Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2014, 6(10):307-311

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Effect of organic matter strength on single-stage nitrogen removal
using anammox and partial nitritation (SNAP) for treatment of high
strength ammonia wastewater

Jianbing Zhang?, Yi Han®, Jian Zhou®”, Xiaoguang Zhang® and Li Chen?®

Faculty of Urban Construction and Environmental Eegring, Chongging University, Chongging, PR China
PKey Laboratory of the Three Gorges Reservoir’s Ecwironments, Ministry of Education, Chongging lémaity,
Chongging, PR China
°Faculty of Environmental and Municipal Engineeriffganjin Chengjian University, Tianjin, PR China

ABSTRACT

In this study, long-term effect of organic matteesgth on SNAP (single-stage nitrogen removal gisinammox
and partial nitritation) process treating high strgth ammonia wastewater was investigated. The carat®ns of
ammonium andCOD (chemical oxygen demand) in théewaser were 2,000+£20 and 500-2,000 mg/L, respeltiv
Stable simultaneousnitrogen and COD removal wesepked in theSNAP process with theTN (total nitndgerd
COD removal efficiencies of 92% and 80%, corresjiogdhe loading of 0.5 kg N Prd™* and 0.38 kg COD ™Y,
respectively. This process may have applicationsréating high strength ammonia and low C/N wastw such
as mature landfill leachate.

Key words: Anaerobic ammonium oxidation; Nitrogen removal; @nig matter; Partial nitritation; Sequencing
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INTRODUCTION

Ammonium pollution, which can cause eutrophicatemd be toxic to aquatic species, is becoming aogeri
environmental problem [1,2]. In a tradition treath@rocess, ammonium (NHN) is converted into nitrogen gas
via a two-step process starting with nitrificatiawhich is the aerobic oxidation of NHN to nitrite (NG -N) to
nitrate (NQ -N), followed by heterotrophic denitrification undeanaerobic condition. While exogenous
carbonsourcesare required to achieve completerifieation [3], which not only makes full-scale deification
quite expensive but also causes secondary polldtioiting its applications in wastewater treatmauith low C/N.

The Anammox(anaerobic ammonium oxidation) had beeognized as a promising process to treat wastewat
devoid of organic carbon [4]. Generally, major aifen compound in wastewater is ammonium, which rbast
nitrified partially to nitrite, but not to nitrat&lhen the remaining ammonium together with the peced nitrite is
converted to dinitrogen gas in Anammox process.phisial nitritationand Anammox process can begrenéd in
two-stage reactors as the SHARON-ANAMMOX proces$ ¢b in a single-stage reactor such as CANON
(completely autotrophic nitrogen removal over tefriprocess [6,7]and SNAP (single-stage nitrogemoral using
anammox and partial nitritation) process [8].Howewhe nitrate is always inevitable in the stagepatftial
nitritation, since stable operation of partial idttion process could not achieve 100% of the teiteiccumulation
rate for long time even under the optimized coodi[9,10].

Moreover, Mature landfill leachate contains a ifekly high concentration of ammonium and organic
matter.Previous studies have demonstrated thaiptésence of organic matter could negatively interfeith
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Anammox reaction [11], Ni et al. [12] demonstrathdt low organic matter concentration did not affammonium
removal significantly but improved the total niteg(TN) removal via denitrification.Chamchoi et @I3] found
that the COD concentration was a control variabtepfocess selection between Anammox and denéti€io.

Thus, this study was performed to evaluate theceti€ organic matter strength on the SNAP procesgréatment
of high strength ammonia wastewater in a single BBBequencing batch biofilm reactor).Starch andtqrep
which simulated the organic matter in actual lahtifachate were added to create different infllemcentration of
COD to ammonium ratio (C/N) for nitrogen and CODnomwal investigation. Some controlling strategiegeve
optimized and the reactor performance was exanim#dte SNAP process.

EXPERIMENTAL SECTION

2.1 Reactor and operational strategy

The SBBR (sequencing batch biofilm reactor) waslexiglas cylinder, the height of which was 500 mmda
internal diameter 200 mm, with height to diametatior being 2.5. Semi-soft fibre fill was used ae thiomass
carrier and the packing rate was 50% (V/V). Thectmahad a working volume of 10 L feeding with fictal
wastewater. During the experiment period, the mrass placed in a thermostatic chamber, in omendintain the
temperature constant at 30¢1

The SBBR was operated sequentially in 8 h-cyclah vimtermittent aeration (aeration 4h / aeratioopsth).
Discharging and feeding were carried out duringlés® 10 min of each 3 cycles (24h) and the waliéng ratio

was 0.25.The aeration was controlled using air putopregulate the DO concentration of the readthe SBBR
was run at limited aeration stage, withthe conegian of DO strictly controlled around 2.5 m¢ by adjusting the
air flow rate. At the aeration stop stage, the emm@tion of DO was at 0.1 -0.2 mg-.L

The strategy of limited aeration was adopted tabihh(nitrite oxidizing bacteria) NOB activity angrompt
(anaerobic ammonium oxidation bacteria) AnAOB geséition, achieving autotrophic (ammonium oxidizing
bacteria) AOB andAnAOB simultaneous growth. Durihg experiment, different concentration strengtfDQG00,
1,000, 1,500 and 2,000 mg/L) were introduced initfleent, respectively, resulting in an influent\NCof 0.25, 0.5,
0.75and 1.

