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ABSTRACT KEYWORDS
In this work we processed a considerate leachate from the landfill of Jebel Chekir;
DjebelChekir in Tunisia by the membrane bioreactor technology. Raw Landfill;
|eachate analysis shows a high concentration organic aswell asavery high Leachate;
concentration in salts especially chlorides and ammonium, controlled Tunisian standards;
parameters are in the order of pH 8.4; 50.5 mS/cm for the conductivity; BIOMEMBRAT ®.

14.000mg/Ifor COD; 502 mg/l for NH4* and13.800 mg/Ifor chloride.

The treatment system studies is “BIOMEMBRAT® technology “which
consists of hiological reactors associated with a unit of ultrafiltration for
the retention of the biomassfollowed by areverse osmosisfiltration stepin
order to achieve the Tunisian discharge limits.

We conclude from our study that the performance of the biological treatment
reactor can achievethereductionin COD of the order of 79 % and ammonium
99.6%.

Analysis of reverse osmosis permeatesin the outlet of the plant shows that
the controlled parameters are below legal standards Tunisian of direct
discharge in the nature. Values and the measured concentrations are in the
range of pH 6.5, 1.4 mS/cmfor conductivity, COD <15 mg/l and NH4 *<2mg/
| correspond to the reduction rate of about 99,5 %.

Chloride (Cl") isof the order of 270 mg/l inthe outlet withthe reduction rate
of about 99,5 % about 98 % for chloride.
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INTRODUCTION ceivesdaily about 2,000 tons of household wastefrom

the capitd Tunis. About 60 % diminated wasteare ori-

InTunisia, 2.2milliontonsof wasteiscollectedeach  gin of organic materid (food waste) and are character-
year. Thelandfill isafundamenta stepinthemanage-  ized by high humidity between 60 % and 70%!Y.

ment of these wastes. Djebel Chekirin Tunisasitere- Theleachatesfrom landfillsare considered to be
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the most complex wastewater. It isnot easy to deter-
minethe propertiesof theleachate asthey evolvewith
timeinlandfills. European legidation setstheleachate
asbeing““any liquid waste landfilled percolating through
and flowing of alandfill or content therein”@. More
commonly, theleachateiswater that percolatesthrough
thewastetaking bacteriologicaly, minerd and organic
substanceschemically dissolved or suspended®.

Thecharacterigicsof landfill leachate can generaly
be represented by the parameters COD, BOD,, con-
ductivity, pH, sugpended solids (TSS), ammoniacal ni-
trogen (NH 3- N) and tota nitrogen Kjeldahl (NTK)A.

Severa methodshave been applied for the treat-
ment of leachate such biologica, membranefiltration,
adsorption on clay and activated carbon, chemica oxi-
dation, the process of oxidation advanced and meth-
ods combined®.

The BIOMEMBRAT® process is a new concept
which hasemerged inleachatetrestment technologies.
Itisan optima method for thetreatment of heavily pol-
|uted |eachate; membranebioreactorsincludebiol ogi-
ca treatment facilitiesthe most effectivefor thetreat-
ment of wastewater with high pollutant load. Thus, the
major componentsare two tanks (N1 and N2) nitrifi-
cation, denitrification (DN) and aeration systems.

Asaresult, thisresearch was conducted to study
the Djebel Chekir landfill |eachate trestment using the
BIOMEMBRAT® process with external filtration loop.
Thefollowingwork wascarried out inthelaboratory of
the Center of landfill of Djebel ChekirinTunisia. The
information collectedisderived from andysesof differ-
ent physico-chemical parameterssuch aspH, conduc-
tivity, COD, BODS5, chloride, anmonium and total
Kjeldahl nitrogen and have been used to characterize
theoverd| performanceof treatment system.

MATERIELAND METHODS

Description of the djebelchekir landfill leachate
treatment process:

The sector of the center of technical Djebel Chekir
landfill leachatetreatment isbased onthetechnol ogy of
the biological reactor (MBR) membranes of type
«BIOMEMBRAT ®» The treatment plant is generally
cons st of thefollowing units:
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- Storage Tank and homogeni zation of |eachate.

