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ABSTRACT 

 

This paper presents a feasibility study on pre-treatment of personal care products (PCP) industrial effluents. The 

study employed single-stage foam fractionation as pre-treatment method. Three synthetic waste streams: shampoo-

with-silicon, sh(+si), shampoo-without-silicon, sh(-si), and hair dye (ec) were used in the study. Chemical oxygen 

demand (COD) and foam measurements were conducted on pre-treated samples to determine carbon and 

surfactant removal efficiencies, respectively. COD removal efficiency > 90% was achieved in all the three waste 

streams. However, foam removal efficiency > 90% was only achieved in shampoo-based waste streams at low air 

flow rates. Results obtained indicated that foam fractionation is effective in selective removal of surfactants from 

shampoo-based waste streams at airflow rate lower than 3 L/min. 

Keywords: Chemical oxygen demand; foam fractionation; personal care products; removal efficiency. 

 

1. INTRODUCTION 

 

Liquid waste represents a major part of wastes 

produced from industrial manufacturing processes of 

personal care products (PCP). PCP waste contributes 

considerable amount of total waste effluent generated 

by this industrial process. Collection, treatment and 

disposal of the waste effluent are the systematic ways 

of the regular industrial waste treatment activities. 

The treatment process prior to disposal has 

traditionally been aimed at reducing the volume and 

strength of the wastes rather than considering issues 

relating to energy requirements and the eventual 

carbon footprint resulting from such technology.  

Traditionally, energy-intensive aerobic processes have 

been used in treating such wastes. Alternatively, 

anaerobic treatment process could be employed to 

eliminate the use of oxygen; and produce methane 

(CH4) which can be used to generate energy. 

Surfactants (being a constituent of  PCP) have been 

reported to inhibit anaerobic digestion (Fetkenhauer 

and Meyer, 2002a; Gavala and Ahring, 2002); hence 

the need to remove them from PCP wastewater prior 

to its anaerobic treatment. Some studies have shown 

the inhibitory effects of surfactants on AD of different 

industrial wastewaters (e.g. Chen et al., 2007; Gavala 

and Ahring, 2002). 

However, few studies reported the effect of 

surfactants on anaerobic microorganisms by using 

some particular detergents and/or surfactants rather 

than using the actual or simulated PCP effluent 

(Gavala and Ahring, 2002).  In addition, little 

attention has been given to the removal of surfactants 

from actual PCP industrial waste effluents. Therefore, 

the aim of this paper was to study the pre-treatment 

(i.e. removal of surfactants) of PCP wastewater 

intended for biogas production through anaerobic 

digestion (AD). 

Costa et al. (2007) reported that high concentration of 

surfactants inhibits AD while other studies reported 

the inhibitory effects of synthetic anionic surfactant. 

For example, linear alkylbenzene sulphonate (LAS) 

inhibition in domestic and industrial applications 

(Costa et al., 2007; Gavala and Ahring, 2002) 

increases with longer exposure time. Costa et al. 

(2007) assessed the impact of surfactants on anaerobic 

granular sludge in terms of morphology, 

methanogenic activity and reactor performance, and 

reported that  COD removal efficiency was unaffected 
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under COD loading of 150 mg/L for exposure time of 

less than 2.5 d.  

On the contrary, this exposure time could be too short 

to observe any inhibitory effects of surfactants on AD, 

and the COD loading could be so small to result in 

considerable degradation. Another factor that might 

hinder the impacts of surfactants could be the granular 

nature of sludge as it might be difficult for the organic 

substrate to reach the microbes in the sludge granules. 

Aceticlastic methanogens were found to be more 

sensitive to toxic effects of surfactants than hydrogen-

utilising methanogens (Costa et al., 2007). It has been 

observed that some sulphated and sulphonated 

surfactants (i.e. alkyl sulphonates, alkylbenzene 

sulphonates; lauryl sulphate and octylphenol 

ethoxylate) caused cell lysis in pure cultures of 

methanogens (Salanitro and Diaz, 1994). 

