
 

International Journal of Chemical and Biomolecular Science 

Vol. 4, No. 4, 2018, pp. 69-80 

http://www.aiscience.org/journal/ijcbs 

ISSN: 2381-7372 (Print); ISSN: 2381-7380 (Online) 
 

 

 

* Corresponding author 

E-mail address:  

Treatment Technologies for Wastewater from 
Cosmetic Industry - A Review 

Bello Lukman Abidemi1, *, Omoboye Adekunle James1,  

Abiola Temitope Oluwatosin1, Oyetade Joshua Akinropo1,  
Udorah Daniel Oraeloka2, Ayeola Eyitayo Racheal3 

1
Department of Chemistry, Federal University of Technology, Akure, Nigeria 

2
Department of Agricultural and Environmental Engineering, Federal University of Technology, Akure, Nigeria 

3
Department of Pharmacy, University of Lagos, Akoka, Nigeria 

Abstract 

The increasing need for a green and eco-friendly environment necessitates a search for treatment processes to mitigate the 

environmental degradation attendant upon the discharge of wastewater from Cosmetic industries. The proliferation of 

Cosmetic industries as a means to fulfil the insatiable need of man for personal beautification necessitate this review since their 

effluent is inevitably discharged into the environment. This present review is aimed at the understanding composition of 

wastewater from different cosmetic industries for the purpose of proffering a suitable treatment technology. The review 

highlights the composition of various cosmetic industries, their environmental impacts as well as a myriad of treatment 

technologies and their optimum operating conditions. 
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1. Introduction 

The role of the cosmetic industry in daily human activities 

cannot be over-emphasized. They have varying functions on 

applications to the human external body (epidermis, hair 

system, nails, lips, and external genital organs) which 

includes Cleaning, Perfuming, and changing appearance as 

well as maintaining an outlook of the body [1]. Cosmetics 

can be classified as personal care products which includes 

fragrances, sunscreen, ultraviolet filters and are employed for 

the medical treatment of humans in order to enhance their 

standard of living [2-4]. A few years ago, cosmetics products 

as well as other personal care products that do not fall within 

cosmetic regulation (disinfectants, insect repellants, dietary 

supplements), have raised significant concerns as being of 

the emerging environmental pollutants because of their 

effects on the aquatic environment; their ecological and 

environmental impact. They are sometimes termed to be 

environmentally persistent, bioactive, and potentially to bio-

accumulate [5]. Ostensibly, most of the substances are 

released in large quantities into the environment dominated 

by flora and fauna daily through discharge of their 

wastewater. 

Over the years, Cosmetic wastewater has been characterized 

with contain very high Chemical Oxygen Demand (COD) (> 

100000 mg/l), BOD5, Total organic carbon levels, High 

concentrations of petroleum ether extract, Organic nitrogen, 

Organic phosphorus, suspended solids, fats and oils, and 

detergents [6-8]. Most of the dominant contaminants in 

cosmetic wastewater are scarcely biodegradable and this 
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applies not only to surfactants and dyes that are well known 

but also to fragrances and sunscreen UV light, which are 

incorporated into their production. They are non-polar and 

difficult for biological degradation by micro-organisms [6].  

Cosmetics wastewater poses a lot of threat to the 

environment with ecological effects being the most highly 

pronounced which is as a result of their large external 

applications such as washing, showering, and bathing thus 

introduced into the environment unaltered [8-9]. Also, huge 

amounts of surfactants are released into aquatic and 

terrestrial environment daily. The upshot is toxicity of plants 

and animals species which invariably has negative impacts 

on human health [10] 

Several researchers have worked on the characterization of 

cosmetic wastewater in order to elucidate their composition 

and impacts on the surrounding environment. Apfel [11] 

reported that effluents from leather and cosmetic industries 

deteriorate the quality of groundwater. The result showed that 

standard parameters investigated were above the permissible 

limits. Ritter [12] investigated that wastewater from a 

cosmetic industry poses threat to the environment on 

discharge without treatment. The results of the findings 

showed that the effluents contain pollution indicator 

parameters such as EC, PH, BOD, PO43−, and turbidity are 

higher than the tolerance limits recommended by the World 

Health Organization. The microbial study showed the 

presence of P. aeruginosa and S. aureus in the effluents. The 

findings of this study proved that the effluents can be a 

potential public and environmental health hazard. Melo et al. 

[8] further probed the toxicity of cosmetic wastewater by 

conducting an aquatic toxicity bioassay for eco-toxicological 

characterization by using C similis, C. dubia, and P. 

subcapitata as an organism at different conditions. The 

results revealed that the wastewater from the cosmetics 

company presented high toxicity to all test organisms. The 

presence of high concentration of COD and BOD above the 

critical values lay down by international and national 

regulatory bodies is considered unacceptable in receiving 

water bodies. This is because they lead to eutrophication and 

various health impacts in humans and animals [13-15]. 

Cosmetics is ubiquitous in water bodies and this is a growing 

concern as it has a long-term environmental and human 

health effects on exposure to chemicals which are the main 

constituents of the products [16-18]. In the aquatic 

environments, cosmetics can lead to bioaccumulation in fish 

and other water living creatures with a potential to trigger 

various unexpected interference on them. For instance, 

chronic exposure to estrogenic pollutants in water can result 

in the enlargement of fish livers and they can impact 

negatively on the reproduction systems as well as trigger 

histo-pathological changes in zebra-fish [19-20]. Notably, 

they exhibit adverse cumulative effects on terrestrial and 

aquatic ecosystems [21]. These toxic chemicals are released 

into aquatic environments through wastewater from sewage 

treatment plants before they reach the receiving soil, surface 

water, sediment, and groundwater [2]. This has been reported 

by different authors in different parts of the world and 

includes the UK, the US, Italy and accumulate in aquatic 

environments [23-25]. Some authors in South China, Europe 

and other regions of the world have also reported this [28-

30]. 

