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ABSTRACT

Due to industrialization and developmental actestinowadays water resources are polluted sevetehong the
polluting industries, match industries are playiagnajor role. Sivakasi is a town situated in TaNeldu, India is having a
number of match industries. For various procesa@ing the manufacturing of matchsticks harmful cloas are used.
The wastewater generated from the match indusisieseating problems due to contamination of grouatkr and river
water nearby Sivakasi. An attempt was made to titeatwastewater using bacterial species viz., Bacisubtilis and
Pseudomonas putida. Water samples were collected Wells of Sivakasi and analyzed for the paramset&., BOD,
COD, Nitrates, Phosphates, and Sulphates and itfaasd that all the parameters were exceeding #rengssible limit.
The water samples were inoculated with a pure caltof Bacillus subtilis and mixed cultures of Bhusl subtilis and
Pseudomonas putida at different pH conditions (%5, and 7.5). The results revealed that at pH th& removal
efficiency of the pollutants was higher. Also wkies mixed microbial consortium was used the effimjevas more when
compared with the inoculation of single bacterialtare. At pH 7.5 with mixed culture the percentnoal of various
pollutants viz., BOD, COD, Phosphate, Nitrate, &udphate was 80, 73, 68, 66 and 62 respectively,

KEYWORDS: Match Industry Wastewater, Mixed Bacterial Cultubegradation of Pollutants

Article History
Received: 09 Jun 2018 | Revised: 18 Jun 2018 | Accepted: 22 Jun 2018

INTRODUCTION

Almost 70% of water in India has become pollute& da the discharge of domestic sewage and industria
effluents into natural water sources viz., rivesgeams, and lakes. About 90% of the rural popmraliving in India
depends on groundwater for domestic use. The ingpropnagement of water systems may cause seriobgeprs in

availability and quality of water. In India, 75% ilhess and 80% of the child mortality is attriedtto water pollution.

The town Sivakasi is situated in the Southern partf Tamil Nadu. It is located at 9.28 North latie and 77.48
East longitudes. It is located at 100.07m above MBle town comprises 6.89km2 in extent and is fasrfor fireworks,
printing press, match works. About 80% of India’seWworks are manufactured here. High explosive pctsl
manufactured include trinitrotoluene (M/s Assoadiabedustrial Consultants (India) Private Ltd (1998gids viz., sulfuric
acid, Nitric acid, oleum required in the manufaiigrprocess are almost always manufactured in-hobtps in the

manufacture involve the use of raw materials ¥@dyene, cellulose, Calcium cyanide, picric acigcgrine nitro benzene
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etc.

There are nearly 450 fireworks factories givingediremployment to about 40,000 workers and indirettout
one lakh employment opportunities in various woskeh as paper tube making, wire cutting, box makargl sale
distribution in the countryside. The annual prodretis about 50,000 tonnes and reached the turnanmd Rs, 350
crores according to industrial sources (Thambw280). The wastewater from the match industry wasd to be
containing the pollutants viz., phosphate, sulfat®C, potassium etc., (Manonmani et al., 2015). bhse contains a
smaller amount of phosphorus sesquisulfide. It atsatains sulfur, rosin and a small amount of garafiax to sustain
combustion. A water-soluble dye may be added te the base a color such as red or blue. It is tegdhat phosphorus is
the most dangerous chemical in match industry efiiijRajathilagam et al, 2012).

The ground-water in Sivakasi is found to be highbtlluted and the people dependent on this wateften
affected (Ramu et al. 2009). The groundwater sasnpi&Sivakasi was characterized and it was fouatl Total hardness,
Nitrates, Potassium, Phosphates were exceediniinthieand the concentration of heavy metals vizu, @l and Ba was
also high (Sathish Ajay, 2015). If the nutrienthriater is discharged into the water bodies withmoaper treatment, it
would cause eutrophication ((Heinz et al., 2002)it3s essential to treat the effluent from matoHustry to reduce the
risk. The effluents could be treated by ozonatimemical coagulation, and adsorption and electnoated technology.
These methods are costly and generating chemigdbasl So it needed to identify a suitable methodidégrade the
pollutants. The use of bacterial species to degthéeollutants would be an alternate cost-effectieatment option to
solve environmental problems generated by indisst®® in the present study, an attempt was madssimg bacterial
culture to treat the effluent generated by matdustry

