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a b s t r a c t
The aim of the present study was to explore the possibility of using the downflow filtration process 
using multi-media filters as a good alternative to the reuse of wastewater from the wastewater treat-
ment plant of Baharan Industrial Town, Hamadan, Iran. The experiments were carried out with a 
pilot-scale reactor and three variants of the filter medium including garnet, silica, and anthracite. 
To achieve the aims of the present study, the effectiveness of three different coagulants including 
poly aluminum chloride (PAC), sulfate aluminum (Alum), and ferric chloride (FeCl3) were inves-
tigated. Different operational parameters, that is, turbidity, total solids (TS), total suspended solids 
(TSS), total dissolved solids (TDS), chemical oxygen demand (COD), biochemical oxygen demand 
(BOD5), total phosphorous (TP), and heavy metals were investigated before and after filtration. The 
results indicated that the best coagulant for the coagulation process was alum (the concentration 
of 400 mg/L). Also, the maximum removal efficiency of turbidity, TS, TSS, TDS, COD, BOD5, and 
TP were 96.99% ± 0.6%, 25.64% ± 3.6%, 97.02% ± 0.6%, 19.31% ± 3.9%, 80.89% ± 3%, 81.6% ± 3%, and 
83.20% ± 2.14% at a surface load of 5 m/h after a contact time of 6 h, respectively. The maximum 
removal rate of heavy metals was 58.9% after 9 h of filter operation at a surface load of 5 m/h. The use 
of a direct filtration process with multi-bed filters could provide the possibility of use of the waste-
water treatment plant effluent of Baharan industrial town in agriculture so that this effluent can be 
employed as a water resource.

Keywords: Direct filtration; Multi-media filters; Wastewater reuse; Baharan industrial town

1. Introduction

Drought and water shortages in countries around the 
world, including Iran, have caused many problems, espe-
cially in the tropics. Increasing population and subsequent 
development of industry and agriculture have led to a sig-
nificant increase in water consumption. Excessive extraction 
from groundwater aquifers and contamination of surface 
water have also exacerbated the water shortages. Given the 
current situation, the use of wastewater is a basic solution 

to meet water needs [1,2]. Reuse and recycling of treated 
wastewater for use in various applications such as irriga-
tion of agricultural lands, industrial cooling, aquaculture, 
and artificial recharge of groundwater aquifers are suit-
able solutions to deal with the water shortages. Today, the 
use of treated wastewater for discharge to water intake 
resources (surface and groundwater) is of great importance 
as an important and permanent source due to the lack of 
fluctuations in production throughout the year, lack of 
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relationship with annual rainfall, and ease of access [3]. 
The use of wastewater for various purposes, due to high 
contact with humans, will lead to severe health risks associ-
ated with biological pathogens such as pathogenic bacteria, 
worms, protozoa, and intestinal viruses; therefore, the pro-
tection against these microbial factors should be considered 
more than other cases [2]. Due to the irreparable damage 
caused by improper disposal of raw or treated wastewater 
to the environment, health and environmental guidelines 
have been enacted regarding discharge to receiving sources, 
which are known as wastewater disposal standards [4,5]. 
With the discovery of the relationship between water pol-
lution caused by wastewater discharge and water-related 
diseases, various engineering methods were introduced to 
change the water intake points of the river and the need for 
advanced treatment to provide safe water. In third world 
countries, especially tropical and subtropical countries, 
simple, cheap, and reliable technology is needed to access 
new water resources. In wastewater reuse planning, the 
type of consumption determines the amount of treatment 
required, the quality of water produced, and the quality of 
water distribution and use. One of the cases is the proper 
use of wastewater from treatment plants for various urban 
uses [6]. For this purpose, conventional treatment, which is 
carried out in accordance with the physical and chemical 
standards of discharge, often cannot bring the microbial 
and chemical quality of the effluent to an acceptable level 
for water reuse [7]. Recently, the use of biological pro-
cesses in either attached and suspended growth in indus-
trial wastewater treatment has been proposed, especially to 
remove resistant toxic substances, organic matter, and nutri-
ents from industrial effluents [8]. Therefore, the possibility 
of reuse of the treated wastewater requires an advanced 
treatment stage on the effluent after biological treatment. 
For this, advanced treatment processes to achieve quality 
standards for wastewater reuse include processes based on 
solid and liquid separation such as chemical coagulation, 
flocculation, filtration, and disinfection [9]. In the advanced 
wastewater treatment process, filtration [10], reverse osmo-
sis [11], membrane methods [12], adsorption [13], advanced 
oxidation processes [14], and natural treatment [15] have 
been achieved to meet guidelines and standards for waste-
water reuse [16]. Among the various advanced wastewater 
treatment method, the filtration processes have been used 
as one of the oldest and simplest treatment methods. There 
are various types of filters, and different factors including 
economic considerations, contaminant removal efficiency, 
and saving water consumption for backwash water are 
effective in selecting the filter type [2]. Traditionally, single 
media filtration with granular media, such as sand, has been 
employed to treat water and wastewater, depending upon 
the flow rate applied. However, filtration with sand media 
is still unable to remove water impurities including ammo-
nium ions [17]. In the second half of the 20th century, sand 
media combined with other media such as activated carbon 
and zeolites have exhibited adequate hydraulic properties 
and effectiveness in removing pollutants in aquatic solu-
tions [18]. Recently, multimedia filters, which are an upgrade 
of single and dual media, are used for increasing filtration 
efficiency. The media combination has additional charac-
teristics apart from removing particulates in the filtration 

process, as well as removing dissolved organic substances 
in the adsorption process [19,20].

