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a b s t r a c t
This study is the first report that aims to optimize the removal of Remazol Brilliant Violet 5R 
(RBV 5R) and Brilliant Green (BG) from synthetic solutions using Hypnum cupressiforme samples 
from Abant Mountains of Bolu (Turkey) as biosorbent and to conduct toxicity evaluation studies 
of treated wastewater using Daphnia magna. Optimization was performed using central compos-
ite design under response surface methodology with the operational factors of dye concentration, 
H. cupressiforme dose, and process time. The optimal conditions for dye concentration, H. cupres-
siforme dose, and process time obtained by the numerical analysis were 19.02 mg/L, 0.18 g/50 mL 
and 110.59 min for RBV 5R, while these values were 18.57 mg/L, 0.18 g/50 mL and 99.45 min 
for BG, respectively. At the optimum values, maximum RBV 5R and BG removal were achieved 
as 99.39% and 99.22%, respectively. The D. magna mortality rates showed that treatment with 
adsorption were sufficient to remove the complete toxicity of dyes especially for RBV 5R.
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1. Introduction

Dye wastewater from the textile industry is one of the 
most dangerous reagents that can cause serious health 
problems in both humans and animals, as well as polluting 
water. The low biodegradability of these substances is due 
to their higher molecular weight, complex structural for-
mulas and including metal ions [1,2]. Since these problems 
require serious attention, wastewater containing dyestuffs 
must be treated before being discharged into the receiving 
environment.

Physical, chemical, and biological methods are tradi-
tional methods for the treatment of dyes from wastewater 
[3]. Adsorption, which is one of the possible methods, is not 
only effective for removing organic dyes and dye pigments 
from wastewater, but it is also a simple and economical 
technique, and therefore it can be made suitable for use as 
drinking water in the community [4].

It was reported by Narayan et al. [5] that about 12% of 
most synthetic dyes such as methyl orange, methyl red, 
methylene blue, rhodamine B, remazol bright blue, Congo 
red, and about 12% of many other dyes were removed. 
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In addition, it has been determined that approximately 
20% of the total dyestuff produced in the world is removed 
in the dyeing process, and it is exposed to intense environ-
mental pollution by leaving it to the receiving environments 
without undergoing any purification process. All these 
chemical pollutants have high toxicity, carcinogenicity and 
accompanying mutagenic effects.

Reactive dyes are widely used in industrial dyeing plants 
due to their highly soluble and photolytic stability and resis-
tance to microbial degradation [6]. Remazol brilliant blue 
reactive (RBBR) dye is also a type of reactive dye that is 
resistant to degradation due to its anthraquinone structure 
[7]. This stands out as a positive factor, since the color of the 
produced textile article does not change during its use, and 
it only prevents dye removal from wastewater [8]. RBBR is a 
type of synthetic dye that provides a wide variety of bright 
and colorful tones and is mostly applied to cotton surfaces 
and is also widely used in the textile industry [9].

Reactive dyes are present in 45% of the textiles produced 
in the world. Remazol bright blue (RBB), remazol black (RB) 
and remazol bright purple (RBV) are examples of reactive 
dyes. They have positive features such as bright color, simple 
application techniques, low energy consumption in dyeing 
process and high solubility in water [10].

Brilliant Green (BG) is a type of cationic and synthetic 
dye widely used in the paper, textile, plastic, paint, and 
printing industries, and it has been reported in the litera-
ture to be mutagenic and carcinogenic for human health 
[11]. In addition, industrial wastes containing high lev-
els of BG and having high solubility in water interfere 
with the photosynthesis cycle of aquatic plants, cause the 
oxygen levels in the water to decrease and the flora and 
fauna of the receiving aquatic environments to drown [12]. 
As a result, the effective, healthy, and economical removal 
of BG paint from wastewater is of primary importance to 
eliminate the eco-toxic hazards that this will create.

With mutagenic and carcinogenic effects affecting 
aquatic biota and humans, BG is a kind of triphenylmeth-
ane dye and is widely applied as an antiseptic. In addition, 
BG can cause permanent injuries to the eyes of animals and 
especially humans, and therefore eye burns [13]. Therefore, 
there was a need for effective methods for the disposal of 
BG from wastewater.

