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Abstract
In developing countries, good-quality water is contaminated due to the disposal of untreated municipal
and industrial wastewater (WW) into natural water reservoirs. Most of the wastewater is not treated
properly according to international standards, and usually is disposed of and/or utilized for irrigation
without appropriate treatment. The main hurdles in providing wastewater treatment (WWT) in developing
countries include high costs, and the poor design, installation, and operation of conventional WWT systems.
Therefore, the present study explores the maize cobs trickling filter-based (MCTF) low-cost WWT option
for developing countries like Pakistan, India, and Bangladesh. In this regard, indigenous media trickling
filter was designed and developed using maize cobs as packing material for biofilm growth. The MCTFWWT system was continually operated and monitored for six months at constant hydraulic wastewater
loading of about 113±2 m3 per m2 per day. The experimental data covers winter and summer seasons with
temperature variations from 23ºC to 43ºC. System performance was evaluated by means of various WWT
parameters, including biological and chemical oxygen demands (BOD5 and COD), total suspended and
dissolved solids (TSS and TDS), turbidity, and color – before and after WWT. Experimental results showed
that the MCTF-WWT system successfully removed about 79% BOD and 75% COD on average. The key
reason for effective BOD and COD removal was rapid development of microbial film (within the first two
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weeks). Furthermore, the MCTF-WWT system removed 42-46% TSS, 28-30% TDS, 43-46% turbidity,
and 33-37% color. The study concludes that the MCTF-WWT system is an effective and economical WWT
option for irrigation/agricultural applications in developing countries.
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Introduction
Water is becoming a scarce resource in developing
countries like Pakistan, India, and Bangladesh due to the
disposal of untreated municipal and industrial wastewater
(WW) into natural water reservoirs. In this regard, experts
are trying all possible environmentally friendly options to
provide additional water sources for developing countries
that can be used economically for agricultural and/or
domestic applications [1]. Meanwhile, the requirements
for food production are continuously increasing due to high
population growth [2-3]. In this situation, supplemental
WW use in irrigated agriculture is becoming essential
to cope with increasing water scarcity. However, use of
untreated WW in irrigated agriculture could have a number
of negative impacts due to WW contaminants that may
get incorporated into agricultural produce. In addition,
the quality of surface and groundwater sources has also
deteriorated due to the disposal of untreated municipal
and industrial effluent into natural receiving water bodies
[4]. The pollutants from wastewater may also accumulate
in the farm soil and aid the development of a disease
vector’s habitats such as mosquitoes and flies [5-6]. Such
negative aspects can be controlled and possibly eliminated
through effective wastewater treatment (WWT) in order to
provide safe WW utilization in agriculture. In developing
countries, limited WWT facilities are in practice due
to economic and social constraints [7]. According to a
study, only 5-8% of domestic and industrial wastewaters
receive treatment in Pakistan before its reuse [8-10]. The
main hindrance in construction and installation of WWT
systems is cost, energy, trained human resources, and
operational complications [11-12]. To resolve these issues,
several options may be adopted such as trickling filters,
cascade aeration, adsorption filters, oxidation ditches,
aerated ponds, etc.
The trickling filters are technically less complex as
compared to other biological WWT systems [13]. These
are resilient against power failures and shock loads,
and possess a small environmental footprint. It enables
simple design considerations and requires relatively
lower installation cost, energy, land area, repair, and
maintenance. Therefore, implementation of a trickling
filter is an attractive biological treatment option for WW.
It is an attached growth biological process in which the
biofilm/microbial community resides on the rock/plastic
packing in the trickling filters. It contains microorganisms
for the biodegradation of the substrates to remove these
substrates from the wastewater. The microbial community
contains aerobic and facultative bacteria, fungi, algae,

