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ABSTRACT

providencia vettgert, Providencia stuarti and Enterobacter cloacear had been isolated from phenolic wastewaler, The isolates

4 differences in their phenolic tolerance ang biodegradation activity. Out of 16 isolates, 9,4 and 3 of them tolerated phenol to
enhubtied &

0 znd 1.5% wiv phenol, respectively, Providencia species exhibited o potent bimlcgrndabilny than

tes. Three isolates of Providencia retigerd
de phenol up to concentrations 600, 800 and
after 5 days, The kinetic paramcters of phenol

/ .
poprescs

capable to utilize and degra
~) pg/ml and 84, 8B.8 and 100% of phenol was degr
1000 KE

aded, respectively,
ate is inversely prope
ity of the organism for the substrate. However, higher conc
eﬂ:;”:ri“: th. The rate of phenol biodegradation increased wiy
ane

1. days) and optimal temperature (a1 35°). Additio
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Sultures of bacteria(20-22)

- Moreover, mineralization of the ph
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Candidg tropicalis(15,16)

ne biodegradation. These kinetic parameters can be used to defj
the
{reatment systems.

|

n of glucose or yeast extract, although enhanced the growth
ne the optimal conditions for the removal of p

rate, yet it retarded
henol in biological

INTRODUCTION

Prediction of the presistence and concentration of
toxic chemicals in natural environment and the possible
exposure of humans or other creatures 1o such
compounds, require information about the kinetics of
their biodegradation. Waste water containing phenols
have traditionally been treated by using physical or
chemical processes, moreover, acrobic or anaerobic

biological processes(3) have been used for such

- treatment. Some phenolic compounds, including phenol,

have been shown to be biodegraded to methane and
carbon dioxide in batch anaerobic cultures(4-7) Phenolic
compounds may be removed from the environment by
complete or partial biodegradation of by bioconversion,

enol ring was shown
in previous studies(4),

A number of mesophilic  microorganisms
have been reported to degrade phenol at low
toncentrations, including Arthorbacter species 8),
Pseudomonas species(9), Azotobacter species (10)

Alcaligenes species(11), Bacillus stearothermophilus(12),
anaerobic bacterial population(13), 54,

eptomyces
Setonif

19) ang the yeasts Trichosporon cutaneum and

Many studies of the
?’i"dcgfadation of phenolic compounds and s kinetics

~In aquatic environments in Jake water or other surface

fresh waters have been conducted(17-19),

A number of models have been formulated 1o
characteri e the kinetics of biodegradation by pure

In the study of Schmidt and his associates(23)

els were described for the kineu’cs of biodegradtion

60

of organic substrates by bacteria that
Iogarilhmalically or linearl
organic substrate of interest,

grow logisitically,
y while metabolizing the

Because of their presence in the effluents of oj]
refineries, petrochemical plants and other industrial
processes, phenols are hazardous pollutants and their

biodegradation has been intensively studied(24-26)

The present study focused on trying
phenol degradable bacteria from industrial
studying the biodegradabilities of
isolates and the facto
biodegradation,

MATERIALS AND METHODS

Chemicals and Reagents: Phenol was obtained as
white pure crystals from Jenssen, Belgium. All of the
other chemicals and reagents were analylical grade,

Media: Salt liquid medium (SLM) was used according
o Grurujeyalakshmi and Orejel12), 1 consists of (per
litre of bidist, water): KoHPO, 0.5 g; NH4C1 1.0 gm :
MgS04.7H,0 0.02 g: yeast exiract 0.2 g, Casamino acid

0.1 g and trace elements 1.0 ml. Phenol was added as a

sole carbon and energy source and the pH was adjustgd :
t0 6.9 by NaOH. THRE

10 isolate
cffluent,
phenol by these
rs affecting the rate of such

The medium was distributed 50 ml-or 90 m| per
500 ml-Erlenmeyer flasks and then sterilized by
autoclaving, Agar agar 2.0% wfv was added in salt solid
medium (SSM). Trace elements (Freshly prepared)

consist of MgCl,.4H,0 (0.79 g); CuSO4.SH,0 (0.645)

ZnS504.TH;0 (0.15 g Jand FeSO4.7H,0 (0.1 g) in 100

ml bidistilled water.
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lﬂittén, Idéntiﬁca_tion and maintenance of culture:

‘bacterial strains, capable of utilizing phenol as a
sole carbon source, were isolated from samples of
industrial sewage. For this purpose, samples (about 2.0
litres) were obtained from wastewater of Al Alamia
"Company for detergents manufacturing (Finic), Al
Asher Men Ramadan, Egypt.

