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A B S T R AC T

Comparison of the performance of an up-fl ow anaerobic sponge reactor (UASR) versus a clas-
sical up-fl ow anaerobic sludge blanket (UASB) reactor for sewage treatment was investigated. 
Both reactors were operated at a hydraulic retention time (HRT) of 6.0 h and organic loading 
rate (OLR) of 2.3 kg COD m−3/d. The results obtained revealed that the UASR produced better 
effl uent quality as compared to the UASB reactor. Residual values of CODtotal, CODsoluble and 
CODparticulate in the treated effl uent of UASR were 170 ± 54, 88 ± 36 and 82 ± 41 mg/l, respectively. 
Corresponding values in the UASB reactor effl uent were 247 ± 69, 120 ± 40 and 127 ± 74 mg/l 
respectively. Furthermore, residual values of VFA-COD, oil and grease were quite less in the 
effl uent of UASR. The removal effi ciencies of faecal coliform (FC) and faecal streptococci (FS), in 
both reactors did not exceed one log10. However, the geometric mean of residual bacterial count 
was less in case of UASR. Moreover; excess sludge production from UASR reactor was almost 
half that produced from the UASB reactor. Although, the UASR showed a better performance 
for COD fractions removal than the UASB reactor, the effl uent quality still exceeds the limits for 
discharge and /or reuse in irrigation purposes. Therefore, moving bed biofi lm reactor (MBBR) 
based on polyurethane carrier material was investigated as a post-treatment unit. The MBBR 
was operated at an OLR of 7.0 g COD m−2/d and a HRT of 3.6 h. The reactor achieved a substan-
tial reduction of CODtotal, COD particulate and CODsoluble resulting in an average effl uent concentra-
tion of 63 ± 27, 19 ± 15 and 44 ± 27 mg/l respectively. Nitrate and nitrite data reveal that 68% of 
the ammonia removed occurred through nitrifi cation. Moreover, the system achieved 70 ± 13% 
for TKj-N removal resulting an average value of 9.3 ± 3.9 mg/l in the treated effl uent. The MBBR 
system provided an effl uent quality of 2.9 × 104 MPN100 ml−1 for FC and 1.8 × 103 MPN 100 ml−1 
for FS corresponding to the removal effi ciencies of 99.87 and 99.85% respectively.
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1. Introduction

Recently, implementation of expensive and sophis-
ticated technologies for sewage treatment usually fails 
at short notice, especially in developing countries: no 

manpower, no fi nances for operation, maintenance of 
equipment, and no spare parts etc [1]. There is thus 
tremendous need to develop reliable and inexpensive 
technologies for sewage treatment in these low income 
countries. Anaerobic treatment represents a high poten-
tial for sewage treatment, and thus is a suitable and eco-
nomical solution for most of developing countries [2]. 
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The anaerobic process can serve as a promising alterna-
tive, compared to conventional aerobic processes [3]. 
The up-fl ow anaerobic sludge blanket (UASB) reactor 
offers great promise, especially for developing coun-
tries that usually have moderate and hot climates [4]. 
However, problems with UASB reactor treating domes-
tic wastewater always result from washout of biomass 
which will deteriorate the effl uent quality [5].

The immobilization of anaerobic biomass on inert 
support material represents an important contribution 
to the improvement of the performance of the anaero-
bic reactors [6]. The support material acts as a physical 
protective factor against washout, thus being potentially 
attractive for biomass retention in the reactor. Biomass 
immobilization is normally achieved by retention in the 
void space of a matrix and by adhesion to its surface 
[7,8]. Weiland and WuIfert found that random sup-
port material in up-fl ow anaerobic reactors is preferred, 
because the installation costs for the random supported 
media are much lower than that for modular blocks, 
along with higher COD removal capacity which attrib-
uted to a higher amount of biomass being retained in 
the randomly packed bed reactor [9]. Huysman et al. 
reported that porous polyurethane foam (PPF) offers 
an excellent colonization matrix for the anaerobic reac-
tors [10]. The PPF has a high specifi c surface area, which 
can reach up to 2400 m2/m3 and a high porosity of 97%. 
The PPF therefore, enables the retention over 15 gVSS 
L−1 in attached form [11]. Elmitwalli et al. showed that 
up-fl ow anaerobic reactor packed with clean vertical 
sheets of PPF is effi cient in removing of CODsuspended 
(>75%) from domestic wastewater even at a short HRT 
of 0.5 h and at a high up-fl ow velocity of 10 m/h [12]. In 
another study; comparison between a UASB reactor and 
an anaerobic hybrid (AH) reactor for the treatment of 
pre-settled sewage at an HRT of 8 h and a temperature 
of 13°C was investigated by Elmitwalli et al. [13]. The 
media used in the AH reactor consisted of porous poly-
urethane foam (PPF) sheets with knobs and situated in 
the sedimentation section of the reactor. The AH reac-
tor removed 64% of the CODtotal which was signifi cantly 
higher by 4% than the effi ciency obtained in the classical 
UASB reactor. In another study, the anaerobic fi lter (AF) 
reactor with vertical sheets PPF treating domestic waste-
water at a temperature of 13°C showed a good removal 
effi ciency of CODsuspended, viz. 81, 58 and 57% at HRT’s of 
respectively 4, 2 and 3 h [12].

