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Abstract 

This work aimed to integrate two wastewater treatment technologies, Fenton process as the primary treatment 
and adsorption aiming achieve maximum removal efficiency and adequation to the environmental and water 
legislations. Wastewater from a cosmetics industry plant in the metropolitan area of Goiânia (Brazil) was the 
object of this research. It was analysed environmental parameters as absorbance, total iron, chemical oxygen 
demand, pH, total phenols, conductivity, H2O2, dissolved oxygen, turbidity, and total solids. They were 
analyzed in between processes at all stages.  The effects of Fe2+ (18.42-257.89 mg L-1) and H2O2 (500-2300 
mg L-1) concentrations and pH values (3.00-5.50) were studied for the Fenton process treatment. In adsorption, 
the activated carbon was characterized by infrared spectroscopy, elemental analysis, adsorption and desorption 
of N2 and thermogravimetry (TG/DTA). The effect of the contact time (4min-24h) and of the temperature 
variation in the system 20-60 °C were studied. By integrating the two technologies, a satisfactory removal rate 
was achieved for the analyzed parameters in the total time of treatment of 82 minutes. 

Keywords: Cosmetic wastewater; Processes applied; Physical and chemical characterization; Environmental 
parameters; Technology integration  
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Resumo 

Este trabalho teve como objetivo integrar duas tecnologias de tratamento de águas residuárias, o processo 
Fenton, como tratamento primário, e adsorção, visando alcançar a máxima eficiência de remoção e adequação 
às legislações ambientais e de água. O efluente de uma indústria cosmética da região metropolitana de Goiânia 
(Brasil) foi o objeto desta pesquisa. Foram analisados parâmetros ambientais como absorbância, ferro total, 
demanda química de oxigênio, pH, fenóis totais, condutividade, H2O2, oxigênio dissolvido, turbidez e sólidos 
totais. Eles foram analisados entre processos em todas as etapas. Os efeitos das concentrações de Fe2+ (18,42-
257,89 mg L-1) e H2O2 (500-2300 mg L-1) e valores de pH (3.00-5.50) foram estudados para o tratamento do 
processo de Fenton. Na adsorção, o carvão ativado foi caracterizado por espectroscopia no infravermelho, 
análise elementar, adsorção e dessorção de N2 e análise termogravimétrica (TG / DTA). Foram estudados os 
efeitos do tempo de contato (4min-24h) e da variação de temperatura no sistema - 20-60 °C. Ao integrar as 
duas tecnologias, foi alcançada uma taxa de remoção satisfatória para os parâmetros analisados no tempo 
total de tratamento de 82 minutos. 

Palavras-chave: Efluente cosmético; Processos aplicados; Caracterização física e química; Parâmetros 
ambientais; Integração de tecnologia 
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1 Introduction 

Liquid effluents from the cosmetics industry are usually characterized by high 

concentrations of organic matter, dyes, metals, surfactants, turbidity, oils and fats, essences, 

suspended solids and low dissolved oxygen concentration. Many of these substances pose 

a risk to the environment and human health (DHILLON et al., 2015; OCAÑA-GONZÁLEZ et 

al., 2015; SU et al., 2015; LEE et al., 2017; BERGER et al., 2018). Studies have shown that 

conventional treatment methods, such as coagulation/flocculation, are not always efficient  

to remove or degrade most of the components in the personal care products (PCP) 

wastewater, and a large amount of these substances is released into aquatic bodies with the 

municipal wastewater (CINCINELLI et al., 2015). Also, to attempt the stringent regulations 

concerning industrial wastewaters, new technologies are needed in order to achieve more 

efficient treatment of cosmetic wastewaters (PUYOL et al., 2011). 

Tertiary treatments have been widely explored in the literature, including advanced 

oxidation processes, like Fenton and adsorption (MAILLER et al., 2016). Combined 

approaches are generally required and can be used in both treatment and disposal of these 

substances in the environment (PAWAR; GAWANDE, 2015). Fenton process is an advanced 

oxidation process, in which hydroxyl radicals are generated from the reaction between 

hydrogen peroxide with Fe2+/Fe3+ in a catalytic cycle. Some of its advantages include 

operational simplicity and high efficiency in the degradation of recalcitrant substances (LYU; 

ZHOU; WANG, 2016). 

This process has been widely used to treat a range of industrial wastewaters 

(PARIENTE et al., 2014; LYU; ZHOU; WANG, 2016; NORDIN et al., 2017; KIM et al., 2018; 

ERKAN; TOP; BILGILI, 2019) In this paper, the Fenton process was used as primary treatment 

for the remediation of the cosmetic effluent whereas  adsorption gives the final polishing . 

Adsorption is a mass transfer process that occurs from a fluid phase to the surface of a solid 

phase and presents  the advantages of low processing cost, simple operation and excellent 

purification performance (ZHANG et al., 2019). In the solid phase, activated carbons can be 

used as adsorbents, since they are able to remove various contaminants from wastewater 

and can be manufactured from a range of raw materials (MA et al., 2015; SUNEETHA; 
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SUNDAR; RAVINDHRANATH, 2015; ZHOU et al., 2015; CHENG et al., 2016; BEHVANDI; 

SAFEKORDI; KHORASHEH, 2017; MELO et al., 2018; WANG, 2018; DE OLIVEIRA FERREIRA et 

al., 2019). 

The main aim  of this work was to propose the integration of two treatment 

technologies using Fenton process and adsorption applied to wastewater from a PCP 

industry objectifying maximum removal efficiency according to  the values of predetermined 

environmental parameters. Literature concerning the application of these technologies 

together in cosmetic wastewater treatment for the removal of organic matter is scarce, so it 

is of great importance to be evaluated. 

2 Materials and methods 

2.1 Sample origin 

The effluent subject of this study was donated by a cosmetic industry located in the 

city of Aparecida de Goiânia, (Goiás, Brazil) in August of 2016. The samples were collected 

after a primary treatment held at the company, which consists of a decantation tank and a 

flotation system with no use of chemical substances. The company production line includes 

shampoos, hair conditioners, body and sunscreen lotions. 

