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In the present study, water hyacinth was used to treat ceramic wastewater that contains heavy metals

such as Cadmium (Cd), Chromium (Cr), Copper (Cu), Zinc (Zn), Manganese (Mn), Iron (Fe), and Boron
1 (B). A batch analysis (3 Columns) by continuous rhizofiltration system was used to remove heavy metals
from ceramic wastewater. The metal removal efficiency was identified by evaluating the translocation of
metals in roots, leaves and shoot of the water hyacinth. The heavy metal removal efficiency followed the
order Fe > Zn > Cd > Cu > B > Cr during the treatment process, and water hyacinth had luxury
consumption of those elements (up to 99.3% removal efficiency). In addition, water hyacinth length,
weight, stem and leave width were also determined and showed some increment (up to 0.74cm in
Column 2). Similar trend was also observed for the leave and stem, where it increased considerably
from 5.61 to 6.01 and 2.37 to 2.91 cm in Column 1, respectively. Water hyacinth weight demonstrated
some rise (e.g. 27.96 to 37.1 g in column 1), signifying growth of water hyacinth during the treatment of
ceramic wastewater. The results of Scanning Electron Microscope (SEM) analyses indicated that most of
the metals accumulated in the roots of the plants, suggesting that absorption were the main mechanisms
in the treatment process. It can be concluded that phytoremediation of wastewater through rhizofiltration
process has the ability to trap and filter contaminants such as metals and organic pollutant.
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[1] INTRODUCTION

The production of bricks, clay and sand as raw material for
ceramic industry has contributed to certain extent in the field of
engineering. It has excellent recycle function primarily in its
wastewater usage, where cost has been reduced during
formation of the final product and environmentally safe due to
waste handling [1]. However, it should be pointed that the
ceramic industry also produces a significant amount of
wastewater that contains heavy metals. Studies have shown that
the ceramic wastewater contains 15 mg/L of Boron and 2000
mg/L of suspended solids [2]. Boron is widely used in the
ceramic industry during the development of mechanical strength
of tiles. In general, ceramic material is defined as inorganic
materials, with possible organic content as well as non-metallic
compounds. In addition, it produces a product with a small
portion of clay which can be glazed or unglazed, porous or
vitrified [3]. A small amount of Boron and metallic elements in
ceramic wastewater may affect plant tissues and human body. It

is well known that water hyacinth has the capability to absorb
mineral compounds. Previous study has shown that it can
remove up to 70% of chromium in wastewater [4] and absorb
heavy metals such as cadmium and zinc [5]. Water hyacinth is
an exotic plant which can grow up to 3 feet and has green leave
with sharp edges, circular to oval joined to a spongy
reproduction.

Earlier study has shown that metal up-take time and detention
area play an important role in phytoremediation, particularly its
rhizofiltration [6]. Rhizofiltration is a filtration and absorption
process of heavy metals by plant root over a period of time.
Response of a plant to hydraulic retention time (HRT) is also
considered due to availability of water to retain pollutant.
Accordingly, the current treatment method was selected based
on economic point of view, and this application may execute in
situ plants which grow on ceramic wastewater surface. Even
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though a number of studies have been conducted on
phytoremediation, there were not many studies on ceramic
wastewater treatment using water hyacinth. Accordingly, the
aim of this study was to investigate heavy metal removal from
ceramic wastewater using water hyacinth. The heavy metals
investigated were Cadmium (Cd), Chromium (Cr), Copper (Cu),
Zinc (Zn), lron (Fe), and Boron (B). A batch analysis using
continuous rhizofiltration system was investigated to remove
heavy metals from ceramic wastewater. In addition,
psychological response of plant portion to heavy metals
absorption and its synchronization to their food was also
assessed.

[117 MATERIALS AND METHODS

ISSN: 0976-3104

2.1. Remediation using single plant

Water hyacinth was collected from a Nursery in Skudai, Johor
Bharu, Malaysia. The seedling was cultivated using water in a
Hydroponic basin (10 L) for a period of 3 days. Ceramic
wastewater was collected from a local ceramic factory [Table-
1]. For each batch analysis, around 400 ml of ceramic
wastewater was used. The purpose of batch analysis was to
ensure adaptability of the plant to ceramic wastewater and
growth cultivation. Plant size and weight was determined
regularly to choose the best plant for experiment. Later, primary
study was performed in 20 L Hydroponic container to
investigate heavy metal removal from the ceramic wastewater.
In general, around 8 to 11 plants of water hyacinth were
specified. The preliminary and primary studies were then
performed at 12, 24, 48, and 72 hrs of retention time.