The focus of recent research has been on the develop-
ment of environmentally friendly systems for the removal 
of pollutants from waste [14]. Green technology green tech-
nology used from plant-based sources is an environmen-
tally friendly alternative method due to its biodegradability 
and non-toxicity [15]. The main features of this technology 
are its cheapness, reusability, and biodegradability [14]. 
Algae, bacterial strains, fungi, agricultural wastes, and their 
residues are the most important materials used as biosorbent.

Biosorption processes have been known for a long 
time and have become a necessity in recent years as it has 
emerged as a low-cost, environmentally friendly technol-
ogy. Biosorption processes are the transfer of chemicals 
from aqueous solutions to biological materials through 
biological, physical, and chemical methods [16]. During 
this function, biomaterials will have to passively bind to 
non-living cells, take up and accumulate pollutants from 
wastewater by metabolically mediated or physico-chemical 

means in living cells [17]. Special mechanisms that pro-
vide metal uptake include extracellular and intracellular 
accumulation and cell surface sorption/precipitation [18]. 
Recently, several materials have been investigated for 
potential application of adsorbents [19]. In recent years, 
international research has focused on improving adsorption 
processes by changing and/or improving strong, efficient, 
and inexpensive adsorbents with high absorption capacity.

An effective tool for constructing the empirical model 
that can determine the useful static relationship between 
all variables in experimental design is the response surface 
methodology. Response surface methodology was used for 
this statistical analysis and estimation of optimum condi-
tions was proposed. In the experimental stages, the input 
variables were changed to the analysis output response [20].

Hypnum cupressiforme is a plant belonging to Bryophyta 
division, Bryopsida class, Hypnales order, Hypnaceae 
family. It is one of the 16 taxa of the genus Hypnum in 
Turkey [21]. H. cupressiforme is a semi-neutral, semi-arid 
and shade-loving taxon that spreads on tree trunks, rock 
surfaces, dead logs, and soil surfaces [22,23]. Hypnum 
cupressiforme was chosen as an adsorbent to determine the 
treatment efficiency of water exposed to dyestuff pollu-
tion, due to its wide distribution on the earth and its wide-
spread use in trace element removal studies [24].

The first aim of the study is to optimize the decoloriza-
tion of Remazol Brilliant Violet 5R (RBV 5R) and BG dyes 
from aqueous solution with response surface methodology 
(RSM) using H. cupressiforme. The second-aim is to reveal 
out the toxic effect of the wastewater with Daphnia magna 
bioassays before and after treatment process with H. cupres-
siforme. As a result of the study, the effect of treated waste-
water with H. cupressiforme to the model living D. magna is 
seemed to be clear, high significant and untoxic.

2. Materials and methods

2.1. Collecting Hypnum cupressiforme

H. cupressiforme samples were taken from the Abant 
Mountains in the Omerler region of Bolu, at an altitude of 
865m, at the coordinates of N 40° 41’ 24.6” E, 31° 26’ 35.5” 
(Fig. 1). These samples were then taken to the Munzur 
University Environmental Engineering Department 
Laboratory. These samples were first dried and ground at 
room conditions and then passed through a 250 µm sieve.

2.2. RBV 5R and BG biosorption experiments

Remazol Brilliant Violet 5R (molecular formula 
C20H16N3Na3O15S4, Mr = 735.58 g/mol) and Brilliant Green 
(molecular formula C27H34N2O4S, Mr = 482.65 g/mol) were 
purchased from Sigma-Aldrich. Stock solutions of dyes 
were prepared using distilled water. Batch biosorption 
experiments were carried out under the conditions deter-
mined according to the central composite design (CCD) 
design matrix. The experiments were carried out in 250 mL 
Erlenmeyer flasks containing 50 mL of RBV 5R or BG solu-
tion of known concentration at 25°C, at the natural pH of the 
solutions, and using a stirring speed of 250 rpm. The sam-
ples taken at the specified time intervals were centrifuged at 
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5,000 rpm for 10 min and the amount of dye remaining in the 
supernatant was determined using a UV-Vis spectrophotom-
eter (Shimadzu, UV-1800, Japan) at 553 and 625 nm wave-
lengths for RBV 5R and BG, respectively. The dye removal 
yields were calculated using the equation below:

R
C C
C

t% �
�

�0

0

100  (1)

where R is the removal yield of dye, C0 and Ct are the dye con-
centrations (mg/L) before and after biosorption, respectively.