The sample of approximately 60 liters was homogenized in a polyethylene barrel and 

stored in cylinders of the same material at 4 ºC. The process of sampling, collecting and 

storing the effluent was carried out according to the Standard Methods for the Examination 

of Water and Wastewater (SMHWW) procedures (APHA, 1999). 

2.2 Effluent characterization 

The environmental parameters evaluated were pH, absorbance (color), total iron, 

chemical oxygen demand (COD), total phenols, turbidity, conductivity, dissolved oxygen, 

residual hydrogen peroxide and total solids. 

The initial characterization of the effluent was carried out according to the 

recommendations of the SMEWW (APHA, 1999), with the exception of hydrogen peroxide 

and COD, which were adapted. 
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The COD determination was performed after the pH was  an increase of pH to 8.00 

and the sample was then heated to 80°C for 40 minutes to remove residual H2O2. The 

sample remained at rest for 2 hours (ambient temperature) to sediment residual iron that 

interferes with the result, as well as termination the Fenton’s reaction (SHETTY; VERMA, 2015) 

Residual hydrogen peroxide was determined according to Oliveira et al. (2001). The 

analysis is based on the reaction between hydrogen peroxide and vanadate ion (𝑉O3-) in 

acid medium, which leads to to the formation of peroxovanadium ion (𝑉O23+). This cation 

is of  reddish color and strongly absorbs electromagnetic radiation at λ =446 nm. 

The dosage of chemical reagents used for the Fenton’s reaction assays ranged from 

18.42-257.89 mg L-1 for Fe2+, 500-2300 mg L-1 for hydrogen peroxide concentration 

(hydrogen peroxide was used as the oxidizing agent in concentrations of 10% in an advanced 

oxidation process, standardized by permanganometric titration) and a variation in pH values 

from 3.00 to 5.50. 

Initially in 8 jars containing 1 L of effluent each, the pH was adjusted, after that, a 

solution of ferrous sulfate heptahydrate (as a source of Fe2+) was added to the jars at 

concentrations outlined by studies. Immediately after this step, the jars containing the 

previously prepared samples were attached to the Jar Test equipment and the samples were 

shaken for 6 minutes and 30 seconds: in the first 20 seconds at 300 rpm and the remaining 

time at 30 rpm, as previously programmed into the equipment. At 20 seconds under 

constant agitation, hydrogen peroxide solution was added simultaneously to each test at 

different concentrations. At the end, all the samples were allowed to stand for sedimentation 

at room temperature for 60 minutes. 

The parameters of treatment time and rotation, as well as the range of initial 

concentrations of chemical reagents were used for the treatment technology (Fenton´s 

reagent). It were also based on the values of the parameters used in Pereira and Brito (2018) 

Morais and Brito (2015), Ma and Xia (2009), and in the wastewater treatment station of 

Goiânia-GO. 

A summary of how the technologies were used is shown in Figure 1. It is based in the 

crude cosmetic effluent involving a primary treatment through Fenton process and 

subsequently the treatment with adsorption to provide final polishing. 
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Figure 1 - Treatment summary applicated on the cosmetic effluent 

 

 

2.4 Adsorption analysis 

After treatment with Fenton, the effluent was subjected to batch adsorption using 

commercial activated carbon as an adsorbent (FBC LTDA). The activated carbon was 

subjected to chemical treatment with NaOH in order to increase the adsorption efficiency of 

compounds that are present in the effluent. Since the effluent in this study has a strong 

acidic character (pH 2.33) and as it remains acidic after the Fenton process, the objective was 

to make the surface of the activated carbon more alkaline in order to increase the chemical 

interactions between the adsorbate and the surface of the adsorbent. 

The method consisted of adding 10 g of activated carbon and 50 mL of NaOH 2 mol 

L-1 in an Erlenmeyer flask (125 mL) and placing it in a shaker at 120 rpm and 25°C for 24 

hours. The charcoal sample was then separated from the NaOH solution by vacuum pump 

filtration and washed with 2 L of distilled water to remove the excess of alkaline solution. 

Finally, the sample was dried in an oven at 130 ºC for 24 h , according to the methodology 

described by Chiang et al. (2002). 

Then, the activated carbon was submitted to the analysis point of zero charge, 

elemental analysis, adsorption and desorption of N2, infrared spectroscopy (FTIR), Boehm 

titration, thermogravimetric analysis and differential thermal analysis. 
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2.5 Kinetic studies 

Sixteen samples were prepared in the kinetic test, where 2g of activated carbon was 

added to 50 mL of post-Fenton treated effluent in a 125 mL Erlenmeyer flask. The samples 

were removed from the shaker (150 rpm) at pre-established times (ranging from 4 min to 

24 h). At each withdrawal, the liquid sample was immediately separated from the adsorbent 

by filtration using the vacuum pump. Afterwards, COD and turbidity measurements were 

performed. 

The effect of temperature was studied following the same method used to determine 

the equilibrium time. Each test was performed separately for temperatures of 20°C, 30°C, 

40°C, 50°C and 60°C. 

3 Results and discussion 

3.1 Effluent initial characterization 

The effluent was initially characterized by the following environmental parameters: 

chemical oxygen demand (COD), hydrogenionic potential (pH), turbidity, conductivity, 

dissolved oxygen (DO), total phenols, total iron, hydrogen peroxide, total solids and 

absorbance. 

As it can be observed  in Table 1, there are various physico-chemical parameters of 

the industry wastewater giving values beyond the emission limit range. The main concern 

regarding industrial effluent is the high COD value which may reflect a large amount of non-

biodegradable organic matter. 

