Available online at www.scholar sresear chlibrary.com

Qoo
Scholars Research Library g@‘"’a“’g
Scholars Research . * k@# e
Der Pharmacia Lettre, 2014, 6 (2):118-124 * V,‘ 4 &
y (http://scholarsresear chlibrary.com/archive.html) 4
Library
| SSN 0975-5071

USA CODEN: DPLEB4

Removal of hexavalent chromium from aqueous solution using
marineisolates from Vishakhapatnam beach

Prithwijit Sarkar, Shreya Bhagavatula and Sangeetha Subramanian

Industrial Biotechnology Division, School of Bio-Sciences and technology, VIT University, Vellore

ABSTRACT

Study was aimed at removing hexavalent chromium from aqueous solution using a microorganism screened and
isolated from a marine water sample. Chromium, a heavy metal which is toxic beyond a certain concentration,
needs to be removed from polluted environmental samples. In this study, enrichment media was used to screen for
the presence of bacteria that could survive in a chromium environment. They were plated, sub-cultured and streaked
to obtain a pure culture. Two isolates were characterized primarily, by staining methods. They were used to for the
removal of chromium [VI] from aqueous solution. One of the bacterial isolates showed to significantly decrease the
chromium concentration by 61.1%. Hence there was an effective removal of chromium [VI] from the solution using
the mi croor ganism isolated from the marine water sample.
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INTRODUCTION

Increasing levels of pollution demand new and iraive strategies to combat and prevent the rismpfaminants
in the environment. The environment faces immehseats due to indiscriminate human activities. Pnéion and
lowering of pollution levels is necessary in todaworld so that the current and future generattamslive in a safe
environment with minimum health risks [1].

One of these major pollutants is the heavy metab@ium (Cr [VI]). It is released into the environntefrom
effluents of tannery industries, steel plants, itlexand paint industries and galvanization unit;ic8 it is a
commercially important heavy metal, it is presenhigh concentrations in industrial waste water [2hppropriate
and improper waste water treatment steps lead éoptilution of soil and water with these harmfuflednts.
Relatively high concentrations of chromium are ¢axi humans, plants and animals. Main diseasegiasst with
chromium toxicity in humans are skin dermatitis;arhtion in the Gl tract and can also be carcinmgensome
animals [3, 4].

It is a soil and water pollutant, and strategiesetmove this from the waste waters include physaced chemical
methods like precipitation, coagulation, ion exdmrand absorption [5]. However, studies have shthanh the
toxic hexavalent chromium does not precipitate itgday the already existing precipitation metho@$ Chromium
removal processes involving activated carbon dfieieft but then it is fairly expensive and leadsincrease in
costs. However, using a biological method woulbaeficial as it would be more sustainable and cedhe cost
in the removal operations [7]. That is the mainestive of this research study. The reduction ofootium
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concentrations in aqueous solution by using twdedsht marine microorganisms isolated from the heacof
Vishakhapatnam was studied. Bacteria and fungpegsent everywhere in abundance. The availabitity @ase to
work with microorganisms is the key advantage inpkaying a biological method to remove chromium from
polluted environments.

In this study, microorganisms that thrive in eomiments enriched in hexavalent chromium were iedldty an
enrichment technique and batch reactor studies warged out in shake flasks to check for chromilavel
reduction.

MATERIALSAND METHODS

Sample Collection and Materialsrequired:-

The marine water sample was collected from the hesaof Visakhapatnam (Figure 1) during the month of
September, 2013. It was collected in a steriletigldmttle and was stored at room temperatb the screening,
isolation and chromium removal assay of the migeaaism, nutrient agar, nutrient broth, agar powdestjlled
water, potassium dichromate, 6M sulfuric acid, acsetand Di-phenylcarbazide (DPC) were used . Ingnis used
were autoclave, laminar air flow hood, orbital strakset at 120 rpm), UV-visible spectrophotometed aooling
centrifuge.