. An isolation program was initiated for phenol
 degrading strains in which the waste water were diluted
serially, inoculated into solid media (MecConkey,
Blood and Nutrient agar) and incubated at 37°C/3 days.

" Each isolated microorganism was inoculated into 50
ml2250 mi-flasks of mineral salt liquid medium (SLM)
containing phenol at concentrations 0.5, 1.0, 1.5 and

© 29, separately. The cultures were incubated with
shaking (50 rpm) for 14 days at 30°C. After repeated
subculturing on SLM for another 7 days, Sythetic Solid
Medium (SSM) plates containing the same
concentrations of phenol were inoculated from such
subcultures. The plates were incubated at 30°C for 3
days. Such isolated phenol-degradable Gram negative
bacterial strains were identified by API-20 E system [La
Balme Les Grottes, France] and maintained on nutrient

~ agar slants as well as nutrient broth to be stored with
dimethylsulfoxide (DMSO) in refrigerator (0.09

ml/ml).
Kinetic Experiments:

Batch culture experiments were conducted in
250 ml-flasks containing 50 ml of the mineral salt
liquid medium (SLM) previously described. Flasks
were amended with various concentrations of phenol
(100, 200, 300, 400 and 500 ug/ml) and inoculated with
5 ml of only one of the isolated bacterial strains,
individually. They were incubated at 30°C for 3 days
on a rotary shaker at 50 rpm. Samples of the cultures
removed periodically (every 24 hrs.) and analyzed
for phenol concentration as described below. Viable
bacterial count was deone every 48 hrs for growth
measuring. Fifty % loss in phenol concentration in the
culture 18 used as an indicator for the
phenol-degradation activity. For turbidiemtric growth
studies, 7 ml of phenolic media was dispensed for
absorbance with a spectropholometer. The Agy was
ainst a blank of uninoculated medium. All
ons were tested for their effects on
ach trial consisting of

were

read ag
phenalic concentrali :
cach bacterium twice, with ¢
duplicate tubes per treatment.

Phenol Assay: Assay of phenol was carried out

] Martin(3® by mixing well phenol containg
[ 29 d-amioantipyrine, 1.0 ml of
pot. ferricyanide. The

according
gample with 0.3mlo .
2N NH4OH and 1,0 ml of 2%
color was measured
at 510 nm or colorimeirically

obtained red spectio-

phummclncull y

6l

Retaining  Phenol Degradability: The isolated
phcnol-degradablc bacterial strains were subcultured on
nutrient agar for about 10 times. Selected few colonies
from each strain were inoculated, separately, in 5 m|
SLM containing 100 pg/mi phenol. The tubes were
incubated for 7 days at 30°C with shaking at 50 rpm.
The presence of growth in the tubes, is an indicator for
the retaining of phenol-degradability of that bacterial

isolate.
Toxic Concentration of Phenol: About 1.0 ml cell

suspension (7 Xx 10* CFU/ml) from the maintained -
cultures of strains No. 1, 15 and 16 were used to
inoculate 50 ml SLM containing different phenol -
concentrations (0.2, 0.4, 0.6, 0.8, 1.0, 1.2 and 15 -
mg/ml). These set of flasks were incubated at 30°C wit
shaking for 7 days. The residual phenol was measured
daily and the bacterial growth was visualized during the

incubation period.

