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ABSTRACT

In this study, the efficiency of stone media fixed biofilm reactor (FBR) and sand column fil-
ter (SCF) was checked for domestic sewage treatment of university area. Sewage was con-
tinuously recirculated through FBR during different time intervals of 12, 24, 36, and 48 h
followed by a SCF. There was reduction in odor, alkalinity, pH, turbidity, biochemical oxy-
gen demand (BOD5), chemical oxygen demand (COD), total dissolved solids, total sus-
pended solids, electrical conductivity, phosphates (PO4), sulfates SO2�

4 , nitrate NO�
3 , nitrite

NO�
2 , and bacterial count, while dissolved oxygen concentration significantly increased after

FBR and SFC treatments. Results revealed that the efficiency of FBR was improved by
increasing the treatment time. The removal of BOD5, COD, and turbidity (89.67, 89.62,
99.84%), respectively, was achieved in FBR treatment. While 97.12, 97.15, and 100% reduc-
tion in BOD5, COD, and turbidity was attained in SCF treatment. Moreover, over 80%
removal of coli forms and Enterococcus faecalis was maintained after FBR and SCF treat-
ments. Our results suggested that combined application of FBR and SCF may serve as a
promising approach for the treatment of sewage and has potential to be scaled up for large-
scale application.

Keywords: Fixed-biofilm reactor; Sand-column filter; Sewage treatment; BOD5; COD;
Coliforms

1. Introduction

Sewage treatment is a phenomenon of removing
contaminants from domestic wastewater for generat-
ing treated waste stream and sludge to be discharged
in the environment or able to reuse for agricultural
activity [1]. In Pakistan, flow of untreated sewage into
fresh water bodies or land (2,000 million gallons of

sewage/d) has badly affected the quantity and quality
of fresh water resources [2]. It was estimated that 26%
of the total domestic vegetable production in Pakistan
is cultivated with sewage, which is directly consumed
by people [3]. Approximately, 35–40% of deaths were
also reported due to water borne diseases [4]. Pres-
ently, proper management of wastewater is required
just like cost-effective indigenous remediation
technologies to save the fresh water reservoirs.
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Biological processes are considered very effective for
wastewater treatment due to their low-cost, easy oper-
ational and environmental friendly compared to phys-
ical and chemical treatments [5]. The wetland,
activated sludge, anaerobic digestion, and fixed bio-
film bioreactor (FBR) are biological operational sys-
tems for wastewater treatment, whereas the activated
sludge process and microbial suspension are used for
the removal of nitrogen and phosphorus [6]. Among
different biological treatment technologies, FBR is
quite effective in developing areas of the world due to
their low operational energy, small size, maintenance,
simplicity, resistance to toxins, and shock loads. More-
over, due to its simple and reliable processing, it has
the ability to produce effluents of high quality [7].

Generally, a bioreactor may refer to any engi-
neered system that can maintain a biologically active
environment for long time. In such system, biochemi-
cal process (aerobic and anaerobic) is carried out by
microbes to degrade the pollutants [8,9]. In suspended
growth systems, such as activated sludge and fluid-
ized beds, contaminated water (used water) is circu-
lated in an aeration basin and microbial population
aerobically degrades organic matter and produces
CO2, H2O, and new cells. The cells form a sludge,
which is settled out in a clarifier, is either recycled to
the aeration basin, or disposed and in this way to help
clean wastewater [10]. In bioreactor, biofilm developed
on an inert support matrix aerobically degraded con-
taminants, and showed high efficiency for degradation
of pollutants in wastewater compared to reactors [11].

A simple and well-established attached growth
bioreactor is used for municipal wastewater treatment
[12]. It mainly consists of three parts i.e. distribution
system for monitoring hydraulic load rates, filter
media for the development of biofilm, and under
drain system for collecting treated wastewater and sol-
ids (sludge) from filter. Filter media is the main com-
ponent of FBR which provides surface area of the
biofilm [13]. Aerobic and anaerobic microbes con-
tained in the system remove the pollutants by degra-
dation. The aerobic condition is maintained by
supplying air to the filter media bed [14]. Slow sand
filters are used as secondary treatment process for the
removal of pathogens and solids from the wastewater.
It is a simple and robust water treatment technology
especially used to supply safe drinking water but now
it has been adopted as a final polishing step in waste-
water treatment [15].