2.2 Seed sludge and synthetic wastewater

The SNAP biomass was derived from an ongoing laesSBBR using Anammox and partial nitritation for
treatment of high strength ammonium wastewater. dhiginal SBBR was operated for 2 years with infiue
NH*,-N concentration of 2,000+20 mg/L.

The composition of the synthetic inorganic media w&a follows (/L), NHHCO;: 1700~13540 mg; KHPO,: 25 mg;
EDTA: 25 mg; FeSQ 6.25 mg; MgSQ@ 7H,0: 200 mg; CaGl 300 mg; trace nutrient solution: 1.25 ml and the
right amount of KHCQ to regulate pH to 8.0. The trace nutrient solutammtained (g/L), ZnSE7H,0: 0.43;
CoCb-6H,0: 0.24; MnC}- 4H,0: 0.99; CuS® 5H,0: 0.25; NaMoO,- 2H,0: 0.22; NiC}- 6H,0: 0.19; HBO,: 0.014;
NaWO,- 2H,0: 0.05. Starch and peptone as the organic carbarces was mixed by equivalent COD ratio of 1:1.
Starch and peptone was complex organic substraiehvaould be representative to the biodegradalgaracs in
wastewater.

2.3 Analysis methods

The influent and effluent samples were collectedataily basis and were analyzed immediately. Tmeeotrations
of COD,NH,*-N, NO,-N, NO;~-N, TN and MLSS were measured according to standaethods for the
examination of water and wastewater [14]. The systeas equipped with suitable submerged probes, asch
dissolved oxygen (DO) (Hach, HQ30d, USA), pH (Hasbnsion2, USA) and oxidation reduction potent@RP)
(Hach, sension2, USA).

RESULTSAND DISCUSSION

3.1 Autotrophic nitrogen removalperformance usingramox and partial nitritation

Experiments were carried out without addition ofanic matter in phase 1 (days 1-35). The profileblid,"-N,
NO,-N, NO;—-N in effluent, as well as nitrogen removal rateravpresented in Figure 1. The NHN in influent
was kept at 2,000+20 mg/L, which simulated the amiomm concentration in mature landfill leachate 1, It
could be seen that a persistent, stable partidatibn and Anammox were achieved in the SBBR. @imal total
nitrogen (TN) removal rate of 0.46 kg N*mi* was achieved for the SNAP process with the,N# and TN
removal efficiencies of 99.9% and 91.3%.
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FigurelProfiles of nitrogenous compounds concentration and removal rate during phase 1 (without organic matter)

It should be noted that the SBBR biofilm of the SNArocesswas reddish. The SEM was used to visudiee
surface of aggregated bimass (Figure 2). The slgdgeple was taken from the SBBR on the 30th dag Th
dominant microorganisms in the sludge were denseaidcells which were supposed to be Anammox biacter
[17,18].

S-3400N 15.0kV 9.7mm x10.0k SE

Figure2 Scanning electron photomicrographs of microorganism on the biofilm

3.2 Nitrogen and COD removal performance of the 8\ocessat different C/N

Wastewater such as mature landfill leachate costaigh concentration of organic matter, which pasgseat threat
to the surroundings and needs to be treated bdfscharge. However, to the autotrophic nitrogenaeshprocess,
the presence of organic matter might result in ssiee growth of heterotrophic denitrification ba@eand
inactivating or eradicating Anammox communitieshatite operation of the SBBR [19]. Different coneation of
CODwas conducted to investigate nitrogen removdbpmance, respectively.

The organic matter of different concentration waneoduced to the SBBR on day 36, 66, 96 and 126 iie
concentration of COD 500 mg/L, 1,000 mg/L, 1,500mand 2,000 mg/L in the phase 2, 3, 4, and 5 (&5/65,
66-95, 96-125 and 126-142), respectively. As shawhigure 3, there was no pronounced change ifNiHg'-N
removal process in the phase 2, 3 and 4.At anepjiad of 0.5 kg N fd*and 0.375 kg COD thd™, high rate
simultaneous nitrogen and COD removal were obsewitld the TN and COD removal efficiencies of 92%dan
80%, respectively.Interestingly,the organic mattelCOD was removal sharply by the SBBR. It demaitstt that
there were another wayssuch as heterotrophic li@cteautotrophic bacteria which have the capadfitiacultative
heterotrophismto remove the organic matter in tKisB process.
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Figure 3 Profiles of nitrogenous compounds (a) and COD (b) concentration and removal rate during phase 2 (C/N=0.25, COD=500 mg/L),
phase 3 (C/N=0.5, COD=1,000 mg/L ), phase 4 (C/N=0.75, COD=1,500 mg/L) and phase 5 (C/N=1, COD=2,000 mg/L)

