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Abstract

This study uses a multi-media bio-carrier to treat groundwater in order to eliminate iron. The experiment was
done using five different bio-carrier columns consisting of different types of media namely demolished concrete,
PET plastic chips, PVC bio-chips, stone chips, and anthracite. Samples of groundwater were pushed by means of
these columns using different flow rates. The iron level was measured before and after doing oxidation-filtration.
The developed results indicated the observed reduction in the concentration of iron with the best operational
performance at the intermediate rates of flow. Anthracite, PVC bio-chips, and stone chips gave the best results in
performance of the five bio-carrier media. The findings on the iron removal during the final week were
substantially improved against the earlier weeks which shows improvement with time. This is evidenced by the
increase in bio-oxidation as the microbes increase gradually. The findings of this research denote that the
extraction of iron present in source water by way of bio-oxidant can effectively be done with cheap and locally
accessible resources. The developed system of treatment can needless to say be the possible solution to small-
scale or household iron removal process in ground water.
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1 Introduction

Approximately 83.9 percent of the population gets their drinking water from groundwater, making it the most
widely used source(Barlokova et al., 2010). The earth's crust contains iron, a heavy metal(Dey et al., 2022). The
World Health Organization's allowable limits for iron concentrations in tube wells are regularly exceeded in
Bangladesh, posing operational, aesthetic, and possibly health risks (Rahman et al., 2023). It often occurs in
freshwater environments at concentrations between 0.5 and 50 mg/L. An essential part of natural resources,
groundwater is used for a variety of domestic uses, including drinking, irrigation, and other uses. This element
typically occurs in water in a number of forms, including soluble (as ferrous, Fe2+), insoluble (as ferric
hydroxide, Fe3+), bacterial, and natural. Apart from the natural occurrence of iron, numerous businesses,
including the steel and mining sectors, are also accountable for the presence of iron in water.

There are several forms of iron in water, including organic, colloidal, soluble, ferrous hydroxide, ferrous
bicarbonate, and insoluble ferric hydroxide, which give water its red color (Umlong et al., 2022). Due to the
complete dissolution of iron, ferrous iron-containing water is colorless and transparent. The water becomes hazy
and a reddish-brown material starts to form when it is exposed to air (EI-Naggar, 2010). Although iron has been
categorized as a secondary contaminant because it poses no threat to human health. Constantly using high iron
water can cause a number of problems, including stains on laundry and plumbing fixtures, an unpleasant taste, a
terrible odor, and red water (Khaled et al., 2021). Iron overdosing is extremely dangerous and contributes
significantly to diabetes, anemia, hemochromatosis, lung and coronary disease. Despite being widely used,
traditional iron removal techniques like chemical oxidation, chlorination, and aeration-filtration are less practical
for low-income and rural households due to their high operating costs, technical expertise, and ongoing
maintenance requirements. The literature claims that third-world nations have little access to the sophisticated
(sometimes costly) methods required for iron removal (Abdulraheem et al., 2020).This has led to a rise in interest
in biological filtration methods, which employ bio-carriers to encourage microbial oxidation of iron, a
sustainable and cost-effective substitute. However, the existence and activity of some microorganisms may
accelerate the rates of iron oxidation (Tekerlekopoulou et al., 2008). These systems promote the growth of iron-
oxidizing bacteria, which transform soluble ferrous iron (Fe?*") into insoluble ferric iron (Fe**), allowing for
efficient removal through filtration (Zhang et al., 2017).

In this case, a sustainable and affordable iron remediation method is provided by using locally accessible and
recycled materials as bio-carrier media, such as anthracite, PET plastic chips, PVVC bio-chips, crushed concrete,
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stone chips, and demolished concrete (Khatun et al., 2024). Despite their porous nature and ability to support
microbial colonization, these materials are frequently underutilized in the treatment. In order to guarantee
complete water safety, iron contamination must be addressed. The potential of multi-media bio-carrier columns
in iron removal under various flow conditions is investigated in this work. The goal is to assess the effectiveness
of various filter media and develop a scalable, reasonably priced model for bio-oxidation-based water treatment
at the home and small-scale levels.

2 Methodology

This chapter displays the experimental designs and the procedures that were taken during the study to determine
the effectiveness of various filter media in the extraction of iron present in the groundwater, using Bio-oxidation
method. The procedure involves designing and installing the experimental filtration apparatus, choice of the filter
media, data recording, and methods of analyzing iron concentration and the rate of flow of water.

2.1 Experimental set up

Vertical filter manifolds were made and were placed in a parallel mode. The PVC pipes suitable in diameter and
height were used in constructing the columns so that water could flow through them continuously. These
columns were put upright on a steady stand to have a proper gravitational filtration process. The five outlet ports
in each of the column filters were located at the same vertical distances on the height of the columns. Such ports
permitted gathering of filtered water at numerous levels and hence measurement of the filter performance all
through the media bed. The typical diagram of experiment set up is shown in Figure 1.

