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ABSTRACT 

Pharmaceutical and personal care product (PPCPs) are now one of the mayor 

contaminants in water. PPCPs are present in water that arrives into the wastewater 

treatment plant and is important to remove these contaminants before discharge to 

waters sources. For these reason was performed the assembly of a Completely Mixed 

Aerobic Activated Sludge Reactor during 142 days. The experiment was divided into 

two parts. The first stage is a preliminary stabilization of the system, in which it comes 

to system conditions as similar as possible to the operational conditions of a wastewater 

treatment plant. The second stage is the one where PPCPs were included in the inlet 

flow (IF) of the system. For these were selected six compounds, these are: Ibuprofen, 

Propylparaben, Salicylic Acid, Naproxen, Triclosan and Diclofenac, this stage was 

divided into 16 different experiments using the Taguchi Method of Quality Control. At 

the second stage the following parameters were determined: chemical oxygen demand 

(COD), concentration of each compound in the IF and concentration of each compound 
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in the effluent flow (EF). The values of PPCPs removal were obtained after analyzed 

the IF and EF in the gas chromatography mass spectrometry (GC-MS), the statistical 

analysis was made using a Mass Hunter Qualitative Analysis and a Mass Hunter 

Qualitative Analysis. After a statistical analysis of the results with Analysis of Variance 

(ANOVA) Taguchi Method and Signal/Noise Ratio (S/N) Taguchi Method for the 

mixture of the six compound, it was determined the best parameters values for the 

controls factors; hydraulic retention time (HRT), mean cell retention time (MCRT), 

recirculation flow (RF) and the values for the noise factors; COD, Ibuprofen 

Concentration, Propylparaben Concentration, Salicylic Acid Concentration, Naproxen 

Concentration, Triclosan Concentration and Diclofenac Concentration, all of them in IF. 

Keywords: biodegradability, diclofenac; ibuprofen; naproxen; PPCPs; propylparaben; 

salicylic acid; triclosan; wastewater treatment. 

NOMENCLATURE SECTION 

ANOVA: analysis of variance 

CC: compound concentration (μg L-1) 

COD: chemical oxygen demand (mg L-1) 

DO: dissolved oxygen (mg L-1) 

EF: effluent flow (L d-1) 

GC-MS: gas chromatography mass spectrometry 

HRT: hydraulic retention time (h) 

IF: inlet flow (L d-1) 

PF: purge flow (L d-1) 

PPCPs: pharmaceutical and personal care product 

RF: recirculation flow (L d-1) 

MCRT: mean cell retention time (d) 
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S/N: ratio between the signal power and the noise power 

SPME: solid phase micro extraction 

TSS: total suspended solids (mg L-1) 

VSS: volatile suspended solids (mg L-1) 

1. Introduction 

The mechanisms of incorporation of PPCPs in water bodies take place by discharges of 

the pharmaceutical industry, hospital waste, improper disposal of expired drugs and 

mainly urban wastewater to arriving drugs after being excreted by the urine and feces 

[1]. Several studies have demonstrated adverse effects form longstanding, low dose 

exposures in both, aquatic and terrestrial wildlife, although human toxicity related to 

trace levels of pharmaceuticals in the water supply remains unknown [2] [3]. 

The pharmaceutical and personal care product (PPCPs) are not always considered like 

an environmental contaminant. Was in the seventies when scientist identified the 

presence of Clofibric Acid in some wastewater of United States, this compound is the 

activate metabolite of several regulators of blood lipids [4]. In countries like Spain and 

France there are water discharges of approximately 500 tons of painkillers per year [2], 

where salicylic acid and diclofenac are the most important compounds presented in 

water [5]. 

