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Nowadays, water pollution has become a problem that affects a large part of the population and the environment. The exponential increase of the population has generated that the laundry industries have a high demand, generating large amounts of wastewater. Thus, this research evaluated the efficiency of five biofilters composed of different proportions of human hair and Cariniana decandra sawdust in the reduction of physicochemical and microbiological parameters of laundry water. The biofilter components were physicochemically characterized to determine humidity, density, porosity, among others. The results showed that the biofilter composed only of hair at 2 hours of hydraulic retention had a higher treatment efficiency with reduction values of 75% in COD, 77.8% in BOD, 83% in phosphates, 77.3% in total nitrogen, 50% in sulfates, 91.1% in detergents, 68.6% in hardness, 29.4% in turbidity, 71.5% in electrical conductivity, 90% in total coliforms, 95% in thermotolerant coliforms and 91.5% in Escherichia coli. Finally, it is concluded that the Cariniana decandra hair and sawdust biofilters are friendly and efficient systems for treating laundry water. 
1. Introduction
Currently, water pollution has become a major problem affecting much of society and consequently the environment. This is due to the discharge of untreated wastewater into water bodies such as rivers, lakes, lagoons, sea and ocean (Noblet and Schweitzer, 2018). Exponential population growth has led to environmental degradation due to excessive consumption of water resources, generating emissions of higher volumes of effluents (Helm et al., 2021). 
In sub-Saharan Africa, more than 50% of the population lacks sanitation systems (UNICEF and WHO, 2019), and developing countries such as the United States emit 1.2 billion gallons of industrial wastewater annually (Riverkeeper, 2011).
The high demand of the laundry industry has been generating higher volumes of effluents that cause environmental degradation (Mauchauffe et al., 2012). Residential laundry machines emit a total of 41 gallons of water per single use, while commercial laundry machines emit an average of 34.74 thousand gallons of wastewater (US National Park Service, 2021).
Wastewater generated in laundries generally uses surfactants, enzymes and bleaching agents that remove stains and dirt (Hickey 2011). Laundry wastewater causes impacts on the environment due to the diversity of products (soap, detergents, carbonates, salts, and soda) used in the washing process (Patel et al. 2017). These waters go directly to sewage systems and end up in bodies of water, generally rivers, which are used as a source of irrigation for agricultural areas and recreational areas, thus generating problems for human health (Valenzuela and Campuzano, 2018).
In Peru, 68% of wastewater is not treated before being discharged into water bodies, causing environmental degradation and, consequently, the spread of diseases is imminent. In the city of Cusco, Peru, water from laundries is discharged into the Huatanay River, presenting a high load of inorganic compounds, total suspended solids and detergent compounds (Vega and Regaño, 2020). Faced with this problem, many researches have been experimenting with the use of biofilters as systems for the removal of pollutants in water, which is generally composed of organic and inorganic material. These biofilters are systems that mimic wetlands by purifying water naturally (Yocum, 2014). Therefore, the present research aimed to evaluate the efficiency of biofilters composed of human hair and sawdust of Cariniana decandra for the treatment of laundry water.
2. Materials and methods
2.1 Obtaining and processing of human hair and sawdust from Cariniana decandra
Human hair (10 kg) was obtained from hairdressers located in the city of Cusco in Peru. The hair was washed with distilled water to remove impurities and any particulate matter present. Subsequently, the human hair was dried outdoors for 2 days to eliminate moisture. On the other hand, Cariniana decandra sawdust (10 kg) was obtained from a timber mill located in the district of San Jerónimo in Cusco. The total amount of sawdust was sieved to eliminate dust and obtain a particle size of 3 cm.
2.2 Characterization of the filter beds
The filter beds were physicochemically characterized to evaluate porosity, humidity, apparent density, actual density, volume and buoyancy.
2.3 Biofilter design
The biofilter had the shape of a straight circular cylinder, with a diameter of 10.16 cm and a height of 40 cm. The biofiltration system is shown in Figure 1, and the percentage of components (beds) in each biofilter is shown in Table 1.
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Figure 1: Biofiltration system
Table 1: Dosing of filter beds
	Dose
	Biofilter
	Human hair (%)
	Sawdust of Cariniana decandra (%)

	
	B1
	25
	75

	
	B2
	50
	50

	
	B3
	75
	25

	
	B4
	100
	-

	
	B5
	-
	100



2.4 Laundry water treatment
The treatment was carried out in 5 different biofilters subjected to 2 and 4 hours of hydraulic retention, according to the doses shown in Table 1. Samples were analyzed both before and after treatment, evaluating physical, chemical and microbiological parameters. The removal efficiency of each parameter studied was determined using equation 1.

