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| ABSTRACT

The biological activity of activated sludge in the presence of synthetic wastewater containing pollutant of phenol
was investigated. The wastewater was a mixture of molasses, phenol, urea, and ammonium phosphate. Two types of
synthetic wastewater were prepared with a total COD of 1000 mg/l, the first one contained molasses, and the second
one was a mixture of molasses and phenol. For the sludge fed with the mixture of molasses and phenal, the phenolic
COD was gradually increased from 100 to 1000 mg/l within 10 days, and the COD changes, phenol concentration,
and Colony Forming Units (CFUs) per unit volume in 24-hour intervals were monitored. The results showed that
the changes in the COD and the CFUs follow the same pattern in the presence and absence of phenol, and phenol
removal is complete for the phenol-contained wastewater. The impact of shock loads of phenol on the phenol
removal performance was examined by feeding sludge by the wastewater of phenolic COD of 500, 700, 800 and
1000 mg/l. It was observed that for the wastewater containing only phenol (and not molasses), increasing the phenol
concentration from 216 to 423 mg/l decreased the COD degradation from 90% to 5% in 24 hours. Meanwhile,
phenol degradation in the aforementioned intervals decreased from 100% to 5%. At the same time, the response to
shock loads of high concentration of phenol in presence of other sources of carbon besides phenol was investigated
by feeding other dudge by the wastewater of the a COD of 1000, 1400, 1600 and 2000 mg/l due to phenol and
molasses with the same COD proportion. The results indicated that for the wastewater containing both phenol and
molasses, increasing the phenol concentration from 216 to 430 mg/l decreased the COD degradation from 92% to
62% in 24 hours.

Keywords:. activated sludge, biological activity, wastewatd#renol removal, shock.

INTRODUCTION

Phenol is one of the common pollutants in the wester of several industries such as petroleum [1],
petrochemical[2], charcoal, chemical industriesdita[3], and so forth. Phenol has been defined high priority
pollutant by United States Environmental Protectidgency, and its removal from industrial wastewai®r
necessary before it pollutes the surface watersHRYsical and chemical processes (such as adsorpti active
carbon) as well as biological processes are uswelbd in order to eliminate phenol and its derixeti from
wastewater. Among the limitations of the adsorptiwacess, mention can be made of the need forethieval of
the adsorbent, compensation of reduction in therdést, and the possibility of the recurrence offuyion[4].
While activated sludge is able to biodegrade variouganic compounds with high efficiency and lowtcdy using
different microorganisms in the aerobic or anaergibcesses [2,3]. Activated sludge is usuallyadgical mass
containing bacterium and protozoan[5], and pheigl toxic effects on its active microorganismshi biomass is
not acclimated to the phenol, it will harm the ediht treatment system. Many studies have been ctedlon the
decomposition of phenol under different conditionsywhich pure or mixed cultures have been useduReof the
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studies show that the combination of various bilalgspecies biodegrade phenol faster than the gpeeies [6]
and have a higher resistance against shocks[7]id& wange of literature is available on phenol bigridation
kinetics with pure cultures of bacteria, suchRssudomonas putida, Pseudomonas fluoroescens, Acinetobacter,
Trichosporon cutaneum andCandida tropicalis [8,9].0nly a few studies have been conducted usingd cultures
[10]. The specifications of wastewater from differ@etrochemical industries indicate the significente of olefin
plants in the high pollution production. Phenobige of the most pollutant materials that existhi@ astewater of
olefin plants of petrochemical industries, whichpi®duced during the thermal cracking process indces, and
releases to the wastewater[27]. Wastewater in gle¢roical industry is currently treated using corigeral
activated sludge process with pretreatment of aiiéwseparation [11]. The advantage of the stit@edl reactor that
used in this process is that operating it and #djgisits retention time is simple[12].This papeudies the
biodegradation of phenol pollutant existing in tin@del wastewater of petrochemical units by usingvaied
sludge and by taking into account the changes iD G®ncentration of phenol, and cellular activity.

EXPERIMENTAL SECTION

Activated sludge obtained from the wastewater tneat unit of Mobin Petrochemical Company, Centedittility
Unit located in Assaluyeh (lran). Phenol with aralgtical grade was purchased from Merck CompanyetBe
molasses obtained from Isfahan Sugar Company. &ifyaepicts some pictures of various types of noiganisms
that exist in the activated sludge used in thidyttaken by an optic microscope. The presencke§pecies shown
in Figure a, entitled rotifer, is indicative of tdesired conditions of the activated sludge. Rtifeay be used in the
assessment of biotic quality of the activated stupggpcess. This series of microbial groups provigbéd indication
of the state of the sludge [13].