2.3. Design of experiments with CCD

To determine the optimum conditions for the uptake of 
RBV 5R and BG dyes separately on H. cupressiforme, CCD 
under RSM was used as an appropriate design optimiza-
tion approach. This model provides a reduction in the 
number of experimental trials required to examine the pri-
mary effect of each factor and the synergistic interactions 

of the factors. The Design-Expert 7.0 (Stat-Ease Inc., USA) 
software was used as a statistical tool for designing the 
experiments and performing statistical analysis. In this 
study, 3-factors (X1, X2 and X3) and 5-levels (–α, 1, 0, 1 and 
+α) CCD were used with few experimental runs to evalu-
ate and optimize removal efficiencies for both pollutants 
(RBV 5R and BG). The ranges of factors (input factors) were 
dye concentration (X1, 10–50 mg/L), H. cupressiforme dose 
(X2, 0.02–0.30 g/50 mL) and process time (X3, 5–150 min). 
The response factor (output factor) is the removal yield of 
either RBV 5R or BG. The chosen factors and their levels 
are given in Table 1. The number of trial runs required for 
a total of three factors was determined as 20 (=2n + 2n + 6, 
where n is the number of factors). In the optimization pro-
cedure, a quadratic model equation for response surface 
analysis when the response is quadratic can be given as  
follows:
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Fig. 1. Sampling point.
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where Y is the predicted response (% removal yield of RBV 
5R or BG), b0, bii, bi, and bij are the constant, quadratic, linear 
and interactive coefficients, respectively. Xi (i = 1–3) are the 
number of chosen independent factors.

2.4. D. magna mortality test

The reliability of the study was performed with mortal-
ity tests on D. magna. D. magna individuals were obtained 
from the current culture in our laboratory. The daily dark-
light cycle was used for the photoperiod times of the Daphnia 
individuals. For bioassay experiments five groups were 
designed as shown in Table 2.

Then for transferring of 20 Daphnia individuals to in 
each polycarbonate containers, a filter (1.5 mm mesh) was 
used to ensure equal development levels or sizes of indi-
viduals for each application. Similar genetic strains were 
used, as the breeding conditions of the individuals were 
under constant surveillance. Number of dead Daphnia indi-
viduals in each container were counted after 24, 48 and 
72 h. The mortality rates for each period were calculated as 
percentages on each experimental group. The death criteria 
adopted were lack of movement even after mild stimula-
tion [25].

3. Results and discussion

3.1. Statistical analysis

20 experiments based on CCD with various combina-
tions of factors were designed to examine the efficacy of H. 
cupressiforme on the RBV 5R and BG biosorption process, 
and the experimental (actual) and predicted responses from 
the CCD experiments are presented in Table 3. Eqs. (3) and 
(4) show the quadratic models obtained for RBV 5R and BG 
given with values coded according to the response:
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Also, Fig. 2a and b show the comparison between the 
removal efficiencies estimated by Eqs. (3) and (4) obtained 
through experiments. There is good agreement between 
the estimated and experimental removal efficiency. Normal 
probability plots of residuals Fig. 3a and b are shown. As 
the figure shows, there are reasonable residuals, and the 
residuals are normally distributed, like a straight line.

In terms of coded factors, these equations can be used 
to find estimates of response for given levels of each factor. 
Each factor with a positive value of the coefficient has a 
positive effect on the response, while each factor with a 
negative value of the coefficient shows the inverse rela-
tionship between the response and the factor. The signifi-
cantly and non-significantly of each factor is determined 
by its p-value and F-value. A high F-value and p-value less 
than 0.05 are considered significant, and those with a low 
F-value and p-values more than 0.05 are considered insig-
nificant [26]. The data in Table 3 indicate that all factors 
(dye concentration (X1), H. cupressiforme dose (X2) and process 
time (X3)) are important for both RBV 5R and BG removal.

Perturbation plots (Fig. 4a and b) also shows the com-
parative effects of the variables on RBV 5R and BG removal 
efficiency. In Fig. 4a and b, steep lines in dye concentration 
show that the response of RBV 5R and BG efficiency was 
very sensitive to this factor. The p-values for RBV 5R and 
BG for the final model showing the accuracy of the chosen 

Table 1
Levels of factors for CCD experiments

Independent factors Coded and un-coded values

–α –1 0 +1 +α

Dye concentration (mg/L) (X1) 10 18.11 30 41.89 50
H. cupressiforme dose (g/50 mL) (X2) 0.02 0.08 0.16 0.24 0.30
Process time (min) (X3) 5 34.39 77.50 120.61 150

