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ABSTRACT

Using the domestic sewage disposed in the wastewater treatment plant in
the southern suburbs of Changchun in Jilin province, China as the sub-
jects, adopt SBR reactor respectively to take an experimental study on
nitrogen and phosphorus removal at the low C/N condition. These results
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suggest, under the same hydraulic retention time, the effect is better on
nitrogen and phosphorusremoval of SBR reactor with the hydraulic reten-
tiontimefor 6h; solid retention time (SRT) and C/N ration havelittle effect
on removal of COD in SBR reactor and COD removal rate is about 80%
under all kinds of conditions; recommended the most suitable SRT of SBR
reactor for 20d; thelarger C/N ratiois, the higher TN removal rate of SBR

reactor is, at optimum PH value is between 4~6.
© 2014 Trade ScienceInc. - INDIA

INTRODUCTION

Withlow C/N ratio sawageincreasing, therequire-
mentsof nitrogen phosphorusremova arecontinuoudy
grict. Whenusing traditiona nitrification and denitrifi-
cation processesto deal withlow C/N ratio of urban
sewage, duetothelack of carbonand nitrogen remova
lessefficient, how toincreasemoreeffectively alow C/
N ratio of sewage nitrogen and phosphorusremoval
more, hasbecomeahot and difficult research that drew
the sewagetreatment industry’s attention!. Directing
at thecurrent techniqueof al kindsof biologica nitro-
gen and phosphorusremova which the processislong
and theenergy consumptionishigh?, fromtheview of
energy efficiency and theactud operating results, with

the SBR process for low C/N ratio of nitrogen and
phosphorusremoval of sewage, seek amore suitable
for low C/N ratio environment and economic energy of
sewagetreatment system, and verify the operating pa-
rametersfor sewagequality of smal urbanto guidethe
optimization of nitrogen and phosphorusremoval pro-
cessfor providing areferenceto therenovation of ex-
isting urban sewagetreatment plant and devel opment
of the new technol ogy.

EXPERIMENTAL
SBR reactor ismadefrom plexiglass, and theup-

per partiscylindrica with 30cm diameter, 90cm height;
and theround table-shaped |ower part with abottom
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of 10cmdiameter, 10cm height whichtheeffectivevol-
umeis50L, asillustrated in Figure 1. Reactor stirsby
themechanical stirrer; oxygenated by aeration head;
supplied by air compressor; adjusting theair volume
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yd
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with glassrotameter; measuring dissol ved oxygen con-
centration with aportabl e dissolved oxygen meter; us-
ingtimerelay torealizeautomatic switching of aeration;
mixing and sedimentation.

Time

relayv

Watex
1 pump

CE ,_
Air pump

Gas flowmeter

Figurel: SBRreactor equipment diagram

Thisexperiment isconducted inawastewater tregt-
ment plant in the southern suburbs of Changchun City
inJilin province, China. Theobjectisalow C/N ratio
of urban sewage, and thetesting water isthewastewa-
ter fromthe plant after afinegrid of sewageand it first
entersinto hydrolysis-acidogenosissmall test reactor,
theninto thetest reactor. Specific span of water qudity
index duringthetestisinTABLE 1.

TABLE 1: Test water quality (mg/L)

Water quality Concentration The average
index range concentration
SS 83~154 118
COD 82~223 152
NH3-N 20~45 30
TP 2.3~75 4.8
TN 30~55 40

During theexperiment, the maintest specifications
and test methodsrefer to “Methods of Monitoring and
Analysisof Water and Wastewater” (4th Edition)®.

RESULTSAND DISCUSSION

Effectsof hydraulicretention time

At thewater temperatureis20+ 5 1, by theway
of changingthewater cycle processingto examinethe
effect of hydraulic retention time onthetreatment effi-
ciency of SBRreactor. Test startsfromlasting 4h, and
then 6h, 9h, 12h. Each hydraulicretentiontimerunning
for 10d, it comesto the relationship between COD,
NH3-N, TN, TPaverageremovd rateand thehydraulic
retentiontime.

Theeffect of period runningtimeon nitrificationand
phosphorusremoval in SBR reactor, asillustrated in
Figure?2.

From theresultsof Figure 2, specificandysisisas
follows. (1 COD removd efficiency: thelonger hydrau-
licretentiontimeis, thehigher COD removal rateis. [ |
NH3-N removd efficiency increaseswith thehydraulic
retentiontimerising. [1 When the hydraulic retention
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timeis4H, TN removal rateis66%; when the hydrau-
licretentiontimeincreasesfrom6hto 12h, TN remova
rateincreases 5% on average, so theremoval rates of
this period can be considered to be little affected by
residencetime. [ The effect of SBR reactor for TP
removal isbetter, and increaseswith the cyclerunning
timeincreasing. In SBR reactor, theremoval rate at
cyderunningtimeis6hincreased by 20%than 4h, while
theratio at 12h only increased by 3% than Sh. In sum-
mary, itisrecommended that SBR reactorscyclesrun-
ningtimeisoh.
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Solid retention time (SRT) impact on treatment
effect

Thecyclerunningtimeof SBR systemiscontrolled
for 6h, specific operational processesareillustratedin
Figure3.

