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ABSTRACT

Biological Ammoniaremoval (nitrification), the oxidation of ammoniato
nitrate catalyzed by bacteria, isakey part of global nitrogen cycling. Inthe
first step of nitrification, chemolithoautotrophic ammonia oxidizer trans-
form ammoniato nitrite, which subsequently oxidized to nitrate by nitrite
oxidizing bacteria. This process can be affected by severa factors. In this
study the effect of influent COD on biological ammoniaremoval inabench-
scale biological reactor was investigated. Experiments were carried out
using synthetic wastewater. The initial ammonium concentration was
25mgNH"-N L™. Theeffect of COD between 247.55+1.8 and 601.08+3.24
mgL%on biological ammonia removal were investigated by varying the
COD loading supplied to reactor. From the results obtained in this study it
could be concluded intherange of 247.55+1.8t0 351.35+2.05mgL 2, thereis
adirect relationship between amount of COD and ammoniaremoval. How-
ever morethan 351.35+2.05 up to 601.08+3.24mgL *wasfound an indirect
relationship between them. © 2008 Trade Sciencelnc. - INDIA
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Severd activitiesgenerate high-strengthammonia
wastewater including human waste, agricultura waste
andindustria effluent. Uncontrolled disposal of these
effluents can cause great damageto the environment,
primarily through eutrofication of receivingwasteand
becauseammonium fregly dissolved inthewater isone
of theworst polluting agentsfor aguatic lifel. For this
reason removal of ammonium from wastewater isex-
plicitly required under the European Directiveonthe
disposal of urbanwastewater. Thebiological nitrogen

remova (BNR) processisfrequently used totreat urban
wastewater. Thisprocessinvolvestwo stages. 1-con-
version of ammoniuminto nitrate (nitrification) and 2-
transformeation of nitrateinto nitrogen gas (denitrification).

Oneof themost critical parametersof thenitrifica:
tion processistheinfluent chemical oxygen demand
(COD), becauseit directly influencesthegrowth com-
petition between autotrophic and heterotrophic micro-
organism population'2*4, Someauthorsreport that the
influence of COD isgreater in an aerobic activated
sludge processthaninthe BNR process®. Inthelater
case, organic matter ismainly consumed inthefirst an-


mailto:hmirhossaini@gmail.com

252

Current Researel) Paper e

Effect of influent COD on biological ammonia removal efficiency

ESAIJ, 3(2) April 2008

TABLE 1: The basic composition of synthetic wastewater

Component Run 1 Run 2 Run 3 Run 4 Run 5 Run 6 Run 7 Run 8
COoD 247+1.8  302+0.96 351+2.05 401+3.95 4524262 492+14.03 549+128 601+3.24
NH § 24.7+0.096 24.8+0.17 24.1+0.19 24.9+0.15 24.9+0.14 24.9+0.15 24.9+0.15 24.9+0.15
Nos 0 0 0 0 0 0 0 0
No, 0 0 0 0 0 0 0 0
oxic stage, which apparently alowslower competition B
between nitrifiersand heterotrophsin the next aerobic ol
stage. Inthe early 1990s, M cClintock et. a. reported _
similar nitrificationratesin both aerobic activated dudge o 0| s | i
and BNR systems operated with the same amount of =
COD®, Their results showed no differencesin compe- A o
tition among microorganism populaionsintheBNRand A i
aerobic activated dludge systems. Consequently, the =
influenceof COD on ammoniahbiologica removal effi- Skadga racirculatcs 7ol

ciency issimilar inboth systemd”.

Competition among microorganisms has been
clearly observed in some other biologica nitrogenre-
moval process, such asimmobilized biomass systemsd.
In thiscase, theamount of COD causes growth com-
petition among al different microbic popul ationsand
therefore definesthe biofilm composition. Thismay
causesundesirablebiologica ammoniaremova inhibi-
tionsinthegloba processfor two reasons: (1) thema-
jority presence of heterotrophic microorganismsinthe
biofilm, (2) oxygen diffusion problemsinimmobilized
biomasg®19,

Theaim of thispaper wasto quantify theinfluence
of influent COD on biological ammoniaremova pro-
cessfor treatment of domestic wastewater. Themain
object of thiswork wasto determinethe optimum pro-
portion of COD in influent wastewater in order to
achievemaximum efficiency of biological anmoniare-
moval. Thisstudy was conducted inabench-scalere-
actor of extended activated sludge fed with synthetic
wastewater.

MATERIALSAND METHODS

Wastewater features

Inorder to prepare synthetic wastewater at differ-
ent phase, certain concentration of different compounds
such as CH,,0,, CH,COONH,, NAHCo,, FeSo,.
7H,0, MgSo,.7H,0, NiSo,.7H,0, CaCl,, FeCl..
6H,0, K HPo, ™. Thebasic composition of synthetic

Figurel: Schematic diagram of theex-perimental set-up

wastewater isshownin TABLE 1.
Experimental set-up

Experimentswere donein an extended activated
sludgelaboratory reactor. Thereactor waslocatedin
pilot laboratory of Isfahan University of medical sci-
ences (in 2005). The volume of aerobic reactor was
30L anditssettler volumewas 10.5L (Figurel1). The
operational temperature was kept at 25°C. The DO
and pH of the aerobic reactor were kept at 3mgO, |
and 7.7-8.1, respectively.