and protozoans [14-15]. Many factors affect the aerobic
zone of the biofilm such as organic substrate, oxygen
concentration, temperature, ventilation, wastewater pH,
and characteristics of filter media including size, depth,
weight, specific surface area, and void ratio, etc. [16-17].
Therefore, media selection is also an important factor
for improving the performance efficiency of a trickling
filter. Effective media plays a key role in the development
of microbial community/biofilm. Several biofilm support
media have been used to increase the performance of
a trickling filter, such as rocks/plastic [14], a nylon pot
scrubber [18], commercial rings (e.g., crushed leca, kaldnes,
and Norton), calcitic gravel [15-16], luffa cylindrical
[19], geotextile [20], pall rings [21], polyurethane foam
pores [22], coal cinder [23], tire-derived drubber [24],
oyster shell [25], corrugated plastic sheet [26], stone [27],
gravel and zeolite [28], sponge [29], zeolite and ceramsite
[30], polypropylene plastic [31], biochar chips [32], and
ceramic particles [33]. These are either costly or not easily
available by small landholder farmers. Most of these
materials (e.g., plastic, geotextiles, commercial rings,
polyurethane foam, tire-derived rubber, sponge, biochar
chips, and ceramics) are being prepared synthetically
and cannot work without introducing specific seeding/
acclimatization of the microbial community. It would
eventually increase operational costs of the treatment
system [14-33]. Moreover, technically trained human
power is required to operate the treatment systems and
also not easily available by the small landholder farmers.
On the other hand, indigenous materials generated from
agricultural wastes can be used as biofilm support media
to improve trickling filter performance efficiency. In this
regard, the present study focuses on maize cobs, which is
the waste generated by processing corn. According to a
study in 2006, the worldwide annual production of maize
cobs is about 520 x109 kg [34], which shows the scope of
the study in developing countries.
In developing countries, maize cobs usually lead to
severe management and environmental problems at farms,
and therefore can be successfully utilized in trickling filter
for WWT. The maize cobs have a filamentous structure,
which may cause rapid attachment and development
of the microbial community. It provides considerable
specific surface area, high void ratio, and small specific
gravity [35-36]. From the above prospective, a maize cobs
trickling filter-based (MCTF) WWT system was designed
and developed in the present study. MCTF-WWT system
performance was evaluated by means of WW parameters
of color, turbidity, biological and chemical oxygen
demands (BOD5 and COD), and total suspended and
dissolved solids (TSS and TDS) before and after the WW
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Experimental Section
Wastewater

In the present study, wastewater samples were collected
from sewage collection stations at Bahauddin Zakariya
University in Multan, Pakistan. The WW samples were
analyzed for various parameters before and after WW
treatment. The COD and BOD were tested according
to the standard methods described in APHA Standard
Methods (2012) [37]. TSS, turbidity, and color were tested
using a Spectroquant Multi (made in Germany, Sr. No.
11/4149). The temperatures of the samples were measured
using DO+6 EuTech (Sr. No. 662684) in ºC, whereas he
TDS were determined using an Eco Tester TDS Low.

Biofilm Support Media
Biofilm support media (i.e., maize cobs for the MCTFWWT system) were obtained from an agricultural site in
Multan. Pictorial representation of maize cob shells with
and without grains is shown in Fig. 1. Maize cobs are
initially dried in an oven and cut into equal-sized pieces
having length (h) and diameter (d) of 7.97 cm ± 0.30 cm
and 2.54 cm ± 0.20 cm, respectively. Prepared maize
cobs are dipped into distilled water and washed carefully.
Cleaned maize cob shells are then dried in an oven at
105ºC for 5 hr. After that these were sterilized at 16 psi for
30 min [23, 32]. Surface area and volume of the maize cobs
was calculated using the following slandered equations,
i.e., A = 2πr (r + h) and V = π r2h. The parameters r
and h represent the radius and height of the maize cobs,
respectively, as mentioned in Fig. 1 and Table 1. It was
found that average specific area and volume of maize cob
shells was 167.64 cm2 and 161.45 cm3, respectively. The
specific surface area of the maize cob was determined by
dividing the surface area with volume of the maize cob,
which was 1.03 cm2/cm3. The characteristics of the maize
cobs packing material are given in Table 1.