The longer life cycle of the filter, the higher filtration rate, 
and the greater ability to filter the water with high turbidity 
and suspended solids are the main advantages of multi-me-
dia filters, compared to single and dual media filters [21]. 
Direct filtration, as a method used for treating water, con-
sists of the addition of coagulant chemicals, flash mixing, 
coagulation, minimal flocculation, and filtration, which has 
been used for improving surface water quality. High filtra-
tion rate, reduced operating and maintenance costs, lower 
initial investment, and less land requirement due to the 
elimination of the clarification process before filtration are 
the advantages of direct filtration compared to conventional 
filtration [22,23].

Baharan industrial area was selected for this study. 
The plants with an area of 136 × 104 m2 are located in 
Hamadan province which is located in the west of Iran. 
Currently, 56 active industrial units are operating in this com-
plex industrial unit. These plants discharge their wastewater 
with a volume of 360 m3/d directly into the special indus-
trial sewage system. In this wastewater treatment plant, the 
wastewater from industries is conventionally treated by the 
biological treatment process. Finally, the effluents directly 
discharge to the environment which does not conform to 
wastewater reuse guidelines in terms of physicochemical 
and microbial properties. In the present study, the effec-
tiveness of direct filtration using a multi-media filter for 
treating the effluent of the Baharan industrial wastewater 
treatment plant was investigated.

2. Materials and methods

2.1. Chemicals

The chemicals used in this study include alum, ferric 
chloride, poly aluminum chloride (PAC). The chemi-
cals used in this study are purchased from the Merck 
Company, Germany. The purity of ferric chloride, alum, and 
PAC coagulants used in this study is 99%, 58%, and 29%,  
respectively.

The most commonly used coagulants are ferric sul-
fate, aluminum sulfate, ferrous sulfate, and ferric chlo-
ride. The most common coagulants for water treatment are 
aluminum sulfate and iron salts, while alum and lime are 
mostly used for wastewater treatment. Aluminum sulfate 
(alum) is used more than iron salts because it is cheaper. 
The most common coagulants for removing turbidity 
from water are iron and aluminum salts, including ferric 
sulfate, aluminum sulfate, and PAC, all of which are syn-
thetic and mineral materials. The use of ferric chloride to 
remove turbidity is associated with the formation of color 
in the water, which causes the reddish-yellow and yellow 
spots on objects, and if its amount in the water is more than 
1 mg/L, it causes turbidity and gives the water a medicinal 
taste. The need for oxygen and high pH for ferrous sulfate 
and the need for high alkalinity of water to use ferric sul-
fate and ferric chloride, as well as the low efficiency of these 
coagulants in case of high concentration of organic mat-
ter and dye, are among the problems associated with the 
use of the mentioned coagulants [24,25].
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2.2. Pilot specifications and run

The present study was an experimental study that was 
conducted using a pilot-scale laboratory with continuous 
flow. This study was performed on a real sample of effluent 
from the industrial treatment plant of Baharan industrial 
town in the chemistry laboratory located in the Faculty of 
Health of Hamadan University of Medical Sciences. A pilot-
scale system was used for this study. The main components 
of the pilot used in this study were a rectangular cylinder 
made of Plexiglas with a height of 2 m and a cross-section of 
36 cm2 with a square cube cross-section consisting of over-
flow to adjust the water height on the bed, and inlet and 
outlet adjustment valves. Also, a peristaltic pump was used 
to regulate the inlet flow to the substrate and equipment 
related to coagulation and flocculation consisting of a mixer 
and coagulation pool. Discharge of effluent on the bed was 
done by inlet valves and sampling to measure the desired 
parameters, as well as washing with water and air com-
pressor was performed by the outlet valve. The direction of 
flow was down-flow. The substrates used in this study were 
anthracite, silica, and garnet, and the total height of the sub-
strates in this pilot was 75 cm; this bed included 40 cm of 
anthracite (ES = 1.4 mm, UC = 1.6) with a specific gravity 

of 1.6 as the top layer, 25 cm of silica sand (ES = 0.6 mm, 
UC = 1.6) with a specific gravity of 2.65 as the middle layer, 
and 10 cm garnet (ES = 0.3 mm, UC = 1.6) with a specific 
weight of 4.2 as end layer. Fig. 1 shows the real and sche-
matic diagram of the pilot plant. Jar test was performed to 
determine the optimal type and dose of coagulant using a 
jar test device and different amounts of coagulant [5]. In 
this study, three types of common and widely used coag-
ulants including alum, ferric chloride, and PAC, which are 
used in most treatment processes and are easy to access, 
were used.