It should be emphasized here that, anaerobic treat-
ment mainly is effective in removing organic matter, 
soluble and dispersed. For the removal of remaining 
portion of COD, ammonia and pathogens a proper post-
treatment is required. Various aerobic treatment pro-
cesses have been proposed for post-treatment such as the 
activated sludge process, trickling fi lter, sequencing batch 

reactor, rotating biological contactor, down fl ow hanging 
sponge (DHS) and moving bed biofi lm reactor (MBBR) 
[2,14−20]. It is well known that bio-carrier is the core of 
MBBR, the properties of the carrier material can directly 
infl uence the ability for biofi lm growth, the quantity of 
biomass and the effectiveness of treatment. The carrier 
material for MBBR should be provided with large surface 
area for micro-organism growth, no congregation and 
blocking and good dispersion during the operation. In 
this study, porous polyurethane foam (PPF) warped with 
perforated polypropylene material is selected.

This investigation has two objectives; the 1st one 
focuses on the comparison between the effi ciency of an 
up-fl ow anaerobic sponge reactor (UASR) versus tra-
ditional UASB reactor treating domestic wastewater at 
an HRT of 6.0 h and OLR of 2.3 kg COD m−3/d. While 
the other objective of this investigation is to assess the 
effi ciency of moving bed biofi lm reactor (MBBR) for 
treatment of the effl uent of UASR at an HRT of 3.6 h 
and OLR of 7.0 g COD m−2/d. Emphasis is afforded 
to the removal effi ciency of the various COD frac-
tions (CODparticulate and CODsoluble) and for ammonia and 
pathogenic bacteria removal.

2. Material and methods

Three experiments were conducted in this investiga-
tion: 1. comparison between the effi ciency of UASR ver-
sus classical UASB reactor for removal of COD fractions 
and pathogenic bacteria at the same operational condi-
tions (T = 17°C; HRT = 6.0 h and OLR = 2.3 kg COD 
m−3/d) 2. assessment the performance of MBBR system 
treating UASR reactor effl uent and 3. overall perfor-
mance of the combined system (UASR-MBBR) at a total 
HRT of 9.6 h. All instillations (Figs. 1a and b) were fed 
with domestic wastewater collected in the combined 
sewer system of the Dokki area; Cairo, Egypt.

2.1. Domestic wastewater

The used domestic wastewater had the following 
average characteristics in mg/l: CODtotal = 597 ± 221, 
CODsoluble = 181 ± 61, CODparticulate = 416 ± 220, NH4–N = 
23 ± 6, TKj-N = 56 ± 12, oil and grease = 112.8 ± 42, Total-
P = 10.2 ± 3.2. A high content of faecal coliform (FC) and 
faecal streptococci (FS) in the wastewater was recorded. 
FC and FS count were 2.6 × 108 ± 2.1 × 107 and 1.4 × 107 
± 1.4 × 105 MPN 100 ml−1 respectively.