Chen et al. (2007) reported that, besides surfactants, 

many other substances do inhibit AD. Such 

substances include ammonia, light metal ions, heavy 

metals, and (some) organic compounds such as 

halogenated benzenes, nitro-benzenes, phenols, alkyl 

phenols, volatile fatty acids, etc. It has also been 

reported that ferric iron inhibits AD (van-Bodegom et 

al., 2004). van-Bodegom et al. (2004) further pointed 

out that mechanisms such as acclimation, 

biochemistry, and synergistic effects of light metals at 

low concentrations could considerably affect the 

phenomenon of inhibition. 

Furthermore, factors such as surfactant concentration, 

pH, temperature, presence of ions, and acclimation 

influence the inhibitory effects of substances such as 

surfactants on AD (Chen et al., 2007). At certain 

concentrations, however, some substances could be 

stimulatory rather than inhibitory (Costa et al., 2007) 

and consequently enhance substrate biodegradability. 

Certain surfactants are readily biodegradable 

(ERASM, 1999; Mosche, 2004; Mensah and Forster, 

2003; Fetkenhauer and Meyer, 2002b; Salanitro and 

Diaz, 1994) whereas few others are persistent 

(ERASM, 1999; Fetkenhauer and Meyer, 2002a; 

Gavala and Ahring, 2002). It has been reported that 

some surfactants with linear structure, such as linear 

alcohol ethoxylates, were found to be more readily 

biodegradable than those having branched and 

complex structures (Salanitro and Diaz, 1994). 

According to a study conducted by Fuchedzhieva et 

al. (2008), LAS was found to be a facilitative agent in 

the anaerobic biodegradability of polycyclic aromatic 

hydrocarbons. However, this could be due to 

synergistic effects of the former compound on the 

latter.  

ERASM (1999) grouped surfactants based on 

biodegradability as follows: well biodegradable 

which includes sulphated anionic surfactants such as 

alkyl sulphates and alcohol ethoxysulphates, fatty 

acids and soaps, alcohol ethoxylates; sugar-based 

surfactants such as alkyl polyglucosides and 

glucamides, and esterified mono- or di-alkyl 

quaternary surfactants also known as esterquats; 

partially biodegradable which includes alkylphenol 

ethoxylates that partially degrade leaving residues of 

alkylphenols and poorly biodegradable which 

includes sulphonated anionic surfactants such as LAS 

and secondary alkane sulphonates (SAS), and mono-

alkyl  or di-alkyl quaternary compounds.  

Due to the inhibitory effects of surfactants on AD, 

pre-treatment is needed for their efficient removal 

from wastewater prior to AD in order to enhance 

performance of the AD process. It has been pointed 

out by Metcalf and Eddy (2003) that pre-treatment 

can be employed to remove the toxic constituents of 

wastewater prior to AD to enhance performance of the 

anaerobic digester.  

Different methods for removing or recovering 

surfactants from water or wastewater are available 

(e.g. Adak et al., 2005; Mensah and Forster, 2003). 

However, the advantage of one method over another 

could depend on the efficiency of the process and the 

economy involved in the use of resources. The 

efficiency may be viewed from the extent at which a 

method selectively removes or recovers surfactants 

from the wastewater. Such methods of removal entail 

the use of materials in physical and/or chemical 

process(s). 

Materials such as granular activated carbon (Mensah 

and Forster, 2003), alumina (Adak et al., 2005), silica 

(Ayranchi and Duman, 2007), air (Boonyasuwat et al., 

2003), etc., have been applied in the removal or 

recovery of surfactants from water or wastewater. 

