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Resum

La deposicié en abocadors és la solucié més empexdal tractament de residus solids urbans.
En aquest sentit, el problema ambiental més impbdarivat d’aquestes instal-lacions sén els
lixiviats d’abocador, aigies residuals molt contaexies. Aquests lixiviats d’abocador es
caracteritzen per tenir concentracions molt elesvadlamoni i un baix contingut de matéria
organica biodegradable. Degut a aix0, el tractard&guests lixiviats a través dels processos
convencionals de nitrificacio-desnitrificacido té wwost economic molt gran pels elevats
requeriments d’'aeracié i a les necessitats deidasidé d’'una font de carboni externa. Durant
aquests ultims anys, s’ha demostrat la viabilielt procés combinat de nitritacio parcial i
anammox per al tractament d’aiglies residuals aratbaixa relacié C:N, alternativa que resulta
molt prometedora enfront dels processos convenisiorientre les diferents experiencies
descrites, la majoria s’han centrat en el tractamd@&fluents de digestors anaerobis. No obstant
l'aplicacié d’'aquest procés autotrofic per al tesment de lixiviats d’abocador és encara molt
limitat.

Préviament al procés anammox, I'amoni present tixéliats ha de ser parcialment oxidat a
nitrit pels organismes oxidadors d’amoni (AOB). j@sterior oxidacié de nitrit a nitrat, duta a
terme pels organismes nitrit oxidants (NOB) ha de evitada per tal de permetre una
eliminacié optima del nitrogen per part dels bastemammox. A més a més, la materia
organica present en el lixiviat ha de ser tamb#éiriida per evitar possibles efectes adversos en
el procés anammox. Aquesta tesis tracta sobreaelament de lixiviats d’abocador urba a
través de la tecnologia SBR, com a pas previ elaraent amb un procés anammox.

Primerament els estudis es van centrar en l'avilude la viabilitat d’aquesta configuracio per
tal d'assolir una nitritacio parcial. Aquests essugs van dur a terme a escala de laboratori, cosa
que va permetre demostrar la viabilitat del prof&gant aquests estudis es van analitzar les
condicions d’operacié adequades i I'estratégiam@htacio optima, i es van obtenir els millors
resultats per I'estrategia “step-feed” basada eltiptes alimentacions al llarg d’un cicle. A més

a més, es va estudiar la inhibicié dels organisA@B a causa de les elevades concentracions
d’amoniac i acid nitrés, aixi com la reduccié del screixement per la limitacié en el
bicarbonat. Finalment, el procés va ser avaluat aista a ser escalat a planta industrial, tot
usant diferents indicadors. Aixi, la relaci®é6 motacarbonat:amoni a I'influent va resultar un
parametre clau per controlar la conversio del mo&er altra banda, la quantitat d’oxigen
consumida diariament va ser identificada com un frErdmetre per al seguiment en linia del
proces.

Quan es tracta amb aigiies residuals amb un cohtifguoni molt elevat, com seria el cas dels
lixiviats d’abocador, les altes concentracions diami nitrit a I'interior del reactor poden



produir una important inhibicié de I'activitat AOB\questa inhibicidé pot ser un punt critic ja
que els lixiviats poden arribar a presentar comaeigtins d’amoni de fins a 6,000 mg N-NH.

! En aquest sentit, qualsevol reduccié de la gizmte nitrogen total a l'interior del reactor ha
de ser entesa com una oportunitat per reduir agjedsttes inhibitoris. Aixi, malgrat el baix
contingut de matéria organica biodegradable, ldusi@ de fases anoxiques durant les
alimentacions pot ajudar a la reduccié del contirdginitrogen a través de la desnitrificacio
heterotrofica via nitrit, fet que disminueix la ibitié sobre els organismes amoni oxidants. En
aquest sentit, els estudis es van realitzar alnieeplanta industrial com a pas intermedi en
l'escalat a planta real. Aquest experiments varvisedoncs, per demostrar la viabilitat
d’aquesta tecnologia per produir un efluent adegeatable, aixi com per posar de manifest la
seva estabilitat a llarg termini. Aquest estuddbenostrat també que la matéria organica present
en els lixiviats pot ser utilitzada per a la dediiacio heterotrofica. A més a meés, la poblacié
bacteriana d’AOB i NOB s’ha caracteritzat a trasd&ssajos cinetics i tecniques moleculars, fet
gue ha permés tenir-ne un grau de comprensio reeatel

