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ABSTRACT

The accumulation of polystyrene waste is of enwir@mtal concern. Although land filling, incinerati@are in
practice, it leads to the evolution of secondanylyiants. Biodegradation could be a sustainable rapgh in
managing the disposal of these wastes. Microorgasithrough their enzymatic activity could degradéystyrene.
With this view, the present study was designedatuate the potential of bacteria harbouring in p&tlyrene waste
dumped soil to degrade polystyrene through FTIRneme. Dominant bacteria identified were Klebsiedp.,
Micrococcus sp. and Pseudomonas Hpese bacteria were inoculated in MSM (Minimal sa#dium) containing
Polystyrene for a period of one month. FTIR analysivealed chemical changes depicted by the ewolati new
absorption peaks representing C = O, C - H, C- Oeaposure of Polystyrene to Micrococcus sp., and, @-C,
C-H to Pseudomonas sp., Yet, further studies habe tonducted to trace the degraded products.
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INTRODUCTION

Styrene molecules polymerise to form long chainrbgdrbon molecule known as polystyrene (PS) whicha i
synthetic, brittle, high glass transition temperatpolymer, thermoplastic, non- biodegradable tjglasnd has
preeminent feature like high impact resistancedfeapectance, flame retardant, fast moulding céypdti4].
Today styrenic polymers, principally general pusand impact grades of polystyrene (PS -GP and HS-
respectively), comprise a sixth of the total theptastics market. Polystyrene and expanded polyse/(EPS) are
commodities used in packaging, insulation mateiialthe form of a foam or bead and constructiortasc(4,5].
One of the option for reducing polystyrene wastadlan the environment is microbial degradation sinc
microorganisms are capable of utilising organic armdganic molecules [5]. Since microorganisms eapable of
degrading most of the organic and inorganic mdtenecluding lignin, starch, cellulose, hemicellséothere is a lot
of interest in microbial degradation of syntheticlypner waste material [6,7]. In our previous stugye have
observed that fungal speciefspergillus sp., Penicillium spand Fusarium sp. were able to degrade PET
(Polyethylene terephthalate and PS foam [8]. FEIRseful to elucidate chemical and physical stmagthydrogen
bonding, and end group detection, degradation imeegt cross linking behaviour of molecules and ¢pper
composition in liquid and solid form of chemicalsdapolymers. FTIR technique is employed in the ddgtion
studies of polymers to assess the chemical chahges microbial activity [8,9]. The objective ¢fis study was to
evaluate the potential of bacteria in polystyre@ste dumped soil to degrade polystyrene througRRE&¢hnique.
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MATERIALSAND METHODS

I solation of bacteria from PS waste dumped soil

Soil samples were collected from polystyrene wdstmped sites. 1 g of soil was dissolved in 99 welilst distilled
water and serially diluted. The diluted samplesenapculated on nutrient agar plates and the batisolates were
identified using Bergeys manual of Determinativet@&aology [10].

Preparation of PS samples:
The Polystyrene foam were cut into beads to equas @nd used for degradation studies.

Degradation of PS by bacteriain MSM

Three dominant bacterial isolatd€gbsiella sp., Micrococcus sp.,Pseudomonag syere used for PS degradation
studies. 10 pl of the broth culture of each baatevere inoculated each in 100 ml sterile MSM (Mialn®alt
media) containing PS (Polystyrene) and kept instieker at 37 °C with 120 rpm for a period of 1 rhorithe PS
samples were subjected to FTIR studies.

RESULTSAND DISCUSSION

The FTIR spectra of control polystyrene is illugtchin fig 1.The signature peaks of PS include 3854, 2979 cm
12917 cnt, 2148 crit, 1487 cm*, 1324 cnit, 1042 crit, 877 cnt, 748 cm (C-H bond stretching), 164%n* (C =