In the first stage, 5 litres of sludge was cartieé vessel made of glass from the main storade taraddition to
feeding and blowing air, phenol added to the slugigelually in order to adapt sludge to the pollttémthe next
stage, a shock was imposed to the activated slogd@eeding high concentrations of phenol. In ordeget close to
the real conditions of treatment of biological teasaters produced in petrochemical industries itécessary that
the feed that is added to the sludge fed by madagsdy molasses and phenol to have a pollutiod twraCOD
similar to the wastewater that enters the effldsrdtment unit of olefin plants. The COD of wastewantering the
treatment unit is equal to 1000 mg/l while phermhaentration is 5 mg/l. In order to prepare an appate ratio of
carbon, nitrogen and phosphorous for the activabedge, the optimum ratio of COD:P:N was adjusted@0:5:1
[14]. Beet molasses, urea, and ammonium phosphateth® sources of carbon, nitrogen, and phosphorous
respectively. Ammonium phosphate and urea weredtini¢he sludge at concentrations equal to 21.7 1402
mg/l, respectively. The pH of activated sludge Wwasveen 8 and 9 in all tests. In average, one gramolasses
provides COD equal to 637 mg/l in one litre of watdile one gram of phenol provides COD equal t6@gg/I.
COD test was carried out through ASTM 1252 by udiggestion reactor type 45600 and spectrophotontgper
DR2400 (Hach Company) [26].

High performance liquid chromatography (HPLC) wa®dito measure the concentration of phenol (Pr@&ay
Varian). Firstly, solutions with determined conaetibns were prepared by using distilled water filteted sludge,
and they were analysed. Each sample left complételgolumn of the device after 10 minutes in emtdlysis. The
device was calibrated by using the solutions, d&edphenol concentration of the samples was measResllts
show that this method has desirable accuracy apeéatability for measuring the concentration of ghefhe
characteristics of HPLC method have been listedvizel

Column type: Licrosorb 7 — RP C18,
Solvents: ACN 50%, H20 50%,
Solvent flow: 2 ml/min,

UV Detector wavelength: 254 nm,
Standards concentrations: 960 mg/I,
140 mgll,

73 mgl/l.

Heterotrophic plate counts (HPC) method and nutregar medium were used in order to study the leellu

activity[29]. In order to carry out the heterotrapiplate count, the following devices were usedtoklave type
Clipso Control made by Tefal Company in order terifse the nutrient agar, incubator type TS606184de by
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WTW Company to adjust temperature between 25 af@ 4&utomatic pipette type WITEG to hold 100-100@f1
activated sludge solutions, and test tube shakieotoogenise activated sludge solutions.

Taking into consideration the initial results ob&d from heterotrophic plate count through sprdatépnethod, the
formation of colonies caused by the medium of thohsolutions of activated sludge, which were easilyntable,
needed more than seven days at temperatures lbare26°C and five days at temperatures higher3fiag.

Although at low concentrations of the pollutante thumber of colony forming units at higher tempared is

generally more than the one at lower temperatuvben the concentration increases up to the critioatentration,
where the number of active microorganisms decresige#ficantly as a result, the number of colongnitng units

reduces [28]. However, the difference is not natide, and the number of the forming colony unitedoot depend
on the temperature at high concentrations of thkeigant. Therefore, a temperature of 37°C and & tohfive days

were chosen in order to carry out the HPC test.

RESULTSAND DISCUSSION

3.1. Effect of Gradual Increase of Phenol Concentration in Synthetic Wastewater

Figure 2 shows a schematic view of the main storagd of sludge and the separated sludge vessedll In
experiments of Section 3-1, the synthetic wastengatatered the process with a total COD of 1000 mgluding
molasses or a mixture of molasses and phenol. Tie €aused by phenol was increased from 100 to d@§0in
10 days during the feeding of the separated sluBgeassuming the COD of the feed equal to 1 g4, FiV ratio
was calculated to be 0.3 and 0.2 during the twesdagd the average value of the ratio was calallai25 (kg
COD/(kg MLSS. day)). Since the changes in COD, pheoncentration, and CFUs indicate the biodegradatf
phenol, the changes in each of these parameters been studied as following and a general anahassbeen
presented at the end of this section.

