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Abstract

: Similar to some organic materials the heavy metals are not easily
removed from the environment because of the toxic nature and form a class of stable
and non-biodegradable pollutants. These elements enter the nature and the food
chain as a result of natural activities such as eruptions of volcanoes and human
activities such as mining, producing industrial and urban wastewaters and applying
pesticides.

: In this study, chrome (V1) -resistant bacteria were isolated
from the industrial wastewater taken from Isfahan Mobarakeh Steel Complex. The
isolated strains were identified and their resistance to chromium was determined and
the strain with the highest resistance to chromium was used for its bioremediation.
Data were analyzed using descriptive statistics and one way ANOVA.

: The results of this study led to the identification of five chrome resistant
strains that the Micrococcus luteus SEHDO31RS bacterium was detected as the best
chrome resistant strain due to the minimum inhibitory concentration of 140 mgL!
and minimum bactericidal concentration of 152 mgL™. In this study, the highest
chromium removal rate of 82.5% was obtained at pH 4, concentration of 30 mgL™"!
and 96 hours.

: The results of this study indicate that the Micrococcus luteus
SEHDO31RS strain can be used as an effective microorganism in removing
chromium from industrial wastewater or environmental bioremediation.
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Introduction

Industrial ~ wastewater  contains  various
pollutants among which heavy metals play a
significant role in environmental pollution and
human health. Metals are probably the oldest toxin
detected by humans and naturally found in the
Earth's crust. In general heavy metals refer to the
metals with a density of higher than 5 gcm-2 and
have the atomic weights within the range of 63.5-
200.6 and heavily influence the environment and
living organisms. Heavy metals are one of the most
persistent and non-degradable biological pollutants
that can find their way into the food chain through
entering the environment Elements such as arsenic,
cadmium, chromium, lead and mercury are of
higher importance in public health because of high
toxicity.

The earth’s crust erosion and the leaching of
heavy metals, volcanic eruptions, re-suspension of
sediments and evaporation of metal from water
sources to the soil and groundwater are among the
natural ways of entering heavy metals into the
environment. It is also reported that natural
phenomena such as climatic conditions
significantly contribute to contamination caused by
heavy metals. Human-caused environmental
pollution can occur through mine extraction,
industrial wastewater, urban runoff, sewage
discharge, insecticides and the disease control
agents applied in the farms.

Accordingly several techniques are being used
to remove or recover heavy metals from the

polluted environments. The adsorption,
coagulation and flocculation, chemical
precipitation, electrochemical technics,

evaporative recovery, ion exchange and fuzzy
techniques are some common methods for the
removal and recovery of heavy metals. However,
these techniques are expensive, impractical or non-
inclusive for the recovery of heavy metals. Most of
these methods will not be effective when the metal
concentration is less than 100 mgL™. Separation
with physical and chemical techniques is also faced
with many challenges due to the high solubility of
most heavy metal salts in the solution. Therefore, it
is required to evaluate alternative techniques to
find a particular method and the method should be
applicable based on local conditions and be able to
meet the requirements.

Bioremediation is an innovative technique for
the removal and retrieval of heavy metal ions from
the polluted regions and involves the use of living
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organisms to reduce or recover of heavy metal
pollutions as less hazardous types using the algae,
bacteria, fungi or plants’ activities. This method is
used to strip heavy metals from the polluted
wastewater and soils. It is also an attractive
alternative to chemical and physical techniques and
the use of microorganisms plays a significant role
in the heavy metal treatment.

Chromium (VI) exists in the wastewater as
anions of chromate (CrO42-) and dichromate
(Cr2072-) and does not easily precipitate by the
physicochemical methods. In order to solve this
problem the study on the removal of this element
by the biosorption is intensified. There are some
bacteria in the basins which using the collection of
raw wastewater of Steel Factories of Isfahan
Mobarakeh (SFIM) that can survive under heavy
concentration of Cr'®. Therefore, the bacteria
strains were extracted from the precipitate of the
basins and the most resistant strain was selected for
this study as it can growth the presence of
hexavalent chromium. In the present study the
strain highest potential for the removal of
chromium (VI) was reported. The effect of pH,
initial Cr'® concentration and exposure time on Cr
(VD) reduction was reported.

Methodology

Sample collection and analysis

Wastewater and sludge samples were collected
from the SFIM, Iran. In order to arrest the biological
activity, the samples were stored at 4°C. The pH,
temperature, TKN, BOD, COD, Cr'®, Ni and Pb
concentration of the wastewater were analyzed.

