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In Latin America, a deficit in wastewater treatment translates into the degradation of the environmental quality 

of other ecological spaces. Due to this problem, the effect of the use of a biofilter on the treatment of domestic 

wastewater was investigated. In this research was evaluated the parameters of turbidity, dissolved oxygen, 

COD, BOD5, total solids, dissolved solids, and total suspended solids and mainly the parameter of oils and fats 

(determined by the Soxhlet method). The water sample was obtained from the peri-urban area of San Benito at 

the Carabayllo district. The treatment unit used two residual inputs: biochar that was made from shell residues 

of Carya illinoinensis and hydrogel that was made with Caesalpinia spinosa gum; previously were determined 

the physical-chemical parameters of these inputs. The following configuration was used in the treatment unit: 

an 80 L tank to deposit domestic wastewater, the biofilter made up of 3 beds of biochar (+/- 12 mesh) of 700 g, 

800 g, and 700 g respectively, a flocculation tank of 20 L to which was added the Caesalpinia spinosa gel, 

another biofilter with 2 beds of 600 g and 700 g respectively and, finally,  a tank to receive the treated water. 

The process carried out during the implementation of the test was characterized by being continuous: On every 

30 minutes was adding 500 ml of hydrogel for 5 times and at the same process, the treated water samples were 

collected in an amount of 2 L every 25 minutes. On a removal process of 3 hours and 20 minutes, the final 

results showed a reduction of oils and fats from an initial value of 906 mg/l to 277 mg/l (69.43% reduction); 

Additionally, other physicochemical parameters were also reduced, obtained a final values of 80.70 NTU of 

turbidity, 2.53 mg/l of dissolved oxygen, 548.3 mg/l of COD, 4.17 BOD5, 1,211 mg/l of total solids, 948 mg/l of 

dissolved solids and 233 mg /l of total suspended solids. This research proves the positive effect of this biofilter 

for the removal of oils and fats, so it can be considered an alternative solution in wastewater sanitation problems. 

1. Introduction 

The population growth in the world produces greater wastewater. According to the World Bank 36% of the 

population lives in regions with lack of water, this generates problems such as the degradation of water quality, 

the inadequate supply of this resource, and a gap for a proper infrastructure for treatment. In Latin America, 

only 30 to 40% of the water withdrawn is treated, which is far to accomplish the challenge of the SDG 6 

(Rodriguez et al., 2020). In Peru, around 14% of the wastewater treatment plants (PTAR) accomplish with the 

current national regulations for their correct operation (Larios et al., 2015) and one of the problems that 

generates this infrastructure gap is the high value of the oils and greases parameters in the effluents that 

according to national regulations should not exceed 20 mg/L (MINAM, 2010); Furthermore, in the last diagnosis 

of the wastewater treatment plants in the country made by Loose (2016), not only did he identify the problem of 

the treatment of oils and fats, but also the dumping of unauthorized wastewater. He indicates that only 27.59% 

of the WWTPs accomplish with the maximum permissible limits in their effluents in 2013 (p. 81), it also suggests 

researching improvements and application of appropriate technologies for wastewater treatment (p.140). 

In this context, one of the water treatment methods to reduce oils and greases has been through biofilters as 

developed as Esquivel and Castañeda-Olivera (2022) who treated industrial water in order to improve its quality 

with activated carbon biofilters. Instead, compost biofilters have also been built to remove H2S and NH3 ( Vela-

Aparicio et al., 2022). Considering these experiences, it was proposed to carry out an investigation whose 
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objective was to investigate the effects produced by a carbon biofilter of Carya illinoinensis shell-based and 

hydrogel obtained from Caesalpinia spinosa on the removal of oils and greases of the domestic wastewater. 

2. Materials and methods 

In the investigation, 5 stages were developed, in which the entire water treatment process and subsequent 
analysis of results were described, as shown in Figure 1. 