Table 2
Experimental set-up

Groups Bioassay mediums

RBV 5R untreated 350 mL untreated RBV 5R solution + 20 Daphnia individuals in polycarbonate containers
RBV 5R treated 350 mL treated RBV 5R solution + 20 Daphnia individuals in polycarbonate containers
BG untreated 350 mL untreated BG solution + 20 Daphnia individuals in polycarbonate containers
BG treated 350 mL treated BG solution + 20 Daphnia individuals in polycarbonate containers
Control 350 mL natural living water + 20 Daphnia individuals in polycarbonate containers
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Table 3
CCD matrix of biosorption experiments with factor setup, actual and predicted response values

Run Factor 1 (X1) Factor 2 (X2) Factor 3 (X3) Response (% removal)

Dye concentration 
(mg/L)

H. cupressiforme 
dose (g/50 mL)

Process time 
(min)

RBV 5R BG

Actual Predicted Actual Predicted

1 50.00 0.16 77.50 90.25 90.10 86.87 88.55
2 30.00 0.16 77.50 95.32 95.29 94.65 94.55
3 30.00 0.16 5.00 85.12 87.27 81.34 86.38
4 41.89 0.08 34.39 81.54 79.28 80.76 76.20
5 41.89 0.24 120.61 90.43 92.03 88.37 89.91
6 30.00 0.16 77.50 95.32 95.29 94.65 94.55
7 41.89 0.08 120.61 83.67 83.36 80.12 78.98
8 18.11 0.08 120.61 94.11 92.76 92.38 90.58
9 30.00 0.30 77.50 88.25 85.82 90.25 88.03
10 18.11 0.08 34.39 89.65 87.40 85.41 81.44
11 10.00 0.16 77.50 99.32 100.39 99.17 100.92
12 30.00 0.16 77.50 95.32 95.29 94.65 94.55
13 30.00 0.16 150.00 96.48 95.25 95.67 94.06
14 30.00 0.02 77.50 72.34 75.69 63.45 69.10
15 18.11 0.24 34.39 91.10 90.76 94.33 93.04
16 18.11 0.24 120.61 94.56 96.17 97.24 99.38
17 30.00 0.16 77.50 95.32 95.29 94.65 94.55
18 30.00 0.16 77.50 95.32 95.29 94.65 94.55
19 30.00 0.16 77.50 95.32 95.29 94.65 94.55
20 41.89 0.24 34.39 87.22 87.92 90.55 89.92

Fig. 2. Comparison plot between the experimental and model predicted RBV 5R removal (%) (a) and BG removal (%) (b).
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model were <0.0001 and 0.0004, respectively. Also, the sta-
tistical significance of the proposed model was evaluated 
with the parameters in Table 4 obtained from analysis of 
variance. The determination coefficient (R2) indicates the 
accuracy of the designed models. In this study, R2 values 
were obtained as 0.9459 for RBV 5R removal and 0.9083 for 
BG removal, confirming the good agreement of the data 

shown in Table 4. The R2 values indicate that 94.59% of 
the variation in RBV 5R removal and 90.83% of the vari-
ation in BG removal can be identified by the proposed 
models. The adjusted R2 (R2-Adj) values showing the reli-
ability of the mentioned model were 0.8973 for RBV 5R 
and 0.8258 for BG biosorption, and these values proved 
that the models were important [27]. Another parameter 

Fig. 3. Normal probability plots of residual for RBV 5R removal (%) (a) and BG removal (%) (b).

Fig. 4. Perturbation plots for RBV 5R (a) and BG (b) removal.
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confirming the statistically significant and strength of the 
proposed models is the acceptable precision (AP) value, 
which indicates the amount of “signal-to-noise ratio”. 
In this study, AP values for RBV 5R and BG was 16.975 and 
12.949, respectively. More reliable models in CCD-defined 
space are models with AP higher than 4. Also, a low 
value of the coefficient of variation (CV) (2.27% for RBV 
5R and 3.88% for BG) indicates the reliability and repro-
ducibility of the predicted model [28].

