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Abstract

Taiwan spent too much expenditure to remove not very toxic metals Cu and Zn. The biosorption mechanism
of metal removal (copper, Cu and zinc, Zn) by four phytoremediation macrophytes biomasses including sunflower
(Helianthus annuus), Chinese cabbage (Brassica campestris), cattail (Typha latifolia), and reed (Phragmites
communis) was investigated in this study. The primary objectives were exploring the potential of reusing these
bio-wastes after harvesting from phytoremediation operations. Based on the surface area, zeta potential, scanning
electron microscopy (SEM), and energy dispersive X-ray (EDX) investigations, Chinese cabbage biomass presented
the highest metal adsorption property while both cattail and reed revealed a lower adsorption capability for both
metals tested. The equilibrium adsorption rate between biomass and metal occurred very fast during the first 10 min.
The metal adsorption data were fitted with the Langmuir and Freundlich isotherms and presented that the Langmuir
isotherm was the best fitted model for all biomass tested. All tested biomasses are fast growing plants with fairly
high biomass production that are able to accumulate metals. The Langmuir model was used to calculate maximum
adsorption capacity and related adsorption parameters in this study. The results revealed that the maximum metal
adsorption capacity Qmax was in the order of Chinese cabbage (Cu: 2000; Zn: 1111 mg/kg)> sunflower (Cu: 1482;
Zn:769 mg/kg)> reed (Cu: 238; Zn: 161 mg/kg)> cattail (Cu: 200; Zn: 133 mg/kg). The harvested sunflower, Chinese
cabbage, cattail, and reed biomass possess the potential to be employed as biosorbents to remove Cu and Zn from
aqueous solutions. Adsorption isotherms derived in this study might be crucial information for practical design and
operation of adsorption engineering processes and prediction of relation between reused macrophyte biosorbents
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and heavy metal adsorbates.
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Introduction

Phytoextraction, the use of plant for extraction the metals from
contaminated the soils, has been viewed as a vital green remediation
approach and has drawn great attention due to its low energy
consumption and high public acceptance. It is an economic and non-
invasive alternation to conventional civil engineering techniques for
remediation of contaminated the soil. Phytoremediation mechanisms
mainly include phytoextraction and phytostailization while
phytoextration refers to extract the metals from the soilsand concentrate
them into the harvestable aerial parts while phytostabilization means
the metal tolerant plants to reduce the mobility of the metals by
leaching into groundwater. The degree of translocation from roots
to aerial tissues mainly depends on the species of plants, types of the
metals, or the soil the metal bioavailability. Phytoextraction can be used
in areas with medium to low the soil pollution levels where physical-
chemical the soil remediation techniques spell to be too costly. The
wastewater generated from confined swine operations is one of the
primary pollution sources in Taiwan [1,2]. The effluent is discharged
in the surrounding waterways containing significant amounts of heavy
metals such as copper (Cu) and zinc (Zn). These metals are intentionally
added in fodder to prevent diarrhea and to enhance immune systems
of swine. Conventional physical-chemical technologies employed
for heavy metals removal for contaminated water include chemical
precipitation, ion-exchange, however, they are usually quite costly and
energy consumed. Phytoremediation using green plants in constructed
wetlands and soil decontamination recently has drawn great attention
in Taiwan and worldwide [3-5]. The biomass can be harvested and
used for various purposes such as biosorbents for metal removal in
water treatment [6,7]. The use and evaluation of recycled biosorbents

