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A B S T R A C T   

Research on biosorption of organic dyes is an important subject for the development of clean technologies for the 
treatment of textile wastewater. In this work, the process of sorption of four textile dyes of different natures, 
namely Basic Violet 10 (BV10), Acid Red 27 (AR27), Direct Blue 151 (DB151) and Reactive Violet 4 (RV4) onto 
two composts, pine bark compost and municipal solid waste compost, has been studied. For this, sorption kinetics 
and equilibrium sorption at different solution pH values (3.0–7.0) and salinity (0–1.0 M KCl) conditions have 
been assessed in batch experiments. Sorption rates were relatively slow for BV10, reaching equilibrium only after 
24 h, and faster for the rest: around 5–6 h for RV4 and AR27 and 2 h for DB151. Kinetics of dye sorption followed 
a pseudo-first order model, except that of DB151, which was better described by a pseudo-second order model. 
The sequence of adsorption capacity for both composts was as follows: BV10 > DB151 > RV4 > AR27. In general, 
dye sorption at the equilibrium was adequately described by the Langmuir model, what allows to estimate 
maximum retention capacities for each dye by the composts. At the best removal conditions, pine bark compost 
presented maximum sorption capacities of 204 mg g− 1 for BV10, 54 mg g− 1 for DB151, 23 mg g− 1 for RV4, and 
4.1 mg g− 1 for AR27, whereas municipal solid waste compost showed maximum sorption of 74 mg g− 1 for 
DB151, 38 mg g− 1 for RV4, 36 mg g− 1 for BV10, and 1.6 mg g− 1 for AR27. Sorption increased at acid pH in all 
cases, likely because of modification of charges of the dyes and higher electrostatic attraction, whereas increasing 
salinity also had a positive effect on sorption, attributed to a solute-aggregation mechanism in solution. In 
conclusion, organic waste-derived products, like composts, can be applied in the removal of colorants from 
wastewater, although they would be more effective for the removal of basic cationic dyes than other types, due to 
electrostatic interaction with mostly negatively-charged composts.   

1. Introduction 

Organic dyes are heavily used in the textile, paper and paint pro
duction industries and it has been estimated that 10,000 different textile 
dyes are available worldwide, with an annual production of around 7 ×
105 tons (Crini, 2006). In the textile industry, up to 50% of applied dyes 
do not bind to the fabrics (Kausar et al., 2018) and are eliminated as 
colored wastewaters, which should be treated properly before dis
charging into different water bodies. Colored pollutants have a negative 
influence on the photosynthetic activity of aquatic life due to their 
strong visible light absorption (Amin, 2009; Antighin et al., 2015). 
Moreover, exposure to high levels of some textile dyes can cause severe 

damage to human beings including kidney, liver, reproductive system, 
brain and central nervous system (Amin, 2009; Antighin et al., 2015; 
Kausar et al., 2018). Consequently, treatment of dye-containing efflu
ents is a big challenge for the preservation of environmental quality and 
the sustainability of textile industries (Kadirvelu et al., 2000). 

Among the methods tested for the removal of textile dyes, adsorption 
from solution has been reported to be efficient in terms of operational 
costs and ease of design (Nassar and El-Geundi, 1991). Activated carbon 
is the ideal adsorbent against a wide range of pollutants (Crini, 2006), 
but its high cost has promoted research for cheaper substitutes, 
including natural materials of different origins that can be available in 
large amounts (Nassar and El-Geundi, 1991; Kadirvelu et al., 2000; 
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Crini, 2006; Hameed and El-Khaiary, 2008; Anastopoulos and Kyzas, 
2014, 2015). 

Recently, increasing attention has been directed to the use of com
posts in this field (McKay et al., 2011; Paradelo et al., 2009, 2019, 2020; 
Pushpa et al., 2016). Compost is an organic material produced after 
aerobic biological decomposition of organic wastes under specific con
ditions, in a process called composting. In this process, decomposable 
organic materials degrade in aerobic atmosphere to be converted into 
more stable products. Composts are often applied as soil conditioners 
and fertilizers in gardening, agriculture, landscaping and organic 
farming and more recently for the removal of pollutants from water 
through adsorption processes. This application is particularly interesting 
for composts that are not suitable for agricultural use due to low nutrient 
contents, high salinity or high levels of metals (Paradelo et al., 2020). 
Compared to other adsorbents, composts offer interesting advantages 
such as their lower production cost and high availability, since they are 
produced from organic-rich-wastes that otherwise would be landfilled, 
incinerated or dumped in nature (Wang et al., 2020). In addition, 
because of their low cost they don’t need to be regenerated for reuse and 
they can be disposed, incinerated or even further composted to remove 
adsorbed dyes (Dey et al., 2017). The few studies that have discussed the 
removal of textile dyes from solution by composts have reported 
promising results (McKay et al., 2011; Pushpa et al., 2016; Paradelo 
et al., 2020), although they have been mostly focused on basic cationic 

dyes, with very few research done on other types of dyes. 
In this work, the performance of two composts of different origin and 

properties for the removal of acid, basic, direct and reactive textile dyes 
from solution was investigated. Both kinetic and equilibrium sorption 
were addressed, as well as the effect of solution pH and salinity on dye 
removal, in order to determine the potential of these composts as ad
sorbents in textile wastewater treatment. 