 

Table 1 - Effluent initial characterization and legal limits for discharge 

Environmental quality parameter Effluent sample 

COD (mg L-1) 24524 

pH 2.33 

Turbidity (NTU) 4520 
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Conductivity (mS cm-1) 2.05 

Dissolved oxygen (mg L-1) 3.71 

Total phenols (mg L-1) 1550.78 

Total iron (mg L-1) 0.00 

Hydrogen Peroxide (mg L-1) 16.48 

Solids (mg L-1) 

Total 15196 

Fixed Total 265 

Volatile Total 14931 

Absorbance 
200nm 1.580 

400nm 0.433 

 

The absorbance of each wavelength may represent the presence of the different 

substances that constitute the effluent. In this work, the wavelengths used as reference were 

200 and 400 nm. The high absorbance measured at 200 nm represents the presence of 

several groups that are strongly absorbed at this wavelength, such as: C=C, C=C, C=O, 

COOH, C=N and NO2.  Chromophore groups such as components of pigments and dyes 

used in shampoos, conditioners and moisturizing lotions (GÜRSES et al., 2016) are absorbed 

at 400 nm. 

3.2 Fenton process treatment - Preliminary experiments 

It is important to stress that the practical efficiency of the Fenton process strongly 

depends on various factors such as temperature, pH, H2O2, and catalyst concentrations, 

which control the regeneration capacity of Fe2+ from Fe3+ produced during the process 

and the rate of oxidation of organics by generated •OH (OTURAN; AARON, 2014). 

Therefore, preliminary tests were conducted since it  had the  highest removal 

efficiency for COD (24.61%). Because of its estimated representation of organic matter and 

the difficulty of its removal, COD is the  most important parameter. The results for turbidity 

was 29.09% removal. In this experiment, 1000.00 mg L-1 of H2O2 and 25.80 mg L-1 of total 

soluble iron were used at an initial pH of 4.00. 
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It is important to highlight that in the Fenton process, ferrous ions are oxidized to 

ferric ions and ferric hydroxo complexes, which accounts for the coagulation capability of 

Fenton’s reagent. The suspended solids are then captured and precipitated out. Since the 

HO• radical attacks organic compounds, it leads to the chemical decomposition of these 

compounds. Therefore, the Fenton process can perform both oxidation and coagulation 

functions in the treatment (MA; XIA, 2009; RODRIGUES et al., 2017). 

From the data produced  by preliminary tests, the H2O2, total soluble iron 

concentration, and pH values were varied to determine the best conditions for the Fenton’s 

reaction, starting with a concentration of total soluble iron (18.42 e 257.89 mg L-1 ) 

maintaining H2O2 at 1000.00 mg L-1 and pH at 4.00. 

3.2.1 Effect of ferrous dosage 

In Figure 2 it was clear that the  values of COD and turbidity decrease in the range of 

18.42 to 184.21 mg L-1, when the maximum removal reaches 48.37% and 60.62%, 

respectively. Therefore, the most appropriate concentration of Fe2+ ions to the system is 

184.21 mg L-1. Below this value, the concentration of Fe2+ ions is insufficient to catalyze the 

Fenton reaction. From 184.21 mg L-1 of Fe2+ ions, the higher the addition of ferrous ions to 

the system, the lower the efficiency of the process. 

Meanwhile, it was observed that large amounts of small flocs were suspended in the 

supernatant and were difficult to settle down. Hence, the increasing dosage of ferrous sulfate 

significantly improved the turbidity and COD removal in the range of 117.89–184.21 mg L-

1. 

Figure 2 - Effect of Fe2+ concentration on the turbidity and COD removal (pH = 4.00; 

H2O2 concentration = 1000 mg L-1) 
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According to Andrade et al. (2015), Wang et al. (2016) and Ma & Xia (2009), Equation 

1 and 2 describes the interaction of ferrous ions acting as radicals scavenger (•OH/HO2•), 

when there is high iron concentration in the system, producing Fe3+ and OH- ions: 

 

Fe2+ + •OH  → Fe3+ + HO-k = 2.8x108 L mol-1 s-1(1) 

Fe2+ + HO2• → Fe3+ + HO2- = 1.3 x 106 L mol-1 s-1(2) 

 

When the reaction kinetics between the Fenton main equation (Eq. 3) and Equation (1 

and 2) are compared, it is possible to observe that the latter is favored by the excess Fe2+ 

ions in the system, where there is no generation of hydroxyl radicals (GANZENKO et al., 

2018). 

 

Fe2+  + H2O2 + H+  →  Fe3+ + •OH + H2Ok = 40-80 L mol-1 s-1(3) 

 

The Fe3+ ions in solution contribute to the formation of the hydroperoxyl radical 

through the decomposition of hydrogen peroxide (Eq. 4). The hydroperoxyl radical, HO2•, 

(E0 = 1.42 V) has a lower redox potential than the hydroxyl radical (E0 = 2.80 V), which can 

reduce the efficiency of the Fenton process. 

 

Fe3+ +  H2O2  → Fe2+ + HO2•  + H+k = 0.001-0.01 L mol-1 s-1(4) 

 

The Fenton-like reaction (Eq 4) is a two step process. At first, Fe3+ and H2O2 form a 

complex (Eq 4a -b) which decomposes into Fe2+ and HO2• (Eq 4c-d), whereas Fe2+-

speciation remains constant at pH values relevant for Fenton chemistry Fe3+ speciation 

changes in this pH range. At pH ≤ 2.2 Fe3+ is the dominant Fe3+-species and changes into 

Fe(OH)2+ in the pH range 2.2−3.5. At pH ≥ 3.5 Fe(OH)2+ becomes prevalent.These species 

show differences in the complex formation equilibrium of about 1 order of magnitude, 

whereas in case of the decay of the complex it cannot be differentiated kinetically  

between Fe(OOH)2+ and Fe(OH)(OOH)+ (WIEGAND et al., 2017). 
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Fe3+ + H2O2  Fe(OOH)2+ + H+K= 3.1 x 10-3 (4a) 

FeOH2+ + H2O2  Fe(OH)(OOH)+ + H+K= 2 x 10-4 (4b) 

Fe(OOH)2+  → Fe2+ + HO2• k= 2.7 x 10-3 s-1 (4c) 

Fe(OH)(OOH)+ → FeOH+ + HO2•.k= 2.7 x 10-3 s-1 (4d) 

 

The excessive increase of Fe2+ ions in the system , also interfere in the turbidity 

removal, since Fe2+ ions undergo Fe3+ oxidation In this case, there is formation of iron 

hydroxides (Eq. 5-7), which may increase the turbidity of the system (MORAIS; BRITO, 

2015). 