                                                                                                                                        (1)

Where: % EFI, is the percentage of removal efficiency; Ci, is the initial concentration of the sample; Cf, is the final concentration of the sample.
3. Results and discussion
3.1 Characterization of the filter beds
Table 2 shows the physicochemical characterization of the Cariniana decandra sawdust and human hair filter beds.
Table 2: Characterization of the filter beds
	Parameter
	Porosity (%)
	Humidity (%)
	Apparent density (g/cm3)
	Actual density (g/cm3)
	Hydraulic holding capacity (%)

	Sawdust of Cariniana decandra
	61.4
	11
	0.22
	0.57
	35.8

	Parameter
	Density (g/cm3)
	Volume (cm3)
	Buoyancy (N)
	Humidity (%)
	Resistant to dry heat (°C)
	Resistant to humid heat (°C)

	Human hair
	75
	1200
	3.1314
	20
	140
	220



From Table 2 it can be observed that human hair has a higher density and humidity than Cariniana decandra sawdust. The density and humidity values for human hair are 75 g/cm3 and 20%, respectively. Whereas, Cariniana decandra sawdust has values of 0.57 g/cm3 and 11% for density and humidity, respectively.
Filter beds allow the elimination of impurities present in the water, and these biofilters depend on the characteristics and properties of interaction with the substance or element to be retained. Cariniana decandra Sawdust was used due to its easy acquisition and low costs, and this is mainly composed of cellulose fibers linked with lignin (Quinaloa, 2017). Meanwhile, hair has keratin (α-keratin) as a component, which contains cysteine that has the capacity of alkaline organic solvent, Likewise, hair is a bioadsorbent that presents primary functional groups such as amino, carboxyl, hydroxyl and hydrogen sulfide that allow removing ions from wastewater (Gallegos 2021).
3.2 Laundry water treatment
Table 2 shows the results of analysis of physical, chemical and microbiological parameters in the 5 biofilters subjected to 2 and 4 hours of hydraulic retention. It is observed that biofilter 4, which is composed of hair with 2 hours of hydraulic retention, has the best average efficiency (75%) of the physical, chemical and microbiological parameters compared to the rest of the biofilters used in the treatment. The other biofilters had average efficiencies between 64 and 73%, indicating good reduction efficiency of the studied parameters.
The parameters with the highest percentages of reduction were microbiological parameters (Total coliforms, Thermotolerant coliforms and Escherichia coli) and detergents. In other research, Zhang et al. (2020) used a biofilter based on pine sawdust for wastewater treatment, achieving a 23.60% reduction in COD. Similarly, Manouchehri and Kargari (2017) used a cross-flow microfiltration system in the recovery of laundry water, achieving a 90.8% decrease in COD. On the other hand, Pulido (2018) used two biofilters of Eichhornia crassipes, Cyperus papyrus and Alocasia macrorrhiza for domestic wastewater treatment, having in both biofilters BOD reductions 91.23 and 91.55%.
[bookmark: _GoBack]Hua et al. (2016) studied a wood chip bioreactor and recycled steel by-product filters for agricultural wastewater treatment. The woodchip bioreactor had an average phosphate removal efficiency of 17.4 - 56%. In the same way, Hu et al. (2021) used a fluidized bed of circulating pellets for the removal of hardness from graywater, achieving 80% removals. Similarly, Raketh et al. (2021) used rubber wood ash for sulfate removal in industrial wastewater, achieving reductions of 42%.
On the other hand, Chambi (2018) employed the flocculation, coagulation and adsorption process for the treatment of laundry water using aluminum polychloride and aluminum sulfate, achieving detergent removal of 97.99% and 94.92%, respectively. Lopez (2018) decreased turbidity by 86% using Opuntia ficus cactus as a coagulating agent. Similarly, Salazar and Sisalema (2018) employed sawdust as a filtering agent for industrial wastewater treatment, achieving a 60% reduction in electrical conductivity.
Table 1: Removal of physical, chemical and microbiological parameters
	Biofilter
	B1
	B2
	B3
	B4
	B5

	Hydraulic retention time
	Hours
	2
	4
	2
	4
	2
	4
	2
	4
	2
	4

	Parameters
	COD
	Ci
	400 mg/L

	
	
	Cf
	260
	260
	160
	300
	180
	300
	100
	290
	190
	280

	
	
	Removal (%)
	35
	35
	60
	25
	55
	25
	75
	27.5
	52.5
	30

	
	BOD
	Ci
	180 mg/L

	
	
	Cf
	110
	104
	70
	110
	65
	108
	40
	110
	75
	120

	
	
	Removal (%)
	38.9
	42.2
	61.1
	38.9
	63.9
	40
	77.8
	38.9
	58.3
	33.3

	
	Phosphates
	Ci
	1.64 mg/L

	
	
