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ABSTRACT: Environment pollution of toxic heavy metals and antibiotics is widespread due of massive industrialization and
overuse of antibiotics. Moreover, metal contamination can function as a selective agent in the spread of antibiotic resistance,
affecting both animals and plant species. Isolation, identification and characterization of three heavy metal resistant bacterial
strains from sewage pipes of Lahore city was carried out in this study. On the basis of morphology and 16S ribosomal RNA (rRNA)
gene sequencing, the isolates were identified as Escherichia coli strain MHR-1, Bacillus subtilis strain MHR-2, Exiguobacterium
aurantiacum strain MHR-3. These isolates were resistant to Cadmium (Cd) at (< 100 µg/mL), Chromium (Cr) (< 500 µg/mL), Lead
(Pb) (< 400 µg/mL) and Arsenic (As) (< 200 µg/mL). Moreover, the isolates tolerated a combined stress of 50 µg/mL for all the heavy
metals tested. Antibiotic susceptibility of the bacteria towards the 9 antibiotics revealed: MHR-1 was resistant to 66%, intermediate
to 12% and susceptible to 22%; MHR-2 was resistant 66%, intermediate to 22% and susceptible to 12%; MHR-3 was resistant to
22%, intermediate to 33% and susceptible to 45%. For antibiotic-heavy metal co-stress, about 78% of antibiotics showed synergistic
effects while 11% showed antagonistic effects along with a stress of 50 µg/mL of all heavy metals tested. Test of isolates for their
ability to affect seed growth with and without heavy metal stress, showed no significant interaction with plants to tolerate the heavy
metal stress. This study proposes an effective approach to target antibiotic resistant bacteria with combine stress of heavy metals, and
further investigation will lead in to better insight in devising an effective treatment for targeting resistant pathogens.
Key Words: Sewage bacteria, Heavy metal resistance, 16S rRNA Sequencing, Antibiotic Susceptibility, Co-tolerance.

INTRODUCTION:

H

eavy metal pollution of natural
environments is a serious
environmental problem (Cheng,
2003). Pollutants from domestic and industrial
wastewater can permanently damage natural
ecosystems (Rehman et al., 2008). Heavy metals like
Cadmium, Lead, Chromium and Arsenic are
nonessential elements for living organisms and can
poison plants, animals, and humans (Gupta et al.,
2012). Cadmium is also one of the most toxic
pollutants of the soil, released into the environment
by mining and smelting activities, atmospheric
de pos ition from me ta llurgic a l indus trie s ,
incineration of plastics and batteries, land application
of sewage sludge, and burning of fossil fuels (Tsai,
2006). Like Cadmium, Lead is also a major pollutant
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found in soil, water and air, and highly toxic to living
biota (Luo et al., 2014). Similarly, hexavalent
chromium Cr (VI) and trivalent chromium Cr (III) are
the most widespread chromium species of the natural
environment (Chiang et al., 2011). Major sources of
chromium pollution include leather tanning
industries, wood preservatives, chromium
electroplating, alloy manufacturing, and use as
corrosion inhibitor of nuclear power plants (Singh et
al., 2007). As, also a toxic heavy metal element is
widely distributed in nature (Nath et al, 2008).
Arsenic arises from various natural sources like
weathered volcanic, marine sedimentary rocks,
minerals, fossil fuels, water, air, living organisms and
human activities including agricultural chemicals,
mining, medicinal products, wood preservatives,
industry activities (Malik and Aleem, 2011).
Therefore, removing such heavy metal pollutants
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from waste waters is of great environmental
significance.
Metal contaminants can functions as a
selective agents promoting antibiotic resistance in
bacteria (Baker-Austin et al., 2006). Furthermore,
unlike antibiotics, metals are not subjected to
degradation and can subsequently create long-term
selection pressure to promote antibiotic resistance in
bacteria (El-Baz et al., 2015). Thus, there are
concerns that metal contamination can potentially
maintain a pool of antibiotic-resistance genes in
natural and clinical environments. In addition to
metals, other toxicants are implicated in the coselection of antibiotic resistance, including
quaternary ammonium compounds and antifouling
agents and detergents (Seiler and Berendonk, 2007).
Therefore, the objective of this study was to
determine heavy metals and antibiotic resistance of
sewage bacteria, and studying the interaction of
bacterial isolates with plant seed grown in the
presence or absence of heavy metals to exploit.
MATERIALS AND METHODS
Isolation of Bacteria
The sewage water samples were collected
from the local areas of Lahore city, Pakistan. The
samples were collected in sterile plastic container
and by taking all precautionary measures. The
bacterial isolates were screened on Nutrient (N) agar
plates supplemented with 100 µg/ml concentration
of K2Cr2O7 by the standard spread plate method.
Plates were incubated at 30oC for 5 days and colonies
differing in morphological characteristics and more
tolerant towards the high concentrations of heavy
metal stress were selected and used for further
studies.
Morphological and Molecular Identification of
Sewage Bacteria
For the morphological examination of
selected sewage isolates, the shape, size, color and
growth pattern was used to select distinct bacteria.
Gram staining was done to identify Gram reaction of
the bacteria. While the molecular identification of
bacteria based on 16S rRNA gene sequence was
done commercially. For this, the bacterial isolates
were sent in Nutrient agar slants to 1st Base
Laboratories, Malaysia; genomic DNA extraction,
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PCR amplification and sequencing were all
conducted at the facility. The results obtained were
in the form of identified bacteria along with their
phylogenetic analysis. The sequences were
analyzed using BLAST search of the GenBank
Database, and the bacteria were identified based on
the highest score and similarity percentage (Altschul
et al., 1990).
Determination of MIC and MBC of heavy metals:
Maximum resistance of the isolates was evaluated
against increasing concentrations of Cr, Cd, As, and
Pb on N-agar until the strains failed to grow on the
stressed media. For this, increasing concentrations
of CdSO4, NaAsO2, Pb(NO3)2 and K2Cr2O7 were
provided in Nutrient broth medium (100-1000
µg/ml). The bacteria were inoculated and grown
overnight in the stressed medium. Minimum
Inhibitory Concentration (MIC) and Minimum
Bactericidal Concentration (MBC) was evaluated
by identifying concentration showing no visible
bacterial growth and plating an inoculum from those
stressed media tubes on simple nutrient agar at 37oC
for 2-5 days. Stressed media showing no bacterial
growth were plated on non-stressed media to
determine MIC and MBC, where appearance of
bacterial growth on non-stressed media was taken as
MIC and no growth indicated MBC.
Determination of combined heavy metal effect on
bacterial growth:
The combined effects of heavy metals on selected
bacterial strains was determined on
N-agar
medium containing 50 µg/mL stress of each four
heavy metals . The growth of bacterial strains was
observed after 3 days of incubation.
Antibiotic susceptibility test:
Susceptibility to antibiotics was determined on
Mueller Hinton agar (SIGMA) plates. Inhibition
zone was noted after 48 hours of incubation. Strains
were considered susceptible according to
performance standards for antimicrobial
susceptibility testing, obtained from the Clinical and
Laboratory Standards Institute, 940 West Valley
Road, Suite 1400, Wayne, PA USA 19807. The
following antibiotics were tested: Amikacin (30
mcg), Colistin (10 mcg), Cefotaxime (30 mcg),
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Ciprofloxacin (5 mcg), Oxacillin (1 mcg), Penicillin
G (10 U), Nitrofurantoin (300 mcg),
Chloramphenicol (30 mcg), Neomycin (30 mcg).
Tests were performed in triplicate and zones of
inhibition (cm) were averaged for the tested
antibiotic for each bacterial strain.
Determination combined effects of heavy metals
and antibiotics:
Combined effects of heavy metals and antibiotics on
the bacterial strains was tested on Muller-Hinton
agar medium, which was also supplemented with all
four heavy metal stress (50 µg/mL each). The change
in inhibitory zones (cm) were observed and
compared with previously tested antibiotics. Test
were performed in triplicate and the values were
averaged.

Molecular Identification
Consensus sequences of the Chromiumresistant isolated strains MHR-1, MHR-2, MHR-3
were compared with those deposited in GenBank by
using the BLAST program. For phylogenetic
analysis, 16S rRNA sequences of the MHR-1,
MHR-2, MHR-3 and related sequences retrieved
from GenBank were aligned with ClustalX v2.0
included in the MEGA5 software package (Fig. 1).
All these results were qualified by using BioEdit
v7.2 software. Hence, MHR-1 was identified as
Escherichia coli strain, MHR-2 as Bacillus subtilis,
and MHR-3 as Exiguobacterium aurantiacum strain
MHR-3.