 

Fe3+ + 6H2O  [Fe(H2O)6]3+(5) 

[Fe(H2O)6]3+ + H2O   [Fe(H2O)5(OH)]2+ + H3O+(6) 

[Fe(H2O)5(OH)]2+ + H2O  [Fe(H2O)4(OH)2]+ + H3O+ (7) 

 

The COD and turbidity values are most efficiently removed at 184.21 mg L-1 when 

the removal reaches 48.37% and 60.62%, respectively. The results found in this study are in 

agreement with other works in the literature (BAUTISTA et al., 2014; NAUMCZYK et al., 

2014), which obtained similar results. Bautista et al. (2014), which studied the treatment of 

cosmetic wastewaters by Fenton (Fe2+/H2O2) and Fenton-like (Fe3+/H2O2) oxidation, 

observed COD reductions of around 55% after 2 h reaction time. Naumczyk et al. (2014) 

obtained for optimal doses of H2O2/Fe(II) equal to 1500/190 mg L-1 and after 60 min of 

the process, a COD removal of 75.1%. 

 

3.2.2 Effect of H2O2 dosage 

The H2O2 concentration plays an important role in the efficiency of the process. If 

hydrogen peroxide undergoes catalytic decomposition, it generates free radicals 

(Equations 3 and 4); on the other hand, it can act as hydroxyl radical interceptor (2.80 eV) 

by generating a hydroperoxyl radical, which lowers the redox potential (1.42 eV) as shown 

in Equation 8 (DE ANDRADE; RAFAEL DUFRAYER; DE BRITO, 2018). 
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In order to evaluate the influence of the hydrogen peroxide in the Fenton process, 

ten tests were performed ranging from 500 to 1300 mg L-1 of H2O2, at constant pH (4.00) 

and Fe2+ concentration (184.21 mg L-1). The results are presented in the graph of Figure 

3. 

 

Figure 3 - Effect of H2O2 concentration on the turbidity and COD removal (pH = 4.00; 

Fe2+ concentration = 184.21 mg L-1). 

 

 

In the H2O2 concentration range between 500 and 1300 mg L-1, it is possible to 

observe an increasing removal in the values of turbidity and COD parameters, which reach 

the peaks of 61.50% and 52.94%, respectively. Thereafter, the removal efficiency in the 

system is reduced. Thus, the most adequate hydrogen peroxide concentration in the 

system is 1300 mg L-1. 

According to the main reaction of Fenton, the concentration of H2O2 is determinant 

for the formation of hydroxyl radicals. When this reagent is scarce in the system, 

insufficient hydroxyl radicals are generated to degrade all the organic matter in the 

effluent. The reduction of the efficiency from the 1300 mg L-1 point is justified by the 

existence of intermediate reactions that occur concomitantly to the main reaction in the 

Fenton process. 
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The production of the hydroxyl radical decreases with the influence of hydroxyl 

radical sequestration in the presence of excess H2O2 (Eq. 8), leading to hydroperoxyl 

radical formation (less reactive), and by radicals recombination (Eq. 9-10), which regenerate 

the hydrogen peroxide in the system (GUO et al., 2010; ELMOLLA; CHAUDHURI, 2011). It is 

also important to highlight the auto-scavenging reactions, deactivating radicals species 

with reduction potential and forming oxygen and water (Eq. 11). 

 

H2O2 + •OH  → HO2• + H2Ok=1.7-4.5x107 L mol-1 s-1(8) 

•OH+•OH→H2O2k=5-8x109 L mol-1s-1(9) 

2HO2•  O2 + H2O2 k= 1 x 106 L mol-1s-1(10) 

HO2• + •OH O2 + H2O k = 1.0.1010 L mol-1 s-1(11) 

 

According to Ragasson (2013), to achieve greater efficiency of Fenton’s reagent,  the 

typical ratio of [Fe+2] and [H2O2] must be in the range of 1:5 to 1:10.  Nevertheless, it is 

known this ratio depends on the nature of the effluent and its organic load (ANDRADE et 

al., 2015; OLIVEIRA et al., 2015; FONTMORIN; SILLANPÄÄ, 2017). The relation between 

Fe2+ ions and hydrogen peroxide presented after Fenton process for cosmetic effluent, 

was 1: 7.06. 

 

3.2.3 Effect of pH 

It has been observed that the pH is a highly important factor for the effective Fenton 

treatment.  The influence of the pH was verified maintaining  fixed concentrations of 

ferrous ions and hydrogen peroxide at 184.21 mg L-1 and 1300 mg L-1, respectively 

(Figure 4). 

The highest removal of COD and turbidity occurred at pH 3.5, with maximum 

reduction of 57.91% and 68.58%, respectively. The Fe3+ ions generated in the Fenton 

reaction can form complexes of ferric hydroxide due to limited solubility of Fe3+ at pH > 4 

(solubility product Ksp of Fe(OH)3 = 2.79 × 10−39) (WIEGAND et al., 2017). 
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At pH above 4, amorphous precipitate formation occurs through the polymerization 

of these complexes, which reduces the efficiency of the process by  the decrease of ) 

Fe2+/Fe3+ availability in the Fenton process (Eq. 12-13) (TANG, 2003; MA; XIA, 2009). 

 

2[Fe(H2O)5OH]2+  [Fe2(H2O)8(OH)2]4+ + 2H2O(12) 

[Fe2(H2O)8(OH)2]4+ + H2O  [Fe2(H2O)7(OH)3]3+ + H3O+(13) 

 

Figure 4 - Effect of pH value on the turbidity and COD removal (H2O2 concentration 

= 1300 mg. L-1; Fe2+ concentration = 184.21 mg L-1) 

 

The COD removal started to decrease at pH 4.5 due to the increasing rate of 

autodecomposition, deactivation of H2O2 and the increased scavenging effect of HO• 

resulting in a  decreased oxidation potential of HO• acording to Equations 14-17 

(BAUTISTA et al., 2014; PEREIRA; BRITO, 2018). 

