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Degradation of Phenol by Mixed Culture of Locally Isolated
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Textile, pharmaceuticals and antomabile waste most often contain phenolic compounds, An attempt
was made to deprade phennl using locally isalated bacteria. Moreaver, as in nature pore culiure is
rarely found rather than mixed culture, therefore, attempt was also made to improve the
1Iran||nl'm|1 waing mivel colinre of Merualumamay :iprrim, All islates conld completely degraade
phenol up to 6 ppm. Isolate Psewdvorones FA degraded 800 ppm phenol complerely in 72 hours,
wherens the iolutes Pregdomonss 34, TH and KA degracled anly 3933, 4383 and 33 16% of 800
ppm phenel respectively im %6 hours. Complete removal time was also shorter for the isolate
FPuendmmongs FA as compare fo the other isolutes,  Fattern of growth were similar for all of the
isolates, but maximum growith was found in the isolate FA on o ppm phesol. Complete
degradation time of phemsl was ineressed with inereasing of mived cultore with a2 removal rate of 25
ppmh. This was higher than that of the pure culture. In mized culiure study, the growth of bacteria

was alse inereased,
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Introduetion

The prodwction ond wses of svnthetic organic chemicals has
mcreased enommously during the Tost few decades, Phenol 15
the simplest aromatic compaund derived from benzene by
adding a hydroxy] growp o a carbon o replace hydrogen. [t 15
fourd in natee in some foods, in human and animal wastes
and  decomposing  organic  matenal'.  United  Smdes
Environmental Proteciion Agency regalates phenol under the
Clean Water Act (CWaA) and the Clean Air Act (CAA ) and has
designated it a5 2 hazardous substance and a hazardous air
pollutant (HAPY. Phenol is on the list of chemicals appearing
in "Toxic Chemicals Subject to Section 313 of the Emergency
Planning and Community Righi-to-Krow Act of 19867 and
hirs been assipmest a reportable quantity (RO limae of 1,000
pownds’. Pheiol 12 alse considered to be an extrenily
Bz dhows. gubstange ss 10 can pomamin m Qg oo, sl aaed waslar
for much longer peraods of tme 1F o large amount s relexsed at
i b, o 10t s constantly released 10 the environmaent, 1§ 15
msderately toxie and can be absorbed inio the body by
tikgestion, imhalaticn and comsct, I affects the coitral nedvous
aystem, and a0 symiptoms of exposure can include muscle
weakness and tremors, loss of coordination, paralysis,
convilsions, coma and respiratory arrest’. Phenol is harmful
for the en living environment also. Effects on the mon-living

cnvironmient include damage 1o structures by acidic air
poliutants, effects on omone laver and the carth's heat balance
and reduced visibility®,

Melimed culture means that several kinds of hactena are mixed
ssi||1|,||I:|.||I;-1:-uss'|:_..-:i A defined mex cultere 1= 8 mamEere of
complex microorganisms n natwre. To trosl special waste,
adaptation iz generally necded, If microorganizms that can
degrade these materials ane added, the adapeation time mighs be
reduced. In this sdy, pure cofture of few locally isolated
Presdomanas sp. were carried out to see their ability to deprade
variois concentrutions of phenol as Presdooranns being a most
widely prevalent microorganisms in the emvironment and it
generally dominates the biological treatment system. Two
knovwn bactena, Poemnsmonas l|ur.'ri|'.'3|'|- Pl Pmurﬁ'mmw.wllmmrr.l
A fap were also used for the muxed eulune slul,l_'(. Hlu.dying the
internctiens of different apecies in xenobiotica degradation ia
Inighily relevant for nuturl processe: and also for bormedation
Purpases ncler non stenle condinons®, The :ﬂ:l,u]y there e s
1 isalse some potemiial bacteria thar can degrade ihe 1oxic
aromate  compoumnds  like phenol, 1o sidy the rae of
degradation of phenol supplicd as a sole source of carbon at
varkous concentrations by the bacterial isolates and finally. to
cvaluate the degradation capability of bacienial isolates by mix
culture in order fo determine their practical applicability.
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dmar of o4,

Materials and Methodds

Micraorpeanizns

FPucanelomrans l|'.l'|-.||'1'r.lfr.' CP o Preselomumas prtice A (a) was
collected from the stock culture of Food Microbiology and
Iisdustrial Irrdeation Divasion, Institute oF Foed and Radiation
Binlogy, Bangladesh Atomic Encrgy Rescarch Establishment,
Savar, Dhoka, [dentification of these two isolates wene
deseribed elsewhere”. The remalning four locally izeluied
bacterial were Peewdowrenas §A, TK, KA and FA.
Tdentificanon of the loct| isokates was also deseribed®,

