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Abstract

Chromium (VI) a highly toxic metal, a major constituent of industrial waste. It is continuously release in soil and
water, causes environmental and health related issues, which is increasing public concern in developing countries
like Pakistan. The basic aim of this study was isolation and screening of chromium resistant bacteria from industrial
waste collected from Korangi and Lyari, Karachi (24'52'46.0"N 66'59'25.7"E and 24'48'37.5"N 67°06'52.6"E). Among
total of 53 isolated strains, seven bacterial strains were selected through selective enrichment and identified on
the basis of morphological and biochemical characteristics. These strains were designated as S11, S13, S17, S18,
S30, S35 and S48, resistance was determined against varying concentrations of chromium (100-1500 mg/1). Two
bacterial strains S35 and S48 showed maximum resistance to chromium (1600 mg/l). Bacterial strains S35 and
S48 were identified through 16S rRNA sequence and showed 99% similarity to Bacillus paranthracis and Bacillus
paramycoides. Furthermore, growth condition including temperature and pH were optimized for both bacterial
strains, showed maximum growth at temperature 30°C and at optimum pH 7.5 and 6.5 respectively. It is concluded
that indigenous bacterial strains isolated from metal contaminated industrial effluent use their innate ability to
transform toxic heavy metals to less or nontoxic form and can offer an effective tool for monitoring heavy metal
contamination in the environment.
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Resumo

0 cromo (VI), metal altamente téxico, é um dos principais constituintes dos residuos industriais. E liberado no solo e
na agua, causa problemas ambientais e de satide de crescente preocupacdo piblica em paises em desenvolvimento
como o Paquistdo. O objetivo basico deste estudo foi o isolamento e a triagem de bactérias resistentes ao cromo de
residuos industriais coletados em Korangi e Lyari, Karachi (24’52'46,0"N 66'59'25,7"E e 24'48'37,5"N 67°06'52,6"E).
Do total de 53 cepas isoladas, sete cepas bacterianas foram selecionadas por enriquecimento seletivo e identificadas
com base em caracteristicas morfolégicas e bioquimicas. Essas cepas foram designadas como S11, 513, S17,518, S30,
S35 e S48, apresentaram alta resisténcia aos metais contra concentragdes variaveis (100-1500 mg / 1) de cromo.
Ja as cepas S35 e S48 foram identificadas por meio da sequéncia 16S rRNA e apresentaram 99% de similaridade
com Bacillus paranthracis e Bacillus paramycoides. Além disso, as condigdes de crescimento incluindo temperatura
e pH foram otimizadas e ambas as cepas bacterianas apresentaram crescimento maximo na temperatura de 30
°C, enquanto seu pH 6timo foi observado em 7,5 e 6,5, respectivamente. Conclui-se que o potencial de resisténcia
dessas bactérias resistentes ao cromo pode ser efetivamente utilizado na remogdo de cromo de efluentes industriais
contaminados. Técnicas de base bioldgica usando bactérias ajudardo a fornecer métodos mais baratos e ecoldgicos
de remocado, recuperacao e desintoxica¢dao de cromo.

Palavras-chave: resisténcia ao cromo, residuos industriais, Bacillus paramycoides, Bacillus paranthracis

1. Introduction

In last few decades, the increase concentration
of different heavy metals causes environmental
contaminations and devastating effect on public health.
Human expose to metals due to increase of heavy metals

in various industry such as textile, painting, leather etc.
Effluents releasing from these industries have profound
effect on human health as well as environment (Raskin
and Ensley, 2000). Accumulation of potentially toxic heavy
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metals i.e. Hg, Cd, Cr, Cu and Zn in a body causes mental
abnormalities, neuromuscular disorders, cancer and growth
abnormalities (Wuana and Okieimen, 2011). Chromium
is used in electroplating, tanning, textile dyeing, and
metal processing industries. Industrial wastewater and
effluents contain chromium, which has toxic effects on
the microbial consortia of wastewater treatment systems
(Stasinakis et al., 2003).