2.2. Lab scale anaerobic reactors

A schematic diagram of the experimental setup 
is presented in Figs. 1a and b. In the 1st experiment a 
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two identical anaerobic reactors with a capacity of 5.5 l 
was used. The 1st reactor is a classical up-fl ow anaero-
bic sludge blanket (UASB) reactor. The 2nd reactor is 
up-fl ow anaerobic sponge reactor (UASR). The UASR 
reactor is fi lled with porous polyurethane carrier mate-
rial (cylindrical shape) (3.5 mm height & 2.4 diameter) 
warped with perforated polypropylene material to be 
moveable even with an attached biomass; hence, reduc-
ing the potential of future clogging and channeling 
problems. The polyurethane carrier material criteria are 
presented in Table 1. Each reactor is provided with a 
conical shaped bottom and a gas solid separator (GSS). 
The height of the reactors are 70 cm and the internal 
diameter is 10 cm. Ports for obtaining excess sludge and 
sponge with biomass samples are arranged along the 
reactor height, the 1st one at 5.0 cm above the base of 

the column and the others at 15, 25, 40 and 55 cm. Both 
reactors were inoculated with 3.0 l fl occulent sludge 
with the following characteristics: sludge volume (SV) = 
780 ml/l, total solids (TS) = 12 mg/l, volatile solids (VS) 
= 8.5 mg/l, VS/TS ratio = 0.7 and methanogenic activity 
= 0.13 g COD gVSS−1/d.

2.3. MBBR as a post-treatment

A 3 L lab scale moving bed biofi lm reactor (MBBR) 
was connected to the outlet of the UASR. Thus, the 
infl uent used for this reactor was already pre-treated 
anaerobically. An illustration of the lab-scale combined 
anaerobic/aerobic treatment process is provided in 
Fig. 1b. 63% of the total reactor volume of MBBR was 
equipped with polyurethane carrier material. The carri-
ers have a high specifi c surface area, which could reach 
up to 256 m2/m3 having a high porosity of 90%. Physi-
cal properties of the polyurethane carrier material are 
presented in Table 1. Upon aeration, the polyurethane 
carrier material was fl uidized perfectly with uniform 
distribution inside the reactor, and the dissolved oxy-
gen (DO) concentration in the reactor was maintained 
at 2.0 mg/l by adjusting the aeration amount. The reac-
tor was continuously fed with the treated effl uent of 
UASR and operated at an HRT of 3.6 h and OLR of 7.0 g 
COD m−2/d. The characteristics of biomass of the poly-
urethane carrier material were weakly determined. The 
harvested polyurethane carrier material was squeezed 
by distilled water and then total solids (TS) and volatile 
solids (VS) were measured in duplicate samples. TS and 
VS were calculated according to sponge volume.

2.4. Calculation

The sludge residence time (SRT) in both the UASB 
and UASR was calculated according to the following 
equation,

SRT
V X

Q X Q Xw wX e
=

+
⎛
⎝⎜
⎛⎛
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where V, reactor volume; X, average sludge concen-
tration in the UASB reactor or attached biomass in the 
UASR (mgVSSL−1); Qw, excess suspended sludge (L/d); 
Xw, concentration of the excess sludge (mgVSSL−1); Q, 
wastewater fl ow rate (L/d); Xe effl uent concentration 
(mgVSSL−1).

2.5. Statistical analysis

The performance of the two reactors was compared 
using the independent t-test according to Berthouex and 

Fig. 1. Schematic diagram of the two experimental units (a) 
UASR versus classical UASB (b) MBBR treating the effl uent 
of UASR.

Table 1
Characteristics of the porous polyurethane foam (PPF)

Characters
 

UASR as a 
pre-treatment

MBBR as a 
post-treatment 

Bulk density (kg/m3) 30 30
Sponge shape cylindrical cylindrical
Effective surface area (m2) 0.25 0.48
Pore size (mm) 0.63 0.63
Sponge volume (l) 1.3 1.65
Sponge volume/reactor 
volume (%)

30 63
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Brown [21]. The confi dence intervals were estimated 
with the student’s t-distribution. In the text, the mean 
values and standard deviations are given in this form: 
mean value (standard deviation). The 95% confi dence 
interval is given in the format of ± [22].