Two popular methods of surfactant removal applied to 

the above materials are adsorption and single or 

multistage foam fractionation (Boonyasuwat et al., 

2003). 
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2. MATERIALS AND METHODS 

 

2.1 Materials 

2.1.1 Waste Streams: The study was carried out on 

three different waste streams: shampoo-with-silicon 

sh(+si), shampoo-without-silicon sh(-si) and hair dye 

(ec). Products brought from PCP industry were used 

to synthesise the waste streams to simulate the 

effluent generated during the manufacturing process 

in PCP industry. The composition of the synthetic 

waste streams is shown in Table 1. Quantities of the 

personal care products shown in Table 1 (in g) were 

dissolved in 1 L of tap water to simulate the three 

waste streams mentioned above. The main difference 

between sh(+si) and sh(-si) waste streams was that the 

silicon-bearing components in the former were 

replaced with silicon-free component in the latter 

based on the corresponding quantities supplied by the 

industry as shown in Table 1. Noteworthy, the values 

shown in Table 1 were obtained from the PCP 

industry and not determined in the laboratory by the 

authors of the current study. 

 

 

Table 1 Composition of the synthetic waste streams 

 

Personal care product Quantity (g/L) 

Shampoo with silicon sh(+si) without silicon sh(-si) 

Vanille  0.71  0.71 

Colour resist  2.77 0.0 

Abricot  2.11  4.86 

Liss intense  1.04 0.0 

DOP (500 mL)  1.02  2.06 

DOP petit (400 mL)  1.66  1.66 

Mennen (sport) 0.46  0.46 

Hair dye (ec) Base  Colour Oxidant   

100% Colour 0.22  0.11  0.47 

Belle colour  0.99  0.47  2.18 

Nutrisse  1.21  0.56  2.64 

Movida  0.32  0.14  0.69 

    

 

2.1.2 Compressed Air: Compressed air supplied in 

the laboratory was used in the foam fractionation 

study. The airflow was kept constant for each run of 

the experiment using an airflow meter (0-5 L/min; G 

A Platon, UK). The compressed air was supplied to 

the laboratory from an air compressor located 

outdoors via pipe connected bench-top taps. The 

compressor gets its air supply from the atmosphere. 

The compressor was operated using electrical power. 

 

2.2 Methods  

2.2.1 Single-stage Foam Fractionation: The single-

stage foam fractionation was done by using a plain 

glass column open at the top and tapered at the 

bottom, 59.5 cm high and 9.4 cm in internal diameter. 

The foam fractionation experiments were performed 

using compressed air in continuous airflow operation 

at 1, 3 and 5 L/min airflow rate. 

Each of the three waste streams was poured into the 

glass column and compressed air was supplied into 

the column via silicon tubing connected to the air 

supply tap in the laboratory. The supplied air agitated 

the PCP solution and consequently created foam 

bubbles which over-flowed to the top of the column 

and subsequently collected in a plastic container 

placed at the bottom of the column.  

After every 30 mins, samples were collected from the 

glass column and analysed to determine foam 

concentration and COD according to APHA (1999).  

This procedure was repeated for 3 and 5 h 

experimental runs. Surfactants were removed from the 

three waste streams as foam. The initial COD (mg/L) 
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values at the beginning of the foam fractionation 

experiments were 3640, 2770 and 5100 while initial 

foam concentrations were 720, 600 and 320 mL/L for 

shampoo-with-silicon, shampoo-without-silicon and 

hair dye waste streams, respectively.  

 

2.2.1 COD Measurements: Samples of each waste 

stream were collected from the glass column after 

every 30 mins and analysed for COD using open 

reflux method (5220 B.) according to APHA (1999). 

 

2.2.2 Foam Measurements: Portion of the collected 

samples in Section 2.2.1 were also used to determine 

foam concentration as follows. The sample was 

poured into 50 mL measuring cylinder and manually 

shaken with the top of the cylinder covered. The 

shaken cylinder was then placed on a flat surface and 

the volume of foam was determined visually on the 

transparent wall of the graduated measuring cylinder. 

2.2.3 COD and Foam Removal Efficiencies: The 

COD and foam removal efficiencies were calculated 

using Equation 1. 

 

   
     

  
      ………..   (1) 

 

Where Ci and Cf are the initial and final foam/COD 

concentrations, respectively, and Re is the removal 

efficiency in %. 