2. Materials and methods 

2.1. Adsorbates 

Four textile dyes were studied, belonging to the main dye classes: 
basic, acid, direct and reactive. Basic Violet 10 (BV10, also known as 
rhodamine B) and Acid Red 27 (AR27, also known as amaranth dye) 
were purchased from Panreac (Barcelona, Spain). Direct Blue 151 
(DB151) and Reactive Violet 4 (RV4) were purchased from Sigma
–Aldrich® chemicals. The pKa values of the dyes, determined from the 
half-pointof pH-VNAOH titration plot of 0.010 M dye solutions, chemical 
structures and other properties are provided in Table 1. BV10 has no azo 
bond in its structure and no polar functional groups. AR27 has one azo 
bond with three ionizable sulfonate groups. DB151 has a large hydro
phobic skeleton with two azo bonds, polar groups (N–H, O–H, C–O) and 
two ionizable sulfonate groups conferring anionic character. RV4 has 
also an azo dye, with one azo bond, three sulfonate groups, and O–H as 
polar functional group. 

2.2. Biosorbents 

Two composts were used in this work, produced in industrial com
posting facilities in the region of Galicia (Spain). Municipal solid waste 
compost (MSWC) was obtained by aerobic large-scale composting of 
source-separated organic fraction of municipal solid waste at the Com
plexo Medioambiental do Barbanza (A Coruña, Spain). Composted pine 
bark (CPB) was obtained after aerobic composting of pine bark in 
windrows and supplied by the company Costiña Orgánica (A Coruña, 
Spain). 

The pH of the composts was measured in a 1:5 (v/v) compost/water 
suspension. The pH at which the net surface charge on the compost 
surface is zero (pH of point of zero charge, pHpzc) was measured by the 

Table 1 
Chemical properties of the four dyes.  

Dye Molecular formula Structure Molecular weight (g mol − 1) pKa Water solubility 

Basic Violet 10 C28H31ClN2O3 478.5 3.7 8–15 g L− 1 (20 ◦C) 

Acid Red 27 C20H11N2Na3O10S3 604.5 2.61, 7.41 50 g L− 1 (20 ◦C) 

Direct Blue 151 C34H25N5O10S2Na2 773.7 2.68 High 

Reactive Violet 4 C20H16N3Na3O15S4 799.1 4.55 High  

Table 2 
Physicochemical parameters of the composts. CPB: composted pine bark; MSWC: 
municipal solid waste compost; pHZPC: pH at point of zero charge; OM: organic 
matter; AEC: anionic exchange capacity; CEC: cation exchange capacity; SSA: 
specific surface area.   

CPB MSWC 

pH 5.3 8.5 
pHZPC 4.4 8.2 
OM, % 95.3 43.8 
C, % 53.6 22.9 
N, % 0.93 2.83 
C/N ratio 57.6 8.1 
CEC, cmol(+) kg− 1 25.4 18.8 
AEC, cmol(− ) kg− 1 4.6 3.6 
SSA, m2 g− 1 22.4 5.8  
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pH drift method (Sunjuk et al., 2019). The initial pH (pHi) of different 
solutions (25.0 mL of 0.01 M KCl) in conical flasks was adjusted over the 
range 2.0–10.0 (accuracy ± 0.1 unit) by adding acid or base. To the 
flasks, 0.25 g compost was added and the final pH (pHf) was recorded 
after 24 h shaking at 25 ◦C. The difference (pHi - pHf) was then plotted 
against pHi and the pHpzc was estimated as the point at which the dif
ference is zero. Contents of C, H, and N were quantified using CHN 
elemental analyzer (ELTRA CW multiphase determinator, Italy). 
Textural characteristics of composts were obtained using standard 
N2–adsorption techniques (Quantachrome, Nova, Surface Area and Pore 
Size Analyzer, USA); specific surface area and pore size distribution 
were determined following the Barrett-Joyner-Halenda (BJH) method. 

2.3. Sorption experiments at different experimental factors 

For the sorption experiments, a working stock solution of 1000 mg 
L− 1 of each dye was prepared by dissolving an accurately weighed 
quantity of each single dye in deionized water and subsequently diluting 
to the needed concentrations. 

The effect of contact time on dye removal by compost was studied by 
shaking 0.5 g of biosorbent with 50 mL of solutions with different dye 
initial concentrations. Based on previous trials, higher concentrations 
were used for BV10-CPB and BV10-MSWC tests (500 and 200 and mg 
L− 1 respectively) due to the high affinity of this dye for both composts, 
than for DB151 and RV4 (100 mg L− 1) and AR27 sorption (20 mg L− 1). 
The suspensions were shaken during different times (5–1440 min) at 
25 ◦C, and the supernatant was extracted and filtered. The dye con
centrations in the extracts were quantified by measuring absorbance in 
an UV/VIS spectrophotometer (Thermo evolution 100 electro corpora
tion, USA) at 547 nm for Basic Violet 10, 522 nm for Acid Red 27, 554 
nm for DB151 and 558 nm for RV4. All tests were carried out in 
triplicates. 