The nitrite clearly started to accumulate and tthesfit COD concentration increased suddenly wheninfluent
concentration of COD was increased from 1,500 ntg/2,000 mg/L on the 126th day.Which indicatingradyal
inhibition of Anammox activity by the high strengtirganic matter [11]Jand accumulated nitrite [20PAthe
ammonium removal efficiency decreased rapidly, egponding with the ammonium removal rate from 99@%
the 139th day to 88.8% on the 142th day.Thus, émiiconcentration of COD was reduced to 1,500 tmdathe
inhibition of Anammox reaction. Otherwise, the gystwould collapse.

Overall, it could be concluded safely that the eyshad the capacity of resisting the shock of lugganic matter
concentration. Therefore, the simultaneous pariialtation and AnammoxSBBR process could be appfier

nitrogen and COD removal in treating low C/N wasigav such as mature landfill leachate, even thdhghigh

organic matter occurred unconsciously at some tikevertheless, some unexpected factors might affest
stability of the system in treating the actual l@htkachate, which would be further investigaiadhe future.

CONCLUSION

In a long-term study, the SNAP process demonstridi@dadvanced simultaneous nitrogen and COD rehomedd
be achieved under low organic matter in a SBBR.akimal total nitrogen (TN) and COD removal rate9af6 kg
N m® d'and 0.3 kg COD m d*were achieved in the SNAP process withTN and CQOboral efficiencies of 92%
and 80%, respectively. Thus, the SNAP process eanskd to treat low C/N wastewater such as magumdfill
leachate.

Acknowledgements
This work was supported by the National Science Bexhnology Major Project for Water Pollution Canttand

Remediation of China (20082X07315-004).
REFERENCES

[1] J Liu; J DiamondNature 2005, 435(7046), 1179-1186.

310



Jian Zhou et al J. Chem. Pharm. Res,, 2014, 6(10):307-311

[2] S Sri Shalini; K JosephVaste Manag 2012, 32(12), 2385-2400.

[3] B Kartal; JGKuenen;MCM Van Loosdrecl8cience2010, 328(5979), 702-703.

[4] K Pynaert; BF Smets; SWyffels; DBeheydt; SD SicibaW VerstraeteAppl. Environ. Microbial, 2003, 69(6),
3626-3635.

[5] S Okabe; MOshiki; Y Takahashi;H SatBigresour. Techno| 2011, 102(13), 6801-6807.

[6] KA Third; AOSliekers; JGKuenen; MSMJetteByst. Appl. Microbio)2001, 24(4), 588-596.

[7]1 S Cho; NFujii; T Lee; S OkabRioresour. TechnoP011, 102(2), 652-659.

[8] C Helmer; CTromm; AHippen; KRosenwinkel; CSeyfri&Kunst,Water Sci. Techngl2000, 43(1), 311-320.
[9] Q Yang; Y Peng; X Liu; W Zeng; T Mino; S Hiroyadtnviron. Sci. Technql2007, 41(23), 8159-8164.

[10] B Ma; S Zhang; L Zhang; P Yi; J Wang; S Wang; Y ¢¢Bioresour. Techno|2011, 102(17), 8331-8334.

[11] M Kumar; JG Lin,J. Hazard. Mater, 2010, 178(1-3), 1-9.

[12] SQ Ni; JY Ni; DL Hu; S Sun@ioresour. TechnoR012, 110, 701-705.

[13] N Chamchoi; SNitisoravut; JE Schmiiipresour. TechngR008, 99(9), 3331-3336.

[14] APHA. Standard Methods for the Examination of Wated Wastewater, 2Edition, American Public Health
Association, Washington, D. @Q05.

[15] B Xie; SXiong;SLiang; C Hu; X Zhang; J IBipresour. TechnoR012,103(1), 71-77.

[16] L Miao; K Wang; S Wang; R Zhu; B Li; Y Peng; DWeB@mresour Techno] 2014, 159, 258-265.

[17] MSM Jetten; M Strous; KT van de Pas-Schoonen; Jisci&JM van Dongen; AA van de Graaf; S Logemann;
GMuyzer; MCM van Loosdrecht; JG Kuen&EMS Microbiol. Rey 1998, 22(5), 421-437.

[18] JG KuenenNat. Rev. Microbial2008, 6(4), 320-326.

[19] CTang; P Zheng; C Wang; Q MahmoBuhresour. Technol010, 101(6), 1762-1768.

[20] M Strous; JGKuenen; MSMJettefsppl. Environ. Microbial, 1999, 65(7), 3248-3250.

311



