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ABSTRACT: The aim of the study was to model the efficiency of different sorbents (Lemna minor (L),
alginate microspheres (A) and encapsulated L.minor (capsA+L)) on the removal of malachite green
dye(MG) by using regression analysis. One other purpose was to specify the effects of encapsulation on
the removal process. Linear and cubic estimation models were constructed and it was seen that R? values
of cubic models were higher (0.988-1.0). It was observed that group (A) was less successful on MG
removal compared to other groups (L>capsA+L>A). Encapsulation increased the removal capacity of
microspheres but still did not attain the efficiency of (L) group that was (70.22-85.69%).
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INTRODUCTION

Concentration amounts of contaminants such as dye, nanoparticles and heavy metals, rapidly
increase in environment due to enhance in industry and hence become a threat for environment. Plenty
of toxic dye are discharged into aqueous medium and cause, directly or indirectly, serious health
problems on organisms (Naushad et al., 2015). In order to remove these contaminants, which are known
to have serious toxic effects on organisms (Biradar et al., 2016; Clar et al., 2016; Ugiincii et al., 2014),
from aqueous mediums, various methods such as chemical precipitation, ion change, nano-filtration,
electrolytic reduction and membrane filtration are used (Idris et al., 2012; Zheng et al., 2016; Zhou et
al., 2015). However, sometimes these methods can be very expensive (Ngah and Fatinathan, 2010) and
yet insufficient (Zhou et al., 2009) for the removal of some toxic heavy metal ions. Therefore, more
environment friendly, economical and efficient methods such as bioremediation, adsorption and sorption
are preferred nowadays (Li et al., 2011; Naushad et al., 2015).

Adsorption method is highly suitable in removal studies since it is environmentally friendly,
economical and has high adsorption efficiency in removal processes (Vu et al., 2017; Wang et al., 2016;
Wau et al., 2016). For this purpose several types of adsorbents have been developed such as activated
carbon, zeolites, chitosan, alginate, meso-silica (Liang et al., 2016). One of best materials used in
encapsulation process is the alginate, which is a linear biopolymer (Ocinski et al., 2016). The most
important reasons preferring alginate in encapsulation are that nontoxicity, high biocompatibility and
the crosslink ability with cations (Vu et al., 2017). Since the unsolved alginate grains own carboxyl
groups, which can react with metal cations on beads, can be used as biosorbent of various heavy metals
(Hong et al., 2016). Due to its high adsorption capacity for some metals, like Cu(ll), Cd (1I), Pb(ll),
Ni(11) and Hg(ll), alginate has potential in removal of toxic contaminants (Dubey et al., 2016). Alginate
is also can be used in adsorption of dye intensively present in wastewater (Zhu et al., 2014).

There are different types of dye one of which the basic dye, known as also cationic dye, can exhibit
toxic effects even in trace amounts (Issa et al., 2014). Malachite green (MG), a cationic dye, mostly used
in coloring of silk, acrylic and wool (Khan et al., 2014); can be discharged into water with textile waste.
MG can also be used as antiseptic and fungicidal agent and it is considered to have carcinogenic and
mutagenic effects on human being (Soni et al., 2014). Furthermore, MG is used as food additive and in
food coloring and known to be highly toxic for mammalian cells (Zhou et al., 2015). For these reasons,
the removal of these toxic contaminants from medium is a very important issue.

In this paper, L.minor, alginate microspheres and L.minor encapsulated in alginate microspheres
were used as adsorbents for the removal of the malachite green cationic dye. The main purpose of this
study is to evaluate and compare the efficiency of these adsorbents in removal of MG and construct a
statistical model by regression analysis. One other aim of this study is to determine the effects (positive
or negative) of encapsulation on removal efficiency (particularly for certain adsorbent and toxic
contaminant).