Previously, it has been reported that two streams,
(1) Quaid-i-Azam University (QAU), Islamabad,
Pakistan and (2) Nur-pur-Shahan carry sewage into
Rawal Lake [16], caused severe pollution due to higher
load of microbes [17] as well as heavy metals [18].

Rawal Lake water reservoir of Islamabad also
benefited Rawalpindi which is the third largest city of
Pakistan with up to two million population [19]. In
order to protect Rawal Lake water reservoir from
polluted discharge, in this study we focused to treat
the QAU, Islamabad by locally designed bench-scale
stone media FBR and sand column filter (SCF) at meso-
philic temperature range i.e. 25–35˚C. Moreover, earlier
studies showed that much work has done on FBR and
sand filter, but this study is different from the previous
work, which investigated the integrated FBR and sand
filter system for the wastewater treatment. This com-
bined treatment provides an efficient tool for the
wastewater treatment, and can be a pilot-scale facility,
to improve the public and environmental health by
removing the pollutants and pathogens from
wastewater. This treated sewage can be used for agri-
culture purposes without any hesitation in university
campus.

2. Materials and methods

2.1. Experimental setup and operation

Low rate FBR was designed and used for the treat-
ment of QAU sewage. Stones/pebbles of fresh water
stream without pores on surface area were collected,
having 1.5 inches diameter (surface area = 47.72 cm2)
and used as a filter media for microbial biofilm devel-
opment. Water pump was used to recirculate 20 L of
wastewater in FBR (hydraulic flow rate = 80mL/min
and retention time = 18min). The flow rate was con-
trolled by electric dimmer connected to the water
pump. Passive aeration was provided between outer
and inner core of the reactor. The SCF was made up
of plastic column (height = 39 inches and inner diame-
ter = 3 inches) filled with sand (0.2 mm). A peristaltic
pump was used for pumping 48 h FBR treated sewage
from intermediate tank into the SCF with flow rate
(43 mL/min), while the retention time across the filter
bed was 15min.

2.2. Development and characterization of biofilm on stones

Stones were incubated in tub for two weeks in acti-
vated sludge collected from wastewater treatment
plant, Islamabad in order to develop active biofilm for
sewage treatment. Total surface area of stone media
(approximately 750 stones) available for the attach-
ment of microbes was approximately 35,790 cm2. After
14 d of incubation, biofilm was observed on stones,
which is subjected to bacteriological analysis by pore
plate technique, microscopy, cultural characteristics,
and biochemical tests [20].
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2.3. Sampling of sewage

Sewage samples were collected in sterilized glass
bottles (250mL) and subjected to microbial analysis
within 24 h. For physico-chemical analysis, about 1 L
sewage water sample was collected in separate clean
plastic bottles. Samples were immediately transferred
to the laboratory for dissolved oxygen (DO) and pH
analysis. Samples were preserved at 4˚C for further
analysis. However, other physico-chemical parameters
were measured within 6 h.

2.4. Treatment of sewage

Sedimentation was carried out by keeping sewage
water for 2–3 h in tank, and the suspended solids and
large particulate matters present were removed manu-
ally. Then 20 L of wastewater was recirculated through
FBR (hydraulic flow rate = 80mL/min, retention time
= 18min). The flow rate was controlled by electric
dimmer connected with pump and subsamples col-
lected after 12, 24, 36, and 48 h. After 48 h treatment
through FBR, water was passed through SCF by peri-
staltic pump and flow rate was adjusted 43mL/min,
while the retention time across was 15min.

