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ABSTRACT

The problem of heavy metals contamination is a @ladsue and the challenge is to develop methodertmve

heavy metals from soil and water. Recently, teadwgies using microorganisms and microbial productseémove
metals have been successfully applied to wastervgateams such as sewage sludge, and industrifleaiffs.

Anionic bio-surfactants (Rhamnolipids) producedtbg bacterium of Pseudomonas species has beerieffec
used as heavy-metal cleanup. This study investigdite feasibility of using bio-surfactants (Rhanipidk) to

remove or reduce heavy metals {GdPb, Nf*, Ba, Zn and Sr). Different concentrations (20, 80, ppm) of
Rhamnolipids were evaluated and compared for theieficy of heavy metals removal. Results showet 80 ppm
of bio-surfactants were required to reduce up ®%5 62%, 56%, 28%, 20% and 7%) of’GdPb, Nf*, Ba, Zn and
Sr respectively. Rhamnolipid at concentration of®@0n could be successfully used as bio-surfactantemove
heavy metals from contaminated water.
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INTRODUCTION

Water pollution has been suggested as the leadimigiwide cause of death and diseases. [1, 2]. Rigcieir has
been a concern about the quality of most tap arltiweder in United States of America for drinkingalto heavy
metals from industrial and environmental pollutidteavy metals routinely penetrate and pollute éturater
sources, while long term exposure can lead to ld@mage, cancer and other serious conditions [2,Ti3¢
mechanisms of heavy metal toxicity inducing oxidatstress and interfering with protein folding dandction [4,

5]. Heavy metals that commonly cited as being & tneatest public health concern are lead, cadmand,
mercury. Microbial produced surfactants (Bio-sutdiats) have been successfully applied approacteraove
metals from waste water streams, sewage sludgastimal effluents, and mine water [6]. Their intetfan with

metals leads to separation of metal from the wastam. The interaction of microorganisms with rnseteccurs
through metal binding to the cell surface or witthie cell wall, translocation of metal into thelcgblatilization of
the metal as a result of a biotransformation reactind the formation of metal precipitates by rieactwith

extracellular polymers or microbial produced anisnsh as sulphide or phosphate [7, 8]. Bio-surfdastare in
general classified into lipopeptides, lipoproteigiycolipids polymeric, fatty acids, phospholipids and neutiEts

[9, 10]. The most known bio-surfactants are glymdl. Glycolipids are carbohydrates molecules coetbiwith
long-chain aliphatic acids or hydroxyaliphatic &cidhe three types of glycolipid are rhamnolipitiehalolipids,
and sophorolipids. Rhamnolipids are among the s¢Wéo-surfactants produced by microorganisms andbeen
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applied for the remediation of contaminated soill &m enhance oil recovery [11, 12]. Rhamnolipidg) (E) are
anionic bio-surfactants produced by the bacterRsrudomonaspecies [16]. It consists of one or two rhamnose
sugar, linked to one or two molecules of b-hydragahoic acid. These molecules form films at thewaiter
interface, which determines their effectivenessefovironmental applications[10, 13]. Interestinglis well-known
that microbial cells can complex metals from salntbut there is a little information in the litewed about the use
of bio-surfactants to complex with the heavy mefa#s 15]. To this end, the goal of this study wasnvestigate
the interaction between this bio-surfactant (Rhdipius) and different heavy metals usually presemnater.
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Fig 1: Structure of Rhamnolipids
EXPERIMENTAL SECTION

Materials

Heavy metals, (cadmium (Cd(NJ4H,0), lead (Pb(NG),), nickel (NiCL6H,0), barium (BaCl), zinc (ZnCl) and
strontium (SrCl) were bought from the local pharmaal company, Libya. The rhamnolipids used is gtudy
were biosurfactants from the glycolipid group magd®>seudomonas aeruginaséwo major types of rhamnolipids,
RLL(R1) and RRLL(R2), are mixed in the solution. RE26H4809) is L-rhamnosylB-hydroxydecanoyi®-
hydroxydecanoate. R2 (C32H58013) is L-rhamna@yll-rhamnosyl® hydroxydecanoyp-hydroxydecanoate. All
chemicals used in the study were of analytical graad used as received.