C bond stretching), 1445 ¢m(CH, + C=C bond stretching), 1152 ¢nfC- O bond stretching), 1083 €nfC-O-C
bond stretching) (tablel, fig 1). Naima Atdq al, [9] have demonstrated the growthMitrobacterium sp NA23,
Paenibacillus urinalisNA26, Bacillus sp NB6, Pseudomonas aerugino$26 on polystyrene film. They have
reported that there was no increase of area ofrpti@o peaks in the bacterial treated and conitoisf and have
reasoned out that it may be due to no significamface changes during 4 weeks of incubation Wwébterial
isolates. Shift in absorption peaks were evincednoaulation of PS wittKlebsiella sp, from 3354 crit to 3350
cm’, 2917 to 2920 ch2148 to 2144 cihy 1645 to 1640 cih 1487 to 1490 cih1445 to 1447 cih 1083 to 1081
cm'’ 1042 to 1040 cih 877 to 876 cm, 748 to 749 cM(table 2, 5, fig2). On the other hand, some offtaaks
disappeared in the FTIR spectra of PS on exposarklebsiella sp(2917 cnt,1324 cnit (C-H bond stretching)
and 1152 cm (C-O bond stretching) (Fig2). Further, increas¢hia intensity of peak was observed at 1640'.cm
On the other hand, decrease in the intensity ok pegs evinced at 1081 ¢m1040 crit, 876 cnt and 749 cri
when compared to the control. Emergence of new pé&akhe FTIR peak (1727 ¢h{C = 0), 1381 cm,(C-
H),1280 crit,(C-0), 1183 cni,(C-O) was evident on exposure of PSvtizrococcus sp(fig 3). In addition, shift
in absorption peaks were observed (from 3354 tori3338 crit , 2979 cnt to 2980 crit , 2917 crit to 2921 crh
!, 2148 cril to 2136 crif, 1645 crii to 1643 crit , 1487 crif to 1491 crit , 1445 cril to 1448 cri', 1083 cnit
to 1081 crit , 1042 crif to 1043 crif) (table 3, fig 3). Decrease in the intensityl# peak was noticed at 1081°cm
1043 cnit, 877 cml, 748 cmi when compared to the control. Disappearance obéti®n peaks were noticed in
PS treated wittMicrococcusl324 crit,(C-H bond stretching) and 1152 ¢riC-O). From fig 4 it is observed that
new absorption bands evolved at 3280%cnfO-H), 1542 crit (C-C) and 1395 cth  (C-H) in PS exposed to
Pseudomonas sjn MSM. On the other hand, certain peaks disamue&8354 cnt (C-H), 1487 cnit (C - H), 1324
cm*(C-H bond stretching) and 1152 ¢(8- O). Shift in absorption peaks were observeon(fr2979 crit to 2977
cm', 2917 crifto 2922 crit , 2148 cmi to 2133 cnit , 1645 cnit to 1636 crit , 1445 cnit to 1447 crit', 1083
cm® to 1081 crit,748 cm' to 749 crit). Increase in the intensity of the peak was oleiat 1636 cfh,whereas,
and decline in the intensity of the peaks wereceotiat 1081 cih 1042 cnt, 877 cm and 749 cm when
compared to the control (table 3, fig 3).
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Fig 1. FTIR Spectrum of polystyrene foam control
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Fig2. FTIR Spectrum of polystyrene foam inoculated with Klebsiella sp., in MSM
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Table 1. Band assignment of polystyrene foam control

Wave number (cmi'®) [Functional group |[Relativeintensity [References
3354 C-H Vs [11]
2979 C-H m [12-14]
2917 C-H m [15-17]
2148 C-H w [12,18,19,20]
1645 Cc=C VS [8]
1487 C-H m [20,21]
1445 CH,+ C=C m [16,17]
1324 C-H w [13,21,22]
1152 C-0 w [11]
1083 C-0-C m [16,12]
1042 C-H Vs [8,18,21]
877 C-H m [11,12.13,21]
748 C-H Vs [13,24]

Vs- very strong; w — weak; m-medium

Tabe 2 Band assignment of polystyrene foam inoculated with Klebsiella sp., in M SM

Wave number (cm'?) [Functional group [Relativeintensity |References
3350 C-H Vs [11]
2920 C-H w [15-17]
2144 C-H VW [12,18,19,20]
1640 c=C Vs [8]
1490 C-H m [20,21]
1447 CH,+ C=C m [16,17]
1081 C-0-C m [16,12]
1040 C-H S [8,18,21]
876 C-H m [11,12.13,21]
749 C-H S [13,24]

vs- very strong; w — weak; vw — very weak; S- gfron

Table 3 Band assignment of polystyrene foam inoculated with Micrococcus sp.,in MSM

\Wave number (cm'?) |[Functional group [Relativeintensity |References
3338 C-H Vs [11]
2980 C-H w [12-14]
2921 C-H w [15-17]
2136 C-H w [12,18,19,20]
1727 C=0 w [4,8,12,13,17, 23, 25|

26,27,28,29,30,]