2.3. Method of analysis

After transferring the effluent from the wastewa-
ter treatment plant of Baharan Industrial Town to the 
Environmental Chemistry Laboratory of the Department 
of Environmental Health Engineering, the effect of con-
ventional variables on the coagulation process includ-
ing pH (alum: pH = 5.5−7, PAC: pH = 6.5−8.5, and ferric 
chloride: pH = 5.5–7.5) and concentration of coagulant 
(alum: 5–50 mg/L, PAC: 2–15 mg/L, and ferric chloride: 
10–50 mg/L) was investigated separately and during the 
rapid mixing (120 rpm), slow mixing (20 rpm) and settling 

 

Fig. 1. Real (a) and schematic (b) diagram of the pilot plant.
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(20 min) steps. The turbidity of the effluent was deter-
mined at each stage of the experiments, and finally, the 
best type and concentration of coagulant was determined. 
Coagulation steps were performed on the actual sample 
using the optimal type and dose of coagulant and injected 
on the substrate using a peristaltic pump at 3 levels of the 
surface load of 5, 8, and 12 m3/m2/h. Each time, the desired 
surface of the reactor was tested 3 times, the average results 
were reported. The experiments were performed to mea-
sure the output characteristics of the filter at intervals of 
3 h every 24 h of filter operation to determine the physical 
and chemical parameters. Tests of turbidity, pH, total phos-
phorus (TP), total solids (TS), total suspended solids (TSS), 
total dissolved solids (TDS), biochemical oxygen demand 
(BOD5), chemical oxygen demand (COD), and heavy metals 
including cadmium, chromium, and lead were performed 
on the inlet and outlet samples of the filter, according to 
the standard method guidelines [26]. Then, the results of 
each stage of the experiments were compared with the 
standards of the Environmental Protection Organization of 
Iran, and Excel software was used to draw the graphs.

3. Results

Jar test was used to determine the optimal type and dose 
of coagulants in different turbidities. In this experiment, 
three coagulants of ferric chloride, alum, and PAC were used. 
The results of turbidity removal with each of the coagulants 
are shown in Tables 1–3.

According to Table 1, mixing with different amounts of 
aluminum sulfate (alum) coagulant was performed using 
the initial turbidity of 80.6 NTU at a pH of 7. The jar test 

was performed during rapid mixing of 120 rpm (for 1 min), 
slow mixing of 20 rpm (for 15 min), and settling for 20 min. 
The results showed that alum at the dose of 400 mg/L had 
the highest removal efficiency. By increasing the amount 
of coagulant from 100 to 400 mg/L, secondary turbidity 
was decreased and the turbidity removal efficiency was 
increased, and with increasing coagulant amount to more 
than 400 mg/L, the secondary turbidity increased and as a 
result, the turbidity removal efficiency decreased.

In addition, mixing with different amounts of PAC 
coagulant was performed at the initial turbidity of 80.6 NTU 
and pH of 7. The jar test was performed during rapid mixing 
of 120 rpm (for 1 min), slow mixing of 20 rpm (for 15 min), 
and settling for 20 min. The results showed that PAC had 
the highest removal efficiency at a dose of 240 mg/L. By 
increasing the amount of coagulant from 120 to 240 mg/L, 
secondary turbidity was reduced and the turbidity removal 
efficiency was enhanced, and with increasing coagulant 
amount to more than 240 mg/L, the secondary turbidity 
increased, and as a result, the turbidity removal efficiency 
decreased. Table 2 shows the findings from the jar test using 
the PAC coagulant.

At initial turbidity of 80.6 NTU and pH = 7, mixing with 
different amounts of ferric chloride coagulant was per-
formed. The jar test was performed during rapid mixing of 
120 rpm (for 1 min), slow mixing at 20 rpm (for 15 min), and 
settling for 20 min. The results showed that ferric chloride 
at a dose of 500 mg/L had the highest removal efficiency. By 
increasing the amount of coagulant from 100 to 500 mg/L, 
secondary turbidity was declined and the turbidity removal 
efficiency was increased, and with increasing coagulant 
amount to more than 500 mg/L, the secondary turbidity 

Table 1
Removal of turbidity using different concentrations of alum coagulant in jar test

Coagulant dose (mg/L) 100 200 300 400 500 600
Primary turbidity (NTU) 80.6
Secondary turbidity (NTU) 24.9 7.85 5.05 2.94 3.26 4.46
Removal efficiency (%) 69.11 90.26 93.73 96.35 95.95 94.47

Table 2
Turbidity removal rate using different concentrations of PAC coagulant in jar test

Coagulant dose (mg/L) 120 160 200 240 280
Primary turbidity (NTU) 80.6
Secondary turbidity (NTU) 33 27.5 21.4 18.8 25
Removal efficiency (%) 59.06 65.88 73.45 76.67 68.98

Table 3
Turbidity removal rate using different concentrations of ferric chloride coagulant in jar test

Coagulant dose (mg/L) 100 200 300 400 500 600
Primary turbidity (NTU) 80.6
Secondary turbidity (NTU) 45.85 19.4 15.3 12.4 4.17 12
Removal efficiency (%) 43.11 75.93 81.02 84.62 94.83 85.11
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increased and as a result, the turbidity removal efficiency 
decreased. Jar test findings for ferric chloride coagulant are 
shown in Table 3.

