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Abstract: The present study observed a variety of microorganisms from the soil of the waste area near Riyan Steel
Rolling Mills , Muzaffarnagar. Among the microorganisms, 10 isolates of Bacillus subtilis, Pseudomonas aeruginosa
and Staphylococcus aureus showed great potential against detrimental heavy metals like Hg, Pb, Zn. Out of these
10 isolates, only 2 isolates of Bacillus subtilis (NLA2, N1P2), one isolates of P. aeruginosa N1A4 and one isolates
of S. aureus AIN3 showed tremendous tolerance against various heavy metals. Bacillus subtilis N1A2 showed
15x10° cfu/ml in 100pg/ml of HgCI, whereas B. subtilis N1P2 showed 15x10° cfu/ml in 400ug/ml of zinc acetatate.
Similarily Pseudomonas aeruginosa N1A4 showed 11x10° cfu/ml in 150ug/ml of lead acetate. Staphylococcus
aureus A1N3 showed great resistance towards 450ug/ml of zinc sulphate and maintain their growth up to 7x10° cfu/
ml. strains were identified as Bacillus subtilis, Pseudomonas aeruginosa and Staphylococcus aureus on the basis
of their morphological, physiological and biochemical and compared with their standard MTCC strains.
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INTRODUCTION / jerky movements, deafness, depression, dermatitis,

The term heavy metal refers to any metallic Chemicaldlscouragement, dizziness, drowsiness, eczema,

element that has a relatively high density and toxic toemotl_onal disturbances, excess saliva, fatigue, gum
human health, animal and ecosystem at IOWbleedlng and soreness, headaches (band type), hearing

concentrations. Heavy metals are natural components OIPSS’ hyperactivity hypothyroidism, fogetiulness,

the earths crust and cannot be degraded or destroyed;?:jmunz dysfun(|:t|on, fmsc;cmma, |1r|tab|llty0|r|1t pain, |
To a small extent they enter our bodies via food, drinking ldney damage, loss of seff-control, memory loss, menta

water and airCertain heavy metals in traces such as ][_ebtarddatlon, mettz_illlc taste,bmlgralnes_, ngrvlt_) usbness, nhe rve
copper selenium, zinc are essential to maintain the Iber degeneration, numbness, pain in 1imbs, rasnhes,

metabolism of the human system. Howe\arhigher retinitis, schizophrenia, shyness, speech disorders,
concentration they can lead to poisoning. Heavy metal§UICIdaI _tendenmes, t|_n_gI|ng,_tremors (eyelids, lips,
may enter in the human system through a variety of Wayéongue_, fingers, ex'Fremmes), vision loss, and weakness
but most commonly through contaminated water as wen(T?]”?'aJa and Clafuglo, 2?19021‘ level th ded
as through edible vegetables etc. which are cultivate € ingestion of Zn at higher level than recommende

nearly the area where industrial effluents contaminating _evel chanhhavre] ad\;]erse effects on:e(;ilth. I ﬁose;)s 10 _1{?
heavy metals are being discharged or irrigated. Nriagutlmes igher than these recommended are taken by mouth,

and Pacyna, (1998) showed that the activity of man have Ven _for a short time, the .Stom?‘Ch cramps, nausea and
become the decisive factor in the global cycle, after VOmiting may occurlngest_mg high levels for several
comprehensive stocktaking of worldwide emission of ?onths mgylcaulse apz:]gn;laé damagle_ tothe pgncr:gi, and
metals in the mostimportant environmental fields. Heavy re]clreasel iJVSePSHg 1'597' e[]s'g |p_0pr(_)te|nh( b )
metals like Hg and Pb are highly toxic, but many other Cholestero ( ' )- Lead poisoning has been

metals are also of concern, includits, Br, Cd Ct Cu, known for centgrles. Lead exposure can cause seizures,
Ni_ Mn. Se and Zn. mental retardation, and behavioral disorders. The threat

that heavy metals pose to human and animal health is
aggravated by their low environmental mobiligwen

under high precipitations, and their long term persistence
in the environment. Lead one of the more persistent
metals, has been estimated to present in soil (Sobolev

