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ABSTRACT

In present study nitrogen and phosphorus removamfrmunicipal wastewater using ICMBBR reactor, was
investigated. ICMBBR reactor is an integration tfermittent cycle extended aeration system (ICEER8)moving
bed biofilm reactor (MBBR) which comprise benefitshoth systems in term of their efficiency in agen and
phosphorus removal. A laboratory —scale Plexigleaator with volume of 4 Lit which was filled withldnes (a
plastic media) as biofilm carrier with specific $ace area of 400in¥ and 20-50% occupation of reactor volume
was used in this study. The reactor was operatedniraerobic and anaerobic continues condition. difficy
assessment of the reactor was obtained at HRT6hB-The average removal efficiency of 68.11#0482,710.09,
67.540.12, 75.240.1, and 53.640.17 were achievespextively for TN, TP, TKN, NHN, and N-org within 6 month
experiment. the maximum removal efficiency wasrebdeat aeration time of 4h, mixing time of 90mim &aldnes
filling ratio of 50%. In such condition, removalfiefency of 91.8%, 88.95%, 92.8%, 93.3%, and 92%ewehieved
for TN, TP, TKN, NREN, and N-org respectively. Based on the restuis, $tudy confirms that ICMBBR can be
considered as an efficient method for removal wbgen and phosphorus from municipal wastewater.
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INTRODUCTION

Discharge of untreated (raw) wastewater which doatautrients (nitrogen and phosphorus) can bertiama for
environment, due to its potential to cause autigtfon, oxygen reduction, and also toxicity in wdiedies. Thus it
is needed to treat polluted water in term of natri;emoval before discharging in environment (1gn&rally,
chemical and biological techniques are appliednfatrient removal from wastewater, but chemical radthowing
to being costly, producing high sludge contentngiag pH, and reducing settling ability are notwpopular (2,3).
Biological systems because of possessing divensefibeincluding, high efficiency, simplicity of gfication, cost
effectiveness (economical), and being environmbntaimpatible and safe, have become more poputar tther
methods (4). Recently almost all of the wastewateatment plants have been equipped with nitrogeth a
phosphorus removal systems. In such systems, lidallogrocesses which are consisted of sequentiztrabic,
anoxic, and aerobic zones (for releasing and reblgpphosphorus) are used (5). Nitrification amahittification
are among the most accepted biological nutrient ovein methods. In this method, biological oxidation
accomplishes via ammoniac oxidative autotrophiddyé and as a final point ammonia nitrogen is ested to
nitrate. In the next stage, heterotrophic bactéenaelop nitrification process in anoxic conditiamd alter nitrate to
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nitrogen gas which is released out of system (@}ivated sludge process is the most accepted aenodtihod for
biological wastewater treatment (7). Moving bedfibio reactor (MBBR) and intermittent cycle extendaération
system (ICEAS) are among new techniques for bickdgivastewater treatment. The ICEAS is a form éfvated
sludge reactor with continues flow which consistsdiverse phases, including mixing, aeration, sejtl and
discharge phase (8). The MBBR reactor is an advhtemhnique for wastewater treatment. The cru@attgn this
process is biofilm carrier which provides a suiéabite for microorganism growth, due to its higledfic surface
(9). The ICMBBR reactor possess many advantageésdimg no need to primary and secondary settlimd {@and
saving), reducing operation cost, high efficienoperation simplicity, nitrogen and phosphorus higimoval
efficiency, and sludge bulking reduction. The adages of MBBR reactor was grow of biomass (micraaigm)
on biofilm, no clogging and no need to return thelge, in comparison to conventional activated gtudystem
(10-13). In this work to reach the desired charstie in treated wastewater, a combination of ACEANd
AMBBR reactor was used which is called intermittegitle moving bed biofilm reactor (ICMBBR) that aiees
advantages of both systems. The MBBR reactor hexs bfectively applied for municipal and industnedstewater
such as paper mill, wood mill, dairy, refinery asldughter industries (14). The SBR reactor withtiomous flow
have been approved of possessing high removalesflig of BOD, COD, TKN, TSS, and mean removal é&ficy
for TN and TP (15). The MBBR reactor is proficiesit high TN and TP removal (16). Up to our knowledge
nutrient removal via continues flow ICMBBR reactigra new-fangled technology that have not been tised
municipal wastewater up to now. This research a@ingvaluating the ICMBBR reactor efficiency in neit
removal from municipal wastewater and spreadingniie¢hod in Iran. Therefore the authors came tocisia to
present optimum model to appraise (survey) thege®and viable factors affecting this process dewoto achieve
a high nutrient removal rate.