 

2H2O2 O2+ 2H2O(14) 

H2O2  H++ HO2-(15) 

.OH + CO32-  OH- + CO3-. (16) 

.OH + HCO3-  H2O + CO3-.(17) 
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At excessively low pH, the hydroperoxonium ion [H3O2]+ is also formed from the 

reaction between H+ and hydrogen peroxide, which consumes H2O2 from the system (Eq. 

18) (YARGIC; OZBAY, 2016). Finally, although under pH 2.5 there are still soluble iron 

species, the high concentration of H+ reacts with the hydroxyl radicals to form water 

molecules (Eq. 19) (VAISHNAVE et al., 2014). This explains the low removal efficiency in the 

pH range below 3.5. 

 

H2O2 + H+  [H3O2]+ (18) 

H+ + •OH  + e- → H2O k= 7 x 109 L mol -1 s-1(19) 

 

In addition, destabilization is a primary driving force in flocculation and the 

suspension stability is related with the pH according to the zeta potential–pH relationship. 

Destabilization is easily achieved and particles are prone to aggregation with the decrease 

of pH (<4). This procedure  could also be beneficial to improve the efficiency of Fenton 

process (dual functions of oxidation and coagulation in the treatment process) (MA; XIA, 

2009; PEREIRA; BRITO, 2018). 

In the present  work, the maximum removal of COD (57.91%) and turbidity (68.58%) 

in 66 minutes is  consistent with the results found in the literature for the same treatment. 

Advanced oxidation processes may have higher removal percentages when applied in 

conjunction with other treatments, as in Morais & Brito (2015). 

 

3.3 Adsorption 

3.3.1 Adsorbent Characterization 

 

3.3.1.1 Point of zero charge and polarity change of the adsorbent 

The point of zero charge (PZC) was determined by the "11 point experiment" (PARK; 

REGALBUTO, 1995). Approximately 50 mg of the samples were mixed with 20 mL of 

0.1 mol L−1 NaCl solution with pH between 2 and 12 (varying by pH intervals of 1.0) in 100 

mL Erlenmeyers. The pH of the solutions was adjusted using 0.1 mol L−1 solutions of either 

HCl or NaOH. After shaking for 24 h, the final pH of the mixtures was determined using a 
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benchtop pH meter. The PZC corresponds to the range in which the final pH remains 

constant regardless of the initial pH, in which  the surface behaves as a buffer. 

For the activated carbon without chemical treatment (AC) the pHPZC was 6.8, whilst 

for the chemically treated with NaOH charcoal (ACNaOH), the pHPZC was 7.8. Thus, both 

the AC and ACNaOH coals presented an amphoteric behavior, with pHPZC close to 

neutrality, although the first one showed somewhat acidic surface and the second one, 

alkaline. 

According to Chiang et al. (2002), during the alkaline treatment, a hydroxylation 

reaction can occur, in which new functional groups formed from the chemical washing with 

NaOH occupy the pores of the active sites. Similar results were obtained by Li et al.(2002) 

and Mazarji et al. (2017). 

The polarity change resulted in an increase of 2.41% for the COD parameter and 

2.40% for the turbidity. The increase in COD removal and turbidity, even if discrete, is likely 

to be related to the increase of the activated charcoal surface in the functional groups  due 

to the modification of the superficial pH, which caused a greater affinity with the aqueous 

substances (BOHLI; OUEDERNI, 2016). However, the values of increased removal of 

environmental parameters were not very significant when evaluated in terms of cost-

benefit. Therefore, the procedure is considered unfeasible in this case and as a 

consequence, only the AC continued to be used in the adsorption treatment. 

 

3.3.1.2 Elemental analysis 

Elemental analysis (CHN-O) was performed on the activated carbon both before and 

after the adsorption tests using an elemental analyzer (FLASH 2000 CHNS/O Analyzers, 

Thermo Scientific). It was verified that the activated carbon after adsorption suffered a 

superficial increase in its contents of carbon (80.9% to 81.5%) and hydrogen (0.9% to 1.3), 

which indicates functionalization of organic matter in the activated charcoal pores during 

the adsorption process. The discrete increase in the percentage of carbon may be due to 

the presence of oxygen in the analysis vessel, which may imply a not so inert atmosphere. 

The increase of hydrogen indicates functionalization of hydrogenated groups. The small 

reduction in the percentage of nitrogen (from 0.7% to 0.6%) can be explained by the 
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increase in temperature associated with the use of an activating agent, which causes the 

elimination of volatile substances (RIO et al., 2005). 

 

3.3.1.3 Adsorption and desorption of N2 

Specific surface areas,  pore diameter, total volume of pores and micropores volume 

of the activated carbons were performed at Central Analytics Multiuser Lab of IQ UFG, by 

nitrogen adsorption-desorption isotherm measurements at 77 K, using an ASAP 2020 Plus 

Micromeritics instrument. Total pore volume per single point total pore volume was 

determined at p/p0 = 0.95 The micropore volume was determined by the t-plot method 

(LIPPENS; DE BOER, 1965). Pore distribution was  determined by the BJH method 

(BARRETT; JOYNER; HALENDA, 1951). 

The adsorption and desorption isotherms of N2 for the AC are shown in Figure 5. It is 

possible to verify that they are type I isotherms. In this case, most of the surface is made up 

of micropores, presenting  dimensions less than 20 Å. The pore saturation occurs at a 

relatively low pressure as a consequence of their diameter. The observed hysteresis is type 

H4, which suggests the presence of crack-like pores. 