Investigate SBR reactor trestment efficiency when
SRTis10d, 15d, and 20d. In order to obtain astabletest
results, each SRT runtwo cyclesinarow, andit comes
to therelationship between COD, NH3-N, TN, TPav-
erageremoval rateand SRT. Effect of SRT onthetreat-
ment efficiency of SBRreactor illustratedin Figure4.
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Figure2: Effect of cycleoperation timeof nitrogen and phosphorusremoval in SBR reactor
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Figure3: Influenceof dudgeageon thetreatment effect of SBR reaction
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Figure4: Effect of C/N ratioon thetreatment effect of SBR reaction
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From Figure 6 concludesthat: [ 1 SBR reactor re-
moval works best, and removal rateis80%. [1 With
theincrease of SRT, SBR reactor for theremova €ffi-
ciency of NH3-N showsanincreasingtrend, whenthe
SRT is20d, SBR reactor remova worksbest, and the
removal rateis85%. [ SBRreactor TN removal rate
increaseswith SRT rising. (1 The TPremoval efficiency
showsadecreasingtrend. When SRT is20d, SBR re-
actor TPconcentrationsof effluentis1.4mg/l. Tosum
up, SBR optimum SRT is20d.

Effect of temperatureon thetreatment efficiency

Thecyclerunningtime of SBR systemis6h, SRT
of SBR systemis20D,so obtain the relationship be-
tweentheaverageremoval rate of COD, NH3-N, TN,
TPandthetemperature.

Effectsof temperature on thetreatment efficiency
by SBR reactor are shown in Figure 4, Thetempera-
tureinfigureistheactua water temperatureinsidethe
reactor. From Figure 8, [1The higher thetemperature
is, the higher the COD removal efficiency of SBRre-
actorsis, which SBR reactor effluent isbetter. When
thetemperatureisbelow 10° ¢, SBR reactor removal
works best, and removd rateis 70%; When thetem-
peraturerisesto 251, SBR reactor removal rateis
85%. [ 1SBR reactor for removal efficiency of NH3-
N increases with temperatureincreasing. When the
temperatureisbelow 10 1, fillersA/A/O reactor re-
moval ratesis50% and SBR reactor removal rateis
60%; Removal efficiency worksbest at 25(1, and the
removal rateis85%. [ 1 SBR reactor TN removal ef-
ficiency showsan progressively increasing trend, when
thetemperatureisbelow 10 [ 1, and SBR reactor re-
moval rateis50%; When thetemperaturerisesto 15
"1, theremoval rateincreasesto 55%; Theremoval
efficiency isfurther enhanced, removal ratesismore
than 70% for temperature continued to go up to 250 1.
1 Asthetemperaturerises, TPremoval efficiency has
improved, thetemperature haslittle effect on there-
moval efficiency of SBR reactors, theremoval rates
rangeis 6% during thewhol e process.

Insummary, asthetemperaturerises, each reactor
COD, NH3-N, TN, TP removal ratesisincreasing.
For low temperaturewastewater, theoverd| trestment
effect of SBR reactor works best.
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Effectsof C/N ratio on treatment efficiency

Thecyclerunning time of SBR systemis6h that
SRT respectively is15d and 20d. Exploretherela
tionship of each reactor for COD, TN, TP average
removal rate and the C/N ratio which use actual ur-
ban sewage astesting water. Effect of C/N ratio on
treatment efficiency of SBR reactor, asillustrated in
Figure5.

Comprehengveresultsof Figure 10, concreteandy-
sisisasfollows: [1 SBRreactor COD removal rateis
85%. [] With the C/N ratio increases, SBR reactor
TN removal rate shows an progressively increasing
trend, whenthe C/N ratio increasesto 7, SBR reactor
removal rateincreasesto 80%, TN remova efficiency
isbetter. (1 When the C/N ratioincreasesfrom 310 6,
TPremova ratesgradudly increase; when C/N rétiois
between 4~6, TP remova ratereachesthe maximum;
whentheC/N ratioincreasedfrom6to 7, TPremoval
rates decrease. In SBR reactors, when the C/N ratio
increasesfrom 3t0 6.4, TPremoval rategradually in-
creases, maximum removal rateis86% achieved asC/
N ratiois6.4; When the C/N ratioislarger than 6.4,
TN remova rateisonthedecline, whenthe C/N ratio
is7, TPremoval rate dropsto 75%.

CONCLUSIONS

1. Solidretentiontime (SRT) and C/N ratio havelittle
effect on COD removal efficiency of SBR reactor
and COD remova rateisabout 80% under dl kinds
of conditions; Asthe hydraulic retention (running
cycle) time and temperature increases, COD re-
mova rateshowsaprogressively increasing trend.

2. Thelonger Hydraulic retentiontimeis, the higher
SBR reactor NH3-N and TN removal efficiency
IS, but increases marginally. Under the same hy-
draulic retention time, SBR reactors nitrogen and
phosphorus removal efficiency is better, recom-
mended hydraulic retention timefor 6h.

3. NH3-N and TN removal rate of SBR reactor in-
creasesd ongwith theincrease of SRT, however, TP
removal rateisthereverse. The optimal SRT of
SBR reactor is20d.

4. Thetemperature haslittleeffect on phosphorusre-
moval of SBR reactor; itisbetter suitablefor low
temperature wastewater trestment in SBR reactor.
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5. Thelarger C/Nratiois, thehigher TN removd rate
of SBRreactor isand withthe C/N ratioincreases,
the SBR reactor removal rateincreases, firstly, TP
removal rateincreases and then decreasesfor the
optima range between 4~6.
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