The turbidity of the inlet effluent to the filter (before 
coagulation operation) at surface loads of 5, 8, and 12 m/h 
was 73.1 ± 5.5, 78.1 ± 7.8, and 66.7 ± 5.8 NTU, respectively. 
Fig. 2 shows the trend of turbidity changes in filter opera-
tion of 24 h at different surface loads. After coagulation and 
passing through from the filter, the average output turbidity 
at surface loads of 5, 8, and 12 m/h, after filter operation of 
24 h, was 7.5 ± 2.5, 11.7 ± 2, and 13.6 ± 2.5 NTU, respectively.

The average of total solids entering the filter at surface 
loads of 5, 8, and 12 m/h was 2,156 ± 15.7; 2,022 ± 30; and 
2,169 ± 28.4 mg/L, respectively. Fig. 3 shows the changes in 
total solids after filtration at different surface loads after 
24 h. After coagulation and filtration, the average total solids 
output at surface loads of 5, 8, and 12 m/h were 1,793.5 ± 30; 
1,702.4 ± 26.9; and 1,883.06 ± 14 mg/L after filter opera-
tion of 24 h, respectively.

The average TSS entering the filter at surface loads 
of 5, 8, and 12 m/h was 175.5 ± 15, 187.36 ± 18, and 
160.1 ± 16 mg/L, respectively. Changes in suspended solids 
after coagulation and passing through from the filter in the 
time interval of 24 h at different surface loads are shown 
in Fig. 4. After coagulation and passing through the filter, 
the average TSS output at surface loads of 5, 8, and 12 m/h 
were 17.98 ± 3.6, 28.18 ± 2.8, and 32.68 ± 3.9 mg/L after 24 h 
of filter operation, respectively.

The average total dissolved solids entering the fil-
ter at surface loads of 5, 8, and 12 m/h were 1,981.3 ± 38; 
1,834.7 ± 45; and 2,009.7 ± 35 mg/L, respectively. Fig. 5 shows 
the changes in dissolved solids in 24 h of filter operation 
and at different surface loads. After coagulation and passing 
through from the filter, the total solids of the output solu-
tion at surface loads of 5, 8, and 12 m/h were 1,775 ± 51.7; 
1,674.18 ± 28; and 1,850.38 ± 8.7 mg/L at filter operation of 
after 24 h, respectively.

The average COD of the effluent entering the filter at sur-
face loads of 5, 8, and 12 m/h was 270.5 ± 8, 185.76 ± 5, and 
180.06 ± 6 mg/L, respectively. Fig. 6 shows the COD changes 
in the filtration output at different surface loads after 24 h. 
After coagulation and passing through from the filter, outlet 

COD at a surface load of 5, 8, and 12 m/h, at filter opera-
tion of 24 h, was 93.39 ± 4.2, 65.73 ± 3.7, and 85.87 ± 3.5 mg/L, 
respectively.

BOD5 input to the filter at surface loads of 5, 8, and 
12 m/h was 135.3 ± 4, 92.1 ± 2, and 88.8 ± 5 mg/L, respec-
tively. Changes in BOD5 at different surface loads at fil-
ter operation of 24 h are shown in Fig. 7. After coagulation 
and passing through from the filter, BOD5 output at surface 
loads of 5, 8, and 12 m/h, after 24 h, was 45.6 ± 3, 31.7 ± 2.2, 
and 41.9 ± 2.2 mg/L, respectively.

The average total phosphorus input to the filter 
(before coagulation operation) at surface loads of 5, 8, and 
12 m/h was 5 ± 0.14, 4.3 ± 0.12, and 5.4 ± 0.1 mg/L, respec-
tively. Fig. 8 shows the trend of total phosphorus changes 
at different surface loads at filter operation of 24 h. After 
coagulation and passing through from the filter, total phos-
phorus output at surface loads of 5, 8, and 12 m/h, after 
filter operation of 24 h, was 1.43 ± 0.13, 1.59 ± 0.12, and 
2.29 ± 0.15 mg/L, respectively.

The concentrations of heavy metals chromium, cadmium, 
and lead entering the filter at a surface load of 8 m/h were 
0.073, 0.342, and 2.21 mg/L, respectively. Changes in these 
heavy metals after coagulation and passing through from 
the filter in the time interval of 24 h at different surface loads 
are shown in Fig. 9. After coagulation and passing through 
from the filter, the output concentrations of chromium, 
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cadmium, and lead metals, after filter operation of 24 h at 
a surface load of 8 m/h, were 0.03, 0.26, and 1.241 mg/L, 
respectively.

4. Discussion

The results presented in Tables 1–3 indicate that in pres-
ence of different turbidity amounts of the effluent from 
the treatment plant and during the use of three different 
coagulants, that is, ferric chloride, aluminum sulfate, and 
PAC and after rapid mixing, slow mixing, and sedimenta-
tion, aluminum sulfate (alum) was the best coagulant for 

the coagulation process at the concentration of 400 mg/L, 
based on the turbidity removal efficiency obtained in the 
Jar test. The results of other studies showed that the type 
of coagulant and its dosage varies depending on the type 
of wastewater. For example, Zazoli et al. [27] conducted a 
study on COD removal using lime, alum, and ferric chlo-
ride and observed that the use of alum was better at neu-
tral pH than at acidic pH due to the formation of alum flocs 
with the low solubility at neutral pH. Due to the formation 
of fine and soluble bubbles at lower concentrations and the 
formation of fine bubbles and re-stabilization of the solu-
tion, the optimal concentration of 400 mg/L was consid-
ered. Alum was used in this study due to its advantages 
compared to other coagulants. The benefits of alum include 
lower consumption, less sludge production, and faster set-
tling [28]. Due to the high turbidity of the tested effluent, it 
seems that the predominant mechanism in the coagulation 
process using alum is surface adsorption and charge neu-
tralization. In this mechanism, if the amount of coagulant 
consumed exceeds the required level, re-stabilization may 
occur and lead to an increase in the turbidity of the output.

