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ABSTRACT

Jean laundering generates significant effluent flows with a high organic load, color, and
other pollutants, making it difficult to adjust effluent releases within legal limits. Slow Sand
Filters (SSF) with downflow were tested for seven days (bench scale), to propose an after-
treatment of effluents from an Effluent Treatment Plant of a jean laundry. The research
evaluated the removal of the following parameters: color, turbidity, chemical and biochemical
oxygen demand, conductivity, ammonia, total phosphorus and salinity of the textile effluent.
The experimental apparatus had four SSF: the first filter was fed with distilled water, while the
other three filters (triplicates) were fed with effluent. The filters had, on average, the following
removal efficiencies: 91% for ammonia, 61.24% color, 89.43% turbidity, and 83.54% for
phosphorus. Regarding the removal of organic matter, 98.11% for BOD and 81.17% for COD,
demonstrating that SSFs were efficient in removing particulate, dissolved materials and organic
matter.

Keywords: BOD, color, dissolved oxygen, salinity, soil column.

Desempenho de filtros lentos de areia no pos-tratamento de efluente do
polo téxtil do estado de Pernambuco

RESUMO

As lavanderias de Jeans geram grandes vazdes de efluentes com elevada carga organica,
cor e outros poluentes, o que dificulta sua adequacéo para lancamentos dentro dos limites legais.
Filtros lentos de areia (FLA) com fluxo descendente foram testados durante 7 dias, em escala
de bancada, a fim de propor um pés-tratamento de efluentes de uma Estacdo de Tratamento de
Efluentes de lavanderia de jeans. Nesta pesquisa, foi avaliada a remocdo dos seguintes
parametros: cor, turbidez, demanda quimica e bioguimica de oxigénio, condutividade, amonia,
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fésforo total e salinidade. O experimento contou com quatro FLA: o primeiro alimentado com
agua destilada e os outros trés alimentados com o efluente téxtil (triplicatas). Os FLA
removeram 91% de amdnia, 61,24% de cor, 89,43% de turbidez e 83,54% de fosforo. Quanto
a remocao de matéria organica, em média houve remocao de 98,11% para DBO e 81,17% para
DQO, demonstrando que os FLA foram eficientes na remocdo de materiais particulados e
dissolvidos.

Palavras-chave: coluna de solo, cor, DBO, oxigénio dissolvido, salinidade.
1. INTRODUCTION

The Brazilian semiarid is characterized as a region of low water availability (Rocha and
Soares, 2015). Despite its negative water balance, the area has outstanding Local Productive
Arrangements (LPA). The Pernambuco Agreste clothing center, known as “Mode LPA”, is
composed of Caruaru, Santa Cruz do Capibaribe, and Toritama, embracing the second largest
textile center in Brazil, which is an essential sector for the region’s development. However,
according to Abreu et al. (2008), due to the water scarcity in the area and the lack of adequate
effluent treatment systems, the implementation of the textile industry imposes a severe
environmental and health risk for the surrounding community, mainly due to the mutagenic and
carcinogenic nature of dyes and their intermediate byproducts (sludge and textile effluents).

Throughout the methods for textile processing, different constituents are generated, such
as acids, bleaching chemicals, enzymes, starch, dyes, resins, solvents, waxes, oils, among
others. (Verma et al., 2012). These constituents produce a final effluent with high COD, BOD,
total dissolved solids, color, and heavy metals (Chandanshive et al., 2017). This can result in
chronic nutrient accumulation leading to artificial eutrophication, promoting change in the
water color and exposing aquatic life to toxic substances (Esteves and Meirelles-Pereira, 2011).

There are many alternatives for treating textile effluents, which are combined to achieve a
satisfactory level of waste removal. There is the use of anaerobic-reactor type UASB
conjunction with process Fenton (Santos et al., 2017), chemical coagulation followed by
lamella settler for sedimentation and disinfection (Abdel-Fatah et al., 2015), submerged
anaerobic membrane bioreactors (Baéta et al., 2016), use of live microalgae in suspension
(Jimeno et al., 2017) and a solid state fermentation system (Chicatto et al., 2018) for waste
water discoloration.

Soils have good retention capacity for textile contaminants, especially in the case of dyes
(Alexandre et al., 2020; Alves et al., 2020), proving that simple techniques also produce
satisfactory results. Therefore, slow sand filtration appears as a simple alternative for treating
textile effluents. Slow sand filtration is characterized by a low filtration rate, resulting in a high
water retention time, which implies the development of a microbial community (Dias, 2011).
The biological community developed around the grains of the sand bed assists in the appropriate
process of removing suspended organic and inorganic matter and pathogenic organisms
(Coelho and Di Bernardo, 2012). According to Tonetti et al. (2012), the process of this type of
technology is based on applying the effluent on the surface of the sand filter intermittently
through a distribution pipe. When the infiltration of the liquid persists, its purification by
physical, chemical and biological processes comes about (Ausland et al., 2002).