1643 c=C Vs [8]
1491 C-H v [20,21]
1448 CH,+ C=C m [16,17]
1381 C-H w [8,13,21,22]
1280 C-0 Vs [8]
1183 C-0 w [14, 20]
1081 C-0-C w [16,12]
1043 C-H Vs [8,18,21]
877 C-H m [11,12.13,21]
748 C-H m [13, 24]

vs- very strong; w — weak; vw-very weak; m-medium

Table4: Band assignment of polystyrene foam inoculated with Pseudomonas sp.,in MSM

Wave number (cm™®) [Functional group |[Relativeintensity | References
3280 C-H Vs [11]
2977 C-H w [12-14]
2922 C-H w [15-17]
2133 C-H w [12,18,19,20]
1636 Cc=C Vs [8]
1542 C-C m [14]
1447 CH,+ C=C w [16,17]
1395 C-H w [8,13,21,22]
1081 C-0-C w [16,12]
1042 C-H Vs [8,18,21]
877 C-H m [11,12.13,21]
749 C-H m [13,24]

vs- very strong; w — weak; m-medium
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Table 5 Comparative band assgnment of polystyrenefoam in MSM inoculated with bacteria

Control polystyrene |PS+Klebsiellasp., |PS+Micrococcus sp., |PS+ Pseudomonas p.,
3354(C-H) 3350(C-H) 3338(C-H) 3280(C-H)
2979(C-H) 2920(C-H) 2980(C-H) 2977(C-H)
2917(C-H) 2144(C-H) 2921(C-H) 2922(C-H)
2148(C-H) 1640(C=C) 2136 (C-H) 2133(C-H)
1645(C=C) 1490(C-H) 1727(C=0) 1636(C= C)
1487(C- H) 1447(CH+C=C) 1643(C=C) 1542(C-C)

1445(CH+C=C) 1081(C- O- C) 1491(C-H) 1447(CH+C=C)
1324 (C- H) 1040(C-H) 1448(CH+C=C) 1395(C-H)
1152(C- O) 876(C-H) 1381(C-H) 1081(C- O- C)
1083(C- O- C) 749(C- O-C) 1280(C-0) 1042(C-H)
1042(C-H) 1183(C-0) 877(C-H)
877(C-H) 1081(C- O- C) 749(C-H)
748(C-H) 1043(C-H)
877(C-H)
748(C-H)

PS- Polystyrene;Numbers in shaded boxes indicatepeaks

As evinced in this study, Jack Takahashi and Andfeai [32] also have demonstrated tRaseudomonas putida
S12 had the ability to utilise styrene as a sotbaaand energy source in its liquid form and hawggested tha.
putidacould be used for the bioremediation of styrene.piesent result is in line with Kamble Asmétaal [5] who
have demonstrated that PET and PS can be degrgdmitimorganisms Likd®seudomonas aeruginosa, Bacillus
subtilis, Staphylococcus aureus, Streptococcus gyegand Aspergillus nigerharbouring different types of soil.
Under areobic conditions, styrene is generally btaed via oxidation of vinyl side chain [33,34jowever
oxidation of the aromatic ring was reported [35].

Tero — Petri Ruoko [4] have reported that polystgren irradiation with UV-light resulted in changesthe IR
spectra of PS which were limited to the formatidnhe hydrogen peroxide and hydroxyl groups (368800 cm*
), carbonyl groups (1800- 1650 cr) and the area associated with double bonds (18800 cm*). Achhammeet
al., [30] have reasoned out that the formation ofrbyyl and carbonyl groups in polystyrene on expesor UV
radiant energy may be due to chain scission orrapetitive cross- linking or by reaction at chairdsror by
oxidation of the benzene ring. They have also dt#tat carbonyl groups are most likely in the foofrketones;
however, by means of the infra red spectra it ispassible to differentiate between the carbonylthe ketone ,
aldehyde, and acid, all of which might be presergame degree.

Jalehet al, [29] have reported that FTIR spectra of UV dieded PS elicited changes in the carbonyl anddyydr
regions, which indicated photooxidation. They hatteibuted it to the formation of aromatic and hhic ketones
of the acetophenone type, and OH/ OOH groups innté chain. As evinced in this study, they hawsoal
registered two new absorption peaks at 1721 cmel1290 — 1320 cm-1, which are characteristic alignrg of
carbonyl (C=0) and hydroxyl groups, respectively][2

CONCLUSION

FTIR analysis of PS inoculated with bacteria isadafrom PS waste dumped soil in MSM indicates thate
bacteria were able to induce chemical changes inwsch could be attributed to the potential cédl bacteria to
utilise PS as a sole souce of carbon and theiityatil degrade PS.
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