Figure 1. Marine sample collection

Enrichment technique

To screen for chromium removing bacteria from tharime water, an enrichment media was used. The
microorganisms that can thrive on chromium can amyw in such media [8]. Nutrient broth was prepaby
adding 1.3g of HiMedia Nutrient broth and 4g of iswd chloride, dissolved in 100ml of distilled watend was
then divided into three conical flasks. The firlsisk was used as a control. To the other two flagke made to
have two different chromium concentrations; potassidichromate was added such that the second fladka
chromium concentration of 100ug/ml and the thiesi had 500ug/ml (Figure 2). They were subjectddlization
at 121°C for 20 minutes, and then they were cotbetbom temperature. 5ml of the marine water samas
inoculated into the second and third flasks untienile conditions in a laminar air flow. After inokation, the three
flasks were kept in an orbital shaker for 48 haatr87C. This was used as the inoculums for the screesmimp
isolation of the microorganism.
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Figure 3: Sub-cultureby streaking

Screening and isolation:-

After 48 hours of incubation, the flasks were cleztlfor growth and turbidity. The next step wasdolate the
microorganism from the enrichment media. 2.8g oMefilia Nutrient Agar, 2g of Agar powder and 4g oft sa
concentration was taken in two conical flasks eacid the volumes were made up to 100ml using léidtivater.
The chromium concentration was made to 100pg/ml%0@u1g/ml in the two conical flasks containing it
agar, similar to the broth used in the enrichméstt.s

12 test tubes were taken and they were filled @ith of 4% saline solution. They were used for tegas dilution
of the enriched culture that was obtained aftend@s of incubation. These test tubes, along wiéhconical flasks
were sterilized in the autoclave and after coolilogvn to room temperature, serial dilution was penfed under
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sterile conditions. 1ml of the inoculum was addethee first test tube, and then subsequently thals#lution was
done upto 19 and 1@ dilutions. The nutrient agar plates were allowe@aol and solidify in the laminar air flow.
Spread plate technique was done in four petri distome for each dilution of each of the two chramiu
concentrations. The plates were incubated for 48shat 37C.

Sub-culturing:-

After 48 hours of incubation, colonies were obtdineall four plates. Two distinct colonies werkeda from the 10

* and 10 plates which had 500pug/ml of chromium concentratibmo nutrient agar plates were prepared and these
two colonies were subsequently sub-cultured on thgub-culturing was done by the method of streakfigure

3), so that a pure culture could be obtained. Taeg were incubated for 24 hours at@7

M orphological studies and staining:-

The streaks obtained in the two plates after 24shotiincubation were observed. The texture andpimaogy of

the colonies were observed and noted. For furtharacterization, Gram'’s staining and spore staimiag done for
both the isolated microorganisms. In Gram stainengmear was prepared on a clean glass slide loyyang and

heat fixing it. To the smear, a drop of Crystalletcsolution was added and allowed to stand fos&fonds, and
washed with distilled water. A few drops of Granusline was added and left for 30 seconds, and desel was

added and the slide was tilted. Finally, Safranires added and the slide was allowed to stand fose@@nds.
Similarly, spore staining was done by adding Maikecgreen on a smear, followed by exposure to stearh to 7

minutes and then finally adding Safranine as thenter stain for 60 seconds. Then the slides weshed, dried
and viewed under the microscope under 10X and 4@ynification [9].

Standard graph preparation:-

DPC (Diphenyl Carbazide) method was used to chhekrémoval efficiency of chromium [VI]. For thishe
standard DPC method was followed [10, 11]. 250mBBEC was added in 100 ml of acetone to give a 0.2
solution. Test tubes containing different chromicamcentrations ranging from 0.5 to 2.5 mg/l wereppred from
a stock solution of 200mg/l chromium concentratiOne test tube was used as the blank. Their volumees made
upto 20 ml. In each test tube 330ul of concentrétddsulfuric acid and 400l of 0.25% DPC solutioare added.
These test tubes were incubated for 10 minutestendolor development was observed. The OD valwes vaken
at 540nm using UV-visible spectrophotometer. A grdpr chromium concentration versus the OD values w
plotted.

Removal of Chromium [VI] - analysis.-

Nutrient broth was prepared with the addition ofggsium chromium and it was sterilized. It was eddio room
temperature and the initial chromium concentrati@s found out using the DPC method. In two corfieaks, the
two different isolates were inoculated. Four coésnof each microorganism were inoculated. Theseabftasks
were incubated for 24 hours at°®7 Then the culture was centrifuged at 10,000 rpmil® minutes. The pellets of
cells were discarded and the supernatants wersféraad to separate test tubes. The final condeniraf
chromium was found out by using the DPC method éading the absorbance value at 540nm in a UV-gsibl
spectrophotometer. The removal efficiency of chram{VI] was finally calculated.