Chewnicals amnd Media

Phenal used in this study was obtained trom Sigma-Abldrich
Co., UK, Bacteria capable of degrading phenol were cultured
on minimal medium” comprised of K HPO,- 436 g/
Ma HPCY, -3.45 gfl; MHCL- 1.0 g0 MaS0,6H 0 - 0,912 o
race salt solution- Iml]. The pH of the medium was adjusted
o 70 with 206 Ma(H. The trace salt solution contained 4.77 g
of CaCl,, IH.; 037 g of FeSO, TH.O; 037 g of
ColCl6H,0, 0.10 g of MeCl,4H.0 and .02 2 of MaMe(d,.
ZH O i 1M ml waler,

Treocneda

Cells from the Peeradfsoonns minimal mediom were used o
Inoculate nutricnt broth (15 ml) The harvested cells were
centrifuged at S0 mpm for 10 minwtes and washed twice with
M sodium phosphate bufTer and final pellel resugpendad in
the same baffer. Bacterial suspension (=107/ml) was wsed o
inoculate 95 ml sterile minimal medium containing phenal in
230 ml conical fasks e give the appropreiate final
concentration of the added substrates. After inoculation, flasks
ware imenbated inoan orbital shaker ot 120 mpan S0 C samples
were waphically removed it regular intervals and analyeed for
growth, substrate rermoval and pH. Growth of the organisms

was monitored by mensuring optical density at 660 nm. For
mixed culture study, equal ansounts of different inoculems
were taken and the altimate volume was fixed 10 5 ml in 250
ml eomical Aasks to give the appropriate final consentration of
the added incculums. After inocwlation, Masks were incubated
in an orbital shaker a1t 120 rpm ot 3¢ . Rest of all the
procesdures were fallowed as above,

Chemical Aualyses

Samples were then cemrifuged av S000 rpm for 10 minutes: the
supernatants  were then analyzed for phenol.  Phenol
conceniration was determined by using the 4-amincantipyrene
coborimetric method %

Resulis

Degradation of vanous concenirations (400 to 200 ppm} of
phenol by the Psendomonas isolates when grown os single
culture: Table 1 illustrates removal rate, complete ramoval
time and removal efficiency of the Poradomens isolates FA,
Sh. TR, amd KA when grown an various concentrations (400
o EO0ppin) of phenol a5 sole source of carhon amd energy. All
isolates could completely degrade phenol up to G0 ppm.
lslate  Psewdomonas FA degraded 800 ppm phenol
completely in 72 hours, but ihe isolates Prendomones 5S4, TK
anel KA degraded onfy 39,33, 43,83 and 33, 16% of 86 ppm
plenol respectively in 96 hours. Complete removal time was
also shorter for the isolate Prewdomones FA compares to the
ather iselates.

The growth of potential isolates (Peendowmoues SA, FA, TR
and KA) when grown on vanous concentrations {404 to 800
ppmp s shown in Table 2, Maximuom growth was found with
the isolare FA on & ppm phenol. Pamens of growth were
similar for all of the isolates, Prerdomones FA also grew in
the presence of 2« and d-chlorophenol®,

Table |, Degradasion Copebifittes of phewol by Poedomons isofotes 84, TE, FA and KA

Isolales Concentration
L HID ppm 40 ppm Sl ppimy
Degradation  Degradaiion  Degradatson Degradation  Degradabion  Depradation Degradation  Degradstion  Degradation
e effiviency rate Time efficiency rule Timeih) efliciency
ippmh) Time{h} %) ippmlep (1] {ppmhf {Hah
FA 1667 24h L] 1873 48h HiH] 2137 72h 10
34 1667 24k L] 1987 72h iy 5.58 Gih 3833
= T 24h (L] 1154 2h RiHY [T ] titsh 4383
KA le.a7? 24k L 7.08 72h By iz G6h LLE

Tuble 3. Grrewdlr rare (0 @f S60 g of the isolafor (Peovdomonars 84, FA, TR and KA} grown en different plons!

CORCERITTTans

Isadates Cirgwih (00D at 660 nm}
400 ppa A ppm 00 poen
Preudemonas B X6 0624 0. 2645
Prendomonas T 0.352 0507 0.3825
Peewdpmms KA .26 0514 0i73
Pevuloonenins FA 038 0.42 .35
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Degradation of 60 ppm of phenol by the mixed culiures of
Pseridommiay |solates: Since all these bactena degraded 600
ppm phenol, this concentmtion was selected For mix culture
stady, Different combinaton of igolates was wsed Tor mixed
culiure study. Figure | and Table 3 describe the comparison
between mixed and pure cultures i terms of the remaval rate,
complete degradation time and growth,

Froon miixed coliures of Prendomonay _rmrr'du A () and
Peendomonns sp. 5A, it was found that P opeirde A (a)
degracled & ppm phenol in 24 hour amd Prewdomones sp, 34
degraced the same concentration in 72 hour when they were
cultured individually. The mixed culture of this two
Peendoaonny sp. degraded the same concematiaon in 20 hour
(Figure 1k The O of mix cultiure ranged from 0,25 0,85
whereas the OD of Peefomongs. sp. 54 and P. puiide A (20
wits (L2525 (L6420 amal 02640772, respectively,