The results obtained from employing this laborato-
ry-scale process in removing turbidity indicate that at surface 
loads of 5, 8, and 12 m/h, turbidity removal is 89.71% ± 2.7%, 
84.96% ± 3.93%, and 79.57% ± 4.58%, respectively. According 
to the standard recommended by the Environmental 
Protection Organization of Iran for wastewater discharge [4], 
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turbidity of the effluent up to 50 NTU has been allowed for 
discharge to surface waters and agricultural uses. The pro-
cess that used in this study has been able to reduce the tur-
bidity of the effluent from the treatment plant to 7.5, 11.75, 
and 13.6 NTU at surface loads of 5, 8, and 12 m/h, respec-
tively. The results of the study of Kazemi Noredinvand et 
al. [23] showed that in the field of elimination of the stud-
ied quality parameters such as turbidity in all surface loads, 
pilot of two-layer direct filtration has a better performance 
than the pilot of the single-layer direct filtration. The use 
of the direct filtration process at a surface load of 7 m/h is 
possible for Ahwaz Water Treatment Plant No. 2 if the num-
ber of filter layers increased and filter bed materials with 
suitable physical characteristics are used [23]. According to 
their study, the use of three different substrates in this study 
increased the turbidity removal efficiency. Fallahizadeh et al. 
[29] also studied the removal of natural organic matter, tur-
bidity, and color from surface water by combining advanced 
coagulation process and direct filtration; the results also 
showed that under optimal conditions (pH, FeCl3 dose, and 
input flow of 6.2, 95 L/h, and 40 mg/L, respectively), 95% 
of turbidity was removed. Delbazi et al. [30] compared the 
efficiency of the one-layer filter with sand substrate and 
the two-layer filter with Leica and anthracite substrates for 
removing organic matter and turbidity. The results showed 
that the turbidity removal rates by one-layer filter (sand), 
two-layer filter (anthracite and sand), and two-layer fil-
ter (Leica and sand) were 69%, 80%, and 74%, respectively. 
Therefore, it can be expressed that the turbidity removal 
efficiency by two-layer filtration is higher compared to one-
layer filtration with equal conditions. Anthracite is also very 
effective as a strong absorber with many pores in removing 
taste, odor, color, and turbidity. Therefore, according to the 
results of this study, anthracite has also acted as an adsorbent 
and has caused the removal and reduction of turbidity [30].

The results obtained from employment of this process 
on a laboratory scale for the removal of TS showed that at 
surface loads of 5, 8, and 12 m/h, total solid removal efficien-
cies were 16.85 ± 2.5, 15.81 ± 1, and 13.21 ± 0.27, respectively. 
In a study conducted by Hosaini et al. [19] on the applica-
tion of fluidized bed filtration in secondary wastewater 
treatment for reuse, the results showed that in different sur-
face and organic loads, the removal efficiency of TS is very 
low so that the maximum removal without considering 
the surface load and total solids load is 2%.

The results of this laboratory-scale process for the 
removal of TSS indicate that at surface loads of 5, 8, and 
12 m/h, TSS removal efficiencies were 89.75% ± 2.7%, 
84.96% ± 3.4%, and 79.59% ± 3.4%, respectively. According to 
the definition of filtration, filtration is the separation of sol-
ids from liquids; in the filtration process, the liquid passes 
through a porous medium to separate the suspended solids 
as much as possible, and the main purpose of filtration is 
to separate the suspended solids. Therefore, in this study, 
suspended solids, as well as flocs formed in the floccula-
tion stage, were removed by screening and filtration mech-
anisms. Removal of suspended solids by surface removal 
is also at the top of the bed, and deep removal is inside the 
filter bed [21]. According to a study conducted by Nazari 
Garavand et al. [31], wastewater treated by mineral garnet 
has a significant efficiency in the removal of suspended 

solids. According to their study, due to the adsorption prop-
erty of garnet, solids were adsorbed on the garnet bed, so 
garnet increased the removal efficiency of solids by using 
adsorption.

The results obtained from the laboratory scale of this 
pilot in the removal of soluble solids (TDS) showed that at 
surface loads of 5, 8, and 12 m/h, TDS removal efficiencies 
were 10.39% ± 2.7%, 8.75% ± 1.6%, and 7.93% ± 0.38%, 
respectively. Dadashzadeh et al. [32] investigated the effect 
of changing the bed and surface load of pressurized sand 
filters on improving the removal of water quality param-
eters of the Moallem Kola water treatment plant in Sari. 
The results showed that in the best condition, simultane-
ous use of silica and anthracite, TDS removal efficiency 
was 23.54%. Maifadi et al. [33] conducted a study entitled 
analysis and pre-treatment of hair salon wastewater using 
a multi-bed filtration system. The results revealed the 
reduction of TDS from 309.5 to 211.4 mg/L (31.7%) for site 
1 and from 315 to 226 mg/L (28.2%) for site 2. This decrease 
occurred due to adsorption by the activated carbon in the 
filter substrates studied [33].