Table: 1. Characteristics of ceramic wastewater

Parameter | Unit Concentration
pH - 8.21 +0.15
Dissolved Oxygen mgL™ 0.17 £ 0.02
Chemical Oxygen demand mgL™" 822 +42.0
Total Suspended Solid gmL™ 0.181 +0.11
Boron mgL™ 14.4 +0.20
Copper pgL™” 20+0.11
Zinc mgL™ 8.13 £ 0.25
Iron mgL™” 1.51+0.10
Chromium mgL™ 19.25 + 0.02

2.2. Experimental setup

The present study focused on adsorption by root and it is considered as
a tertiary treatment of wastewater. A 3-phase cleaning system, with a
constant flow rate passing through the 3 columns with different root
lengths and distance from first holding tank was proposed for the study,
in order to maintain suitable loading and flow rate which consisted a
retention pond and rhizofilter. Figure— 1 illustrates the experimental set-
up of the study. All variables were identified initially, and wastewater was
circulated in one direction in the container (0.28 x 0.19 x 0.46m).

-4

Arithmetic mean for the removal efficiency was used when deviation was
within 30% of the mean [7].

The experiment was performed by first feeding the ceramic wastewater
into a holding tank (0.024m?®). Subsequently, the wastewater was fed into
Column 1, followed by Column 2 and 3 containing water hyacinth for 5
days. Finally, the effluent from Column 3 was fed back to a holding tank.
Since Rhizofiltration focuses on the root system, it is vital to investigate
metal accumulation in the root, shoot and leaves of the water hyacinth.
Each water hyacinth plant was separated and washed 3 times using
distilled water before drying in the oven for 2 days.

0.46 -

.

b <=7

Circulate 7 7 g t
25 e Ta
Tor - il gL 3
2 e e
| {3‘5‘3 @D‘Q' {3_.;3 Q’Aj; v
I o

Fig: 1. Schematic diagram of experimental flow (units in m)
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= 3.3. Inorganic, Organic Chemical and Physical
= 3.1. The removal of metals with Rhizofilter constituents
S circulation System
3 The chemical analysis in each column during the treatment of
Laboratory experiments with Rhizofilter circulation system ceramic wastewater is shown in Table— 1. The chemical
were conducted on samples taken from each basin for 5 days. analysis included pH, DO, COD, and TSS.
Control tests without plant materials were carried out to T ’
reflect on the non rhizofiltration effect in batch experiments. .
The treatment process is without any circulation with free 3.4. Water Hyacinth Performance
flow condition. The overall performance of the treatment
system is shown in Table- 2. Table- 4 indicates the measurement of water hyacinth portion
(root, leave, stem and weight). The images of roots are shown
3.2. The performance of metals in Figure— 8.

Results of heavy metal removal profiles are illustrated in
Figure— 2 to 7 for Boron, Copper, Zinc, Ferum, Chromium
and Cadmium respectively.

Table: 2. Heavy metal removal rate (%) and amount reduced in each column containing water hyacinth

Parameter Control C1 | c2 C3 Effluent
% % % % %
” B, mgL™” 3.40 23.6 10.37 72.0 10.90 75.7 10.47 72.7 10.83 75.2
Cu, ugL™ 7.50 37.5 15.00 75.0 15.66 78.3 13.66 68.3 17.66 88.3
Zn, mgL™ 5.13 63.1 7.92 97.4 7.72 94.9 7.92 97.4 7.96 97.9
Fe, mgL™ 1.07 71.2 1.48 98.2 1.48 98.5 1.50 99.3 1.50 99.3
1 Cr, mgL” 13.24 68.8 16.53 85.9 16.26 84.5 16.01 83.2 13.24 68.8
Cd, mgL™ 0.10 62.3 0.10 64.8 0.15 oSS 0.15 96.0 0.15 96.0
L
e 18
( 16
- 14
—
E} 12
- ] —&—column 1
E \4’_\ I /
s 10 _ e column 2
(=]
= =] =—le—column 3
b ]
s 5 i ——effluent
e
S \; i cONLIO|
o 4 =
L
2
O T T T T T 1
0 1 2 3 4 5 =
O
treatment days i
(@)
)
>
=
w

Fig: 2. Boron removal profile in each column during the treatment of ceramic wastewater using water hyacinth
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Fig: 4. Zinc removal profile in each column during the treatment of ceramic wastewater using water hyacinth
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Fig: 5. Iron removal profile in each column during the treatment of ceramic wastewater using water hyacinth
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Fig: 6. Chromium removal profile in each column during the treatment of ceramic wastewater using water hyacinth
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Fig: 7. Cadmium removal profile in each column during the treatment of ceramic wastewater using water hyacinth

Table: 3. Chemical analysis in each column

during the treatment of ceramic wastewater

Parameter | Unit Cc1 c2 C3 Effluent

pH - 8.45+0.1 8.49 £ 0.03 8.49 £ 0.20 8.49 £ 0.02
DO mgL'l 6.71 £ 0.07 6.82 £ 0.15 6.19 £ 0.01 6.52 £ 0.82
COD mgL'l 160+ 8 135 9.0 124.7 + 445 101.7 £ 9.35
TSS gmL™ 0.02 £0.01 0.04 +0.01 0.02 £ 0.05 0.03+£0.01