EXPERIMENTAL SECTION

A laboratory-scale Plexiglas reactor with effectivelume of 4 lit, with an internal diameter of 10mm wall
thickness of 4mm, and height of 11mm was used i& ¢kperiment. The reactor was filled with kaldrveigh
specific biofilm surface area of 408m2, (the kaldnes characteristic presented in ibéed added (occupied-
filled) at different filling ratio (%20, %35, and %0) of reactor volume. Organic and hydrauliadimg has been
done for every stage during the reactor operatdier the hydraulic test of reactor, the system wisted up with
the sludge seed obtained from (the activated sledd@oroodfaraman town wastewater treatment plant) was
fed with municipal wastewater. After microbial d@oghtion, when the effluent COD concentration andbitlity
controlled (maintained) below, 100m/l and 5 NTUpedively the reactor was operated with hydraudiemtion
time (HRT) of 3-6 hr. In this experiment the MLS@ncentration was kept 4000 mg/l and Total suspeitaiading
has been controlled (adjusted) according to kaldiieg ratio in the reactor volume. The temperatuvas kept at
value of 24 to 28C, and pH arranged between 6.2t@hd DO concentration was always controlled betw3-5
mg/l during the experiment. The reactor equippetth peristaltic pump that provide continuous infludaring the
operation. Furthermore a circulator pump was usegplying sufficient influent mixing and freely maog of
carriers in the reactor. The blowers system, pegsggl nozzles was placed in the reactor to prothéesufficient
air for the system. All experiments have been darkéermanshah University pilot laboratory followbg standard
method book and each test 3 times has been rep@&@edchematic diagram of ICMBBR was presentdiyih

Tablel.technical data of, air and circulator blowerused in this study

Circulator blower Air blower

model ACO-5505
Power(w) 12 Power (watt) 6.5
Max head(cm) 80 Pressure(M pa) 0.25
Max Q( L/h) 600 Inlet flow (L/min) 5.5
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Figl. The schematic diagram of ICMBBR (intermittentcycle moving bed biofilm reactor)

Table2.characteristic of kaldnes (the plastic medja

Value Characteristic Value Characteristic
274 | The carrier number within %20 reactor volume ocedpi 600 To;al 3specific surfacs

(m/n)

422 | The carrier number within %20 reactor volume ocedpi 20,35,50| Filling ratio

10 (mm)height

648 | The carrier number within %20 reactor volume ocedpgi 10 (mm)diameter

0.9 | (g/cm)density

RESULTS AND DISCUSSION

In biological nutrient removal techniques, pregi$€monitoring (control) must be met. In the ICMBB&actor that
was used, some processes including nitrificati@mitdfication, phosphorus releasing, and reabsgyloiccurred in
which for any of them a specific pH range was nded@ased on researches pH is a key factor, espeaial
anaerobic zone (1). The influent pH was about ffaé due to high alkalinity, there is no need to axifa alkalinity
to set pH. During the stable operation phase ofl@4BBR reactor, the mean ph value was reported(d@t4he
beginning of mixing period in anaerobic conditiagn)consequence of denitrification and alkalinitypguction. But
at the end of mixing period without aeration (irmarobic condition) the ph value descends to 6.6 essult of
volatile fatty acid (VFA) creation, like acetateathare absorbed via polyphosphate collector migaxism and are
stored as PHB. In anaerobic condition, pH reduct®omn indicator for denitrification speed lessgniBut this
reduction can be modified through wastewater amratind CQ removal. That is why pH has arrived at 7.28 in
aerobic condition. The reactor effluent pH hasefalklightly (pH7.06) in comparison to aerobic coiodi. In
ICMBBR reactor, in settling phase (30 min) afteragien, pH will drop down due to relative anaeropitase
developing which this reduction will be improveddbgh high pH of continues influent. Generally astban claim
that, through the reaction pH had been in a suitedohge for nitrification, denitrification, phosphe releasing and
reabsorbing processes(Fig.2). In this system, duritrification process (in aerobic condition) ameconverts to
nitrate and then nitrite, but through denitrificaticourse (in anaerobic condition) at first, ngrahanges to nitrite,
then to nitric oxide, nitrous oxide, and finally totrogen gas. In nitrification process, carbon rseuis CQ
(inorganic carbon), hence by influent alkalinitynsamption, pH drop a little down in comparison tdluent.
Ammonium and nitrite ions are as electron recead nitrate and nitrite ions as final productssiis, declare
that raw (untreated) wastewater, contain a low entration of nitrite and nitrate while in effluentjtrite
concentration has increased and nitrate concemtrats fallen down (Fig.3,4). Generally, a statiteate effluent
has been observed.
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Fig. 2. Mean values of pH in the reactor during theeaction ICMBBR
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Fig.3. Nitrite Concentration in raw wastewater andeffluent at various stages of Steering System ICMBB
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Fig.4. Nitrate concentrations in Raw wastewater an@ffluent at various stages of Steering System ICMVER