MATERIALS AND METHODS

Preparation of Sorbents
In this study L.minor, an aquatic macrophyte, and microspheres, synthesized from alginate, were
used. The test organism L.minor was provided from the culture in Faculty of Marine Sciences, Ordu
University and accommodated to test medium. After washing with distilled water, L.minor were dried
at 60 °C for 24 hours and then the dried samples were granulated (Jerold and Sivasubramanian, 2016).
Sodium alginate microspheres are prepared by using ionic gelation method. In applying of this method
first of all, homogenous sodium alginate solution, at a concentration of (1% wt/v), is prepared with
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magnetic stirring. This solution is then dropped into the prepared calcium chloride solution (5%, w/v)
by using pipette tip (1 m L). Alginate microspheres incubated for 24 hours at CaCl; bath and then rinsed
with deionized water for three times before the experiments (Pandey et al., 2015). Obtained microspheres
were dried at room temperature until constant weight.

Chemicals

Sodium alginate, used in the experiments, was provided from Sigma-Aldrich and calcium chloride
(CaClz) was obtained from Tekkim, Turkey. For the removal experiments malachite green (molecular
formula: Cs;Hs4N4O12; and molecular weight: 927.01 g mol ™) was purchased from HIMEDIA and stock
solutions (1000 mg L) were prepared in deionized water. The prepared dye solution was filtrated and
rested for 1-2 days before using in experiments.

Sorption Experiments

3 separate tests groups were composed in order to determine and compare MG removal, from
aqueous medium, alginate microspheres (A), L.minor (L) and encapsulated L.minor (caps A+L):
group 1: contains only L.minor
group 2: contains only alginate microsphere
group 3: contains encapsulated L.minor

20 mg dried L.minor and microsphere was weighed and added to 50 mL test solution. In
preliminary studies, it was decided to use 7 different concentration (0.5, 1.0, 2.5, 5.0, 10.0, 20.0 and 50
mg L) in experiments. Each test was carried out with three repetitions. The solution mixture was
equilibrated by using an automatic shaker for 24 h at 30+£2°C and then filtered with a 0.45 um filter. The
initial and residual concentration of MG dye in the solution was determined by using UV-vis
Spectrophotometer at 621 nm (Soni et al., 2014). The removal percentage (E%) and adsorption capacity
(ge) were determined as follows: (Zhou et al., 2015).

E%= "% 100 (1)
ge = cor—nc1 <V 2)

where CO and C1 are initial and equilibrium concentrations of adsorbent in solution, respectively
(mg L™); ge is the adsorption capacity of the adsorbent (mg g2); m is the weight of adsorbent (g) and
V denotes the volume of solution (L).

Statistical Analysis

Regression analysis was a statistical process for estimating the relationships (correlation) among
variables. Estimation models of removed MG amount, depending on concentration increment, were
established using regression analysis. For each of the groups (L), (A) and (caps A+L), both linear and
cubic models were established separately. The calculated R? values were very large and are between
0.961-0.996 for linear models and 0.988-1.0 for cubic ones. Concentration—dependent removal
efficiencies and adsorption capacities were statistically compared by non-parametric Mann-Whitney U
test and statistically significant differences were interpreted. Mann- Whitney U test was preferred for
the reason that the number of data was not high enough. All statistical analyzes and included graphs
were obtained by using IBM SPSS 21.0 software.
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RESULTS AND DISCUSSION

Assessment of Removal and Adsorption Capacity

This study evaluates the dye removal efficiencies of the aquatic macrophyte L.minor, synthesized
alginate microspheres and encapsulated L.minor. In order to determine the removal efficiency
percentages and adsorption capacities of tested sorbents, particular calculations were done and removal
models were established.

When the removal (%) graph was examined; no removal was observed in (L) and (caps A+L)
groups at 0.5 mg L™ concentration, where 20% MG removal was seen in (A) groups (Fig 1).
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Figure 1. Concentration-dependent removal efficiencies of MG for L, A and A+L.

At all concentrations, except with the low concentrations (0.5 and 1.0 mg L), removal efficiencies and
adsorption capacities of groups were found as L> A+L> A (Fig 2).