In some cases the environmental damage of these contaminants are nor very clear. For 

example, diclofenac, has been associated with the disappearance of withe buzzards in 

India and Pakistan [4]. There are some studies for the elimination of Ibuprofen in a pilot 

wastewater treatment plant that has achieved a 60% removal of compound [6], other 

studies has achieved a 20% removal [7] and others a 94% removal [8]. 
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The development of analytical methodologies for PPCPs in environmental matrices has 

boomed lately [9]. Gas Chromatography coupled to a single quadrupole Mass 

Spectrometry (GC-MS), is a technique far more common in routine analysis 

laboratories around the world. Despite PPCPs are mainly polar compounds and not 

readily analyzable by GC, shown how GC-MS is a valid instrumental technique for the 

analysis of emerging contaminants in environmental matrices like sewage water, when 

a derivatization step was included in the method [10]. 

The main objective of this experiments is the study or the influence of the different 

control factors; hydraulic retention time (HRT), mean cell retention time (MCRT) and 

RF, and two noise factors; chemical oxygen demand (COD) in the inlet flow (IF) and 

compound concentration (CC) in the IF, in the elimination of 6 PPCPs in a completely 

mixed aerobic activated sludge reactor. There are only a few publications [11] [12] that 

proposed the use of this technique for the analysis of PPCPs in wastewater. 

2. Materials and methods 

2.1 Experimental set-up 

The design of the experimental set-up was chosen according to a similar experiment 

made at the University of Valladolid (Spain) [13]. The experimental set-up consisted of 

a 5 L activated sludge reactor connected to a 16 L circular settler. In the activated 

sludge reactor a magnetic stirrer and an aeration pump was used to ensure a complete 

mixing in all the reactor. In the settler a stirrer was placed to prevent the creation of 

preferred paths and to ensure good recirculation of the sludge. In figure 1 can be seen a 

diagram of the experimental set-up. 
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The activated sludge reactor was fed with sludge from the wastewater treatment plant of 

Valladolid. The system was operated indoors at the Department of Chemical 

Engineering and Environmental Technology of University of Valladolid (Spain) at 23±1 

°C. 

 

Code Equipment Code Equipment 

R1 Reactor P1 Inlet Pump 

S1 Settler P2 Reactor-Settler Pump 

V1 Oxygen Valve P3 Recirculation Pump 

V2 Purge Valve P4 Oxygen Pump 

MS1 Magnetic Stirrer TS1 Timed Stirrer 

Figure 1: Diagram of Experimental set-up 

2.2 Operational conditions 

The experiment was divided into two parts. The first stage is a preliminary stabilization 

of the system, in which it comes to system conditions as similar as possible to the 

operational conditions of a wastewater treatment plant. The reactor IF was made with 

synthetic sewage as recommended formula by the Environmental Protection Agency 

(EPA) [14]. The feed compounds and concentration are listed in Table 1. 

 

 



8 
 

Table 1: Feed Compounds and Concentration 

Ingredient 
Concentration 

(mg/L) 

Casein Peptone 8.18 

Meat Extract 5.62 

Urea 3.07 

Potassium Hydrogen Phosphate Trihydrate (K2HPO4.3H2O) 2.86 

Sodium Chloride (NaCl) 0.74 

Calcium Chloride Dihydrate (CaCl2.2H2O) 0.41 

Magnesium Sulfate Heptahydrate (Mg2SO4.7H2O) 0.12 

 

This preliminary stabilization has a duration of 28 days, the HRT in this stage was 

maintained constant at a typical value of 4.2±0.2 hours. The recirculation flow (RF) 

from the settler to the reactor was maintained at 15.8±0.2 L d-1 and the purge flow (PF) 

of the settler was maintained at 0.1±0.05 L d-1. 

The second stage is the one where PPCPs were included in the IF of the system. For 

these were selected six compounds, these are: Ibuprofen, Propylparaben, Salicylic Acid, 

Naproxen, Triclosan and Diclofenac. The selection of these compounds was due to their 

percentage of biodegradability, adsorption percentage and their solubility. 

The design of the experiment was performed using the Taguchi Method of Quality 

Control [15]. This method uses standard arrays, called orthogonal arrays, that stipulates 

the minimal number of experiments which could give the full information of all the 

factors that affect the performance parameter [15]. 