Indubitably, cosmetic wastewater needs to be subjected to 

intensive treatment before discharge into the environment in 

order to safeguard the health of both flora and fauna that are 

widely distributed in the environment. Based on the available 

literature on treatment of cosmetic wastewater, this review 

gives an overview of the various treatment technologies that 

have been adopted to treat cosmetic wastewater in order to 

achieve zero pollution in compliance with international 

standards for release of industrial effluents into the 

environment. 

2. Treatment Technologies of 
Cosmetic Wastewater 

The proliferation of cosmetic products which resulted from 

the ever-increasing demands of human being necessitates the 

discharge of some pollutants which is characterized by high 

levels of COD, suspended solids, fats and oils, and detergents 

into the aquatic body. Thus, its discharge is inevitable but the 

rate of environmental degradation can be reduced or 

apprehended by the adoption of various economic and 

sustainable treatment technologies. Hence, research into 

more efficient, eco-friendly and economical effluent 

treatment technologies so as to degrade the complex 

molecules into simpler ones is crucial to mitigate the polluted 

water body [11-13]. The various treatment technologies 

employed for the treatment of this wastewater ranges from 

conventional biological techniques to physicochemical 

methods. The latter in most cases is used as a pretreatment 

stage before the adoption of conventional biological 

techniques [13]. 

In this review, various physicochemical and Advanced 

Oxidation Processes (AOP) treatment technologies for 

cosmetic effluent will be understudied for economical and 

efficient ways of mitigating the environmental impact of this 

effluent. 

2.1. Physico-Chemical Technology for 

Cosmetic Wastewater Treatment  

Coagulation 
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Coagulation is a process in water and wastewater remediation 

in which coagulants such as ferric chloride, ferric sulfate etc. 

are added to wastewater in order to micellize the colloidal 

materials and cause the small particles to aggregate into 

larger settleable particles [14]. The mechanisms of operation 

are based on neutralization of negatively charged colloids by 

cationic hydrolysis products and incorporation of impurities 

in an amorphous hydroxide precipitate [15]. One of the 

characteristics of wastewater treatment by coagulation is the 

removal of suspended solids and organic matters [14]. 

This process makes use of coagulants among which alum, 

iron salts, and lime are the commonest and their primary 

function is to aggregate colloidal particulates into larger 

particles which can ultimately be removed by sedimentation 

or floatation [16-17].  

Several factors such as coagulant type, a dose of coagulant, 

optimum pH and dose and type of coagulant aid are 

responsible for the removal efficiency of this process. Ca 

(OH)2 as a coagulant aid not only facilitate coagulation but 

also regulate the pH of the medium [18]. 

In wastewater remediation, coagulation processes are majorly 

used for the removal of colloidal material with potentials to 

impart color and turbidity [14]. It is also used as a 

pretreatment prior to biological treatment in order to enhance 

the biodegradability of the wastewater during the biological 

treatment. The hybridization of coagulation and precipitation 

processes has found major usability in the treatment of 

wastewater to separate suspended and/or fatty particles [20]. 

The pros of this treatment technology over other 

physicochemical processes is its cost-effectiveness as well as 

low energy consumption [21]. 

1. Operating conditions 

An intensive study on pieces of literature relating to the 

application of coagulation to wastewater treatment was 

carried out and the following optimum operating conditions 

was observed. In this process, the operating variables that 

ensure optimal working conditions are pH, type and dose of 

coagulant and type and dose of coagulant aids. 

Effect of pH 

The pH of the medium to a large extent determines the form 

of the coagulant in the sewage tank [20]. The Fe-species 

present in the medium at pH of 4.6 and 8.23 when Ferric 

chloride and Ca (OH)2 were used as coagulant and coagulant 

aids respectively to treat a wastewater from a personal care 

products industry are Fe (OH)
2+

 and Fe (OH)3 respectively 

and this ultimately determine the mechanism of removal 

[21]. He observed neutralization of negatively charged 

particles when Fe (OH)
2+

 was in solution while Fe (OH)3, a 

hydrophobic substance, works by adsorption of particulate 

contaminants in particulate through surface interactions. 

Amuda and Amoo [22], operated optimum pH of 9 when 

ferric chloride is used to treat beverage industry effluent. It is 

of note to monitor the pH because the higher dosage of the 

coagulant which increases the concentration of metallic ion 

have high tendency to reduce the removal efficiency of this 

process due to the reduction in the pH value [22]. 

Effect of Coagulant Dosage 

The optimum dose of a coagulant is the value above which 

there is no massive difference in the increase of removal 

efficiency with a further addition of coagulant [19]. At a 

higher dose of the coagulants, there is an attended substantial 

increase in the removal efficiency as measured by the 

removal rate of COD, TSS, and TP. However, at a particular 

concentration of the coagulant above the limit, the removal 

rate of COD, TSS and TP decreases with an increase in the 

dosage of coagulant. This may be due to the re-suspension of 

solids at that concentration [23]. Furthermore, the addition of 

the coagulant far beyond the limit will have no effect on the 

removal efficiency and this can be attributed to the 

accumulation of positive charges on the particles surface 

thereby re-dispersing the particles. 