Each column has a diameter of 10 cm and a height of 150 cm. Column 1 was filled with demolished concrete.
Column 2 was filled with PET plastic chips. Column 3 was filled with 140 cm stone chips. Column 4 was filled
with (140) cm commercial plastic bio-carriers. Column 5 was filled with (140) cm anthracite. There are five
sample outlets spaced equally apart in each column. Water was continually delivered into the columns for the
duration of the 7 weeks experiment. A timer and a 100 ml measuring cylinder were used to determine each
column'’s filtering rate.
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Figure 1. Typical diagram of experimental set up
2.2 Flow of Water System and Supply System
The groundwater containing iron was considered for this experiment. A plastic drum is used to maintain the
constant uniform flow of source water to the experimental columns. A pipe connection was made for this

purpose. The system enabled continuous flow of 24 hours throughout the period of experiment which was 7
weeks.
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The system was kept in a gravity-based flow wherein the water passed smoothly through the filter media and
exited via the five prescribed ports of each column. The flow was measured so that it flowed uniformly through
all columns.

2.3 Procedure of Sampling

Water samples were collected from the five outlet ports of each filter column at seven-day intervals throughout
the experimental period. The ports, positioned at equal vertical distances along the column height, allowed
measurement of iron concentration at different depths of the filter bed.

In every sampling, about 100-150mL water was collected from each port, utilizing pre-cleaned bottles. Samples
were tested immediately after collection using Program 265 Ferrover with HACH DR-900 spectrophotometer.
The percentage of iron (Fe) removal was calculated using the following equation:

Fe Removal (%) = {( Ci — Cr) / C}*100
Where Ci; is the initial iron concentration (mg/L), and Cs is the final iron concentration (mg/L).
To assess microbial activity involved in iron removal, water samples were collected from the columns at the end
of the experiment and sent to the National Institute of Biotechnology for media culture testing to isolate and
identify iron-oxidizing bacteria.

2.4 Experimental Procedure

This experiment was performed by continuously gravity-feeding a flow of groundwater through a series of five
filter columns each containing a desired bio-carrier medium. The source tank was made of plastic drum to
provide adequate supply of constant and even water, and flow rates of water were continuously checked to
maintain uniformity across the columns. At weekly intervals, water samples were taken through the outlet ports
and the concentrations of iron determined by standard spectrophotometric procedures as the absorbance values
were recorded relative to a standard iron curve. This method helped estimate the amount of Fe at each stage, pre-
and post-filtration, to compare the removal capability of each media filter and the impact of flow during the
seven weeks working time.

3. Results and Discussions
3.1 Iron Removal
The bar chart illustrates the average iron content per filter material over a period of 7 weeks. The chart compares

the performance of five filter media types. The results are presented in Fig. 2.
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Figure 2. Removal of iron with duration
The Fig. 2 depicted that Over the 7-week period, all filter types show a decrease in iron content, though at
different rates. Plastic Chips (P.C) and Demolished Concrete (D.C) show higher iron content in the first few
weeks compared to others, but their reduction is noticeable over time. Stone Chips (S.C) and Anthracite (An)
show a more consistent decrease in iron content, nearing 0 mg/L by the end of week 7. Bio Chips (B.C) exhibit a
more gradual decline in iron content throughout the 7-week period.
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3.2 Iron Removal Performance for Materials

The stone, coarse sand, anthracite and plastic bio-carrier were used in different four columns for the removal of
Fe from groundwater. The results are presented in Figure- 3.

20cm 50cm 80cm 110cm MW 140 cm
120
100 9.47
100 0112053 97.35 98.94 98.41 0841 99.47
95.24 90.48 91.53
—_ 89.42
< 87. 83
o 63.48
- 59.78
57.14

S & 56.60
(1]
=
9
= 40
[«7)
o~

20

0
Matenals

Figure 3: Removal efficiency of Fe for different materials

The Fig. 3 represented that the Fe removals of 56.61%, 89.42%, 94.18%, 96.83 % and 100% were gained at 20
cm, 50 cm, 80 cm, 110 cm and 140 cm depth of concrete column. The percentage of Fe removals 59.79%,
74.6%, 95.24%, 97.35%, 98.94% for plastic chips (PC) and 57.14%, 63.49%, 90.48%, 98.41%, 99.47 for plastic
bio carrier (BC) were obtained at the depth of 20 cm, 50 ¢cm, 80 cm, 110 cm and 140 cm respectively.
Furthermore, 74.6%, 91.53%, 98.41%, 98.41% and 99.47% Fe removal for stone chips (SC) and 87.83%,
88.89%, 91.01%, 91.53% and 96.3% Fe removal for anthracite (An) were obtained at the depth of 20 cm, 50cm,
80 cm, 110 cm and 140 cm respectively. The residual Fe varies from 0.07 mg/L to 0.23 mg/L and .01 mg/L to
0.48 mg/L at last week in the anthracite column and stone chips column, respectively for different initial Fe
concentrations while allowable concentration is 0.3 mg/L according to WHO standard. PVC bio-chips and PET
plastic chips also gave a satisfactory result that is 0.01 mg/L to 0.39 mg/L and 0.02 mg/L to 0.48 mg/L
respectively. Based on given results and according to their efficiency, PET plastic chips, stone chips, anthracite
and PVC bio-carrier may be appropriate materials for treating groundwater.