Determination of Effect of Heavy Metals and
Bacteria on Plants
The effect of heavy metals and bacteria was
observed on seed germination of wheat plants. For
this, bacterial inoculum was prepared by suspending
overnight grown bacterial cells in 0.03 M MgSO4 to
a cell density of 108 cfu/ml. The seeds were washed,
surface sterilized (15% H2O2 for 5 minutes), and
again washed (5 times) with sterile distilled water.
The seeds were then bacterized by dipping in
prepared cell suspension for 1 hour. Control seeds
were dipped in 0.03 M MgSO4 for same amount of
time. The treated seeds were sprouted in dark for 7
days and the resulting roots were measured for
comparison between treatments.
RESULTS
Isolation of Bacterial Strains
In the present study, heavy metal resistant
sewage bacteria were isolated from sewage. Three
hundred colonies were screened from initial level of
heavy metal supplemented N-medium. 20 isolates
were selected in the secondary screening from
sewage water. Finally three strains were selected
based on high degree of heavy metal resistance and
were used for further studies. The strains MHR-1
was Gram negative while MHR-2 and MHR-3 was
Gram positive, rod shaped bacteria.
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Fig 1: Results of PCR amplified 16S rDNA
(performed by 1st Base Laboratories, Malaysia)
for MHR-1, MHR-2 and MHR-3 in the form of
bands with positive and negative controls. From
left to right: Lane 1, Marker 100kb (M); Lane 2,
negative control (-ve); Lane 3, positive control;
Lane 4-6, Samples MHR-1, MHR-2 and MHR-3.
Heavy Metal Tolerance of Bacterial Strains
The test indicated that among four
experimented heavy metals (Cr, Cd, As, Pb),
maximum tolerance was shown against chromium,
and isolates grew up to 600 µg/mL and minimum
tolerance to cadmium showing no growth above 200
µg/mL. In general the growth rate of the MHR-1,
MHR-2 and MHR-3 in the presence of heavy metal
was consistently slower than the control.
MIC and MBC of Isolates
Sewage bacteria MHR-1, MHR-2 and
MHR-3 showed very high degree of resistance to all
heavy metals, with MIC values varying
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concentration from 100-500 µg/mL and MBC
values varying concentrations from 200-600 µg/mL.
Among the four heavy metals tested, Strain MHR-2
was most resistant bacteria, where highest resistance
was against Chromium (500 µg/mL) followed by
Lead, Arsenic and Cadmium (100 µg/mL). Strain
MHR-1 was also most resistant to Chromium and
Lead (500 µg/mL) followed by Arsenic and
Cadmium (100 µg/mL). Strain MHR-3 was least
resistant to metal stress among the three bacteria
tested, and showed highest resistance to Chromium
(300 µg/mL) followed by Lead, and least tolerant to
Arsenic and Cadmium (100 µg/mL). Moreover,
Cadmium was found to be one of the most toxic
metals among all the four heavy metals tested, with
MBC value of 200 µg/mL against all the strains
tested (Table 1).

Ciprofloxacin, Oxacillin, Nitrofurantoin,
Chloramphenicol and Neomycin), Susceptible for
only 12% (Penicillin G) and showed Intermediate
zones against 22% (Amikacin and Cefotaxime).
Strain MHR-3 showed the least resistance to all the
antibiotic tested, and was resistant towards 22% of
tested antibiotics (Nitrofurantoin and Neomycin),
gave Intermediate zones to 33% (Cefotaxime,
Ciprofloxacin and Oxacillin) and Susceptible to
45% of antibiotics (Amikacin, Colistin, Penicillin G,
Chloramphenicol). Overall, results indicated that all
the isolates have become completely resistant
towards Nitrofurantoin and Neomycin.
Additionally, the isolates that gave intermediate
zones of inhibition indicate that the strains are also
becoming resistant towards those particular
antibiotics (Table 2).

Table 1: MIC and MBC of MHR-1 for all tested
heavy metals.