Accepted theory toward enhanced biological phoghoemoval is that, sequential anaerobic-aerohioge pose
to competitive capability in substrate consumptiord also microbial growth. In biological phosphoresnoval,
influent phosphorus is absorbed via cellular bicsresd subsequently is removed from system as éxeesadge
(17). In this work, biological phosphorus and rieo removal were integrated via incorporating amisierand
aerobic zones. In anaerobic zone, orthophosphateeatration in mixed liquor has increased. Higihaophosphate
concentrate, imply phosphorus desorption via bactéinder anaerobic condition, intracellular orthopphate
concentration increases through stored materidbsfance) oxidation and subsequently energy geparatn
aerobic phase, phosphorus absorbent organismsjPd€@abolize intracellular poly hydroxyl alkaloi(RBHAs) and
use produced energy for assimilation and also gignsynthesize. A part of energy obtained from PéMdation
is used for polyphosphate bonds formation and é¢ethalar storage. Therefore, in this way most dhophosphate
can be removed from wastewater. Anoxic conditiothéssame as aerobic condition and orthophospbatarioved
from wastewater. In anoxic environments, bactese nitrate as electron receptor instead of oxygkase kinds of

organisms are known as denitrifire phosphorus dlesarorganisms (DNPAPwhich can absorb orthophosphate by

consuming nitrate under anoxic condition. Efficigrarthophosphate absorption in anoxic conditioinferior in
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comparison with aerobic environments. This resailini agreement with other studies (Fig.5) (18,189)spite of

phosphorus variation in raw wastewater and als@rahé phase for diverse runs, there is a steadgpitorus

effluent in all runs which demonstrate stable pthasps removal efficiency.
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Fig. 5. changes total phosphorus inputs, outputs d@mphase anaerobic system Steering at various staggeCMBBR

Findings imply that, nitrogen compounds removaliceghcy increases through kaldnes filling ratio (8%
improvement) and aeration time enhancement. Ingtidy the mixing period without aeration (30-90)ididn’t

show any significant effect on results and justlighs difference was observed. So improving the imgxtime
without aeration from 30min to 90min, didn't affedtrogen compounds removal efficiency (Fig.5). Biekieless,

by enhancing kaldnes filling ratio and mixing tinjeithout aeration), phosphorus removal efficienogreases

(Fig.6).
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Fig.6. Three dimensional graph of TN and TP removalithin mixing of 90 min
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Fig.6. Three dimensional graph of TN and TP removalithin mixing of 90 min

The maximum removal efficiency for TN, TP, TKN, N, and N-Org were achieved 91.8, 88.95, 92.8,,%hn8

92 whereas least values were 45.23, 52.2, 58.2, 46d 26 respectively.
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TN removal:

The results report a maximum influent TN conceidrabf 81.42mg/l, against effluent TN value of 4hig/l,
indicating 45.23% removal efficiency. This remowglcurred within aeration time of 2h, mixing perioti30min,
and HRT of 3h. The lowest value for TN in influesmd effluent were 49.26mg/l and 12.84mg/l respebtiv
demonstrating 73.93% removal efficiency. This remloeccurred within aeration time of 3h, mixing petiof
60min, and HRT of 4.5h (table 3).

TKN removal:

The highest concentrations of TKN in the ICMBBR atea influent and effluent were 80.2mg/l and 44.@9m
respectively which represent 45.1% removal efficiefwithin aeration time of 2h, mixing period of &th, and
HRT of 3h). Based on findings, the lowest TKN valogorted to the system was 48.4mg/l, against ffieeat

TKN value of 12.1, reflecting 75% removal efficignwithin aeration time of 3h, mixing period of 60mand HRT
of 4.5h.