Naturally, Chromium exists in different oxidation states
varying from Cr(II) to Cr(VI). Cr(Ill)is not highly toxic and
has high absorbance capacity in water and soil while, Cr(VI)
is the toxic form, highly soluble and not easily adsorbed in
natural bodies (Kotas and Stasicka, 2000). The permissible
limit of Cr in drinking water is 0.05 mg/L according to the
World Health Organization (WHO, 1993).

To reduce the toxicity of chromium in the environment,
industrial effluents must be treated before release. Many
conventional methods have been adopted for removing
metals from industrial effluents i.e. chemical (precipitation,
oxidation or reduction, ion exchange) and physical(filtration
and membrane technologies) (Ahluwalia and Goyal,
2007).These technologies are effective only when high
concentration is needed to be treated, ineffective, and highly
expensive for treating metal concentration in wastewater
below the range of 100 mg/L (Nourbakhsh et al., 1994).
Therefore, these technologies need to be replaced with
highly effective, cheaper and eco-friendly techniques,
which can effectively remove very small concentration
of toxic heavy metals. A large number of microorganisms
are found naturally in waters and soil receiving industrial
effluents. These microorganisms have adopted and
developed various strategies as a defense mechanism
to protect themselves from the toxicity of heavy metals
(adsorption, uptake, methylation, oxidation, and reduction).
Accumulation of Cr (VI) in agriculture lands reduces soil
productivity by decreasing the population of various
soil microbes (Karthik et al., 2017; Wani et al., 2018).
Chromium is carcinogenic and mutagenic, designated as
priority pollutant or Class A pollutant by the United States
environmental protection agency (USEPA, 1996).

Microbial reduction of hexavalent chromium to trivalent
chromium is an important and cost effective remediation
technology (Wang et al., 2013), necessary for glucose
metabolism (Vincent, 2000), enzymatic activation and
DNA and RNA stabilization (Karuppanapandian et al.,
2009). Chromium (VI) remediation has been reported in
both soil and water contaminated with metal by bacterium
Pannonibacter phragmitetus BB (Wang et al., 2014).
Removal of Cr(VI) either by reduction or via biosorption
can significantly reduce the risks to human health
(Kamaludeen et al., 2003).The reduction of hexavalent Cr
to trivalent Cr is a viable process, mediated by chromate
reductase under aerobic conditions via its cytosolic form
and in anaerobic respiration through its membrane-bound
component (Camargo et al. 2004).

Main water pollution sources in Pakistan are the
industrial waste released by different industries i.e.
of textile, paints, chemical, leather and paper etc.
(Waseem et al., 2014). In Pakistan, Karachi is the largest
contributor for heavy metal pollution as approximately
8000 industries running in 9 industrial estates released
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362 million gallons per day sewage. Total of 60% of this
industrial waste released directly into Korangi and Lyari
River without treatment and disposed-off into coastal
belt of Karachi (World Bank, 2006). Lacking the waste
treatment facility in industries of billion-dollar business is
responsible for ruining environment by releasing excessive
chemicals in the water and soil which in turn harmfully
affect the public health (Sundar et al., 2010). The solution
to this pollution control is the installation of effective
treatment plant, which is efficient, cost-effective, simple
and ecofriendly.

Keeping in view the toxicity of chromium, it needs to
analyze industrial wastes for the isolation and screening
of indigenous bacteria and to explore their role in
bioremediation of toxic chromium in such industrial
wastes. The objectives of this study are; isolation and
screening of indigenous chromium resistant bacteria from
industrial waste and optimization of growth condition for
resistant strains.

2. Materials and Methods

2.1. Collection of chromium contaminated Industrial
Waste Samples

Samples were collected from two different sites, River
bank of Lyari (24°52'46.0"N 66'59'25.7"E) and Korangi
industrial area (24°'48'37.5"N 67°06'52.6"E) located in
Karachi, Pakistan. Soil samples were collected in triplicate
down to 10 cm depth in sterile zippered bags and water/
sludge samples were collected in sterile plastic bottles using
standard sampling protocols (Carter and Gregorich, 2007).
Samples were kept at 4°C and immediately transported
to the Applied, Environmental and Geomicrobiology lab,
Quaid-i-Azam University, Islamabad.