A través dels experiments de laboratori i plantetpis’ha demostrat la viabilitat de la
tecnologia SBR per tal d’aconseguir una nitritgeédcial d'afluents amb una alta carrega de
nitrogen. No obstant aixo, malgrat I'experiéncig@dda, la resposta del reactor a canvis en les
condicions d’operacio i/o caracteristiques de Iliaht no sempre és facil de predir, a causa de
la complexitat del sistema (interaccions entre rda®, I"stripping” del CQ, el pH, les
inhibicions i les velocitats de nitrificacio, entadtres). Els models matematics poden ser una
bona eina per incrementar el coneixement sobreoekp, i ajudar a una major comprensio dels
processos biologics, fisics i quimics que tenea do el reactor SBR de nitritacié parcial. El
modelatge matematic ha assumit tradicionalment iféficacio i desnitrificaci6 com dos
processos compostos d'un sol pas. Tanmateix, ga@amodela un sistema de nitritacio parcial,
el nitrit s’ha de tenir en compte com un intermeadiBambdos processos. Avui en dia hi ha
diferents models bioldgics capacos de descriucaittaulacio de nitrit. Alguns d’aquests models
fan referéncia al tractament d’afluents amb uneaela carrega amoniacal i poden ser usats com
a base per al desenvolupament de models d’aplite@specifiques. No obstant, és clar que
agquest models preexistents han de ser modificatstesos per incloure els processos biologics
i fisicoguimics més rellevants. A més a més, el ehoécessita ser calibrat per un influent i per
a parametres concrets. Aix0 s’ha estudiat a I'@tipart de la tesis, on s’ha desenvolupat,
calibrat i validat un model matematic del procésniteitacio parcial per al tractament de
lixiviats, posant un emfasis especial en I'adqidsibe coneixement i centrant I'estudi en les
dinamiques de cicle. Finalment, un cop desenvolapaguesta eina s’ha aplicat a un problema
especific: 'avaluacio de la produccié de nitritdiferents influents i condicions d’operacié.



Resumen

La deposicion en vertederos es la solucion magzadi para el tratamiento de residuos sélidos
urbanos. La mayor problemética ambiental derivaslastas instalaciones es la produccién de
lixiviados de vertedero, aguas residuales altamentgaminadas con un amplio rango de
contaminantes quimicos. Entre todos ellos, losifikios urbanos se caracterizan habitualmente
por elevadas concentraciones de amonio y bajogmioiols en materia organica biodegradable.
Por esa razon, el tratamiento de los lixiviadosicaptdo el proceso convencional de
nitrificacion-desnitrificacion resulta econdmicartemviable debido a la elevada demanda de
oxigeno y al requerimiento de la adicion externan@dgeria organica. Durante los Gltimos afios
se ha demostrado la viabilidad del proceso combirmkadnitritacion parcial-anammox para el
tratamiento de afluentes con elevadas cargas mg@ito y relaciones bajas de C:N, siendo esta
aplicacibn una prometedora alternativa a los si&tem convencionales de
nitrificacion/desnitrificacion. Entre todas las exiencias descritas referentes a esta nueva
tecnologia, la mayoria de ellas se han centradal énatamiento de efluentes de digestién de
fangos. No obstante, son pocas las experienciasatiiniento de lixiviados urbanos a través de
procesos totalmente autotréficos como el sistent@atdeacion parcial-anammox.