Rate of Phenol Degradation: Inoculum of 1.0 ml (4x
10% CFUML) of the highest phenol-degradable isolate -
(No. 13) was used to seed 50 ml SLM containing 1.5
mg/ml phenol. The culture was incubated at 30°C for
about 12 days. Every day, sample was taken for
determination of the residual phenol. Viable count W |

also dertermined every two days. !

Effect of Phenol Concentration on Biodgradation:

]
Bacterial strain No. 15, the most active phenol }
degrdable isolate, maintained on SSM containing 1%}
ug/ml phenol, was used. The inoculum was adjusted 1©
optical density = 1.59 at 400 nm (viable count = 179

1010 celi/ml).

One ml was used for inoculation of 50 o
SLM-flasks containing different oncentrations of P,
(10 ,20,..... and 100 pg/ml). Waterbath shaker was ust
for incubation at 30°C for 5 days and samples “».crf'
taken at zero time and then every 24 hrs, for mcasum‘-_.;
phenol concentration at 269 nm, O.D. of growth at
nm as well as bacterial viable count.

Effect of Temperature on Phenol Biodtgrﬂd.l’tw!f
Inoculum of 2 ml strain No. 15 was used 10 seed )‘-;.tl; :
SLM containing 100 pg/ml phenol. DUP“"M

experiments were incubated either at room .“"f,':'
(25-30°C) in shaker (50 tpm); 35°C in waterbath 397 ¢
or 42°C in waterbath shaker for 5 days. E\'Cf.{:;“;‘ _
samples were taken for measurnng phenol concentr®
optical density and viable count. iJ
A b'“"'i'.;\’\
{1005

Effect of Time on Phenol Biodegradatio
flasks, each containing SO ml SLM and ¥ 104
phenol and inoculated with strain No. 15, were® ven PR
35°C for § days. Every day, samples wer® w
phenol assay, 0.D. measuring and viable coutl

-
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: radation: "
 piodeR 50 ml-flasks, cach containing S0 ml
Three '2n to 100 ug/ml phenol and either 25,50
LM in add'l“°lucosc were inoculated \Yi(h strain No,
o 100 ush‘:hf Another set of 3 flasks mclpdcd yeast
s ml ca;d of glucose. Al sets of asks in addition
" extract mﬂfl set (without organic nutrient) were
(o 9 coﬂ“"l 35°C in waterbath shaker for § days.
incubatcdw‘;m taken every day for measuring O.D.,
, 5::1:‘ o‘::nd viable count.

RESULTS AND DISCUSSION

The initiated bacterial ?solation program using

ater effluent polluted with phenol (0:04-0.07 gm
. 16 isolated strains of gram negative bacteria,
%), Ic.d w[ion of such phenol-degrable isolates by
]dcngggiystem demonstrated both Providencia species
f:;P];cugcri(m or P. stuarti (1)y ang Enterobacter
s (2). The bacterial phenol biodegradation as a
doarealw 'ovcrcome the industrial environmental
pmce?sn was studied. While there is no thoroughly
p?“-;“;:c'inforrnation about the isolation or the role of
a;zlhasuains in phenolic compounds degradation,
:imilar isolates were previously reported such as
Azotobacter species and Arthobacter species (10,8).

Investigations of the ability of these phenol
degradable isolates to gorw in presence of phenol,
revealed that 3,6,1,3 and 3 strains, out of the 16
isolates, grew well at 0.3, 0.5, 0.8, 1.0 and 1.59% wiy
phenol, respectively. At phenol concentration of 2.0%
wlv, none of the isolates showed growth, The three
isolates tolerated 1.0% w/v phenol represented the 2
isolates of Enterobacter cloaceae and the sole isolate of

- Providencia stuari. All of the other isolates were
Providencia rettgeri strains. The three isolates of
- Provid. retigeri that did not show enhanced growth on
500 ug/ml phenol resemble thoseof Baciilus
- stearothermophilus isolated by Gurujeyalakshmi and
* Oriel12) from various culture collections. This unability