The orthogonal array was developed taking into account three control factor´s; HRT, 

MCRT and RF, and two noise factors; COD in the  IF and CC in the IF. This resulted in 

a design of 16 experiments. The orthogonal array for these experiments is presented in 

Table 2, where “1” means a lower parameter values and “2” means higher parameter 

values. 
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Table 2: Orthogonal Array 

  

COD 1 2 1 2 

  

CC 1 1 2 2 

HRT MCRT RF         

1 1 1         

1 2 2         

2 1 2         

2 2 1         

 

The row CC taking into account a mixture of the six pharmaceutical compounds, each 

one of them in a low value or high value depending of the experiment to be performed. 

The order of the experiments begin with the lowest values of COD, CC and HRT, and 

finished with the highest values of COD, CC, and HRT. Table 3 represented the order 

of the experiments. 

Table 3: Order of Experiments 

  

COD 1 2 1 2 

  

CC 1 1 2 2 

HRT MCRT RF 

 1 1 1 1 3 9 11 

1 2 2 2 4 10 12 

2 1 2 5 7 13 15 

2 2 1 6 8 14 16 

       

The values of HRT, MCRT, RF, COD, and CC for lowest and highest values are 

represented in Table 4 and Table 5 respectively. The value of each compound was 

designed taking into account the typical values that are in the different wastewater 

treatment plant in Spain [2] [7] [16]. 
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Table 4: Lower Parameter Values “1” Table 5: Higher Parameter Values “2” 

IF L d-1 22.00 
 

IF L d-1 15.00 

PF L d-1 0.75 
 

PF L d-1 0.45 

RF L d-1 15.80 
 

RF L d-1 10.10 

HRT h 4.91 
 

HRT h 7.20 

MCRT D 6.00 
 

MCRT D 10.00 

COD mgO2 L-1 400.00 
 

COD mgO2 L-1 800.00 

Ibuprofen μg L-1 8.10 
 

Ibuprofen μg L-1 12.10 

Propylparaben μg L-1 0.25 
 

Propylparaben μg L-1 0.37 

Salicylic Acid μg L-1 21.60 
 

Salicylic Acid μg L-1 32.40 

Naproxen μg L-1 0.50 
 

Naproxen μg L-1 5.00 

Triclosan μg L-1 0.28 
 

Triclosan μg L-1 0.40 

Diclofenac μg L-1 0.24 
 

Diclofenac μg L-1 0.36 

 

2.3 Sampling and analytical procedures 

a) First Stage 

At this stage the following parameters were determined are: pH, temperature, dissolved 

oxygen (DO), COD, volatile suspended solids (VSS) and total suspended solids (TSS). 

The VSS and TSS were analyzed using the gravimetric method [17]. The COD was 

determined by the closed reflux method with dichromate as strong oxidant [18]. 

b) Second Stage 

At this stage the following parameters were determined: COD, concentration of each 

compound in the IF and concentration of each compound in the effluent flow (EF). The 

COD was determined by the closed reflux method with dichromate as strong oxidant 

[18]. 

For the determination of the CC in IF and EF was used the technique of Gas 

Chromatography coupled to a single quadrupole Mass Spectrometry (GC-MS) with a 

Fiber Derivatization on Solid Phase Micro Extraction (SPME). The chromatography 

was performed by an Agilent 7890B GC system coupled to a 5977A MSD. 

To each sample of IF and EF (100 mL) were added NaCl at 35% (wt./vol). After stirring 

for 20 min, the resulting sample pH was adjusted to 3 by adding few drops of HCl 
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(0.01%, 0.1% or 1%) as needed. Seventeen milliliters of the resulting solution were 

placed into a 20 mL SPME vial with 200 µL of aqueous mixture of the isotopically 

labelled internal standards of the six compounds. 

The resulting vial was analyzed by the SPME method that consisted on a fiber 

preconditioning of 15 min at 270 ºC in the spare GC inlet, followed by 90 min of 

sample extraction at a penetration depth set at 60 mm. Next one fiber derivatization of 

the analytes absorbed into the fiber was carried out by introducing it for 45 min in 

another 20 mL SPME vial containing 1 mL of the derivatizing agent MTBSTFA at a 

penetration depth of 45 mm. These derivatizations took place with a constant 

temperature of 50 ºC and a stirring speed of 350 rpm with a cadence of 6s on and 30s 

off. Then the fiber was taken to the GC inlet at 270 ºC for 3 min. Finally the fiber was 

post conditioned for 15 min at 270 ºC in the spare GC inlet. The total analysis time for 

each GC run was 33.5 min.  