Effect of coagulant aids 

Coagulant aids such as polyelectrolytes facilitate the 

treatment of water and wastewater and may also be used as a 

primary coagulant for the same purpose [25]. 

Polyelectrolytes in most cases are advantageous over 

chemical coagulants because they are easy to handle and are 

easily biodegradable [26]. The removal efficiency of COD, 

TSS and TP serve as the benchmark to measure the optimal 

dose of coagulant aids [14]. It was observed that the 

simultaneous increase of both the coagulant and coagulant 

aid below the optimal dosage improves the removal 

efficiency of the of COD, TSS, and TP. However, further 

addition of the coagulant aid above the optimum dosage 

result into a gradual decrease in the removal of TSS due to 

the re-suspension of particles at higher doses of the coagulant 

aid (Polyelectrolyte, calcium hydroxide, etc.) [14]. This is 

contrary with respect to the removal rate of COD as an 

excess dose of the coagulant aid flocs formation. As a result 

of the suspension of a greater number of flocs, the removal of 

a larger amount of organic matter which is a measure of COD 

will be enhanced due to the availability of larger surface area 

on which adsorption of the organic matter took place [22]. 

Effect of residual metallic ion content 

The concentration of the residual metallic ion content in 

treated effluent after the coagulation/flocculation process is 

one of the ways to measure the correct coagulant dose to be 

used [27-28]. Amuda and Amoo [22] observed that when 250 
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and2000 mg /L alum doses were used for treatment, the total 

amount of Al
3+

 present is 9.8 and 10.1 mg Al3+/1 L in 

wastewater. It was observed that the higher dose of the 

coagulant decreases the residual metal ion concentration in 

the supernatant. Amuda and Amoo [22] reported that higher 

dose of ferric chloride increased supersaturation of Fe (OH)3 

when Ca (OH)2 was used as a coagulant aid. Hence, 

increased nucleation rate of Fe (OH)3 consequently removed 

the iron in solution more effectively by being adsorbed by the 

precipitate. 

Table 1. Overview of earlier studies on coagulation/flocculation. 

S/N REFERENCES EXPERIMENTAL CONDITONS IMPORTANT FINDINGS 

1. 
El-gohary et al., 

2009 

A Phipps & Bird standard jar-test unit Model 7790-400 

and the sample placed under a state of rapid stirring (267 

rpm) while the coagulant was added slowly to the solution 

under stirring for 60 s. Operating pH varied in the range 

of 4.6-8.23. 600 mg/l of the coagulant (FeCl3) was aided 

by 300-500 mg/l lime Ca (OH)2. 

At this operating condition, the% removal rate for CODtotal, 

CODsol, CODpart, BOD5total, TSS (105 °C), VSS (550 °C) Total-P, 

Oil and grease and BOD5/COD ratio are 75.8±9.7, 62.9±14.8, 

95.4±1.8, 78.0±15.8, 96±3, 92±4.7, 60.2±40, 75.8±3.3 and 15.2 

respectively. Coagulation under this operating condition is 

ineffective in the removal of BOD5/COD ratio (15.2%). 

2. 
El-gohary et al., 

2009 

A Phipps & Bird standard jar-test unit Model 7790-400 

and the sample placed under a state of rapid stirring (267 

rpm) while the coagulant was added slowly to the solution 

under stirring for 60 s. Operating pH is 6.9. 700mg/l of 

the coagulant (Alum) was aided by 120-200 mg/l lime (Ca 

(OH)2. 

At this operating condition, the% removal rate for CODtotal, 

CODsol., CODpart, BOD5total, TSS (105 °C), VSS (550 °C) Total-P, 

Oil and grease and BOD5/COD ratio are 76.7±9.9, 68.0±10.6, 

89.4±8.9, 74.1±19.3, 93.6±4.7, 87.0±5.6, 88.1±3.2 and 76.2±1.9. 

It was observed that the chemistry of removal is adsorption and 

neutralization of charge. 

3. Aloui et al., 2009 
3.0 g/l of alum (coagulant) was aided by 1 g/ l lime Ca 

(OH)2with an operating pH of 7. 

The removal rate of Anionic surfactant, COD and BOD5 are53.3, 

37.3 and 51.2% respectively. The mechanism of removal at this 

operating condition is sweep-floc coagulation by embellishing the 

aluminum hydroxide precipitate (Gregory and Duan, 2001). 

4. 
El-gohary et al., 

2009 

A Phipps & Bird standard jar-test unit Model 7790-400 

and the sample placed under a state of rapid stirring (267 

rpm) while the coagulant was added slowly to the solution 

under stirring for 60 s. The Operating pH is 9.1. 800 mg/l 

of ferrous 

Sulfate was aided by 260 mg/l lime (Ca (OH)2. 

At this operating condition, the% removal rate for CODtotal, 

CODsol., CODpart, BOD5total, TSS (105 °C), VSS (550 °C) Total-P, 

Oil and grease and BOD5/COD ratio are 77.5±9.6, 65.6±15.3, 

95.7±2.6, 78.7±15.6, 94.3±3.3, 89.4±8.1 and 82.2±7.4, 76.4±3.1 

respectively. This coagulant is only effective in an alkali medium. 

5. 
Bogacki et al., 

2011 

Waste water from Cosmetic industry in Poland were 

refrigerated to 4°C and was allowed to settle for 30 min in 

order to remove easily settleable solids. The optimum pH 

used is 9.0 with 900 mg/l of FeCl3 as the coagulant. 