2.6. Sampling and analytical techniques

Two times per week grab samples were taken at 
a certain time from the infl uent and the effl uents of 
each treatment step. All analytical procedures were 
performed according to APHA [23]. Chemical oxy-
gen demand (COD) was measured by the open refl ux 
method and CODsoluble was determined by the same 
procedure using a sample fi ltered through a mem-
brane fi lter (0.45 m); and CODparticulate was calculated 
by the difference between unfi ltered and fi ltered COD. 
Ammonia- nitrogen (NH4–N) was determined by the 
titrimetric method after a preliminary distillation step 
and total Kjeldahl nitrogen (TKj-N) was measured 
using the macro-Kjeldahl procedure, total phosphorus 
(TP) was determined using the per-sulfate digestion 
method and molybidate colorimetric technique, while 
pH, and dissolved oxygen (DO) were measured using 
portable pH and DO meter. Volatile fatty acids (VFA), 
sludge analysis, faecal coliform (FC) and faecal strep-
tococci (FS) were measured according to the methods 
described by APHA [23].

3. Results and discussion

3.1. Comparison between the performance of an UASR with 
a classical UASB reactor treating domestic wastewater at an 
HRT of 6.0 h and OLR of 2.3 kgCOD m−3/d

The results presented in Figs. 2a, b and c show 
that the removal effi ciencies of CODtotal, CODsoluble and 
CODparticulate via UASR were signifi cantly higher than 
that of the classical UASB reactor at levels 0.1, 0.01 and 
5%. Removal effi ciencies of COD total, CODsoluble and 
CODparticulate were 72 ± 12, 51.4 ± 6 and 80 ± 13% for 
UASR as compared to 50.7 ± 26, 32 ± 19 and 56 ± 38% in 
the UASB reactor respectively. The higher potentiality of 
the UASR for removal of organic matter could be attrib-
uted to (1) the higher entrapment capacity of particulate 
matter by porous polyurethane foam (sponge) occupy-
ing the reactor (2) the presence of the biofi lm improved 
the bio-sorption of organic matter and consequently 
biodegradation process (3) the attached biomass in the 
UASR provides a better contact with wastewater as 
compared to the suspended sludge in the sludge bed 
of the classical UASB reactor [2,4,6,18]. Furthermore, 
once the storage capacity of the classical UASB reactor is 
exhausted, the sludge bed lost its adsorption or retention 

capacity and consequently, unintentional washout of 
sludge together with the effl uent was occurred within 
the operational period of 93–103 d (Figs. 2a and c). 
This leads to increase the concentration of CODtotal and 
CODparticulate in the treated effl uent of UASB reactor. 
However, the reactor was recovered within few days as 
shown in Figs. 2a and c. The results obtained revealed 
that, UASR is not only a promising alternative to the 
UASB reactor for sewage treatment at a HRT of 6 h but 
also to other so far proposed systems, e.g., (1) UASB in 
combination with a sludge stabilization digester (UASB-
Digester system) [24]. The combined system achieved a 
removal effi ciency of 52% for CODtotal, 79% for TSS and 
60% for BOD5 at 6–8 h of HRT (2) the two stage hydro-
lysis up-fl ow sludge bed (HUSB) + expanded granular 
sludge bed (EGSB) system (3) anaerobic fi lter (AF) in 
combination with anaerobic hybrid (AH) system and 
(4) hydrolytic up-fl ow sludge bed (HUSB) digester 
followed by UASB reactor for the treatment of domes-
tic wastewater at HRT varied from 5.7 to 2.8 h for the 
fi rst stage (HUSB digester) and from 13.9 to 6.5 h for the 

Fig. 2. (a) CODtotal removal in an UASR versus UASB reactor 
treating domestic wastewater; (b) CODsoluble removal in an 
UASR versus UASB reactor treating domestic wastewater; 
(c) CODparticulate removal in an UASR versus UASB reactor 
treating domestic wastewater.
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second stage (UASB digester) [25−27]. CODtotal removal 
varied from 49 to 65% for the total process.

The residual VFA-COD concentration in the fi nal 
effl uent of UASR was 31 ± 20 mg/las compared to 
46 ± 28 mg/l for the UASB reactor effl uent correspond-
ing to the removal effi ciency of 51% for UASR and 27% 
for UASB reactor (Fig. 3). The removal effi ciency of oil 
and grease (O&G) in the UASB reactor (50.3 ± 3.4%) 
was signifi cantly lower than that found for the UASR 
(69.8 ± 2.7%) at a level 5 and 10% (Table 2). This can 
be attributed to higher entrapment and/or adsorption 
capacity of the packed material occupied the UASR. On 
the other hand, the UASB reactor achieved signifi cantly 

Fig. 3. VFA-COD values in the effl uent of UASR and UASB 
reactor treating domestic wastewater.