This method was developed in a research at the University of Valladolid and the 

validation of the same was developed in this experiment. 

At this stage also were determined: pH, temperature, DO, VSS and TSS. The VSS and 

TSS were analyzed using the gravimetric method [17].  

The total analysis time in the GC of 33.5 min was divided into 3 different sections of 

time, the objective of this is to shows perfectly the exit of the characteristic ion of each 

compound into the chromatogram.  

The first section going from minute 12 to minute 17, in this section we can observe the 

exit time of the characteristic ion of Ibuprofen, Propylparaben and Salicylic Acid. The 

second section going from minute 17 to minute 19.5, in this section we can observe the 

exit time of the characteristic ion of Naproxen and Triclosan. Finally the third section 

going from minute 19.5 to minute 33.5, in this section we can observe the exit time of 
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the characteristic ion of Diclofenac. Table 6 shows the retention time of each compound 

into the chromatogram. 

Table 6: Retention Time of each Compound 

Compound Section Time Retention Time (min) 

Ibuprofen 1 13.69 

Propylparaben 1 14.30 

Salicylic Acid 1 14.79 

Naproxen 2 17.97 

Triclosan 2 18.49 

Diclofenac 3 20.08 

 

3. Results and discussion 

3.1 COD Removal 

Table 7 shows the precise values of COD percentage removal for each one of the 

experiments. The results shows that almost in the 16 experiments we ensure a high 

percentage removal respect to the IF with the EF.  

Table 7: COD Removal (%) 

  

COD 1 2 1 2 

  

CC 1 1 2 2 

HRT MCRT RF   

1 1 1 46.8 87.0 90.3 90.0 

1 2 2 87.1 86.9 94.4 92.8 

2 1 2 80.5 89.1 91.2 94.7 

2 2 1 88.4 89.0 94.6 78.0 

 

Figure 2 shows the evolution of the percentage removal of COD during the entire period 

of experimentation. 
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Figure 2: Percentage removal of COD 

As can be seen in Figure 2 the behavior of the percentage removal of COD was between 

the 85% and the 95% in almost all the experiments. In the first experiment the income 

of a newest values of COD and PPCPs made that the system was not stabilized at all, 

which explain that the value of percentage removal it was so low, only a 46.8%. For the 

experiment number 16 the percentage removal value can be outside of the range 

because the parameter values of the control factors and noise factors are not favorable 

because the system is carried to the maximum limit of operation. 

This values of percentage removal of Table 7 were analyzed with the ANOVA Taguchi 

Method and the Signal/Nose Ratio Taguchi Method. 

a) Analysis of Variance Taguchi Method 

The Analysis of Variance (ANOVA) Taguchi Method is a standard statistical technique 

which is used to provide a measure of confidence of the results obtained. This technique 

does not directly analyze the results, but rather determines the variability of this results 

[15]. Analysis provides the variance of control and noise factors, by understanding the 

source and magnitude of variance, robust operating conditions can be predicted. 

40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00
95.00

100.00

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

%
 R

e
m

o
va

l

Experiment

COD



14 
 

The ANOVA work with a level of confidence of 95% for the variance ratio of each 

control factor to be considered like a good control factor. For these the control factor 

has to have a variance ratio over 4.7472 [15].  

Once you analyzed the COD percentage removal with this method we obtained the 

Table 8 were is represented the ANOVA of Taguchi Method. 

Table 8: COD ANOVA 

Effect S f V F 

HRT 57.0 1.0 57.0 0.4155 

MCRT 108.0 1.0 108.0 0.7871 

RF 172.3 1.0 172.3 1.2551 

Error 1647.1 12.0 137.3 1.0000 

Total 1984.4 15.0 
   

Where S is Sum of Squares, f is Degrees of Freedom, V is Variance and F is Variance 

Ratio. 

