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ABSTRACT

Wastewater stabilization ponds (WAPSs) are one ®fsimplest techniques available for the treatmémhwonicipal
wastewater which eventually benefit from the siaigliand reliability of their operation. Althoughamy WAPs
have been established and made operational, blittlsé dynamics of pollutants in these systamesnot well
understood and this can lead to improper design padr removal efficiency of pollutants and also m@penal
problems. Since in the most used wastewater tredtstabilization ponds, the removal of organic rea{BOL) is
the primary goal of design systems, so prelimirggtermination of BOPremoval kinetics and wastewater flow
pattern is often required. In this study, to an&ysf kinetic data, four kinetic models that canused in the WAPs
have been compared. The studied models combindiffeeent kinetics of Monod and First order kinetitodels
with continuous stirred-tank reactor (CSTR) andglilow regimes. Finally, the models were analyzethg
statistical parameters. The combined model of thadd’s kinetic equation and plug flow pattern presel nearest
mathematical relationship between theoretical amtual data of WAPs. In the three hybrid models pikd¢ke
Monod and plug flow, BOfremoval coefficients decreased with increasing B®@ading. About the prediction of
organic materials removal in WAPs, a significantateonship between the ratio of BOD / COD and reaiov
coefficients was not found, suggesting that thedgosition of organic matter in the stabilizatioongls are not
susceptible rather than organic waste nature.

Keywords: wastewater stabilization ponds, wastewater treatpmeodeling, Birjand.

INTRODUCTION

The main objectives of wastewater treatment isrofteducing an effluent suitable for dischargintpineceiving
environments somehow complies with effluent stadsland have no damages for the environment[1].efbies,
the wastewater treatment not only would cause enwient protection and public health improvement, dso
return water to the consumption cycle directly odiiectly. Due to the water crisis in the last cent the
importance of this issue has been even more appdreerefore, several treatment systems whethdodjial or
chemical and or mixed one may be employed. Natueatment mechanisms are considered as one of tis¢ m
popular systems [1, 2].
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Waste stabilization ponds (WSPs) as natural tresttsyestems are widely used in developing countgggecially in
rural areas because of their low cost and simplifittonstruction, operation, and maintenance[38] aften consist
of anaerobic, facultative and aerobic (maturatipsds. The anaerobic pond, which is the initightiment reactor,
is designed to eliminate suspended solids and safntiee soluble organic matter. The residual organatter is
further removed through the activity of algae aetehotrophic bacteria in the facultative pond. Tinal stage of
pathogens and nutrients removal takes place inméiration pond [4, 5Wastewater treatment in stabilization
ponds mainly results from settling and complex sisis of bacteria and algae where the oxidatiomrgfnic
matter is accomplished by bacteria in the presehdéssolved oxygen supplied by algal photosynthesid surface
reaeration [6, 7]. During the wastewaters storagether different processes can also occur in psadk as the
water volume decrease under natural evaporatiganic and inorganic compounds degradation and eization
by microbiological flora, volatilization of some mpounds and finally infiltration of wastewatersahgh soil layers
[8-10]. Thus, where land is somewhat inexpensive vteather is good and there is a lack of equipsnamd skilled
operations and also simple method is consideredwéistewater stabilization ponds are the best ogild, 12].
Although many ponds have been established and t@geraut still the pollutants dynamics in theseteys is not
well understood[4]. To better perception of hydiagbnditions, many fundamental research and stiedebates
on the wastewater systems and kinetics of decomposf pollutants separately have been conducg&d[Ror
example, the pattern of a continuous tank flowhia Plug flow regime and the kinetics of first-ordeodel versus
the Monod equation kinetics have been reported.