Mercury is one of the major pollutants in the environment
which is highly toxic and causes adrenal dysfunction,
allergy, alopecia, anorexia, anxiebjirth defects, blushing,
brain damage, cataracts, cerebral pasgr coordination
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and Begonia, 2008). triplicates.All strains were identified on the basis of
The heavy metal resistant microorganisms havemorphology and biochemical tests according taBisr
significant role in the treatment of hazardous substancesmanual of systemic bacteriology

Microbes have evolved several mechanisms to tolerateCharacterization of heavy metal Resistant Bacterialhe

the presence of heavy metals. These mechanisms includelected bacterial isolates were streaked on nutrient agar
the efflux of metal ions outside the cell, accumulation plates and colony colpform, elevation and colonial
and complexation of metal ions inside the cell and margins were recorded. Standard cultureB.albtilis
reduction of the heavy metal ions to a less toxic state. TheMTCC 441Pseudomonas aeruginosa MTCC 4676 and
detoxifying ability of these resistant microorganisms can Staphylococcusaureus MTCC 3164 were procured from
be manipulated for bioremediation of heavy metals. Microbial Type Culture Collection Center (MTCC),
Industrial effluents having heavy metals resistant caninstitute of MicrobiologicalTechniques (IMTECH),
be treated with these microorganisms by the processe€handigarh, India.

like of the environment bio sorption, bio accumulation Physiological and biochemical characterization of the
and bio precipitation. This study was aimed to isolate bacterial isolates were carried out according t@Bgs
and identify heavy metal resistant bacteria from soil of Manual of determinative bacteriology (Hetial., 1994)
Steel Rolling Mills Meerut Road, Muztdrnagay India. and comparing with the standard isolates.

MATERIALS AND METHODS RESULTS AND DISCUSSION

Sample collectionThe tested soil samples were collected The morphological characters of the isolated colonies
in polythene bags from waste area near M/S Riyan Steesuch as colony growth, colony cqlgigmentation in
Rolling Mills Meerut Road, Muzaffarnagar where all the substrate, elevation and colonial margins, shape were
waste material is settled. similar with MTCC strains oBacillus subtilis and
Preparation of Heavy metals concentrationor the Pseudomonas aeruginosa and Staphylococcus aureus.
isolation of heavy metals resistant bacteria, Nutrient again the present studgight isolates dBacillus, one isolate
medium (NAM) incorporated with heavy metals like of Pseudomonas aeruginosa and one isolates of
Mercuric chloride, Lead acetate, Zinc sulphate, Zinc Saphylococcus aureus were isolated from soil of iron
acetate were prepared separat€he concentration of  steel factory

each heavy metal ranged from 25-#§0nlof the medium.  Screening of isolates was done on the basis of tolerance
For that, stock solution of different heavy metals (600 to Heavy metalsB. subtilisisolates were abbreviated as

i g/ml) was prepared by using formula V1-S1= V2-S2. N1A1, N1A2, N1A3, N1P1, N1P2, N1P8]IN1 andA1N2.
Working solution of diferent heavy metals ranging from P. aeruginosa was abbreviated as N1A4 aBdaureus
(25-450i g/ml) was prepared from this stock solution by was abbreviated a&1N3. All the strains showed
adding specific amount in autoclaved nutrient agar mediavigorous growth at different concentrations, e.g. Mercury
All the heavy metals were added after autoclaving; duechloride 25 g ml?, Lead acetate 10§ ml?, Zinc sulphate

to there may be chance to degrading and volatilization250 ig mtt, Zinc acetate 250g mI?, but growth (CFU/mI)

for its salt nature (Hughes and Poole, 1991). decreased with the higher concentrations of heavy metal
Isolation of heavy metal resistant bacteriatsolation of e.g. mercury chloride 100 ig fplLead acetate 15@ ml-
bacteria was performed by using the method of Rajbhansl, Zinc sulphate 450g ml* and Zinc acetate 40@ ml*'
(2008). For that, 10 g of soil sample were transferred toshown in theTable 1.The decreased growth at higher
100 ml sterile distilled water and mixed thoroughly by concentrations revealed that heavy metal Mercury
shaking the flask for 5 minutes on a rotary shagerial chloride, Lead acetate, Zinc sulphate, Zinc acetate affects
dilutions of the suspension were made uptd tb010° the growth of bacteria.