- Pretreatment with screening andflotation

- Aprocessngunitwith biologica reactor membranes
(BIOMEMBRAT®): a biological reactor together
withaunit of ultrafiltration for total biomassreten-
tion.

- Two cooling towerswith heat exchangersfor regu-
larization of thetemperature of biology.

- Centrifugationtomaintaintheliquid partinthesys-
tem and evacuation of foamingin excessof thesys-
tem.

- Areverseosmossunit for thecomplementary treet-
ment to achievethedirect discharge standards.
Theoretica dataonthe progressof biological tregt-

ment: theraw leachate crosses - after the preprocess-
Ing step - an anoxic environment followed aventilated
environment the non-aerated bioreactor allowsanoxic
conditionsin absence of dissolved oxygen to support
theprocessof denitrification, inthisstagetheincoming
organicload playsaroleof sourceof energy for biom-
ass (microorganisms) denitrifying. Inthisprocesswill
be the organi c reduction of the substances, and espe-
caly nitratesinto nitritesand ammonium and molecular
nitrogen. Thereduction of nitrateto nitrogen gasinthe
denitrification basin can be expressed by thefollowing
(1) reaction:
4H (aq) +5C-(s) +4NO3-(aq)
5C02(g) + 2N2(g) + 2H20 ()
after thestage of denitrification leachateare pumpedto
the aerated basins of nitrification. Thisprocessoccurs
intwo stages: the oxidation of anmoniumto nitriteand
thentheoxidation of nitriteto nitrate. These oxidations
are performed by nitrifying bacteria, accordingtoreac-
tions(Il) and (111) following:

Nitrificationisdivided into two stages. the oxida
tion of ammoniumto nitriteand the oxidation of nitrite
to nitrate. These oxidationsare performed by nitrifying
bacteria, according tothefollowing rel aionships.

2NH4 (aqyt 302(g) 2NOy™ (aq+ 2H200y+ 4 H (o) (2)
o ) -
NO; (aq) T O2(e) 2 NO3 (o) @3)

Theair necessary for biomassfor nitrificationand
degradation of organic materidsisinjected using boost-
ers piston coupled to asystem of hydro-g ecteursin-
stalled in agrated basind®. Theleachatebiologically
trested inthebioreactor passthrough externd ultrafil-
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tration membranesin order to separatebiologicdly ac-
tivated sludge and the effluent. Any bacteriaand any
COD dueto materia sand macromol ecul es suspended
and colloidal materialswill beretained securely inthe
system are continuoudy recircul ated asretentate of ul-
trafiltration and will be returned to the bioreactor for
more advanced biological treatment!®. The ultrafiltra-
tion permeateis pumped to areverse osmosisunit to
retain non-biodegradable COD and st bel ow the statu-
tory requirements.

Parameter sand analytical methods

During the period of study, the samples shall be
taken simultaneoudy and repest every day at thesame
timeinarepresentativeway. Sampling pointsaremarked
by thesymbol x intheFFigure 1. Samplesaretakenin
September of 2012 and focused on pH, conductivity,
goplicationschemicd andbiologica oxygen (COD and
BOD), suspended matter (MLS), ammonium, total
nitrogenKjeldahl (NTK) and chloride (Cl").

Thephysica parameterssuch astemperature, elec-
trical conductivity and pH were measured using con-
ductivity and pH-meter multi settings. All chemical pa-
rametersleachate were determined using sandard meth-
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odsfor analysis of wastewater. The chemica demand
oxygen (COD) is analyzed by the method of acid
sulphuric Chromo (1SO 6060-1989, DIN 38409-H41-
H44) and oxygen biological demand (BOD,) ismea-
sured by el ectrochemi stry; Addition of an agent block-
ing thenitrification. (NF EN 1899-1 (1998). For sus-
pended solids, themethod used wasthe Filtrationfilter
brand glass microfibres SertoriusMGC (NBN EN 872
(2005)). Ammonium and total Kjeldahl nitrogen have
been measured by titration (NF EN 25663 (1994))
and finally chlorides are measured by the method of
Thiocyanateby iron (111).