MATERIALS AND METHODS

The effluent samples were collected from Viswanath@ad and Pillayar Koil Street in Sivakasi whehe t
number of match industries is more. The samples weilected between February to March 2017. Thepkzsmwere
collected in sterile containers and transportethé&laboratory under refrigerated condition. Thegies were preserved

below 4C in order to prevent microbial degradation.
CHARACTERIZATION OF MATCH INDUSTRY WASTEWATER

The samples were analyzed for various physic-chelrp@rameters in accordance with the methods pbestn
the Standard Methods of Water and Wastewater Tezat(APHA, 2005).
pH

The pH of the sample was measured using Elico 10 #guipped with combined glass-calomel electrode.
The pH meter was calibrated using buffer solutions.

Sulfates

The sulfate content in the effluent was determibgdTurbidimetric method (APHA, 1975). Prior to sl
determination, suspended solids were removed ftarsample by centrifugation. After addition of #=onditioning
reagent (50ml glycerol, 30ml concentrated HCI, T&&CIl, 100ml ethanol and 300ml deionized water) mal 6f the
sample, an excess amount of finely ground Ba@s added and the sample was stirred for 1min gar@ex mixer.

The absorbance of the sample was measured at dewgtlre of 420nm. The absorbance of the sample gas to
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calculate the concentration of sulfate. A calitmatcurve for the dependency of adsorption on sul€ancentration was

obtained using a similar procedure
Nitrates

Nitrate is measured in terms of nitrate concerdresi It was estimated by azo dye method using

spectrophotometer at 540nm (Apha, 1998)
Phosphates

The phosphate concentration in the wastewater weermined by Calorimetric Method (APHA, 2012).
The absorbance was measured at 540nm.

Chemical Oxygen Demand (COD)

COD of the samples was determined by Open reflihrdmate titrimetric method as described in statida
methods (APHA, 1998).

Bacterial Culture

Pure cultures of bacterial species vRseudomonas spnd Bacillus sp were got from IMTECH, Chandigarh.
The bacterial cultures were transferred to Nutrigrdth and incubated for 24hrs at°87 Then the cultures were mass
multiplied in Nutrient broth. The pH of the mediuras maintained at 7.4. After incubation, the celése harvested by
centrifugation in a centrifuge at 10,000rpm for hin. The cell biomass was transferred to sterilmsaand the cell
concentration of each strain was adjusted to aicalpdensity of 0.01(600nm). Every 12 hours OD watermined using

the spectrophotometer.
Experimental Setup

The experiment was conducted in a Beaker (Capddi§0ml, height 158mm and diameter 59mm) by batch
mode. Since the Dissolved oxygen level in the waster was zero initially, the samples were aergadially using
aquarium pump. After aeration, the pure and mixeures of bacteria (1x26fu/ml) were inoculated into the conical

flask and cultured for 72 hours.
Effect of Bacterial Species on Degradation of Poltants in Wastewater at Different PH

The pH of the wastewater collected from match itusas adjusted to 5.5, 6.5, 7.5 and 8.5 and iladed with
pure and mixed bacterial cultures and kept in iatolbshaker. Then samples were taken periodicalliydetermined for

the various parameters viz., BOD, COD, phosphaiteatd, and sulfates.

RESULTS AND DISCUSSIONS

Characterization of Wastewater Samples

The match industry wastewater collected from tweatmns of Sivakasi town was characterized andrékealts

are shown in tablel

The pH of the wastewater was found to be slightigia and it was 5.5. The BOD of match industry teaster
was found to be 288 to 457mg/l (Manonmani et &115). The BOD was 288mg/l and this might be dutéohigher solid

contents with higher buffering capacity (Chen ama, 2000). The concentrations of phosphate, nitratel sulfate were
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found to be 138, 105 and 610mg/I respectively. figker concentration of nitrate in the wastewateghinbe due to the
use of nitrogen compounds in the match industry ndfemani et al, 2015). The wastewater had more [&isp
concentration than the permissible limit and it mipe due to the use of phosphorus as an imporéantmaterial for

matchstick manufacturing
Effect of Bacterial Species on Reduction of Pollutas in Wastewater at Different PH

The wastewater was inoculated with pure and mixdtlies of bacterial species and incubated for Gard
Then samples were taken after 24hours, 48 hourgarturs and analyzed for various parameters.ekperiment was
conducted at different pH levels and the resuktsgiven in tables 2 to 4

At pH 5.5, after 72 hours when the wastewater wasulated with onl\Bacillus subtilisthe reduction of BOD,
COD, Phosphate, Nitrate, and Sulphate were foundetd07, 306, 84, 71land 512mg/l respectively. Bboenmmixed

cultures ofBacillus subtilisandPseudomonas putidaere used more reduction was observed.