The practical performance of WSPs systems is deggngpon several factors, including: the type otewater;
the organic loading regime; the geometry and playsicrangement of the pond system; and ecologimadliitions
such as air temperature and the amount of windranident sunlight to which the pond is exposed [1d]addition
to these influential criteria, the hydraulic belmaviof wastewater within a pond system is also dhgipal
importance in determining its overall treatmentadicy, since it controls the hydraulic residetioge (HRT) and
also the residence time distribution (RTD) whiclvgims the dispersion (mixing) of waste substrates@emical
and biological entities within the reactor basirj[15

Meanwhile in majority of applied wastewater statation ponds, the removal of organic matter (BPIB the
primary goal to design systems. Miscomprehensiomhefdynamics of contaminants in the system cad tea
incorrect design; it usually appears in impropeaph of stabilization ponds, as results low polltiteemoval
efficiency and operational problems such as cloggimd short circuiting.

In order to allow optimization, better understampof BOD; removal kinetics and sewage flow pattern are nésede
which can be achieved by using mathematical modéls Such developed studies potentially leadinghtat the
models of removing contaminants are more accurdtiehvresults from the more correctly design. Gattger
sufficient quality data for the accuracy of a kinehodel is often difficult and when the model ppéed to complex
environmental parameters and according to guesshingtic coefficients, it can only lead to incorretesign[11,
12].

In this study, a complete approach is detailechftull-scale WSP system. The aim of this papenayze the flow
characteristics in a WSP, develop and validatenatld pattern with data obtained from the influant effluent
analysis, and develop a methodology that uses @@%Bpattern predictions to build a compartmentatieio

MATERIALS AND METHODS

Data gathering

The research is a cross-sectional study that tretewater treatment plant of Birjand city which vtastewater
treatment system is WSPs was investigated. In tileigtment plan, the wastewater, after passing tirahe
screening and flow measurement, was entered it@tiaerobic pond which the most portion of wastewais
treated into this section. Subsequently the sewatgred into a facultative pond. After this stéy effluent drains
into a secondary facultative pond which acts asuttimate unit. The chlorination unit has been batlthe end of
system but it is currently inactive.

Sampling was conducted as two times per each mamthfor 6 months duration. At every sampling tira#,
samples taken at three intervals during a day. Bameously, the flow measurements and data recgrdin
treatment plant input and output were carried dotenhance the range and accuracy of data, easdngiles was
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analyzed separately twice and the averages werdmrd. All tests were performed in the water wadtewater
laboratory of Birjand city.

The kinetic models

Figure 1 show simple design equations which rethte values of the input and output data of WSPss&h
equations were developed from combination of CSTRRlag flow kinetic models with first order or Mods
models.

(1} (2)
e (B
Cn dC - o Ceut Cin = Cout
Feed dt Effluent Feed — Effluent
Plug Flow Reactor CSTR ¢ e
(3) (4)
/ e [
Ci \\ C ut G =
n E _ _km [C ({;3 ] e . in . @i
Feed o et } Effluent Feed = Effluent
ac _ ( ¢
Plug Flow Reactor CSTR ff_‘_im C + Cpay

Figure 1: Four modeling methods for stabilization pnd; (1): combined model of first-order and Plug fow, (2): combined model of First-
order and CSTR regime, (3): combined model of Plufow and Monod, (4): combined model of Monod and CBR. [11, 12].

Combining of Plug flow regime and first-order raantkinetic creates the first design equation (HigpmaKickuth)
which is the easiest and most useful equation comiyrin designing of WSPs. [11, 12]

InC,, -C,,
A = A |'< J (Eq.1)
1

A pond areant

Q: flow rate,m*/d

Cin: input BOD; concentrationgng/I
Cout :0utput BODR concentrationgng/I
Ky: velocity constan{m/d)

Also, the combination of CSTR flow kinetic equatiaith first-order reaction derived an equation thasociated
with simple values of input and output BQ&f WSPs. [11, 12].

dc 1 1
—~+=C_ =-C
dt T in T out (Eq.2)
— Q(Cin _Cout) Eo.3
K2Cout a3

Where:t represents a hydraulic retention time (d), andskthe velocity constant (m/d) .

From the combination of simplified Monod’s equati(iyg. 4) with Plug flow or CSTR, the equation 5 &dere
obtained, respectively [11, 12].