Fig. 1. Pictorial representation of maize cob shells with (left) and
without (right) grains.
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Table 1. Characteristics of the maize cobs as biofilm support
media.
Parameters

Unit

Value

length (average)

[cm]

7.97±0.3

diameter (average)

[cm]

2.54±0.2

pH (average)

[-]

6.11

average moisture content (at
field capacity)

[%]

58.6

dry filled weight (average)

[g]

192

specific surface area
(average)

[cm2/cm3]

1.03

true density (average)

[g/cm3]

1.18

porosity (average)

[%]

69.8%

C:H:N:S

[%]

45.3 : 7.1 : 0 : 0

MCTF-WWT System Setup and Procedure
The body of the MCTF-WWT system was fabricated
in the university’s departmental workshop using a gauge
22 = 0.64 mm Zn alloy-based metallic sheet in a circular
shape with 76.2 cm diameter and 152.4 cm high. The
schematic diagram of the developed MCTF-WWT
system is shown in Fig. 2. Latitude and longitude values
of the installed MCTF-WWT system are 30.2639°N and
71.5101°E. The drainage layer having depth of 30.48 cm
was laid on the bottom of the reactor body as shown in
Fig. 2. The drainage layer in the MCTF-WWT system
was designed with rocks having slotted tops to admit the
WW and support the media. It served three functions: (i)
to transmit the wastewater passing through the filter, (ii) to
slough solids from the filter to the settling tank, and (iii)
to maintain aerobic conditions by supplying ventilation
to the filter. The MCTF-WWT system was packed with
maize cob filter media as packing material on top of the
drainage layer in order to support the biofilm. The packing
material maize cobs was installed gently to ensure zero/
minimum breakage during installation. The media was
supported by a circular steel grid that rested at 30.48 cm

Fig. 2. Schematic diagram of the developed MCTF-WWT
system.
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above the bottom of the filter. The grid was constructed in
a circular section using steel strips. The depth of the media
in MCTF was 137.16 cm with effective volume of 0.62 m3
[14, 16, 23].
After the development of biofilm growth on
maize cobs, the developed MCTF-WWT system was
operated at constant hydraulic loading rate (HLR) of
113±2m3/m2/day for six months with variable organic
loading of about 9 to 20 kg BOD/m3/day. The WW
distribution in the MCTF-WWT system was kept constant
for each run. The hydraulic loading rate was increased
twice a week up to 151.68m3/m2/day in order to flush out
the possible solids accumulated in the media. The removal
efficiencies (η) were calculated using the following
relationship [15, 27, 33]:
(1)
…where Cin [mg/l] and Cout [mg/l] are the influent and
effluent concentrations, respectively.

Results and Discussion
One month prior to the experiments, the wastewater
samples were collected from the sampling cites (as
described previously) and analyzed for various WWT
parameters in order to establish the basic knowhow about
wastewater and sampling sites. The influent composition
has been determined and the corresponding results are
given in Table 2. It can be seen that the resulting BOD
and COD ranged from 103 mg/L to 276 mg/L and
124 mg/L to 300 mg/L, respectively. In addition, the TSS
and TDS was found to be about 80 mg/L to 111 mg/L
and 590 mg/L to 698 mg/L, respectively. Therefore,
the average WW composition indicates that it could be
classified as medium type municipal sewage [14, 28].
Furthermore, average BOD5/COD was more than 0.80,
which indicates that the system didn’t require any kind of
acclimatized biomass for initial startup [33, 38].
After packing maize cobs media into the MCTF-

Table 2. Influent composition of wastewater collected from the
sampling cites.
Parameter

Range

Average

biological oxygen demand, BOD
[mg/L]

103-276

214

chemical oxygen demand, COD
[mg/L]

124-300

250

temperature [ºC]

23-43

34

total suspended solid, TSS [mg/L]

80-111

101

total dissolved solid, TDS [mg/L]

590-698

658

turbidity [FAU]

603-699

647

color [pt/co]