The activated charcoal presented 832.7 m2 g-1 of the surface area, 659.4 m2 g-1 of 

micropore area and 0.4092 cm3 g-1 of total pore volume. Thus, the area of micropores 

represents approximately 79% of the total area of pores in the AC. The analysis of the pore 

diameter of the activated charcoal corroborates with pore distribution isotherm, in which a 

higher occurrence of pores below 20Å is observed. The higher occurrence of micropores is 

a characteristic of physically activated coals, with gases and vapors (MANOCHA; 

MOVALIYA, 2007). In the case of AC, the activation occurred with water vapor. 

 

 

 

 

 

(Continue...) 
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Figure 5 - Adsorption and desorption of N2 isotherms and pore size distribution in 

the AC 

 

 

3.3.1.4 Fourier-transform infrared spectroscopy (FTIR) 

FTIR spectra were acquired using Bruker Vertex 70 equipment. Samples were 

prepared in KBr pellet at a concentration of 0.12%. The spectra were obtained in the 

spectral range of 400 – 4000 cm-1, with increments of 4 cm-1, each spectrum being the 

result of the average of 128 measurements. The infrared spectra for the activated charcoal 

before and after the adsorption are shown in Figure 6. 

The 1564 cm-1 peak is related to the asymmetric stretching for groups such as N═O, 

C═C, C═N, C═O and N─H. In the 1112 cm-1 range, C─O stretching occurs with adjacent 

stretches of C─C, C─N, and C─H, indicating the possible presence of saturated, 

unsaturated and aromatic esters, amines and alcohols. As the mass of the atom attached to 

the carbon increases, the frequency of vibration decreases. In the 500 cm-1 range (485 cm-

1 in the graph), there are C─I stretch and the presence of haloalkanes, which can be used 

in cosmetics (DAFFALA; MUKHTAR; SHAHARUN, 2010; MOOSA; RIDHA; KADHIM, 2016) as 

organic solvents. 
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Figure 6 - FTIR spectrum for AC, before and after the adsorption process 

 

 

The complex mixture of molecules of organic matter varies from small hydrophilic 

acids, proteins and amino acids to large molecules of humic acid and fulvic acid (anti-

aging, antioxidant and nutritional agents in cosmetics). One of the factors influencing the 

adsorption capacity is the accessibility of the organic molecules to the inner surface of the 

adsorbent, which depends on their sizes. As an example, small molecules such as phenol 

can access micropores and intermediate molecules of organic matter can access the 

mesopores. When electrostatic interactions are smaller due to the non-polarity of the 

organic molecules, the adsorption will be favored by the pore volume of the activated 

carbon for organic matter with molecular weight between 500 and 3000 u in acidic pH 

(MORENO-CASTILLA, 2004). 

 

3.3.1.5 TG/DTA 

The thermogram for the AC is shown in Fig.7. The occurrence of three mass loss 

regions associated with thermal events in the DTA curves is observed. The first mass loss 

area is endothermic at around 100°C, the second, above 500°C, may be associated with 

functional groups on the surface, especially those having carbon and oxygen atoms in the 

structure, such as lactones, quinones, hydroquinones and phenols (PEGO; CARVALHO; 
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GUEDES, 2017). The last one, next to 800°C,is related with the combustion of charcoal, 

respectively. 

 

Figure 7 - TG/DTA results for AC 

 

 

3.3.1.6 Boehm titration and surface groups 

The surface functional groups were quantified by Boehm titration method (BOEHM, 

1994). The Boehm titration experiments have shown that the AC surface is characterized 

almost equally by carboxylic acid groups (0.6 mmol g-1), phenolic acid groups (0.4 mmol 

g-1) and lactone acid groups (0.5 mmol g-1). These functional groups are considered to be 

the major sources of surface acidity because they are closely related to oxygen-containing 

surface groups. These oxygen-containing groups are formed when the surface of the 

activated charcoal is oxidized. The most commonly used activation methods for the 

introduction of oxygen-containing acid groups are oxidation by aqueous gases and 

oxidants. According to the manufacturer, the AC was physically activated with water vapor 

at  high temperature. In this process, the high temperature favors the formation of weak 

acid groups. 

The alkalinity of AC (1.2 mmol g-1) may be associated with: (i) proton-attracting 

carbon aromatic rings resonance electrons, (ii) basic surface functionalities (such as 
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nitrogen-containing groups) that are able to bind with protons, (iii) the presence of 

delocalized electrons from graphene layers, which may act as Lewis bases (SHAFEEYAN et 

al., 2010). The total concentration of alkaline sites, 1.2 mmol g-1, reflect the trend of these 

species for the acid-base behavior of the surface. 

 

3.3.2 Adsorption kinetics 

The kinetic adsorption data is shown in Figure 8.  The contact time of 16 minutes 

between the phases was necessary for the system to reach equilibrium. Thus, a rapid 

process compared to the literature, as in Venkata et al (2002) and Malik (2003). 

Over time, the percentage of COD removal and turbidity increase due to the 

adsorption of effluent molecules at the available active sites. After reaching equilibrium, 

the active sites are already saturated and the percentage of removal in the values of the 

environmental parameters remains constant (BULUT; KARAER, 2015). 

 

Figure 8 - Equilibrium time for the adsorption treatment applied on a cosmetic 

industry wastewater sample 

 

 

Normally, the relationship between temperature and adsorptive capacity increases or 

decreases the adsorption rate with increasing temperature. In this study, there was no 

significant increase or decrease with temperature variation. There may have been an 
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increase in the number of adsorption sites caused by disruption of some of the inner 

bonds near the edge of the active surface of the adsorbent. Moreover, if adsorption is 

controlled by the diffusion process (intraparticle transport and diffusion in the pores), the 

sorption capacity increases with increasing temperature due to the endothermicity of the 

diffusion process (GAUTAM; ALAM; KAMSONLIAN, 2016). However, it is likely that the 

interacting forces between the effluent substances themselves have become stronger than 

the adsorbate-adsorbent interactions (ALJEBOREE; ALSHIRIFI; ALKAIM, 2017). In addition, 

there is an increase in the affinity of water molecules for organic compounds as the 

temperature increases (BLACK; MULLER, 2010). 

