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Abstract. Wetland technology is an effective and sustainable treatment process that relies on a
combination of components. Media components, which vary based on the material used, play
an important role in this technology. Ceramic-based filters are a natural and versatile water
filtration method that can be used in combination with wetland systems to create a simple, low-
cost, and efficient wastewater treatment technology. The aim of this study was to assess the
performance and efficiency of two experimental scale horizontal flow constructed wetlands
(HFCW) as a secondary stage for the treatment of household greywater. This was achieved by
examining the untreated and treated greywater characteristics; evaluating the effectiveness of
planted wetlands with ceramic addition in removing chemical oxygen demand (COD),
biological oxygen demand (BODS), nutrients, total suspended solids (TSS), and coliforms
from the greywater; and monitoring the adaptation and growth of Bacopa monnieri L. in the
treatment systems. The results showed that both treatment systems significantly improved all
the greywater characteristics. The use of ceramic, gravel, and plants in wetlands enhanced the
removal efficiency of Mg+2, TDS, and total hardness (TH). A higher treatment efficiency was
observed in the ceramic-gravel bed than in the gravel bed.

Keywords. Sustainable, Ceramic filter, Treatment efficiency.

1. Introduction

In response to the global water shortage crisis, sustainable wastewater treatment processes have been
gaining attention from scientists with the aim of conserving water and reusing treated water as an
alternative water source [1,2]. One successful approach is the reclamation of household greywater in
rural areas, which can be recycled for irrigation or cleaning, thus reducing the stress on natural water
resources. Constructed wetland (CWs) technology has been widely recommended for wastewater
treatment because of its effectiveness, sustainability, thriftiness, and environmental friendliness [3-5].
Greywater includes wastewater that is disposed of from showers, toilets, kitchen sinks, and
dishwashers [6], and its components are varied based on the formation sources [7]. For example, wash
basins and showers drain water consisting of dead skin, hair, soap, toothpaste, razors, and skin care
items. Kitchen wastewater is characterized by high levels of detergents, pH, salts, food particles,
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nitrogen, organic compounds, turbidity, suspended solids, fats, and oils. On the other hand, wastewater
from washing machines consists of viruses, dyes, heavy metals, fibres, bleaches, and detergents [8]. It
is estimated that greywater covers approximately fifty to 70 present of household discharged water [6].
Therefore, it is considered a good source to provide a valuable quantity of recycled water after
treatment [9]. Among all wastewater treatment types, constructed wetland (CWSs) technology is widely
recommended because of its effectiveness, sustainability, thriftily, and environmental friendliness [
10]. CWs are artificially engineered systems that simulate natural wetlands, utilizing a combination of
plants, organisms, and soil to treat various types of wastewater, including greywater [11,12]. Among
CW configurations, the horizontal flow CW (HFCW) has been found to be the most effective for
purifying diverse pollutants [13]. The combination of the main CW components, such as plants and
filter media, plays a significant role in wastewater treatment performance [14]. In terms of filter
media, the authors confirmed that sand is more efficient than gravel, and a mixture of sand and soil is
the best case for removing different contaminants [15]. Recently, other types of media have been used
in CWs to improve processing efficiency, such as zeolites, biochar, active carbon, biofilm carriers, and
ceramic filters [16,2].

Ceramic wares are also known as filter elements and are used as a mixture of fired clay powder
materialized with a special solution of silver that kills bacteria. Disinfection can occur by capturing the
pores and disinfecting the silver. When the contaminant is decanted, the tiny pores inside the ceramic
pot act as filters, trapping most particles and debris along with larger parasites and bacteria [17].
Ceramic filters have several benefits, including decontamination ability, versatility, low cost, and eco-
friendliness, making them a practical choice for rural areas or regions with limited resources.

Bacopa monnieri L. It is a medicinal herbal plant belonging to the family Scrophulariaceae. They are
found in wetlands, ponds, and marshes in both light and shaded areas. It has the ability to withstand
high temperatures but does not tolerate drought. It is an annual plant with white, non-fragrant flowers.
It can reach 10-30 cm in height by forming roots at the nodes. It has many medical applications, as it is
used in the production of antioxidants to lower blood pressure, increase brain activity, and others [18].

This study aimed to evaluate the performance and efficiency of two experimental scale HFCWs in
treating household greywater, exploring the characteristics of untreated and treated greywater,
assessing the efficiency of wetlands with ceramic addition to remove pollutants, and monitoring plant
adaptation and growth in treatment systems.