Analytical method

Analysesof total suspended solid (TSS), voletail
suspended solid (V SS), nitrite (NO, N), nitrate (NO,
N), Sludgevolumeindex (SVI) and anmonium were
doneusi ngthe methodol ogy describedin sandard meth-
0ds*?. Analysesof chemical oxygen demand (COD)
were conducted through COD test tubesfrom Hatch
and Dr. Lange’®3.

RESULTS

Effect of operational parameters

Operationd parametersaffecting onbiologicd am-
moniaremoval aredivers. In order to study theinflu-
ence of influent COD, parameters such astempera
ture, DO, pH and hydraulic res stancetime (HRT) were
mai ntained constant throughout the study. Eight differ-
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TABLE 2: Average values of the oper ational parameter sused throughout the study

RuUN Influent flow HRT F/M Svi N loading rate C loadingrate
(LdY (h) (gCODgVSS'd?Y)  (mlgh)  (gNH,-NgvSS'd')  (gCOD gvSs'd?
1 30 24 0.071+0.002 122+3.2 0.025+0.0000 0.25+0.002
2 30 24 0.079+0.002 143+4 4 0.025+0.0001 0.3+0.001
3 30 24 0.091+0.006 145+3 0.025+0.0001 0.35+0.002
4 30 24 0.097+0.003 141+5.8 0.025+0.0001 0.4+0.002
5 30 24 0.16+0.02 125+11 0.025+0.0000 0.45+0.001
6 30 24 0.14+0.15 133£5.6 0.025+0.0002 0.5+0.001
7 30 24 0.15+0.015 140+3 0.025+0.0000 0.55+0.002
8 30 24 0.14+0.014 14143 0.025+0.0000 0.6+0.003
TABLE 3: Averagevaluesof theinfluent COD and ammonia
removal eff|C|ency = |—0—r.Jr' 1—8—run2 run 3 rum 4
RuUN Influent COD Ammonia removal 2
(mg/l) efficiency (%) E =
1 247.55+1.8 21.11 E = = '—'L-;—bw-;:.:‘ e
2 302.27+0.96 69.26 E z U1 wma, o
3 351.35+2.05 79.84 - —
4 401.24+3.95 78.05 £ — 10 L
5 452.9+2.62 46.94 2 i‘ 1
6 492.74+14.03 48.45 = o i B B o
7 549.44+1.28 17.32 Time {day)
8 601.08+3.24 0 Figure4: Concentration of ammoniain the effluent
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Figure3: Concentration of ammoniain theinfluent

ent runswere performed throughout the study. Ineach
run, adifferent carbon-loading ratewasused (TABLE
2). TABLE 3 showstheinfluent COD concentration
and ammoniaremoval efficiency obtainedineach run.
Theerror of each parameter was defined asthe stan-

Figure5: Concentration of ammoniain the effluent
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Figure 6: Relationship between ammonia removal effi-

ciency and influent COD

efficiency (%a)

ammaoma removal

dard deviation of theaveragevalue.

Figures 2 and 3 show the average concentrations
of ammoniaininfluent wastewater and figures4 and 5
show concentration of ammoniain reactor effluent.
FHgure6 show ammoniaremovd efficiency plotted versus
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influent COD concentration.
DISCUSSION

Increased heterotrophic activity withintheflasksthat
received glucose could have caused the contents of the
flasksto go anoxic, thereby inhibiting nitrification, which
isan obligatory aerobic process™.

Ovedl, biologicd anmoniaremovd ishighly influ-
enced by competition established between heterotrophic
and autotrophic microorgani sms. thiscompetition de-
pends onthe COD concentration ininfluent wastewa:
ter. Theresult of this study showed that theammonia
can beremoved from wastewater in high quantity in
extended activated dudgeif COD concentration was
adjusted. In influent COD concentration 351.35+
2.05mgL* canremove 79.84 percent of anmoniafrom
wastewater. When influent COD is further than
351.35+2.05mgLt, ammoniaremoval efficiency will
decrease, Julian Carreraet a. 2004. It is showing that
organic carbon in higher concentration inhabited bio-
logical anmoniaremoval. Sothereisanegativerea
tionship between organi c carbon concentration and bio-
logical ammoniaremovd. Thesimilar resultsobtained
by other researchesand declared inthesingle- dudge
system, thereisanegativeinfluenceof theinfluent COD
on theachievablebiologica anmoniaremoval*®, but
inlower influent COD concentrationto 351.35+2.05
mgL 1, thereispositive rel ationship between organic
carbon concentration and ammoniaremova. Therefore
abetter understanding of how organic carboninfluences
ammoniaremova may provideinsight into how N cy-
clinginwastewater isinfluenced by natural or anthro-
pogenic changein organic carbon.
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