3.1.1. Changesin COD

Figure 3 demonstrates COD changes measured facthated sludge in the main storage tank and ¢parsited
sludge vessel, which were fed by molasses and trainf molasses and phenol respectively, durieglthdays of
the experiment. Every maximum point shows the valu€OD after feeding on each day, and the mininpaimts
after the maximum points show the value 24 houey #dlfie feeding on the previous day.

Chart of COD removal percentage versus time wawsmia Figure 4 in order to study the changes inrémaoval
ability of the sludge fed by molasses and phenslisAseen in Figure 4, changes in the removal peage of COD
are almost similar in the both sludge fed by matassind by molasses and phenol together. In baotipleg, the
maximum removal of pollution load occurred on thied day of the experiment while the minimum amotouk
place on the sixth day.

From the sixth to the tenth day, the amount of nemhincreased in the sludge fed by molasses, ligiceease was
observed later while an increase was observeceisltidge fed by molasses and phenol.
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Figure 1- some pictures of varioustypes of microorganismsthat exist in the activated sludge (wasreceived from the effluent treatment
unit of Mobin Petrochemical Company); Figurea: rotifer
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Figure 2- a schematic view of the tank of sludge, which wer efed by molasses, and a mixture of molasses and phenol
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Figure 3- COD changesfor the activated sludge were fed by molasses and a mixtur e of molasses and phenol

It seems that the COD removal was higher in thesgoree of phenol, and the result of increasing pheno
concentration to 500 mg/l was that the differenegvMeen COD removal percentage by the sludge femdigsses
and phenol and the one by the sludge fed by malassecased to 28%. The average error values esdclifor
COD removal percentage were +0.8% and +3% for likdge fed by molasses and for the sludge fed byassels
and phenol, respectively. The operation of a setiplebatch reactor (SBR) was investigated in a wakD
removal rates up to 93% were measured, correspgnoi@OD effluent values lower than 400 mg/L[15].
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Figure4-% COD removal for the activated sudge wer e fed by molasses and a mixtur e of molasses and phenol
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3.1.2. Changesin Phenol Concentration

Since the changes in COD somehow represent thegeban total concentration of carbon sources irinlydeet
molasses and phenol, phenol concentration was meshatithe same time the changes in COD was mehstine
changes are shown in Figure 5. Taking into acctumincrease in phenol concentration in the feezhat and the
increase in the ratio of COD caused by phenol t®QiDring the 10 days of the experiment, the whot®ant of
phenol was removed by the sludge on each day amdslttdge showed a high ability to remove phenoh at
concentration up to 503 mg/l. Complete removal bémml by a membrane bioreactor has been reported at
concentration range of 0.5-3 mg/l in the inlet easiter stream [2]. Also The maximum phenol degriadat
capacities was found 3.2 g/(l .days) for the dfitank bioreactor (CSTB) and4 g/(lI days) for thadized bed
bioreactor(FBB) [16].In addition, it confirms thessibility of phenol removal at concentrations kigthan 503
mg/l. The concentration of phenol in the inlet veagdter stream in the effluent treatment units efgietrochemical
plants, especially olefin plants, may reach 80 rag&ritical situations, which is by far less thtwe concentration
used in this research.

3.1.3. Changesin CFUs
The ability to remove pollution load depends to thige of microorganisms present in the activatedigd. Such
microorganisms have been studied quantitatively gualitatively with the help of heterotrophic plateunt. The
number of colony forming units (CFUS) per a unisample volume in the presence and absence of phasbeen
compared in Figure 6.

The number of colonies reduced significantly onftherth day of the experiment in the both samplesiudge fed
by molasses and by molasses and phenol. After@edse in the number of colonies between the faamththe
fith day, the number of the colonies in the sludge by molasses decreased after the seventh ddyitan
approximately reached zero.

The number of colonies in the sludge fed by molassel phenol reduced after an increase betweediouhta and
fifth day, and their number remained constant &vavalue. It seems that the number of bacteria #ere the
cause of phenol removal was less than the numbéheofcolonised bacteria. The number of coloniesiced
simultaneously in the both sludge samples fed bjasses and by molasses and phenol. The reason entheb
elimination of the bacteria that did not play anjerin the removal of phenol. The CFUs value wasatp 5x16°
per microlitter of sludge for the sludge fed by asdes and phenol between the seventh and thedaytbf the
experiment, which was approximately 10 times mbantthe value for the sludge fed by molasses. Tiferehce
proves that the presence of phenol increased timb@uof species that are effective in the remo¥ghenol. In a
research by use of phenol a solo carbon sourcetadtiee removal progress and decrease in phenaleotration,
the inhibition will decrease and phenol consumptiwostly leads to synthesis new cells [17].
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Figure5- Phenol concentration changesfor the activated sludge wer e fed by molasses and a mixture of molasses and phenol
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3.1.4. Overall View to Biodegradation of Phenal