 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Results 

COD and foam removal efficiencies plotted against 

time for the three waste streams are shown in Figure 

1(a-f) whereas variation of COD removal efficiency 

with foam removal efficiency for the waste streams 

are shown in Figure 2(a-c). 

3.1.1 COD and Foam Removal: At airflow rate of 

1 L/min, COD and foam removal efficiencies lower 

than 50% were observed in all the three waste streams 

(Figure 1a and b). 

Raising the airflow rate higher than 1 L/min resulted 

in the increase in COD removal but with 

corresponding decrease in foam removal in shampoo-

without-silicon waste stream as shown in Figure 1 (c-

f). 

Hair dye waste stream had high COD removal and 

low foam removal with increase in airflow from 1 

L/min to 3 L/min. Supply of compressed air at 3 to 5 

L/min airflow resulted in fairly proportionate removal 

of both COD and foam (see Figure 2b and c).  

Foam removal efficiency increases with increasing 

COD removal as shown in Figure 2 (a - c). However, 

COD removal increased with no further increase in 

foam removal for hair dye waste stream at 1 L/min 

airflow after 2 h of operation, reaching a constant 

value of 25%. 
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Figure 1: COD and foam removal efficiencies for all the three waste streams at different airflows 
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Figure 2: Foam versus COD removal efficiencies for the three waste streams at different airflows 
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3.2 Discussion of Results 

Shampoo waste streams had higher foam removal 

with corresponding lower COD removal than hair 

dye waste stream. This may possibly be due to 

possible adsorption of surfactants by the silicon in 

sh(+si) waste stream. 

Foam and COD removal efficiencies in shampoo-

with and without silicon waste streams reached 

values higher than 50%. This was not the case with 

hair colour waste stream as both foam and COD 

removal terminated at less than 50%. The termination 

was as a result of insufficient amount of the hair 

colour waste stream in the glass column of the foam 

fractionator after 2.5 h of treatment at both 3 and 5 

L/min airflows. Shampoo-without-silicon waste 

stream reached steady-state after 2 h at 5 L/min 

airflow. 

It was observed during the treatment process that 

after 2.5 h of treatment at 5 L/min there was no 

enough volume of waste remaining in the foam 

fractionator for all the waste streams. The possible 

reason for this could be due to lack of any 

obstruction that could minimise drainage of water 

with foam within the fractionator. One possible 

solution for that could be the use of internally-baffled 

glass column rather than a plain one to minimise 

drainage of water in foam. Another possible solution 

could be trying times of treatment longer than 3 h 

and devising a way of ‘recycling’ the pre-treated 

wastewater into the fractionator to minimise wastage 

of partially treated wastewater.  

Furthermore, level of dissolved oxygen (DO) 

increased with increase in airflow in the shampoo-

with-silicon and hair dye waste streams. DO 

concentration ranging from 7 to 8 mg/L was 

measured in the waste streams. Considering the 

relatively high amount of DO in the shampoo waste 

streams, it was suspected that chemical oxidation has 

taken place during the foam fractionation 

experiments. This may have affected the behaviour of 

hair dye waste stream due to presence of nitrate, 

though at low concentration (data not shown) which 

might have consequently affected the rate of 

surfactant removal as well as COD removal. 

Therefore, this study has demonstrated the 

effectiveness of using single-stage foam fractionation 

to remove surfactants from PCP wastewater. 

 

4. CONCLUSION 

 

Foam fractionation appears promising in removing 

surfactants from shampoo-based waste streams at 

airflow rate lower than 3 L/min, with removal 

efficiency greater than 90%. However, its 

performance in pre-treating hair dye waste stream 

was not consistent and it may be considered 

inefficient in removing surfactants from hair dye 

waste stream, with removal efficiency of less than 

50%. In addition, foam fractionation removed little 

COD from the waste streams with considerable 

removal of foam. This selective foam removal 

suggests the feasibility of using this method to 

remove surfactants from PCP liquid wastes. 
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