3.2. Response surface designs and optimization

In this work, three-dimensional (3D) surface plots and 
contour plots were used to examine the effect of various 
levels of independent factors on the percentage of RBV 5R 
and BG removal. Figs. 5a, d and 6a, d represents the simulta-
neous effect of dye concentration and H. cupressiforme dose 
on RBV 5R and BG removal (X1X2) when the process time 
were maintained in the constant value (77.50 min). As can 

be seen from figures, the removal efficiency for both dyes 
decreased when the initial concentration of RBV 5R and 
BG increased from 10 to 50 mg/L. This may be due to the 
presence of multiple active sites on the surface of H. cupres-
siforme for dye biosorption at lower dye concentrations. 
According to Rehman et al. [29], the optimum parameters 
for adsorption were at; adsorbent dosage 10 g/L, agitation 
speed 200 rpm, contact duration 120 min, initial concentra-
tion 100 mg/L and temperature 298 K that resulted in 97% 
BG dye removal. However, with increasing dye concen-
tration, the number of surfactant binding sites decreased 
due to saturation of the binding sites with dye molecules.

Figs. 5b, e and 6b, e represents the effect of dye con-
centration and process time on RBV 5R and BG removal 
by keeping H. cupressiforme dose constant at 0.16 g/50 mL. 
For both RBV 5R and BG, dye removal rate increased with 
increasing contact time. While the biosorption rate was 
high at the beginning, there was no significant increase in 
the percentage of dye removal afterwards. The reason for 

Table 4
Analyzing the variance (ANOVA) and model summary statistic

Source Sum of squares Degree of freedom Mean square F-value p-value Prob. > F

RBV 5R removal (%)
Model 740.97 9 82.33 19.44 <0.0001 Significant
X1 128.02 1 128.02 30.23 0.0003
X2 123.67 1 123.67 29.21 0.0003
X3 76.70 1 76.70 18.11 0.0017
X1X2 13.89 1 13.89 3.28 0.1002
X1X3 0.83 1 0.83 0.20 0.6670
X2X3 8.000E-004 1 8.000E-004 1.889E-004 0.9893
X1

2 4.315E-003 1 4.315E-003 1.019E-003 0.9752
X2

2 380.78 1 380.78 89.93 <0.0001
X3

2 29.31 1 29.31 6.92 0.0251
R2 0.9459
R2-Adj 0.8973
CV % 2.27
AP 16.975

BG removal (%)

Model 1,196.84 9 132.98 11.01 0.0004 Significant
X1 184.86 1 184.86 15.30 0.0029
X2 432.92 1 432.92 35.83 0.0001
X3 71.10 1 71.10 5.88 0.0357
X1X2 2.27 1 2.27 0.19 0.6740
X1X3 20.16 1 20.16 1.67 0.2255
X2X3 3.92 1 3.92 0.32 0.5815
X1

2 0.060 1 0.060 4.980E-003 0.9451
X2

2 460.43 1 460.43 38.11 0.0001
X3

2 33.81 1 33.81 2.80 0.1253

R2 0.9083
R2-Adj 0.8258
CV % 3.88
AP 12.949
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Fig. 5. 3D response surface plots for RBV 5R and BG removal (X1: dye concentration (mg/L); X2: H. cupressiforme dose (g/50 mL); X3: 
process time (min)).
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Fig. 6. Contour plots for RBV 5R and BG removal (X1: dye concentration (mg/L); X2: H. cupressiforme dose (g/50 mL); X3: process 
time (min)).
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this may be that the biosorption rate is higher since the ini-
tially soluble dye molecules are adsorbed on the external 
surfaces of the H. cupressiforme particles. After the biosorp-
tion in these pores reaches saturation, additional molecules 
cannot be biosorbed and the dye molecules can diffuse from 
the pores of the biosorbent to the inner surfaces of the par-
ticles. Since this phenomenon takes time, there would be 
an optimal biosorption time. Beyan et al. [30] revealed out 
that the predicted models were statistically optimized to 
maximize biochemical oxygen demand (BOD) and chemical 
oxygen demand (COD) removal. The optimal values were 
predicted to be 0.915 g/L and a reaction time of 98.91 min 
for maximized BOD and COD removal efficiencies of 0.0225 
and 0.023 mg/L min–1 for textile wastewater respectively.

Figs. 5c, f and 6c, f represent the effect of H. cupressi-
forme dose and process time on RBV 5R and BG removal by 
keeping initial dye concentration constant at 30 mg/L. As 
seen in Figs. 5c and 6c, RBV 5R removal efficiency increased 
with increasing biosorbent dose up to about 0.22 g, while 
it decreased at higher biosorbent amounts. Similarly, BG 
removal efficiency increased with increasing biosorbent 
dose up to about 0.24 g and decreased at higher biosorbent 
amounts. The reason for the decrease in biosorption removal 
efficiency is the decrease in biosorption capacity, consider-
ing that not all adsorption sites can participate in adsorption 
due to agglomeration or interaction [31].