Previamente al proceso anammox, el amonio presengd agua residual debe ser parcialmente
oxidado a nitrito a través de bacterias oxidantgesrmdonio (AOB). Una posterior nitratacion a
nitrato, llevada a cabo por bacterias oxidantenitlitgo (NOB), debe ser evitada para alcanzar
una Optima eliminacion de nitrégeno gracias a latdsea Anammox. Ademas, la materia
organica biodegradable presente en el lixiviadcedsdy eliminada del sistema para evitar los
efectos negativos en el sub-siguiente proceso apamwsi pues, esta tesis aborda el
tratamiento de los lixiviados urbanos de vertedgiando la tecnologia de reactor discontinuo
secuencial (SBR) como paso previo a un reactor eneem

Primeramente, los estudios se centraron en la asidlu de la viabilidad de la configuracion
SBR para la obtencién de la nitritacién parcialtoEsxperimentos se realizaron a escala de
laboratorio, permitiendo demostrar la viabilidad pgeoceso. Ademds, se han investigado las
condiciones de operacion y la estrategia de aliaogdm mas apropiadas para el proceso,
obteniendo mejores resultados con una alimentaesgalada (step-feed strategy), basada en
alimentaciones cortas a través del ciclo. Por &@dw, la inhibicion de las bacterias AOB
provocadas por amoniaco y acido nitroso librecasio la reducciéon de su actividad debido a
una limitacion en el bicarbonato disponible haro sé$tudiadas. Finalmente, el proceso fue
evaluado a escala de laboratorio usando difereinidisadores. Asi pues, la relacion de
bicarbonato y amonio en el influente resultd seflaetor clave para el control de la reaccion,
mientras que el oxigeno consumido por dia fuezatlib como un buen parametro para la
evaluacion en linea del proceso.

Cuando se tratan aguas residuales con un contdeidmonio muy elevado, como seria el caso
de los lixiviados de vertedero, las elevadas canaeiones de amonio y nitrito en el interior del



reactor pueden producir una importante inhibiciénlal actividad AOB. Asi, esta inhibicién
puede ser un punto critico ya que los lixiviadosdan llegar a presentar concentraciones de
amonio de hasta 6,000 mgN-NH4+-L-1. En este sentigalquier reduccion de la cantidad de
nitrdgeno total en el interior del reactor tienee (ger entendida como una oportunidad para
disminuir estos efectos inhibitorios. Asi, a peset bajo contenido de materia organica
biodegradable, la inclusién de fases anoxicas teirkas alimentaciones puede ayudar a la
reduccion del contenido de nitrdgeno a través deéeknitrificacion heterotréfica via nitrito,
permitiendo disminuir la inhibicidon sobre los orgamos AOB. En este sentido, los estudios se
realizaron a nivel de planta industrial como pagermedio en el escalado a planta real. Estos
experimentos sirvieron para demostrar la viabilidadsta tecnologia para producir un efluente
adecuado, asi como también poner de manifieststabikkdad a largo plazo. Los estudios han
demostrado ademas que la materia organica premeifde lixiviados puede ser utilizada para la
desnitrificacion heterotréfica. Finalmente, la @alddn bacteriana de AOB y NOB se ha
caracterizado a través de ensayos cinéticos yceEcnioleculares, permitiendo un mayor grado
de comprension sobre ésta.

A través de los experimentos de laboratorio y plaibto, se ha demostrado la viabilidad de la
tecnologia SBR con el fin de conseguir una nitiftgzarcial de afluentes con una alta carga de
nitrogeno. No obstante, a pesar de la experiecjaiada, la respuesta del reactor a cambios en
las condiciones de operacion y/o caracteristichinfleayente no siempre es facil de predecir,
dada la complejidad del sistema (interaccionesdataireacion, el "stripping" del CO2, el pH,
las inhibiciones y las velocidades de nitrificaci@ntre otros). Los modelos matematicos
pueden ser una buena herramienta para incremew@macimiento sobre el sistema, ayudando
a una mayor comprension de los procesos biol6gitsisps y quimicos que tienen lugar en el
reactor SBR de nitritacién parcial. Tradicionalneen¢l modelado matematico de procesos
biolégicos ha asumido la nitrificacién y desnit#cion como dos procesos compuestos de un
solo paso. No obstante, cuando se modela un sigtemdritacion parcial, el nitrito ha de ser
tenido en cuenta como un intermediario de ambosegs. Hoy en dia hay diferentes modelos
bioldgicos capaces de describir la acumulacion ittéon Algunos de estos modelos hacen
referencia al tratamiento de afluentes con unaadi\carga amoniacal y pueden ser usados
como base por el desarrollo de modelos de aplisasiespecificas. No obstante, estos modelos
preexistentes tienen que ser modificados y/o eidemdpara incluir todos los procesos
bioldgicos y fisicoguimicos mas relevantes. Adeneisnodelo necesita ser calibrado para uno
influente y pardmetros concretos. Eso se ha estodia la ultima parte de la tesis, donde se ha
desarrollado, calibrado y validado un modelo mateméalel proceso de nitritacié parcial para
el tratamiento de lixiviados, haciendo especiakéisf en la adquisicion de conocimiento, y
centrando el estudio en las dinamicas de cicloalfiente, una vez desarrollada esta
herramienta, se ha aplicado a un problema espacifievaluacion de la produccién de nitrito
para diferentes afluentes y condiciones de operacié