NH,-N removal:

The results state a maximum influent NN concentration of 51.47mg/l, against effluent A¥ value of
18.02mg/l, indicating 65% removal efficiency. Th&noval occurred within aeration time of 2h, mixipgriod of
90min, and HRT of 4h. The lowest value for NN in influent and effluent were 31.78mg/l and 8&fl
respectively, demonstrating 73.6% removal efficierithis removal occurred within aeration time of, 3hixing
period of 60min, and HRT of 4.5h (table 3).

N-Org removal:

The highest concentrations of N-Org in the ICMBBdagctor influent and effluent were 29.31mg/l and62ing/I
respectively which represent 26% removal efficie(within aeration time of 2h, mixing period of 90miand HRT
of 4h). Based on findings, the lowest N-Org valugarted to the system was 15.39mg/l, against ttheeet N-Org
value of 6.05mgl/l, reflecting 60.7% removal effiody within aeration time of 4h, mixing period ofréih, and
HRT of 5.5h (table 3).

TP removal:

The results state a maximum influent TP concemmatf 29.1mg/l, against effluent TP value of 13.¢2m
indicating 52.2% removal efficiency. This removatarred within aeration time of 2h, mixing period3®min, and
HRT of 3h. The lowest value for TP in influent amdfluent were 16.85mg/l and 4.52mg/l respectively,
demonstrating 73.2% removal efficiency. This remi@ezurred within aeration time of 3h, mixing petiof 60min,
and HRT of 4.5h (table 3).

Table3. Overview of TN, TP, TKN, NH;-N, and N-Org removal rate presented within (basem—corresponding on) influential experiment

variable
N-Org TN
A B._ C.Flﬁﬁlr?;es rem-cl)—\}fe'\\ll rate NH4-N removal rate Removal | Removal TP removal rate
mixing Aeration ’ percent rate rate percent
ratio percent
percent | percent

1 90 4 50 92.8 93.3 92 91.8 88.95
2 30 4 50 82.7 86.7 75 82.08 70.6
3 60 3 50 76.1 80.5 66.9 75.68, 73.5
4 90 2 50 63 67.7 53.7 62.25 74.7
5 30 2 50 59.4 65.5 47.7 59.15, 67
6 60 4 35 78.2 87.5 60.7 77.13 73.8
7 9C 3 35 74.€ 80.£ 63.7 73.¢ 74.5

8 60 3 35 64.3 73.6 50.84 73.93 73.2
9 30 3 35 60.7 71.3 43.1 60.24] 67
10 60 2 35 56.2 67.6 39 56.05 64.5
11 90 4 20 75.1 81.9 52.7 73.1 63.65
12 30 4 20 72.6 79.2 59.2 71.93 56.9
13 60 3 20 57.¢ 69.€ 37.7 66.2° 59.2

14 90 2 20 52.9 65 35.5 53 60.4
15 30 2 20 45.2 58.2 26 45.23 52.2
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The result obtained removal efficiency based on digg expert software:

In This study to analyze findings, Design Expefftware has been (was) used. Based on this modesstreported
that, the aeration, high total solids loading (kaisl filling ratio), and mixing can be consider las most significant
factors affecting nitrogen removal respectively. ilaththe total solids loading (kaldnes filling m}j mixing, and
aeration, respectively affected phosphorus removiddings demonstrate that according to accouritspgen
compounds removal was in agreement with Linear tamuarlotal phosphorus removal was followed by Qa#d
second degree equation. It should be mentioned¢satted equations (presented in table 4) wenetifiterl based
on subsequently omission of meaningless variabtefemling the mutual coherence between them. Tealyais
was accomplished using ANOVA test and SPSS statsiftware (11) version. Statistical analysis restibr
nitrogen compounds and total phosphorus removalyimpmeaningful correlation ¢®.05). Linear regression
coefficient for TKN, NH4-N, N-Org, TN, and TP wereported 0.967, 0.964, 0.914, 0.967, and 0.967ertiely.
Furthermore, the validity and reliability for athalysis (15.87-34.8), was remarkably greater thathid meant that
an appropriate rate for test validated (validityessment). Additionally, the standard deviatiomgea from 2.14 to
3.99. Generally, the result obtained SPSS softveai ANOVA statistic test, implies a significantogitive)
correlation between nitrogen compounds average valmefficiency, aeration time, and kaldnes fillimgtio
(p<0.05), while no significant correlation with nmg period without aeration was observed-{@5). based on
statistically analysis, variation of total phospl®removal with mixing time without aeration, kaddrfilling ratio,
and aeration time show a positive correlation (P5). According to linear regression and standardiatien
resulted from applied model (used in this studgyation time factor has shown more significant @ftean media
filling ratio (total solids loading) and mixing tinin nitrogen compound removal. It is evident tladkes filling
ratio has depicted noticeable effect for removtd na comparison to mixing, and aeration time @&kl