In this work, the numerical optimization program in 
CCD was used to determine the optimum values. In the 
program, RBV 5R or BG removal efficiency, which is the 
response, was selected as maximum, while the level of each 

parameter is selected “in range”. Optimum values and max-
imum biosorption efficiencies of the studied factors for RBV 
5R and BG biosorption are presented in Table 5. These data 
are optimization results under selected conditions and have 
been verified by experiments performed under optimum 
conditions.

3.3. Mortality assessment

The results of the mortality assessment are presented as 
percent death of D. magna occurred in all application groups. 
The mortality rates of experimental groups for each period 
were determined using D. magna. In the RBV 5R dye appli-
cation group, 100% mortality was detected after 24 h in the 
untreated medium, while the mortality rates were deter-
mined as 0%, 0% and 5% at 24, 48 and 72 h in the treated 
medium, respectively. In the BG dye application group, 
mortality rates were determined as 30%, 35% and 50% at 
24, 48 and 72 h, respectively, in the treated medium, while 
100% mortality was determined after 24 h in the untreated 
medium. No mortality was observed in all periods in 
natural living water medium.

When the treatment efficiencies of both dyes were com-
pared in terms of mortality, it was concluded that the toxic-
ity of RBV 5R was reduced more effectively. The mortality 
rates showed that treatment with adsorption were sufficient 
to remove the complete toxicity of dyes especially for RBV 
5R (Fig. 7). Lade et al. [32] reported that acute toxicity test 
with D. magna revealed complete detoxification of azo dye 
degraded metabolites under sequential microaerophilic/

Table 5
Results of numerical optimization (Desirability = 1.000)

Dye concentration  
(mg/L)

H. cupressiforme  
dose (g/50 mL)

Process time  
(min)

Removal, %

RBV 5R 19.02 0.18 110.59 99.39
BG 18.57 0.18 99.45 99.22
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aerobic processes. In their study, a bacterial consortium con-
sisting of Providencia rettgeri strain HSL1 and Pseudomonas 
sp. SUK1 has been investigated for degradation and detox-
ification of structurally different azo dyes. The consor-
tium showed 98%–99% decolorization of all the selected 
azo dyes viz. Reactive Black 5 (RB 5), Reactive Orange 16 
(RO 16), Disperse Red 78 (DR 78) and Direct Red 81 (DR 
81) within 12 to 30 h at 100 mg/L concentration at 30°C 
under microaerophilic, sequential aerobic/microaero-
philic and microaerophilic/aerobic processes. In a study 
by Ghanbarian et al. [33] they found that mortality in the 
treated dye medium increased at a low level depending 
on the application time. In our study, a similar mortality 
increase was observed especially in the BG dye group. This 
increase was lower than in the untreated BG dye medium.

4. Conclusions

The analysis of variance (ANOVA) was performed 
for evaluating the significance of the proposed assump-
tions. This work investigated the interaction of dye con-
centration, H. cupressiforme dose and process time with 
H. cupressiforme for the biosorption of RBV 5R and BG 
dyes from aqueous solution using CCD. The regression 
models showed the validity of the quadratic equations 
for the biosorption of RBV 5R and BG using H. cupressi-
forme. The determination coefficient (R2) obtained from the 
ANOVA for RBV 5R and BG are 0.9459 and 0.9083, respec-
tively. The maximum removal yields of RBV 5R and BG 
were 99.39% and 99.22%, respectively, indicating that H. 
cupressiforme has a high removal capacity for RBV 5R and 
BG. Daphnia mortality rates showed that decolorization 
with H. cupressiforme significantly reduced toxicity for both  
dyes.

References
[1] A.K. Verma, R.R. Dash, P.A. Bhunia, A review on chemical 

coagulation/flocculation technologies for removal of colour 
from textile wastewaters, J. Environ. Manage., 93 (2012)  
154–168.

[2] G.H. Rounaghi, M. Mohajeri, S. Ahmadzadeh, S. Tarahomi, 
A thermodynamic study of interaction of Na+ cation with benzo-
15-crown-5 in binary mixed non-aqueous solvents, J. Inclusion 
Phenom. Macrocyclic Chem., 63 (2009) 365–372.

