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1- Introduction

The overexploitation of water resources in arid countries is a serious
cause of water shortage and degradation of its quality.

Agriculture Households Industry

Compete for the rare existing water resources 

There is an urgent need to treat, recycle and reuse  of wastewaters. 
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Strong government 
support

Use of TWW in 
irrigation

Integration of 
the MU in the 
conventional 

1- Introduction

conventional 
WW treatment 

system 

Limit the safety reuse of TWW

(MBR)



Advantages of MBR

��� � High physico-chemical

and microbiological
quality.

Direct reuse of treated 
MBR

�� Domestic wastewaterDomestic wastewater

1- Introduction

�� Toxic industrial wastewaterToxic industrial wastewater

��� �� �� � less environmental footprint,

��� �� �� � higher biomass concentration permits a higher rate of
BOD5 and COD removal and a smaller sludge yield …

Direct reuse of treated 
wastewater
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��� �� �� � reliability, compactness,



Challenges for developing MBR 
technology
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Objectives

Investigate the performance of the AMBR treatment of
domestic and agro-industrial WW

Study the effectiveness of this technology in energy
production (biogas).

27/05/2008 7



Anaerobic MBR treatment of 
domestic wastewater 
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2- Results and Discussion
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Raw domestic wastewater were originated from:

� Ksour Essef WWTP non industrial region.



Fig. 1. Schematic diagram of the experimental process insta lled in Sfax, Tunisia .
1: Raw domestic wastewater reservoir, 2: Peristaltic feed pump, 3: Jet flow anaerobic reactor, 4: Circulation
pump, 5: Flow meter, 6: Manometer, 7: Ultrafiltration membr ane, 8: Manometer, 9: Permeate, 10: Permeate
tank, 11: Permeate recycling, 12: Gas flow meter, 13: Permeate discharged, 14: Nozzle, 15: Inner tube.
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and BOD5 concentrations in the 
permeate: 87 mg l-1, 19 mg l-1 and 
31 mg l-1, respectively.

They were under the required 
values of Tunisian standards NT 
106.02 for accepted wastewater in 
hydraulic public domain and NT 
106.03 for wastewater reuse in 
irrigation
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Mean methane yield was
0.27 l CH4 g COD-1, which was
close to the maximum value.
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Toxicity evaluation of raw and 
treated domestic wastewater

Microtoxicity test using the
luminescent bacteriumVibrio fischeri

Phytotoxicity test using
Lepidium sativumseeds

First section: 1-Anaerobic MBR treatment of KS domestic wastewater27/05/2008 12



Phytotoxicity
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After treatment, a
significant phytotoxicity removal
was obtained, the GI: 32-82 %

27/05/2008 13
First section: 2-Anaerobic MBR treatment of KS domestic wastewater



Microtoxicity

Untreated DW : low
toxicity: 0-20 %.

1
2

3

4

07
/03

/20
03

25
/03

/2
00

3
02

/04
/20

03
17

/04
/2

00
3

12
/05

/20
03

0

20

40

60

80

100

Dilution 
factor

Lu
m

in
es

ce
n

ce
 

in
hi

bi
tio

n 
(%

)

Sampling date

KS domestic wastewater

1
2
3
4

30/1
20/2
7/3
11/3
18/3
25/3
3/4
17/4

0
20
40
60
80
100

    Sampling date              

Dilution 
factor

L
um

in
es

ce
nc

e
in

hi
bi

tio
n 

(%
)

Treated DW are
presumed to be non toxic:
0-10 %

27/05/2008 14
First section: 2-Anaerobic MBR treatment of KS domestic wastewater



Microbiological characteristics of untreated and treatedwastewater and
microbial removal efficiency of the AMBR system

All germs were removed to below the detection limits.

The permeate microbiological quality fits with microbiological WHO
guidelines for unrestricted irrigation.
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AMBR exhibited a high efficiency in the removal of organic pollution and
microorganisms.

The removal of the initial organic matter probably, toxic.

CONCLUSION 1 Domestic WW

Significant phytotoxicity and microtoxicity removals.

Taking into account methanization and toxicity results,

we can assume that treated KW are suitable for agricultural

reuse.
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Anaerobic MBR treatment of agro-
industrial wastewater 
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2- Results and Discussion
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� Whey “Tunisian Cheese Factory” (Sfax, Tunisia) which
used traditional technologies for cheese manufacture.