Table 2: Antibiotic Susceptibility Results of
Three Heavy Metal Resistant Strains.

Multiple Heavy Metal Tolerance
All three bacterial strains showed growth
when given a combined stress of all four heavy metal
at 50 µg/mL of each metal in the media. This
indicated that bacteria were able to handle multiple
heavy metal stresses.
Antibiotic Susceptibility of Heavy Metal
Resistant Strains
On the basis of effect of antibiotics towards
microbes, inhibitory zones were measure and
compared with performance standards for
antimicrobial susceptibility testing. For the
antibiotics studied, MHR-1 was resistant to 66% of
the antibiotics tested (Amikacin, Colistin,
Cefotaxime, Penicillin G, Nitrofurantoin and
Neomycin), Susceptible to 22% (Ciprofloxacin,
Oxacillin) and was intermediate for
Chloramphenicol (12%). MHR-2 was also resistant
strain to 66% of tested antibiotics (Colistin,
LGU J. Life Sci 1(2): LGUJLS MS.ID-014 (2017)

Combined Effects of Antibiotics And Heavy
Metals on Bacterial Strains
With a combined heavy metal stress at low
concentration (50 µg/mL for all hour heavy metals
tested), antibiotics mostly gave synergistic effect,
apparent from increased zone of inhibition size.
Most of the antibiotics used in the present study
showed increased effects towards all bacterial
strains. Only Chloramphenicol suffered decrease in
effect when tested with heavy metals towards all
three bacterial strains (Fig 2). Neomycin (N) showed
the most noticeable increase in the inhibition zone.
In the case of strain MHR-1, all antibiotics showed
the synergistic effects with heavy metals except for
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Oxacillin that showed no changes in its zones of
inhibition. For strain MHR-2, study showed that
Amikacin and Neomycin showed the most
noticeable synergistic effects with heavy metals.
Again, Oxacillin and Penicillin G showed no
difference in inhibition zone. Strain MHR-3,
showed most noticeable results for Amikacin and
Colistin where there was an increase of 0.2 cm in the
zone of inhibition. Again, Oxacillin showed no
change in activity in the presence of heavy metals.
Overall, for all the three straisn tested, about 78%
antibiotic showed increase in activity in the presence
of heavy metal stress, about 11% showed no change,
while the remaining 11% showed decrease in
activity against the tested strains (Table 3).
With Heavy Metals