This experiment was performed at lab scale from
March to June (2011), where the temperature was con-
tinuously monitored during whole the treatment pro-
cess, ranged from 25 to 35˚C. Schematic diagram of
the whole treatment is presented in Fig. 1.

2.5. Physico-chemical analysis

Physico-chemical analysis of wastewater was car-
ried out by determining different parameters, i.e. pH
measured by a digital pH meter (D-25 Horiba) and
turbidity with nephelometric turbidity units (NTU) by
using water analyzer 2000 N (Nippon Denshoku). The
electrical conductivity (EC) was determined by a con-
ductivity meter (WTWcind330i in μS/cm), DO by a
digital DO meter. The biochemical oxygen demand
(BOD5) was measured by the 5-day BOD test, i.e.
5210B standard method and chemical oxygen demand
(COD) by kit (high range 14541 and low range 14560
CSB/COD kits) (Merck Co.). Total dissolved solids
(TDS) and total suspended solids (TSS) were mea-
sured by standard methods 1540C and 2540D, respec-
tively, while the orthophosphate (PO4) contents in
water were measured by 4500-P (standard method).
The sulfate (SO4) content in water was measure by
environmental protection agency (EPA) 0375 Barium
chrometery, EPA 4500 NO3-N used for the
determination of nitrate (NO3) and EPA 4500 NO2-N
for nitrite (NO2) (APHA, 2005). All parameters were
measured in triplicates, the treated sewage samples
were compared by T-test with zero time value and
p < 0.05 was considered as the minimum value for
statistical significance by using Microsoft Excel Pro-
gram (2007).

The sewage treatment efficiency (considering con-
centrations of each physico-chemical parameter) after

Fig. 1. Schematic diagram of treatment process: (1) sedimentation tank for collection of untreated wastewater, (2) feed
pump, (3) shower rose as a wastewater distribution system, (4) FBR filled with stone media, (5) feed pump for recircula-
tion of sewage through the bed of FBR, (6) peristaltic pump for pumping 48 h FBR treated sewage into SCF, (7) SCF, and
(8) final clarifier.
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12, 24, 36, and 48 h in the FBR and sand filtration was
determined by using formula.

Treatment efficiency ð%Þ
¼ 100� ðconcentration of pollutantÞi

�

� ðconcentration of pollutantÞe�=ðconcentration of pollutantÞi

where the subscripts “i” and “e” denoted influent and
effluent, respectively.

2.6. Microbiological analysis

Microbiological investigation of sewage was car-
ried out by most probable number technique (MPN/
100mL index of pathogenic indicators i.e. fecal coli-
forms and Enterococcus faecalis) and average bacterial
count (CFU/mL) according to Bergey’s Manual of
Determinative Bacteriology [20]. For determining the
MPN index of fecal coliforms (Escherichia coli, Salmo-
nella, Shigella, Klebsiella, Enterobacter and Citrobacter
sp.), the sample of influent (untreated) and effluent
(treated) sewage (48 h treated in FBR) was incubated
in MacConkey’s broth (MacB) using multiple tube
technique with inverted Durham tubes. Positive tubes
were sub-cultured on MacConkey’s agar (MacA),
nutrient agar (NA), and Mannitol salt agar (MSA)
plates. Finally, positive isolates were confirmed by
microscopic analysis (Gram’s staining) and MPN
index was calculated according to standard MPN
table. For investigation and enumeration of E. faecalis,
the untreated and treated sewage samples were incu-
bated in azide dextrose broth at 45˚C using same mul-
tiple tube technique. Then positive tubes were
subcultured on MacA and NA plates. Finally, positive
growth of coagulase-negative, Gram-positive cocci on
bile esculin agar and at 45˚C in Brain Heart infusion
broth verifies its fecal nature and MPN index was
determined according to standard MPN.