For the study of the equilibrium sorption, batch tests were carried out 
by shaking 0.50 g of each compost with 50 mL of each individual dye 
solution at various initial concentrations (10–2000 mg L− 1 for BV10 and 

CPB, 2–200 mg L− 1 for BV10 and MSWC, 2–50 mg L− 1 for AR27, 5–700 
mg L− 1 for DB151 and 10–500 mg L− 1 for RV4) in a thermostated shaker 
(GFL, Germany) at 25 ◦C and 130 rpm for 24 h. After this period, 
compost particles were removed by centrifugation at 5000 rpm for 5 min 
and the clean supernatant was filtered for spectral analysis. The dye 
concentrations in the extracts (Ce, mg L− 1) were determined by spec
trophotometry as explained above. All tests were carried out in tripli
cates. The amount of dye adsorbed by the compost (qe, mg g− 1) was 
calculated according to Eq. (1): 

qe =
(Co − Ce)V

m
(1)  

where V and m are the volume of solution (L) and mass of compost (g), 
respectively. 

The effect of the solution pH on dyes uptake was studied over the 
range 3.0–7.0 (±0.3) by adjusting the pH of the initial dye solution with 
0.5 N NaOH or 0.5 N HCl; the pH was regularly readjusted during the 
course of sorption tests. The effect of solution salinity on dyes removal 
was studied at 0.1 and 1.0 M KCl background solution. All tests were 
carried out in triplicates. The spectra of dyes were insensitive to varia
tions in pH and salinity, so their quantification in the extracts was car
ried out as explained above. 

2.4. IR spectra of composts before and after adsorption 

Dye-loaded composts were separated from solution, washed with 
distilled water, and dried at 105 ◦C. Then, 100 mg of each compost were 
thoroughly mixed with 300 mg dried KBr and pressed at 10 bar to 
produce the disc for the preparation of the spectra. FTIR spectra were 
obtained within the range 400–4000 cm− 1 using a PerkinElmer Dynas
can Interferometer AVI (Waltham, MA, USA). 

2.5. Desorption 

For the study of desorption, 500 mg of each compost were suspended 

Fig. 1. N2 adsorption/desorption isotherms and pore size distribution of the composts. CPB: composted pine bark; MSWC: municipal solid waste compost.  
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in 50 mL of dye solutions in triplicate, with initial concentrations of 
2000 mg L− 1 for BV10, 700 mg L− 1 for DB151, 200 mg L− 1 for RV4 and 
50 mg L− 1 for AR27. Suspensions were shaken on a rotary shaker at 60 
rpm at room temperature (25 ± 1 ◦C) for 24 h and centrifuged at 4000 g 
for 5 min. The supernatant was removed and the centrifuged residues 
were weighed to calculate the amount of dye solution occluded in the 
solid. Then the composts were resuspended in 50 mL of water, shaken 
again for 24 h and centrifuged. Supernatants were analyzed immediately 
for dye concentrations as explained above and desorption was expressed 
as percentage of the previously absorbed dye. 

2.6. Fitting of kinetic models 

Adsorption kinetics data were described using the Lagergren’s 
pseudo-first order and pseudo-second order models, defined by Equa
tions (2) and (3), respectively: 

qa = qe
(
1 − e− k1 t) (2)  

qa =
k2q2

e t
1 + k2qet

(3)  

where qa (mg g− 1) is the amount of dye removed by the compost at a 
time t, qe (mg g− 1) is the amount of dye removed at equilibrium (this 
parameter is fitted by the model), k1 (h− 1) is the pseudo-first-order rate 
constant, and k2 (g mg− 1 h− 1) is the pseudo-second-order rate constant. 

2.7. Adsorption isotherms 

Different sorption models were adjusted to isotherms data in order to 
predict the maximum uptake capacity, formation of multilayer sorption, 
variability of active sites, porosity, and heterogeneity of sorbent. Among 
them, only three models were found applicable: Langmuir, Freundlich 
and Sips models. The Langmuir equation has the following form: 

qe =
QLKLCe

1 + KLCe
(4)  

where QL (mg g− 1) and KL (L mg− 1) are respectively the maximum 
sorption capacity and the affinity constant of the dye toward the 
compost. The model assumes equal-energy active sites, no interaction 
with adsorbed solutes, and one mono-layer coverage. 

The Freundlich isotherm model expression defines the heterogeneity 
of the surface as well as the exponential distribution of the active sites 
and the active sites energies: 

qe =KFC1/nF
e (5)  

where KF (Ln mg1− n g− 1) is the Freundlich constant and can indicate 
uptake capacity, while 1/n (dimensionless) measures favorability of the 
process and both are system specific constants. 