Summary

Landfilling is the most widespread technology foe treatment of urban solid wastes. The main
environmental concern which arises from its managgneentres on urban landfill leachate,
highly contaminated wastewater with a wide range cbemical contaminants, usually
characterised by high ammonium concentrations awdbiodegradable organic matter content.
Treating leachate through conventional nitrificataenitrification processes is expensive due to
its high oxygen demand and the requirement of lsupentary external carbon source. In
recent years, the feasibility of treating highlyrogen loaded streams with a low C:N ratio by a
combined patrtial nitritation-anammox process hankdemonstrated, and shown itself to be a
promising alternative to conventional nitrificatidenitrification systems. However, the
majority of reported experiences have focused entrdatment of sludge digester supernatant,
while experiences with a fully autotrophic partitritation-anammox process for the treatment
of urban landfill leachate have been very limitachumber.

Prior to the anammox process, the ammonium presaemhstewater must be partially oxidised
to nitrite by ammonium oxidising bacteria (AOB).rEher nitrification to nitrate, carried out by
nitrite oxidising bacteria (NOB) has to be avoidadorder to allow optimal N-removal by
anammox bacteria. In addition, biodegradable ogaratter needs to be removed to prevent it
having negative effects on the subsequent anammmogegs. This thesis deals with the
treatment of urban landfill leachate by partiatitdtion SBR technology as a preparative step
for an anammox reactor.

Firstly, experiments performed with a lab-scalectea focused on the assessment of the
feasibility of this configuration for achieving it nitritation. In addition, proper operational
conditions and a suitable feeding strategy werestigated, and optimal results were obtained
for a step-feed strategy, based on short feedirgteuthrough the cycle. Inhibition of AOB by
free ammonia (FA) and free nitrous acid (FNA), wesereened, together with possible
bicarbonate substrate limitation. Finally, the mexwas assessed with a view to scale-up, using
different indicators. Here, the bicarbonate to amimm influent molar ratio revealed itself to
be the key factor in the control of the processveosion, while the amount of oxygen
consumed per day was identified as a good pararfoeten-line process evaluation.

The aim of a partial nitritation system is to osiliabout half of the influent ammonium to
nitrite. In the particular case of highly ammonilmaded wastewater such as landfill leachate,
the ammonium and nitrite concentrations insideréiganitritation reactor can be very high, and
inhibit AOB activity. Inhibition can be a criticéésue when dealing with landfill leachate, with
concentrations of up to 6,000 mg N-NH.* being present. In light of this, any reduction in
total nitrogen concentration inside the partiafitaition reactor could be seen as an opportunity



to reduce the inhibition factors. Despite the |lewdls of biodegradable organic matter available
in the leachate, the inclusion of anoxic phasemduhe feeding events may help to reduce the
nitrogen content by heterotrophic denitrificatioia nitrite, diminishing the inhibition over
AOB. Studies were carried out at pilot-scale witliew to future full-scale application, and
experiments served to achieve stable productiansfitable mixture of ammonium and nitrite,
as well as demonstrate the viability of long-tentnite build-up in a biomass retention system.
It was also shown that low levels of available leighdable organic matter present in leachate
could be used for denitrification purposes. Fumieme, the characterisation by DNA-based
molecular techniques and kinetic batch studiesiofahial populations involved in the aerobic
processes of N-compound oxidation (AOB and NOB)grasided a better understanding of the
partial nitritation process, the bacterial commyaind kinetics.