1o grow indicates that phenol utilization of this

concentration by these isolates was not a common
characteristic,

The three isolates of Provid. rettgeri that had
lity to grow on phenol at levels up to 1500 ug/m|
- in this study, were similar to B, stearothermophils
 strain isolated at 55°C from a river sediment by
Gurvjeyalakshmi and Qriel(12) 1hat had the ability to

~ 8w and degrade phenol not only at 500 ug/m! but also
Alevelsup 1o 4 1500 ug/ml. Batch culture experiments
- Were conducted 1o evaluate the kinetics of phenol
- Uilizaign, Individual capability of the isolates to
. Pheng] degradation at concentrations 100 to 500 pg/ml
-, Bfter incubariogp at 39°C for 3 days with shaking, is
ted in Table (1). All of the isolates had the

10 assemble phenol at 100 ug/ml concentration,

the abj

Y
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where more than 509, of the phenol was utilized,
According (0 the criterion that over 50%
reduction in the original phenol concentration s the
indicator of phenol degradation activity, all of the
isolates were active at 100 ug/ml, isolates No, 1 and 4
were active at up 10 400 ug/mi, whereas, isolates No. 13,

14, 15 and 16, were active at up to 500 ug/ml phenol
concentration,

Table (1) also, illustrated that Providenciq

species (represented by isolates (No, 1,2,8,13,15 and 16)
were more  active ip phenol degradation than
Enterobacter cloaceae (isolates No. 10 and 14),
Moreover, Provid. rettgeri (isolates No, 15 and 16) was
being more active than Provid. stuanti (isolates No. §),

In a trial to cor
degradation with time and

the most potent phenol

relate the rate of phenol
viable bacterial count, one of

degradable isolates (provid,
retigeri No. 13) that had the ability to grow and degrade
phenol at concentration 1.59, WiV, was used as shown in
Table (2).

The results indicated that the maximum growth
rale was attained after 3.4 days where about 60% of
phenol had been degraded. Afier this period, the more
phenol consumption, the low the growth rate,

One may speculate that direct proportionally was
found among % phenol degradation, Time and viable
bacterial count up to 3 days followed by inverse
proportionally of growth rate with the two other factors
89% of phenol was degraded after about 10 days,

The rate of biodegrada
proportional to the concentratio
test. Degradation rate were also related to (he phenol
concentration, however, high substrate concentrations
(> 1500 pg/ml) were inhibitory, as shown in Table (3),
as the removal rates were greater at low concentrations,
Thescobservations indicated that the relationship
between the specific growth rate and phenol
concentration deviates from the classical hyperbolic
function described by the Monod equation(22),

tion was found o be
n of cell mass ysed inthe

Various kinetic relationships have been deviged
to depict the joint dependence of specific growth rate on
substrate concentration when the compound furnished
for growth serves as both a substrate and an inhibitor,

The specific growth rate increases with increase
in phenol concentration, Higher concentrations decrease
the specific growth rate as the effects of substrate
inhibition become more pronounced(2!) have also
stressed the importance of including substrate ‘in_mbmon :
effects into predicitive models for descn_bmg ’thc!
removal of inhibitory compounds ia buflug.nca..v
systems.27) has previously noted thata conclaut;n may -
exist between microbial growth rates _and. substrate
affinities. : '
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Table (1): The capability of the isolates to degrade phenol at different concentrations afier 3
days incubation at 30°C water bath shaker,

Isolate Phenol Concentrations (pg/ml)

No| Name 100 200 |30 o0 | 300
D | %| D%

| | Providencia | 87 | 87| 158] 7o | 264 | 88 220 553 215} 43

e

% D % D "ﬁ:

o

rettgert s
—

Providencia |68 | 68 | 38 19 | 138] 46 172 | 43 220} 44

ra

rettgeri 1 ! LR

3 | Providencia |79 | 79 | 19 | 95 166 | 55.3( 179 | 44.8 2201 44

rettgeri
4 | Providencia |78 | 78 [ 108

s4 | 184 61.3( 218 545 | 203| 406

rettgeri
5 | Providencia |72 | 72 | 22

11 144 | 48 | 188 | 47 157 314

reltgeri
6 | Providencia [64 | 64 | 14 ] (04 | 347|157 | 39.3 1851 37

rettgeri
7 | Providencia | 61 | 61 | 121] 605 134 | 44.7] 174 | 435 | 129| 258

retigeri
8 | Providencia | 57 | 57 | 127| 63.5] 136 453 174 | 435 | 137 274

rettgeri
9 | Providencia |62 | 62 | 122| 61 141 | 47 | 144 | 36 140 28

rettgeri
10 Providencia 176 | 76 | 23 | 11.5| 91 | 30.3[ 159 | 39.8 | 180] 36

rettgeri
11| Providencia |71 | 71 | 21 10.5] 121 | 40.3) 180 | 45 185 37

rettgeri

12| Providencia [79 | 79 | 19 | 95| 149 | 49.7]| 187 | 468 | 140| 28

retigeri

13 | Providencia {82 | 82 | 111] 55.5) 182 60.7| 244 | 6l 2601 58

rettgeri

14 | Providencia [ 82 | 82 | I111| 555] 152 | SO.7| 202 | 305 | 255] 5i

retigeri

15 | Providencia |91 o1 160 80 2241 7471279 | 698 ! 72

rettgeri
16 | Providencia |92 | 92 | 190] 95 187 | 62.

— - :

598 | 208! 61

e
s
[
(")
O

religert

D: degraded phenol concentration = originat - cong. « remained estimated one

63



+ Phenol-Degradation produced by isolate No.
Table (Z)I 3 (Provid. retigeri).

J |4 |5(|6 (7 L
0.63/0.5010.21| 0.1710.14| 0.11} 0.07

0 |1 |2
50 1131|115

10
003

Time (duy X

pencl !
conc, %

whv
s

% degre- 0
Jed phesal
vinble
count

X 107/m}

233 66786 | 88.7907(927{95.3| 98

0.79 9 73 k]|

Organisms capable of high growth rates at high
substrate concentrations typically grow less efficienctly
at lower concentrations due to low substrate affinities.
Alternatively, organisms that grow efficiently at low
substrate concentrations generally exhibit low growth
rates at high substrate affinities.

The results as shown in Table (3) revealed that
more than 50% of phenol was degraded after 3 days and
heavy growth took place after 4 days. The obtained data
illustrated that toxic phenol concentration varies among
the isolates of the same species. While, the toxic phenol
concentration of Provid. rettgeri isolate No. 16 was
600 ug/ml, these were 1000 and 1200 ug/ml for isolates
No. 1 and 15, respectively.

The findings in this study also showed that
isolate No. 15 (Provid. rettgeri) gave the optimal
growth and complete phenol utilization with 1000
ug/ml phenol concentration after 5 days. Similarly,
Gurujeyalakashmi and Oriel(12) recorded 80 hrs. with B.
stearothermophilus . This showed that Provid. rettgeri
as well as B. stearothermophilus degrades phenol
optimally at higher concentration than those possible
for many mesophiles growth which werestrongly
inhibited above 500 ug/ml phenol such as Pseudomones
putida and Trichosporon cutaneum(28),

The lack of phenol hydroxylase inhibition in
1000 ug/ml phenol provides encouragement for further
purification and characterization of Providencia
enzymes. It wil also be of interest to examine such
. isolates for other enhanced bioconversion capabilities.

The finding that some isolates of Provid.
refigeri, in this study had the ability to degrade 300
ug/ml phenol completely after 2 weeks, is consistent

with previous (4) finding that the anaerobic
‘biodegradation time required for complete phenol
- disappearance was 2 weeks. Also, is considered
. tomparatively a short time to that taken by bacteraial
anaerobic population (4-5 weeks) as reported by Healy
- ‘and Young(m who also claimed that an evidence for
the enrichment of phenol decomposers is the little lag
- occured after a 2pd spike of substrate addition.

In an agreement with several previous reports{13)
this study illustrated that the source of the seed

population, affects also the time necessary before the
onset of degradation.