A combination of both Langmuir and Freundlich isotherm models 
resulted in the Sips isotherm model (Sips, 1948). This leads to the pro
duction of an expression that has a finite limit at high concentration: 

qe =
QSKSCnS

e

1 + KSCnS
e

(6)  

where Qs (mg g− 1), Ks (L mg− 1), and ns (dimensionless) are Sips 
maximum adsorption capacity, Sips equilibrium constant and the model 
exponent, respectively (Sips, 1948; Ayawei et al., 2017). 

The relative error of prediction (REP%) was used as a criterion to 
select the optimum model as equilibrium data was fitted by more than 
one model. REP% is estimated as follows (Ayawei et al., 2017): 

REP%= 100 ×

⎛

⎜
⎜
⎝

∑n
i=1

(
qi,pred − qi,act

)2

∑n

i=1

(
Ci,act

)2

⎞

⎟
⎟
⎠

1/2

(7)  

where qi,pred, qi,act, and n are predicted sorption value, actual sorption 
value, and number of experimental points, respectively. 

3. Results and discussion 

3.1. Characteristics of composts 

The main physicochemical parameters of the composts are provided 
in Table 2 (additional properties can be found in Paradelo et al., 2020). 

Fig. 2. Kinetics of dye sorption by the composts and fittings to pseudo-first 
order kinetics. CPB: composted pine bark; MSWC: municipal solid waste 
compost; BV10: Basic Violet 10; AR27: Acid Red 27; DB151: Direct Blue 151; 
RV4: Reactive Violet 4. 
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These composts have been selected for potential use as biosorbents 
because of their limited application for agronomic use as organic 
amendments, which would be the first-choice. In this sense, CPB 
exhibited a strongly acidic nature and low nutrient levels, whereas 
MSWC has high salinity (9.4 dS m− 1) and heavy metal contents 
(Paradelo et al., 2020). 

The values of pHzpc were 4.4 and 8.1 for CPB and MSWC, respectively 
(Figure S1, Table 2). This parameter allows estimating the nature of the 
net surface charge of the adsorbent at different solution pH values and 
are important to understand the mechanism of interaction between dyes 
and sorbents (Zhu et al., 2015). Figure S1 shows that CPB has lower 
positive charge and higher negative charge compared to MSWC. At so
lution pH > pHzpc, the difference pHi-pHf is positive and the net surface 
charge is therefore negative. Conversely, when solution pH < pHzpc, the 
difference pHi-pHf is negative and the net surface charge is positive 
because compost functional groups are protonated. Even if at pHZPC the 
net charge of the compost can be positive, there are still negative 
charges, as indicated by the CEC values. In any case, it is obvious that 
there will be more positive charge at lower pH, promoting the interac
tion with negatively-charged molecules. 

Regarding surface properties (Fig. 1), N2 adsorption-desorption 
studies show that both composts exhibited type II isotherm according 
to IUPAC classification (Rouquerol et al., 1994). This is indicative of the 
mesoporous to macroporous structure of the material. The absence of 
microporosity (<2 nm) is expected since composts are not exposed to 
high temperature (>500 ◦C), as is the case in commercial activated 
carbon. Based on multipoint BET analysis, specific surface area of ad
sorbents were 5.8 and 22.4 m2 g− 1 for MSWC and CPB, respectively 
(Table 2). Pore size analysis confirmed that both composts have mac
roporous structure with average diameter of 33 Å and 90 Å for MSWC 
and CPB, respectively. Interestingly, the BJH plot of CPB indicated the 
presence of pores of diameter 135 Å but in much lower volume 
compared to those of 90 Å. 

3.2. Kinetics of dye sorption 

Sorption rates of tested dyes by both composts and modelled kinetic 
data are provided in Fig. 2 and Table 3. Equilibrium was more rapidly 
achieved for DB151, RV4 and AR27 than for BV10, which shows a high 
but slow adsorption capacity, on both composts: equilibrium would be 
reached at around 24 h for BV10, 5–6 h for RV4 and AR27, and around 2 
h for DB151. As shown in Table 3, both pseudo-first and second order 
models showed good quality for the description of the experimental 
data, although pseudo-first order model showed a better fit (lower REP% 
values) for AR27 and RV4, whereas pseudo-second order model was 
slightly more adequate for BV10 and DB151. The better fit of pseudo- 
second order model would indicate the presence of two or more types 
of sorption sites on the surface of composts, whereas fitting to a first- 
order model suggests only one type of sorption sites or at least a very 
homogeneous sorption (McKay et al., 2011). Regardless of the adsorbed 
amounts, only minor differences were observed for kinetics of sorption 

between the composts, with constant rates consistently higher for CPB 
than for MSWC. According to these, the kinetics of dye sorption follow 
the sequence DB151 > BV10 > AR27 ≈ RV4. Our results confirm pre
vious observations indicating that, in general, the kinetics of removal of 
cationic dyes by composts is higher in comparison with that of direct and 
reactive dyes (Paradelo et al., 2019; Pushpa et al., 2016; Anastopoulos 
et al., 2018). 