RESULTSAND DISCUSSION

Quantitativeevolution of physicochemical param-
eters

Monitoring of physico-chemical parametersinthe
different stagesof treatment of leachateof Djebel Chekir
isshownin Figures3to 11 below:

Thereisno difference between theinput and out-
put val ues. Theaveragerecorded temperature (Figure
3) isabove 25 ° C which is the limit value for direct
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Figure5: M ean valuesof conductivity in mS/cm

discharges. Thistemperatureisacceptablesinceitis
thevauesof themonth of September. Theaveragetem-
peraturerecorded during thebiological treatmentis29
° C it is an optimum temperature for the proper con-
duct of biologica processes.

Theaveragevalue of the pH of theleachate at the
entranceto theplantisapproximately 8.4. Thisvaueis
dightly dkaineand amost similar to that foundinthe

Ultrafiltration (UF) unit

Figure?2: DjebelChekir landfill leachatetr eatment plant

Reverse Osmosis ( RO) unit

city of Oujda (M orocco) (pH=7.9)!" and El-Kermaof
Oran (WesternAlgeria) (pH=8.19)®. Thevariation of
pH at different stages of treatment ispresented onthe
(Figure4). ThepH vauesvariesbetween 8.4 and 6.5;
Thesevauesareintherangeof Tunisian standardsfor
direct dischargeswhichisbetween 6.5 and 8.5.

Djebe Chekir leechateischaracterized by very high
conductivity valuesthat reach 50 mS/cm (Figure 5) due
to presence of different salts. Thesevaluesare much
higher than thosefound a Kenitra22.92 mS'cm® and
Oujda26.07 mS/cm (Morocco),

After trestment and the reverse osmosis unit out-
put, permeate analyses showed that the conductivity
vauesarebetween 1.6 and 1.8 mS/cmwhichisclearly
below the Tunisian | egislative requirement. Figure 6
showsadight reduction of conductivity after biologica
treatment about 3mS/cm, part of thisdecline may be
dueto thedimination of ammonium and theracking of
excess sludge, which are discharged regularly out of
the processing system. Thetotal reduction of the con-
ductivity until theTunisanreleaselimitisat theleve of
reverse0Smoss.

The concentrations of the COD of raw |leachate
areintheorder of 14.400mg O,/ (Figure6). Itisless
thanthosefoundin EL-Kermaof Oran (WesternAlge-
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Figure7: Averagevaluesof BOD.ino,mg/l

ria) 19.333 mgO,/I™® and superior to those foundin
Oujda(Morocco) 1.091 mgO,/1]1.

Theperformanceof reduction of COD by theMBR
treatment systemisabout 79 %, which showsahigh
efficacy of thebiological treatment of thesysteminthe
treatment of |eachate heavily |oaded with organic mat-
ter in comparison to other systems. Remaining COD
cons stsof non-biodegradableorganic materids, which
will beeliminated at the next level. Reverse osmosis
filtration stage to achieve concentrations below 15
mgQO,/l whichisbelow thelimitsof Tunisian releases
(90mgO,/I.

Andysisof the concentrationsof BOD, of leachate
at theentranceto the plant leadsto an average of 5.500
mgQ,/I (Figure7). Thisvaueishigher thanthat found
in Oujda (Morocco) 511 mgO,/I, in Kenitra (Mo-
rocco) 764 mgO,/I¥! and EL-Kermaof Oran (Western
Algeria) 3.301 mgO,/I1.

Treatment with MBR allowsreducing morethan
80 % of BOD,, thisperformanceistypica for MBR
plants. Thereverse osmosi s permeate andysis shows
that the content of BOD, at the outlet of theplantisin
order of 2.3 mgO,/l whichisbelow the Tunisian stan-
dards of discharge (30 mgQO,/1).

The concentration of chloridesinraw leachateis
13.800mg/l (Figure8). Itisalmost smilar tothat found
in EL-Kermaof Oran (WesternAlgeria) 3.379 mg/I1®,
Itissuperiorthanthat foundin Kenitra(Morocco) 6.231
mg/I® and Al Hoceima (M orocco) 2.770 mg/I™. The
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Figure8: M ean valuesof chloridesin mg/l
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decrease of approximately 1000 mg/l out of biology is
duetotheregular bottling of excessdudgethat isevacu-
ated out of the processing system.