2. Materials and Methods

The experimental design and operation involved the use of two types of substrates, namely gravel and
ceramic (pottery), obtained from a local laboratory and markets, respectively. The gravel was rinsed
with deionized water to remove impurities, while the ceramic was crushed and sifted to obtain ceramic
pieces of size 10-20 mm. Bacopa monnieri L. was selected as the macrophyte and was collected from
a small pond in the Al-Basra governorate and washed with distilled water to remove dust. The
greywater used in the study was collected from washing machines, kitchen sinks, and lavatories in
different houses in Abu Al-Khaseeb District and was not affected by black water.

Two experimental-scale HFCWSs were operated using rectangular plastic basins placed under semi-
natural conditions in the yard of a house in Abu Al-Khaseeb District. Both basins received the same
quantity of 25 liters of greywater, with the first basin consisting of gravel as the medium and the
second basin consisting of a mixture of gravel and ceramic. The wetland basins were filled and
drained every five days, and a contact time of five days was recommended for the best reduction of
TSS, TDS, TU, BODs, COD, NH3, NOs, and PO,. Table 1 summarizes the properties and descriptions
of the experimental wetlands.

Samples were collected at regular intervals from the outlet water of each filter and from raw greywater
for subsequent analyses. The volume of each sample was three liters, and standard methods were used
for most of the analyses, including pH, temperature, TDS, EC, TU, TSS, BODs, COD, DO, reactive
nitrate (NOs), and orthophosphate (PO4) measurements using various instruments, such as pH meters,
turbidity meters, spectrophotometry, and oxi Top. Additionally, Total hardness and magnesium and
calcium levels were determined using the Titremetric Method (APHA 2005).
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The pollutant reduction efficiency and porosity were calculated using Equations 1 and 2, respectively
[2]. Fecal and total coliforms were calculated using APHA [19]. method, and bacterial colonies were
counted using Equation 3.

R = ((Ic — Oc)/Ic) x 100% (1)
Porosity = ((Vt-Vs) /Vt) x 100% (2)

(CFU)
100

Colonies forming unit mL = Rd x 100 X % (3)

where Ic is the inlet concentration, Oc is the outlet concentration, Vt is the total volume, Vs is the
volume of the solids, CFU is the colony forming unit, Rd; Reciprocal dilution, » is the number of
colonies in the plate, and FS is the filter sample size.

2.1. Experimental Set Up

Data analysis was performed using Microsoft Excel, while statistical analyses, including the Shapiro-
Wilk test, t-test, and Mann-Whitney U test, were performed using IBM SPSS Statistics version 22.
The Shapiro-Wilk test was used to check data normality, and the t-test and Mann-Whitney U test were
used to identify significant differences between filters for parametric and non-parametric data.

3. Results and Discussion

The raw greywater characteristics for the period between 4/10/2022 and 26/12/2022 are presented in
Table 2. The physicochemical parameters of treated water reflect the biological activities that occur in
wetland systems to improve treatment performance [2].

The mean temperature values for treated water during the study period were lower than the
corresponding values for untreated water [20,21]. The pH level affects bacterial growth and activities
when the pH of water is within the range of 4 to 9.5 [22,2].

The outflow values of TU, TDS, and TSS for the filters were lower than those for raw water (Tables 2
and 3). The profiles of the raw and treated water characteristics in terms of the TU, TDS, and TSS are
shown in the figures. 2d, e, and f). TSS removal was due to TSS trapping and the high porosity of the
substrates in the filters [23,24]. The mean outflow values of TU, TDS, and TSS for the gravel-ceramic
bed were lower than those for the gravel bed. Tung et al. [25] and Guo et al. [16]confirmed the same
outcome. No difference (p > 0.05) was observed between the two filters in terms of TU (p = 0.199, t-
test) and TSS (p = 0.106, T- test), but there was a significant difference (p <0.05) in TDS (p =0.078,
Mann-Whitney U test). This means that the ceramic did not significantly affect these parameters. All
TSS outflow values for the treated water ranged from sound to acceptable [26]. In contrast, TDS
records extended from poor to unacceptable water quality.

The outflow electrical conductivity values were lower than the inflow values, which is attributed to the
presence of plants in both treatment systems [27,28].