Investigations regarding the use of slow filters for the treatment of textile effluent are
essential to evaluate pollutants' retention potential (Egea-Corbacho et al., 2019), and thereby
reducing the environmental risks, treatment costs, and areas used for treatment plants. Due to
their simplicity and lower operating costs, slow filters are currently an attractive solution,
especially in rural areas and small communities in developing countries (Bendida et al., 2013).
Among the advantages of slow filters over fast filters, a highlight is not requiring water
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coagulation and frequent washing of the filtration units which results in high production of
waste. The sand taken from the top of the filter layer can be washed or disposed of as dirty sand
(Grace et al., 2016).

In this context, this research evaluates the performance of slow sand filters in the treatment
of textile effluents from Pernambuco’s Textile Center. It also assesses its efficiency in the
suitability of the textile effluent for release into the water body and for hydro-agricultural reuse.

2. MATERIALS AND METHODS

2.1. Study area

The study was conducted in the city of Caruaru, in Pernambuco State, Brazil. The
municipality belongs to the Mesoregion of Pernambuco’s Agreste and is in the Ipojuca Valley
Microregion. Caruaru has a dry climate of local steppe, with little rainfall throughout the year,
corresponding to about 551 mm per year (APAC, 2019).

According to the latest IBGE census (IBGE, 2010), Caruaru has a population of 314,912
inhabitants, which ranks the region as the fourth most populous city in Pernambuco and the
most populous municipality in the interior of the state. It is currently the Agretes’ capital,
standing out as the most significant economic, medical, academic, cultural, and tourist center
of the region. Among these industrial activities, clothing and textiles are those that are most
relevant, being responsible for the development and expansion of the municipality's economy.

2.2. Textile effluent collection site

The treated effluent used in this study was directly collected from a medium-sized textile
laundry located in the city of Caruaru. This laundry has a production system based on
degreasing, dyeing, washing, spinning and drying, as do most laundries in the region. The
laundry effluent treatment plant in question is composed of a physical-chemical treatment,
comprising coagulation, flocculation and decantation steps. The collected textile effluent was
transported in a polypropylene container, properly sealed with a lid, previously sterilized in the
laboratory by autoclaving. The sample was transported to the Environmental Engineering
Laboratory (Laboratério de Engenharia Ambiental - LEA) and subsequently stored about 20
min after collection in the laundry under refrigeration at 4°C.

2.3. Soil sample collection

The soil sample used in the sand filter experiment was collected at an experimental site
belonging to the Agreste Academic Center of the Federal University of Pernambuco, located in
the city of Caruaru. At first, the site was cleaned so that undesirable materials such as roots and
vegetation could be removed from the soil. To collect the sample, tools such as shovel, hoe, and
pick were used, to obtain a portion equivalent to 20 cm of the soil layer to fill the sand filters.

After collecting the soil sample, a soil characterization test was performed to determine
the physical indices of the sample.

For the determination of the soil bulk density, the criteria established in the Manual of Soil
Analysis Methods (Claessen, 1997) was adopted. Particle size analysis was performed
according to the requirements of NBR 7181 (ABNT, 1984). To determine the soil density,
undisturbed samples were collected using the Uhland soil sampler.

From this soil sample, the grain fractions were also determined based on sieve and
sedimentation analysis. This test aims to obtain the soil particle-size curve and identifies its
granular dimensions.

2.4. Assembly of slow sand filters
Slow sand filters (SSF) were assembled on a cylindrical acrylic column (Figure 1). The
cylinders have an inner and outer diameter of 6 and 7 cm, respectively, with a height equivalent
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to 30 cm. A transparent material composes the acrylic cylinders to facilitate the monitoring of
the flow path of the used effluent sample.

Figure 1. Assembly of a slow sand filter: a) Support model for the column and filter feeder; b)
Sealing rubber and PVC cover for column sealing; ¢) Drilled hole for leachate passage; d) Filter
filled with soil.

On the outside of the filters, to ensure better support of the tubes in the metal supports,
rubberized material such as Satin Vinyl Foam (S.V. F.) adhered to the hose was used, and the
two materials were fixed with hot glue. Thus, the slow sand filters could be supported on the
metal rod and suspended (Figure 1a) so that the leachate could be collected at the tube's bottom.