Concerning the retaining degradability of phenol
exhibited by the isolates, the obtained data showed that
only isolates No. 4,14 and 15 had the ability to grow on
SLM containing 100 ug/ml phenol as a sole carbon
source, whereas, the other isolates lost or unretained
phenol degradability. Only 20% of phenol was degraded
by isolate No. 14 (Enterobacter cloaceae ) while 100%
phenol exhausion was exhibited by isolate No. 15
(Provid. retigeri).

Isolate No. 15 (Provid. rettgeri), the most potent
phenol-degradable isolate in this trial, was used to study
factors affecting bacterial phenol degradation. As
illustrated in Table (4), the Provd, retigeri was highly
active during the fisrt 2 days as the optical density
(O.D.) was high, increased viable count and > 70% of
phenol was degraded.

Results after that, showed about 50% of the
remained phenol was degraded in the 3rd day followed
by reduced rat of degradation in 41 day; slight increase
then constant O.D. and slight consant followed by slight
decrease in viable count. These findings explained that
growth phase took the first 3 days followed by the

stationary phase (4th day) and finally the decline phase
(5th day).

It is obvious that the increase in phenol
concentration led to slight decrease in the rate of phenol
degradation but increase in growth optical density and
bacterial viable count in the first 3 days. Herein, the
higher phenol concentrations yielded increase in O.D,,
rate of phenol degradation and bacterial viable count up
to approximate exhaustion of the substrate where drop

of phenol degradation and viable count, was taken
place.

Thus, the specific growth rate of the cultures was
found to be increased with increasing phenol
concentrations, a finding consistent with that of Klecka
and Maier(2%), However, substrate concentrations greater

than 1500 ug/ml significantly decreased the specific
growth rate. '

Results in Tabie (5) illustrated that the optimal
temperature for bacterial phenol-degradation was 35°C
in waterbath shaker as the growth rate was profuse and - -
the degradation of phenol was high. At 27°C, the phenol
biodegradation was also moderately high while at 42°C,

the biodegradation was about to, be lost with constant -
O.D. and decreased viable count followed by bacterial

cells death,

There is no exact relationship betwezn the e of

phenol biodegradation and wemperature but-it seems that - - - 37
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Table (3): Degradation and toxic phenol conceMima .

by Provid. rettgeri (isolate No. 1,15 and 16),

Residual Phenot Concentration (ug/ml) / Time (day) ﬁ
Phenol 1 2 3 4 s 6
ﬁ;;::n lsolate No
Lo1s 16lt 1s el a5 1e ln 15 e |1 15 16 L1 15 g
200 1150 165 150 |87 105 75 |53 a1 s0 |5 13 45 |15 0 15 |10 0 57
w0 1350 305 340|210 197 195 |110 55100 |65 34 85 |65 19 45 150 0 3
0 |50 500 450 |420 263 310 |325 150 250 170 s0 115|104 0 95 |63 0 g0
500 1590 710 500 1510 320 800 |270 210 800 |103 120 750 [89 40 750 }75 0 73
7000 11030895 100011000 220 1000{990 240 1000|990 53 1000[970 0 1000 4970 0 e
1300 11150 1150 120011180 1000 1200] (160 1000 1200 |1160 1000 1200 1160 1000 1175 {1760 1000 1174
1500 11500 1450 15001 1850 1450 1500|1450 1450 1500 |1450 1450 1500] 1440 1420 1500 1440@

Table (4): Effect of phenol concentration on bacterial phenol-degradation

bacterial viable count.