Without Heavy Metals

Fig 2. Zones of inhibition produced by
Chloramphenicol (C), Penicillin G (P) and
Nitrofurantoin (F) against MHR-1 with and
without heavy metal stress. Similar results were
observed for all the isolates.
Table 3. Combined effects of antibiotics and
heavy metals three bacterial isolates determined
by measuring the zones of inhibition produced by
individual antibiotic with (HM) and without (No
HM) heavy metals.
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Effects of Bacteria and Heavy Metals on Plant
Growth
Effects of three bacterial strains were tested
on wheat seed germination in the presence and
absence of heavy metal stress. All heavy metals in
concentration of 100 µg/ml showed the inhibitory
effects on wheat seed growth. While the bacterial
strains showed no significant effects on the seed
growth in the presence or absence of heavy metal.
DISCUSSION
In this study, heavy metal tolerant strains were
isolated and characterized from domestic
wastewater. Three bacterial strains (MHR-1, MHR2 and MHR-3) were selected on the basis of
resistance to chromium and identified using 16S
rRNA sequence analysis. Isolates were identified as
Escherichia coli strain MHR-1, Bacillus subtilis
strain MHR-2 and Exiguobacterium aurantiacum
strain MHR-3, and all were able to grow at high
concentrations of heavy metals. All the isolates
exhibited high tolerance to heavy metals with
minimum inhibitory concentration (MIC) for heavy
metals ranging from 200 µg/mL to 500 μg/mL.
Additionally, all bacterial strains showed tolerance
towards combined heavy metal stress (Cr, Cd, As,
Pb) of 50 µg/mL. Since the heavy metals are all
similar in their toxic mechanism, multiple tolerances
are common phenomena among heavy metal
resistant bacteria (Mustapha and Halimoon, 2015).
The isolation of bacterial species from metal
contaminated environment would represent an
appropriate practice to select metal resistant
bacterial strains that could be used for heavy metal
removal purposes (Velasquez and Dussan, 2009).
Some bacterial genera like Bacillus spp.,
Pseudomonas spp., Micrococcus sp. and E. coli
could tolerate Cr (VI) (500 μg/mL) (Ezaka and
Anyanwu, 2011). Furthermore Bacillus sp. and
S.capatis were able to resist the highest
concentration Pb (800 μg/ml), Cd (50 μg/mL)
(Zahoor and Rehman, 2009). While MIC of bacteria
for arsenic is (60 mM) (Bahar et al., 2012). In
comparison with these isolates, present isolates
showed more resistance towards Cd (200 µg/mL)
and arsenic (200 µg/mL) while they did not showed
as high tolerance for Cr (500 µg/mL) and Pb (400
µg/mL).
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Several reports indicated a correlation
between antibiotic resistance and metal tolerance
(Spain and Alm, 2003). In certain cases metal
tolerance mechanisms contribute to the increase in
antibiotic resistance (Gupta et al., 2012). The
occurrence of this phenomenon can be attributed to
the clustering of these genes in the same plasmid (Pal
et al., 2015). The antibiotic sensitivity of the
identified bacterial strains was tested to explore this
correlation and showed moderately to highly
tolerance towards tested antibiotics. Escherichia
coli strain MHR-1 showed 66% resistant, 12%
intermediate and 22% susceptible towards
antibiotics tested. While, Bacillus subtilis strain
MHR-2 exhibited 66% resistant, 22% intermediate
and 12% susceptible results against antibiotics.
Similarly, Exiguobacterium aurantiacum strain
MHR-3 showed only 22% resistance, 33%
intermediate and 45% susceptible results towards
the antibiotics. Additionally, selected strains were
also checked for the combined effects of heavy
metals along with antibiotics. Most of the antibiotics
(78%) showed the synergistic effects, some (11%)
showed no change in effect with heavy metals, while
chloramphenicol (11%) gave the antagonistic results
with heavy metals for all three bacterial strains.
These results indicate that bacterial resistance
towards antibiotics can be affected by the presence
of heavy metals.
Further, the effects of heavy metals and the
isolated bacterial strains (MHR-1, MHR-2 and
MHR-3) on wheat seed germination were
determined. The bacterial strains showed no
significant effects on the seed germination or plant
growth. Moreover, treatment with the three strains
did not benefit the seed germination when seeds
were stressed with heavy metals. Heavy metals
greatly influence the growth activity of plants by
completely inhibiting the seed growth and damaging
the seed morphology (Sethy and Ghosh, 2013). The
accumulation and distribution of metals in the plant
tissue are important aspects to evaluate the role of
plants in remediation of contaminated sites.
Furthermore, role of metal resistant bacteria in
enabling plants to tolerate heavy metal stress is very
useful. Certain plant associated microorganisms
have the ability to promote the enzymatically
catalyzed precipitation of toxic metals (e.g., Cr, Se)
by microbial reduction processes, which show
considerable promise for phytoremediation of metal
LGU J. Life Sci 1(2): LGUJLS MS.ID-014 (2017)