By means of lab and pilot-scale experiments, tlsikglity of partial nitritation in sequencing
batch reactor (SBR) technology for the treatmenthahly nitrogen-loaded streams was
demonstrated. However, despite the experience djathe reactor’'s response to changes in
operational conditions and influent characteristies not always easy to understand or predict,
given the complexity of the way the system reliasnderactions between oxygen supply, CO
stripping, alkalinity, pH, inhibition effects anditnification kinetics, among other factors.
Mathematical models can be useful tools to incrgaeeess knowledge and help to better
understand the biological processes and the phyplwanomena taking place in a partial
nitritation-sequencing batch reactor (PN-SBR). Tiradal modelling has assumed nitrification
and denitrification as single-step processes. Hewewhen modelling a partial nitrification
system it is necessary to consider nitrite as aernmediary step in nitrification and
denitrification. Nowadays there are several biatagmodels describing nitrite build-up. Some
of these focus on the treatment of high nitrogexdém streams and can be used as a basis for
modelling specific processes. Nevertheless, itléarcthat existing models may need to be
modified or extended to include all relevant phgbkithemical processes and biochemical
transformations for a given application. Besidég, tnodel needs to be calibrated for influent
and process specific parameters. This is illugdrate the last part of this thesis, where a
mathematical model of the process is developedbreaéd and validated, with the aim of
increasing process knowledge and focusing on sbort-dynamics (cycle basis). This work
also addresses the question of the usefulness syfstematic calibration guideline and its
refinement. Finally, once it has been developed,ttiol is applied to a specific problem, the
assessment of nitrite build-up under differentuafit and operational conditions.

Vi



NOTATION AND ABBREVIATIONS

n: Anoxic reduction factor

fesop: Correction factor for BOD estimation

p: Reaction rate of reactiarjmg-L™*-d"]

PK: Determinant value

fns Non-settable fraction of the sludge

fxi: Production of X in endogenous respiration
[gCOD-gCOD]

Hmax O2: Maximum growth rate for AOB [§

Hmax': Maximum growth rate for heterotrophic
bacteria [df]

Hmax O2: Maximum growth rate for NOB [4

a: Sigmoidal kinetic constant

AC: ACclimated sludge

ANAMMOX: ANaerobic AMMonium OXidation
AOB: Ammonium Oxidising Bacteria

ARD: Average Relative Deviation

ASM: Activated Sludge Models

baos: Aerobic endogenous respiration rate for AOB
[d]

BCOD: Biodegradable Chemical Oxygen Demand
[MmgOx-L7]

by: Aerobic endogenous
heterotrophic bacteria Td
bnos: Aerobic endogenous respiration rate for NOB
[d]

BOD: Biochemical Oxygen Demand [mg®@]

BOD,: Ultimate Biochemical Oxygen Demand
[MmgOx- L]

CANON: Completely Autotrophic N-removal Over
Nitrite

C., : Saturation concentration of componéefing-L

g

C_,: Concentration of componenfmg-LY]

CL,i"‘: Concentration of componentin the influent
[mg-L7]

CL,i"“t: Concentration of componentin the effluent
[mg-L7]

C_,"®": Concentration of componehin the reactor
[mg-L7]

CO3?: Carbonate [mgC-C§3-LY]

COD: Chemical Oxygen Demand [mgQ™]

D;: Diffusion coefficient ofi (i as O, CO,, N, or
NHz) [m-s?]

DN/PN: Denitrification/Partial Nitritation

respiration rate for

DO™: Dissolved oxygen concentration at a given T
[mgO, L]

DO: Dissolved Oxygen [mgOL™]

DOC: Dissolved Organic Carbon [mgC'L
DO..\":Saturated dissolved oxygen concentration
ata given T [mg®L™"]

EC: Electrical Conductivity iS-cm']

FA: Free Ammonia [mgN-NkIL™]

FB: Fed-Batch

FISH: Fluorescenin situ Hybridisation

FNA: Free Nitrous Acid [mgN-HN@L?]