 

Figure 1: Oil and grease removal process in domestic wastewater  

2.1 Collection of samples 

The sample was collected taking into consideration the monitoring protocol of the sanitary quality of surface 

water resources issued by the Directorate General of Health Services of Perú (2007) at a fixed point (effluent 

discharge from a house) located in the informal settlement of San Benito-Carabayllo, at UTM coordinates 

11°49'52.8˝ W. The amount of sample collected was 80 L of domestic wastewater. Carya illinoinensis shell 

sample (20 kg) was obtained from Retail Market No. 1, located at Aviation Avenue 325 La Victoria - Lima, which 

was later converted to biochar by pyrolysis. 1 kg of Caesalpinia spinosa pods were also collected in Lomas de 

Primavera - Carabayllo - Lima, for the elaboration of the hydrogel. 

2.2 Methods of Analysis of physicochemical, biological, and organic parameters. 

The physicochemical parameters evaluated were pH, turbidity, Dissolved Oxygen (DO) performed through the 

Winkler method, and Chemical Oxygen Demand (COD) that was found through reflux method with potassium 

dichromate as the oxidant. Total Solids (ST), Dissolved Solids (SD) and Total Suspended Solids (TSS), all these 

physical parameters, were determined by the gravimetric method and filtered with Whatman No. 40 paper. The 

biological parameter analyzed was the total coliforms where was used a multiple tube method and planted in a 

Petri dish to perform a colony count (CFU/ml). The organic parameters are Biochemical Oxygen Demand 

(BOD5) and the oils and fats parameter that were determined by the distillation method after having processed 

the sample with the Soxhlet equipment (Environment Federation, 2012), see figure 2a. 

2.3 Determination of the physicochemical properties of Carya illinoinensis shell, Caesalpinia spinosa 
hydrogel, and the biochar. 

The humidity of Carya illinoinensis shell and Caesalpinia spinosa were found applying the ASTM D-2216 

standard. The biochar was made with the Carya illinoinensis shell by an anaerobic process (see figure 2b). The 

biochar humidity was determined through the ASTM D3173 method, to find the volatile matter was used the 

ASTM D3175 method, the ash content in it was calculated using the ASTM D5142 method, the fixed carbon 

was identified in the residue that remained in the volatile matter crucible following the ASTM D3172 standard. 

To determine the diameter of the biochar particles was used a micrometer. The granulometric analysis of the 

sample was made by sieving with a 1/2” mesh according to the ASTM D422 standard and the color by direct 

observation. 

The Caesalpinia spinosa mother hydrogel is prepared with 300 ml of distilled water and with 700 ml of a base 

solution gel of the legumes. For obtaining this solution was the legumes of Caesalpinia spinosa prepared by 

introducing the pods in the oven to loosen the shells and eliminate the germs and then dry seeds were ground. 
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Figure 2a. Determination of oils and fats by the Soxhlet 

method 

Figure 2b. Artisanal pyrolysis reactor 

2.4 Domestic water treatment system with biofilters 

The System made was up of three units following the design of the scientific literature (Burciaga-Montemayor 

et al., 2020) as shown in Figure 3: The first one was built with a biochar filter divided by two ASTM No. 10 and 

No. 12 meshes (2 mm and 1.68 mm) , where each separation retain a biochar mattress with 700 g, 800 g, and 

700 g each one respectively to capture the total solids of the water sample (80 L); It follow a tank with Caesalpinia 

spinosa gel (20 L) where the flocculation of the dissolved solids is carried out; Next, in other tank was 

incorporated other biochar filter divided by an ASTM No. 12 mesh, in this unit, the two mattresses formed 

contained 600 g and 700 g respectively, this filter also has the function of trapping the dissolved solids from the 

flocculation process. 

 

Figure 3: Biofilter design for domestic water treatment 

2.5 Biofilter System Operation 

The operation process of the biofilter system for the treatment of domestic wastewater was developed to work 

continuously. The domestic wastewater was flowed from the initial tank to the first biofilter (see figure 4a) where 

was separated the oils and fats from water, then it was passed to the flocculation tank where 500 ml of hydrogel 

solution was added every 30 minutes. The next step was passed the water to the second filter (see figure 4b) 

seeking to separate the dissolved solids, then the residual water was stored in a collection tank where a 2 L 

sample was taken every 25 minutes, the entire process lasted 3 hours and 20 minutes and was used a total of 

3.5 kg of biochar and 2.5 L of the hydrogel. 