using sterile distilled wateifter preparation of dierent Cell elongation, cell division, and cell metabolism are
concentration of heavy metals with nutrient agar media,affected under stress environmental condition. In liquid
a sample of 0.1 ml from the appropriate dilutions was medium the strains could resist low concentrations,
spread over cooled agar medium in petriplates, each agdvecause in the liquid medium as compared to solid
plates contained four dilution of soil sample {1008, medium, the bacterial cells are in clear surrounded on all
10%and 10° and incubated at 37°C for 24-72fier the the sides with metal ions, while in solid medium the metal
incubation period the plates were observed for any kindions bound with the components of the agar medium.

of growth on the media. Hg is extremely toxic to both animal and plants at low
The isolated and distinct colonies on media wereconcentrations. Therefore any elevation could have a
subculture repeatedly after different time interval. The deleterious effect on any exposed biota (Sobolev and
pure culture was kept in slant and stored in refrigeratorBegonia, 2008). Pahaat al. (1995) reportedacillus

at 4 C for further studyAll the results were noted in  pasteurii DR2, a broad-spectrum Hg-resistant bacterial
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Table 1.Level of heavy metals resistance and growth (CFU/ml) of isolates.

Metal Concentration Dilution factor CFU/ml Strain No.
pa/mi
Mercuric chloride 00 300x10*+15.27
25 8 31x10+1
50 10 27x10+4.0 N1A2, N1A2,N1A3
100 15x10+4.0
Lead acetate 00 300x13*+20
50 8 50x10+3.21
100 10 33x10+1.5 N1A4
150 11x10 +2
Zinc acetate 00 SOOxéle_rS
100 s 99x10 +5.13 .
250 10 26x1043.0 N1P1, N1P2, N1PZ
400 15x10 +4.0
Zinc sulphate 00 300x1gli7.6
100 s 95x10 6.1
250 10 69x10 450 A1IN1, AIN2, AIN3
400 17x10+3.0

strain, exhibited delayed sporulation. Sporulation is thecfu/ml in 150pg/ml of Lead acetategfiles 1 and 2).
natural character ddacillus which favoure the growth ~ Chandrasekaran and Lalithakumari (1998) reported fast-
even under stress conditions. Delayed sporulatidh of growingPseudomonas fuorescens CAS102, isolated by
pasteurii DR2 in the presence of HgQmhight be the  enrichment technique from polluted soil, effectively
result of induction and expression wér operon by  utilized morpholine as the energy source. The heavy metal
HgCl, (Silver and Misra 1988) and suppression of resistant bacteria have the tendency to convert these
sporulation genes including genes for an RNA polymeraseorganic heavy metal salts into elemental form by using
0 factor and a putative D-carboxypeptidasau@val., different mechanisms. Most of isolates carries plasmids
1992). Probably these genes are expressed leadinfpr resistance to heavy metals (Deeb, 2009). Removal of
ultimately to sporulation when the concentration of HJCI biohazards by using microbes is very cost effective
in the sporulating medium decreases. method in comparison to other methods.

In the present stugyBacillus subtilis N1A2 showed In this study SaphylococcusaureusA1N3 showed great
15x10 cfu/mlin 100ug/ml of HgGWwhereadB. subtilis resistance towards 450ug/ml of Zinc sulphate and maintain
N1P2 showed 15x2@fu/ml in 400ug/ml of zinc acetatate their growth up to 7x10cfu/ml (Table 1 and 2). Out of
(Table 1 and 2). Pahahal. (1995) indicated that spore- these 10 isolates, only 2 isolatesR#cillus subtilis
forming mercury-resistant bacteria may serve as a bette(N1A2, N1P2), one isolates Bf aeruginosa N1A4 and
mercury-scavenger in the adverse toxic environmentsone isolates of. aureus A1N3 showed tremendous
Pahanet al. (1995) reportedBacilli committed to  tolerance against various heavy metals.