[3] A. Bes-Piá, J.A. Mendoza-Roca, M.I. Alcaina-Miranda, 
A. Iborra-Clar, M.I. Iborra-Clar, Combination of physico-
chemical treatment and nanofiltration to reuse wastewater of 
a printing, dyeing and finishing textile industry, Desalination, 
157 (2003) 73–80.

[4] K. Sui, Y. Li, R. Liu, Y. Zhang, X. Zhao, H. Liang, Y. Xia, 
Biocomposite fiber of calcium alginate/multi-walled carbon 
nanotubes with enhanced adsorption properties for ionic dyes, 
Carbohydr. Polym., 90 (2012) 399–406.

[5] R. Badri Narayan, R. Goutham, B. Srikanth, K.P. Gopinath, 
A novel nano-sized calcium hydroxide catalyst prepared 
from clam shells for the photodegradation of methyl red dye, 
J. Environ. Chem. Eng., 6 (2018) 3640–3647.

[6] P. Sathishkumar, K. Balan, T. Palvannan, S. Kamala-Kannan, 
B.-T. Oh, S. Rodríguez-Couto, Efficiency of Pleurotus florida 
laccase on decolorization and detoxification of the reactive dye 
Remazol Brilliant Blue R (RBBR) under optimized conditions, 
CLEAN – Soil Air Water, 41 (2013) 665–672.

[7] A.H. Jawad, A.S. Abdulhameed, Facile synthesis of crosslinked 
chitosan-tripolyphosphate/kaolin clay composite for decolouri-
zation and COD reduction of Remazol Brilliant Blue R dye: 

optimization by using response surface methodology, Colloids 
Surf., A, 605 (2020) 125329, doi: 10.1016/j.colsurfa.2020.125329.

[8] Z. Aksu, S. Tezer, Biosorption of reactive dyes on the green alga 
Chlorella vulgaris, Process Biochem., 40 (2005) 1347–1361.

[9] N. Akmar Rahmat, A. Aqilah Ali, N. Hussain, M. Suliza 
Muhamad, R. Ayu Kristanti, T. Hadibarata, Removal of 
Remazol Brilliant Blue R from aqueous solution by adsorption 
using pineapple leaf powder and lime peel powder, 
Water Air Soil Pollut., 227 (2016) 105.

[10] M.A. Ahmad, S.G. Herawan, A.A. Yusof, Equilibrium, 
kinetics, and thermodynamics of Remazol Brilliant Blue 
R dye adsorption onto activated carbon prepared from 
Pinang Frond, Int. Scholarly Res. Not., 2014 (2014) 184265, 
doi: 10.1155/2014/184265.

[11] V.L. Gole, P.R. Gogate, Degradation of Brilliant Green dye using 
combined treatment strategies based on different irradiations, 
Sep. Purif. Technol., 133 (2014) 212–220.

[12] M. Iram, C. Guo, Y. Guan, A. Ishfaq, H. Liu, Adsorption and 
magnetic removal of neutral red dye from aqueous solution 
using Fe3O4 hollow nanospheres, J. Hazard. Mater., 181 (2010) 
1039–1050.

[13] B.K. Nandi, A. Goswami, M.K. Purkait, Adsorption 
characteristics of Brilliant Green dye on kaolin, J. Hazard. 
Mater., 161 (2009) 387–395.

[14] A.J. Jafari, A. Alahabadi, M.H. Saghi, Z. Rezai, A. Rastegar, 
M.S. Zamani, P. Singh, A. Hosseini-Bandegharaei, Adsorptive 
removal of phenol from aqueous solutions using chemically 
activated rice husk ash: equilibrium, kinetic, and thermodynamic 
studies, Desal. Water Treat., 158 (2019) 233–244.

[15] G.Z. Kyzas, M. Kostoglou, Green adsorbents for wastewaters: 
a critical review, Materials (Basel), 7 (2014) 333–364.

[16] A.A.O. Eletta, J.O. Ighalo, A review of fish scales as a source 
of biosorbent for the removal of pollutants from industrial 
effluents, J. Res. Inform. Civ. Eng., 16 (2019) 2479–2510.

[17] S.H. Abbas, Biosorption of heavy metals: a review, J. Chem. Sci. 
Technol., 3 (2014) 74–102.

[18] N. Ahalya, T.V. Ramachandra, R.D. Kanamadi, Biosorption of 
heavy metals, Res. J. Chem. Environ., 7 (2003) 1–13.