The CFU/mL of bacterial colonies in the influent
and effluent samples was determined by conventional
serial dilution method. These wastewater samples, i.e.
1 mL, were serially diluted up to 10−5. From dilutions
of 10−1, 10−3, and 10−5, 0.1 mL of sample was pipette
out, spreaded on NA and incubated at 37˚C for 24 h.
The colonies appeared on plates were counted with
colony counter and the CFU of each colony was then
calculated by using formula; CFU/mL = number of
colonies x dilution factor/inoculum size.

3. Results and discussion

The physical, chemical, and bacteriological parame-
ters exhibited considerable variations at different treat-

ment times in stone media FBR and SCF. All the
measurements were carried out in temperature range
(25–35˚C). The average results of the physico-chemical
and microbiological parameters for untreated and trea-
ted wastewater samples were discussed as follows.

3.1. Microbiological characterization of biofilm

In this study, the bacteriological characterization of
biofilm was performed by pure culturing technique and
was directly streaked on NA plates, incubated at 37˚C
for 24 h. For the isolation of pure cultures, different col-
onies appeared on NA plates were further sub-cultured
on selective media (eosin methylene blue (EMB),
MaCA, Salmonella Shigella agar (SSA), Pseudomonas ce-
trimide agar (PCA), MSA, blood agar (BA), etc.) and
incubated at 37˚C for 24 h. On the basis of microscopy
(Gram staining and shapes), cultural characteristics
(size, form, pigmentation, margins, elevation, and opac-
ity) on different media and biochemical tests (Triple
sugar iron test, Indole/H2S motility test, Citrate utiliza-
tion test, catalase test, urease test, methyl red
Voges-Proskauer test (MR-VP), and Oxidase test), differ-
ent bacterial strains identified in the biofilm were E. coli,
B. subtilus, S. typhimurium, P. fluorescens, P. aeruginosa,
E. aerogenes, S. aureus, B. cereus, S. lactis, A. faecalis,
M. luteus, P. vulgaris, K. pneumonia, C. xerosis, Actinomy-
cetes, Nitrosomonas, Nitrobacter, and Thiobacillus sp.
Andersson et al. [21]. The 13 bacterial strains studied in
wastewater have the capability to make a biofilm on
solid matrix. These microbial communities are mostly
involved in degradation of contaminants in sewage,
because they rapidly oxidize soluble organic and
nitrogenous compounds in wastewater [22,23].

3.2. Sequential treatment of sewage by FBR and SCF

3.2.1. Odor

Odor is one of the most important parameter for
the prediction of water quality. The untreated domes-
tic wastewater sample had dark gray color and
unpleasant smell. There are many causes of odor
including excessive organic substances in heavily pol-
luted water with high level of nutrients. The degrada-
tion of organic substances by bacteria produces a wide
variety of unpleasant odors. In this study, odor of the
water was improved significantly after treatment, due
to the removal of contaminants from wastewater [24].
During wastewater recirculation in FBR, more reten-
tion time between microbes and wastewater increased
the rate of contaminant removal, which has been des-
ignated to the increased DO concentration, and facili-
tated the oxidation of pollutants [25].
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3.2.2. Alkalinity

Alkalinity is the hardness of water, due to HCO�
3

and OH− [26]. In this study, alkalinity of raw sewage
(386mg/L) gradually reduced with different treatment
retention times, i.e. 12, 24, 36, and 48 h in FBR and
SCF, as shown in Fig. 2(a). The alkalinity reduced
47.12% after 48 h of FBR treatment (Table 1) to raw
sewage water. Reduction in alkalinity is very impor-
tant because the process of nitrification requires slight
alkaline condition for the conversion of ammonia to
nitrates and at higher alkaline condition, the microbe
loses their ability to convert ammonia into nitrates
[27]. Moreover, reduction of alkalinity is due to the
denitrification and microbial degradation of bicarbon-
ate in wastewater [26], as in this investigation maxi-
mum reduction in alkalinity was obtained after 48 h in
FBR and SCF treatments, indicating that more reten-
tion time of wastewater with biofilm, and accelerated
ammonia and carbonate decomposition.