RESULTSAND DISCUSSION

Chromium degrading microorganisms were successfoligened and isolated from sea water. Enrichmastdene
with chromium [VI] concentration in the broth sathonly the microorganisms that can survive in avirenment
rich in chromium can survive and thrive in it. Thebidity seen in the enriched broth indicated tthetre was a
growth of microorganisms that can survive and gogslegrade chromium [VI].

The spread plates also contained the same chrofiljrooncentration as that of the enriched brothd ghere were
several distinct colonies present in all four sgrpkates which had different chromium concentratiand different
inoculums dilutions. Two of the colonies that weetected and sub-cultured were suspected to dietiremoval of
chromium from the aqueous solution.
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Figure 4a: Isolated Bacterium 1
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Figure 4b: Isolated Bacterium 2
Staining techniques were performed and it was obsethat both the bacteria were Gram negative amd n

sporulating. Study of the morphological charactmsswas done and it was observed that (Figuren¢b4d) the
first isolate were short rods (Bacterium 1) andgbeond isolate were long rods arranged in ch&astérium 2).

After the standard graph was plotted the micro wigga was checked for its efficiency in removal dfamium
[vI].

Initial and final OD values were noted. There wamtable decrease in the concentration of chronviitim Bacteria
2 (long rods in chains). The Bacterium 1 (shortsjodid not show any notable decrease in the lefzehmmium
concentration.
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The corresponding chromium concentration obserkau the standard graph was seen to reduce fromi.fg/8to

0.08mg/I after 24 hours of incubation with Bacteri@. The percentage reduce in chromium concentratm be
calculated using the formula.

% reduce in chromium concentration = (initial chiom concentration - final chromium concentratiod®/initial

chromium concentration

Comparison of removal efficiencies using Bacterium 1 and 2
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Figure5: Comparison of removal efficiencies of Bacterial and 2.

There was aroun@l.1% removal observed using Bacterium 2 and 1.03% removal using Bacterium 1. This shows
that the particular marine microorganism BacterRimas efficient in removal of Cr [VI]. (Figure 5)

Cell walls of the marine bacteria are responsibl¢he adsorption of the toxic heavy metal ions.rélere certain
bacteria which adsorb the heavy metal ions Beeillus megaterium, Bacillus licheniformis, Nostoc muscorum,
Pseudomonas sp. etc [12, 13]. There is a specific electron donayugr in the cell wall which reduces the Cr[VI]
state to Cr[lll] state after the heavy metal ioret gdsorbed on the surface of the bacteria [14¢ Giemical
component responsible for the adsorptions can iptidoglycan, glycerol, ribitol, lipoprotein and pos [15].
Instances have been reported where microorganike&mterobacter cloaceae show accumulation of hexavalent
chromium along with simultaneous exopolysacchapiaeluction [16]. Apart from bacterial strains, thérave been
recent studies showing that fungal biomassAsgfergillus niger [17] and even the brown seawe8argassum
filipendula [18] have been observed to remove chromium froneags solutions.

The presence of hexavalent chromium in wastewater potential hazard to aquatic animals and huntdeavy
metal contamination is one of the most noteworthyirenmental problems of this century [19 ,20 ,ZhEre are
various mechanisms proposed, kinetic models uséddsorption isotherms employed for the efficiemoval of
hexavalent chromium from industrial and municipahstewaters using biosorbents. Metal removal tresttme
systems using microorganisms are cheap becaudeedbw cost of sorbent materials used and may septe
a practical replacement to conventional processes.

CONCLUSION
Chromium as quoted is a very toxic substance toefMronment and contributes towards the enviroraien

pollution [22]. Therefore novel and cost effectimethods should be employed for its removal. Thislsinvolves
a marine microorganism to reduce Chromium. Thesiefficy was found out to be 61.1%. This efficienogves the
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study on removal of chromium was successful. Furshiedy in this area needs to be done to emplosetinearine
microorganisms in large scale bioremediation andrenment clean-up process.
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