Table 2
Effi ciency of UASR versus UASB reactor treating domestic wastewater at an HRT of 6.0 h and OLR of 3.2 kg COD m−3/d

Samples 
parameters

Unit Wastewater UASR eff. %R UASB eff. %R

O&G mg/l 112.8 ± 42 34 ± 6.5 69.8 ± 2.7 56 ± 3.4 50.3 ± 3.4

TP mg/l 10.8 ± 3.2 6.8 ± 2.3 37.0 ± 3.2 4.2 ± 1.2 61.1 ± 5.4

FC MPN 100 ml−1 2.6 × 108 ± 2.1 × 107 2.3 × 107 ± 2.1 × 105 91.1 ± 1.3 2.9 × 107 ± 0.9 × 105 88.8 ± 2.7

FS MPN 100 ml−1 1.4 × 107 ± 1.4 × 105 1.2 × 106 ± 0.9 × 104 91.4 ± 1.7 1.8 × 106  ± 1.9 × 104 87.1 ± 3.2

Retained biomass

TS (105°C) g/l 30 ± 12 23 ± 8

VS (550°C) g/l 20 ± 7.9 15 ± 6.5

Excess suspended sludge

TS (105°C) g/l 0.076 ± 0.02 0.16 ± 0.01

VS (550°C) g/l 0.05 ± 0.01 0.1 ± 0.05

Sludge 
production

g/m3 47.5 ± 13 95 ± 18

Sludge yield 
coeffi cient

gVSS g COD 
removed−1.d−1

0.14 ± 0.6 0.23 ± 0.9

SRT D  82  51  

(level 0.01%) higher phosphorous removal effi ciency 
(61.1 ± 5.4%) than the UASR (37.0 ± 3.2%) as shown in 
Table 2. This could be due to the short sludge residence 
time imposed to the UASB reactor (51.0 d) and precipita-
tion of phosphorous in a particulate form [8].

The results presented in Table 2 show that the 
removal effi ciency of FC and FS did not exceed one 
log10. It is however, worth mentioning that the geomet-
ric mean of residual counts were insignifi cantly higher 
in the UASB reactor effl uent compared to that present in 
the UASR effl uent.

3.1.1. Retained biomass and excess suspended sludge from 
UASR and UASB reactor

The average attached biomass and retained sludge 
concentration in the UASR and UASB reactor was 
around 20.0 gVSSL−1 sponges and 15.0 gVSSL−1 respec-
tively (Table 2). Characteristics of the excess sludge 
disposed from the two reactors are presented in 
Table 2. Sludge production in the anaerobic reactors 
may be attributed to (1) fl occulation of non-biodegrad-
able particulate matter, forming the inert sludge mass 
fraction and (2) the biological sludge mass that is gen-
erated as a result of anaerobic conversion in the reac-
tor [22]. The calculated sludge residence time (SRT) was 
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longer (82.0 d) in the UASR as compared to that of the 
UASB reactor (51 d) and consequently, sludge produc-
tion was lower in the UASR as shown in Table 2. This is 
refl ected in the sludge yield coeffi cient constituting only 
14% of the infl uent COD in the UASR and up to 23% in 
the UASB reactor. Likely, A´lvarez et al. found that the 
overall excess biomass generation from UASB reactor 
treating domestic wastewater reached 21.6% of infl uent 
VSS. Lower excess biomass generation of 7% of infl u-
ent CODtotal was recorded in the UASB-Digester system 
treating domestic wastewater [24,27].

3.2. Performance evaluation of moving bed biofi lm reactor 
(MBBR) treating the effl uent of UASR at an HRT of 3.6 h 
and OLR of 7.0 g COD m−2/d

3.2.1. Removal of COD fractions

The CODtotal, CODparticulate and CODsoluble removal data 
found in MBBR operated at an OLR of 7.0 g COD m−2/d 
and a HRT of 3.6 h are depicted in Figs. 4a, b and c. 