2.1.1. Physico-chemical and elemental analysis of samples

During sample collection temperature and pH were
determined by mean of thermometer and pH meter
electrode respectively. Moisture content in soil and sludge
samples was monitored by dry oven method. For elemental
analysis samples were prepared following standard protocol
with minor modification (Cantle, 1986). All soil samples
(20 g) were dried over night at 60°C and grounded/sieved
to small particles. Then one gram of each grounded soil
samples was mixed in 15 ml of HNO, and HCI (1:3), boiled
for 30 minutes, and then left overnight. Then 5ml of
HCIO, was added and boiled until the total volume was
reduced to 3-5 ml. After cooling, the mixture was filtered
through Whatman filter paper (No 42) and then volume
was brought up to 20 ml with sterile deionized water. As
a control, an ordinary garden soil sample was similarly
collected and processed. A blank was processed in the
same manner without the addition of any soil and its
values were subtracted from the rest of the experimental
values in order to remove procedural errors. All samples
were processed and analyzed for presence of heavy metals
concentration i.e Chromium, Copper, Nickel and cobalt
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by atomic absorption spectroscopy (AA-7000, Shimadzu,
Japan) (Din et al., 2020).

2.2. Isolation and enumeration of bacteria

For isolation of bacteria the soil, water and sludge
samples were ten-fold diluted ranging from 10-' to 10-°. A
100ul of sample from each dilution was shifted aseptically
with the help of micropipette to separate nutrient agar
plate. Plates were then incubated for 24 h at 30°C. After
incubation, the plates were observed for distinct colonies
with varying colony morphology and culture characteristics.

2.3. Characterization of bacteria

All the isolated strains were examined for colony
morphology in terms of shape, elevation, margin, surface
and size whereas microscopic examination was carried out
by mean of Gram staining. Different biochemical tests were
performed for S35 and S48 strains i.e. oxidase test, catalase
test, indole production, methyl red, Voges Proskauer, Urease
test and citrate (Barrow and Feltham, 1993).

2.4. Primary screening for Chromium resistant bacteria

For screening of resistance bacteria, all the bacterial
isolates were spread separately on nutrient agar plates
containing 100 ppm of (K,Cr,0,) in the medium. Chromium
amended nutrient agar media were prepared in distilled
water; pH was adjusted to 7.5. The plates were incubated
at 30°C for 24 h and growth of the bacterial colonies was
observed after incubation.

2.5. Chromium resistance determination

2.5.1 Minimum inhibitory concentration (MIC)

Minimum inhibitory concentrations of chromium
against the tested isolates were determined by the plate
dilution method as described earlier (Alam and Malik,
2008). K,Cr,0, was used in the medium with increasing
concentrations ranging from 100-1600 ppm. The bacterial
strains were inoculated and incubated at 30°C for 24 h.

2.6. Optimization of growth condition

The effect of temperature and pH were determined
for maximum growth of chromium resistance bacteria
strains S35 and S48. The effect of temperature and pH
were carried out by incubating strains S35 and S48 with
200ppm chromium concentration and 1ml inoculum
size at different temperature from 10 to 50°C and pH5.5
to 9.5 for 72 h. Growth optical density at 600 nm for

Table 1. Physico-chemical parameters of samples.

Screening of chromium resistant bacteria for bioremediation

both strains were carried out at after 24 hours of time
intervals. Incubation time of bacterial strain S35 and
S48 were studied in 250 ml flasks containing 50 ml of
nutrient broth supplemented with K,Cr,0, (200ppm) and
control (without chromium). Flasks were then inoculated
with 100ul of overnight culture and agitated on a rotary
shaker at 150 rpm. Growth was monitored as a function
of biomass by measuring the absorbance at 600 nm using
spectrophotometer at different time intervals 2, 4, 6, 8, 10,
24,48 and 72 h (Shaikh and Qureshi, 2013).

2.7. Statistical analysis

All experiments were carried out in triplicate and data
were plotted in excel sheet version 2010 and mean value
was determined by standard deviation.