Isolation and identification of chromium
resistance bacteria

In the present study, Brain Heart Infusion (BHI)
agar and nutrient agar were purchased from
QUELAB, Canada and MERCK, Germany,
respectively. The steel wastewater sample was
diluted from 10-1 to 10-7 in sterile distilled
deionized water and plated on the BHI medium and
incubated at 34+1C for 48 hr. Plates with sufficient
quantity and appropriate colonies with different
types of microscopy were selected and the linear
culture method was used to isolate and purify
various strains [15]. The type of stain was identified
according to the Berey method [16]. Also, other
biochemical and morphological characteristics of
the strains including spore staining, glucose
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fermentation, menthol fermentation, NaCl 6.5%,
movement, catalase, oxidase, acid production from
glucose, starch hydrolysis and citrate consumption
were investigated.

Determining the resistance of strains

To determine chromium resistant strains, the
nutrient agar medium containing hexavalent
chromium concentrations of 1, 2, 3, 4 and 5 ppm
were prepared from the stock solution of potassium
dichromate. After culturing the released strains of
the previous stage, the minimum inhibitor
concentration =~ and  minimum  bactericidal
concentration of the strains was measured at high
concentrations of chromium (VI) and best strains
were selected.

Identification of the bacterial isolates

16S rDNA gene sequencing was used to identify
the superior strains. DNA extraction was done by
boiling method. After quantitative testing by
NanoDropTM the extracted solution was stored for
molecular analyses. The PCR reaction consisted of
1.3 uL DNA, 8.2 pL sterilized distilled water, 10 pLL
Master mix, 0.3 uL of the reverse primer and 0.3 uL.
of forward primer.

The PCR reaction conditions included initial
denaturation at 95 ° C for 5 minutes and then 35
cycles, 94 ° C for 30 seconds, 53°C for 40 seconds,
72°C for 40 seconds, and ultimate expansion at
72°C for 8 minutes. To check the quality of the
primer, 2 pL of the product was transferred with Gel
Read and Dy 6X onto agar gel 1.2% and PCR
accuracy was confirmed by electrophoresis after an
hour with a constant voltage of 120 V and observing
bands of 1100 BP.

Determination of chromium removal by the
bacterium

Chromium removal was examined using atomic
absorption spectrophotometer (Varian 240). To 1
mL of the medium containing 11.2 mg of bacteria, 9
ml of a solution of chromium was added in a conical
flask and was shaken on an incubator shaker at 150
rpm and 24 + 1°C. The effect of different factors
such as pH, concentration and contact time on
chromium absorption was measured by the resistant
strain. The contents of the flask were centrifuged for
10 minutes at 4500 rpm and the supernatant was
measured to determine the residual chromium
content. The pH of the medium was set using
hydrochloric acid 0.1M or sodium hydroxide 0.1M.
In all experiments the control specimens were
examined without any bacterial cells.
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Results

Isolation and screening of isolates
The selective enrichment of the

samples
collected from the SFIM led to the isolation of 30

morphologically different bacteria isolates in liquid
medium containing from 1 to 5 mgL™" of Cr*®. All of
30 bacteria isolated from effluent samples were
tested as combined for their ability to survive at the
concentrations of higher than 5 mgL"' of Cr'® that
led to the screen of 12 bacteria isolate. Minimum
inhibitory concentration (MIC) of isolates were
ranged from 2 to 140 mgL™"'. one were chosen for
further evaluation based on their survival in the
presence of Cr'® concentrations higher than 30 mgL™".
All of isolates were tested based on gram staining
that led to out the four isolates from further
evaluation because of their minus gram test [21-23]
and the remain 9 isolates were tested separately by
PCR That led to the identification of 5 isolates.
Table 4 shows the biochemical and morphological
features of Cr'® resistant isolates.

Maximum and minimum inhibitory
concentrations for isolates were related to
Micrococcus luteus SEHD031RS with 140 mgL!
and Bacillus firmus SEHD031MS and Paenibacillus
lautus SEHDO31RA with 40 mgL-1, respectively.
According to Neito's studies which indicates that
bacteria that have the ability to grow at a
concentration of one mmol metals are called
resistant bacteria [24], Therefore, all isolated strains
in this study are resistant bacteria; however M.
luteus (SEHDO31RS) isolate (isolate number B10)
was chosen for further evaluation in chromium
removal experiments based on its highest MIC (140
mgL™).

Identification of M. luteus isolate

A bacterial strain was isolated from the SFIM’s
effluent, which  could remove  various
concentrations of chromium efficiently under
aerobic condition. In order to identify the strain
SEHDO31RS, the 16SrDNA gene was used to
performance BLAST software with the database of
NCBI Gen bank.