The results clearly show that the MBBR based on 
polyurethane carrier material achieved a substantial 
reduction of CODtotal resulting in an average effl uent con-
centration of 63 ± 27 mg/l. These results are comparable 
to that obtained by Tawfi k et al. and Wang et al. [2,28]. 
They used MBBR based on polyethylene carrier material 
for treatment of either anaerobically or chemically pre-
treated effl uent at longer HRT of 6.0 h. In another study, 
MBBR system treating UASB reactor effl uent was oper-
ated at an intermittent aeration mode (0.5 h on /2.5 h off) 
(DO = 9 mg/l during aeration, decreasing to 2.0 mg/l 
during no aeration), and at an HRT of 2.4 h [29]. The 
system achieved a removal effi ciency of 40–70% for 
CODtotal. The results presented in Fig. 4b furthermore, 
show that the reactor achieved an almost complete 
removal of COD particulate i.e., only 19 ± 15 mg/l of this 
COD fraction remained in the fi nal effl uent.

This excellent performance towards the removal of 
dispersed CODparticulate can be attributed to the entrap-
ment and/or adsorption followed by hydrolysis and 
degradation within the biofi lm [30]. The CODsoluble con-
centration measured in the treated effl uent of the MBBR 
ranged from 8 to 117 mg/l with an average value of 
47 ± 27 mg/l (Fig. 4c).

3.2.2. Nitrifi cation effi ciency

The results presented in Fig. 5a reveal that 81 ± 12% 
ammonia was eliminated at an HRT of 3.6 h and OLR 
of 7.0 g COD m−2/d. The calculated nitrifi cation rate 
according to nitrite and nitrate production amounted 

Fig. 4. (a) Time course of CODtotal in the MBBR treating the 
effl uent of UASR; (b) Time course of CODparticulate in the 
MBBR system treating the effl uent of UASR; (c) Time course of 
CODsoluble in the MBBR system treating the effl uent of UASR.

Fig. 5. (a) Nitrogen species in the MBBR system treating the 
effl uent of UASR; (b) TKj-N removal in the MBBR system 
treating the effl uent of UASR.
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to 0.6 ± 0.24 gNm−2/d. Hem et al. investigated the 
effect of the OLR on the nitrifi cation effi ciency in a 
moving bed biofi lm reactor (MBBR) treating municipal 
wastewater [31]. An OLR of 2–3 gBOD7 m

−2/d resulted 
in a nitrifi cation rate in the range 0.3−0.8 gNO3-N 
m−2/d, while at an OLR of 1−2 gBOD7 m−2/d, it was 
in the range of 0.7−1.2 gNO3-N m−2/d and it almost 
stopped at an OLR exceeding 5.0 g BOD7 m

−2/d. The 
results obtained in Fig. 5a shows that dissolved oxygen 
(DO) of 2.0 mg/l is suffi cient for almost complete nitri-
fi cation, as also found in earlier MBBR study [28]. The 
nitrifi cation effi ciency of 90%,was achieved in MBBR 
system treating chemically pretreated effl uent at DO 
level of 2.0 mg/l .On the other hand; Odegaard found 
that the critical DO is above 2–3 mg/l when nitrifi ca-
tion would be occurred in MBBR and the nitrifi cation 
effi ciency increased by 70% when DO concentration 
increased from 5 to 8 mg/l [32,33].The results in Fig. 
5b show that the system achieved a removal effi ciency 
of 70 ± 13% for TKj-N resulting in an average value of 
9.3 ± 3.9 mg/l in the treated effl uent. The results for 
nitrogen balance made across the MBBR system indi-
cate that 20.1 ± 12.8% nitrogen remained unaccount-
able in the system. A higher total nitrogen (TN) removal 
effi ciency of 62.5% was achieved in an MBBR system 
treating chemically pretreated effl uent at an HRT of 
6 h and DO = 2 mg/l [28]. These results certainly sup-
ported the hypothesis that simultaneous nitrifi cation 
denitrifi cation (SND) was caused by an oxygen dif-
fusion limitation into the biofi lm thereby generating 
anoxic conditions inside the biofi lm. Luostarinen, et al. 
found that application of intermittent aeration mode 
(0.5 h aeration (DO = 9 mg/l) and 2.5 h no aeration (DO 
= 2.0 mg/l) improved the nitrogen removal in MBBR 
system treating UASB reactor effl uent [34]. Under 
these conditions, 65–70% of nitrogen was removed. 
Probably, this nitrogen removal was occurred by aero-
bic denitrifi cation.