Production of Rhamnolipid

The pseudomonas aeruginosas isolated and cultured period to incubatioprimduce rhamnolipid. Rhamnolipid
(g/L) produced in the culture medium was then pedifand quantified using the phenol sulfuric acidtimod as
previously described [16]. Serial dilutions (20,atd 80 mg/L) of purified Rhamnolipid in water waade with pH
adjusted to 7.2 using 0.1 N NaOH solution and #&aligH meter (Thermo Fisher Scientific Inc.).

Preparation of metal solutions

The protocol of samples were prepared by dissolgipecified weight of metal salts (cadmium (Cdgy@H,0),
lead (Pb(NQ),), nickel (NiCL6H,0), barium (BaCl) zinc (ZnCl) and strontium (Sr@i)2000 ml of deionized water
to produce metal solution (500mg/L). The pH of esglution was measured using pH meter.

Experimental design

Aliquots of 10 ml samples (500 mg/L) of the metalution were transferred into four test tubes. Freach test
tube, 1 ml sample was replaced by either 1 ml ébrdeed water as control or with 1 ml of 20ppm, gopor

80ppm concentrations of Rhamnolipids solution. Sampvere then incubated at room temperature forhane,

prior to filtration through whatman filter papering bucchner funnel. The concentration of the heaeyal in the
filtrate was measured using inductively coupledspla optical emission spectrophotometer (ICP —OB@&wPRO,
Libyan Petroleum Institute, Tripoli- Libya). All @eriments were made in triplicate, and the averajee was
calculated and presented as a percentage of reetalved.

Calculation

The percentage of metal removeag (vas calculated based on the initial metal con{eantrol) in the aqueous
solution using the following equation:

n = CM-CMF/ CM x 100

Where; CM is the initial concentration of heavy aiet(control, i.e. without treatment) and CMF i tfinal
concentration of heavy metals (after treatment Witlamnolipid).
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Statistical analysis

The results were statistically analyzed and thiedihces between groups was examined using oneamalysis of
variance (ANOVA) and post-tests carried out usinghBr's pair wise comparisons via the statisticatyage
Minitab TM 13 windows. Statistically significantftBrences were set at p < 0.05.

RESULTS

Table 1 and Fig 2 show the effect of increasingceatration of bio-surfactant (Rhamnolipid) on tkenoval of
heavy metals from aqueous solution.

Table 1: The effect of bio-surfactants ( Rhamnolipid) concentration on heavy metals removal from aqueous solution

Rhamnolipid concentration (ppm)
Heavy metal—= o 20 40 80
Cadmium 390.53+12.4 330.80+17|6  254.03+9.8 191.6745
Lead 355.13+£10.3 322.53+15/6 294.30+69  160.67+15.3
Nickel 253.13+12.4] 114.10+3.9 118.27+7/6 117.67+7.3
Barium 483.8346.4| 382.53+6.]1 364.78+10.5 342.22+6.2
Zinc 124.77+8.0 | 109.33+6.5 105.58+4.p 103.60+6.3
Strontium 247.85+6.8 | 239.49+6.2] 220.37+9.p  236.70+4.4

The results are presented as mean *standard dewiaf 3 measurements. ppm = Parts per ml
Compared to control, a significant reduction in ttemcentration of metal was observed after thetihdof bio-

surfactant (Rhamnolipid). A significant decreas€admium and Lead concentration was high with rt@ipid at
80ppm concentration compared to 20 and 40 ppm chrat®ns.
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Fig 2. Effects of rhamnolipid concentration on the removal of heavy metals compared to control.

Rhamnolipid at 80 ppm was found to be a superispdxknt in removing cadmium and lead from aqueolugisn.
Fig 3 shows the efficiency (%) of bio-surfactant@ducing metals contamination from water.