In the lower part of the filters, a 75 mm diameter pipe end-cap, generally used for a PVC
sewage pipe, was used to seal the ground passage, and each cap was fixed at the bottom of each
tube using rubber seal (Figure 1b). Finally, a hole was drilled in the center of each end cap
(Figure 1c) to ensure the passage of leached samples through the filters.

A 20 cm single layer, consisting of the collected sand (Figure 1d) was used to finish the
assembly of the sand filters. Therefore, the filters were filled to ensure the same density as in
the field. To reach a density of 1.32 g cm™, 746.44 g of soil were required for each sand filter,
because the filters needed to maintain a fixed height of 20 cm, and the inner diameter of each
tube was 6 cm.

2.5. Experimental procedure
Four sand filters named SSF1, SSF2, SSF3, and SSF4 were used for this research. The first
slow sand filter (SSF1) was fed with distilled water to serve as control to the experiment. The
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other three filters (SSF2, SSF3, and SSF4) were irrigated with the textile effluent collected in
the laundry.

Slow sand filters are characterized by infiltration rates between 2 and 6 m® m? day™.
Therefore, for the present study filters with an infiltration rate equal to 4.24 m® m? day™ were
used, which was measured by the time required for all the liquid to be leached through the filter
and adjusted with the aid of the flow regulating funnel.

Regarding the leachate volume, it was established that the volume in each sand filter would
comprise only 125 mL per day over seven days, as it is the time limit for the main characteristics
of the textile effluent to be fully conserved and used during the leaching. Table 1 presents the
parameters evaluated in the textile effluent (crude and leachate), the analysis frequency, and
employed method, based on APHA et al. (2012).

Table 1. Parameters evaluated in textile effluent.

Parameters Employed Method Frequency
pH conductivity
Turbidity nephelometric
Color spectrophotometric
Conductivity conductivity Daily, for seven days
Salinity multiparameter probe
Temperature multiparameter probe
oD membrane electrode
BOD manometric
COoD colorimetric .
Ammoniacal Nitrogen itrimetric Once, on the last day of the experiment
Phosphorus colorimetric

3. RESULTS AND DISCUSSION

Table 2 shows the percentages of sand, silt and clay, and the textural classification.
According to these data, the soil is classified as sand with compact angular granulation and has
an average apparent porosity of 55.97%. The textural classification is of type Sandy Loam.

Table 2. Particle-size fraction of the soil
used for the filters.

Particle-size fraction Proportion (%)

Clay - 16.06
Silt - 22.88
Very fine 5.90

Fine 16.12

Sand Medium 13.37
Coarse 12.02

Very coarse 9.19

Figure 2 shows the particle-size curve observed in the sand (soil) sample. In Brazil, NBR
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13969 (ABNT, 1997) regulates sand filter size. According to this standard, the effective average
diameter (D10), the non-uniformity coefficient (CNU) and the depth of the sand layer should
be considered in the project. These criteria are also evaluated by the USEPA (1999) standard.

100
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70 ~
60 ~
50 +
40 ~
30 ~
20 H ———"
10 +
0

Accumulated Percentage (%)

0.0 0.0 0.1 1.0 10.0

Particle Diameter (mm)

Figure 2. Particle-size distribution curve of the used sand.

The effective mean diameter (D10) affects the infiltration rate of the affluent in the riverbed
and the penetration depth of the insoluble solid matter. The non-uniformity coefficient
represents the inequality in particle size. The higher this parameter, the better graded is the sand.
The characteristics of the filter media are summarized in Table 3 and compared to the
previously mentioned current standards.

Table 3. Summary of filter characteristics and comparison with the cited standards.

Consulted Normatives

Parameters

SSF NBR 13969:1997 USEPA (1999)
Sand Depth (m) 0.20 0.70 0.45t00.91
Soil type Sandy loam n.s n.s
Effective average diameter (D10) (mm) 1.00 0.25t01.20 0.25t00.75
Non-uniformity coefficient (CNU) 0.062 Lower than 4 Lower than 4

Note: n.s.= non specified.

The effective average diameter (D10) is equal to the diameter of the sieve that allows 10%
of the soil to pass through. From Figure 2, it can be inferred that the passing percentage of 10%
equals the cumulative percentage of 90%, assigning a value equal to 1.00 mm for D10. The
non-uniformity coefficient (NUC) is equivalent to the diameter of the sieves that allow 60% of
the soil divided by D10 to pass. Similarly, 60% of the passing soil equals 40% of accumulated
soil, this value being 0.062, as observed in Figure 2. Thus, the NUC is 0.062. Therefore, these
two parameters make the chosen soil suitable for use as a slow sand filter material.