Table: 4. Measurement of water hyacinth’s portion

Initial 5th Day
c1 \ c2 C3 c1 c2 C3
Root length, cm 6.12 4.23 4.35 6.73 4.97 4.73
Leave width, cm 5.61 5.78 5.32 6.01 6.15 5.83
Stem width, cm 2.37 2.11 2.02 2.91 2.56 2.32
Weight, g 27.96 15.97 17.83 37.1 17.25 22.18

[1V] DISCUSSION
4.1. The performance of metals

Figure— 2 illustrates boron reduction profile in each column
during the treatment process. It can be seen that boron
concentration decreased sharply from 14.4 mg/L to around 3.6
mg/L (75.2% removal efficiency), confirming the removal of
boron by water hyacinth. Boron was successfully absorbed
(10.83 mg/L, Table— 2) by water hyacinth through reaction for
growth. It is known that plants need around 0.3 to 1.0 mg/L of
boron for growth [8].

As for copper removal rate [Figure— 3] it can be seen that it was
reduced tremendously, from 20 to 2.4 mg/L in the effluent,
confirming the effectiveness of water hyacinth in removing
heavy metals from ceramic wastewater. Around 17.66 mg/L
[Table— 2] of copper was removed in the treatment system.
Copper is absorbed by water hyacinth to strengthen its cell and
encourages metabolism of nitrogen and carbohydrate in the
photosynthesis process [9].

Figure— 4 shows zinc reduction profile, where 97.9% removal
efficiency was noted during the operational period. The stem
structure of water hyacinth promotes excellent absorption
capacity for growth. Zinc activates enzymes for protein
synthesis and can be used as starch production and root growth
for water hyacinth [10].
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Iron is an important element for plant growth, and it is absorbed
by roots by rhizofiltration process. Plants have fibrous root,
which makes the rhizofiltration process easier [11]. Plants
needed this element for enzyme formation that can help
photosynthesis.  As illustrated in figure 5, the iron removal
efficiency increased uniformly from day 3 to 5, with up to 99.3%
removal rate.

As for the chromium removal, water hyacinth showed promising
results as a hyper-accumulator. The water hyacinth appeared to

ISSN: 0976-3104

be a good choice for removing chromium from polluted water.
Around 13.24 mg/L [Table- 2] of chromium was removed
during the treatment process with overall removal efficiency of
68.8%.

One of the main toxic effects of cadmium in plants is growth
reserve in size and dry weight of tops and roots [12]. Water
hyacinths showed only a minimal adverse impact from cadmium
exposure, because of the needs and necessary of nutrient source.
Cadmium removal efficiency was 96% [Table— 2].

Fig: 8. Scanning Electron Microscope (SEM) images of the surface of the sunflower root (A) before and (B) after rhizofiltration
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4.2. Inorganic, organic chemical and physical
constituents

Table- 3 illustrates chemical analysis in each column during
the treatment of ceramic wastewater using water hyacinth. It can
be seen that the pH in the effluent was stable (pH=8.49),
confirming the treatment using water hyacinth did not affect the
pH profile. However, there was a minor increment in the pH
profiles, in all the columns compared to influent pH (pH=8.21),
due to chemical reactions that occur during the retention period.

COD removal efficiency can be decreased if a wastewater
contains substrates that can be broken [13]. It should be pointed
here is that during initial treatment (1% day), the COD in the
effluent was around 853 mg/L (data not presented) mainly
because of the admixture with existing organic material on the
process of wastewater sample and plants relocation. However,
the COD removal efficiency increased gradually from day 2
onwards until only 101 mg/L of COD left in the effluent
[Table— 3]. As for the Dissolved Oxygen (DO), the levels were
gradually increased to 6.52mgl™, due to air supply during the
treatment. Oxygen in the sample is used for the decomposition
of organic matter by bacteria in the process of aerobic
respiration. In addition, the roots played an important role in the
aerobic decomposition of organic waste efficiently [14]. Total
suspended solid (TSS) for the three sets of water samples were
shown in Table- 3, and demonstrated some reduction (from
0.181 to 0.03gml™), probably due to the solid sediments at the
base sample. Thick plant roots and high total surface area of
water hyacinth promoted sedimentation of suspended solid.

4.3. Water hyacinth performances

Water hyacinth length, weight, stem and leave width was
determined [Table— 4], in order to investigate its growth rate.
Long heavily roots were seen to increase up to 0.74cm within 5
days of treatment (Column 2). Previous study has shown that
the length varies from 4 to 15cm in small plants, 10 to 36cm in
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