This result implies that alginate microsphere (A), alone only, is less successful in MG removal
compared to other groups (L, A+L) at applied concentrations. On the other hand, impressive increase in
removal efficiency of microspheres at the highest concentration (almost 2 times of the efficiency at
lowest concentration) is important and give rise to thought that microspheres are more efficient in
contaminant removal at high concentrations. It is known that microspheres are very successful in
adsorption of some metals such as strontium (Sr 1) (Hong et al. 2016), Cd?*, Hg?*, Pb?* (Ding et al.,
2015) , Cr(VI) (Li et al., 2012), Ni (Yang et al., 2011) and Cu (II) (Zeng et al., 2015). They are also
efficient in adsorption of dye (Ramalingam et al., 2015) like 2,5-dihydroxybenzoic acid (2,5-DHBA)
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(Tang et al., 2015). Interaction of surface functional groups, carboxyl and hydroxyl groups on alginate
beads, with target metals allows the adsorption of metal ions (Vu et al., 2017; Zheng et al., 2016). The
efficiency of microspheres in adsorption depends on some factors such as amount of adsorbent (Asthana
et al., 2016; Ngah and Fatinathan, 2010), amount of used alginate (Kwiatkowska-Marks and Wojcik,
2014), concentration of contaminant in medium (Zhu et al., 2014), surface of the microsphere (Wang et
al., 2016), time (Idris et al., 2012) and pH (Asthana et al., 2016; Ocinski et al., 2016). It is stated that
increase in alginate amount in beads reduces Cd adsorption by reducing usability of active sites that are
needed for adsorption of metal ions (Kwiatkowska-Marks and Wojcik, 2014). Also it is assumed that,
increase in amount of adsorbent reduces removal efficiency due to decrement of interaction potentiality
between heavy metals and adsorbents (Zeng et al., 2015), but there are studies in literature against this
finding (Asthana et al., 2016; Ngah and Fatinathan, 2010).
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Figure 2. Comparisons of removal efficiencies and adsorption capacities (qe) for all test groups.

In this study the amount of adsorbent is fixed (0.02 g) and dye removal efficiency is evaluated
depending on increasing contaminant concentration and different adsorbents. While removal ratios of
microspheres are in increase/decrease trend depending on concentration increase, an impressive increase
is observed at highest concentration (50 mg L™) and the adsorption capacity of microspheres regularly
increased as the concentration level approached 50 mg L. Both removal efficiency and adsorption
capacities of the microspheres reached maximum at the applied highest concentration level. On the other
hand, in contrast to this study, it is considered that increases in concentration level reduce the amount of
absorbed contaminant due to saturation of binding sites (Soni et al., 2014).

Another adsorbent used in the study was the macrophyte L.minor, which is commonly preferred
in removal of various contaminants from medium due to its high removal capacity (Bokhari et al., 2016;
Tordk et al., 2015; Ugiincii et al., 2014; Uciincii et al., 2013). L.minor also performed a high MG removal
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efficiency, at applied concentration levels, in this study. The highest removal percentages, (70,22-85,69
%) at 2.5, 5.0, 10.0 and 20.0 mg L *concentrations, were observed in groups containing Lemna (L). At
highest concentration 50.0 mg L™%; while high removal percentages of (L) groups tend to decrease,
removal percentages of (A) groups approached with an impressive increase to ones of groups (A+L) and
(L). In other words, the concentration level at which the removal percentages of the groups are close,
and that is 50.0 mg L. It is considered that; the increments observed in removal percentage of (L) at
highest concentration are due to saturation of Lemna at increasing concentration levels. In a conducted
study concerning malachite removal, at the applied lowest concentration (40 mg L) Lemna performed
the best removal efficiency with a percentage of 98% but the increases in concentration (190, 300 mg L
1 reduced removal efficiency (Torok et al., 2015).

It can be stated that (L) groups are more successful in MG removal compared to (A) groups.
However; after a certain concentration level (over 5.0 mg L™) decreases in removal efficiency of (L)
groups and impressive increases in removal percentages and adsorption capacities of (A) groups state
that microspheres are more successful than Lemna at high concentrations. One other important finding
is that the encapsulation of Lemna by alginate microspheres has increased adsorption capacity and
removal efficiency of microspheres. Even the removal efficiency of microspheres, in which Lemna
encapsulated, are almost 2 times increased compared to (A) groups, still not reached to ones containing
only Lemna (L). This finding can be interpreted as follows; encapsulation of Lemna has relatively
reduced interaction of Lemna with dye in medium, where actually removal efficiency of Lemna is better
than microsphere due to conditions of the conducted study.