is very important to compare and analyze the adsorption mechanism
and optimize the purification techniques that are based on biosorption.
Several studies were published recently using recycled bio-wastes to
remove pollutants [8-10]. The use of recycled and dried plants for
metal removal as a simple biosorbent material has advantages in its
efficiency in detoxifying dilute effluents and has been viewed as a
cost-effective and energy-eflicient wastewater treatment approach.
The reuse of harvested macrophytes in wastewater engineering can
also benefit waste disposal management and save waste treatment
costs. The adsorption properties of phytoremediation macrophytes
have been investigated for the removal of metals in polluted effluent.
The results revealed that the extent of metal adsorption onto biomass
seems to have important consequences in the capacity of metal
removal [11]. Therefore, it is important to investigate the biosorption
mechanism and related sorption parameters of harvested macrophytes
to facilitate future biosorbent water purification operation. Metal
cations in polluted effluent can be adsorbed by the negative charge
of the macrophyte biomass surface. The process of metal removal by
plants involves a combination of rapid sorption on the cell wall surface
and slow accumulation and possibly translocation into the biomass
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[12]. The rapid sorption may include chelation and ion exchange.
Carboxylic group, one of the functional groups on the plant biomass
surface, provides binding sites with metals [13]. Research results
indicated that all plant parts might accumulate heavy metals, and the
ability to concentrate metals from the external solution varied between
both plant parts and metals. Between 24% and 59% of the metal content
was adsorbed onto the cell walls of the [14] The biomasses of plants,
both living and dead, were heavy metal accumulators. The mechanisms
of metal biosorption included extracellular accumulation, cell surface
sorption, and intracellular accumulation. The semechanisms resulted
from complexation, ion exchange, precipitation, and adsorption [15].
The main mechanism involved in biosorption was reported as ion
exchange between metal cations and counterions presented in the
macrophytes biomass. The investigation revealed that no significant
difference was observed in the exchange amounts while using muti-
metal or individual metal solutions [16]. Sunflower (Helianthus
annuus) and Chinese cabbage (Brassica campestris) are fast-growing
crops that have been commonly used for phytoextraction of metal
contaminated soils, while reed (Phragmites communis) and cattail
(Typha latifolia) are predominant macrophytes that have been
employed for water purification within constructed wetlands. These
plants contain high amount of lignin and cellulose which may adsorb
heavy metal cations from aqueous solution. After harvesting, these
plant biomasses could be used as biosorbents for metal adsorption.
Brassica family has been reported for its prominent ability to remove
heavy metals from contaminated soils [17]. B. campestris and H. annuus
have the potential as biofuel to become the substitute of fossil fuels,
especially the increasing oil prize in recent years. The higher biomass
production of these economic crops, namely sunflower and Chinese
cabbage, contribute them being the candidates of phytoextration
contaminant and then harvested as potential biosorbents. Reed and
cattail, commonly used macrophytes in constructed wetlands for water
pollution mitigation, have been reported as a very high adsorption
affinity value, which assist to predict its high ability to adsorb heavy
metals in aqueous solutions [18]. This study focused on the biosorption
characteristics of the harvested biomass of plants may provide
information for enhancing phytoremediation processes to remove
metals both in soil and water. The aim of this study was to investigate
the biosorption performance and mechanisms of four macrophyte
biomasses. The benefits from this study were two folds: to highlight
the metal adsorption capability of plant biomass for environmental
decontamination, and to test the possibility to recycle the harvested
biomass for biosorbents. Biostimulator has been facilitated the plant
growth enhancement and been employed for agricultural operation
were tested to evaluate vetiver the metal attenuation enhancement.
Properties of tested biostimlator. The stiumulators can be borrowed to
enhance the vetiver propagation leading to expected phytoattenuation
purpose. GA3 and IAA. The properties of GA3 and IAA the objective
of this research is to investigate stable the soil Pb and Cr by employing
biostimulator IAA and GA3 and biochelator citric acid and humic acid
using high uptake vetiver.

Materials and Methods

Plant, biostimulators, and the soil preparation

Vetiver and sunflower were collected from the University of
Kaohsiung campus wetlands (22°73’N, 120°28'E) precultured for 5
days and carefully washed with distilled water. ~ Plant samples were
dried at 103°C in an oven until completely dried.

Total the metal content, the soil retained fractionation and
plant the metal uptake analysis

Harvested plant tissue and final the soil the metal content
analysis

Plant after last session of operation was harvested, careful washed,
and air dried for the metal analysis. Plant samples were dried at 103°C
in an oven until completely dried. Dried plant samples were divided
into root and shoot for the metal accumulation assessment. These
pretreated plants were digested in a solution containing 11:1 HNO,:
HCI solution via a microwave digestion apparatus (Mars 230/60,
CEM Corporation) and diluted to 100 mL with deionized water. 0.2
g of dried the soil adding aqua regia rending for microwave digestion
and 2.5 g of dried for sequential extraction experiments. The metals
analyses were conducted via an atomic absorption spectrophotometry
(AAS, Perkin Elmer). 2.3. Harvested Plant tissue and final the soil
the metal content analysis. Plant was harvested, careful washed, and
air dried for the metal analysis. Plant samples were dried at 103°C
in an oven until completely dried. Dried plant samples were divided
into root and shoot for the metal accumulation assessment. These
pretreated plants were digested in a solution containing 11:1 HNO,:
HCI solution via a microwave digestion apparatus and diluted to 100
mL with deionized water. 0.2 g of dried the soil was added aqua region
rending for microwave digestion. The metals analyses were conducted
via an atomic absorption spectrophotometry (AAS, Perkin Elmer).