The% removal efficiency of COD was 66.4%. He also observed 

an absolute (100%) removal of colour and turbidity at this 

operating condition. The remediating efficiency of coagulation 

was attributed to a large amount of suspensions as well as the 

presence of large amounts of polycyclic musks (aromatic 

compounds). It is of note to state that the predominant form of 

iron in wastewater at that pH is Fe (OH)3. 

 

2.2. Oxidation Treatment Technology for 

Cosmetic Wastewater 

The bureaucratic regulations operational in the discharge of 

industrial effluent necessitates the implementation of new 

treatment technologies for a more efficacious treatment of a 

myriad of wastewaters. Several oxidation technologies such 

as Hydrothermal Oxidation Technology (HOT) e.g. catalytic 

wet peroxide-oxidation, Advanced Oxidation Processes 

(AOP) e.g. Fenton oxidation and Chemical Oxidation 

Technology (COT) e.g. ozonation have been reported as 

reliable strategies to mitigate toxicity and increase the 

biodegradability of cosmetics effluent [13, 29, 30, 31]. For 

the case of this study, emphasis will be laid on the AOPs. 

2.2.1. Catalytic Wet Air Oxidation 

Catalytic wet peroxide oxidation (CWPO) process is based 

on the oxidation of organic pollutants by hydrogen peroxide 

in the presence of a metal-bearing solid catalyst [29]. The 

CWPO process initially adapted the classical Fenton's 

reagent to treat highly phenolic organic compounds with the 

removal efficiencies (up to 95%) under mild conditions using 

hydrogen peroxide and a homogeneous Fe
2+

 catalyst [32]. 

In spite of the efficiency of the homogeneous Fe2+ catalyst 

in the elimination of organic pollutants, this process has 

drawbacks in the narrow range of pH (Usually around 3.0) 

and difficulties in the recovery of the catalyst which may lead 

to secondary pollution [33]. This inadequacies encountered in 

the usage of CWPO can be overcome by the use of a 

heterogeneous catalyst. Thus, a great number of materials 

containing iron, copper and aluminum supported on oxides, 

clays, zeolite and polymers as active catalysts have been 

proposed to exhibit the advantages of heterogeneous catalysis 

thereby exuding a relatively higher oxidation efficiency as 

well as a lower sensitivity to pH compared with 

homogeneous catalysis at the same operating conditions [32-

33]. The heterogeneous catalytic wet hydrogen peroxide 

oxidation (CWHPO) is advantageous over the classical 

homogeneous Fenton-like process in the following ways: (i) 

Improvement of the catalytic activity; (ii) the lack of 

secondary pollutant due to the iron-containing sludge; (iii) 

the widening of the pH range and the possibility of re-usage 

of catalyst in successive cycles [34-35]. 
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The choice of solid catalyst to use for the process among 

other factors cannot be overemphasized as this goes a long 

way to determine the efficiency of this treatment technology. 

It was observed that some organic pollutants have the 

propensity to deactivate the catalyst as well as leach out the 

catalytically active elements [34, 37]. Several studies carried 

out with clay-based catalysts immobilized with Fe hydroxo 

complexes or mixed with (Al–Cu) complexes have proven 

the efficiency of mixed pillared clays in the total oxidation 

organic compounds in water with the use of hydrogen 

peroxide as the oxidant [36-37] 

One of the advantages of the process is the allowance it 

provides for the operation to be carried out in an ambient 

condition and at a lower cost [38]. 

1. Operating conditions 

Effect of the solid support 

The choice of solid catalyst determines to a large extent the 

remediating effectiveness of this process as it dictates the 

mechanism of reaction for removal. CWPO depletes 

pollutants either by adsorption on a solid support or by total 

or partial mineralization of organic matter by the generated 

hydroxyl radicals [39]. The mineralization of organic matter 

depends on the oxidant generated and this is absolutely 

dependent on the interaction between the solid catalyst. 

Bautista et al. [29] observed that the decomposition of H2O2 

was produced in two competing ways when Fe catalyst 

immobilized activated carbon was used to remediate effluents 

from the cosmetics industry. He suggested that the 

decomposition of H2O2 gives rise to HO• and HOO• radicals 

by the action of Fe while the Activated Carbon (AC) surface 

promotes the decomposition into H2O2 into O2 which is not 

reactive at the operating temperature. 

However, decomposition into O2 by the action of AC is 

probably depending on the organic pollutant in question [40]. 

In the case of phenol oxidation, it works contrariwise since 

phenol is adsorbed onto the activated carbon in a much 

higher amount than the organic pollutant in the cosmetic 

effluent thereby clogging the carbon surface which inhibits 

the decomposition of H2O2 into O2. Consequently, Fe 

supported on activated carbon has been successfully used for 

phenol oxidation but have reduced efficiency for cosmetic 

effluent due to the decomposition of H2O2 into O2 [40]. 

Also, in the case of Fe/ γ-Al2O3, the adsorption of organic 

matter on the surface of the Al2SO3 is negligible but yet 

proved to be more effective than the Fe/AC for the treatment 

of these cosmetic wastewaters by CWPO [41]. This is due to 

the non-production of O2 in spite of the interaction of H2O2 

with the surface of alumina but rather only the Fe catalyst 

decomposes H2O2 into HO• and HOO• due to the inertness of 

alumina with H2O2 [42]. Summarily, the interaction between 

H2O2 and the solid support in the presence of the organic 

matter should be considered when choosing a solid support 

for the catalyst. 