3. Results and Discussion

3.1. Physico-chemical analysis of soil

Four different parameters (temperature, pH, moisture
content, and metal concentration) were examined through
physical and chemical analysis of soil samples. Temperature
and pH of different sampling sites of Korangi was recorded
as 30°Cand pH-8.0 for water and sludge samples, whereas
soil sample from Lyari, was recorded as 45°C and pH 7.0
and its moisture content was calculated as 3.4% (Table 1).
The chromium concentration of samples was recorded
by mean of atomic absorption spectroscopy (AA-7000,
Shimadzu, Japan). The chromium concentration in Lyari
sample was 2317.235 mg/kg, while in Korangi sample it
was found 2648.644 mg/kg. Similar study was conducted
in which high concentration of chromium and other metals
in the industrial waste was studied (Wani and Khan, 2010).
Zahoor and Rehman (2009) reported Cr (VI) in the waste
water to be in the range 0.70-1.84 g/ml. Wang et al. (2014)
also found high concentration of metals including Cr (VI)
in the industrial wastewater which was found to be 534
mg/l. Korangi sample was slightly basic in nature. Generally,
microorganisms are found unable to tolerate pH levels above
9.5 or lower than 4.0 (Sardrood et al., 2013). Normally, the
optimum pH for bacterial growth is between 6.5 and 7.5.
Similar results reported by other researchers (Norzatulakma,
2010; Sobahan et al., 2013; Sujaul et al., 2013).

3.2. Isolation and enumeration of bacteria

In this study, the bacterial population present in the
samples was range from 250 - 350 colonies/ml. A total of

Physical parameter Metals concentrations mg/kg
Sample
Temp pH Moisture content Cu Cr Pb Ni Co
Korangi water 30°C 7 ND 830.71 2460.94 339.13 163.87 15.32
Korangi sludge 30°C 8 ND 797.66 2648.64 239.88 983.02 28.55
Lyari soil 45°C 7 34 829.48 2317.23 388.12 209.79 62.11

ND= Not Determined.
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seven bacterial colonies were selected in which 5 strains
were from Korangi sample (water and sludge), 2 strains
from Lyari sample (Figure 1). Colonies forming unit/ml
were calculated as 2x10 for Korangi sludge and 3x10-
Korangi water while 5x10- for Lyaris soil ample and used
for enumeration of bacterial population in industrial waste.
Similarly, CFU for industrial effluent was calculated as
1.68 x 10 CFU/ml from 10 dilution (Sanjay et al., 2018).
Bacterial population in industrial effluents were present
approximately 200 - 300 colonies per 100 ml at different
sample location (Mustapha and Halimoon, 2015). The
industrial effluent contains chromium and protein, which
makes it an ideal medium for many bacterial species to
grow (Saranraj et al., 2013).

3.3. Primary screening for Chromium resistant bacteria

For screening of chromium resistance all seven
isolates were grown on media amended with 100ppm

of chromium. All isolates were found resistant to
chromium at concentration of 100ppm (Figure 2). A
similar study was conducted in 2015, in which six
isolates were identified that were tolerant to chromium
at a concentration of 40ppm (Mustapha and Halimoon,
2015). Many researchers have reported metal resistance
in bacteria isolated from wastewater and soil polluted
with different heavy metals (Alam and Malik, 2008;
Abou-Shanab et al., 2007). Shakoori and Muneer (2002)
isolated bacteria from waste water and found that all
isolates were resistant to Cr¢*, Cd?*, Hg*, Zn* etc. with
varying degree of MIC values. In a study, 46 bacterial
isolates from rhizospheric soil were tested for their
ability to tolerate cadmium, chromium, zinc, mercury,
lead, cobalt, copper and nickel. All the 46 isolates were
found to be resistant to Ni, Pb, and Zn whereas 53% and
42% bacteria were resistant to Cré* and Cd?", respectively
(Abou-Shanab et al., 2007).

Figure 2. Screening of Cr- Resistant at 100 ppm Concentration using point inoculation.
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3.4. Characterization and identification of bacteria

The morphological characteristics of chromium resistant
bacterial strains shown in (Table 2, Figure 3). Biochemical
tests of strain S35 showed positive result for catalase,
Voges Proskauer urease and citrate while negative for
oxidase, indole and methyl red, similarly bacterial strain
S48 showed positive results for catalase, indole and
methyl red, while negative for oxidase, Voges Proskauer,
urease and citrate. Identification of bacterial strain S35
and S48 were analyzed according to Bergey’s Manual of
Determinative Bacteriology (Barrow and Feltham, 1993;
Bergey et al., 1974) and identified as Bacillus paranthracis
and Bacillus paramycoides respectively.