Analyzing the values of the Variance Ratio (F) in Table 8 we can see that these values 

are bellow that the expected value for the 95% level of confidence of the ANOVA. With 

this we can concluded that the 3 controls factors, in the parameters values analyzed, that 

are the typical values in the wastewater treatment plant in Spain, does not affect in a 

statistical way the process and can be considered like an error. This mean that exist 

some other control factors that has not taken into account that affects in a higher way 

the process. 

b) Signal/Noise Ratio Taguchi Method 

The ratio between the signal power and the noise power (S/N) is a way to analyzed the 

results obtained in the experiments using the Taguchi Method. The S/N Ratio uses a 

relation that said “Larger is Better”, this mean that the larger the target value is the 

better is the response of the system. For This S/N Ratio we used the following equation. 
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𝑆

𝑁
= −10 ∗ log10

∑
1

𝑌𝑖
2

𝑛
𝑖=1

𝑛
 

Where n means the total number of experiments and Yi is the value of percentage 

removal for each experiment. With this S/N ratio we obtained the average statistics 

values for the lower parameter value and higher parameter value of HRT, MCRT and 

RF. Table 9 shows the average statistics values of lower parameter value and higher 

parameter value. Figure 3 shows average statistics values respect to the lower and 

higher parameters. 

 Table 9: S/N Values for COD 

 
HRT MCRT RF 

Lower Parameter (1) 38.0 37.9 37.8 

Higher Parameter (2) 38.9 38.9 39.0 

 

 

Figure 3: Values of S/N Ratio respect to the lower and higher parameters 

Analyzing the results it can be concluded that for the COD removal the best option for 

experimentation is one where we have a higher parameter value of HRT, a higher 

parameter value of MCRT and a higher parameter value of RF.  
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3.2 PPCPs Removal 

The values of PPCPs removal were obtained after analyzed the IF and EF in the GC-

MS, the statistical analysis was made using a Mass Hunter Qualitative Analysis and a 

Mass Hunter Qualitative Analysis. 

Figure 4 is an example of the chromatogram for IF and EF of the experiment number 7. 

 

Figure 4: IF and EF Chromatogram - Experiment 7 

In figure 4 you can see how was the behavior of the percentage removal for each 

compound between the IF and the EF, as can see there for some of them the percentage 

elimination it is significant. 

In Tables 10, 11, 12, 13, 14 and 15 shows the precise values of CC percentage removal 

for Ibuprofen, Propylparaben, Salicylic Acid, Naproxen, Triclosan and Diclofenac, 

respectively, for each one of the 16 experiments. 
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Table 10: Ibuprofen % Removal  Table 11: Propylparaben % Removal 

  

COD 1 2 1 2 

   

COD 1 2 1 2 

  

CC 1 1 2 2 

   

CC 1 1 2 2 

HRT MCRT RF   

 

HRT MCRT RF   

1 1 1 65.5 39.6 92.5 76.2 
 

1 1 1 88.5 75.8 67.9 52.6 

1 2 2 86.4 61.7 83.3 76.0 
 

1 2 2 72.8 94.3 72.5 53.2 

2 1 2 95.6 96.6 97.0 90.1 
 

2 1 2 0.0 57.8 60.3 19.1 

2 2 1 93.2 92.0 97.1 74.9 
 

2 2 1 94.8 84.5 95.2 94.9 

 

Table 12: Salicylic Acid % Removal  Table 13: Naproxen % Removal 

  

COD 1 2 1 2 

   

COD 1 2 1 2 

  

CC 1 1 2 2 

   

CC 1 1 2 2 

HRT MCRT RF   

 

HRT MCRT RF   

1 1 1 86.5 89.2 86.0 94.5 
 

1 1 1 69.2 69.8 64.9 40.5 

1 2 2 86.8 12.2 95.7 77.9 
 

1 2 2 60.4 80.0 56.4 34.2 

2 1 2 84.7 88.7 3.3 3.1 
 

2 1 2 83.4 8.3 70.0 72.0 

2 2 1 96.8 95.7 2.8 7.5 
 

2 2 1 6.7 85.1 70.7 74.4 

 