Effect of the immobilized metal load. 

The metal content of the catalyst used in CWPO process 

plays a very important role in the decomposition of H2O2 into 

its radicals for the mineralization of the organic matter 

present in the pollutant [30]. Increasing the metal load of the 

catalyst will lead to an increase in the removal efficiency of 

the process provided that the concentration of the metal 

doesn't exceed the acceptable limit. Thus, any concentration 

above the limit will lead to a decrease in the degradation 

efficiency. Bautista et al. [29] in the remediation of effluents 

from cosmetic industry using CWPO observed a decrease in 

COD (83.5–75.5%) and TOC (55.9 - 52.0%) when the Fe 

supported on alumina increased from 4% of optimum dosage 

to 8%. 

Effect of calcination temperature 

The mineralization of organic matters in the wastewater also 

depends on the calcination temperature of the catalyst during 

catalyst build-up. The increase in calcination temperature of 

the catalyst results in the reduction of COD and TOC 

removal [41]. This reduction in the efficiency is as a result of 

the decrease in the content of the metal (e.g. Fe2O3) 

nanoparticles due to the high calcination temperature and this 

ultimately leads to a decrease in the decomposition of H2O2 

into HO• and HOO• radicals [43]. 

Bautista et al. [29] showed a higher content of α- Fe2O3 

nanoparticles in the catalyst calcined at a lower temperature 

(33% at 300°C and 26% at 450°C) respectively. 

Effect of operating temperature 

The effect of the operating temperature largely determines 

the rate of decomposition of H2O2 as well as the conversion 

of COD and TOC [28]. An increase in temperature enhances 

the decomposition into HO• and HOO• radicals thereby 

leading to higher COD and TOC abatement. On the contrary, 

high reaction temperatures promote thermal degradation of 

H2O2 into O2 (a weak oxidant) and this ultimately reduces the 

remediating efficiency of CWPO process [39]. 

Hence, the balance between the two competing ways of the 

decomposition of H2O2 into HO• radicals (promoted by Fe) 

or O2 (favored at increasing temperature) plays a major role 

in determining the efficiency of organic matter removal. In 

addition, increase in temperature below acceptable limit also 

increases the biodegradability of the effluent [41]. 

Bautista et al. [29] showed that during the CWPO of 

cosmetic wastewaters with the Al–4%FeT300 (4% of Fe 
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supported on Al2SO3 at a calcination temperature of 300) 

catalyst, the COD removed per unit H2O2 increased from 

0.21 to 0.39 when the temperature was raised from 70°C to 

85°C which is still in the range of the working temperature of 

85°C. 

2. Overview of the earlier studies on catalytic wet peroxide 

oxidation 

Few researchers have looked into catalytic wet peroxide 

oxidation for the treatment of cosmetic wastewater. However, 

Bautista et al. [29] worked on waste-water samples from a 

cosmetic industry in Spain with characteristics of COD (4730 

and 2300 mg/L) and total organic carbon (TOC) (1220 and 

686 mg/L). 

The experiment was carried out in batch in 100 mL stoppered 

glass bottles in a thermostated shaker, which maintains a 

constant temperature with a stirring velocity equivalent to 

200 rpm. The catalyst used was in a powdered form and at 5 

g/L Catalysts based on Fe supported on γ-Al2O3 calcined at 

300°C with 4% Fe content and a working temperature of 

85°C was used. The operating pH was 3.0 and the 

concentration of H2O2 used was 9050 mg/L. 

The result of this experiment is a remarkable COD and TOC 

reduction around 85 and 55.9% respectively. The Fe/α-Al2O3 

catalyst showed a reasonable stability such that 15% decrease 

in activity was observed after three successive runs. The 

Increase of Fe load of the catalyst from 4% (optimum 

dosage) to 8% decreases the COD (83.5 – 73.5%) and TOC 

(55.9 – 52.0%) removal [29]. 

2.2.2. Electrochemical Oxidation 

Electrochemical Advanced Oxidation Process (EAOPs) is an 

amalgam of several processes that use electrochemical 

techniques to generate strong oxidants. This treatment 

technology is based on the generation of strong oxidants 

(hydroxyl radicals (●OH)) electrochemically. The various 

types of Electrochemical Advanced Oxidation Process are 

Electrochemical Oxidation (EO), electrocoagulation, electro-

flotation, electro-dialysis, electro-Fentonphotoelectro-Fenton 

etc. [44]. 

EO has become attractive to environmentalist because of its 

capacity to completely mineralize highly recalcitrant organic 

pollutants, such as pharmaceuticals, pesticides, personal care 

products, and even carboxylic acids [46-50]. Apart from the 

efficient removal of highly refractory organic compounds, 

the EO also present several advantages over other AOPs, 

such as mild operating atmosphere under ambient condition, 

absence of additional requirement of auxiliary chemicals, 

non-production of secondary waste streams that require 

further treatment, could be easily synergized with other water 

treatment technologies and present affordable capital and 

operational costs [44, 51, 52]. All these aforementioned 

characteristics make EO eco-friendly with a small carbon 

footprint. 

In this study, the chemistry and optimum operating 

conditions of EO or Anodic Oxidation will be thoroughly 

investigated. 

1. Principles of electrochemical oxidation 

The mechanism/chemistry of electrochemical oxidation is the 

redox reactions taking place at anode (e.g. oxidation of 

pollutants) and cathode (e.g. reduction of heavy metals) to 

remove pollutants, which have been widely used as a heavy 

metal remediation solution [53-54 ]. The reaction mechanism 

of electrochemical oxidation involves two pathways namely 

(i) direct electron transfer to the anode surface M and (ii) 

indirect oxidation [55-57]. 