Macrophet surface adsorption properties detection using
Scanning electron microscopy (SEM) and energy dispersive
X-ray (EDX) spectroscopy

Pretreated macrophyte samples were gold-coated for SEM
observation with qualitative EDX analysis. Specifically, grinded and
dried samples were mounted on carbon tape and sputter coated in gold.
A Hitachi S-4300 SEM (Tokyo, Japan) was used to capture micrographs.
The elements C, O, Cu, and Zn were detected using a SEM coupled with
an EDX spectroscopy at an acceleration voltage of 15 kV.2.5.1 FTIR
Fourier Transform Infrared (FT-IR) regards as the preferred method of
infrared spectroscopy. In infrared spectroscopy, IR radiation is passed
through a sample. Some of the infrared radiation is absorbed by the
sample and some of it is passed through (transmitted). The resulting
spectrum represents the molecular absorption and transmission,
creating a molecular fingerprint of the sample. Like a fingerprint without
two unique molecular structures produce the same infrared spectrum.
This makes infrared spectroscopy useful for several types of analysis.
Infrared spectroscopy can result in a positive identification (qualitative
analysis) of every different kind of material. In addition, the size of the
peaks in the spectrum is a direct indication of the amount of material
present. With modern software algorithms, infrared is an excellent tool
for quantitative analysis. 2.4 Data and Statistical analysis. Data were
evaluated relative to the control to understand their statistical variation.
A triplicate of water and sediment samples were measured and recorded
for statistical analyses. Statistical significance was assessed using mean
comparison test. Differences between treatment concentration means
of parameters were determined by Student’s t test. One-way ANOVA
was also employed to show the variation among sample groups, level of
p<0.05 considered statistically significant was used in all comparisons.
Means are reported mean + standard deviation. All statistical analyses
were performed with Microsoft Office EXCEL 2007.

Results and Discussion
The properties of tested macrophytes

The surface areas of four studied biomasses were 2.75 + 0.48,
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3.71 £ 0.13, 2.30 + 0.03, and 2.43 + 0.17 m?*/g, for sunflower, Chinese
cabbage, cattail, and reed, respectively, analyzed by the BET method
with liquid N,. Chinese cabbage, the Brassica family, has the largest
surface area in this study rendering for better metal adsorption. The
adsorption capacity can be further illustrated via comparing the electro
kinetic potential (zeta potential) as shown in Figure 1. The effect of pH
on the zeta potential of all tested macrophytes was examined. The zeta
potential had negative charge for all studied macrophytes rendering
for the potential of metal adsorption. The increase in negative charge
of the zeta potential was observed while the pH increased. This result
indicated that the degree of metal biosorption may increase as the pH
increased. The biomass Chinese cabbage was recorded as the negative
zeta potential around neutral pH while the lowest recorded was at pH.
This result revealed that Chinese cabbage had better metal adsorption
capability compared to other macrophytes tested. The rest of tested
plants also presented negative charge of zeta potential following the
order sunflower <reed< cattail. The lower negative zeta potential also
indicated better metal cations adsorption.

The metal adsorption rate and isotherms

The adsorption rate of Cu and Zn by four studied biomasses is
depicted in Figure 2. Most of metal biosorption occurred during first
10 min. This adsorption result revealed that a contact time of 120

min for both Cu and Zn was sufficient to achieve equilibrium for
four tested macrophytes. Similar rapid metal biosorption has been
reported by other researcher Bunluesin [19]. Several factors including
the structure of biosorbent and existence of metal species have also
been presented to influence adsorption rates. In order to obtain basic
information of tested macrophytes as biosorbents, the equilibrium
metal concentration (Ce) and the concentration adsorbed onto the
surface of the biomass (Q) were linearized and fitted to the Langmuir
and Freundlich equations. The Langmuir and Freundlich isotherm
models were calculated to determine the adsorption capacities and
related parameters. The sorption process for Cu and Zn by four tested
biomasses was better described by the Langmuir equation (R*=0.90-
0.99) compared to the Freundlich model (R?>=0.67-0.97). The linear
regression was calculated to demonstrate that the Langmuir equation
was best fitted, therefore, the sorption as a monolayer can be assumed.
The maximum sorption capacity Qmax of Cu was 1482, 2000, 200, and
238 mg/kg while the Qmax of Zn was 769, 1111, 133, and 161 mg/kg
for biomass sunflower, Chinese cabbage, cattail, and reed, respectively,
predicted by the Langmuir model. The aforementioned maximum
sorption capacity was comparable with that of the activated carbon and
less than that of the tested biosorbent peanut hulls [20]. The related
adsorption parameters were also calculated through the Langmuir
equation. For Cu, the binding constant b was 3.00, 3.80, 0.42, and 0.46
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Figure 2: FTIR scanning electron micrographs (a) before and (b) after the adsorption experiments and (c) SEM-EDX spectra after the experiment.