contaminated soils (Payne and DiChristina, 2006).
Oves et al. (2013) reported that the inoculation of Cr
reducing bacterium P. aeruginosa OSG41 onto
chickpea grown in Cr6+ contaminated soils
significantly decreased Cr uptake by 36, 38, and
40% in roots, shoots and grains, respectively, with a
concomitant increase in plant growth performance
compared with non-inoculated control. Similarly,
metal resistant Bacillus sp. SC2b was capable of
adsorbing significant amounts of metals (e.g., Cd,
Pb, and Zn) and bacterial inoculation ameliorated
metal toxicity through biosorption, thus exhibiting a
protective effect on host plant growth (Ma et al.
2009). Actinobacteria can play very significant roles
in the remediation of contaminated sites (El-Baz et
al., 2015).
The present study is very useful to suggest
that the possible impact of metal contaminated
locations in human life may be greater than the direct
consequence of the pollution. These results shows
that the bacterial species isolated can be used as
potential candidates for further work on of effluent
containing metals like cadmium, chromium, arsenic
and lead. Additionally, it is well established that
there is a clear association between heavy
antimicrobial consumption with a population and
the frequent recovery of antibiotic resistant bacteria
(Bergman et al., 2009). However, it is apparent that a
range of other agents might represent important
mechanisms that drive the selection of antibioticresistance determinants (Grave et al., 2010).
Concluding all these facts concerning the heavy
metal driven co-selection of antibiotic resistance,
metals such as Cd, Cr, As and Pb are of great
importance in water and soil environments that are
influenced by agriculture and aquaculture. These
metals are moderately to highly toxic to bacteria;
they reach the environment and they accumulate to
selective concentrations. Additionally, they can
trigger co-selection of antibiotic resistance because
responsible co-selection mechanisms that mediate
resistance to these heavy metals and clinically as
well as veterinary relevant antibiotics have already
been described. Therefore, the elimination of
antibiotics from the list of animal feed additives as
growth promoters was a step in the right direction.
The present work indicates a rise in the
multiple stress tolerant bacteria in sewage water
which can withstand variety of stresses to ensure
their survival. Massive increase in industrialization,
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heavy reliance on heavy metals containing products
and unchecked use of antibiotics is contributing to
the origination of super bacteria that can survive
well under stress. This is of great concern to human
safety as these newly emerging super bacteria can
create havoc if they continue to evolve in to more
resistant strains that can even tolerate the most toxic
compounds like heavy metals. Furthermore, rise in
antibiotic resistance is taking us in to an era where
antibiotics are totally ineffective in treating
infections, and we need to look for alternatives that
can target such super bacteria.
CONCLUSION
To conclude, sewage water is suitable for
the isolation of heavy metal resistant
microorganisms. Considering the wide range of
multiple-metal resistance at high concentrations by
the isolates, they may help in the effective
bioremediation of heavy metal contaminated sites.
Antibiotic resistance of non-pathogenic strains in
domestic sewage water is also increasing. Moreover,
the rise in antibiotic resistance in bacteria that are
commonly isolated from environmental sources is a
grave concern to human safety, and requires special
consideration to look for effective alternatives to
target such super bacteria. The present study
proposes a strategy based on the use of heavy metals
in low concentrations to increase the effects of
antibiotics against the resistance mechanism of
bacteria. A deeper understanding of the underlying
mechanism of this strategy is needed to fully exploit
this opportunity to target emerging multi drug
resistant bacteria.
REFERENCES
1.

Altschul SF, Gish W, Miller W, Myers EW and
Lipman DJ (1990). Basic local alignment
search tool. J. Mol. Biol. 215(3): 403-410.

2.

Bahar MM, Megharaj M and Naidu R (2012).
Arsenic bioremediation potential of a new
arsenite-oxidizing bacterium
Stenotrophomonas sp. MM-7 isolated from
soil. Biodegrad. 23(6): 803-812.

3.

Baker-Austin C, Wright MS, Stepanauskas R
and McArthur J (2006). Co-selection of
antibiotic and metal resistance. Trends

LGU J. Life Sci 1(2): LGUJLS MS.ID-014 (2017)

Microbiol. 14(4): 176-182.
4.

Bergman M, Nyberg ST, Huovinen P, Paakkari
P and Hakanen AJ (2009). The Finnish Study
Group for Antimicrobial R Association
between Antimicrobial Consumption and
Resistance in Escherichia coli. Antimicrobial
Agents and Chemotherapy 53(3): 912-917.

5.

Cheng S (2003). Heavy metal pollution in
China: Origin, pattern and control. Environ.
Sci. Pollut. R. 10(3): 192-198.

6.

Chiang P N, Chiu CY, Wang MK and Chen BT
(2011). Low-molecular-weight organic acids
exuded by Millet (Setaria italica (L.) Beauv.)
roots and their effect on the remediation of
cadmium-contaminated soil. Soil Sci. 176(1):
33-38.

7.

El Baz S, Baz M, Barakate M, Hassani L, El
Gharmali A and Imziln B (2015). Resistance to
and accumulation of heavy metals by
actinobacteria isolated from abandoned
mining areas. Scientific. World. J. 2015.

8.