H,CO3: Carbonic acid [mgC-KCO5- L]

HCO3: Bicarbonate [mgC-HCO LY

HCOjs: Bicarbonate concentration at the influent
[mol HCO;-LY

HCOjs ¢ Bicarbonate concentration at the effluent
[mol HCO; LY

HCOg3a0p: Bicarbonate used to balance proton
production by AOB [mol HCQ-L™]

HCO3 gripping: the
system and not used to balance proton production
by AOB [mol HCQ;-L™]

HRT: Hydraulic Retention Time [d]

IC: Inorganic Carbon [mgC]

icem: Carbon content of the biomass [gC-gCHD
icss Carbon content of Ss [gC-gC3P

icx: Carbon content of ¥gC-gCOD']

icxs: Carbon content of X[gC-gCOD']

insm: Nitrogen content of the biomass [gN-gCéD
inss Nitrogen content of Ss [gN-gCOP
inx: Nitrogen content of X[gN-gCOD"]
inxs: Nitrogen content of X[gN-gCOD']
ipgv: Phosphorus content of the
[gP-gCODY

ipss Phosphorus content of Ss [gP-gC§D
ipx1: Phosphorus content of }gP-gCODY]
ipxs: Phosphorus content ofsfgP-gCOD']
J?% Janus coefficient

ksop: First order constant of BOD i
Kecoz Chemical equilibrium constant of carbon
dioxide [mmol-n¥]

Bicarbonate removed from

biomass

Kenzpos: Chemical equilibrium constant of
dihydrogen phosphate [mmoln
Kencos: Chemical equilibrium constant of

bicarbonate [mmol-ij

vii



Kennoz Chemical equilibrium constant of nitrous  N-NH4: Ammonium [mgN-NH*-L'l]

acid [mmol-n] NH, a0s: Ammonium oxidised by AOB [molN-
Kenns: Chemical equilibrium constant of ammonia NH," L7

[mmol-m? N-NO,: Nitrite [mgN-NO, L]

K" Maximum specific hydrolysis rate N-NO;: Nitrate [mgN-NQ LY

[gCOD-(gCOD-df]

Kucos: Half saturation constant for HGQgC:m°]
K oz ©2: Nitrous acid substrate saturation constant NPR: Nitrite Production Rate [kgN-fhd’]

for NOB [gN-m’] NPR,,s Nitrite Production Rate observed [kgN-m
Kinoz % Free nitrous acid inhibition constant for — *.d”]

NOB: Nitrite Oxidising Bacteria
NOCRI: NOn-Competitive Reversible Inhibition

AOB [gN-m?| NPRy,™: Maximum Nitrite Production Rate
K mnoz O°: Free nitrous acid inhibition constant for  observed [kgN-m-d’]

NOB [gN-m7] N-TKN: Total Kjeldahl Nitrogen [mgN-TKN-t]
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Chapter 1. INTRODUCTION




1.1 Urban landfill leachate: problem definition

Every year, millions of tones of urban solid wagtesentially harmful for the environment and
requiring a proper treatment are produced globdlpndfilling is one of the most widely
employed methods for its management (Kurniaeiaal, 2006; Renowt al, 2008), and landfill
sites have been developed as highly engineerelitiéscidesigned to minimise the negative
effects of the waste on the surrounding environnf@fiszniowskiet al, 2006). These negative
effects include possible contamination of the gowater and surface water regimes, the
uncontrolled migration of landfill gas and the gextimn of odour, noise and visual nuisances
(EPA, 2000). One of the main environmental concemsing from the management of these
sites is the production of urban landfill leachateghly contaminated wastewater generated
from the percolation of rain through the landfibgether with the production of liquids during
the stabilisation of the solid waste.

Urban landfill leachates are characterised by aewiange of contaminants. According to
Kjeldsenet al. (2002), the pollutants can be divided into fourugs:
1. Organic matter, including dissolved organic matteslatile fatty acids and more
refractory compounds such as fulvic and humic acids
2. Inorganic macrocomponents: calcium {Qa magnesium (Mg), sodium (N3),
potassium (K), ammonium (NH'), iron (Fé"), manganese (M), chloride (C),
sulphate ( S@) and hydrogen carbonate (HEPD
3. Heavy metals: cadmium (€%, chromium (C¥), copper (Ct), lead (PB", nickel
(Ni*") and zinc (ZA".
4. Xenobiotic organic compounds, including a huge atgriof aromatic hydrocarbons,
phenols, pesticides, among others. These compaanedasually present at very low
concentrations.