The results achieved from the process studied on a lab-
oratory scale in BOD5 removal indicate that BOD5 removal 
efficiencies were 66.3 ± 3, 65.6 ± 2.5, and 52.8 ± 2.3 at surface 
loads of 5, 8, and 12 m/h, respectively. Activated carbon is 
used more than other adsorbents in conventional adsorption 
systems. It is made from a wide variety of carbonaceous raw 
materials such as coal (anthracite, bituminous, and brown 
coal), wood, peat, and coconut shells. The advantage of this 
adsorbent is its strong bond with organic matter. Therefore, 
it is very effective in treating effluents containing a high 
amount of organic matter. According to former studies, the 
anthracite used in the substrate has reduced BOD5 to the 
desired level due to its high adsorption property [34].

The employment of the studied process on a lab-
oratory scale for COD removal shows that at surface 
loads of 5, 8, and 12 m/h, COD removal efficiencies were 
65.48% ± 3%, 64.62% ± 2.5%, and 52.31% ± 2.2%, respectively. 
Abdollahzadeh Sharghi et al. [35] studied the efficiency of 
the coagulation and flocculation processes for removing 
contaminants from the textile dyeing plant and showed that 
the highest COD removal efficiency related to alum coagu-
lant was obtained at a concentration of 40 mg/L, which could 
be due to the formation of coarse neutral metal hydroxides 
and trapping of colloidal particles in them by sweeping 
mechanism [35]. According to their study, the use of the 
coagulation process using alum coagulant has increased 
the COD removal efficiency in the present study.

The results related to total phosphorus removal by this 
process indicate that at surface loads of 5, 8, and 12 m/h, 
total phosphorus removal efficiencies were 71.35% ± 1.16%, 
63.08% ± 1.89%, and 57.59% ± 1.79%, respectively. Englande 
et al. [36] showed that significant amounts of phosphorus 
are lost when aluminum or iron salts are used. Isolation 
of suspended solids has also been shown to be effective in 
reducing nutrients to very low levels. Therefore, the alum 
used in the present study has been able to significantly 
reduce the total amount of phosphorus from the wastewa-
ter. Total phosphorus was also reduced due to the presence 
of anthracite and its adsorption properties in this study. 
As shown in the research of Jiang et al. [37], the adsorbent 
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removal capacity for TP using anthracite, biological ceram-
ics, shale, and quartz sand was 85.87, 81.44, 65.59, and 
55.98 mg/kg, respectively.

The use of this process on a laboratory scale in the 
removal of heavy metals such as chromium, cadmium, and 
lead showed that at a surface load of 8 m/h, the removal effi-
ciencies of heavy metals were 58.9%, 23.39%, and 43.80%, 
respectively. According to the study of Tang et al. [38], the 
mechanism of heavy metals removal with organic matter in 
the coagulation process is very complicated. Colloidal par-
ticles in water absorb heavy metals through charge absorp-
tion and ion exchange. Neutralization of the charge of iron/
aluminum hydroxide compounds plays an effective role in 
the accumulation of colloidal particles during the deposi-
tion process. During the deposition process, the formed floc 
traps some heavy metal ions and leads to increased adsorp-
tion in this process [38]. According to the study of Azizi 
and Sobhanardakani [39], the presence of more and larger 
pores in anthracite (compared to sand), having an angular 
shape during processing operations, and consequently, a 
stronger surface adsorption property (compared to sand) 
lead to eliminating large particles, flocs, and some harmful 
compounds by the anthracite layer, while most small par-
ticles are absorbed in the sand layer. According to studies 
conducted by Tang et al. [38] and Azizi and Sobhanardakani 
[39], the presence of coagulant, as well as substrate layers 
such as anthracite, have been involved in the removal of 
heavy metals studied.

5. Conclusion

In the present study, the results obtained from the appli-
cation of direct filtration and multi-bed filters specified the 
appropriate ability of this method to remove various pollut-
ants from the treated effluent for reuse purposes. The use of 
a direct filtration process with multi-bed filters could pro-
vide applicability of the wastewater treatment plant efflu-
ent of Baharan industrial town for use in agriculture; so 
that this effluent can be employed as a water resource.

Acknowledgments

This research was financially supported by the Hamadan 
University of Medical Sciences (Grant No. 9803212296). 
The authors wish to thank the Hamadan Industrial Towns 
Company.

References
[1] J. Zhu, M. Wagner, P. Cornel, H. Chen, X. Dai, Feasibility of 

on-site grey-water reuse for toilet flushing in China, J. Water 
Reuse Desal., 8 (2018) 1–13.

[2] A.M. Seyd Mohamadi, S. Naseri, A.H. Mahvi, K. Nadafi, 
B. Roshani, M. Firouz Manesh, R. Salehi, Performance 
evaluation of multi-media filtration for removing the pathogens 
from urban sewage for reuse and reduction of chlorine for 
disinfection, Sci. J. Kurdistan Univ. Med. Sci., 33 (2004).