By comparing the trend of changes in COD and CHlXheé sludge samples fed by molasses and by melasse
phenol in Figures 4 and 6, it seems that the poesehf phenol did not generally have any negatifecefon the
biological behaviour of the microorganisms. Reseescshow that the activated sludge process isbsaifar the

removal of phenol from wastewater at various cotregions. For example, a COD removal of 85-90% furild

removal of phenol have been observed in a fixed herkactor with hydraulic residence time of 8 tetor the

treatment of wastewater with a COD value of 510lragd a relatively low initial phenol concentratioh30 mg/I

[18].

— inlet wastewarter with phenol
100

— inlet wastewater with out phenol
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(cfus/pul)*10"-13

time (day)
Figure 6- The number of colony forming units (CFUSs) per a unit of sample volume in the presence and absence of phenol

In another study, the maximum amount of phenol neahwas reported at a concentration of 4.9 g/l fixad bed
aerobic bioreactor while the concentration of ptemadually increased from 0.19 to 5.17 g/l in 44ys [19]. It
shows that the removal of phenol decreases at ntatiens higher than 5 g/l.

The maximum amount of COD removal was observedratia of 0.6 in another research that used motaasehe
source of carbon to prepare synthetic wastewateriag a fixed bed bioreactor with a total COD 6D8ng/l and a
ratio of COD caused by phenol to a total COD 0ft0.2 in hydraulic residence time of 24 hr. [20]ra&io of 0.6 in
this research is equivalent to phenol concentratibdA80 mg/l and COD removal percentage of 90%uieg
shows that phenol concentration in the wastewatkriag the sludge fed by molasses and phenol @asrigy/| and
COD removal percentage was 70% on th8 day of the experiment. The difference in the reai@ercentages is
caused by the better performance of the activdtete in the fixed bed bioreactor than in the caortiemal process
of activated sludge.Phenol overloads from 250 @04@g/L were applied to the pre-DE nitrificatiorstgm treating
wastewater from a resin producing industry. Inesmif the presence of other carbon sources in ttetewater,
phenol was completely removed at all concentratidinerefore, the biological treatment of wastewsatieom a
resin producing industry was not affected by thespnce of phenol[21].This work describes the paréorce of the
sequential batch reactor (SBR) for phenol remowainf saline wastewater. The performance of GSBR mas
significantly affected by inlet phenol concentrasoup to 1500 mg/L with cycle time of 24 h, whemne temoval
efficiencies of both phenol and COD were over 92%)|[The RBC system was utilized for the biologicainoval
of phenol from a synthetic wastewater containingdDCéntamination load of 500, 800 and 2000 mg/lréasing
hydraulic load in this system cause a decreaseatnent efficiency [23].Moreover, no negative effef phenol
was observed on the performance of the activitthefsludge, which can be explained by the initrajppration of
the activated sludge for phenol removal and theptadhlity of the sludge to phenol toxic pollutantiedto the
gradual addition of this compound. Complementaeeixnents were designed and carried out in ordeetiy the
| accuracy of this explanation.
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3.2. Effect of Shock
In this stage, imposing a shock on the fresh aed/aludge that was obtained from Mobin Petrochahtffluent
treatment Unit was studied by providing wastewatén high concentrations of phenol.

Taking into account the explanations in Section aslthe concentration of phenol gradually incrdases00 mg/l,
COD and phenol removal percentages were 70% anéo,1B8spectively. Therefore, in order to impose &kpc
wastewaters were added to 1-lit vessels contaifiesh sludge with approximate concentrations of, 248, 363,
and 454 mg/l, which is equivalent to 500, 700, &2 1000 mg/l of COD caused by phenol. In ordesttaly the
effect of shock when another source of carbon dxpbpnol is available, wastewaters with total CODL000,
1400, 1600, and 2000 mg/l were added to vesselsioamy similar sludge. Half of the total COD waaused by
phenol and the rest was caused by molasses. Sih8&Malue does not vary significantly in a shontiqu of time,
its value was measured for a random sample, amdhst equal to 5 g/l. Samples were taken from eadsele
containing sludge at three time intervals: immesliagfter the feeding, 24 hours after the feedamy] 48 hours
after the feeding, then COD values and phenol cunatton were measured in each sample. Resulténeotérom
COD tests and phenol concentration have similarusinof phenol immediately after the feeding in Hamples
taken from the sludge fed by molasses and by medaasd phenol. In order to study the phenol and @G&mbval
ability of the activated sludge, phenol and COD oeal percentages were calculated 24 hours and 4& ladter the
feeding.