103-276

214

WWT system, the system was fed with primary-treated
wastewater using a constant head feed tank through
2.54 cm diameter PVC pipes as shown in Fig. 2. The
constant head feed tank was plastic and installed exactly
above the reactor. The feed tank was filled using a 1.5
hp submersible pump with a 10 m head. The influent
was entered into the tank through PVC pipes, whereas
the control valves were provided to adjust the constant
hydraulic flow rate passing through the reactors. An
additional PVC pipe of the same diameter was also
installed above the feed tank, which gives it the provision
to bypass the extra influent. The WW was sprinkled over
the media for three weeks as a startup period in order
to develop the biofilm. It was observed that the MCTFWWT system started to develop a biofilm layer just after
15 days of operation without biomass acclimatization.
This is because the average value of influent BOD5/COD
was more than 0.80, which indicated that the WW didn’t
require any kind of pre-treatment or acclimate biomass
[38]. Initially, the MCTF-WWT system was operated as
batch reactor for a period of about 30 days to ensure fully
attachment of the microbial community onto the support
media maize cobs for proper biofilm development.
Several operating cycles were performed until the MCTFWWT system reached full reduction of organic matter. It
has been considered that the startup period of the MCTFWWT system was completed and the filters were ready for
full operation.
During the active experiments on the MCTF-WWT
system, the influent and effluent samples were collected
at regular intervals for the performance evaluation of
the system. The frequency of the sample collections and
analytical methods employed for estimations are listed in
Table 3. All the parameters were tested according to the
standard protocol as mentioned in Table 3. The coming
section will discuss the performance evaluation of the
MCTF-WWT system for individual WWT parameters.

COD and BOD Removal
Biological and chemical oxygen demand (COD and
BOD) tests were performed for performance evaluation
of the developed MCTF-WWT system by reducing the
pollution strength of municipal wastewaters. Results
showed that the COD concentration in influent and effluent
ranged from 124 mg/L to 300 mg/L (average 250 mg/L),
and 8 mg/L to 155 mg/L (average 67 mg/L), respectively.
However, the BOD concentration in influent and effluents
ranged from 103 mg/L to 276 mg/L (average 214 mg/L)
and 5 mg/L to 129 mg/L (average 49 mg/L), respectively.
The developed MCTF-WWT system possessed COD
removal efficiency of 52-96% (average 75%), and BOD
removal efficiency of 51-96% (average 79%). The detailed
results are plotted in Figs. 3 and 4 for COD and BOD
removal efficiencies, respectively. Referring to Figs. 3 and
4, we can notice that the developed MCTF-WWT system
rapidly reduces COD and BOD pollutant strength after the
formation of a slime layer on the maize cob filter media.
This is due to the filamentous structure of the maize cob
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Table 3. Frequency of sample collections and analytical methods
employed for estimating WWT parameters.
Parameter

Methodology

Frequency

Biological oxygen
demand, BOD [mg/L]

APHA Standard
Methods
(Method No.
5210B)

Once a week

Chemical oxygen
demand, COD [mg/L]

APHA Standard
Methods
(Open Reflux
Method, Method
No. 5220B)

Thrice a
week

Temperature [ºC]

DO +6 EuTech
(Sr. NO. 662684)

Regular

Total dissolved solid,
TDS [mg/L]

Eco Tester TDS
Low

Thrice a
week

Total suspended solid,
TSS [mg/L]
Turbidity [FAU]
Color [pt/co]

Spectroquant
Multi
(made in
Germany, Sr. No
11/4149)

Fig. 3. COD removal efficiency profile observed through the
MCTF-WWT system.

Thrice a
week
Thrice a
week
Thrice a
week

filter media that causes rapid attachments of microbes.
It is worth mentioning that the COD and BOD
removal efficiencies were decreased during the MCTFWWT system operating days of 5 to 40. This might be
due to the accumulation of microbes on maize cob filter
media, which increases slime layer thickness. Therefore,
it maintains an anaerobic zone on the upper part of the
biofilm, which slows down the degradation of organic
substrates. Soon after 40 days of MCTF-WWT system
operation, the COD and BOD removal efficiencies start
increasing gradually with the passage of time as shown in
Figs. 3 and 4, respectively. This is because the anaerobic
zone was destroyed using proper flushing, by which the
aerobic zone was maintained in the outer portion of the
slime layer [39-42]. Therefore, in the present study after
40 days of MCTF-WWT system operation, 85-90% of
COD and BOD removal efficiencies were yielded. In
addition, COD and BOD removal efficiencies varied with
respect to ambient air temperature as shown in Figs 3 and
4. The maximum COD and BOD removal efficiencies
of 96% were achieved in summer, when temperature
ranged 35-43ºC. On the other hand, minimum COD and
BOD removal efficiencies were achieved in winter, when
temperature ranged 23-28ºC.
Such behavior of COD and BOD removal efficiencies
might be due to organic compound degradation by the
microorganisms attached with MCTF media due to
variations in ambient air temperature [20, 31]. The increase
in COD and BOD removal efficiencies was associated
with the increase in temperature and the development
of efficient biofilm on maize cobs. According to the
experimental results, environmental temperature has a
positive effect on biofilm development. This is because
most of the bacteria flourish well in the temperature range

Fig. 4. BOD removal efficiency profile observed through the
MCTF-WWT system.