[3] J. Fito, S.W.H. Van Hulle, Wastewater reclamation and reuse 
potentials in agriculture: towards environmental sustainability, 
Environ. Dev. Sustainability, 23 (2020) 2949–2972.

[4] USEPA, Guidelines for Water Reuse, Office of Wastewater 
Management Office of Water, U.S. Environmental Protection 
Agency, Washington DC, 2012.

[5] Metcalf, Eddy, Wastewater Engineering: Treatment, Resource 
and Recovery, McGraw Hill, USA, 2014.

[6] B.A. Abdoulkader, B. Mohamed, M. Nabil, B. Alaoui-Sossé, 
C. Eric, L. Aleya, Wastewater use in agriculture in Djibouti: 
effectiveness of sand filtration treatments and impact of 
wastewater irrigation on growth and yield of Panicum 
maximum, Ecol. Eng., 84 (2015) 607–614.

[7] I. Oller, S. Malato, J.A. Sánchez-Pérez, Combination of advanced 
oxidation processes and biological treatments for wastewater 
decontamination-a review, Sci. Total Environ., 409 (2011) 
4141–4166.

[8] M. Seyedsalehi, J. Jaafari, C. Hélix-Nielsen, G. Hodaifa, 
M. Manshouri, S. Ghadimi, H. Hafizi, H. Barzanouni, Evaluation 
of moving-bed biofilm sequencing batch reactor (MBSBR) in 
operating A2O process with emphasis on biological removal of 
nutrients existing in wastewater, Int. J. Environ. Sci. Technol., 
15 (2018) 199–206.

[9] H. Yeek-Chia, C. Siong-Chin, C. Fai-Kait, Coagulation–
Flocculation Technology in Water and Wastewater Treatment, 
A.C. Affam, E.H. Ezechi, Eds., Handbook of Research on 
Resource Management for Pollution and Waste Treatment, 
IGI Global, Hershey PA, 2020, pp. 432–457.

[10] J.L. Hayward, Y. Huang, C.K. Yost, L.T. Hansen, C. Lake, 
A. Tong, R.C. Jamieson, Lateral flow sand filters are effective 
for removal of antibiotic resistance genes from domestic 
wastewater, Water Res., 162 (2019) 482–491.

[11] A. Bodalo-Santoyo, J.L. Gómez-Carrasco, E. Gomez-Gomez, 
F. Maximo-Martin, A.M. Hidalgo-Montesinos, Application 
of reverse osmosis to reduce pollutants present in industrial 
wastewater, Desalination, 155 (2003) 101–108.

[12] D. Supritam, D. Pragnesh, N. Kaushik, Performance of low 
pressure nanofiltration membrane in forward osmosis using 
magnesium chloride as draw solute, J. Water Process Eng., 
33 (2020) 101092, doi: 10.1016/j.jwpe.2019.101092.

[13] G. Asgari, A.S. Mohammadi, G. Ghanizadeh, Adsorption of 
humic acid from aqueous solutions onto modified pumice with 
hexadecyl trimethyl ammonium bromide, J. Babol Univ. Med. 
Sci., 14 (2012) 14–22.

[14] Z. Ghorbanian, G. Asgari, M.T. Samadi, A. Seid-Mohammadi, 
Removal of 2,4 dichlorophenol using microwave assisted 
nanoscale zero-valent copper activated persulfate from aqueous 
solutions: mineralization, kinetics, and degradation pathways, 
J. Mol. Liq., 296 (2019) 111873, doi: 10.1016/j.molliq.2019.111873.

[15] D.J. Sarkar, S.D. Sarkar, B.K. Das, B.K. Sahoo, A. Das, 
S.K. Nag, R.K. Manna, B.K. Behera, S. Samanta, Occurrence, fate 
and removal of microplastics as heavy metal vector in natural 
wastewater treatment wetland system, Water Res., 192 (2021) 
116853, doi: 10.1016/j.watres.2021.116853.

[16] A. Seid-Mohammadi, G. Asgarai, Z. Ghorbanian, A. Dargahi, 
The removal of cephalexin antibiotic in aqueous solutions by 
ultrasonic waves/hydrogen peroxide/nickel oxide nanoparticles 
(US/H2O2/NiO) hybrid process, Sep. Sci. Technol., 55 (2020) 
1558–1568.

[17] H.Y. Deng, W.P. Wang, M. Bin, Laboratory experiments of 
roofwater treatment by sand column in Jinan, Appl. Mech. 
Mater., 361–363 (2013) 619–622.

[18] K.R. Reddy, T. Xie, S. Dastgheibi, Nutrients removal from urban 
stormwater by different filter materials, Water Air Soil Pollut., 
225 (2014) 1–14.

[19] M. Hosaini, R. Moradi, G.H. Safari, Efficiency evaluation of 
filtration with fluidized bed for treatment of secondary effluents 
for reuse, J. Environ. Health Eng., 1 (2013) 1–10.

[20] P. Ncube, M. Pidou, P. Jarvis, The impact of filter bed depth 
and solids loading using a multimedia filter, Sep. Sci. Technol., 
53 (2018) 2249–2258.

[21] M. Zazouli, E. Bazrafshan, Comprehensive Textbook of 
Water and Wastewater Technology, Samat Publications, Iran,  
2012.