 

3.4 Effluent Final Characterization 

The overall percentages of removal and increase of environmental control parameters 

are presented in Table 2. 

 

Table 2 - Effluent characterization after Fenton process (H2O2: 1300 mg L-1; Fe2+: 

184.21 mg L-1; pH: 3.5) and adsorption treatments (T: 30ºC, 120rpm, contact time: 

16min). Positive values means reduction of parameters as negative means an increase 

Environmental parameter 
After 

Fenton 
process (%) 

After 
adsorption 

(%) 

Overall 
variation (%) 

COD (mg L-1) +57.91 +37.21 +73.58 

Turbidity (NTU) +68.58 +92.54 +97.65 

Conductivity (mS cm-1) -79.02 +47.14 +5.36 

Dissolved oxygen (mg L-1) -104.04 -18.23 -141.24 

Total phenols (mg L-1) +64.97 +49.64 +81.77 

Total iron (mg L-1) +60.12 +24.69 +69.97 

Hydrogen peroxide (mg L-1) +97.58 +14.73 +97.78 

Solids (mg L-1) 

Total +32.36 +20.71 +46.37 

Fixed Total +20.75 +12.38 +30.57 

Volatile Total +32.57 +20.89 +46.65 
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Absorbance 
200nm +23.99 +45.71 +36.38 

400nm +50.35 +54.42 +77.37 

 

The low initial concentration (3.71 mg L-1) of dissolved oxygen in the system can be 

explained by the high concentration of initial organic matter. However, the increase in 

dissolved oxygen concentration (7.57 mg L-1)  may have occurred not only by the 

mineralization of organic compounds, but also by the generation of molecular oxygen in 

Fenton oxidation/reduction reactions during Fe2+ ion regeneration reactions (Eq. 20 and 

21) (MORAIS; BRITO, 2015) and through intermediate species (Eq. 10  and 11) (PLIEGO et 

al., 2015). 

 

Fe3+ + OOH•  Fe2+ + H+ + O2k = 1.5.105 L mol-1 s-1(20) 

Fe3+ + O2.-  Fe2+ + O2k = 5.0.107 L mol-1 s-1(21) 

 

It is important to note that the DO (dissolved oxygen) concentration may increase in 

treated effluent once the residual hydrogen peroxide present releases water and oxygen 

gas in its decomposition. It is also worth noticing that an increase in DO concentration may 

be caused by aeration in the jar test and a decrease in organic matter concentration. 

The Fenton process treatment also achieved satisfactory removal rates, with  turbidity 

removal and phenolic compounds above 65% and COD of about 58%. The removal of 58% 

of the COD indicates that the Fenton process technology is efficient in treating effluent 

from the cosmetic industry. Similar results were found by Marcinowski et al. (2014) and 

Bautista et al. (2014). 

It is important to highlight that the presence of hydrolysed ferrous ions produces a 

series of complexes which plays the role of a  flake-maker coagulants, which somehow 

enhances the removal efficiency in the turbidity and absorbance. This procedure 

demonstrates the dual ability of the Fenton process in acting as both chemical oxidation 

process and  coagulation/flocculation process (MORAIS; BRITO, 2015). 

Prior to the Fenton process, all samples pH were adjusted to 3.5 (initial pH). However, 

the pH after the Fenton treatment was equal to 3.42 (final pH). The difference between 
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initial and final pH is justified by the release of H+ ions during the treatment due to 

regeneration of ferrous ions (BABUPONNUSAMI; MUTHUKUMAR, 2014; GIANNAKIS et al., 

2016; SOHRABI et al., 2017) (Eq. 4). 

The release of protons in the medium is also triggered by the decomposition of the 

hydroperoxyl radical (Eq. 22) (GIANNAKIS et al., 2016). 

 

HO2•   O2•- + H+k = 1.58 x 105 L mol -1s-1(22) 

 

The reaction between ferric ion and the hydroperoxyl radical leads to the 

regeneration of ferrous ions with liberation of oxygen gas and H+ ions, as shown in Eq. 20 

(BABUPONNUSAMI; MUTHUKUMAR, 2014). 

The increase of electrical conductivity can be related to the addition of ions in the 

system during the Fenton’s reaction and its oxidation-reduction reactions. In addition, 

there is formation of intermediate species during the mineralization of the organic 

compounds that may increase (+79%) the value of this parameter. 

Although the initial effluent did not present total iron concentration, the presence of 

iron ions is fundamental for the occurrence of the treatment through Fenton process , 

acting in a catalytic cycle of the reactions. In this case, 184.21 mg L-1 of Fe2+ was added 

during the process, and the final concentration was 73.46 mg L-1. 

The CONAMA Resolution 430 determines a maximum permissible value of 15 mg L-1 

of total iron for disposal purposes in hidric bodies (BRASIL, 2011). Thus, the concentration 

of soluble iron does not reach the parameters determined by legislation. However, it is well 

known that Fenton active specie Fe2+ is oxidized to Fe3+ by the dissolved oxygen present 

in water that could be removed by a coagulation process (PERDIGÓN-MELÓN et al., 2010). 

The addition of residual hydrogen peroxide, as well as iron, is one of the factors that 

controls Fenton's reagent treatment. The concentration of hydrogen peroxide was initially 

controlled at 1300 mg L-1. At the end of the process, this concentration decreased to 31.50 

mg L-1, which indicates the consumption of this reagent in the Fenton reactions. 

The decrease of this parameter is of great importance since hydrogen peroxide acts 

as an oxidizing agent (1.77 eV). And in this way, the oxidation process would continue to 
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occur in aqueous medium if the hydrogen peroxide did not decompose rapidly into water 

and oxygen (ANDRADE et al., 2015). 