When adsorption capacities were examined it was seen that adsorption capacities were increased
as the initial concentration level increases (p<0.0.5) (Fig 3).
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Figure 3. Concentration-dependent adsorption capacities of L, A and A+L.

This finding was supported by studies, in which Cu?* adsorption by microspheres (Zheng et al., 2016)
and removal of fluoride and uranium using microspheres, (Wu et al., 2016) were investigated. On the
other hand, other studies (Dubey et al., 2016) indicate that increase in initial concentration decreases
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adsorption capacity. In a study it was also reported that increases in initial concentration rapidly
increased adsorption capacity and then reached steady-state (Wu et al., 2016). Interpreted this result as,
that the increase in initial concentration has composed an impulse in mass transfer resistance among
solid and liquid phases and then adsorption capacity has saturation trend (Wu et al., 2016).

In this present study it was observed that the adsorption capacities were parallel to the removal
efficiencies and the smallest ge (adsorption capacity) value was found in microspheres. In removal
results, an impressive increase observed in adsorption capacities of (A) groups at the highest
concentration. We believe that it was due to high contact potentiality of microsphere surfaces with
increasing contaminant concentration.

While a significant difference was found in all comparisons of 0.5 mg L™ and 1.0 mg L, no
statistically significant difference was found the other concentrations (2.5, 5.0, 10.0, 20.0 and 50 mg L~
1) for ge according to MWU (p<0.05). It was determined that the significant difference was found to be
higher in favor of high concentrations for ge. Removal efficiencies were similar to ge comparisons for
0.5 mg L1 However, it was detected removal values at low concentrations were more statistically higher
than the higher concentrations at 1.0 mg L. Additionally, no difference was observed between 1.0-2.5
mg L (as an exception). There was no statistically significant difference was observed in the other
concentrations (2.5, 5.0, 10.0, 20.0 and 50 mg L) as in ge.

Regression Models of Removal Efficiencies
Concentration-dependent estimation models of all groups, which were exposed to 7 different
concentration of MG, were established and these models were analyzed. Estimation models were in

linear and cubic forms (Fig 4-5).
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Figure 4. Cubic estimation models of concentration-dependent removal efficiencies of MG for all test groups.
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Figure 5. Lineer estimation models of concentration-dependent removal efficiencies of MG for all test groups.

When regression analysis results examined it was seen that R? values of cubic models were higher
(0.988-1.0), hence it was more appropriate for the data of this study. When regression figures were
examined it was clearly seen that, the removal efficiency (%) and adsorption capacity (ge) results of the
study support regression models. In removal of MG, it can be stated that at all concentrations except
with lowest and highest concentrations, (L) groups were more successful than (A) and (A+L) groups.

Furthermore regression estimation models show that in removal of MG from medium, (A) and
(A+L) test groups have similar trends. No regular increases or decreases were observed in concentration
dependent removal efficiency, where (A) and (A+L) groups have fluctuating trend.

CONCLUSION

In this study L.minor, alginate microspheres and alginate microsphere encapsulated L.minor were
used as adsorbents in the removal process of toxic malachite green contaminant from medium. Removal
efficiency models were established with regression analysis.

At all concentrations except with lowest concentrations, removal efficiency and adsorption
capacities of the tested groups were ordered as L> A+L> A. According to this result; alginate
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microsphere (A) alone only was less successful in malachite green removal compared to other groups
(L, A+L) at all applied concentrations. However, serious increase in removal efficiency of microspheres
at highest concentration indicated that microspheres can be more successful in contaminant removal at
high concentrations. The highest removal percentages (70,22-85,69%) were observed in (L) groups.
Encapsulation of Lemna with alginate microspheres has increased the removal efficiency of
microspheres but still not reached the removal efficiency values of (L) groups. According to the
regression modeling results; the R? values of cubic models were higher and removal efficiency (%),
adsorption capacity (ge) results support the results of regression models. In removal process of MG from
medium, it was observed that (A) and (A+L) test groups have similar trends.

It was very important to develop the remediation studies, which was an effective method in
removal of contaminants, with new studies and methods. This present study states that using effective
(good) sorbents in encapsulation process, can give successful results in removal of contaminants such
as MG.
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