3.2.1 COD Removal Percentage
Figure 7 shows the COD removal percentage versumitial concentration of phenol.

As is seen in the figure, the following facts happethe two types of the activated sludge.

1.As the initial concentration of phenol increasesfr216 to 423 mg/l, COD removal ability of the sjeded only
by phenol decreases from 90% to 4% at 24 and 46stadter the feeding. COD removal completes in @dré at an
initial phenol concentration of 216 mg/l. As thétied concentration increases to 301 mg/l, the anbaf removal
decreases considerably in 24 hours but it doesvaigt at 48 hours. At an initial concentration of33@g/l, the
amount of removal decreases intensely after 244&8ndours, and it reaches around zero as the iciiatentration
increases more.

2.The decrease of COD removal is less (about 30%)drsludge fed by phenol and molasses as the cwatien
of phenol increases from 216 to 430 mg/l. Therstexa small difference for removal after 24 andhd@rs.

In another research, after the stabilisation oftleeeactor at a COD value of 200 mg/lI caused bgnphand 1000
mg/l caused by molasses, the COD caused by phedoimalasses changed to 1000 and 200 mg/l resphciive
order to impose a sudden shock to the system.rAsudt, the outlet COD value increased from 6026 ég/l in 7
hours [19], which verifies an improvement in CODnaval in the presence of molasses. Generally,rthection of
the phenol degradation, when these carbon souressadded, probably occurs because of increaslhbiomass,
using more readily metabolizable carbon sourcesrésailts in faster degradation rates of phend|. [24
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Figure 7- % COD removal for the activated sludge wer e fed by molasses and a mixtur e of molasses and phenol

3.2.2 Phenol Removal Percentage
Phenol removal percentage has been plotted vdisusitial concentration of phenol in Figure 8. Tigure shows
that:

1. As the initial concentration of phenol increasedhia sludge fed only by phenol, although phenolaeshis
100% up to the initial concentration of 301 mg/l48 hours, it decreases extremely (and reaches W) the
initial concentration of phenol increases to 423InRhenol removal ability decreases consideralflilerthe initial
concentration increases in 24 hours.

2. Phenol removal is complete in 24 and 48 hourseérstbidge fed by a mixture of phenol and molasses.

O 24hr after plhenol feeding O 484 affer phenol feeding

O 24hr after phenol + molasses feeding A 48hr after plhienol + molasses feeding
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Figure 8- % phenol removal for the activated sludge wer e fed by molasses and a mixtur e of molasses and phenol

As was mentioned before, wastewater with phenoteotmation of 423 mg/l was added to a sludge vesseider
to impose a shock. The concentration of phenol 3@8smg/| after 24 hours. Wastewater with phenolceoitration
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of 430 mg/l was added to another sludge vessel.wdstewater included molasses with COD value o019/
caused by molasses. Phenol concentration reachegll &fter 24 hours. The effect of molasses on phesmoval
is clearly observed in this test. Other methodsewgsed to create shock. In a study on an anaefioleid bed
bioreactor that used glucose as the source of padfter the gradual increase in the concentragfophenol from
0.8 to 3.8 g/l in 221 days, a shock was imposetheractivated sludge by a sudden increase in theetration of
phenol to 4.7 g/l. The concentration of glucosencfeal from 4.2 to 3 g/l at the same time, and trenphremoval
increased from 98.5% to 89% on the next day [3k $tudy shows that no matter how the shock has treated,
sudden increase in the concentration of phenoldstewater decreases the phenol removal. For a hitateactor,
around 100% degradation could be achieved with 888 500-ppm influent phenol concentrations and at
concentrations of 800 and 900 ppm the percentagedation has reduced to around 94% and 93% [25kdms
that the presence of a carbon source other thanopliglucose) avoided the intense decrease in ptrenwoval
percentage.