Even at a depth of only 20 cm, the results showed that anthracite and stone chips are good materials for removing
iron from groundwater. Conversely, as the depth of PET plastic chips and PVC bio-carrier increased, so did the
Fe removal efficiency. The better performance of stone chips, anthracite and PVC bio carrier compared to
concrete and PET plastic chips is might be due to the mechanical straining by narrow inter particular spaces and
adsorption on higher surface area of particles. Additionally, the anthracite has porous properties like charcoal
that may aid in the removal of iron by absorption. However, micro-sedimentation and biological activity may be
the primary causes of the increased removal efficiency achieved by stone and PVVC bio-carrier.

3.3 Flow Rate Behavior of the Filter Columns

To ascertain the run of treatment units, the effluent flow rates from the final outlets at a depth of 140 cm in each
of the five columns were measured up to 7 weeks at 7-day intervals. The variations of flow rates are presented in
Figure 4 and percentage of flow reduction is shown in Figure 5.
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Figure 4: Reduction of effluent flow rate with duration of treatment process
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Figure 5: Percent reduction of effluent flow rate with duration of treatment process

The initial effluent flow rates were measured on the first day of the experiment and were found to be 1479
ml/min for PET plastic chips (P.C.), 1308 ml/min, 383.67 ml/min, 294 ml/min, and 248 ml/min for stone (S.C.),
concrete (D.C.), anthracite (An), and PVC bio-carrier (B.C.), respectively. The flow rates sharply reduced for the
plastic chips and stone chips columns within the seven weeks. On the other hand the flow rates slowly reduced
for the concrete, anthracite and bio carrier columns within the 7 weeks. Approximately 42%, 39%, 32%, 26%,
and 14% (Fig. 5) of the initial flow rates at 4 weeks of continuous flow—21275 ml/min, 966 ml/min, 223 ml/min,
180 ml/min, and 168 ml/min (Fig. 4) are reduced through concrete columns, anthracite columns, bio carrier
columns, stone columns, and plastic chips columns, respectively. But at the end of 7 weeks, the flow rates
become 820 ml/min, 498 ml/min, 200 ml/min, 138 ml/min and 74 ml/min and the flow rate reduction become
48%, 53%, 70%, 61% and 44% for the concrete columns, anthracite columns, bio carrier columns, stone
columns, and plastic chips columns, respectively.

The flow rate behavior is a crucial parameter for assessing the treatment unit that has a big impact on how well
the treatment system works. The operational cost of the treatment system is increased by often resetting the
materials or back washing the treatment unit (Khatun et al., 2024). Out of the five units, the PET plastic chips
column treatment unit for groundwater iron removal is the best in this regard.
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3.5 Identification of Microbial Activity:

To assess microbial involvement in iron removal, samples were analyzed by the National Institute of
Biotechnology. Results confirmed Pantoea dispersa as the dominant iron-oxidizing species, especially in the
bio-carrier column, with strong growth (+++) in FC-C2 media and identification scores of 2.11 and 2.06.

The rod-shaped, Gram-negative bacterium Pantoea dispersa is a member of the Enterobacteriaceae family. In
this study, Pantoea dispersa was identified as the dominant iron-oxidizing species in the bio-carrier column.
Members of the genus Pantoea are environmentally versatile and have been reported to participate in metal
interactions, including iron transformation and bio sorption (Singh et al., 2020). A closely related species,
Pantoea agglomerans, has shown high capacity for iron and heavy-metal bio sorption, supporting the role of P.
dispersa in facilitating iron removal in engineered systems (El-Tayeb et al., 2020).

The presence of Pantoea dispersa indicates active microbial colonization in the bio-carrier system, which
supports the bio-oxidation process.

4 Conclusion

Over the course of seven weeks, the study evaluated the iron removal capabilities of five different filter
materials: anthracite (An), biochips (B.C.), stone chips (S.C.), plastic chips (P.C.), and demolished concrete
(D.C.). The most efficient materials for quick, efficient filtration were anthracite and stone chips, which removed
almost all iron. Bio Chips took longer but did a mediocre job. The least effective materials were plastic chips and
demolished concrete, which performed slowly and inconsistently, indicating that they might require more time
for treatment or optimization. The results support the use of B.C. as a slower alternative to S.C. and An for rapid
filtration.
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