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Abstract. In most developing nations, poor wastewater management
continues to be a significant health and environmental concern. In this
context, the research seeks to evaluate the efficiency of the biodigester
treatment of domestic wastewater through monitoring and evaluation,
based on physicochemical and bacterial parameters to reduce
environmental pollution caused by excreta in the Chibaya Baja sector,
Peru. Water sampling was done in the influent and effluent of the
biodigester, taking samples periodically every 15 days, for 01 months,
obtaining 03 samples for physicochemical and bacteriological
analysis. According to the results obtained from the laboratory, the
efficiency of the domestic wastewater treatment was 59.51% of the
biochemical oxygen demand (BOD), 49.16% of the chemical oxygen
demand (COD), in oils and fats 35.92%, in total suspended solids
52.78% and fecal coliforms (thermotolerant) 89.19%. A comparison of
the parameters evaluated with the maximum permissible limits set by
the Peruvian Ministry of the Environment reveals that the levels of
BOD and COD exceed the limits. Therefore, this wastewater should
not be discharged into water bodies.

1 Introduction

Rural sanitation is important because it prevents the generation of infection vectors and
groundwater contamination [1,2]. In the world there is a tendency to improve rural household
sanitation; however, this progress has been reduced [3]. Untreated wastewater from
industrial, agricultural, and domestic sources has become one of the problems with the
greatest impact on the environment and socioeconomic development of the country [4].
Wastewater treatment is a fundamental activity that contributes to the care of human health
and the environment [5]. The inadequate disposal of wastewater and excreta are the most
serious problems in rural areas [6]; in addition, in our country, there is a high incidence of
diarrheal diseases and others related to the consumption of contaminated water and food,
poor hygiene, and inadequately disposed of untreated wastewater [7].
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Within the framework of compliance with the sustainable development objectives, the
adequate treatment of wastewater is discussed, in the context of recent investments made,
mainly in rural areas [8,9].

In Peru, in recent years, rural sanitation infrastructure has been built based on a sanitary
disposal system for excreta and domestic wastewater treatment with prefabricated
biodigesters (improved septic tanks), without knowing the real efficiency of treatment in the
environmental conditions of rural areas.

Ecotechnological solutions such as biodigesters must be integrated into the population so
that they have greater acceptance as an alternative use [10]. An important mode of final
disposal of excreta was studied by Saraz et al. [11] finding removals of 97.4%, 96.1%, and
95.1% for BOD, COD, and TSS, with the use of GTZ fixed dome biodigesters and a Taiwan
type under cold weather conditions. Likewise, the management of cattle excreta can be
carried out through the use of biodigesters [12].

This paper aims to determine the efficiency of the prefabricated biodigester through an
evaluation of the treatment of domestic wastewater, in the town of Chibaya Baja, Peru.

2 Materials and Methods

2.1 Study area

The present investigation was carried out in the Chibaya Baja annex, Torata district,
Moquegua region, whose geographical coordinates are 17°7'50” south latitude, 70°50" west
longitude, at an altitude of 2020.0 masl (see Fig. 1). In this area, the system of basic sanitation
units with prefabricated biodigesters have been implemented for the treatment of domestic
wastewater typical of rural areas in the southern region of Peru. However, in recent years
these have more frequently presented environmental problems, which could affect the
activities of nearby populations and the local economy of the rural population.
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Fig. 1. Location of the research area.
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2.2 Methodology

2.2.1 Information collection

To determine the treatment efficiency of the domestic wastewater, initially, samples were
taken by the simple sampling method in the influent and effluent of the randomly selected
biodigesters. That is, it has been considered that each individual in a population has the same
possibility of being chosen [13], in which 06 samples were collected, 02 samples per
sampling date in the influent and effluent every 15 days during a more critical month, where
temperatures are lower during the year (Fig. 2).

Fig. 2. a) General view of the house for sampling Chibaya Baja b) Sampling of residual water in
biodigester tank.

The equipment and tools used for field work were: Garmin GPS, linear motorcycle,
survey and observation data sheets, environmental thermometer, PET containers for
collecting samples of domestic wastewater, laboratory supplies, and a cooler. Office
materials such as computers, printers, and USB memory were used.

2.2.2 Wastewater characterization

The pH, temperature, electrical conductivity and total suspended solids were determined in
situ with the Hanna Instruments model HI9829 multiparameter meter.