3.3. Equilibrium sorption of dyes under different experimental conditions 

3.3.1. Influence of solution pH 
Adsorption at equilibrium was assessed at different pH values 

because textile wastewaters show a wide range for this parameter that 
controls the electrical charge of sorbate and adsorbent (with variable 
charge) and could affect the extent and mechanisms of sorption; besides, 
this allowed to compare sorption in similar pH conditions for both 
composts, which presented different natural pH values. As shown in 
Fig. 3, typical L2 isotherms according to the Giles and Smith classifi
cation were obtained in all cases. This indicates that dye sorption by 
composts occurs by forming a single layer, with a high affinity between 
dyes and composts at low concentrations and surface saturation at 
higher concentrations, as typical of the Langmuir model. In fact, this 
model was more accurate than the Freundlich model to describe the 
experimental data, with REP% lower than 10 in all cases (Table 4). Both 
composts exhibited higher sorption capacity for the basic dye than for 
the other types at all pH values, with an overall sequence of adsorption 
BV10 ≫ DB151 > RV4 > AR27. For BV10, the compost CPB clearly 
outperformed MSWC; for the other dyes, either there was no difference 
between composts or MSWC showed a slightly higher sorption. Lang
muir maximum capacities QL ranged from 1.61 mg g− 1 for AR27 on 
MSWC to 127.1 mg g− 1 for BV10 on CPB and in all cases higher values 
were obtained in acidic solutions. The increase of dye sorption at lower 
pH was particularly evident for BV10, DB151 and RV4: retention of 
these dyes by CPB was 2.2–2.4 times higher at pH 3.0 than at pH 7.0. 
This effect of solution pH on the removal of anionic dyes has been 
consistently reported in the literature (Chinoune et al., 2016; Tan and 
Hameed, 2017; Sunjuk et al., 2019). 

In order to understand the effect of pH on dye sorption and the 
mechanisms at different pH values, it must be remembered how solution 
pH controls simultaneously the net surface charge of the composts and 
the extent of dye ionization and therefore their charge. To assist in this 
analysis, the net charge of compost and dyes at the three pH values 
tested were estimated using the values of the zero point of charge (pHzpc) 
of the composts and the pKa of the dyes (Table S1, Supplementary 
material). In the case of DB151 and AR27, the dyes would be negatively 
charged at all the tested pH values, while the sorbent CPB would be 
positively charged at pH 3, and negatively charged at pH 5 and 7, giving 
a plausible explanation to the maximal dye removal at pH 3 (Table 4). 
For the same reason, the better performance of MSWC than CPB at pH 
3.0 could be attributed to the higher net positive charge of this compost. 

In turn, in the case of RV4, composts and dye would present net 

Table 3 
Kinetic parameters for pseudo-first and pseudo-second order models for dyes sorption rates by composts. CPB: composted pine bark; MSWC: municipal solid waste 
compost; qe(exp): experimental sorption value at equilibrium (mg g− 1); qe(model): equilibrium sorption value predicted from the model (mg g− 1); k1: pseudo first order 
model constant (min− 1); k2: pseudo second order model constant (g mg− 1 min− 1); REP%: relative error of prediction.  

Dye Compost qe(exp) Pseudo-first order model Pseudo-second order model 

k1 qe(model) REP% k2 qe(model) REP% 

Basic Violet 10 CPB 73.4 0.114 78.5 3.5 0.015 71.5 1.6 
MSWC 10.5 0.084 10.1 4.0 0.010 10.4 1.2 

Acid Red 27 CPB 1.79 0.027 1.77 4.5 0.019 1.97 7.3 
MSWC 1.25 0.011 1.22 2.3 0.012 1.35 5.1 

Direct Blue 151 CPB 7.71 0.227 7.32 6.4 0.051 7.56 2.7 
MSWC 7.31 0.162 7.22 4.8 0.036 7.22 1.9 

Reactive Violet 4 CPB 7.62 0.0073 8.12 3.5 0.001 9.34 6.4 
MSWC 6.41 0.0071 6.61 2.7 0.001 7.65 5.6  
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charges of opposite sign only for MSWC at pH 5.0 and 7.0. However, 
these were not the conditions producing the highest retention, so it is 
clear that electrostatic interaction cannot be the main mechanism 
involved in sorption. Examining the case of BV10, maximum sorption 
was found at pH 3.0, for which sorbent and sorbate have similar positive 
net charge, so lower electrostatic interaction (and therefore lower 
removal capacity) than at higher pH values could be expected, but this 
was not the case. At pH 5.0 and 7.0, BV10 is present as zwitterion, an 
electrically neutral chemical compound with positive and negative 
charges on different atoms (Figure S2, Supplementary material). 
Although the zwitterion can contribute to retention through a cation 
exchange mechanism, experimental results indicated a strong reduction 
in dye uptake at higher pH values. The lower interaction of BV10 with 

different sorbents at pH > 3.0 has indeed been observed in the literature, 
what it has been attributed to zwitterion aggregation, due to the 
attractive electrostatic interactions between the carboxyl and xanthene 
groups of different molecules, in large dimer clusters that reduce elec
trostatic interaction and cannot penetrate inside the pores of the sor
bents (Yu et al., 2013; Zamouche and Hamdaoui, 2012; Hou et al., 
2011). 