	Cf
	0.96
	1.17
	1.13
	1.15
	1.37
	0.73
	0.27
	0.14
	0.63
	0.044

	
	
	Removal (%)
	41.5
	28.7
	31.1
	29.9
	16.5
	55.5
	83.5
	91.5
	61.6
	97.3

	
	Total nitrogen
	Ci
	22 mg/L

	
	
	Cf
	9
	12
	8
	11
	7
	10
	5
	12
	8
	18

	
	
	Removal (%)
	59.1
	45.5
	63.6
	50
	68.2
	54.5
	77.3
	45.5
	63.6
	18.2

	
	Sulfates
	Ci
	1200 mg/L

	
	
	Cf
	310
	300
	304
	360
	305
	510
	600
	680
	550
	570

	
	
	Removal (%)
	74.2
	75
	74.7
	70
	74.6
	57.5
	50
	43.3
	54.2
	52.5

	
	Detergents
	Ci
	494 mg/L

	
	
	Cf
	54.6
	15.8
	46.6
	29
	54
	34
	43.8
	23.4
	23.8
	75

	
	
	Removal (%)
	88.9
	96.8
	90.6
	94.1
	89.1
	93.1
	91.1
	95.3
	95.2
	84.8

	
	Hardness
	Ci
	3500 mg/L

	
	
	Cf
	850
	800
	800
	920
	800
	1100
	1100
	1100
	1100
	1200

	
	
	Removal (%)
	75.7
	77.1
	77.1
	73.7
	77.1
	68.6
	68.6
	68.6
	68.6
	65.7

	
	Turbidity
	Ci
	545 NTU

	
	
	Cf
	150
	130
	173
	269
	174
	315
	385
	472
	471
	346

	
	
	Removal (%)
	72.5
	76.1
	68.3
	50.6
	68.1
	42.2
	29.4
	13.4
	13.6
	36.5

	
	Electrical conductivity
	Ci
	8450 μS/cm

	
	
	Cf
	1700
	1560
	1660
	1830
	1700
	2040
	2140
	2380
	2440
	2230

	
	
	Removal (%)
	79.9
	81.5
	80.4
	78.3
	79.9
	75.9
	74.7
	71.8
	71.1
	73.6

	
	Total coliforms
	Ci
	2400 UFC/100ml

	
	
	Cf
	1100
	150
	460
	150
	460
	460
	240
	460
	210
	75

	
	
	Removal (%)
	54.2
	93.8
	80.8
	93.8
	80.8
	80.8
	90
	80.8
	91.3
	96.9

	
	Thermotolerant coliforms
	Ci
	2400 UFC/100ml

	
	
	Cf
	460
	150
	210
	75
	210
	150
	120
	150
	75
	75

	
	
	Removal (%)
	80.8
	93.8
	91.3
	96.9
	91.3
	93.8
	95
	93.8
	96.9
	96.9

	
	Escherichia coli
	Ci
	1100 UFC/100ml

	
	
	Cf
	120
	39
	28
	15
	75
	93
	93
	20
	75
	75

	
	