The concentration of fats and oils was determined by the Soxhlet extraction method, by
gravimetrically determining the substances that were extracted with hexane from an acidified
aqueous sample. The determination of BOD consisted of an initial and a final measurement
of dissolved oxygen, after five days of incubation at 20°C, and the result was expressed in
milligrams of oxygen consumed per liter of sample, using the electrometric method. The
COD was determined by the dichromate method, during digestion with chromic acid from
the difference between the dichromate initially added and the dichromate found after
oxidation of the organic load in the wastewater present in biodigesters. The presence of
thermotolerant organisms was determined after incubating the tubes with EC broth or with
re-seeded bright green bile lactose broth at a temperature of 44.5 °C £0.2 °C for24h+2h
and examining the gas production; these analyses were performed at the laboratory.

The physicochemical analysis was performed in the quality control laboratory of the
Faculty of Chemical Engineering and the bacteriological analysis was performed in the
microbiology laboratory of the Faculty of Biology of the Universidad Nacional del Altiplano.
They were processed using the different techniques and standardized procedures adopted by
these laboratories [14], then the data were processed using existing software once ordered,
systematized, and classified for subsequent presentation in tables and figures, then proceed
to analyze and describe.
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The evaluation of the removal efficiency involves the percentage removal rate (%R) as
the capacity of each test specimen to remove part of the concentration of a specific pollutant
present in the wastewater. For the estimation of this %R the following equation was used
[15]:

_ (Cont(i)—Cont(f)) x 100

0,
/R Cont(i) o

where:
Cont(i) = Initial content
Cont(f)= Final content

The final results obtained through calculations have been compared with current
regulations, which allowed for determining the efficiency of the treatment of domestic
wastewater in rural areas.

To determine the level of correct operation and maintenance of the basic sanitation units,
a survey has been applied to the beneficiaries about the knowledge of correct operation and
maintenance of the treatment system.

3 Results and discussion

3.1 Physical, chemical, and biological analysis

The verification of the parameters of treated and untreated domestic wastewater was carried
out for two brands of recognized manufacturing companies in the market, which they called
trademark 1 and trademark 2, and compared the results of the wastewater treated by the
biodigester with the efficiency offered. by the manufacturing companies of trademark 1,
trademark 2, and standard OS.090 of the National Building Regulations (RNE) [16-18].

Table 1. Comparison of treatment efficiency in the Chibaya Baja sector

Parameter Unit Efficiency Efficiency Primary Efficiency Valuation
offered by offered by sedimentation of the
trademark | trademark 2 (Standard Chibaya
1 (%) 08.090) (%) Baja
(%) biodigester
()
Oils and fats mg/L 93.0 24.51 - 35.92 Satisfies with
trademark 2
Biochemical mg/L 94.0 66.44 25-30 56.79 Satisties with
oxygen demand 08S.090
(BOD)
Chemical oxygen MgO,/L 88.0 46.92 - 49.16 Satisfies with
demand (COD) trademark 2
Potential of pH - - - - -
hydrogen (pH)
Total suspended mg/L 98.0 49.30 40-70 52.78 Satisfies with
solids (TSS) 0S.090 and
trademark 2
Fecal coliforms NMP/100mL --- 99.56 - 89.19 Does not
(thermotolerant) satisty with

trademark 2
Temperature °C - - — - -
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According to Table 1, in oils and fats, the biodigester treatment efficiency only complies
with the efficiency offered by the company trademark 2 and does not comply with trademark
1.

For the BOD, the biodigester treatment efficiency complies with the OS.090 standard
(primary sedimentation), being considered very good since it exceeds what is established in
said standard. The level of treatment of the biodigester does not meet the efficiency offered
by the companies that are in the market. While for the COD the biodigester treatment
efficiency only complies with the efficiency offered by the trademark 2 company and the
08.090 standard does not indicate what value should be taken into account in the primary
treatment. For total suspended solids, the treatment efficiency of the biodigester complies
with the efficiency offered by the company trademark 2 and considers the efficiency of the
biodigester to be good according to the Peruvian standard OS.090. For thermotolerant
coliforms, the biodigester treatment efficiency does not meet the efficiency offered by the
trademark 2 company, however, the trademark 1 company and the OS.090 standard do not
mention a referential value; likewise, for pH and temperature, the companies that offer their
products and the Peruvian standard OS.090 do not establish a referential value.