Table 14: Triclosan % Removal   Table 15: Diclofenac % Removal 

  

COD 1 2 1 2 

   

COD 1 2 1 2 

  

CC 1 1 2 2 

   

CC 1 1 2 2 

HRT MCRT RF   

 

HRT MCRT RF   

1 1 1 65.5 68.7 83.3 70.3 
 

1 1 1 47.0 20.0 15.3 21.7 

1 2 2 55.7 16.9 71.7 54.1 
 

1 2 2 23.7 0.2 5.5 87.5 

2 1 2 0.0 76.5 73.1 93.5 
 

2 1 2 89.6 15.7 29.5 100.0 

2 2 1 53.2 86.0 92.5 48.0 
 

2 2 1 10.5 50.0 9.0 14.9 

 

There is an important observation that we made for the experiment number five and it is 

that for some compounds were obtained a lower values of percentage removal, for this 

reason it was determined to repeat the analysis and was determinate that for second time 

the values of percentage removal was the same. 
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Figures 5, 6, 7, 8, 9, and 10 shows the time evolution of the percentage removal for 

Ibuprofen, Propylparaben, Salicylic Acid, Naproxen, Triclosan and Diclofenac, 

respectively, during the entire period of experimentation. 

 

Figure 5: Percentage removal of Ibuprofen 

As can be seen in Figure 5 the behavior of the percentage removal of Ibuprofen was 

between the 75% and 95% in almost all the experiments. Only in experiments 1, 3 and 4 

this behavior change reaching minimal values of 40%. 

 

Figure 6: Percentage removal of Propylparaben 
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As can be seen in Figure 6 the percentage removal of Propylparaben it not have a 

standard behavior in the experiments, reaching extremely low values such as 0% and 

otherwise extremely high values such as 94.9%. 

 

Figure 7: Percentage removal of Salicylic Acid 

As can be seen in Figure 7 the behavior of the percentage removal of Salicylic Acid was 

between the 85% and 97% in almost all the experiments. In experiments 13 to 16 can be 

seen a decrease in these values, reaching values between 2% and 8%, this because the 

parameter values of the control factors and noise factors are not favorable because the 

system is carried to the maximum limit of operation. 

 

Figure 8: Percentage removal of Naproxen 
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As can be seen in Figure 8 the behavior of the percentage removal of Naproxen was 

between the 55% and 85% in almost all the experiments. In experiments 6 and 7 can be 

seen a decrease in these values, reaching values between 6% and 8%, this because the 

parameter values of the control factors and noise factors are not favorable. 

 

Figure 9: Percentage removal of Triclosan 

As can be seen in Figure 9 the percentage removal of Triclosan it not have a standard 

behavior in the experiments, reaching extremely low values such as 0% and otherwise 

extremely high values such as 92.5%. 

 

Figure 10: Percentage removal of Diclofenac 
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As can be seen in Figure 10 the percentage removal of Diclofenac it not have a standard 

behavior in the experiments, reaching extremely low values such as 0.2% and otherwise 

extremely high values such as 100%. 

As can be seen in the below figures we do not have the same behavior in the percentage 

removal for all the compounds in the same experiments. For example, in experiment 

number 6 we have a 93.2% removal for Ibuprofen, 94.8% removal for Propylparaben, 

96.8% removal for Salicylic Acid, but only a 53.2% removal for Triclosan, 10.5% 

removal for Diclofenac and 6.7% removal for Naproxen. 

For these reason and as the goal of the experimentation it is to have the higher value of 

percentage removal of each compound in an only one experiment as a mix of them, we 

decide that for the application of Taguchi Method we have to made an average of the 

values of percentage removal of the 6 compounds. Table 16 shows the precise values of 

CC percentage removal for the mixture of the 6 compounds. 