The composition of landfill leachate changes adahdfill ages. Generally, leachates produced
in younger landfills are characterised by the preseof substantial amounts of volatile fatty
acids. In mature landfills, the greater portionooanics in leachate are humic and fulvic-like
fractions (Kulikowska and Klimiuk, 2008). On theéhet hand, ammonium is released from the
waste by the decomposition of organic matter, floeee reaching significantly high
concentrations in the first stages of the wasteattgion process. This high ammonium levels
may slightly decrease over time due to the landfdlturation.

Figure 1.1 depicts the evolution of different compds in leachate throughout the degradation
process.
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Figure 1.1 Changes in leachate composition (EPA, 2000)

The principal organic content of leachate is forntkoting the breakdown processes at the
beginning of degradation, and the quality of mysatiandfill leachate changes with time as the
degradation of the waste continues inside the lthnthe process is generally divided into five

successive stages, namely (i) aerobic, (i) hydislyand fermentation, (iii) acetogenesis (iv)

methanogenic and (v) the aerobic phase. These gg®geare dynamic, each stage being
dependent on the creation of a suitable environnnthe preceding one (EPA, 2000).

Leachate generated at the early stages, termedyyleachate, is characterized by elevated
ammonium concentrations and organic matter witigh hiodegradable content. As it ages, the
ammonium concentrations increase while the biodtdie fraction declines due to the

stabilisation process. Leachate with these chaistits is termed mature or old leachate.

Finally, leachate composition among landfills mayyvsignificantly depending on the type of
municipal solid wastes dumped, the degree of swdiste stabilisation, site hydrology, moisture
content, seasonal weather variations, age of thdfilaand the stage of the decomposition in
the landfill (Kurniawanet al, 2006). An example of different leachate chardsties can be
found in Table 1.1. This table clearly depicts #ievated ammonium concentration of this
wastewater (in the majority of the studies betw&@00 and 3,000 mgN-NfL™), reaching
values up to 5,500 mgN-NHL™ for mature leachate. This review also shows theifitant
presence of organic matter in the leachate, witthceotrations frequently much higher than
1,000 mgCOD:-L}, and its low biodegradable content. Young leaclistieh as that treated in
the study of Kulikowska eal., 2008) with low nitrogen and organic matter contisnalso
shown in this table. With regards to bicarbonatecentration in leachate was also high, mainly
ranging between 3,000 and 10,000 mgHA3d. Finally, pH was in the majority of the studies
slightly basic, with pH values up to 9.



Table 1.1Ammonium and organic matter content of differeatcleates

Source NH," COD BOD HCQ pH
mgN-NH"L" ~ mgO-LT  mgOyL"  mgHCQ/ L™ i
Kjeldsenet al.
(2002) 50-2,200 140-152,000  20-57,000 - 4.5-9
Kalyuzhnyi and Gladchenko 780-1,080 9.660-20,560 ] ] 5 99.7 50
(2004)
Lianget al.

(2007) 1,600-3,100 1,500-16,000 - 9,200-17,250 8.0-9.0
Vilar et al.

(2007) 1,275-5,500 14,600-70,800 - - 6-8.8

Bohdziewiczet al.
(2008) 750-840 2,800-5,000 - 5,612-9,638 8.0-8.9
Kulikowskaet al.

(2008) 66-364 580-1,821 76-701 - 7.29-8.61
Spégonc;%t)al' 167-1,540 528-3,060 30-1,000 2,135-9,882  7.55-8.9
Spagniet al.

(2009) 933-1,406 1,769-2,623 - 5,734-9,882  7.93-8.23

Moncluset al.
(2009) 535-1,489 810-2,960 254-368 3,353-8,093 -

When all these factors are taken into accountirf@ment of this wastewater turns out to be a
highly complex issue. The processes currently ugth require combined techniques which

are designed as modular or multistage units skilidtie treatment of contaminants which vary

in concentration over the years (Wiszniowskal, 2006).