Table.4. The results of analysis of variance (ANOV}or the response of the study program Design Expe
(A: Mixer, B: Airation, C: Media)

Re(g/:)c)’val Significant equations for the desired response Model R? Adeq Precision | Std. Dev | P-value
TKN +67.45+ 3. 78 A+ 12.47 B + 7.0¢ Lineal 0.967 34.¢ 2.€ 0.0001:
NH4 +75.19+2.74 A+ 10.46 B3.96 C Lineat 0.96¢ 31.0¢ 2.14 0.0001:
N-Org +53.58+4.66 A+ 13.77B + 1242 C Linear 0.914 21.3 5.61 0.0001>
TN +64.48 +3.33A+11.81B+7.94C Linear 0.967 34.57 2.59 0.0001>
TP +71.28 + 6.38 A + 3.04 B + 6.84 C — 5.38€3.78 AC | Quadratic| 0.976 15.78 3.24 0.0318>

Table.5. Determine the significant variables in theegression model and determine the removal effiarey of nitrogen and phosphorus

compounds

Regression model ‘Standardizgd goeﬁicient ‘ _ P-value'- ANOVA ‘

A: Mixer | B: Airation | C: Media | A: Mixer | B: Airation | C: Media
TKN | TKN =0.052 + 0.001 A+0.125B + 0.005 C| 0.248 0.818 0.464 0.111 0.000 0.001
NH4 | NH4=0.288 + 0.001 A+ 0.105B +0.003C| 0.233 0.888 0.363 0.202 0.000 0.033
N-Org | N-Org =-26.47 + 0.156 A + 13.77 B + 0.828|C 0.233 0.688 0.62 0.236 0.000 0.000
TN TN=3.84+0.111 A+ 11.838B +0.529 C 0.233 0.764 0.532 0.325 0.000 0.001
TF TP =0.312 + 0.002 A + 0.03 B + 0.00! 0.54¢« 0.25¢ 0.58: 0.00( 0.00Z 0.00(¢

Graphic optimization (Multi-layer map)

A multi-layer map, optimized graphically was useanploy) in this experiment; therefore focus on ¢ipeimum

zone for organic matter and turbidity removal ritat were defined criteria(table6). Aeration anding time and
when 50% of bioreactor was occupied by media kadmas shown by graphical optimization.(table6)thecial

experimental variables influence on the removaicigfiicy percent(the dark zone) and the removal veten

kaldnes filling ratio was 50%(yellow zone) was destoated (table6). In optimum zone a point (purtibnd was

chosen for assessing the validity and reliabilityh@ model was presented in. (table.7). Accordintfie bioreactor
was operated for compare the real (calculated)paadicted value of removal rate. Consequently, BBBware

through (standard derivation) was applied to optimaone for each removal rate, finally the currentel value of
actually calculated to predicted value.
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Table.6. Optimization for criterion studied Respong

Response Value | Unit
Removal TKN 80< %
Removal NH 80< %
Removal N-Org| 80< %
Removal TI 80< %
Removal TP 80< %

(%) Media

(h) Airation
Fig.7. Overlaps Platt for optimal region

Table.7. The validation experiments for the optimal

Laboratory . . Response
conditions Period experiments | Removal | Removal TN Removal N- | Removal Removal
TP(%) (%) Org(%) NH,(%) TKN (%)
Aeration = 3h Laboratories amount 74 63.2 50.84 73 64.8
Mixer = 60 min | Reply Model
Media = 35% Cl= %95 71.3 64.5 53.6 75 67.4
Std. Dev 1.45 0.67 145 0.55 0.67