432
Pelagia Research Library



Ehsan Abouee Mehriziet al Euro. J. Exp. Bio., 2013, 3(2):430-436

de__ _C (Eq.4)
dt " C+C ’
C -C_ . +60In(C_ /C
A1 - Q( in out ( in out)) (Eq_5)
K3
C,-C.,)(EC,,*+60
A—. — Q( in out)( out ) (Eq, 6)

K4C0ut

Where:

K max IS the maximum BOBremoved in WSPs regardless the effect of temperatg/ny.d).

Char is the amount of wastewater B@@hile the removed BObvalue is half of K., which in this study has been
considered equal to 60 mg/l that is the commonevalsed in Monod’s Eq[11, 12] In wastewater. Alsaistudy
done in 2009 by Guangzhi and et al. onto 80 W3fsGt,swas considered 60 mg /I [11, 12].

Model Assessment

Although equation (1) is used in the design of ifitzdiion ponds for more than two decades, but F5 &nd 6 were
presented by Guangzhi et al. for the first time@99 and used in this study. The accuracy andbiétiaof the

results can be evaluated by comparison with exjstiased practice data. Whatever the equations shoser
mathematical calculation, they would be more adeunaodels. All equations of 1, 3, 5 and 6 can hmeas the
following general formula:

F(C,.C =k
Q

out) (Eq.7)

For each stabilization pond, the value of K cambiined from linear regression and F,{(C,.) and (A/Q) can be
calculated using the average data.

RESULTS AND DISCUSSION

Matching design equations

The conformity of Equations 1, 3, 5 and 6 were eatdd by comparing the documented values;f G with the
equations and actual data of stabilization ponde Values of K K,, K; and K, were obtained through data
regression.

In each of four equations, when the data are placéite general form of Equation 7, the value okkobtained as
following:

parameter For:

K,=0.08 d* (Eq.1)
K,=0.201 md (Eq.3)
K;=8.73 g BORQ m?d* (Eq.5)
K,=20.16 g BOR m“d* (Eq.6)

In the equations 1, 3 and 6, the linear relatigmsiietween F (¢ Cyu) and (A/Q) are somewhat weak. Equation 1
(Equation Kickuth) which used typically in the dgsiof stabilization ponds, showed lower mathemética
relationship between theoretical and actual resabsnparing of statistical parameters also inditateat the
combination of two equations of 1 and 3 have geedraloser mathematical relations, After that thefficients of

K, - K4 obtained separately, the amounts of input B@Bre plotted vs. organic loading values. Alsodbefficient

of K; - K4 resulted from the combined relationships weretptbtvs. Subsequently, in order to investigate the
relationship between the ratio of BOD / COD valaesl K; - K, obtained from combined equations, the BOD /
COD vs. K - K4 were plotted in Figure 2.
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Figure2.Trend of Regression coefficients (i of combined equations of 1-4 versus BOD/COD rato
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Figure3.Regression if BOR@ amounts removal versus organic matter loading intadied stabilization ponds

434
Pelagia Research Library



Ehsan Abouee Mehriziet al Euro. J. Exp. Bio., 2013, 3(2):430-436

CONCLUSION

According to statistical parameter of dbtained from two hypotheses kinetic equation effist order kinetics —
Monod and Plug flow regime — CSTR, it was identfthat the Plug flow regime showed the closer nrattial
data than CSTR flow regime which confirms that ®leig flow is the dominant flow regime in wastewater
stabilization ponds in Birjand. Also between tharfased models, the combined model of the Monodrind flow
provided the best mathematical relationship betwbertheoretical predictions and the actual datstalbilization
ponds. In a study conducted in 2009 by Guangzhiedral. using a combination of four models mentabove,
the combination model of Plug flow pattern and Md'sckinetics model provided the best mathematioaledation.
From obtained results of previous conducted researand current study, it can be concluded thatvtbeod’s
kinetics and Plug flow regime are dominance in ifitadtion ponds. Also, the resulted models for @D data
showed lower values of statistical parameters @afhe R%) and there was no significant correlation betwten
kinetic equations of the flow regime.