[22] B. Neamati, A. Fadaei, M. Sadeghi, M. Sedehi, N. Mengelizadeh, 
The study of enhanced coagulation process efficacy and direct 
filtrations effectiveness on elimination of natural organic 
materials from surface waters, J. Shahrekord Univ. Med. Sci., 
17 (2015) 66–75.



39A. Seidmohammadi et al. / Desalination and Water Treatment 229 (2021) 31–39

[23] B. Kazemi Noredinvand, A. Takdastan, R. Jalilzadeh Yengejeh, 
Removal of organic matter from drinking water by single and 
dual media filtration: a comparative pilot study, Desal. Water 
Treat., 57 (2016) 20792–20799.

[24] E. Mobasher Moghadam, E. Fataei, Efficiency of ferric chloride 
(FeCl3) and poly-ferric sulfate (PFS) as coagulants to remove 
turbidity and organic materials in Ardabil water treatment 
plant, J. Health, 8 (2017) 65–73.

[25] L. Theodore, R.R. Dupont, K. Ganesan, Unit Operations in 
Environmental Engineering, John Wiley & Sons, United 
Kingdom, 2017.

[26] E.W. Rice, L. Bridgewater, American Public Health Association, 
American Water Works Association, Water Environment 
Federation, Standard Methods for the Examination of Water 
and Wastewater, American Public Health Association, USA, 
2012.

[27] M.A. Zazoli, A. Parvaresh, H. Movahedian, Survey of heavy 
metals in Isfahan landfill leachate and methods of decrease its, 
J. Res. Med. Sci., 6 (2000) 185–189.

[28] M. Massoudinejad, S. Nazari, M. Sarkhosh, E. Ahmadi, 
S. Mohseni, R. Yaghoobinejad, Efficiency of electrocoagulation/
electroflotation processes to remove turbidity from effluent 
of filtration process in Tehranpars water treatment plant, 
J. Health, 8 (2017) 121–132.

[29] S. Fallahizadeh, B. Neamati, A. Fadaei, N. Mengelizadeh, 
Removal of natural organic matter (NOM), turbidity, and 
color of surface water by integration of enhanced coagulation 
process and direct filtration, J. Adv. Environ. Health Res., 
5 (2017) 108–113.

[30] N. Delbazi, M. Ahmadi Moghadam, A. Takdastan, Comparation 
of mono layer filter (sand) dual media filter (anthracite and 
Leca) and performance in removal of organic matter and 
turbidity, Iran. J. Health Environ., 4 (2011) 301–312.

[31] E. Nazari Garavand, E. Panahpour, F. Fakheri Raouf, Studying 
photo catalytic property of zeolite and garnet minerals in 
removal of the organic pollutant from industrial wastewater, 
J. Water Wastewater, 29 (2018) 56–64 (in Persian).

[32] S. Dadashzadeh, M. Khoshravesh, M. Gholami, The effect of 
substrate and surface load change of pressurized sand filters 
on removal improvement of water quality parameters in 
Moallemkola-Sari water treatment plant, Iran. J. Soil Water 
Res., 51 (2019) 107–117.

[33] S. Maifadi, S.D. Mhlanga, E.N. Nxumalo, M. Motsa, 
A. Kuvarega, Analysis and pretreatment of beauty hair salon 
wastewater using a rapid granular multimedia filtration 
system, J. Water Process Eng., 33 (2020) 101050, doi: 10.1016/j.
jwpe.2019.101050.

[34] M. Parvinnia, S. CirousPour, M. Parvizi, Modeling of biological 
soil filter on pilot scale to remove soluble nitrate, J. Civ. Eng. 
Sharif, 33 ( 2017) 113–123.

[35] E. Abdollahzadeh Sharghi, F. Yadegari, L. Davarpanah, 
Performance evaluation of the coagulation and flocculation 
process in removing pollutants from textile dyeing factory 
wastewater, J. Environ. Health Eng., 6 (2019) 251–264.

[36] A.J. Englande, P. Krenkel, J. Shamas, Wastewater Treatment 
&Water Reclamation, in: Reference Module in Earth Systems 
and Environmental Sciences, Elsevier, USA, 2015.

[37] J.C. Jiang, L. Jia, B. Zhang, Y. He, G. Kirumba, Comparison 
of quartz sand, anthracite, shale and biological ceramsite for 
adsorptive removal of phosphorus from aqueous solution, 
J. Environ. Sci., 26 (2014) 466–477.

[38] X. Tang, H. Zheng, H. Teng, Y. Sun, J. Guo, W. Xie, Q. Yang, 
W. Chen, Chemical coagulation process for the removal 
of heavy metals from water: a review, Desal. Water Treat., 
57 (2016) 1733–1748.

[39] M. Azizi, S. Sobhanardakani, Efficiency of the single and dual 
media filters for the removal of heavy metal ions from water 
in Ekbatan and Shahid Beheshti water treatment plants in 
city of Hamedan, Med. J. Tabriz Univ. Med. Sci. Health Serv., 
42 (2020) 200–207.


	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_33
	_ENREF_34
	_ENREF_35
	_ENREF_36
	_ENREF_37
	_ENREF_38
	_ENREF_39