Idealization of chromium removal

The effect of different physicochemical
conditions (pH, contact time and Cr'® initial
concentration) on the removal of Cr'® was studied.
pH adjustment is very important to obtain the
maximum removal of chromium (VI). The removal
of Cr*® increases in range of pH from 2 to 4 from
48.5% to 74.6% (the maximum efficiency) but with
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increasing pH further, the removal of Cr'® decreases
dramatically from 70% at pH 6 to 29.4% at pH 8§
(variation in removal efficiency isn’t significant in
range of pH from 4 to 6). Despite the hypothesis that
with increasing acidity, the bacterium surface has a
more positive charge and can be more effective in
absorbing negative ions, with increasing acidity (at
pH 2), the chromium (VI) removal rate has dropped
significantly due to the stopped growing and lack of
bacterial survival. The removal reduction process
continues by increasing pH (from pH 6) until the
amount of chromium (VI) removal reaches its
lowest level in the relatively alkaline (pH 8) region.
Also, when the pH of the medium becomes acidic
(pH<4), chromium (VI) removal efficiency
decreases. Therefore, pHs (4-6) are the optimal pHs
for the removal of Cr+6 by M. luteus SEHDO31RS.

Discussion

The average pH affects metal solubility and
ionization properties of metal functional groups
such as carboxylates, phosphates and amine groups
of cell wall and Extracellular Polymeric Substances
(EPS). Carboxylate and phosphate groups have
negative charge. According to Yingmin's study on
chromium (VI) removal on the magnetic bacteria,
the highest removal rate was reported at 77%.
Congeevaram in a study on Micrococcus species
showed the maximum chromium (VI) removal
efficiency of 90% at pH 7 in 18h. The results of the
Ziagova study on Arthrobacter sp. Sphe3, indicated
the maximum chromium (VI) removal efficiency of
47% at pH 8. The results of Ozdemir's research on
strains of Pantoea sp. TEM18 to remove chromium
(VI) showed the highest and the lowest.

The results of Haq's research showed the highest
chromium (VI) removal rate in Kocuria rhizophila
bacterium at pH 4 with the amount of 14.4 mgg™.
The effect of pH on chromium (VI) absorption can
be attributed to the surface charge of the microbial
cells and when the pH rises, the total surface charge
becomes negative and decreases the absorption of
chromium anion (VI). A.I Zouboulis's research on
Bacillus laterosporus and Bacillus licheniformis
showed the lowest chromium (VI) removal rate at
pH 8.

In Zahoor’s study which was conducted on
Bacillus sp. JDM-2-1 and Staphylococcus capitis
strains was shown that minimum chromium (VI)
removal efficiency with 40 and 29% is at the
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concentration of 100 pgmL™" in the 24-hour period
and the maximum chromium (VI) removal
efficiency with 85 and 81% is in 96-hour period.
Initial concentration is another factor affecting the
amount of removal. Figure 5 shows the effect of
initial concentration on the removal percentage of
Cr+6 for the optimum incubation time of 48 h (a) and
maximum of 96 h (b). According to the MIC test the
bacteria growth is limited by increasing the
concentration. The maximum and minimum amounts
of Cr'® removal was respectively 81% at a
concentration of 30 mgL" and 72% at a concentration
of 50 mgL"', which may indicate a direct effect of
concentration on the bacterial structure and
metabolism. On the other hand, the decrease in the
removal efficiency of Cr'™® by M. luteus SEHDO031RS
strain at higher initial concentrations can be attributed
to toxicity of hexavalent chromium to bacterial cells
and inhibition of metabolic activity. In the study
conducted by Srivastava on Aspergillus niger algae to
remove chromium (VI), the results showed that by
increasing the concentration, the removal efficiency
was reduced; also the highest removal efficiency was
90% in 90 days and the lowest removal efficiency rate
was less than 40% in one day.

Conclusion

Among 30 isolated strains from the wastewater
of Steel Factories of Isfahan Mobarakeh 5
Chromium (VI) resistant bacteria were identified.
Among these five strains, Micrococcus luteus
SEHDO31RS bacterium with Accession Number
MGO011739 was recognized as the most chromium
(VD) resistant strain of due to the minimum
inhibitory concentration of 140 mgL™" and minimum
bactericidal concentration of 152 mgL™"'. This study
demonstrated that isolated Micrococcus luteus
SEHDO031RS  was able to remove Cr+6 for
supplying the standard of effluent discharge to the
receiving environment Furthermore, the strain
SEHDO031RS shows a good potential in industrial
wastewater treatment and the cleanup of heavy
metals from polluted environment.
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