growth optical density and

Time (day)
At zero time 1 2 3 4 5
clvl plclv |D |C]|V D|lC|V pxlc|v | D|C}|V | D
a0’ k107l % |xi10® |07 | % [x10® [x107?] % [x10|x107| % «10"%|x10°| % |x10° [x107]
0173 110 |5t |68 | 140 |75 [s2 [153 |85 [22 (166 |95 |025 165 |95 |63 167
a0 |21 {1 |eas|2a | 154 [s3 |50 [166 |89 [31 |167 [935)049 |172 1955192 175
30 |4 |10 |47 1S ;;i 32 30 |26 |ss7|190 |26 [917f15 |25t 943 810, |251
w0 |31 {113 |513]630 | 324 [833]450 1296 |96 39x10 | 315 % [240 (323 |98 |22x10|323
s0 |23 |10 |336(3400 | 359 |71 | 1810|347 |77 4x10 359 [81 |270 |367 |846| 18x10|369
60 | 12|15 | 405|500, 33; 65 73x10/369 |767 6210|393 | 878 17x10| 409 | 883 16x10| 405
70 |75 110 [359{43x10] .0 | 614 TIxIQ | 399|686 59x19| 405 75 | 870 | 413 |81.4] 19x10]402
80 | 141|109 |35 | S6x10| 445 | 581 38x10 435 |688 10| 458 | 775|760 | 477 | 78.8| 47x10]472
90 | 161 | 114 | 41.1] 15x10 so [13x10| 453 {70 {22x10| 480 |85 |16x10| 489 |88.9] 52x10]491
10|72 | 115 |38 53810 6t | 4310|472 |87 |6ami0] 402 |92 15x10| 499 | s9.1 39x1(9J 496
C: % degraded phenol concentratin (ug/mi), D: optical denstiy at 400 nm and V: viable count.
Table (5); Effect of temperature on phenol-biodegradation, growth optical density and bacterial !
viable count (100 g/ml phenol). .
Temperature Time (day) ;
s 0 1 2 3 4 . |
c|p |v |c|p | v]c]|D vic|p {vicip {v {c|D |V,
% k107 k10® | % [x10® |x10° | % [x107 {x10"] % |x10° |x10"| % |x10” |x10" | % x10°} 10"
27 322 (109 |28 [202 |16 |s6 |219 |27 |73 |23 [27 Y75 |303 |14 |79 | 309 26 :
35 32 |19 |33 [192 |103 |75 |229 |155 |89 |325 90 1351 164 loas| 3s6|ts 1|
x10? X0 x10° J‘ml i
2 0 ]33 |12 |15 [18 [25« (20 |3 21 {20 [3 - 5 (3 |- %13 |
10 x107 ' i

65
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imum temperature specified for a certain
an Opumfor maximum phenol biodegradation
m

.« is shown in this study (Table 5}, the
. rature of Provid. rettgeri is 35°C. The
;’)cd also that 7°C decrease in (hjs
ho“; to slight decrease in the rate of phenol
“‘“’m-lc and decrease in bacterial viable count
iodcsf“d:’.uogcase in O.D. while, 7°C increase, led (o
and slight 1:; in the biodergradation rate and bacterial
dcch( upt o the 3rd day. This was followed by
\iablc;c‘:::asc at low temperature and sharp decrease
ight
aiher o | |

The effect of time on bacterial phenol
. Jegradation is shown in Table (6). At firs; phenol
blgchf n was low, then about 65% of phenol was
uulxza(l:d on the 2nd day. After 4 days, approximately,
consulf:‘cnol was utilized with constant O.p. and
:lclafasgd viable count.

ble (6): Effect of time on bacterial phenol degradation,
Ta wth optical density and bacterial viable count (100 pg/ml)
gro

e Time (days)
0 1 2 3
mesolcone.| 100 91 35 13
(sg/ml)
Gdegraded | 0 9 65 87 | og 98
phenol
oDx10® | 85 339 409 510 500 480
8
viblecount | 136 | 21x10°| $6x10° | 37x10" [} 14x10" 231x10
xIO6

Table (7) : Effect of organic nutrients on bacterial phenol

and bacterial viable count (100 pg/mi).

The ip
inCrease nt
density ang

<rease in incubation Ume fegd 4o é.:;

he rate of phencl biodcgradalicn. Cptical
hact_cna! vizble count UP o the poing of
days). Harein, the increase
O the decrease in the pheane!
adation and viable couny with constan: 0D,
As shown in Table (7). the organic nutr

glucose or yeast extract increased bacterial growth
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of waste water treatment facilities,
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