3.2.3. pH

pH always used to express the intensity of the
acidic and alkaline nature of solutions, and any varia-
tion to the recommended range (6.5–8.5) may affect
living things [28]. Our results revealed that the pH of
sewage was reduced from 7.82 to 7.60–7.67 after FBR
and SCF treatments, as shown in Fig. 2(a). It has been
designated to denitrification in FBR, which probably
resulted in a decrease in pH as previously docu-
mented by Sakuma et al. [29].

3.2.4. Turbidity

Colloidal and extremely fine dispersions of pollu-
tants cause turbidity in water. Removal of turbidity is
very important in wastewater treatment, as it is under-
stood that the pathogenic micro-organisms flourished
in turbid water and cause contaminations which
results in epidemics [30]. The untreated sample had
turbidity of 1125.78 NTU and the permissible limit of
turbidity is 10 NTU by USEPA and < 5 NTU as pre-
scribed by WHO [28]. Our results elaborated that FBR
treatment of sewage significantly reduced the turbidi-
ties, 1125.78, 422.1, 267.6, 24.3, and 1.8 NTU, with dif-
ferent treatment times (12, 24, 36, and 48 h),
respectively. Furthermore, SCF treatment completely
removed turbidity from sewage water (Fig. 2(b)). This
study indicated that recirculation of wastewater in
FBR mostly removed organic and inorganic contami-
nants from wastewater [25]. The presence of large
amount of colloidal particles in sewage increases its
turbidity in one hand and on the other hand, it may
reduce the effect of disinfectant by protecting the
pathogenic organisms [31].

3.2.5. Dissolved oxygen concentration

The DO reflects the physical and biological pro-
cesses prevailing in water. The DO indicates the degree
of pollution in water bodies [30]. In this study,
untreated sewage water contained 1.63mg/L DO
value, indicated high pollution load. However, it was
gradually increased with increasing retention time in

Table 1
Characteristics of sewage before treatment and its comparisons with WHO (1993) and USEPA (1986) Guidelines; treat-
ment efficiency (%) of combined FBR and SCF system for sewage treatment

Parameters tested WHO standard USEPA standard Mean values of raw sewage

Treatment efficiency (%)

FBR (h)
SCF

12 24 36 48

pH 6.5–8.5 6.5–9.5 7.82 1.15 1.41 1.79 1.92 2.81
TDS (mg/L) 1,000 500–1,000 942 ± 2.22 5.73 8.81 16.88 24.63 27.70
EC (μS/cm) 400–1,215 NGV 979.2 8.40 11.87 19.30 26.68 29.43
TSS (mg/L) NGV 25–80 795 ± 3.00 15.50 29.43 42.76 66.0 100
Turbidity (NTU) 5 10 1125.78 62.50 76.22 97.80 99.84 100
BOD5 (mg/L) NGV 5–8 223.87 ± 1.00 48.03 57 72.38 89.67 97.12
COD (mg/L) 10 8–10 327.66 ± 1.52 47.80 56.56 72.23 89.62 97.15
Alkalinity (mg/L) NGV NGV 382 ± 3.00 8.12 21.73 34.55 47.12 55.50
Phosphate (mg/L) NGV 0.05 2.02 ± 0.005 7.92 23.76 31.68 38.12 41.58
Sulfate (mg/L) 250 NGV 0.635 ± 0.001 12.44 39.48 55.60 69.60 79.69
Nitrite (mg/L) 3 0.5 0.053± 0.001 137.7 323.3 175.4 18.86 62.26
Nitrate (mg/L) 50 0.5 0.134 ± 0.001 134.7 291.3 250.0 58.7 71.74

Note: NGV, not given value.
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FBR. The DO values significantly increased to 3.13,
5.11, 6.88, and 7.52mg/L with retention time in FBR
treatments, respectively, and reached to 7.59 mg/L
after SCF treatment, as shown in Fig. 2(c). The increase
in DO might be due to the decrease in COD, BOD5,
TSS, and TDS levels because it is already understood
that these parameters have indirect relation with DO,
any decrease in them increased the DO value [32].
From this study, it is clear that FBR with SCF have the
ability to increase DO. The higher DO values 7.1 ± 0.8
mg/L of wastewater indicates that this water could

support the oxygen requirements of the aquatic organ-
isms [33].