Table 16: Mix % Removal 

  

COD 1 2 1 2 

  

CC 1 1 2 2 

HRT MCRT RF   

1 1 1 70.4 60.5 68.3 59.3 

1 2 2 64.3 44.2 64.2 63.8 

2 1 2 58.9 57.3 55.5 63.0 

2 2 1 59.2 82.2 61.2 52.4 

 

As can be seen in Table 16 the behavior of the percentage removal for the mix of 

compound was between the 55% and 70% in almost all the experiments. In experiment 

number 8 are achieved the higher percentage removal for the mix of compound, for 

these reason we can concluded that this is the best experiment of all.  

This values of percentage removal of Table 16 were analyzed with the ANOVA 

Taguchi Method and the Signal/Nose Ratio Taguchi Method. 
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a) Analysis of Variance Taguchi Method 

Once you analyzed the PPCPs percentage removal as the same way that analyzed the 

COD percentage removal we obtained the Table 17 were is represented the ANOVA of 

Taguchi Method. 

Table 17: PPCPs ANOVA 

Effect S f V F 

HRT 1.7 1.0 1.7 0.0224 

MCRT 0.2 1.0 0.2 0.0023 

RF 112.6 1.0 112.6 1.4759 

Error 915.8 12.0 76.3 1.0000 

Total 1030.3 15.0 
   

Analyzing the values of the Variance Ratio (F) in Table 17 we can see that these values 

are bellow that the expected value for the 95% level of confidence of the ANOVA. With 

this we can concluded that the 3 controls factors, in the parameters values analyzed, that 

are the typical values in the wastewater treatment plant in Spain, does not affect in a 

statistical way the process and can be considered like an error. This means that exist 

some other control factors that has not taken into account that affects in a higher way 

the process. 

b) Signal/Noise Ratio Taguchi Method 

The S/N Ratio used was one more time the relation that said “Larger is Better”, this 

mean that the larger the target value is the better is the response of the system. For This 

S/N Ratio we used the following equation. 

𝑆

𝑁
= −10 ∗ log10

∑
1

𝑌𝑖
2

𝑛
𝑖=1

𝑛
 

Where n means the total number of experiments and Yi is the value of percentage 

removal for each experiment. Table 18 shows the average statistics values of lower 
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parameter value and higher parameter value. Figure 11 shows average statistics values 

respect to the lower and higher parameters. 

Table 18: S/N Values for Mix of compound 

 
HRT MCRT RF 

Lower Parameter (1) 35.6 35.7 35.9 

Higher Parameter (2) 35.5 35.4 35.2 

 

 

Figure 11: Values of S/N Ratio respect to the lower and higher parameters 

Analyzing the results it can be concluded that for the removal of CC the best option for 

experimentation is one where we have a lower parameter value of RF, a lower 

parameter value of MCRT and a lower o higher parameter value of HRT. 

It can be observed that the results obtained for PPCPs removal are totally different to 

the obtained for COD. 

 

4. Conclusions 

The research was successfully applied in a pilot scale of completely mixed aerobic 

activated sludge reactor. This research work development a method for the analysis of 6 

different PPCPs in a wastewater and confirm the ability to remove it, with values of 
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97.1 % for Ibuprofen, 95.2% for Propylparaben, 96.8% for Salycilic Acid, 85.1% for 

Naproxen, 92.5% for Triclosan and 100% for Diclofenac in the optimal conditions 

studied. For the worst conditions we obtained values of 39.6 % for Ibuprofen, 0.0% for 

Propylparaben, 2.8% for Salycilic Acid, 6.7% for Naproxen, 0.0% for Triclosan and 

0.2% for Diclofenac. 

It has been determinate the possibility to remove a mix of compounds in only one 

process at the same time, with the same operating conditions for all of them, with values 

of percentage removal above of 85% for the optimal conditions studied and a 44% for 

the worst conditions. 

With this we use the Taguchi Method of Quality Control and determinate that this 

analysis can be used for another compounds and evaluate the removal capacity for each 

compound. The results obtained after the analysis with the ANOVA Taguchi Method 

lead us to the conclusion that under these typical operational conditions the HRT, 

MCRT and RF have no a statistically significance influence on PPCPs removal. To 

determine this influence would be necessary structure of orthogonal array. 
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