The removal rate of total suspended solids (TSS) was slightly higher in filter A2 (79.59%) than in Al
(79.40%), and the reduction in both filters was attributed to mechanical filtration and plant root
growth [29,30]. The removal of total dissolved solids (TDS) and total organic matter (TU) was lower
in Al than in A2, with a significant difference in the mean TDS removal (p = 0.00, Mann-Whitney U
test). The removal of electrical conductivity (EC) was lower in filter A2 than in Al, but there were no
significant differences between the two filters (p=0.372, Mann-Whitney U test) (Fig.3a).

The outflow Dissolved oxygen concentrations were ranged between 5.3 and 8.4 mg/L, confirming
high nitrification and limited denitrification processes. The outflow DO values were significantly
higher than those of the inflow water (Tables 2 and 3, Fig. 2g). This is due to the shallow depth of the
designed wetland, which allows oxygen in the system to be affected by atmospheric diffusion and
consequently enhances the concentration of DO in the treated water [31]. The presence of aquatic
plants also increased the concentration of DO in the system. The DO values were significantly higher
(p <0.05) in A2 than in A1 (p = 0.005, t-test). This reflects the impact of the ceramic, which reduces
the bio-requirements for oxygen and ammonia. As a result of the activity of microorganisms and their
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ability to remove pollutants, they consume dissolved oxygen but are compensated through the process
of photosynthesis by plants, which are highly active in A2 [32].
The outflow COD and BODs records were less than those of raw water, which is attributed to the
breakdown of organic matter in both filters [25,33]. The study also found that the removal of chemical
oxygen demand (COD) was due to organic matter decomposition in wetland systems, and the average
reduction efficiency of COD was slightly higher in A2 (86.61%) than in Al (84.33%), with no
significant difference between the two filters (p = 0.290, Mann-Whitney U test). The ratio of
biological oxygen demand (BODs) to COD was within the range of the lowest biodegradability [34].
The mean BODs removal rate was higher in filter Al (56.49%) than in filter A2 (55.92%), but there
were no significant differences between the two filters (p = 0.927, t-test) (Fig.3b).
The outflow ammonia values were noticeably lower than the inflow values, which is attributed to the
presence of an aerobic environment in both filters (high DO level) [31]. The outflow NO; values were
somewhat less than those of the inflow water, and the mean PO, records of the treated water were
lower than those of the inflow water [35,13].
In terms of nitrogen and phosphorus removal, the study found that the mean removal efficiency of
ammonia (NH3) was very high in both filters, with no significant differences between them (p > 0.05),
and the mean nitrate (NOs) removal efficiency was very low in both filters, with no significant
differences (p = 0.254, Mann-Whitney U test). The reduction in phosphate (PO,4) was slightly higher in
A2 (55.16%) than in Al (52.10%), with no significant differences between the two filters (p = 0.694,
Mann-Whitney U test) (Fig.3c).
Calcium and magnesium concentrations decreased in treated water, which is attributed to their
absorption by plants [35,36]. The total hardness (TH) values of the treated water of A2 were
significantly lower than those of A1, confirming the impact of ceramic on the TH reduction rate [36].
Ceramic is a beneficial adsorbent material that enhances the removal rates of calcium and magnesium,
with significant differences in the mean magnesium removal rates (p = 0.046, t-test) between the two
filters (Fig.3d).
The study observed a reduction in fecal coliform concentrations in both filters, with lower values in
A2 than in Al, and no significant difference in total coliform concentrations between the two filters
(Fig.4). Finally, the study found that the plants grew well during the experiment period in both
treatment systems36,37, 38, 39 ,40,24 ,20, 33, 41,25,42).

Table 1. Treatment systems details.

Details Al A2
Length (cm) 26 26
Width (cm) 85 85
Depth (cm) 45 45

Influent volume (liter) 25 25
HRT (days) 5 5
Water depth (cm) 35 35
Porosity (%) 29 29
Vegetation Bacopa monnieri L.  Bacopa monnieri L.
Ceramic weight (kg) - 42
Gravel weight (kg) 85 43
Size of gravel /sides 40-80 mm 40-80 mm

Bottom layer (10 cm depth)  Gravel 10-20 mm Gravel 10-20 mm
Middle layer (15 cm depth)  Gravel 10-20 mm  ceramic 10-20 mm
Top layer (15 cm depth) Gravel 5-10 mm Gravel 5-10 mm
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Figure 1. Schematic diagram of the experimental setup.