[19] H. Shi, W. Li, L. Zhong, C. Xu, Methylene blue adsorption 
from aqueous solution by magnetic cellulose/graphene oxide 
composite: equilibrium, kinetics, and thermodynamics, Ind. 
Eng. Chem. Res., 53 (2013) 1108–1118.

[20] M. Dolatabati, T. Świergosz, S. Ahmadzadeh, Electro-Fenton 
approach in oxidative degradation of dimethyl phthalate - the 
treatment of aqueous leachate from landfills, Sci. Total Environ., 
772 (2021) 145323, doi: 10.1016/j.scitotenv.2021.145323.

[21] H. Kürschner, W. Frey, Liverworts, Mosses and Hornworts 
of Southwest Asia (Marchantiophyta, Bryophyta, Antho-
cerotophyta), Second Enlarged and Revised Edition, 
J. Cramer in Borntraeger Science Publishers, Stutgard, Germany,  
2020.

[22] R. Bargagli, F. Monaci, F. Borghini, F. Bravi, C. Agnorelli, Mosses 
and lichens as biomonitors of trace metals. A comparison study 
on Hypnum cupressiforme and Parmelia caperata in a former 
mining district in Italy, Environ. Pollut., 116 (2004) 279–287.

[23] K. Dierssen, Distribution, ecological amplitude and 
phytosociological characterization of European bryophytes, 
Bryophytorum Bibliotheca, 56 (2001) 1–289.

[24] R. Bargagli, F. Monaci, C. Agnorelli, Oak leaves as accumulators 
of airborne elements in an area with geochemical and 
geothermal anomalies, Environ. Pollut., 124 (2003) 321–329.

[25] A. Bianchini, C.A. Wood, Physiological effects of chronic silver 
exposure in Daphnia magna, Comp. Biochem. Physiol. C: Toxicol. 
Pharmacol., 133 (2002) 137–145.

[26] M. Dolatabadi, M.T. Ghaneian, C. Wang, S. Ahmadzadeh, 
Electro-Fenton approach for highly efficient degradation of 
the herbicide 2,4-dichlorophenoxyacetic acid from agricultural 
wastewater: process optimization, kinetic and mechanism, 
J. Mol. Liq., 334 (2021) 116116, doi: 10.1016/j.molliq.2021.116116.

[27] R. Mohammadi, M.A. Mohammadifar, A.M. Mortazavian, 
M. Rouhi, J.B. Ghasemi, Z. Delshadian, Extraction optimization of  
pepsin-soluble collagen from eggshell membrane by response 
surface methodology (RSM), Food Chem., 190 (2016) 186–193.



V. Korkmaz et al. / Desalination and Water Treatment 278 (2022) 251–262262

[28] M. Alizadeh, S.M. Sadrameli, Numerical modeling and 
optimization of thermal comfort in building: central composite 
design and CFD simulation, Energy Build., 164 (2018) 187–202.

[29] M.S. Ur Rehman, M. Munir, M. Ashfaq, N. Rashid, M.F. Nazar, 
M. Danish, J.-I. Han, Adsorption of Brilliant Green dye from 
aqueous solution onto red clay, Chem. Eng. J., 228 (2013) 54–62.

[30] S.M. Beyan, S.V. Prabhu, T.T. Sissay, A.A. Getahun, Sugarcane 
bagasse based activated carbon preparation and its adsorption 
efficacy on removal of BOD and COD from textile effluents: RSM 
based modeling, optimization and kinetic aspects, Bioresour. 
Technol. Rep., 14 (2021) 100664, doi: 10.1016/j.biteb.2021.100664.

[31] A.R. Dryaz, M. Shaban, H. AlMohamadi, K.A.A. Al-Ola, 
A. Hamd, N.K. Soliman, S.A. Ahmed, Design, characterization, 

and adsorption properties of Padina gymnospora/zeolite 
nanocomposite for Congo red dye removal from wastewater, 
Sci. Rep., 11 (2021) 21058, doi: 10.1038/s41598-021-00025-y.

[32] H. Lade, A. Kadam, D. Paul, S. Govindwar, Biodegradation 
and detoxification of textile azo dyes by bacterial consortium 
under sequential microaerophilic/aerobic processes, EXCLI J., 
14 (2015) 158–174.

[33] M. Ghanbarian, A.H. Mahvi, M. Ghanbarian, Data on bioassay 
of toxicity reduction of treated textile wastewater by using 
nanophotocatalytic process by Daphnia magna, Data Brief, 
21 (2018) 1321–1324.