3.2.6. Biochemical oxygen demand

BOD5 is the amount of oxygen required for
microbes to degrade organic and inorganic waste in
the sewage. The initial value of BOD5 (223.87mg/L)
was higher while the DO (1.63mg/L) contained lower
concentration due to the huge amount of contaminants.
FBR and SCF treatments of sewage water significantly

Fig. 2. Changes in the levels of different parameters of sewage tested before and during treatment in the FBR and SCF at
25–35˚C, (a) pH, alkalinity, and chlorides, (b) turbidity, (c) DO, BOD5, and COD, (d) EC, TSS, and TDS, (e) phosphates
and Sulfates, and (f) nitrites and nitrates.
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reduced the BOD5 up to 89.67% and consequently DO
values (7.52mg/L) increased with retention time (48
h), indicating that sufficient amount of oxygen was
available for microbes in FBR (stone filter media) to
degrade organic contaminants in wastewater, as shown
in Fig. 2(c). Thus, the heterotrophic bacteria of biofilm
rapidly oxidized the organic matters and converted
them into biomass and gas. Similar results of BOD5

reduction were found in earlier study [34]. The reduc-
tion of BOD5 due to the microbial activity in FBR treat-
ment was also reported by Shipin et al. [35].
Furthermore, the FBR treated water when retreated
with SCF, BOD5 significantly reduced (97.12%) due to
wastes adsorption. The overall sequential treatment
showed highly significant results for 48 h treatment in
FBR (p < 0.001) and SCF (p < 0.001).

3.2.7. Chemical oxygen demand

COD is an indicator of organic contaminants in
water and usually expressed in milligrams per liter
(mg/L) [30]. In this work, COD of sewage water
(327.66mg/L) gradually reduced with the increasing
treatment time in FBR, 171, 142.33, 91, 34, and 9.33
mg/L after 12, 24, 36, and 48 h, and SCF, respectively
(Fig. 2(c)). After 48 h treatment of sewage water, COD
value was within range (9.33 mg/L) as mentioned by
USEPA (8–10mg/L). The value of COD decreased up
to 89.62% in FBR treatment (Table 1) was a significant
(p < 0.001) reduction. These results indicated that
micro-organisms of biofilm are responsible in the deg-
radation of carbon-containing compounds. Further-
more, results revealed that retention time of sewage
water in FBR and SCF plays a significant role in COD
reduction, due to microbial degradation of contami-
nants. Similar results of COD reduction were found in
FBR for domestic wastewater by early investigators Sa
and Boaventura [36]. The sequential application of
FBR and SCF proved to be very effective as to treat
wastewater within international limits and can be
discharged without any health hazards into the natu-
ral streams. The process of nitrification is also stimu-
lated by reduction of COD. Numerous bench-scale
studies have shown that nitrification is increasingly
suppressed with increased organic carbon loading
[37]. As carbon decreased, the concentration of DO
increased (Fig. 2(c)), and the possibility of oxygen dif-
fusion to the autotrophic nitrifiers increases, which
consequently triggered nitrification (Fig. 2(f)). The
decrease in COD values may also due to DO and
COD5, any increase in DO and decrease in BOD5

affect the COD values, reduction in alkalinity also pro-
vides good media for microbial activity and has posi-
tive effects in COD reduction.

3.2.8. Total dissolved solids and total suspended solids

In this investigation, TDS and TSS loads before
treatment were 942 and 795mg/L, respectively
(Fig. 2(d)). However, 66% reduction was observed
after 48 h treatment in FBR, while SCF complicity
(100%) reduced the TSS (p < 0.001), as shown in
Fig. 2(d), and also discussed by Szogi et al. [38]. On
the other hand, TDS showed 24.63% reduction after
48 h of treatment in FBR and 27.7% after SCF, as
shown in Table 1 (Fig. 2(d)).