At pH 6.5 also the reduction was found to be motervmixed cultures were used when compared with the
control and single culture. After 72 hours of inatibn, the BOD reduction was from 99mg/l to 70nig/lthe case of
single culture inoculation and reduction from 7®fiong/l when mixed culture was used. For COD rdédoalso the same

trend was observed.

In all the pH conditions maximum reduction of dletpollutants was observed when mixed culture vezsl u

when compared with the single culture and control.
The removal efficiency of all the pollutants wascatated and tabulated (Table 5)

At pH 7.5 when mixed culture was used the maximaduction of BOD, COD, Phosphate, Nitrate, and Satiph
were observed when compared with a single purereuttfBacillus subtilis For single culture, there was 75% reduction
in BOD and for mixed cultures dacillus subtilisand Pseudomonas putidéa was 80%. The percent reduction in COD

was found to be 53 and 73 for single and mixeduceltespectively.

When single culture was used there was 49% redudtiophosphate and for mixed culture, it was 68%.
In the case of Nitrate also the same trend wasrebdelt was 45% and 66% for single and mixed caltuespectively.
For single culture, the sulfate reduction was 32 2% for mixed culture. Phosphate utilizing beeatevas known to be
present in various environments (lllmer and Shin992). The BOD, COD, Nitrate, Phosphate, and Suplin
wastewater was removed efficiently whBacillus sp was used at pH 6.0 (Yokubu etal., 2011). In tfesent study, the
pollutants in the match industry wastewater weraaeed efficiently at pH7.5 when the bacterial spec¥iz.,Bacillus
subtlisandPseudomonas putidaeere used as these bacterial species showed gedteth at pH 7.0 to 8.0. The same trend

was observed when the match industry wastewateineaslated with mixed bacterial culture (Manonmenal. 2015)
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APPENDICES

Table 1: Characteristics of Match Industry Wastewaer

Sl. No.| Parameters |Values *
1. |pH 5.5
2. |BOD at27C(mg/l) | 288
3. |COD(mg/l) 525
4. |Phosphate(mg/l) 138
5. |Nitrate(mg/I 105
6. |Sulphate(mg/l) 610

* Values represent average of 3 deternmonati

Table 2: Effect of Bacterial Species on the Charaetistics of Match Industry Wastewater at pH 5.5

: - Mixed Culture(Bacillus
Parameters Control el el Subtilisand Pseudofnonas Putida)
24h 48h 72h 24h 48h 72h
BOD(mg/l) 260 137 123 107 109 95 79
COD(mg/l) 500 350 333 306 255 236 215
Phosphate(mg/l) 138 99 84 71 76 63 53
Nitrates(mg/I 105 76 71 66 58 54 51
Sulphate(mg/l) 610 518 512 509 388 381 374
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BOD(mg/l) 260 137 123 107 109 95 79
COD(mg/l) 500 350 333 306 255 236 215
Phosphate(mg/l) 138 99 84 71 76 63 53
Nitrates(mg/I 105 76 71 66 58 54 51
Sulphate(mg/l) 610 518 512 509 388 381 374

Table 4: Effect of Bacterial Species on the Charaetistics of Match Industry Wastewater at pH 7.5

BOD(mg/l) 260 929 85 70 77 63 61
COD(mg/l) 500 346 315 284 225 204 184
Phosphate(mg/l) 138 73 58 46 52 3D 31
Nitrates(mg/| 105 79 76 71 51 48 43
Sulphate(mag/l) 610 462 458 449 379 373 365

Table 5: Effect of Bacterial Species on the Perce®emoval of
Pollutants in Match IndustryWastewater at Different pH

1. BOD at 27C(mg/l) 50 60 75 63 65 80
2. COD(mgl/l) 33 35 53 53 58 73
3. Phosphate(mg/l) 30 33 49 50 55 68
4. Nitrate(mg/I 33 38 45 49 53 66
5. Sulphate(mg/l) 21 23 32 42 49 62

Impact Factor (JCC): 3.7056

NAAS Rating 2.07