for biomass sunflower, Chinese cabbage, cattail, and reed, respectively.

that in the initial solution. In general, the fraction of metals adsorbed
onto biomass decreased as the initial concentration Ci increased. At

For Zn, the binding parameter b was 2.92, 5.11, 0.51, and 0.54 for
biomass sunflower, Chinese cabbage, cattail, and reed, respectively. The
high b value of Chinese cabbage biomass is reflected by the steep initial
slope of the adsorption isotherm which indicated a high affinity for the
adsorbate in dilute metal solutions. Research has presented that wetland
macrophyte, Ceratophyllum demersum, was an effective biosorbent for
Zn and Cu removal under dilute metal conditions. Batch adsorption
experiments showed that the Langmuir isotherm was best fit model
and the maximum adsorption capacity was 13.98 mg/g for Zn and 6.17
mg/g for Cu [15]. Similar study was conducted to test the dried free
floating macrophyte Lemna minor biomass regarding its adsorption
of metals from aqueous solutions. The equilibrium adsorption was
reached within 40-60 min. The maximum adsorption capacities of
biomass was determined as 83 mg/g for Cu based on the best fitted
Langmuir equation [21]. The maximum adsorption capacity might vary
with the biomass investigated and adsorption experimental conditions.
The equilibrium metal concentration (Ce) after a contact time of 5 h
was lower than the initial concentration (Ci). Five hours was assumed
to be adequate for the adsorption system to achieve equilibrium which
was longer than the time (60 min) to reach equilibrated condition in
the aforementioned adsorption rate experiment. The removal efficiency
of metals from solutions can be expressed as the fraction of metals
adsorbed by studied biomasses which was related to the reciprocal value
of the ratio of the metal concentration in the solution at equilibrium to

The microstructure investigation

high initial Cu concentration (10 mg/L), the percentage of Cu that
was adsorbed by the biomass decreased to around 20% then gradually
leveled off for both cattail and reed while sunflower and Chinese
cabbage continued to drop. At high initial Zn concentration (5 mg/L),
the percentage of Zn that was adsorbed by the biomass decreased to
around 18% then gradually leveled off for both cattail and reed while
sunflower and Chinese cabbage gradually decrease. At low initial Cu
concentration (1 mg/L), the metals adsorbed by the biomass ranged
72% for sunflower, 73% for Chinese cabbage, 61% for cattail, and 67%
for reed, respectively, while at low initial Zn concentration (1 mg/L),
the metals adsorbed by the biomass ranged 50% for sunflower, 54% for
Chinese cabbage, 35% for cattail, and 40% for reed, respectively. The
biosorption efficiency was high at a low metal concentration, especially
for Chinese cabbage and sunflower. At a low metal concentration, the
ratio of available adsorbent surface area to the metal in solution was
high indicating a great metal removal. As metal initial concentration
increased, the efficiency was gradually decreased. This result might be
attributed to the saturation of the adsorption sites on the biomass.

The microstructures of the tested biosorbents and adsorbed metal
determinations onto biomass surface were performed by the scanning
electron microscopy (SEM) and energy dispersive X-ray (EDX) (Figures
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1 and 2). The biomass treated with metals revealed several small bulges
that were not observed before the metal sorption experiment. Further
EDX observations indicated that small bulges are higher in Cu and Zn.
There were more bulges on the surface of Chinese cabbage compared
to other three studied macrophytes. The results also suggested that
Chinese cabbage might have better metal sorption capacity (Figure 3).

Conclusion

Taiwan spent too much expenditure to remove not very toxic metals
Cu and Zn. The harvested biomass of sunflower, Chinese cabbage,
cattail, and reed possesses the potential to be used as biosorbents to
remove metals from aqueous solutions. Adsorption experiment results
showed that Cu and Zn adsorptions were fairly rapid occurring within
first 10 min. The adsorption capability of four tested biomasses can be
well predicted by the Langmuir adsorption model. The surface area,
zeta potential, SEM, and EDX results revealed that Chinese cabbage

biomass presented the highest metal adsorption property while both
cattail and reed presented lower adsorption capability for both metals
tested. Further study (e.g. FT-IR) might be required to scrutinize the
chemical functionalities responsible for the adsorption of the heavy
metals. These studied plant biomasses are natural abundant and can
be recycled from environmental decontamination operations, namely
phytoremediation of metal polluted soil and water purification within
constructed wetlands. This research results can benefit adsorption
process engineering for mitigation of polluted metal water by reusing
harvested macrophytes.
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