� Slaughterhouse wastewater municipal slaughterhouse of Sfax
region (Tunisia)



Figure 2: Schematic diagram of laboratory-scale two-phase anaerobic digestion system
(1: Raw cheese whey, 2: Acidogenic reacor, 3: Magnetic stirrer, 4: Peristaltic pump, 5: Acidogenic reactor, 6:
Moto-regulator with variable speed, 7: Aagitation propeller, 8: Thermostatic column, 9: Peristaltic pump, 10:
Manometer, 11: Microfiltration membrane, 12: Manometer, 13: biomass recycling, 14: Permeate tank, 15: Gas
flow meter, 16: Valves).
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Composition of raw cheese whey wastewaters

S1 S2 S3

COD (g l-1) 57.8 82.5 65.61

BOD5 (g l-1) 30.42 46.87 35.85

COD/ BOD5 1.9 1.76 1.83

TSS (g l-1) 1.25 1.56 1.25

Lactose (g/l) 44.7 47 46

Proteins (g/l) 2.64 3.02 2.48Proteins (g/l) 2.64 3.02 2.48

TS (%) 5.44 6.8 5.55

VS (%) 5.15 6.46 5.22

MS (%) 0.32 0.34 0.28

Lipids (g l-1) 9.35 8.17 10.79

pH 4.35 5.6 4.76

TKN (g l-1) 1.03 1.2 1.13

TP (g l-1) 0.45 0.55 0.52
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The acidogenic reactor was operated at a HRT of one day, giving maximum
acidification of 52.25 % with up to 5 g VFA l -1.

Time (d)

: Acetic acid,    :  Propionic acid,    : Isobutyric 
acid,   :butyric acid,   :Valeric



Methanogenesis
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pH: 7.29 à 8.51. 

VFA concentration < 1 g l-1.

VFA concentration were always below the inhibitory limits 
permitting the methanogenic process to be established progressively.
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Anaerobic digestion stage coupled to cross-flow microfiltration

� The improvement of the organic pollution biodegradability

� The daily biogas production exceeded 10 times the volume of

CONCLUSION 2 Cheese whey WW

Secondsection:

the reactor at HRT of 4 days.

� The Y was up to 0.3 l CH4 g COD removed-1
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Figure 3: Schematic diagram of the experimental process ins talled in Sfax, Tunisia:
(1: Raw slaughterhouse wastewater reservoir, P1 and P2: Peristaltic feed pump, 2: Fixed bed reactor
(Acidogenesis step), 3: Jet Flow Anaerobic Reactor (methanogenesis step), P3: Circulation pump, 4: Flow
meter, 5: Manometer, 6: Ultrafiltration membrane, 7: Manometer, 8: Permeate tank, 9: Permeate
discharged in the sewage system, 10: Permeate recycling, 11: Inner tube, 12: Nozzle, 13: Gas flow meter).
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Only methanogenic bacteria were necessary for the r eaction.



Slaughterhouse wastewater

Microbiological characteristics of untreated and treatedwastewater and microbial characteristics of
the effluent taken from the MBR system.
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The MMBR [VFA] � of 262 mg l-1.

� The 2 stage anaerobic system overcame the problem of VFA accumulation,
� Significant improvement in process efficiencyas measured by COD removal

(98.75 % in average).

The [bacteria] are all under detection limit in the reactor.

In the permeate, these bacteria are completely removed.
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Filtration Performance:
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Second section: 2-Anaerobic MBR treatment of slaughterhouse wastewater27/05/2008 28



The AMBR proved to be efficient for SWT when operated with �
OLR less than 13 g COD l-1d-1. The ­­­­ of the OLR (16.32 g COD l-1d-1)
caused a drasticallȳ̄̄̄ of the AMBR performance.

CONCLUSION 3
Slaughterhouse WW 

Secondsection:

The accumulation of VFAs at high OLR.

The two-stage AT system of the AFBR as acidogenic reactor andthe
jet-flow reactor as methanogenic reactor overcame successfully the
problem.
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3- GENERALE CONCLUSION
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AMBR

Effluents with high microbiological and physico-chemical quality which conforms to
Tunisian guidelines for wastewater reuse in irrigation NT 106.03 and for accepted
wastewater in hydraulic public domain NT 106.02.
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