3.2.3. Overall View to Biodegradation of Phenal

Phenol concentration in the wastewater streamehtdred the sludge fed by phenol was equal to tieeim the

wastewater stream that entered the sludge fed eygdtand molasses. The COD value of the wasteveatering

the sludge fed by phenol and molasses was two trhége value in sludge fed by phenol. Comparirg@©OD and

phenol removal percentages in the presence ana@bsé molasses shows that at equal initial comatahs of

phenol, the availability of another carbon sourgeept phenol resulted in a better removal of COM &ma

complete removal of phenol. Although the COD vailnghe wastewater entering the sludge fed by phandl

molasses was two times more than of the valuedrslindge fed by phenol, the better removal of C®Daticeable
in the presence of molasses. Moreover, the seitgiti¥ sludge to the increase in phenol concerdratiecreases
significantly in the presence of molasses.

3.3. Comparing Biodegradation of Phenal

In Section 3-1, phenol was added to the sludgeugiddin order to make the sludge compatible wité pollutant,
and the sampling was carried out at each stagkeofeists one day after the feeding. In Section 8€hock was
imposed on the activated sludge by adding high eatnations of phenol to the activated sludge, amdpes were
taken from the sludge 24 hours and 48 hours dftefdeding.

The results obtained from the measurement of CADegaand phenol concentration in Sections 3-1 aldave
been compared in this section.

3.3.1. COD Removal Comparison

The COD removal percentage after one day was platté-igure 9 versus the initial concentration bepol after
feeding. The figure shows that a fluctuation iseskied in the COD value as the initial concentratidrphenol
gradually increases and while the concentratiomofasses gradually decreases and COD value isckegtant in
the inlet wastewater. However, the amount of CORaeal decreases when a shock is imposed on thgeslUdhe
difference between the maximum and minimum amowit€OD removal during the gradual increase in the
concentration of phenol in the range of the initi@hcentration of phenol is similar to the creatidra shock that is
a concentration of phenol between 200 and 500 ragd.,it is equal to 2%. When a shock is imposedtbedeed of
the sludge includes only phenol, although the reahbappens perfectly in the beginning of the prec#siecreases
significantly (up to 90%) when the concentrationpbknol increases. When molasses is added to phatimugh
the COD value doubles in the inlet flow, the remaekes place well and the reduction for remova2i%6, and
approximately one third of the reduction for remowveludes only phenol when the wastewater enteesvessel.
Therefore, the activated sludge tolerates high eotnations of phenol very well in the presence ofebon source
except phenol (molasses). The reason for more tiedua COD removal when the shock has been imp¢2ééb)
in comparison with the gradual increase in the eatration of phenol (2%) may be the higher valu€aD in the
inlet feed stream. The reason also can be the ekaingthe biological activity of the activated syedduring the
gradual increase in the phenol concentration infdesl stream. Another reason for the difference loarthe
dissimilarities in the experiment conditions. Feammple, the activated sludge might be kept for fegays in the
experiments to study the effect of shock, sludgéaeement, and sludge re-preparation.
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Figure9- % COD Removal Comparison : when concentration of phenol gradually increaseswith when a shock isimposed on the sludge

3.3.2. Phenol Removal Comparison
Phenol removal percentage after one day has besvndrersus its initial concentration after the fagdn Figure
10.

As is observed in the figure, phenol is completelymoved during the gradual increase and imposiagstiock in
the presence of molasses in 24 hours. However, wherinlet feed includes only phenol, phenol renhdsa
extremely affected by phenol concentration.

It has been reported that the biodegradation ohghimok place better by the activated sludge & phesence of
glucose as the source of carbon. Since glucosedres the cellular concentration of the speciesdoseonas
putida, an increase in the concentration of gluéwgeoves the removal of phenol [1].
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Figure 10- % Phenol Removal Comparison: when concentration of phenol gradually increases with when a shock isimposed on the
sludge
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CONCLUSION

Biodegradation of phenol pollutant existing in thastewater of petrochemical industries by the attie sludge of
the effluent treatment unit of these industries hasn studied in this research, by taking into icmration the
changes in COD, phenol concentration, and cellatsivity. Results indicate the great effect of adapity of the

activated sludge to phenol.

In general, the following conclusions can be madefthis research:

1. Gradually increasing the concentration of phendhatsame time with gradually decreasing the canagon of
beet molasses as the source of carbon does na aayproblem in the removal of phenol when théutioh load
or, in other words, the COD of the inlet feed, épkconstant.

2. Adding a feed that includes only phenol (especiatlhigher concentrations) harms the biologicaivagtand
prevents the effluent treatment process.

3. When molasses, as the source of carbon, was addéu twastewater in addition to phenol, the remmfal
phenol is not affected considerably by the shoclsed by adding the feed mixture at high conceuwtnatdf phenol.
This situation is much closer to the real conditidreffluent treatment units of the petrochemidahs.
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