Because of its elevated concentrations during gggatiation process and its high toxicity for
aquatic life, ammonia has been identified by maegearchers as the contaminant in the
leachate with the potentially greatest adverseceffa the long term (Robinson, 1995;

Krumpelbeck and Ehrig, 1999; Christenstral, 1994).

1.2 Nitrogen removal from landfill leachate

The treatment of leachate is complicated due tontlde range of contaminants to be removed
(organic matter, salts, nitrogen, metals). Thiglgtapecifically focuses on the elimination of

nitrogen. In the following section, the most comiyemsed technologies for ammonium

removal of landfill leachate are briefly describdthysical-chemical treatments, as well as
biological methods, are included.

1.2.1 Physical-chemical treatments
The treatment of urban landfill leachate by phylsatemical treatments is common due to the

constraints imposed by the characteristics ofkimnd of wastewater: elevated concentrations of
ammonium, high concentrations of refractory COD dow biodegradable organic matter
content. But these treatments may also allow timeirgtion of other contaminants, depending



on the technology applied. In terms of nitrogen aeah, treatment of landfill leachate can be
achieved by adsorption processes in activated na(hbdul Aziz et al, 2004), membrane
filtration processes (Di Palmet al, 2002; Ozturlet al, 2003), chemical precipitation (Et al,
1999; Altinbaset al, 2002; Zhanget al, 2009) and ammonia stripping (Cheuwetgal, 1997;
Marttinenet al, 2002; Ozturket al, 2003; Calliet al, 2005). Of these, the most widely-used
technologies for N removal are the chemical préaijpn and the ammonia stripping
treatments, which are further described below.

1.2.1.1 Chemical precipitation
Due to its effectiveness, the simplicity of the ggss and the fact that the equipment employed

is inexpensive, chemical precipitation has beererestvely used for the removal of non-
biodegradable organic compounds, N J\&hd heavy metals from landfill leachate €tial,
1999; Altinbaset al, 2002; Zhanget al, 2009). During chemical precipitation, dissolveds in
the solution are converted to the insoluble solidge via chemical reactions. Typically, the
nitrogen precipitate from the solution is in thernfo of struvite (magnesium ammonium
phosphate, MAP). To achieve this goal Mg6H,O and NaHPQ,-12H0 are usually employed
as precipitants, as shown in the following reacfidarniawanet al, 2005).

MgCl, 6H,0 + Na,HPO, + NH," «~ MgNH,PO, 6H,0 | +2NaCl+H"* (Eg. 1.1)

The advantage of struvite precipitation is that shedge produced after treatment may be
utilised as a nitrogen fertiliser if the leachates not contain any heavy metals. However, there
are major drawbacks to chemical precipitation,udiig the high dose of precipitant required,
the sensitivity to pH of the process employed,dgbperation of sludge and the need for further
disposal of this sludge (Kurniawa al, 2005).

1.2.1.2 Ammonia stripping
Because of its effectiveness, ammonia strippirtgeamost widely-used method for the removal

of NH; from landfill leachate (Kurniawamet al, 2005). This treatment is based on a mass
transfer process from the liquid to the gas phhaadfill leachate containing NHand the air
phase are allowed to interact in a counter-curflemt, resulting in the transfer of ammonia
from the waste stream to the air.

However, the ammonia/ammonium equilibrium has tdt ¢b free ammonia prior to the

stripping in order to facilitate the stripping oH} This can be achieved by adjusting the pH of
the leachate to values over 10. The alkali requer@sifor achieving such a high pH vary from
one leachate to another. For instance, about 0lBriggm® may be needed when dealing with



methanogenic leachates, while up to 6 kjwould be necessary for acetogenic leachates
(EPA, 2000).

Ammonia stripping is usually carried out in stripgitowers, and the ratio between air and
leachate critically affects the process performafdeerefore, the greater the ratio, the more
efficient the process and the lower the relativet (EPA, 2000). The concentration of ammonia
released in a stripping tower exhaust is typicallgouple of hundred milligrams per cubic

metre, which is below the level of toxic effectlg?00 mg-ri, but above the odour threshold of

35 mg-n?, meaning there would be detectable odour neapliwet. Consequently, a proper

treatment of this gas would be required (EPA, 2000xddition,