3.2 Comparison of physical-chemical and bacteriological parameters with
maximum permissible limits

Table 2 shows a comparison of the effluent with D.S. 003-2010-MINAM, showing that the
BOD and COD parameters do not comply with the Maximum Permissible Limits (LMP).
Therefore, the domestic wastewater treated by the biodigester cannot be discharged directly
into bodies of water (rivers, lakes, groundwater, etc.) in the Chibaya Baja sector. However,
parameters such as oil and grease, hydrogen potential, total suspended solids, thermotolerant
coliforms, and temperature comply with the maximum permissible limits.

Table 2. Evaluation of compliance with physical-chemical and bacteriological parameters

Parameter Unit Influent Effluent D.S. 003-2010- LMP
MINAM Compliance
Oils and fats mg/L 11.60 7.43 20.00 Yes
Biochemical oxygen mg/L 379.60 164.03 100.00 No
demand (BOD)
Chemical oxygen MgO,/L 810.33 412.00 200.00 No
demand (COD)
Potential of hydrogen pH 7.87 7.4 6.5-8.5 Yes
(pH)
Total suspended solids mg/L 179.30 84.67 150.00 Yes
(TSS)
Fecal coliforms NMP/100 1233.33 133.33 10000.00 Yes
(thermotolerant) mL
Temperature °C 21.67 21.33 <35 Yes

The results could be attributed to several variability factors, such as geography, altitude,
environmental conditions, installation, materials used in the installation, as well as the
characterization of existing domestic wastewater in homes.

3.3 Operation and maintenance of biodigesters

The results of the survey of the beneficiary heads of household, on the correct operation and
maintenance of biodigesters, are shown in Table 3.
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Table 3. Correct operation and maintenance of your biodigester in the Chibaya Baja sector.

Response Number of Percentage
respondents (%)
Yes 0 0.0
No 12 100.0
Total 12 100.0

That, 100% of the respondents indicate that they do not know to perform the correct
operation and maintenance of the biodigesters, it could be deduced that at least the heads of
household did not receive the training or those who executed the project did not carry out the
training. According to Zuin et al. [3], a change in the behavior of the population is required
to generate demand and use of sanitation facilities. The State seeks the participation of the
beneficiary population at the community level in operation and maintenance, because water
and sanitation management in rural areas has failed [19], and sustainability problems are a
central point of social concern due to the deterioration of water, air and soil quality due to
contamination [20].

3.4 Discussion of analyzed data

The results obtained from the treatment of domestic wastewater with biodigesters in the
sector of Chibaya Baja at 2020 m.a.s.1. do not comply with the Maximum Permissible Limits,
in the parameters of BOD and COD, and at higher altitudes (4560 m.a.s.l.) the efficiency is
much lower. Therefore, the domestic wastewater treated by the biodigester is not suitable for
discharge into water bodies (rivers, lakes, groundwater, etc.). ), if discharged, these waters
would increase the contamination of these bodies [21], thus being the main challenge to be
faced, more serious than other socioeconomic problems [22], threatening water security, food
security, and human health [23], presenting a higher risk of contracting diarrheal disease in
people who have frequent contact with contaminated water [24,25].

The results are in agreement with those of other researchers [26], [27], and [28], where
they indicate that the wastewater treated by the biodigester does not comply with the
Maximum Permissible Limits for effluents in BOD and COD, so it should not be discharged
into water bodies according to the results of this paper.

Our research does not agree with the results of Nina [29], who mentions that the removal
efficiency of the wastewater treatment system in biodigesters adding biofilters is high for the
primary phase, with 71% removal for BOD, 69% COD, 76% of TSS and 87% in fecal
coliforms, being above the maximum permissible limits according to D. S. 003-2009-
MINAM [30,31], this would be attributed to the operation and maintenance problems of the
biodigesters [29].

4 Conclusion

The efficiency of domestic wastewater treatment with biodigesters is determined by the
physical, chemical, and bacteriological parameters established by MINAM. The results of
the analysis of the wastewater treated by the biodigester in the Chibaya Baja sector were
below the manufacturer's specifications; it is also revealed that the parameters studied, such
as BOD and COD, do not meet the Maximum Permissible Limits established by MINAM.

Inadequate conduct in the operation and maintenance of the biodigesters could affect the
results to reach 100% efficiency, mainly due to a lack of knowledge of the correct operation
and maintenance of the biodigester.
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More exhaustive studies should be carried out regarding the treatment of domestic

wastewater with biodigesters and experimental biodigesters should be installed in different
regions of Peru, to evaluate the different parameters that influence the process of domestic
wastewater treatment with biodigesters, since at present there is very little information, it is
important to take into consideration the altitude above sea level, to have an optimal operation
of the biodigester.