In the first pathway, electrons are transferred between the 

anode surface (M) and the organic pollutants involved. It 

involves the intermediation of the electrons which oxidizes 

some highly refractory organic pollutants at defined 

potentials [56-57]. This process involves four pathways the 

surface, (iii) direct electrochemical reaction by charge 

transfer to the pollutant and (iv) desorption and transport of 

oxidized products to the bulk [53]. 

The second pathway of indirect oxidation involves electro-

generation of highly oxidant species at the electrode surface 

[58]. These oxidants such as heterogeneous reactive oxygen 

species (ROS) (from electrolysis of oxidation of water to 

oxygen), powerful 
●
OH radicals at the anode surface (M 

(
●
OH)) (from anodic oxidation of water) by Eq. (1), H2O2 

oxidant (from dimerization of M (
●
OH)) by Eq. (2) and 

Ozone (from water discharge at the anode surface) by Eq. (3) 

[58]. 

M + H2O → (M 
●
OH) + H

+
 + e

-
                 (1) 

2 (M 
●
OH) → 2MO + H2O2                    (2) 

3H2O → O3 + 6H
+
 + 6e

_
                        (3) 

In spite of the remediating efficiency of EO, the formation of 

organo-chlorinated species such as chloramines, 

trihalomethanes, haloacetonitriles, and haloketones, as a 

result, the reaction of active chlorine species with different 

functional groups of organic matter [59-60] is a major 

drawback of AO. This is because organo-chlorinated 

products display high toxicity and usually more refractory 

than parent molecules. 

The efficiency of EO depends absolutely on the mass transfer 

of pollutants from the bulk to the surface of the anode [56]. 

Hence, the electrocatalytic properties of anode materials play 

an important role in the removal efficiency of EO technology 
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[58]. It has been reported that the nature of anode material 

determines the rate of degradation of organic pollutants. 

Sometimes partial organics degradation alongside the 

formation of many recalcitrant species were observed while 

total organics mineralization alongside the production of few 

amounts of refractory intermediates were noticed using 

another anodic material. 

2. Optimum operating conditions 

pH of the medium 

The pH of the medium to a large extent determines the form 

of the oxidant in the reaction medium. The commonest 

oxidant generated electrochemically from agents existing in 

bulk solution such as chloride, sulfate, phosphate, carbonate, 

and oxygen, respectively are active chlorine species, 

persulfate, per-phosphate, percarbonate, H2O2 etc. [61]. At a 

pH range of 1-3, the predominant active chlorine species 

present is Cl2 while the dominant species present from pH 

range of 3-8 is HClO and for pH above 8, the predominant 

species is ClO [62]. The oxidation of organic matter is faster 

in acidic medium than in alkaline medium because HClO (Eº 

= 1.49 V/SHE) and Cl2 (Eº = 1.36 V/SHE) exhibit higher 

redox potentials than ClO− (Eº = 0.89 V/SHE [64]. At a pH 

higher than 8, the oxygen in the medium is reduced to 

hydroperoxide ion (HO2−) rather than H2O2 in the acidic 

medium [63].  

The nature of the electrode 

The efficiency and selectivity of anodic oxidation, as well as 

the rate of degradation of organic matters, depends strongly 

on the nature of anodic material [64]. In some cases, organics 

are partially degraded with the production of many 

recalcitrant species and in other cases, total mineralization of 

organic pollutants are observed [44]. Bautista et al. [30] 

justify the discrepancy in the rate of degradation as the 

interaction of M (
●
OH) with the anode surface and the result 

of this is the existence of two types of anode materials which 

are called active anode and non-active anode. 

Moreover, at the surface of an active anode with low O2-

overpotentials, the M (
●
OH) is transformed into a higher state 

of oxide or superoxide MO as shown in Eq. (4). The 

interaction of M (
●
OH) with the anode surface M produces a 

redox couple (MO/M) which acts as a mediator in the 

oxidation of organics. 

M (
●
OH) → MO + H

+
 +e

_
                         (4) 

On the contrary, in non-active anodes with high O2-

overpotentials, the M (
●
OH) are weakly physic-sorbed at the 

surface of the anode and this reacts with the organics thereby 

mineralizing them. As a law, the higher potential for O2 

evolution of the anode material, the weaker is the interaction 

of M (
●
OH) with the surface of the anode and the greater the 

organic pollutant degradation [64]. Summarily, the rate of 

electrode reactions is a function of the electro-catalytic 

activity of the anode material [65]. 

The nature of the organic pollutant 

The remediating strength of EO depends on the efficiency of 

the direct anodic oxidation and indirect oxidation. The 

effectiveness of indirect oxidation depends on the nature and 

strength of the oxidant [63]. The oxidants such as active 

chlorine species, persulfate, per-phosphate and H2O2 are 

electrochemically generated from agents existing in the bulk 

solution such as chloride, sulfate, phosphate, carbonate, and 

oxygen, respectively [64]. In other words, the type and the 

nature of the oxidant electrochemically generated depend 

absolutely on the nature of organic pollutants. In some cases, 

salts are externally added in order to generate the desired 

oxidant. 

Active chlorine species are the main oxidizing agents for 

indirect oxidation employed in wastewater treatment. The 

oxidation of organic pollutants with active chlorine is based 

on the direct oxidation of chloride ions at the anode to yield 

chlorine (Cl2) as depicted by Equation (5), which diffuses 

away from the anode to be disproportionate to hypochlorous 

acid (HClO) and chloride as shown by Equation (6) [64]. 