sporulation were more efficient in tackling nutritional and However ten isolates were chosen to study for their
environmental stress conditions. Exposure to highmorphological, physiological and biochemical
enough levels of metallic, inorganic or organic Hg can characteristics. Mercury chloride resistant isolates were
permanently damage these organs (USPHS 1997)N1A1, N1A2, N1AS3; Zinc acetate resistant isolates were
Environmental legislation exists in abundance to controlN1P1, N1P2, N1P3 whereas Zinc sulphate resistant
and monitor Hg discharges (e.g. 75/437/EEC; 82/176/EECjsolates werd1N1, AIN2 andA1N3 and lead acetate
84/156/EEC; 85/613/EEC; 78/319/EEC). Hg concentrationsresistant isolates was N1A4. Morphological
associated with clean sediments are extremelywatl characteristics of isolates showed circular entire margin,
levels ranging from 0.03 mg/kg to 0.2 mg/kgu¥vtz and  gram positive, rod shaped and gram positive cocci, where
Mergeay 1997). as some arefivhite, circulayentire magin, gram negative
Similarily Pseudomonasaeruginosa N1A4 showed 11x*0  rod shaped @ble 3).

Table 2.Level of heavy metals resistance at highest concentration of selected isolates.

Resistant Highest concentration Bacteria Strains
(pg/ml)

Lead acetate 150 Pseudomonas aeruginosa N1A4

Zinc sulphate 450 Saphylococcus aureus A1N3

Mercuric chloride 100 Bacillus subtilis N1A2

Zinc acetate 400 Bacillus subtilis N1P2




Table 3.Morphological, physiological and biochemical characteristiddaofllus, Pseudomonas andSaphylococcusisolates.

MT MT MT

CcC-
46

AIN2 AIN3

AIN1

N1A2 N1A3 N1A4 N1P1 N1P2 N1P3

N1A2

Biochemical test

CC-
441

CC-
31

64

76

Rods Rods Rods Rods Rods Rods Rods Rods Cocci

Rods

Shape

Gram's stain
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Voges —Proskauer (VP)

Citrate

B. subtilis  B.subtilis  B. subtilis  B. subtilis S aureus

B. subtilis _ B. subtilis _B. aeruginosa___ B. subtilis

B. subtilis

Strain Identified

Strains were compared for their characteristics with
standard strains &. subtilisMTCC 441 Pseudomonas
aeruginosa MTCC 4676 andtaphylococcus aureus
MTCC 3164. Biochemical pattern of resistant isolates were
showed that all strains excepiN3 was positive for
amylase production, oxidase production, Urease
production, Indole production, Methyl refpges
Proskauerand negative for t& production, gel
liguefaction, catalase, citrate utilization and nitrate
reduction test while the straililN3 shown positive
results for Catalas&joges Proskauer and Methyl Red,
Nitrate reduction. Resistant strain N1A4 isolated from
Lead acetate was shown starch hydrolysis, Gel
liquefaction, Urease production, Indole production, ,
methyl red positive,Voges Proskauer positive, citrate
utilization positive, and Nitrate reduction test positive
but negative for H2S production, catalase.

Based on morphological, physiological and biochemical
characters strains N1A1, N1A2, N1A3, N1P1, N1P2, N1P3,
was found similar to that of MTCC 441 which showed
small; round; white; opaque; and abundant with 2-4 mm
diameter colonies, motile, aerobic, gram-positive, straight
rods with round ends and endospore forr&eain N1A4
was found similar to that d?seudomonas aeruginosa
MTCC 4676 wherea81N1, AIN2,A1N3 were found
similar to that ofStaphylococcus aureus MTCC 3164
(Table 3).

Therefore, present study indicated that, the most
abundant type of bacteria resistant to lead is
Pseudomonas aeruginosa and Staphylococcus aureus,
where as in case of Mercuric chloride, Zinc acetate and
Zinc sulphate are mostBacillus subtilis.
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