Variation of kinetic coefficients:

BODs and flow rate data provided the possibility toemsschanges of coefficients, pollutant loading BaD /
COD ratio. As the coefficients K- K, of different substrates obtained, the organic iligd/alues were plotted
versus the amounts of input B@Bnd it revealed that in combined equations of 4n@& 4, the greater input B@QD
values was consistent with the slightly lower kioeoefficients while this status was reversedhie combined
equation (3)and the larger input B@Dalues was consistent with slightly larger kinetigefficients that in
equations 1, 2 and 4, the speed of biological r@astwas almost constant and has not changed héthge of their
input loading. Meanwhile Equation 3 indicates whitte rate of biological reactions would be incragsby
increasing in the input loading of system and thils confirm the applicability of predicted modef Monod and
Plug flow regime for stabilization ponds of Birjand

The first-order kinetics and Monod were able todprethe organic removal increasing with increasiogding
rates. Also in many other studies, increased laadites were consistent with slightly lower kinetaefficients in
each of four combined models. However, in the prestudy, only the Monod model would indicate thiigtus.

The effect of Biodegradability

The BOD / COD ratio is generally used as an indicaf potential biodegradation of organic mattéthls ratio be
0.5 or larger, the organic materials are considasegimple biodegradable while if this ratio be @.3ess, they are
considered as low biodegradable.

Figure 2 shows that there are no statisticallyificant relationship between the kinetic coeffidierand the ratio of
input BOD / COD. This has also been reported byelles-Osorio A and Guangzhi. The removal of organétter

in stabilization ponds is not sensitive to the patof the organic matter, whether they are reduitglegradable or
slowly. About the input loading to the system ahd temoval of organic matter, it was also deterhitieat the

removal of organic materials would increased wittréasing organic loading, indicating the higheyamic loading

capacity of the system rather than its currenegtsge Figure 3).

Acknowledgment
Thereby, the researchers are grateful from Watdr\&Wastewater Company of Birjand Province and thaltHe
school in order to help in conducting this research

REFERENCES

[1] Alvarado, A., et al.,Water Researcl2012 46(2): p. 521-530.

[2] Papadopoulos, F.H., V.A. Tsihrintzis, and A.G. 4grs, Journal of Environmental Manageme®011 92(12):
p. 3130-3135.

[3]1Yi, Q., C. Hur, and Y. Kim,Ecological Engineering2009 35(1): p. 75-84.

[4] Olukanni, D.O. and J.J. DucostEgcological Engineering2011 37(11): p. 1878-1888.

[5] Heaven, S., et alWater Researct2012 46(7): p. 2307-2323.

[6] Beran, B. and F. KargiEcological modelling2005 181(1): p. 39-57.

[7] Abbas, H., R. Nasr, and H. Seicological Engineering2006 28(1): p. 25-34.

[8] Jarboui, R., et al.Journal of hazardous material201Q 176(1): p. 992-1005.

435
Pelagia Research Library



Ehsan Abouee Mehriziet al Euro. J. Exp. Bio., 2013, 3(2):430-436

[9] Iturmendi, F., et aR012 Elsevier. p. 212-216.

[10]Jarboui, R., et al.Journal of Hazardous Material201Q 176(1-3): p. 992-1005.

[11]Chlot, S., et al.,Science of The Total Environme2®11 40921): p. 4585-4595.

[12]Penha-Lopes, G., et akcological Modelling2012 2320): p. 97-108.

[13]Babu, M.A., et al.Bioresource Technolog2011 1024): p. 3754-3760.

[14] Cauchie, H.M., et alinternational review of hydrobiolog200Q 85(2-3): p. 231-251.

[15] Short, M., N. Cromar, and HEcological Engineering201Q 36(12): p. 1700-1708.

[16]Alvarado, A., et al. A compartmental model to describe hydraulics irulkScale waste stabilization pond.
Water researct011

436
Pelagia Research Library