2Cl
_
 → Cl

2
 + 2e

_
                                 (5) 

Cl2 + H2O → HClO + Cl
-
 + H

+
                     (6) 

3. Overview of the earlier studies on electrochemical 

oxidation 

In spite of the remediating efficiency of electrochemical 

oxidation, few pieces of research have experimented on its 

treatment of effluents from cosmetic waste-water industry. 

Zhang et al. [65] studied cyclic and linear siloxanes in 

cosmetic wastewater. The wastewater samples were collected 

in high-density polyethylene bottles from a cosmetic Waste 

Water Treatment Plant at Beijing, China. 

The pollutant detected are Dodecamethylcyclohexasiloxane 

(D6, C12H36O6Si6) and linear siloxanes (L5 (C12H36O4Si5), L6 

(C14H42O5Si6), L7 (C16H48O6Si7), L8 (C18H54O7Si8), L9 

(C20H60O8Si9), L10 (C22H66O9Si10), L11 (C24H72O10Si11), L12 

(C26H78O11Si12), L13 (C28H84O12Si13), L14 (C30H90O13Si14), 

L15 (C32H96O14Si15), L16 (C34H102O15Si16), L13 

(C28H84O12Si13), L14 (C30H90O13Si14), L15 (C32H96O14Si15), 

L16 (C34H102O15Si16). These pollutants are present at a 

dominant level. The operating parameters in form of 

reaction time, current density, electrode plate 

distance, and electrode plate amounts are 20 min., 

20 mA/cm2, 1.0cm and 5 pairs respectively. The 
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anodic and cathodic materials were stainless steel 

plates. 

It was observed that Dodecamethylcyclohexasiloxane (D6) 

and linear siloxanes (L5 to L16) were remediated in the range 

of 30.2% to 93.3%. Also, the removal efficiency of siloxane 

was significantly enhanced with increasing applied current 

density when the reaction time was increased from 0 to 20 

min [65]. 

2.2.3. Fenton's Oxidation  

Fenton's oxidation reaction is a method that uses a mixture of 

hydrogen peroxide and iron salts (Fe
2+

) which produces 

hydroxyl radicals (OH
•
) in an acidic medium at ambient 

conditions [30]. The chemistry behind this process is the 

formation of reactive oxidizing species, able to effectively 

degrade the pollutants of the effluent and it involves pH 

adjustment, oxidation, neutralization and coagulation [68]. 

The little or no energy input necessary to activate the 

Fenton's reagent (H2O2 and iron salts (Fe
2+

) makes this 

process advantageous over many physicochemical processes 

[66]. Furthermore, this method produces hydroxyl radicals 

with a reagent that are not capital intensive and also requires 

a relatively short time for the completion of the reaction. 

Hence, Fenton's reaction is often used when a high reduction 

of COD is of great necessity [67]. This oxidation process has 

found application in the treatment of sundry industrial 

wastewaters such as textile, pharmaceutical, paper and pulp, 

dyes, petroleum, and olive oil industry wastewaters [30]. 

This method is suitable for the discoloration of colored 

contaminants/pollutants and removal of odor ingredients with 

low energy consumption [13]. It also effectively destroys 

toxic wastes and non-biodegradable compounds in order to 

render them more suitable for conventional biological 

treatment [69]. 

1. Optimum operating conditions 

An investigative analysis of the earlier published articles on 

the application of Fenton oxidation reaction to effluent 

treatment was carried out and the following optimum 

operating conditions was observed. In this process, the 

operating variables that ensure optimal working conditions 

are pH, temperature, iron, and hydrogen peroxide doses [30]. 

These factors vary depending on the source and composition 

of effluent under treatment.  

Effect of pH 

The pH of the medium to a large extent significantly affects 

the degradation of pollutants [70]. The optimum pH for 

different scientist varies between 2 and 4 [71-73]. At a pH 

lower than 2.5, (Fe (II) (H2O))
2+

will be formed thereby 

reducing the rate of reaction and the end result of this is the 

production of a lesser quantity of hydroxyl radicals thereby 

leading to the reduction of the degradation efficiency [74]. At 

a pH greater than 4, formation of Fe (II) complexes with the 

buffer occur thereby reducing the rate of decomposition of 

the pollutants because of the decrease of the unbounded iron 

species in the solution and ultimately bringing about the 

cessation of the production of ferrous ion [75]. A significant 

decrease was observed by Bautista et al. [30] in the efficiency 

of the process at high and low pH. 

Amount of Ferrous Iron 

The removal efficiency of the Fenton's process increases with 

an incremental increase in Fe2+ dose and subsequently 

decreases as it increases the organic matter of the influent 

[30, 76]. Also, at a higher Fe
2+

 dose, the scavenging effect is 

being favored as this will enhance the decomposition of H2O2 

thereby engendering a rapid generation of hydroxyl radicals 

and a high concentration of this species in solution [30, 77]. 

However, as the ferrous ion concentration increases, the 

residual iron concentration as well the sludge in the effluent 

increases above the allowable limit, thereby incurring 

substantial cost for removal [78]. Also the recombination of 

OH radicals as well as brown turbidity that deterred the 

absorption of UV light resulted from higher addition of iron 

salt [79]. 