Ezaka E, Anyanwu C (2011). Chromium (VI)
tolerance of bacterial strains isolated from
sewage oxidation ditch. Int. J. Environ. Sci.
1(7): 1725.

9.

Grave K, Torren-Edo J and Mackay D (2010).
Comparison of the sales of veterinary
antibacterial agents between 10 European
countries. J. Antimicrob. Chemother. 65(9):
2037-2040.

10. Gupta K, Chatterjee C and Gupta B (2012).
Isolation and characterization of heavy metal
tolerant Gram-positive bacteria with
bioremedial properties from municipal waste
rich soil of Kestopur canal (Kolkata), West
Bengal, India. Biologia. 67(5): 827-836.
11. Luo Q, Sun L, Hu X and Zhou R (2014). The
variation of root exudates from the
hyperaccumulator Sedum alfredii under
cadmium stress: metabonomics analysis. PloS
one. 9(12): e115581.
12. Ma Y, Rajkumar M and Freitas H (2009).
119

Sewage Bacteria and Environmental Pollution

Improvement of plant growth and nickel
uptake by nickel resistant-plant-growth
promoting bacteria. J. Hazard. Mater. 166(2):
1154-1161.
13. Malik A, Aleem A (2011). Incidence of metal
and antibiotic resistance in Pseudomonas spp.
from the river water, agricultural soil irrigated
with wastewater and groundwater. Environ.
Monit. Assess. 178(1): 293-308.
14. Mustapha MU, Halimoon N (2015). Screening
and isolation of heavy metal tolerant bacteria in
industrial effluent. P. Environ. Sci. 30: 33-37.
15. Nath K, Singh D, Shyam S and Sharma YK.
(2008). Effect of chromium and tannery
effluent toxicity on metabolism and growth in
cowpea (Vigna sinensis L. Saviex Hassk)
seedling. Res. Environ. Life Sci. 1(3): 91-94.
16. Oves M, Khan MS and Zaidi A (2013).
Chromium reducing and plant growth
promoting novel strain Pseudomonas
aeruginosa OSG41 enhance chickpea growth
in chromium amended soils. Eur. J. Soil. Biol.
56: 72-83.
17. Pal C, Bengtsson-Palme J, Kristiansson E and
Larsson DJ (2015). Co-occurrence of
resistance genes to antibiotics, biocides and
metals reveals novel insights into their coselection potential. BMC. Genom. 16(1): 964.

antibiosis and the related resistance genes in
the environment”. 101.
21. Sethy SK, Ghosh S (2013). Effect of heavy
metals on germination of seeds. J. Nat. Sci.
Biol. Med. 4(2): 272-275.
22. Singh N, Kumar D and Sahu AP (2007).
Arsenic in the environment: effects on human
health and possible prevention. J. Environ.
Biol. 28(2): 359.
23. Spain A, Alm, E (2003). Implications of
microbial heavy metal tolerance in the
environment. Rev. Undergrad. Res.2: 1-6
24. Tsai KJ (2006). Bacterial heavy metal
resistance. Pak. Res. Repository. 11: 101-110.
25. Velasquez L, Dussan J (2009). Biosorption and
bioaccumulation of heavy metals on dead and
living biomass of Bacillus sphaericus. J.
Hazard Matt. 167:713–716.
26. Zahoor A, Rehman A (2009). Isolation of Cr
(VI) reducing bacteria from industrial effluents
and their potential use in bioremediation of
chromium containing wastewater. J. Environ.
Sci. 21(6): 814-820.

18. Payne AN, DiChristina TJ (2006). A rapid
mutant screening technique for detection of
technetium [Tc (VII)] reduction-deficient
mutants of Shewanella oneidensis MR-1.
FEMS. Microbiol. Lett. 259(2): 282-287.
19. Rehman A, Shakoori FR and Shakoori A
(2008). Uptake of heavy metals by Stylonychia
mytilus and its possible use in decontamination
of industrial wastewater. World. J. Microb.
Biot. 24(1): 47-53.
20. Seiler C, Berendonk TU (2007). Heavy metal
driven co-selection of antibiotic resistance in
soil and water bodies impacted by agriculture
and aquaculture.” Role and prevalence of

LGU J. Life Sci 1(2): LGUJLS MS.ID-014 (2017)

120