3.2.3. Faecal coliform (FC) and faecal streptococci (FS) removal

The results presented in Table 3 show that the MBBR 
based on polyurethane carrier material provided an 
effl uent quality of 2.9 × 104 MPN 100 ml−1 for FC and 
1.8 × 103 MPN 100 ml−1 for FS, corresponding to the 
removal effi ciency of 99.87 and 99.85% respectively. The 
precise mechanism of FC removal using porous poly-
urethane foam (PPF) fed with UASB reactor effl uent has 
been investigated by Tawfi k et al. [35]. They found that 
the most important removal mechanism of FC via PPF 
was the adsorption process, followed by predation. Die 
off and sedimentation process was a relatively minor 
removal mechanism in the system.

3.2.4. Biomass growth in the MBBR

The attached biomass concentration in the MBBR was 
measured to assess the biofi lm growth along the period 
of the study. The biomass was gradually increased as 
shown in Fig. 6. During steady state operational condi-
tions the average biomass concentration in the reactor 
was estimated to be 10 ± 1.2 gVSSL−1 sponge. Tawfi k 
et al. investigated the dead and live micro-organisms 
inside and outside the polyurethane foam (sponge) fed 
with anaerobic effl uent [36]. They found that, the frac-
tion of active bacteria is 66% in the sponge.

Table 3
Summary of overall performance characteristics of the combined system (UASR-MBBR) at a total HRT of 9.5 h

TCH 
Parameters

Unit Sewage UASR eff. %R MBBR eff. %R Overall 
removal 
effi ciency

CODtotal mg/l 597 ± 221 170 ± 54 72 ± 12 63 ± 27 63 ± 12 89.4 ± 12
CODsoluble mg/l 181 ± 61 88 ± 36 51.4 ± 6 44 ± 27 50 ± 11 76 ± 13
CODparticulate mg/l 416 ± 220 82 ± 41 80 ± 13 19 ± 15 77 ± 13 95.4 ± 10
NH4-N mg/l 23 ± 6 24 ± 7 −4.3 ± 2 4.6 ± 3.0 81 ± 12 80 ± 13
NO2-N mg/l – – – 1.5 ± 0.9 – –
NO3-N mg/l – – – 14 ± 6.5 – –
TKj-N mg/l 56 ± 12 31 ± 7 45 ± 13 9.3 ± 3.9 70 ± 13 83.4 ± 7
FC MPN 100 ml−1 2.6 × 108 ± 2.1 × 107 2.3 × 107± 2.1 × 105 91.1 ± 1 2.9 × 104 ± 1.1 × 104 99.87 ± 1.9 99.98 ± 1.7
FS MPN 100 ml−1 1.4 × 107 ± 1.4 × 105 1.2 × 106± 0.9 × 104 91.4 ± 2 1.8 × 103 ± 0.9 × 102 99.85 ± 1.5 99.98 ± 1.8

Fig. 6. Biomass growth in the MBBR treating the effl uent 
of UASR.
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3.3. Overall effi ciency of the combined system consisting of 
UASR and MBBR for sewage treatment at a total HRT of 9.6 h