Acknowledgments

To the educational fund for the university development of the Universidad Nacional del Altiplano de
Puno, for financing the execution of the research.

References

1.

10.

11.

D. M. Anderson, A. K. Gupta, S. A. Birken, Z. Sakas, and M. C. Freeman, Adaptation
in rural water, sanitation, and hygiene programs: A qualitative study in Nepal, Int. J.
Hyg. Environ. Health 240, 113919 (2022).

A. T. Ndoziya, Z. Hoko, and W. Gumindoga, Assessment of the impact of pit latrines
on groundwater contamination in Hopley Settlement, Harare, Zimbabwe, J. Water,
Sanit. Hyg. Dev. 9, 464-476 (2019).

V. Zuin, C. Delaire, R. Peletz, A. Cock-Esteb, R. Khush, and J. Albert, Policy
Diffusion in the Rural Sanitation Sector: Lessons from Community-Led Total
Sanitation (CLTS), World Dev. 124, 104643 (2019).

C. Perez Rodriguez, J. M. Coto Campos, V. Salgado Silva, J. Herrera Nuiiez, J. F.
Fernandez Araya, and C. Benavides Benavides, Tratamiento de aguas residuales con
tecnologias alternativas en una pequefia unidad doméstica — productiva, Uniciencia
27,319-331 (2013).

H. Casierra-Martinez, J. Casalins-Blanco, X. Vargas-Ramirez, and A. Caselles-
Osorio, Desinfeccion de agua residual doméstica mediante un sistema de tratamiento
acoplado con fines de retso, Tecnol. y Ciencias del Agua 7, 97—-111 (2016).

J. A. Rivero Chavez, A. Pedroza Sandoval, and A. Cabrera Maldonado, Biodigestores:
Una alternativa de aprovechamiento integral de aguas residuales., Rev. Chapingo Ser.
Zo. Arid. 6, 191-195 (2007).

V. Condori-Apaza, O. R. Mamani-Luque, R. Alfaro-Alejo, W. Laqui, and W. F.
Condori, Analysis and impact of meteorological droughts in the agriculture of Puno
region, Peru, in E3S Web Conf. 304, (2021).

J. Boguniewicz-Zabtocka and A. G. Capodaglio, Sustainable wastewater treatment
solutions for rural communities’: Public (Centralized) or individual (On-Site)—Case
Study, Econ. Environ. Stud. 17, 1103—-1119 (2017).

WHO, “UN-Water global analysis and assessment of sanitation and drinking-water
(GLAAS) 2017 report: financing universal water, sanitation and hygiene under the
sustainable development goals,” World Health Organization, 2017.

M. M. Flores-Nieves, G. M. Soto-Zarazia, E. Rico-Garcia, S. Zamora-Castro, G.
Macias-Bobadilla, M. S. Hernandez-Lopez, and A. E. Sanchez-Gutiérrez, Revaluation

of Local Waste through an Ecotechnologies Strategic Plan: A Case Study with
Digesters, in Sustain. 14 (2022).

J. A. O. Saraz, H. J. C. Velasquez, and H. G. Sanchez, Evaluacion de un sistema de
biodigestion en serie para clima frio, Rev. Fac. Nac. Agron. 60, 41454162 (2007).



E3S Web of Conferences 405, 04035 (2023) https://doi.org/10.1051/e3sconf/202340504035
ICSTCE 2023

12. R. H. Pérez-Espejo and G. I. Cervantes-Hernandez, Estrategias de mitigacion. El
programa de biodigestores en Yucatan, México, Peninsula 13, 235-262 (Universidad
Nacional Auténoma de México, Centro Peninsular en Humanidades y, 2018).

13. D. S. Behar R., Metodologia de la investigacion (Shalom, 2008).

14. APHA, American Public Health Association, Standard Methods for the Examination
of Water and Wastewater, Method 1020 (2005).

15. A. A. Villanueva Castafieda and H. E. Flores Lopez, Tratamiento de aguas residuales
domésticas mediante plantas macroéfitas tipicas en Los Altos de Jalisco , México,
Paakat Rev. Tecnol. y Soc. 3 (2013).