The decrease in the absorbance values for the studied wavelengths indicates the 

complete or partial mineralization of the chromophore groups by the attack of the 

hydroxyl radicals, which is in agreement with the percentage of removal of organic matter 

observed (TANG, 2003). It has been stated (SOHRABI et al., 2017) that the absorbance at 

the 200nm peak is related to the π─π* transitions in aromatic compounds, which are 

characteristics of organic dyes. At 400 nm, the reduction of absorbance indicates the 

removal of the chromophore groups, which strongly absorb in this region (WANG et al., 

2016). The overall final removals of absorbance in this study were 24% at 200 nm and 50% 

at 400 nm for 66 minutes of treatment. 

The removal of total phenols occurs by the hydroxyl radicals attacking the organic 

compound by the electron abstraction of the π bond of the aromatic ring, leading to its 

mineralization (65% of removal in this treatment) (KAVITHA; PALANIVELU, 2016). It has 

been shown (FENG et al., 2017) that the phenolic mineralization chain reaction via Fenton 

process depends on the reduction of Fe3+ ions by polyphenol type intermediates. 

In this cycle, Fe2+ is continuously generated by the reduction of Fe3+ to Fe2+, while 

Fe2+ is oxidized to Fe3+ in the presence of H2O2 and produces hydroxyl radicals. In this 

process, phenol is oxidized to hydroquinone and the Fenton reaction is accelerated by its 

characteristic regeneration of the Fe2+/Fe3+. Since the Fe3+ reduction rate is a 

determining factor in the Fenton cyclic process, degradation of phenol is facilitated at the 

same time as more polyphenol intermediates are generated. In turn, more intermediates of 

polyphenols lead to a faster reduction of Fe3+ and degradation of phenol is even more 

accelerated. 

The analysis of the solid series revealed that for this type of effluent no settleable 

solids were found. However, there was a 33% reduction of total volatile solids. This result is 

significant and represents an estimate of organic matter present in the effluent (MUNOZ et 

al., 2012). Also according to CONAMA Resolution 430 (BRASIL, 2011), the efficiency in the 

total suspended solids removal must meet the minimum rate of 20% removal after 
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desanding. In the treatment carried out, total suspended solid removals reached 32%, 

which describes the treatment as highly effective in removing total solids. 

In terms of adsorption, the decrease in COD value indicates the adsorption of organic 

compounds in the pores of the adsorbent. Acids, in effluent for instance, are  partially in 

neutral molecular form and partially in anions (AYRANCI; DUMAN, 2006). In this case, the 

adsorption occurs both by the electrostatic attraction between the positively charged 

surface of the activated charcoal and the anionic adsorbate species as well as by the 

dispersion between the surface of the activated charcoal and the neutral adsorbate 

molecules. 

The increase of the dissolved oxygen concentration is an indirect proof of the 

removal of organic particles, since this parameter has low concentration in effluents with 

high organic matter once it is used for its decomposition. 

The biggest source of turbidity in effluents are  the particles in suspension. Therefore, 

it is correct to state that the decrease in turbidity indicates the removal of suspended 

solids (AMOSA et al., 2016). Similarly, the decrease in total solids indicates removal of both 

organic and inorganic substances. Because the volatile solids were more adsorbed, it is 

possible to assume that adsorption of organic substances occurred preferentially. 

The reduction of electrical conductivity indicates removal of dissolved inorganic salts, 

such as sulfates, sodium salts, carbonates and chlorides, and dissociated ions present in 

the effluent. This is confirmed by the removal of dissolved solids, since there is a 

correlation between the amount of dissolved solids and the electrical conductivity 

observed in aqueous solutions (HUBERT; WOLKERSDORFER, 2015). 

In terms of absorbance, activated carbons are materials with an amphoteric character, 

in the same way as it was observed with the activated charcoal used in this study (FARIA; 

ÓRFÃO; PEREIRA, 2004). Thus, depending on the pH of the solution, its surfaces can be 

charged either positively or negatively. When pH > pHPZC, the surface of the activated 

charcoal becomes negatively charged, which favors the adsorption of cationic species. On 

the other hand, the adsorption of anionic species is favored at pH<pHPZC. That is, if 

electrostatic interactions are the main adsorption mechanism, cationic dyes tend to have 
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higher affinity with acidic surfaces and anionic dyes  adsorb preferentially on alkaline 

surface in activated carbon samples. 

The adsorption of almost 50% of total phenols is in agreement with several studies in 

the literature that confirm the efficiency of the adsorption of phenolic compounds in 

activated charcoal (RENGARAJ et al., 2002; DUAN et al., 2015; XIONG et al., 2018). It has 

been evaluated (AHMARUZZAMAN; SHARMA, 2005) that the adsorption of phenols on an 

amphoteric surface (such as the activated charcoal of this study) from an aqueous solution 

depends on two factors: the dissociation of the electrolytes in the solution and the 

dominant charge on the activated charcoal surface. As phenols are weak electrolytes and 

do not dissociate at acidic pH, they are adsorbed in molecular form. 

4. Conclusions 

The integration of the technologies obtained a greater efficiency in the treatment of 

the effluent of cosmetics if  compared to the application of the technologies in an 

individualized way and it showed the importance of the integration of the same ones in the 

minimization of the environmental impact. 

Fenton process treatment obtained significant removal values for parameters such as 

COD, turbidity, total phenols and total volatile solids, due to the inherent oxidative 

character of the technology that reduces the phase transfer of pollutants. In this work, the 

[Fe2+/H2O2] ratio was 1: 7.06, which confirms the high contaminant power of the effluent 

in question. 

In addition to supplementing COD removal, turbidity, total solids, total phenols and 

absorbance, the adsorption acted in a complementary manner to the Fenton process 

correcting parameters that varied negatively. The conductivity, for example, which 

increased with the release of ions during the Fenton process tests, decreased with the 

application of adsorption onto the post-Fenton effluent. The pH, which became more 

acidic during Fenton treatment, increased during the adsorption application and hydrogen 

peroxide, added to the Fenton treatment, it had its concentration reduced by the 
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adsorption process. Thus, it suggests an increase in  the treatment line with more 

integrations of advanced technologies applying adsorption as final polishing. 
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