3.5. Chromium resistance determination

3.5.1. Minimum inhibitory concentration (MIC)

All seven strains were selected based on their ability of
resistance against 100ppm of chromium and their minimal
inhibitory concentration was determined by increasing
concentrations of chromium in media ranging at 100-
1600ppm (Table 3). All Seven strains were selected based

Screening of chromium resistant bacteria for bioremediation

on their strong resistance capability at 1500ppm. Only
S35 (Bacillus paranthracis) and S48 (Bacillus paramycoides)
showed growth at 1600ppm (Figure 3). In a study Minimum
inhibitory concentration (MIC) for heavy metal i.e. Cr, Pb
and Cd were examined ranging from 50 to 1900 pg/ml. It
was found that all isolates exhibited resistance to heavy
metals (Marzan et al., 2017).

3.6. Optimization of growth condition

Growth condition in respective to temperature and
pH were optimized for S35 and S48 strain which showed
maximum resistance at 1600ppm. The most suitable
temperature for Cr-resistant strains S35 and S48 were
observed at 30°C (Figures 4, 5). Whereas strain S35
showed maximum growth at pH 7.5 and S48 showed
maximum growth at pH 6.5 (Figures 6, 7). Growth curve
pattern help to use bacteria for biomass production and
bioremediation purposes. Both S35 and S48 strains were
grown in presence of K,Cr,0, (200ppm) and compared with
the control culture (without Cr). The growth pattern of
both strains were not significantly different from control
growth (Figures 8, 9). Optimization of growth parameters
such as pH, temperature and incubation time have profound

Table 2. Cultural and Microscopic characteristics of chromium resistant strains.

S.NO Strain name Color Shape Surface Margin Gram strain
1 S11 White Small/ round Puffy entire Gram positive rod
2 S13 White Small/irregular Flat/dry convex Gram positive cocci
3 S17 White Small/round flat convex Gram positive rod
4 S18 White Irregular flat umbonate Gram positive rod
5 S30 Transparent Irregular Raised umbonate Gram positive cocci
6 S35 Milky white Circular Mucoid Dome Shaped Gram negative rod
7 S48 Off white Circular Moist entire Gram negative rod

Figure 3. Cultural characteristics of strains S11, S13, S17, S18, S35 and 48.
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Table 3. Minimum inhibitory concentration determination of bacterial isolates.

S.NO Strains 300ppm 600ppm 900ppm 1200ppm 1500ppm 1600ppm
1 1 ++++ +++ +++ +++ ++ -
2 13 ++++ ++++ ++++ +++ ++ -
3 17 ++++ ++++ ++++ +++ ++ -
4 18 +H++ +H++ +H++ +H++ +++ -
5 30 ++++ +++ ++ +++ + -
6 35 +H++ +H++ +H++ +++ +++ ++
7 48 ++++ ++++ ++++ +++ +++ ++
Slight growth (+), Moderate growth (++), Dense growth (+++), Vigorous growth (++++).
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Figure 4. Effect of temperature on chromium resistance bacterial
strain S35 at 300 ppm.
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S35 at 300 ppm.
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Figure 7. Effect of pH on chromium resistance bacterial strain
S48 at 300 ppm.
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Figure 8. Effect of incubation time on bacterial strain S35 at 200 ppm.
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Figure 9. Effect of incubation time on bacterial strain S48 at 200 ppm
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effect on metal resistance capacity of bacterial strains
(Shiva et al., 2014). Cr(VI) reduction (direct or indirect)
is affected by mean of various parameters such as pH,
temperature, chromium concentration, incubation time
and Inoculum size (Soni et al., 2013).

4. Conclusion

The strains S35 and S48 were found resistant to 1600ppm
of chromium concentration. The indigenous bacterial
strains isolated from metal contaminated industrial
effluent use their innate ability to transform toxic heavy
metals to less or nontoxic form. The potential ability of
metallo-resistant bacteria against different heavy metals
may offer an effective tool for monitoring heavy metal
contamination in the environment.
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