The combination of UASB reactor followed by 
MBBR was proposed by Tawfi k et al. as an option for 
the treatment of domestic wastewater [2]. In this investi-
gation, this process was further developed i.e., up-fl ow 
anaerobic sponge reactor was used instead of UASB 
reactor as a pretreatment step to overcome washout of 
the sludge and for more effi cient removal of particulate 
and organic matter. Moreover, MBBR based on poly-
urethane carrier sponge material was investigated as a 
post-treatment unit for removal of FC and NH4-N. Table 
3 provides a summary of overall performance character-
istics. The combination of UASR with MBBR was able 
to achieve a CODtotal; CODsoluble and CODparticulate removal 
effi ciencies of 89.4, 76 and 95.4% at a total HRT of 9.6 h. 
Thus, very little CODtotal remained in the fi nal treated 
effl uent (i.e., 63 mgCODL−1) and the quality of this effl u-
ent was similar to that obtained by Bodık et al., who 
investigated a combined anaerobic baffl ed fi lter reac-
tor and aerobic post-treatment (hanging polypropyl-
ene cords) at a longer total HRT of 19 h [37]. The total 
process achieved lower removal effi ciencies of 78.6–83% 
for COD and 80.9–92.7% for particulate organic matter. 
Likely, COD removal ranging from 90 to 94% has been 
found by Tawfi k et al. at longer HRT (10.7 h) using a 
combined system consisting of UASB–down fl ow hang-
ing sponge (DHS) system [18]. Sousa and Foresti inves-
tigated the combination of UASB and sequencing batch 
reactor (SBR) for sewage treatment [16]. The total system 
achieved an overall removal effi ciency of 95% of COD. 
An UASB-activated sludge (AS) system treating domes-
tic wastewater was investigated by Sperling et al. [14]. 
The integrated system achieved a removal effi ciency of 
COD (85–93%) at a total HRT of 7.9 h (4.0 h UASB and 
3.9 h aerobic reactor).

An intensive nitrifi cation process was observed 
during the whole period in MBBR reactor. The aver-
age removal of the NH4-N was 81%. Approximately, the 
same removal effi ciency of ammonia was achieved in the 
MBBR based on polyethylene carrier material treating 
anaerobically pretreated sewage at longer HRT of 5.3 h 
[2]. The results obtained with UASR–MBBR system, 
operated at a total HRT of 9.6 h show a high percent-
age removal of FC (99.98%), and FS (99.98), correspond-
ing to 3.95 and 3.89log10 reduction respectively. These 
results are comparable to those obtained in other biofi lm 
systems, i.e., RBC system achieved a removal effi ciency 
of 99–99.8% for E. coli at longer retention time [38]. The 
removal effi ciency of 99.8% for FC by a combined pro-
cess (UASB–DHS) system was obtained by Tawfi k et al. 
[4]. The major part of FC was removed in the MBBR sys-
tem treating UASR effl uent indicating that, the biofi lm 

play a role for removal of FC. Sylvaine et al. studied the 
effi ciency of pathogenic bacteria removal (1) with a bio-
fi lm surface and active protozoa, (2) with a biofi lm sur-
face and inactivated protozoa, (3) with a clean surface. 
Protozoa in the presence of a biofi lm were responsible 
for 60% of bacteria removal [39]. Biofi lm without proto-
zoa and a clean surface each removed similar quantities 
of bacteria.

4. Conclusions

• UASR produced a better effl uent quality than clas-
sical UASB reactor treating domestic wastewater at 
the same operating conditions (HRT= 6 h & OLR = 
2.3 kg COD m−3/d).The removal effi ciencies of COD-
total; CODsoluble and CODparticulate were 72 ± 12, 
51.4 ± 6 and 80 ± 13% for UASR as compared to 
50.7 ± 26, 32 ± 19 and 56 ± 38% in the UASB reactor 
respectively.

• The sludge production from the classical UASB reac-
tor is almost double that of UASR reactor. Therefore, 
the use of UASR as a pretreatment step for domes-
tic wastewater treatment is recommended. However, 
optimization of UASR treating domestic wastewater 
is required.

• The MBBR based on polyurethane carrier material 
treating the effl uent of UASR achieved a substantial 
reduction of CODtotal, CODparticulate and COD 
soluble resulting in an average effl uent concentra-
tion of 63 ± 27, 19 ± 15 and 44 ± 27 mg/l respectively. 
81 ± 12% ammonia was eliminated. Nitrate and 
nitrite data reveal that 68% of the ammonia removed 
occurred through nitrifi cation. Moreover, the system 
achieved 70 ± 13% for TKj-N removal resulting an 
average value of 9.3 ± 3.9 mg/l in the treated effl u-
ent. The MBBR provided an effl uent quality of 2.9 × 
104 MPN100 ml−1 for FC and 1.8 × 103 MPN100 ml−1for 
FS, corresponding to the removal effi ciency of 99.87 
and 99.85% respectively. In view of the results 
obtained here; we recommended to use MBBR based 
on polyurethane carrier material for post-treatment of 
the effl uent of UASR treating domestic wastewater at 
an HRT of 3.6 h and OLR of 7.0 g COD m−2d.
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