           

Figure 4. Biofilter 

 

Figure 4b. Second biofilter 
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3. Result and discussion 

3.1 Physicochemical properties of Carya illinoinensis shell and Caesalpinia spinosa hydrogel 

The physicochemical properties of the elements that compose the biofilter are shown in Table 1. 

Table 1: Physicochemical properties of Carya peel illinoinensis, Caesalpinia hydrogel spinosa, and biochar. 

Physicochemical property 
Carya illinoinensis 

shell 

 Caesalpinia spinosa 

Hydrogel 
Biochar 

Humidity (%) 14.76  29.21 2 

Weight (g) 4.6  2.4 - 

Length (cm) 5  4 - 

diameter (mm) 6  60 - 

Color Brown  Orange-brown Black 

Volatile matter (%) -  - 52.65 

Ash (%) -  - 7.97 

Fixed carbon (%) -  - 39.38 

 

3.2 Results of oils and fats from domestic waters in the treatment with biofilter 

The oils and fats decreased by 69.43 %, leaving their final concentration still outside the maximum admissible 

value of the Peruvian standard that indicates a maximum of 100 mg/L (See Table 2), so the investigation 

continues, to find the optimal treatment time to reach the mentioned standard. The A and G are reduced by the 

action of sedimentation, achieving water that allows the passage of light more easily (Taesopapong and 

Ratanatamskul, 2020). 

 

Table 2: Concentration of oils and fats according to retention time in water treatment (TM-time) 

Water 
sample. 

Initial 
T. 

TM-25 TM-50 TM-75 TM-100 TM-125 TM-150 TM-175 TM-200 
% 

variation 

Oils and 
Fats (mg/L) 

906 862 817 764 693 656 553 388 277 69.43 

 

3.3 Results of biological parameters 

When passing the domestic wastewater through the biofilter with a retention time of 200 minutes, the presence 

of Total Coliforms varied by 70.75%, unlike Gianoli et al., (2019) who conclude that there is no significance 

between the physicochemical parameters as well as in the presence of total coliforms. The Biochemical Oxygen 

Demand (BOD5) change, reducing by 44.26 % in the treated water, demonstrating the increase in oxygen and 

the reduction of organic matter (Déniz, 2010). See Table 3 

Table 3: Biological and organic parameters before and during the treatment of domestic wastewater 

Water sample. Total Coliforms 

(UFC/ml) 

BOD 5 

(mg/L) 

Initial T. 99 019.00 671 

T.M-25 51 138.13 468 

T.M-50 NA 447 

T.M-75 NA 391 

T.M-100 NA 396 

T.M-125 NA 417 

T.M-150 NA 397 

T.M-175 NA 378 

T.M-200 28 966.70 374 

% variation _ 70.75 44.26 
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3.4 Domestic wastewater 

The physicochemical properties are shown in the following Table 4, It in can be seen the results obtained with 

a sampling every 25 minutes. The parameters of pH, Dissolved Oxygen (DO) do not present important 

variations. On the other hand, if it happens with turbidity (57.97 %), COD (67.75%), Total Solids (48.27%), 

Dissolved Solids and Total Suspended Solids (81.67%), after a retention time of 200 minutes. Therefore, the 

implementation of a biofilter system of this type can be an economic  alternative by incorporating Carya 

illinoinensis shell and Caesalpinia spinosa pods residues into the circular economy to facilitate biofilters for the 

treatment of domestic wastewater with a certain efficiency for some parameters; similar to research with Moringa 

Oleifera biofilters and activated carbon that removed 97% of Escherichia coli, 98% of total Coliforms, BOD5 

99%, Turbidity 98.5%, Total Solids 74%, Electrical Conductivity 94% and increased Dissolved Oxygen 

concentration by 22% (Bertolotti and Benites, 2020). 

