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A B S T R AC T

Although UASB systems treating municipal wastewater generally remove fecal coliform (FC) 
by ~ one order of magnitude, the effl uent still contains concentrations higher than the WHO 
standard for unrestricted irrigation. In this study, the effect of continuous diffused aeration 
on the removal of FC was examined. The diffused aeration system was operated at different 
hydraulic retention times (60, 30 and 15 min) and dissolved oxygen (DO) concentrations (5−6 
and 1−2 mg/l). The removal of FC was affected by the applied HRT and DO. Optimum results 
were obtained at HRT and DO equal to 60 min and 5−6 mg/l respectively, with FC removal of 
approximately 2 log (97%). The mechanisms responsible for FC die-off were the pH and oxida-
tion reduction potential (ORP) of the medium.
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1. Introduction

Reclaimed water from sewage treatment processes 
is a reliable alternative for irrigation [1−5]. Since 1980, 
the use of high rate up-fl ow anaerobic sludge blanket 
(UASB) reactor for sewage treatment gained wide popu-
larity throughout the world due to its great advantages 
over conventional aerobic treatment processes [1]. How-
ever, the UASB reactor hardly produces effl uent of suit-
able quality for disposal especially concerning microbial 
pathogens. Fecal coliform (FC) removal effi ciencies have 
been reported in UASB reactors to be, only one order 
of magnitude [6,7]. Therefore, a post-treatment step is 

usually required to achieve the desired disposal stan-
dards, to protect the receiving water bodies and to reuse 
for restricted or/and unrestricted irrigation.

Recently, different post-treatment systems for UASB 
reactors have been investigated at laboratory and pilot 
scale, such as the rotating biological contractor (RBC), 
the down-fl ow hanging sponge (DHS), trickling fi lters 
and biological aerated fi lters [8]. However, none of 
these methods achieved high effi ciency in terms of the 
removal of pathogens. Other studies reported that coli-
forms removal depends on a variety of factors such as 
pH, dissolved oxygen (DO), oxidation reduction poten-
tial (ORP) and hydraulic retention time (HRT) [9−11]. 
Indeed, the removal rate of E.coli was signifi cantly 
higher at DO concentration between 3.3 to 8.7 mg/l, 
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 corresponding to those of a normal water course 
(7.6−8.0 mg/l), compared to lower values. Present 
study, investigated the effect of continuous aeration on 
pathogens removal from UASB reactor effl uent.

2. Methods

2.1. Reactor confi guration

The UASB reactor was constructed of perspex with a 
working volume of 45 l (20 cm diameter and 1.5 m high). 
A gas–liquid-solids–separator (GLSS) was installed on 
the top of the reactor.

The aeration tank was constructed of plexiglass with 
a variable volume of 6 to 2 l, depending upon experi-
mental HRT. The aeration control system provided 
through six symmetrical fi ne pore diffusers located at 
the bottom of the system fed with an air pump (Fig. 1).

2.2. Reactor operation

The sewage used for the study was obtained from 
local pumping station. The UASB reactor was operated 
at an HRT of 8 h regularly for more than 12 mon. The 
effl uent from the UASB reactor was aerated continu-
ously at different HRT and DO concentrations. Initially, 
the aeration HRT was maintained at 60 min, then subse-
quently decreased to 30 min and fi nally to 15 min. The 
continuous diffused aeration system was operated for a 
period of more than 4 mon under ambient temperature 
conditions. The experimental work was planned into six 
different modes of operation (Table 1).

2.3. Physiochemical and bacteriological analysis

Samples from infl uent and effl uent of diffused aera-
tion tank were analyzed for pH, ORP, turbidity, biologi-
cal oxygen demand (BOD), chemical oxygen demand 
(COD), suspended solids (SS), sulfi de and fecal coliform 
(FC) according to Standard Method [19]. FC was mea-
sured using the Most Probable Number method (MPN), 

where samples were suitably diluted using sterile de-
ionized water before inoculation using A1 broth at an 
incubation temperature of 35 ± 0.5°C for 48 h.

3. Results and discussion

In Table 2 different physiochemical and microbial 
parameters at the infl uent and effl uent of the diffused 
aeration tank are presented as a function of the HRT and 
the DO concentration. The effect of each different param-
eter on fecal coliform removal is following discussed.

Table 1
Operating conditions of the fl ash aeration system

Mode of study HRT (min) DO (mg/l)

I 60 5.0−6.0

II 60 1.0−2.0

III 30 5.0−6.0

IV 30 1.0−2.0

V 15 5.0−6.0

VI 15 1.0−2.0

Fig. 1. Schematic representation of the UASB-diffused aera-
tion system.