From mixed cultures of Psewdonronas putida A (a) and
Mrendomangs sp. KA, it was observed that . prtide A (2] and

Pacudomonas gp. KA degraded Gl ppm phenal in 20 hour in
a mixed culture, T2 howr and 24 hour were needed o compleie
the degmdation by Pseidomonas sp. KA and P puiida A (a)
respectively (Figure 1), The growth of the mix culture ranged
from 0.2330-0.7350 while the growth ranged from 0.2325 10
06420 for P purida A {a) and 01320 to 0,70 for
Paeiedomentes ap. KA

From maxed culiores of Mreadomonas Imq'n'r.frd CPloand
Prenelomenray sp. KA, it was observed that Prendomomey
pirida CPl and Prewdomonas sp. KA depraded 800 ppm
phenol in 20 hour while dndividually they  complened
degradation in 48 hour and 72 hour respectively (Figure 1),
The growth under mixed culture (e, QD at 660 nm) was
ranged between 0,230,727 dunng different penods was higher
than ihat of single culture.

The removal rate of phenol was 25 pprvh in mixed caliure of
all combinations and was high than the pure calture of the
isolates,
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Figure 1. The degradation of t0epn pheao! by Peeadoma
Poondomionas sp. 54 and vhe inived cullures of the selates.
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IHscwssion

The ability of the bacteria particolarly those of genus
Prendomoras o utilize aromatic hydrocarbons has been
withely docamented™ ' Four isalsles {Premdomongs spp, SA,
TE, and KA} were isalateed which completely degraded 600
ppen of phenol within 72 hour bat varvimg in their removal
rate. The concentration above &b ppm pf phenol was
depraded by Psesdomomas sp. FAL Among the baclenia tested,
Presrdomeondas purida TP owas able to degrde 600, 200 ppm
of phenol, 200 ppm of 2-chlorophenol and 300 ppm of 4-
chlorophenol in 44, 72, 100 and 72 hours respectively, and
Preirdamonas pictida A (a) degraded 600 ppm phenel in 24h
fud BANP ppm |1h|.-|1|1l i AR s 513

The removal rates of the potential isolates were higher for
phenol and they are almost similar for 400 ppm. But in case of
10 ppum of phenol the removal rate was varied by the bacterial
isolabes, The removal rate was lower in every case when the
phenol concentration was S00 ppm except Prewdomoras sp.
SA. The rate was 1667 ppa'h for 400 ppm and increased o
14,57 |'IFII'II."|I fiar 00 . The dl..-g:m:hlliml. rate ol
Previdomonas putida CIF) was 23,25 ppovh at 600 ppm and
incransed 10 24,58 ppvh when the phenol concentration was
80 pom and 23 ppmvh removal rate was recosded for 800 ppm
phenaol whereas it was 25ppm'h at 600 ppm in case of
Pserdamonas paritda A (a) '3,

The difference of siructure and toxicity among phenehic
compounds requires that various bactena have specific
qualities o degrabe emch compound and o mixed culture may
b applied?. Degradation of mans-chlorophenal and phenal by
mined microbial community were reported 412 Although
four isolates capable of degrading phenol of various
concentrations, most of the cases, the degradation raie of a
mined culture was determined as being significantly  higher
tham that of amy of the individual izelates. Individual
orgaikisne miy metabolie only a imied mnge of substrates;
therefore at is likely that assemblages of different bacterial
species with broader enzymatic capabalities have a grenter
copacity to deprade complex phenolic compounds'®,  For this
reason, mixed culture was corried owt with the individual
deprading isolates.

The removal rates of Psewdomanas sp. 34 and KA were
14987, 1383 ppovh, respectively and the removal rate of i*
puitider was 2330 ppew'h while the phenol concemration was
B0 ppey, When SA amd KA mixed with 2 puride A (), the
removal rate was increased 25 ppovdle in both cases. The
degradation tme was also decrezsed rather than the pure
culture indicnting synergistic interaction between thens, When
organisms wene mixed with each other, the degradation time
was decreased and dhe removal rae was increased. This
observalion was also supporicd by the higher bacterial growth
and pesably both of the isolates contributed ro degradation,

Cunelasiom

Prewdomongas sp. SA, Porendomonas sp. TE and Prendomonas
spe KA were able o degrade 600 ppm and Pseudormanas sp.
FaA was able o degrade plhemel up o 800 ppmof pheaol. Tn
mixed cultorg stedy, the growth of bacteria was increased and
de_u;\‘m.laliqm FAbE Wik xl»v ilu:r¢ﬂsu1:|.
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