The desorption efficiencies achieved with rhamrdlipt 80ppm were 53% and 62% for cadmium and lead
respectively. Rhamnolipid had also shown a sigaiftceffect in reducing the Nickel concentration.aRimolipid
with concentration of 20 ppm, had lead to a desompéfficiencies of 58% for nickel, however, no mEftcant
change after concentration of rhamnolipid was iaseel to 40ppm and 80ppm. The desorption efficisnofe
rhamnolipid on barium, zinc and strontium at coniaion of 80 ppm were 28%, 20% and 7% respectivalyhe
case of zinc, no effect was shown probably dudegH of metal solution<(4) on rhamnolipid action that was less
than the optimum pH of working rhamnolipid is 7Rr barium, the highest effect was observed at nudipid
concentration of 80ppm while for strontium, the Hegt effect was observed at rhamnolipid conceowatif 40

ppm.
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Fig 3. The desor ption efficiency (%) of heavy metals by Rhamnolipid. *a and *b represent statistically significant difference (p< 0.05,
Anova oneway analysis of variance) relativeto other concentration in each class, while *c represents statistically significant difference
(p< 0.05, Anova one way analysis of variance) relative to other classes.

DISCUSSION

Bioremediation of industrial wastes containing heametals has been demonstrated by several bioteahno
companies employing bioaccumulation [16-18]. Biggimn, bioprecipitation, and uptake by purified fadymers
derived from microbial cells provide alternativedéor additive processes for conventional physical ahemical
methods. Intact microbial cells live or dead andirtiproducts can be highly efficient bioaccumulatof both
soluble and particulate forms of metals [19, 2(rigus microbial species, mainRseudomonasave been shown
to be relatively efficient in bioaccumulation ofamium, copper, lead and other metal ions from pedeffluents,
both as immobilized cells and in the mobilizedestfatr example, Acinetobacter RAG-1 was found taihip to 240
pg uranium (U&")/mg emulsion [21]. Similarly, aPseudomonasexopolysaccharide bound up to 96 pg
uranium/mg exopolymer [6] . The cell surfaces dfaicroorganisms are negatively charged owing #phesence
of various anionic structures [8]. This gives bdetehe ability to bind metal cations [7, 8, 1H. study of
Cadmium-Arthrobacter exopolysaccharide complexasbowed that cadmium binding (3.3 pg/mg exopolymer)
was significantly less than that of uranium [22{hé study of several marifseudomonasp. exopolysaccharides
showed complexation of copper, iron, lead, nickel] zinc[23, 24] . There is a little informationaaib the effect of
bio-surfactant-metal interactions on metal struet@ur earlier work has concluded that the isoldt@cteria from
the soil of local site were found to have the &pibf producing the biosurfactant (Rhamnolipid)tive form of
biological molecules [16]. In this study preseefgperimental results that evaluate the capabilitthamnolipids
and their ability on enhancing removal of heavyatstin the water systems contaminated with heastals The
goal of the addition of a bio-surfactant may proendesorption of heavy metals from contaminated mtar@ugh
complexation of the free form of the metal residingsolution. This decreases the solution-phasiigcbf the
metal resulting in direct contact between the hidextant and the sorbed metal and, therefore, ptesn
desorption. Clearly, bio-surfactant structure sied charge will affect movement of bio-surfactartah
complexes. In addition, structure size and chartlealso affect the access of bio-surfactants tefipores [25].
Therefore the rhamnolipid solution pH was optimitedninimize the size of the metal-ligand compl€le size of
rhamnolipid aggregates is pH dependent and thepm@ominately small vesicles and micelles at pB.0-[26].
The use of this technique allowed significant valeé removal rates of cadmium, lead, and nickek Témoval
efficiency of barium, zinc and strontium were notpletely encouraging, may be due to some errdaseckto the
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use of rhamnolipid concentration. Hence, the evwmubf rhamnolipid effective concentration in bamiuzinc and
strontium, the removal is a matter of investigation

CONCLUSION

The conclusions drawn from this study that; Biofsctant addition to heavy metals contaminated waier
concentrations above their CMC values generallyaaoé desorption of heavy metals. Using inductivaypled

plasma optical emission spectrometer establishetd3®ppm of rhamnolipid can reduce up to 53 % dhdam, 62

% of lead, and 58% of nickel respectively. Littifeet (< 28% desorption efficiency) of rhamnolipid on baniu

zinc and strontium removal was observed. The efféchamnolipid on barium, zinc and strontium sugjderther

research to be conducted.
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