25-40ºC. Thus, it contributes to the removal of more
pollutants from wastewater as their food [25, 33, 42].
Moreover, experimental results confirmed that ambient air
temperature fluctuation can affect the organic compound
degradation present in influent concentration and that
is consequently yielded in variations of COD and BOD
removal efficiencies.
Most often in trickling filter-based WWT systems,
natural ventilation is the primary source of airflow within
the filter. This is because the driving force for airflow is
the temperature difference between the ambient air and
the air inside the pores. It is worth mentioning that the
airflow direction will be downward when the wastewater
is cooler than the ambient air, whereas it will be upward
when the ambient air is cooler than the wastewater.
Therefore, higher values of COD and BOD removal
efficiencies were yielded in summer due to higher oxygen
availability for maintaining the aerobic zone in the outer
portion of slime layer that also leads to organic substrate
degradation. Similarly, the lower values of COD and BOD
removal efficiencies obtained in winter season were due
to the low oxygen availability, which ultimately increases
slime layer thickness and establishes an anaerobic zone in
the outer portion of the slime layer. The formation of an
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anaerobic zone decreases the full degradation of organic
substrates before it has been discharged from the MCTFWWT system [43-45]. In addition, maize cobs were
degraded during the experiments but no notable impact
was observed on BOD and COD removal efficiencies
during the study period. This might be due to periodic
flushing of the filter media maize cobs, which eventually
help to replenish the aerobic environment during system
operation. A similar study was conducted using corn cobbased biogenic filter material in the biofilter system [46].
According to the results presented in [46], COD and BOD
removal efficiencies of 75-78% were yielded at different
hydraulic retention times. Therefore, the present study on
MCTF has advantages over the corn cob-based trickling
filters, and can be beneficial for establishing a low-cost
WWT system, especially for developing countries.

TSS Removal
Determining total suspended solids (TSS) in any
WWT system is very important in order to emphasize
the physical states of principal WW constituents [15,
27]. The value of TSS in influent was in the ranges of
80-111 mg/L with an average of 101 mg/L. After
treatment by the MCTF-WWT system, the TSS effluent
concentration ranged 44-63 mg/L with an average of
52 mg/L (Fig. 5). According to the experimental results,
the MCTF-WWT system achieved an average TSS
removal efficiency of about 46%. The system removed
TSS up to 44 mg/L with maximum removal efficiency of
56% (Fig. 5). The MCTF-WWT system possesses rise and
fall in TSS removal efficiency during the study period,
which could be due to the accumulation of sloughed off
biomass and/or solid dragging from the maize cob filter
media in effluent during the treatment process. Many
researchers have identified that the COD, TSS, and TDS
are directly related to electrical conductivity (EC) [4748]. The larger the number of suspended solids in WW,
the higher will be the wastewater EC and vice versa. In
this study it has been observed that the MCTF-WWT
system removed TSS with respect to COD reduction, and

Fig. 5. TSS removal efficiency profile observed through the
MCTF-WWT system.

the TSS concentration is reduced with the decrement in
COD concentration. Finally, the study concludes that the
MCTF-WWT system possesses a reasonable TSS removal
efficiency, and the system can be utilized efficiently for
WWT in developing countries.

TDS Removal
TDS is also an important parameter in WWT,
which indicates the physical state of the principal
WW constituents. In this study, the TDS concentration
in influent ranged 589-697 mg/L, with an average
657 mg/L (Fig. 6). According to the experimental results,
the developed MCTF-WWT system yielded a TDS
effluent concentration of about 358 mg/L to 455 mg/L,
with an average of 412 mg/L (Fig. 6). It can be seen
that the TDS removal efficiency of the MCTF-WWT
system was fluctuating throughout the observation period
and ranged 17-43%. Moreover, it has been found that
the ability of the MCTF-WWT system to remove TDS
was gradually increasing with the operational time, and
maximum removal efficiency of 41-43% can be achieved
after 100 days of operation (Fig. 6). However, the average
TDS removal efficiency was limited to 37%. Conversion
of NO3 into diatomic molecular nitrogen (N2) is probably
the key reason behind TDS concentration decrement,
which also decreases wastewater EC [49]. Similarly,
many studies have verified the connection of TDS with
wastewater EC [47]. The study concluded that the MCTFWWT system can remove a reasonable amount of TDS
and consequently could be a handy solution for WWT in
developing countries.