16. ETERNIT, Biodigestor de Polietileno, 2022, <https://www.eternit.com.pe/es-
pe/productos/tanques/eterniteuronitwatertankspolyethylenebiodigester/> (30 August
2022).

17. ROTOPLAS, Biodigestor Autolimpiable, 2022,
<https://www.rotoplas.com.pe/biodigestor> (30 August 2022).

18. MVCS, Reglamento nacional de edificaciones (Ministerio de vivienda, construccion y
saneamiento, Lima, 2021).

19. M. D. A. Gil, H. Reyes, L. E. Marquez, and A. Cardona, Disponibilidad y uso
eficiente de agua en zonas rurales, Investig. Cienc. 22, 67-73 (2014).

20. A.L.del Angel Pérez, J. A. Villagomez Cortés, and G. Diaz Padilla, Valoracion
socioeconomica del pago por servicios ambientales hidrologicos en Veracruz
(Coatepec y San Andrés Tuxtla), Rev. Mex. ciencias For. 2, 95-112 (2011).

21. U. Hernandez-Alvarez, J. Pinedo-Hernandez, R. Paternina-Uribe, and J. Marrugo-
Negrete, Evaluacion de calidad del agua en la Quebrada Jui, afluente del rio Sint,
Colombia, Rev. U.D.C.A4 Actual. &amp, Divulg. Cientifica 24 (2021).

22. D. A. Ayala-Ortiz and F. Abarca-Guzman, Disposicion a pagar por la restauracion
ambiental del rio Lerma en la zona metropolitana de La Piedad, Michoacan, Econ.
Soc. y Territ. 14, 769-798 (2014).

23. D. G. Milledge, S. K. Gurjar, J. T. Bunce, V. Tare, R. Sinha, and P. E. Carbonneau,
Population density controls on microbial pollution across the Ganga catchment, Water
Res. 128, 82-91 (2018).

24. N. A. Wardrop, A. G. Hill, M. Dzodzomenyo, G. Aryeetey, and J. A. Wright,
Livestock ownership and microbial contamination of drinking-water: Evidence from
nationally representative household surveys in Ghana, Nepal and Bangladesh, Int. J.
Hyg. Environ. Health 221, 33—40 (2018).

25. L. Whitley, P. Hutchings, S. Cooper, A. Parker, A. Kebede, S. Joseph, J. Butterworth,
B. Van Koppen, and A. Mulejaa, A framework for targeting water, sanitation and
hygiene interventions in pastoralist populations in the Afar region of Ethiopia, Int. J.
Hyg. Environ. Health 222, 1133-1144 (2019).

26. O.E. Cortes Castillo and G. E. Meza Garcia, Evaluacion de un sistema de
descontaminacion de aguas servidas a partir de un biodigestor con plantas acuaticas en
la reserva natural de Nukanchi de la minga asorquidea de la Asociacion para el
desarrollo campesino - ADC (Universidad de Narifio, 2015).

27. F.P. Mejia Arias and K. L. Perez Sinchi, Eficiencia de tratamiento de aguas residuales
domesticas mediante un biodigestor prefabricado en la subestacion electrica Cotaruse
- Apurimac (Universidad Nacional Agraria la Molina, 2016).

28. R.J. Mancha Cutipa, Evaluacion de la eficiencia del funcionamiento del biodigestor
autolimpiable en el centro poblado de Sanquira - Yunguyo (Universidad Nacional del



E3S Web of Conferences 405, 04035 (2023) https://doi.org/10.1051/e3sconf/202340504035
ICSTCE 2023

Altiplano, 2015).

29. R. S. Nina Mamani, Evaluacion de biodigestor de polietileno rotoplas en el
tratamiento de agua residual domestica y propuesta de disefio de biofiltro en la
comunidad de Oquebamba - Espinar (Universidad Nacional del Altiplano, 2015).

30. H. N. Chui-Betancur, G. Belizario-Quispe, D. R. Acosta, R. Alfaro-Alejo, and Y. A.
Quispe-Mamani, Hydrogeochemistry of the Thermal Springs of Pojqpoquella and
Phutina, Puno, Peru, in IOP Conf. Ser. Earth Environ. Sci. 906, (2021).

31. D.C. Pari-Huaquisto, R. Alfaro-Alejo, I. Pilares-Hualpa, and G. Belizario, Seasonal
variation of heavy metals in surface water of the Ananea river contaminated by
artisanal mining, Peru, in /OP Conf. Ser. Earth Environ. Sci. 614, (2020).



