium in the heavy metal spiked soil before
and after treatment with di-rhamnolipid biosurfactant varied
from 940.5 to 80.0 mg/kg, respectively. This indicated that
the di-rhamnolipid biosurfactant had mediated the removal
of chromium with high efficiency.

Effect of treatment of soils with di-rhamnolipid
biosurfactant (0.1%) on soil microbiological
characteristics

Data in Table 5 also shows the microbiological characteris-
tics of metal spiked-soil samples from glass columns before
and after treatment with tap water and di-rhamnolipid bio-
surfactant solutions. High counts of different microbial
groups such as bacteria; fungi, actinomycetes and nitrogen
fixers were recorded for soil treated with plain tap water.
The total counts of bacteria, fungi and actinomycetes in un-
contaminated soil were 19x10°, 31x10* and 45x10° CFU/g,
respectively while the nitrogen fixers viz. Azotobacter and
Rhizobium” amounted to 28x10° and 33x10° CFU/g, res-
pectively. These counts were nearly similar to the counts of
different microbial groups estimated before running with
tap water. Spiking of uncontaminated soil with toxic con-
centrations of chromium was found to drastically lower the
counts of these micro floras. However, after treatment with
plain tap water, there was a decrease in the concentration of
chromium due to leaching which facilitated marginal
improvements in the counts of different microbial groups.
Results also showed that treatment of uncontaminated soil
with 0.1% di-rhamnolipid biosurfactant solution did not
affect the counts of bacteria, fungi, actinomycetes and nitro-
gen fixers. This indicated that 0.1% di-rhamnolipid can be
safely used in the bioremediation of chromium-contami-

nated soil without disturbing the integrity of soil micro flora.

Marked improvements in the counts of bacterial, fungi,
actinomycetes and nitrogen fixers which was almost equal
to the counts found in uncontaminated soil (control soil)
was observed in the heavy metal spiked soil after treatment
with 0.1% di-rhamnolipid biosurfactant solution (Whang et
al. 2008; Thavasi et al. 2010). This was mainly attributed to
di-rhamnolipid-mediated removal of the toxic heavy metals
such as cadmium and lead from the spiked soils, which are
normally otherwise inhibitory and toxic to the soil micro-
flora. Thus, the treatment of heavy metal spiked soil with
0.1% di-rhamnolipid biosurfactant solution had no dele-
terious effects on soil biota, but instead enabled the soil to
regain its lost fertility through the removal of heavy metals.
Similar results were reported with regards to the effective-
ness of biosurfactant-enhanced chromium removal by Mas-
sara et al. (2007) wherein rhamnolipids had the capability
of extracting 25% portion of the stable form of chro-
mium(III), from the kaolinite, under optimal conditions; and
rhamnolipids had enhanced the removal of chromium(VI)
compared to water by a factor of 2.

CONCLUSION

The column studies reported herein provide encouraging
and promising results on the use of rhamnolipid biosurfac-
tant to remove heavy metals. The results of soil washing
demonstrated that approximately 92% of lead could be re-
moved by the biosurfactant within 36 hours. The use of bio-
surfactant at 0.1% for the decontamination of metals off the
soil showed no toxic effect on the soil microbial population.
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These results strongly advocate the potential applicability of
the rhamnolipid biosurfactant isolated from the P. aero-
ginosa strain BS2 for heavy metal remediation. Based on
the results of this study, it is expected that in a field study
multiple washings may be needed to completely remove the
metals off the soil. This necessitates further investigation.
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