3.2.9. Electrical conductivity

The EC before treatment was (979.2 μS/cm2) higher
than WHO limits (400–1,200 μS/cm2). The FBR and
SCF treatments decreased 26.86 and 29.43% after 48 h
treatments, respectively, as shown in Fig. 2(d) and
Table 1. The decrease in EC was designated to nitrate
ðNO�

3 Þ conversion into diatomic molecular nitrogen
(N2), which escaped to the atmosphere. There is a log-
ical relationship between the various parameters
which characterize the wastewater, such as COD,
color, turbidity, conductivity, and suspended solid,
which are interlinked to each other [39]. The decline
of other parameters also resulted in the reduction of
EC. The EC was also found to be associated with the
amount of TSS and fluoride; any decrease in their val-
ues decreased the EC [31].

3.2.10. Phosphates (PO4)

Polyphosphates from detergents, animal, and
human excreta into sewage, are the main source of
phosphates, causes eutrophication in lakes. It is
removed from wastewater by the intracellular micro-
bial accumulation for cellular activities and biomass
production [38]. No prescribed values are available for
orthophosphate in sewage by WHO. But according to
US/EPA, it should not exceed 0.05 mg/L if streams
discharge into lakes. This study showed around 2.02
mg/L of phosphate in raw sewage (Fig. 2(e)). How-
ever, 38.12% removal efficiency was obtained in FBR
after 48 h treatment time and 41.58% in SCF (Table 1).
It indicates that polyphosphate accumulating bacteria
might be present in the biofilm. Jin et al. [40] also
reported 80% phosphate removal efficiency of FBR.
But in other investigation, combination of anaerobic
fixed bed reactor and suspended aerobic activated
sludge reactor showed 97% efficiency [41]. Maximum
Phosphates and its binary compounds were removed
easily at neutral pH, but its higher and lower values
are not considered to be suitable in batch system [42].
Zeng et al. [43] Reported that nitrification and
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denitrifcation process also have positive effects on
phosphate removal, our results are also consistent
with the reported study.

3.2.11. Sulfates (SO2�
4 )

Sulfates are present in all types of contaminated
wastewater including natural run-off, domestic sewage,
and industrial effluent. Salts containing sulfates are
more soluble in water and impact hardness [44]. In the
present study, the average percentage reduction in sul-
fate was 12.44, 39.84, 55.60, and 69.60%
(p < 0.001) after 12, 24, 36, and 48 h, respectively, of
treatment in FBR and 79.69% (p < 0.001) in SCF (Table 1).
It might be due to the increase in DO concentration in
treated sewage during treatment, which is required for
oxidation of reduced sulfur compounds [44].

3.2.12. Nitrate (NO�
3 ) and nitrite (NO�

2 )

Urea and proteinaceous substances in sewage con-
tribute ammonia (NH3), nitrites ðNO�

2 Þ, and nitrates
ðNO�

3 Þ concentrations. The permissible range of NO�
2

and NO�
3 in drinking water is 50 and 3mg/L, respec-

tively [28]. In present study, the level of NO�
2 and

NO�
3 reduced to 0.013 and 0.02mg/L compared to its

initial values 0.053 and 0.134mg/L, respectively. Ini-
tially, the amount of NO�

2 increased to 323.3% in 24 h
followed by reduction (18.86%) after 48 h and then
showed further reduction (62.26%) after SCF treat-
ments. Similar trends were also presented by NO�

3

(291.3%) after 24 h of treatment and then reduced to
71.74% after SCF (Fig. 2(f)). The first increase of NO�

2

and NO�
3 in 24 h treated water designated to the

breakdown of ammonia to NO�
3 and NO�

2 by nitrify-
ing bacteria and then reduction in their values was
due the conversion of nitrite and nitrate to free nitro-
gen molecule by denitrifying bacteria. The increase of
DO and decrease of COD are supportive for nitrifying

bacteria to use dissolved carbon dioxide for new bio-
mass production compared to heterotrophs. Nitrifica-
tion and denitrification play significant role in the
removal of nitrogen in wastewater treatment [27]. The-
oretically, anaerobic condition within FBR plays an
important role in nitrogen removal by gentrification.
The pH also play an important role in denitrification
at pH (7.0–8.0) [45] and high nitrification and denitri-
cation process also help in phosphate removal from
wastewater [43]. In this investigation, decrease in NO�

3

due to their conversion to nitrogen molecule (N2) and
decrease in EC due to conversion of ionic form of
nitrogen i.e. NO�

3 into the diatomic molecular nitrogen
(N2), as shown in the Fig. 2.

3.3. Microbiological analysis of sewage before and after
treatment

The strength of bacterial population was deter-
mined in terms of CFU/mL. The average number of
bacteria in untreated, 48 h, and SCF treated sewage
samples were 5.33 × 1010, 2.88 × 106, and 1.32 × 103,
respectively. There was gradual reduction in its
count, which might be due to retention of pathogenic
micro-organisms (present in waste influent) on filter
media by adsorption and later removed or deacti-
vated by predation or natural die-off process [21].
MPN test for fecal coliforms (Salmonella, Shigella, Kleb-
siella, Enterobacter, Citrobacter, and E. coli) showed that
untreated sewage limit was between 150 and 4,800
probably more than 1,100 while that of 48 h FBR trea-
ted were in the range of 120–870/100mL. On the
other hand, MPN results for E. faecalis in untreated
sewage were in the range 140–4,800 probably more
than 1,100. Whereas, 48 h treated sewages were in
the range of 55–450 per 100mL (Table 2). The micro-
biological analysis of untreated and treated sewage
by MPN index and CFU not only determined the
percentage reduction of pathogenic bacteria but also

Table 2
MPN index of total fecal coliforms and E. faecalis of raw, FBR, and SCF-treated sewage samples at 25–35˚C

Pathogenic
indicators Sewage samples

MPN/100
mL

95% confidence limit

Lower Upper

Fecal coliforms Untreated
wastewater

>1,100 150 >4,800

48 h treated 210 120 870
Sand filter 140 60 190

E. faecalis Untreated >1,100 150 >4,800
48 h treated 220 55 450
Sand filter 130 60 190
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showed different types of bacterial strains present in
wastewater. It might be due to peak metabolic
activity of microbes at the given temperature.
Moreover, sewage also contained human excreta and
large amount of nutrients which support large
microbial populations. Approximately, 80–87%
reductions in fecal coliforms and 80–88% reduction in
E. faecalis were observed after combined application
of FBR and SCF. Almost similar reduction in the
pathogenic indicators after treatment by fixed film
bioreactor was reported by various investigators [46].
The sand bed filter proved to be efficient in
reduction of fecal coliforms and approximately,
80–85% reduction in fecal coliforms was reported by
Hill et al. [15].

4. Conclusions

This study concluded that FBR and SCF treatment
system proved to be efficient for sewage water treat-
ment at decentralized scale. A significant association
was found between the percentage removal of contam-
inants and pathogens with a different treatment time
and highest percentage removal was found after 48 h
retention time. The quality of treated water was found
to be considerably improved in terms of BOD5, COD,
TSS, and pathogen indicators i.e. fecal coliforms and
E. faecalis after sand filtration. A significant reduction
was observed in SO4, PO4, NO2, and NO3 concentra-
tions during treatment in FBR and SCF, indicating the
presence of sulfate-reducing, phosphate-accumulating,
nitrifying, and denitrifying microbes in the biofilm on
stone media. This study suggests that maximum reten-
tion time of sewage water with bioflim of trackling fil-
ter reduces the microbial load and chemical impurities
from sewage water and it can be scaled up for larger
application.
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