Table 4: Physicochemical parameters of initial domestic wastewater and after treatment 

Water sample 

_  

pH 

(1-16) 

Turbidity 

(NTU) 

Dissolved 

Oxygen  

(mg/L) 

COD 

(mg/L) 

Total Solids 

(mg/L) 

Dissolved 

Solids  

(mg/L) 

Total 

Suspended 

Solids (mg/L) 

Initial T. 8.68 192 2.64 1,700 2 341 1070 1 271 

T.M-25 8.23 189.12 1.39 1 483.65 2 857 2 063 794 

T.M-50 8.12 175.56 1.58 1 212.70 2 515 1 949 566 

T.M-75 7.85 158.26 1.98 1 064.40 2 209 1 835 374 

T.M-100 7.64 143.80 2.02 941.80 2 111 1 706 405 

T.M-125 7.56 128.50 2.08 870.80 2 035 1 502 533 

T.M-150 7.45 112.60 2.22 632.20 1 886 1 206 680 

T.M-175 7.38 100.20 2.34 587.00 1 441 1042 399 

T.M-200 7.25 80.70 2.53 548.30 1 211 978 233 

Variation (%) 16.47 57.97 4.17 67.75 48.27 8.60 81.67 

    

Likewise, the pH of the domestic wastewater was initially alkaline (pH 8.68) and, as the water was treated 

according to the stage time in the biofilter, the pH of the water was neutralized, due to the heterotrophic microbes 

that thrive in the biofilter are organisms neutrophils (Pachaiappan et al., 2022). Regarding turbidity, as longer 

treatment time, more was reduced the parameter; however, the value is still very high if it were drinking water; 

but it allows deducing that the use of biocarbon and hydrogel has a positive effect, similar to the experience of 

Zhang et al., (2023) who tested with kaolin, zeolite. Turbidity means the presence of impurities in the water and 

is related to suspended solids, colloidal particles, and other dissolved substances, depending on their size, even 

give a certain color to the water, sometimes generally negatively charged (RCOO - and OH-) (Vargas and 

Romero (2006), cited by Guzman et al., 2013). 

Dissolved oxygen increased with treatment time, checking the absorbent capacity of the biofilter, as was done 

similarly by Shruthi & Jeevitha (2018) who used walnut shells in the biofilter to remove heavy metals. The 

chemical oxygen demand also decreased steadily over time which means an improvement in the conditions of 

the treated water (Federation, 2022). The total solids, the dissolved solids, and the total suspended solids show 

the same trend of reduction in their values, improving the quality of the treated water, this coincides with the 

scientific review by Pinto et al., (2016) in the absorption as a treatment. Finally, both the COD and the TSS are 

reduced to values that are within the maximum admissible values of the Peruvian environmental regulations 

(DSNº 010-2019-VIVIENDA) which indicates 1000 and 500 mg/L values respectively.  

The results demonstrate the benefits and environmental advantages when using a biofilter as an alternative for 

domestic wastewater treatment, this treatment method could be used in cities that manage reduced budgets 

since it does not require complex technology, as it has been demonstrated by Martínez et al., (2021) when study 

the treating wastewater in the coffee industry. 

4. Conclusion 

A positive effect produced by the Carya Illinoinensis shell carbon biofilter and the Caesalpinia spinosa hydrogel 

for the removal of oils and greases with a reduction percentage of 69.43% is demonstrated, in such a way that 

this value following the standard of environmental quality for oils and fats of the Peruvian environmental 

legislation. In addition, the physicochemical, biological and organic parameters also improved, showing a 

decrease in pH from 8.68 to 7.25, turbidity from 192 to 80.70 NTU, COD from 1700 to 548.3 mg/L, BOD5, of 

671. at 374 mg/L, TSS was from 1,271 to 233 mg/L, total coliforms from 99,019 to 28,966.7 CFU/ml; in a process 
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of 200 minutes of removal time. Further, the characteristics of the biofilter show that its use can be generalized 

for domestic wastewater. Now, remains for future research the task of testing the biofilter in another type of 

water (industrial or black). This treatment methodology is environmentally sustainable, due to the reuse of solid 

waste, demonstrating good efficiency and low cost, conferring a benefit for the circular economy. 
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