Thereduction of the concentration of chlorideis
principally done by the reverse osmosistreatment in
theform of concentrate. The concentration of chloride
intheoutlet of the plantisin theorder of 270 mg/l. that
areinferior to the Tunisian standards of discharge 600

mg/l.

The NTK concentration in raw leachate
Djebe Chekir averageisabout 971 mg/l (Figure9). This
valueishighly superior to that found in Oujda (Mo-
rocco) 72.8 mg/l andlessthan that foundin EL-Kerma
of Oran (WesternAlgeria) 1.142 mg/I®. Trestment with
MBR only alowsachievingtreatment performance of
NTK up to 85%

Reverse osmosisfiltration to achieve aconcentra-
tion of 1,3 mg-N/I which isbelow the Tunisian stan-
dardsof discharge.

Concentration of NH,* inraw leachateisintheor-
der of 501 mgy/l (Figure 10). Thisconcentrationislower
than that found in EL-Kermaof Oran (WesternAlge-
ria) 2.726 mg/I® andtothat found inAL Hoceima(Mo-
rocco) 2.000 mg/I™*, Leachatetreatment with MBR
alowsreducingamost dl of thispollutionthrough the
nitrification and denitrification processes.

Analyses of thereverse osmosi s permeate shows
that NH," concentration at the outlet of theplantisin
theorder of 1.7 mg/l.
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Suspended matter representsthe mineral and or-
ganic particlescontained in theleachate. Theaverage
concentrationintheentranceof the plantisintheorder
of 211 mg/l (Figure 11). Theseresultsarelower than
thosefound in Oujda(Morocco) 655 mg/I™ and those
found in EK - Kermain Oran (Western Algeria)
1.149mg/1®., Thisisdueto theleachate pretreatment
by acurved screensover thedissolved air flotation.
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Figurell: Mean valuesof TSSinmg/I

Thetreatment by MBR alowsto reduce the ma-
jority of the ML S and to reach aconcentration of 37
mg/l with aperformance of 83% which clearly shows
the good treatment performance of the System. The
rest of theMLSisinform of stssuchaschloridesand
hard COD passing by Ultrefiltration. Theseareheld at
thelevel of reverse osmosis. Theaverage content in
MLSintheoutlet of the plantisin order of 17 mg/I.
They arelower thanthe Tunisian standards of discharge
whichisintheorder of 30 mg/l.

CONCLUSION

Theresultsof thisstudy have highlighted thedegree
of high pollution generated by |andfill leachate and par-
ticularly those of the Djebel Chekir landfill and the per-
formance of biological pretreatment by MBR system
with reverseosmoss.

Raw leachateis of the order of 14.000 mg/I for
COD, Chloridevaues 13.800 mg/l, theammonium con-
centrationisabout 470 mg/l. Thiswork hasshown that
thebiologica treatment with reverseosmosisstagehas
enablesaggnificant reduction of biodegradableorganic
matter and nitrogen compounds, including reductions
of 80 % COD, BOD, 85%, NTK 85 % and NH,-N
of 99%. Inthebiological treatment stage, thereisan
reduction of the sustai nable organic pollution, without
by-products, but until thispoint thebiologically pre-
treated | eachate does not achi eve the requirements of
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Tunisian direct discharges, then afinal step of reverse
osmosis is essential. The effluent from the
BIOMEMBRAT, whichiswell preprocessed biologi-
caly, passesthrough afinal stage of reverseosmosis
that loads (conductivity and chloride) sdtsand organic
pol lution and non-bi odegradabl ereduction, to fulfil the
requirementsof Tunisandirect discharge. At thelevel
of reverse 0smosis see an over-concentration of ele-
mentspermeatethat passesthrough membranesispoor
inorganic pollution and minerd, thispollutioniscon-
centrated in theform of concentratethat aby-product
of reverse 0Smosis.

The treatment by MBR process followed by re-
verse osmosi s can degrade the polluting material and
saltsto achievedischargelimitswhich areof theorder
of 90 mg/l for COD, 30 mg/I for ammonium and 600
mg/l for chloride. Theresultsof theanayses show that
theadapted trestment processmeets Tunisian standards
dischargesrequirements.
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