Table 2
Summary statistics from six operational modes

Mode Samples/
effi ciency

pH ORP 
(mV)

FC 
(MPN/100 ml)

I In DAS 7.4 −73 2.10E + 05

Eff DAS 8.5 289 7.05E + 03
% removal – – 97

II In DAS 7.2 −39 1.96E + 06

Eff DAS 7.7 194 8.22E + 05
% removal – – 58

III In DAS 7.4 −135 4.27E + 04

Eff DAS 8.0 226 1.31E + 04
% removal – – 69

IV In DAS 7.3 −118 5.21E + 04

Eff DAS 7.5 99 3.54E + 04
% removal – – 32

V In DAS 7.2 −125 4.30E + 03

Eff DAS 7.8 −27 2.20E + 03
% removal – – 49

VI In DAS 7.1 −97 1.44E + 05

Eff DAS 7.3 −61 1.32E + 05
     % removal – – 8
InDAS: Infl uent to Diffused Aeration System (UASB reactor 
effl uent); Eff DAS: Effl uent from Diffused Aeration System.



A.A. Khan et al. / Desalination and Water Treatment 39 (2012) 41–44 43

3.1. Effect of HRT and DO

The effect of aeration on the removal of FC at dif-
ferent HRTs (60, 30 and 15 min) and DO concentrations 
(5.0−6.0 and 1.0−2.0 mg/l) presented in Table 2. From the 
observations, it inferred that an increase in FC removal 
with the increase in HRT occurred, similar to the results 
of previous studies [10].

The maximum FC removal effi ciency (97%) was 
observed for operational mode I-highest HRT and DO, 
while the lowest one (only 5%) for operational mode VI- 
lowest DO and HRT. Moreover, in all operational modes 
a higher FC removal was observed for the 5−6 mg/l DO 
concentration, 97%, 68% and 48% for operational mode 
I, III and V, respectively. This observation can be par-
tially explained by the fact that fecal coliform die-off 
accelerates at very high DO, especially at super satura-
tion conditions [12].

3.2. Mechanisms for FC removal

3.2.1. Effect of pH on FC removal

The pH values at the diffused aeration tank and the 
corresponding FC removal is given in Fig. 2. An increase 
in UASB effl uent pH was observed after the aeration 
process. This pH increase was caused by volatile organic 
compounds (VOC) and CO2 purging from the aqueous 
phase due to aeration.

The effects of pH on FC removal were signifi cantly 
correlated, within the operational range of 7.2−8.9. It was 
observed that fecal coliforms removal rate increased up 
to 94% with increasing pH above 8.5. These fi ndings are 
concomitant to the observations of Davies-Colley et al. 
which found that inactivation of fecal coliforms and E.coli 
increased strongly if pH approached 8.5 or above it [13].

It has also been reported that fecal coliforms were 
adversely affected by high DO and increased pH [14,17]. 
Under starvation conditions FC die-off rapidly as 
the pH increased above 8.5 (from 8.5−8.75 to pH 9.0). 

Complete removal of E.coli was reported for pH val-
ues above 10.4, however, similar pH infl uence on FC 
removal rate was observed for lower pH values [15,16].

3.2.2. Effect of oxidation reduction potential

The effect of ORP on FC removal is shown in Fig. 3, 
where at higher ORP values (300 to 400 mV) the removal 
of FC was signifi cantly higher. Similar results were 
observed by other researchers, where the microbial life 
span was observed to be inversely proportional to ORP 
[9,11,18].

4. Statistical evaluation by paired two samples means 
t-test

In order to determine whether the observed corre-
lation between two sets of experimental data were sig-
nifi cant, data were subjected to paired two sample mean 
t-test. Results obtained from the statistical analysis of 
data are summarized in Table 3.

The results obtained from paired t-test between FC 
percentage removal and the different physic-chemical 
variables (pH, ORP) indicates that the critical value of 
t obtained from the t- distribution table at 5% probabil-
ity level is lower than the value of t-stat in each case. 

Fig. 2. Variation of % FC removal with pH.

Fig. 3. Variation of % FC with ORP.

Table 3
Results of paired t-test: two samples for means between pH, 
ORP and % FC removal

% FC removal
Data paired

Variables  

pH ORP

Degree of freedom (df) 48 35

Pearson correlation (R) 0.92 0.80

t-statistic 13.1 2.5

t-critical    2.0   2.0

P ≤ 0.05  
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 It shows that the chances of error in drawing out con-
clusions are less than 5%. Therefore, null hypothesis is 
rejected. Thus, it can be concluded that a real and signifi -
cant correlation exist between the obtained experimental 
data for FC percentage removal and physico-chemical 
variables.

5. Conclusions

• The highest fecal coliform removal (97%) was observed 
at 60 min. HRT with DO level of 5−6 mg/l.

• Accordingly, the removal of FC was maximum when 
the pH was between 8.0–8.6 and the ORP greater than 
250 mV.

• The results indicate that the removal rate depend on 
pH and ORP. The removal rates depended on these 
factors with correlation coeffi cients of 0.4−0.8 for FC 
at signifi cant levels of 95% (p ≤ 0.001).
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