CONCLUSION

Findings imply a remarkable performance for ICMBB&actor in municipal wastewater pollutants remoVéle
most import factors in nitrogen compound removaing current system, were aeration time, totaldsohigh
loading (media filling ratio), and mixing time witht aeration respectively. It was reported that ttital solids
loading, mixing time without aeration, and aeratiime were the most significant factors in totalopphorus
removal. The maximum nutrient removal efficiencyswachieved within aeration time of 4h, mixing timv@ghout
aeration of 90min, HRT of 6h, and media fillingioadf 50%. While The minimum nutrient removal effincy was
attained within aeration time of 2h, mixing timetdut aeration of 30min, HRT of 3h, and mediarijiratio of
20%. Therefore HRT enhancements can result in rafmogh efficiency. The maximum removal efficienfor
TKN, NH4-N, N-Org, TN, and TP was reported 92.8, 93.3,928, and 88.95 whereas the least removal effigienc
was achieved 45.5, 58.2, 26, 45.23, and 52.2 résphc Finally it can be concluded that under ahle design and
operation, the ICMBBR reactor can be consider psoaising technology for municipal wastewater tneatt with
respect to nutrient removal.

REFERENCES

[1] Gerardi, M.H. 2002. Nitrification and denitrification in the actived sludge process, John Wiley and Sons
Inc., New York.

[2] Metcalf and Eddy. Wastewater engineering treatraadtreuse. New York: McGraw-Hil2003

[3] Park JK, et al. Wastewater characterization foalwation of biological phosphorus removal. Wiscansi
department of natural resources, Research repdi1994

[4] Rehm, H., and Reed, GL999. Biotechnology, 2nd Ed., Vol 11a., WIEY-VCH, Weigim, Germany.

[5] Qasim SR. Treatment plants. Pennsylvania: TechndfQ

[6] Henze, M., Harremoes, P., la Cour Jansen, J. amth AE., 002. "Wastewater Treatment: Biological and
Chemical Processes"#nd, Springer , Heidelberg.

986



Meghdaad Pirsahebet al J. Chem. Pharm. Res., 2015, 7(6):979-987

[7] Ghahfarokhi Banaei, B. Ahrampvsh, M. H. Nasiri, Ghasemi, A. Javanmardi, R. R. "Assessment rate of
detergent and organic matter removal of from waatewhospital by using SBR developed". Environmenta
Science and Technologg01Q

[8] Bitton, g. "Wastewater microbiology". New Jerseghd Wiley & Sons Inc,4005; 213-20.

[9] Odegaard H. Innovations in wastewater treatmeng floving bed biofilm process. Journal of Water Soge
and Technolog00653(9):17-33.

[10]Blacburne, R., Yuan, Z and Keller, J. "Demonstmatad nitrogen removal via nitrite in a sequenciraidh
reactor treating domestic Wastewater". Water R@88 42(8-9): 2166 — 2176.

[11]Hegg, D., Cohen, T., Song, Q., Kasabov, N. "Ingeltit control of sequencing batch reactor (SBR) for
biological nitrogen removal". New Zealar()06

[12]O0degX.y wang, S.Q.Xia,L. Chen, Y.F.Zhao, Nutriergnfoval Farm Municipal Wastewater By Chemical
Precipitation in a Moving Bed Biofilm Rector prosdsiochemistry2006 41, 824-828.

[13]Dehghani, M. Azimpour, M. (2007) "Assessment ofati reduction from Shiraz municipal wastewatengsi
sequential Batch Reactor Operation”. Second NdtiGoaference on Environmental Health, Tehr2009
[14]Goodarzi, B. "Study of the moving bed biofilm remst (MBBR)", The Second Conference on Environmental
Engineering2008

[15]Mahvi A. H, Mesdaghinia A. R, Karakani F. Feasililof Continuous Flow Sequencing Batch Reactor in
Domestic Wastewater Treatment. American Journ&lpgliied Sciences 1 (4): 348-353)04

[16]Kermani, M. Bina, B. MovahediaN, H. Amin, M. M. Nikin, M. "Performance and modeling of moving bed
biofilm process in order to remove nutrients conmmzifrom wastewater ". Journal of Water and Wastenwé3):
2010

[17]Chuang, S.H., Ouyang, C.F., Yuang, H. C., and Y8u, (998. “Evaluation of phosphorus removal in
anaerobic-anoxic-aerobic system-via polyhydroxyatietes measurements.” Water Science and Technod&yy,
(1), 107-114.

[18]Okunuki, S., Kawaharasaki, M., Tanaka, H., and Kama, T. 2004. “Changes in phosphorus removing
performance and bacterial community structure ineahanced biological phosphorus removal reactort&Wa
Research, 38 (9), 2432-2438.

[19] Helness, H., and ddegaard, H999. “Biological phosphorus removal in a sequencirsgch moving bed
biofilm reactor.” Water Science and Technology,(445), 161-168

987