	Removal (%)
	89.1
	96.5
	97.5
	98.6
	93.2
	91.5
	91.5
	98.2
	93.2
	93.2

	Average efficiency
	%
	65.8
	70.2
	73
	66.7
	71.5
	64.9
	75.3
	64
	68.3
	64.9

	Ci: Initial concentration
Cf: Final concentration


4. Conclusions
Cariniana decandra sawdust and hair biofilters are efficient in the treatment of laundry water. Biofilter 4, which is composed only of hair with 2 hours of hydraulic retention, was the most efficient for the treatment of laundry water, achieving an average efficiency of 75.3% in the physical, chemical and microbiological parameters. After treatment with the biofilters, reductions of 75% in chemical oxygen demand, 77.8% in biological oxygen demand, 83.5% in phosphates, 77.3% in total nitrogen, 50% in sulfates, 91.1% in detergents, 68.6% in hardness, 29.4% in turbidity, 74.7% in electrical conductivity, 90% in total coliforms, 95% in thermotolerant coliforms and 91.5% in Escherichia.
Acknowledgments
The authors would like to thank "Investiga UCV" of the Universidad César Vallejo for financial support for the publication of this research.
References
Chambi, Z., 2018, Tratamiento de aguas residuales de lavaderías por el proceso de coagulación-floculacion y adsorción, Tesis, Universidad Nacional del Altiplano, Puno, Perú.
Gallegos, L. R., 2021, Bioadsorción de plomo (II) en matriz acuosa usando residuos de cabello a escala laboratorio. Tesis, Universidad Nacional Agraria La Molina, Lima, Perú.
Helm, S., Kemper, J. A. and White, S. K., 2021, No future, no kids–no kids, no future? Population and Environment, 43, 108–129. 
Hickey, H., 2011, Scented laundry products emit hazardous chemicals through dryer vents | UW News < www.washington.edu/news/2011/08/24/scented-laundry-products-emit-hazardous-chemicals-through-dryer-vents/>.
Hu, R., Liu, Z., Huang, T. and Wen, G., 2021, Pilot test of simultaneous removal of silica, hardness, and turbidity from gray water using circulating pellet fluidized bed, Journal of Water Process Engineering, 42, 102149.
Hua, G., Salo, M. W., Schmit, C. G. and Hay, C. H., 2016, Nitrate and phosphate removal from agricultural subsurface drainage using laboratory woodchip bioreactors and recycled steel byproduct filters, Water Research, 102, 180–189.
López, M., 2018, Evaluación del uso de la cactácea Opuntia ficus-indica como coagulante natural para el tratamiento de aguas. Universidad Nacional Agraria La Molina, Tesis, Lima, Perú.
Manouchehri, M. and Kargari, A., 2017, Water recovery from laundry wastewater by the cross flow microfiltration process: A strategy for water recycling in residential buildings, Journal of Cleaner Production, 168, 227–238.
Mauchauffee S., Denieul M-P., Coste M., 2012, Industrial wastewater re-use: closure of water cycle in the main water consuming industries: the example of paper mills, Environmental Technology, 33(19), 2257-2262.
National Park Service, 2018, Laundry Practices and Water Conservation < https://www.nps.gov/articles/laundry.htm >.
Patel, M., Sheth, K. N. and Sheth, N., 2017, A Study on Characterization & Treatment of Laundry Effluent, IJIRST-International Journal for Innovative Research in Science & Technology, 4 (1), 50–55.
Pulido, A. E., 2018, Evaluacion De La Eficiencia Entre Dos Sistemas De Biofiltros Para El Tratamiento De Las Aguas Residuales Domesticas De La Localidad De Carapongo, Lurigancho-Chosica, Tesis, Universidad Nacional Federico Villarreal, Lima, Perú.
Quinaloa, D. P. G., 2017, Análisis del aserrín como filtro en el tratamiento de aguas residuales provenientes de la lavadora de autos “Monster Wash” ubicada en el cantón Ambato, Tesis, Universidad Técnica de Ambato, Ambato, Ecuador.
Raketh, M., Jariyaboon, R., Kongjan, P., Trably, E., Reungsang, A., Sripitak, B. and Chotisuwan, S., 2021, Sulfate removal using rubber wood ash to enhance biogas production from sulfate-rich wastewater generated from a concentrated latex factory, Biochemical Engineering Journal, 173 (May), 108084.
Riverkeeper, 2011. How is the water? A story of sewage contamination on the Hudson, 2011 <www.riverkeeper.org/news-events/news/water-quality/how-is-the-water/>.
Schweitzer, L. and Noblet, J., 2018, Water Contamination and Pollution. Green Chemistry: An Inclusive Approach, 261–290.
Valenzuela, R. M. A. and Campuzano, D. R., 2018, ISO 14001 : 2015 Caso Estudio Sector industrial lavandería Contexto general del sector productivo <repository.unad.edu.co/bitstream/10596/18554/1/1057782740.pdf>.
Vega, R. and Regaño, A., 2020, Impacto Ambiental Provocado Por La Planta De Tratamiento De Aguas Residuales De Cusco Como Violacion Al Derecho Fundamental A La Salud En La Comunidad Campesina De Ccollana Del Distrito De San Jeronimo-Cusco, Tesis, Universidad Andina Del Cusco, Cusco, Perú.
WHO and UNICEF, 2019, Progress on household drinking water, sanitation and hygiene 2000-2017: Special focus on inequalities <www.unicef.org/media/55276/file/Progress%20on%20drinking%20water,%20sanitation%20and%20hygiene%202019%20.pdf>.
Yocum, D., 2014, Manual de Diseño: Humedal Construido para el Tratamiento de las Aguas Grises por Biofiltración, Universidad De California, 1–16 <www2.bren.ucsb.edu/~keller/courses/GP_reports/Diseno_Humedal_AguasGrises.pdf>.
Zhang, Q., Wang, L., Yu, Z., Zhou, T., Gu, Z., Huang, Q., Xiao, B., Zhou, W., Ruan, R. and Liu, Y., 2020, Pine sawdust as algal biofilm biocarrier for wastewater treatment and algae-based byproducts production. Journal of Cleaner Production, 256, 120449.



image3.jpeg
Laundry
water

60 Liters

B1

B2

B3

B4

B5





image1.jpeg




image2.jpeg
AIDIC