The fact that dyes sorption changed with pH always in the same 
direction, despite the diverse situations of electric charge of sorbents and 
dyes, proves that electrostatic interaction cannot be the only or the main 
mechanism for the interaction between dyes and compost. Considering 
the complex structure of the dye molecules, the contribution of other 
mechanisms such as hydrophobic-hydrophobic and dipole-dipole forces 

Fig. 3. Sorption isotherms of dyes measured at different pH conditions. The lines represent Langmuir’s model. CPB: composted pine bark; MSWC: municipal solid 
waste compost; BV10: Basic Violet 10; AR27: Acid Red 27; DB151: Direct Blue 151; RV4: Reactive Violet 4. 
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should be envisaged to explain dye sorption under unfavorable charge 
conditions. Hydrophobic interaction between the organic dyes and 
organic matter-rich composts is possible and could explain the higher 
affinity of dyes toward CPB over all pH values, taking into account the 
much higher organic matter content of CPB with respect to MSWC. 

3.3.2. Influence of solution salinity 
Regarding the influence of solution salinity on dye uptake, sorption 

isotherms at different KCl concentrations are displayed in Fig. 4, 
whereas estimated parameters for the sorption models are given in 
Table 5. All the sorption isotherms presented L-type curves that were in 
general best described by the Langmuir model, with the exceptions of 
the curves for BV10 and DB151 at the highest salinity (1.0 M KCl), for 
which the high retention produced H-type isotherms that were better 
described by the Freundlich or Sips models. In all cases, increasing 
salinity had a favorable effect on dye sorption that was in general more 
pronounced for DB151 than for the other dyes, with the weakest effect 
on AR27. This positive influence of salinity on the removal of anionic 
dyes from water has already been reported in the literature and attrib
uted to the dimerization of dyes at high ionic strength, which reduces 
dye solubility and increases sorption as a result (Zamouche and Ham
daoui, 2012; Al-Ghouti et al., 2016; Sunjuk et al., 2019). This dimer
ization can be due to an increase in intermolecular forces, such as 
dipole–dipole, ion–dipole or van der Waals dispersion forces at high 
salinity, which produce a reduction of the repulsive interaction between 
dyes (Al-Degs et al., 2008; Fedoseeva et al., 2010). 

For the interpretation of these results, it has to be taken into account 
that the modification of salinity affects the pH of the suspensions, so the 
simultaneous effect of both parameters must be considered together. 
Increasing salinity affected pH in opposite directions depending on the 
compost considered: pH became more acid for CPB and more alkaline for 
MSWC. This is an effect of the displacement by K+ of the ions present in 
the exchange complex of the sorbents. In the case of CPB, which has a 
very acid pH, these cations are mostly protons that reduce solution pH 
when displaced, whereas for MSWC, with an alkaline pH, K+ replaces 
base cations like Ca2+ and Mg2+ that increase pH when released to the 
solution. Table S2 (Supplementary material) summarizes the sign of the 
net charge of composts along with ionization states of dyes under the 
different conditions of solution pH and KCl concentrations. Comparison 

with the results of the sorption tests evidences again that electrostatic 
interaction is not the only or main mechanism involved in retention of 
anionic dyes. For example, the highest sorption of BV10 by CPB was 
observed at 1.0 M KCl, where both CPB and BV10 carry net positive 
charge. In the case of AR27 and DB151, net charges of opposite sign exist 
only for CPB and not for MSWC, so electrostatic interaction cannot 
explain why sorption always increased with salinity for both composts. 
This is definitely not the case either for RV4, where dominant electro
static interaction is not possible under any conditions due to charges of 
similar sign in sorbate and sorbent. In summary, as already stated when 
discussing the effect of pH, hydrophobic interactions or dipole-dipole 
forces are likely mechanisms that can contribute to dye sorption under 
unfavorable charge conditions. 

In this sense, the FTIR spectra of the dye-loaded composts can help 
elucidating the interaction mechanisms by evidencing structural 
changes in the composts after dye sorption. The main modifications 
observed in the spectra (Fig. 5) include reductions in the bands at 1600 
cm− 1 (corresponding to C––C bonds in lignin) and at 3000-3500 cm− 1 

(O–H bonds in alcohol and carboxylic acid groups), showing interaction 
of dyes with different functional groups of the organic matter. The 
detection of the band characteristic of azo bond in the region of 
1400–1500 cm− 1 indicates the presence of –N––N– on the surface of the 
sorbents (Hu et al., 2003), excluding dye degradation under the tested 
conditions. The high reduction in the band interval 2000-2300 cm− 1 for 
CPB is attributed to hydrophobic-hydrophobic interaction between dyes 
and this compost. Finally, reductions in the intensity of the 1000-1100 
cm− 1 band for MSWC but not for CPB are likely due to interaction of 
dyes with the inorganic components of MSWC (that are absent in CPB) 
since this band corresponds to Al–O bonds in clay minerals and Fe–O in 
oxides. 