Turbidity Removal
Turbidity is another important physical parameter
of WWT that may cause pathogen growth leading to
outbreaks of waterborne diseases [30]. In this study the
value of influent turbidity was 52-93 FAU (Fig. 7). It
can be seen that the average turbidity value of untreated
WW was very high (i.e., 85 FAU), which could be due to

Fig. 6. TDS removal efficiency profile observed through the
MCTF-WWT system.
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Fig. 7. Turbidity removal efficiency profile observed through the
MCTF-WWT system.

the presence of particulate and organic matters in WW.
The experimental results showed that the MCTF-WWT
system removed turbidity up to 35 FAU to 63 FAU,
with an average of 45 FAU (Fig. 7). Similar to TDS, the
ability of the MCTF-WWT system to remove turbidity
increases with the increased operational time. The average
turbidity removal efficiency of 46% was achieved by the
system while possessing the maximum of 57% after 100
days of operation. Such behavior of turbidity removal
by the MCTF-WWT system is due to the degradation of
compounds in WW by microorganisms attached to maize
cob filter media [49-50]. It has been observed that turbidity
removal efficiency is associated with COD concentration,
and decreases with the decrease in COD concentration and
vice versa [47]. The study concludes that the developed
MCTF-WWT system can remove the WW turbidity
sensibly, which could lead toward the development of a
low-cost WWT system for developing countries.

Color Removal
Color removal in WW is also important due to the
elimination of visible pollutants [51]. The primary concern
about removing color from WW is not only its toxicity, but
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also its undesirable aesthetic impact on receiving waters
[52-53]. In the present study, influent color concentration
was 603-699 pt/co with an average of 647 pt/co (Fig. 8).
Results showed the MCTF-WWT system removed color
concentration up to 352 pt/co to 450 pt/co with an average
of 404 pt/co. The color removal efficiency of the system
was 31-42%, with an average of 37%. As the true color
of WW is usually associated with dissolved organics,
minerals and/or chemicals in WW, the key factors of
color removal in the present work are reduction in TSS,
TDS, and turbidity. Furthermore, it can also be due to
adsorption capability of the maize cobs filter media [54].
We concluded that the developed MCTF-WWT system
can be a low-cost solution for color removal in WWT for
developing countries.

Conclusions
In the present study we designed and developed a
simple and low-cost maize cobs tricking filter-based
(MCTF) wastewater treatment (WWT) system for
developing countries like Pakistan, India, and Bangladesh.
In this regard, wastewater (WW) samples were collected
from sewage collection stations located at Bahauddin
Zakariya University. The WW samples were analyzed for
various parameters (including COD, BOD, TSS, TDS,
turbidity, and color) before and after WW treatment using
the MCTF-WWT system. The MCTF was packed with
maize cob shells obtained from an agricultural site. The
maize cobs were used as support media for biofilm growth
in the MCTF-WWT system. The system was operated for
six months in order to evaluate its performance for various
WWT parameters.
According to the experimental results, the MCTFWWT system successfully removed about 79% BOD and
75% COD on average. The key factor for effective BOD
and COD removal was rapid development of microbial
film (within the first two weeks). This is probably due to
the filamentous structure, relatively high specific surface
area, and inter-cob voids of the maize cob packing
material. It is worth mentioning that the developed system
solves the problems faced by conventional filter media
such as the slow start up of biofilm. In addition to COD/
BOD, the system removed 42-46% TSS, 28-30% TDS,
43-46% turbidity, and 33-37% color on average. The
study concludes that the maize cobs-based trickling filters
could establish efficient and low-cost WWT systems for
developing countries. Moreover, the treated WW from
the MCTF-WWT system can be effectively utilized
for irrigation/agricultural applications in developing
countries.
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