H2O2 Concentration 

The degradation efficiency of the process increases with the 

incremental increase in H2O2 concentration up to a limit due to 

the higher production of hydroxyl radicals and this enhances the 

rate of TOC conversion [78]. On the contrary, the progressive 

increase in the dose of H2O2 produces no significant difference 

and ultimately lead to the decrease in the rate of removal 

probably due to the auto-decomposition of H2O2 to oxygen and 

water and also recombination of OH
•
 radicals [79]. The residual 

hydrogen peroxide concentration must not exceed 300 mg/l in 

order to avoid toxicity which can impair the existence of many 

micro-organisms and this will affect the overall removal 

efficiency in a situation where Fenton oxidation is used as a 

pretreatment to biological treatment [70]. 

Effect of Temperature 

Few studies elucidated the effect of temperature on the 

efficiency of this oxidation process. The effect of temperature 

is dependent on the dosage of Fe (II) ion in solution. Lin and 

Lo [75] reported an operating temperature of 30◦C whereas 

Rivas et al. [70] operated an optimum temperature in the range 

of 10 to 40◦C. At a low dosage of Fe
2+

, increase in temperature 

in the range of (25–75◦C) positively affect the degrading 

efficiency (especially in form of TOC conversion) and as the 

concentration of iron increases, the degrading effect decreases 

and becomes counterproductive at very high Fe
2+

 dosage [30]. 
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However, the simultaneous increase of the temperature and the 

Fe
2+

 dose both improve the decomposition of H2O2 engenders 

a rapid generation of hydroxyl radicals which favors the 

occurrence of OH
•
 consuming reactions rather than oxidation 

of the organic matter [30]. 

Table 2. Review of earlier research works on Fenton oxidation. 

S/N REFERENCES EXPERIMENTAL CONDITONS IMPORTANT FINDINGS 

1. 
Bautista et al., 

2010 

Cosmetics effluent samples were stored at low temperature (4°C) in a 

dark environment immediately after reception from the cosmetic industry. 

The oxidation of organic matters were carried out in batch in 100mL 

stoppered glass bottles placed in a thermostated bath. The operating pH, 

Fe2+ concentration andH2O2 concentration to COD initial weight ratio 

corresponding to the theoretical stoichiometric value are 3.0, 200 mg/L 

and 2.12 respectively. 

At 25°C TOC conversion was 45% while at 

50 °C, 60% conversion was achieved. This is to 

say TOC conversion 

increases with temperature, however, it decreases 

as the Fe2+ dose increases and drastically reduce 

at higher Fe2+ loadings. 

2. 
Bogacki et al., 

2013 

Cosmetics Wastewater samples were refrigerated at 4°C and the process 

was conducted in a 1L cylindrical reactor. The operating pH, Fe2+ 

concentration and H2O2 concentration are 3.0, 1,000 mg/l and 300 mg/l 

respectively. 

The COD Content of the effluent reduce from 

2,888 mg/l to 295mg/l which invariably amounts 

to 87.7% removal rate. It is noteworthy to state 

that a deviation of the pH from 3.0 leads to a 

rapid decrease in the efficiency of the process. 

Also, the effect of the Fenton 

Process increases with increasing dosage of the 

reagents. 

3. 
Kang and Hwang 

2000. 

A real effluent with COD of approximately 1500 mg/l was understudied. 

2 Litres capacity Fenton reactor operated at constant temperature of 25°C 

alongside a magnetic stirrer. The operating pH, FeSO4 dosage and 

hydrogen peroxide concentration are in the range of 2–9, 250–2250 mg/l 

and 0–1600 mg/l respectively. 

The COD remediating efficiency is maximum 

around an operating pH of 3.5 and reduced 

drastically above a pH of 6.The higher the FeSO4 

dosage, the higher the COD removal rate until a 

concentration of 500 mg/l, beyond which COD 

removal remains constant and subsequently 

decreases. 

 

3. Conclusion 

Several processes have been under study so as to tackle the 

discharge of cosmetic products consisting high levels of 

COD, suspended solids, fats and oils, and detergents into the 

aquatic body. This comprises of water bodies rises with the 

increasing demand for cosmetic products. It is now of great 

importance to set up a physicochemical wastewater treatment 

technology which predominantly involves coagulation to 

increase the particles size of the product increases by 

agglomeration of the particles into a bigger size. The 

coagulation method, however, is followed up by certain 

operating conditions which will enhance the effectiveness of 

this technology. One of the vital conditions to this process 

involves the PH which relates the form of the coagulant in 

the sewage tank. Furthermore, in enhancing the coagulation 

process, the use of coagulant aid particularly the 

biodegradable polyelectrolyte at the optimum dosage, which 

enhances the treatment of the water and the wastewater. In 

other to measure the efficiency of the coagulant used 

necessity is placed on the determination of the residual 

metallic ion content in the treated effluent after the process. 

The catalytic wet air oxidation process is another viable 

approach to the treatment of water and wastewater by the 

oxidation of the pollutant with hydrogen peroxide in the 

present of metal-bearing catalysts. However, the process is 

deficient as a result of narrow PH range and its difficulty in 

the recovery of catalyst used generating secondary pollution. 

Apart from the Fenton's oxidation reaction which utilizes the 

mixture of hydrogen peroxide and iron salts to produce 

hydroxyl radical, electrochemical oxidation involves the 

generation of strong oxidant. This process has appreciable 

advantages over the previously discussed process in the 

aspect of complete mineralization of highly recalcitrant 

organic pollutants, such as pharmaceuticals, pesticides 

personal care products and even carboxylic acids other than 

the efficient removal of highly refractory organic 

compounds. 
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