Table 2. Characteristics of the raw greywater (Note: readings number is 15).

Parameter (unit) Average Standard deviation Maximum Minimum

Temp. (°C) 27.5 2.0 30.9 24.3
pH 9.6 0.8 11.3 8.4
EC (mS/cm) 2.9 1.7 6.2 1.1
TU (NTU) 284.1 138.5 648.0 105.0
TDS (mg/L) 2070.7 828.4 3212.0 766.0
TSS (mg/L) 558.5 434.2 1420.0 140.0
DO (mg/L) 5.0 0.8 6.0 3.1
BODs (mg/L) 288.0 48.9 400.0 200.0
COD (mg/L) 13134 270.0 1646.0 876.0
NO; (mg/L) 46.2 7.6 63.1 36.6
NH; (mg/L) 1238.0 202.3 1652.0 866.0
PO, (mg/L) 125 3.0 20.0 8.1
Total hardness (mg/L) 1011.26 310.81 1700.00 600.0
Ca**(mg/L) 250.6 73.7 416.8 160.3
Mg**(mg/L) 184.8 60.8 329.3 87.4
Table 3. Treated water characteristics (Note: number of readings, 15).
Parameter Filter Average Standard deviation Maximum Minimum
Temp (°C) Al 25.7 2.6 30.9 22.6
A2 24.4 2.7 28.7 20.7
pH Al 9.1 0.4 9.9 8.3
A2 9.1 0.3 9.5 8.1
EC (mS/cm) Al 1.7 1.2 4.1 0.4
A2 1.7 1.2 4.2 0.3
TDS (mg/L) Al 1105.3 426.8 1642.0 423.0
A2 898.2 373.8 1449.0 329.0
TSS (mg/L) Al 71.8 14.2 93.0 33.0
A2 63.1 13.4 86.7 44.0
TU(NTU) Al 53.1 13.6 77.1 21.2
A2 44.2 215 955 16.3
DO(mg/L) Al 6.9 0.9 8.4 5.3
A2 6.9 0.9 8.4 5.3
BODs (mg/L) Al 124.0 51.7 260.0 20.0
A2 125.3 49.8 260.0 20.0
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Parameter Filter Average Standard deviation Maximum Minimum
COD (mg/L) Al 204.5 54.1 268.0 99.0
A2 180.9 66.8 275.0 92.0
NO; (mg/L) Al 34.6 8.0 51.4 24.5
A2 35.2 8.0 51.6 24.7
NH; (mg/L) Al 8.1 0.9 10.1 6.8
A2 11.0 11 14.3 9.2
PO, (mg/L) Al 5.5 0.8 6.9 4.4
A2 5.2 0.9 6.4 3.5
Total hardness(mg/L) Al 699.6 286.9 1320.0 380.0
A2 629.9 280.6 1240.0 360.0
Ca'? (mg/L) Al 166.9 54.6 2725 104.2
A2 157.8 71.2 312.6 88.2
Mg*%(mg/L) Al 128.1 54.2 235.1 67.0
A2 113.4 49.1 219.5 64.1
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Figure 2. Outflow-water characteristics during the study period (RW: raw wastewater; Al: treated
water from plant + gravel filter; A2: treated water from plants+ ceramic+ gravel filter).
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Figure 3. Mean removal efficiency of treatment filters (A1l: treated water by plant + gravel filter; A2:
treated water by plants+ ceramic+ gravel filter).
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Figure 4. Fecal and total coliform bacterial concentrations. (A1: treated water by plant + gravel filter;
A2: treated water by plants+ ceramic+ gravel filter).

Conclusions

The text above describes a study on a designed horizontal flow constructed wetland (HFCW) in Basra
City. The study found that both treatment systems enhanced the graywater characteristics. The gravel-
ceramic bed achieved higher COD removal rates, but lower BODs removal rates compared to the
gravel bed. Both filters achieved high NH3 and low NOj; removal rates. The reduction in PO, was
slightly greater in the ceramic gravel bed. The ceramic-gravel bed had higher removal rates for Ca™,
Mg?, TDS, TU, and EC compared to the gravel bed. Both filters reduced fecal coliform
concentrations, with zero fecal coliform in the ceramic-gravel filter. The plants grew well and
remained green during the experiment period.
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