3.4. Desorption 

Finally, desorption of dyes from the composts was studied. As shown 
in Fig. 6, percentages of desorption for the dyes DB151 and RV4 were 
very similar without differences between the two composts (values 
around 11–13% in all cases). Regarding AR27 and BV10, differences 
were found between the two composts, with lower dye desorption from 
CPB in the two cases, indicating stronger interaction of both dyes with 

Table 4 
Isotherm parameters for dye sorption under different solution pH. CPB: composted pine bark; MSWC: municipal solid waste compost; QL: Langmuir maximum capacity 
(mg g− 1); KL: Langmuir constant (L g− 1); KF: Freundlich constant (L g− 1); n: Freundlich coefficient.     

Langmuir   Freundlich   

Dye Compost pH QL KL REP% Kf n REP% 

Basic Violet 10 CPB 3.0 127.1 0.039 1.5 13.4 2.78 2.3 
5.0 89.3 0.037 3.4 12.3 3.23 6.7 
7.0 53.5 0.032 2.6 11.9 4.35 8.5 

MSWC 3.0 19.3 0.130 1.2 3.11 2.17 1.4 
5.0 15.4 0.107 1.4 1.92 2.08 2.5 
7.0 10.3 0.089 1.6 1.03 2.08 1.7 

Acid Red 27 CPB 3.0 3.89 0.513 3.4 1.33 2.63 5.4 
5.0 3.38 0.489 5.3 1.01 2.56 3.7 
7.0 2.63 0.437 1.8 0.95 3.13 6.7 

MSWC 3.0 2.85 0.488 2.5 1.01 2.94 4.3 
5.0 2.14 0.511 3.1 0.83 3.45 3.2 
7.0 1.61 0.561 3.8 0.73 4.17 5.0 

Direct Blue 151 CPB 3.0 53.9 0.0134 2.95 – – – 
5.0 33.2 0.0100 5.41 – – – 
7.0 22.5 0.0120 5.77 – – – 

MSWC 3.0 74.3 0.0195 7.79 – – – 
5.0 61.8 0.0162 8.33 – – – 
7.0 30.1 0.0189 7.76 – – – 

Reactive Violet 4 CPB 3.0 19.2 0.0173 7.32 – – – 
5.0 15.5 0.0155 8.12 – – – 
7.0 7.2 0.0126 7.56 – – – 

MSWC 3.0 37.7 0.011 5.33 – – – 
5.0 24.7 0.012 7.19 – – – 
7.0 17.4 0.014 3.45 – – –  
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this compost. Overall, desorption results reflects what has been observed 
in the equilibrium sorption studies in what concerns the relative affinity 
of the composts for each dye. 

3.5. Comparison of compost performance with other sorbents 

When the overall performance of the two composts in this study is 
compared with other sorbents, in order to assess their suitability for dye 
removal applications, different situations exist depending on the dye 
considered. For the basic dye BV10, composted pine bark presented 
maximum sorption capacity of 127 mg g− 1 at pH 3, which increased to 
205 mg g− 1 with 1M KCl solution, also at a pH close to 3; however, 
MSWC presented a poorer performance, with a maximum sorption at 
1.0 M KCl of 36.1 mg g− 1. The sorption capacity of CPB is promising as 

these values are not very different from the values of 155 and 264 mg 
g− 1 obtained for more expensive synthetic adsorbents like graphene 
oxides and activated carbon (Yu et al., 2013) and higher than the values 
of 13.2 and 46.1 mg g− 1 reported for the natural adsorbents zeolite and 
kaolinite (Yu et al., 2013), or the 27.2 mg g− 1 obtained by Jóźwiak et al. 
(2013) for a sewage sludge and plant residue compost. 

In contrast, both composts showed low affinity for the acid dye 
AR27, with maximum sorption capacities of 4.1 mg g− 1 and 3.3 mg g− 1 

for CPB and MSWC, respectively. This represents a low removal capacity 
of both composts when compared to the performance of other adsor
bents in the literature, either synthetic sorbents such as graphene 
nanocomposites with a saturation value of 294 mg g− 1 (Behnajady, 
2014) or residual biosorbents such as water hyacinth leaves, with a 
maximum sorption of 69 mg g− 1 (Guerrero-Coronilla et al., 2015). 

Fig. 4. Sorption isotherms of tested dyes at different salinities. CPB: composted pine bark; MSWC: municipal solid waste compost; BV10: Basic Violet 10; AR27: Acid 
Red 27; DB151: Direct Blue 151; RV4: Reactive Violet 4. 
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Assessing the performance of the composts for DB151 and RV4 is 
more difficult due to the scarcity of sorption studies with these specific 
molecules. In the case of RV4, the maximum sorption capacities found in 
our work (32 mg g− 1 for CPB and 37.7 mg g− 1 for MSWC) are much 
lower than those obtained for a starch/polyaniline nanocomposite (578 

mg g− 1) in the only study published with this dye (Janaki et al., 2012). In 
the case of DB151, there are no works in the literature that studied the 
sorption of this dye, but indirect comparison could be made, with 
caution, using studies dealing with the very similar molecule Direct Blue 
71. For this dye, maximum sorption capacities reported include 47–59 

Table 5 
Isotherm parameters for dye sorption under different solution salinity. CPB: composted pine bark; MSWC: municipal solid waste compost; QL: Langmuir maximum 
capacity (mg g− 1); KL: Langmuir constant (L g− 1); KF: Freundlich constant (L g− 1); n: Freundlich coefficient; Qs: Sips saturation value (mg g− 1); Ks: Sips model constant; 
ns: Sips model exponent.     

Langmuir   Freundlich   Sips    

Dye Compost M KCl QL KL REP% Kf n REP% Qs Ks ns REP% 

Basic Violet 10 CPB 0 84.1 0.032 1.6 12.0 3.85 1.3 – – – – 
0.1 110.2 0.029 1.5 13.7 3.23 1.2 – – – – 
1.0 204.7 0.031 1.7 15.2 2.78 5.3 – – – – 

MSWC 0 11.2 0.088 1.5 1.62 2.13 3.4 – – – – 
0.1 16.0 0.093 4.4 3.10 2.44 3.4 – – – – 
1.0 36.1 0.091 5.6 5.59 2.22 5.6 – – – – 

Acid Red 27 CPB 0 3.12 0.421 6.3 1.04 2.78 3.1 – – – – 
0.1 3.73 0.522 4.9 1.30 2.56 1.9 – – – – 
1.0 4.11 0.613 5.3 1.67 2.56 3.2 – – – – 

MSWC 0 1.93 0.518 5.4 0.78 3.57 4.1 – – – – 
0.1 2.78 0.571 3.7 0.92 2.86 3.7 – – – – 
1.0 3.34 0.592 4.8 1.31 3.03 4.4 – – – – 

Direct Blue 151 CPB 0 33.6 0.0092 6.78 – – – – – – – 
0.1 46.3 0.0392 5.68 – – – – – – – 
1.0 – – – – – – 70.3 0.0034 2.67 8.89 

MSWC 0 43.8 0.0065 6.86 – – – – – – – 
0.1 47.4 0.0156 8.51 – – – – – – – 
1.0 – – – – – – 71.2 0.0586 1.83 7.22 

Reactive Violet 4 CPB 0 14.9 0.0318 4.37 – – – – – – – 
0.1 23.3 0.0294 5.37 – – – – – – – 
1.0 32.0 0.0332 6.49 – – – – – – – 

MSWC 0 14.3 0.0223 3.11 – – – – – – – 
0.1 25.0 0.0119 7.01 – – – – – – – 
1.0 35.1 0.0104 5.78 – – – – – – –  

Fig. 5. FTIR spectra of composts before and after dye sorption. CPB: composted pine bark; MSWC: municipal solid waste compost; BV10: Basic Violet 10; AR27: Acid 
Red 27; DB151: Direct Blue 151; RV4: Reactive Violet 4. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of 
this article.) 
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mg g− 1 on synthetic alumina/silica oxides (Wawrzkiewicz et al., 2015a, 
2015b, 2015b), 45 mg g− 1 on wheat shells (Buliut et al., 2007) or 61 mg 
g− 1 on chitosan/SiO2/carbon nanotubes (Abasi, 2017), which are 
similar to the maximum sorption capacities obtained in our study for 
DB151 (74 mg g− 1 for MSWC and 54 mg g− 1 for CPB). 

The performance of the composts in this work against different dyes 
is in agreement with conclusions obtained in a previous review of the use 
of compost for dye removal, which showed a higher affinity of compost 
biosorbents for basic dyes than for other types of dyes (Paradelo et al., 
2019). Overall, these results suggest that, in comparison with other 
materials, composts would be a good choice for the treatment of cationic 
dyes (basic dyes) in wastewater, but not for acid dyes, while their po
tential use for direct and reactive dyes still needs further research, as the 
number of published studies to this date is insufficient. 

4. Conclusions 

A pine bark compost and a municipal solid waste compost have been 
tested as potential adsorbents for the removal of four different types of 
textile dyes from aqueous solutions: a basic dye (BV10), an acid dye 
(AR27), a direct dye (DB151) and a reactive dye (RV4). Sorption was 
faster for the direct dye than for the other types, followed by the acid and 
reactive dye, with cationic dye as the slowest. Kinetics of sorption were 
adequately described by a pseudo-first order model in all cases, although 
for DB151 it was better fitted by the pseudo-second order model, 
whereas equilibrium sorption followed in general the Langmuir model. 
Solution pH and KCl concentration influenced sorption of the four dyes 
in the same direction for both composts: decrease of pH and increase of 
salinity improved removal capacity in all cases, so both biosorbents 
would be more efficient for dye removal from acid wastewaters with 
high salinity. The results indicate that electrostatic attraction may be 
important for sorption, but other mechanisms, in particular hydrophobic 
interactions, must be involved in the process of dye removal. The 
maximum sorption capacities of the composts followed the sequence 
BV10 > DB151 > RV4 > AR27, and comparisons to the performance of 
other biosorbents allow to conclude that composts are a promising 
material for application in the adsorptive removal of basic dyes, but not 
for acid dyes, while their potential use with other types of dyes needs 
further study. 
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