Figure 3a shows the dynamics of the textile effluent’s pH before and immediately after
filtration and Figure 3b shows the study of dissolved oxygen slow sand filters.
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Figure 3. Graphs for daily analysis of pH and dissolved oxygen of textile effluents before and after
filtration.

When the purpose of the effluent’s treatment is to use it as agricultural reuse water, the pH
becomes relevant once the soil texture and structure are known. The pH of water, along with
the soil and plant species, determine nutrient uptake by the capillary root (Souza et al., 2010).
The water used for irrigation must remain in the pH value range between 6.5 and 8.4. If
wastewater presents values outside this range, it may cause nutritional imbalance to the plant
(Sousa et al., 2005). From the results expressed in Figure 3a, it is observed that the pH values
for the leachate of SSF2, SSF3, and SSF4 (irrigated with textile effluent) presented results
within the allowed pH range. According to Armindo et al. (2015), changes in pH may cause the
solidification of some elements that were previously dissolved. The already established pH
value range must also be met to avoid problems with pipes and equipment used for irrigation.

Conversely, the pH of the collected samples, after going through SSF2, SSF3, and SSF4,
presented an average value of 7.6. This result is close to the average value for SSF1, a filter
filled with distilled water. Brazilian Resolution N° 430 (Conama, 2011) recommends pH values
for effluent discharge into receiving bodies between 5 and 9; in other words, the filtered samples
reached the values allowed by the standard.

The dissolved oxygen (DO) concentration shown in Figure 3b is directly linked to the
presence of organic matter. Once in aerobic organic matter stabilization processes, the DO is
consumed by bacteria, as well as by other chemical and biological processes that consume DO
from the environment. In general, the higher the DO concentration in water sources, the better
the water quality from the perspective of this parameter. According to Figure 3b, it is noticed
that the textile effluent presented much lower dissolved oxygen concentrations than the samples
that passed through the filtration. The low DO result for the effluent can be explained by the
high level of COD and BOD.

The high concentrations of DO compared to the values expressed before passing through
the filters demonstrate the high aeration capacity of slow, intermittent sand filters. Aeration can
be explained by the time the filters rest between applications, as applications were performed
every 24 hours. In this way, the air is allowed into the sand pores, positively meeting the
metabolism of aerobic bacteria and allowing dilution of oxygen in the liquid mass.

The average DO value for filters that received the textile effluent was 2.23 mg L. Tonetti
et al. (2012) showed that waters with these dissolved oxygen concentrations can be used for
irrigation of vegetables, fruit and park plants, as well as aquaculture.

Figure 4a shows the turbidity before and after filtration and Figure 4b shows the study of
color. Turbidity, shown in Figure 4a, is caused by the presence of suspended particles in water.
It is an essential property in localized irrigation because sedimented water can cause emitter
clogging, altering the flow rate. This physical characteristic can be reduced through the
filtration process. The results for the slow sand filters are much lower than the values for the
textile effluent.
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Figure 4. Graphs for daily analysis of turbidity and color of textile effluents before and after
filtration.

The textile effluent, before application on the filters, presented an average turbidity of
12.61 NTU. The average turbidity for SSF2, SSF3, and SSF4 (leachate) filters was 1.3 NTU,
which is considered an acceptable value for localized irrigation systems regarding clogging
problems. Paterniani et al. (2008) conducted a study with slow filters to remove suspended solid
particles in water samples. The study obtained turbidity values up to 16.9 NTU and no clogging
problems were detected in the drip irrigation system.

The color of a sample, shown in Figure 4b, indicates the presence of dissolved organic or
inorganic matter and refers to the presence of suspended material, being a parameter that can
be quickly and easily determined (Heller et al., 2007). Figure 4b shows the study of apparent
color for slow sand filters. It was observed that the results for the slow sand filters irrigated with
textile effluent (SSF2, SSF3, and SSF4) presented values close to the values of slow sand filters
irrigated with distilled water (SSF1). That evidence shows that none of the filters had high
leaching of the soil in the pipes.

It can be inferred that the color values for SSF2, SSF3, and SSF4 (leachate) were lower
than the values presented in the raw textile effluent, with results close to those from SSF1. The
efficiency of apparent color removal on the filters was, on average, 61.24%. According to
findings presented by Paterniani et al. (2011), the slow sand filter used in this study as a filter
medium for treated domestic effluent, with a soil layer of 75 cm, presented an efficiency of
26%. Therefore, it could be used in fertigation practices.

Figure 5a shows the electric conductivity before and after filtration and Figure 5b shows
the study of salinity. Through graphical analysis (Figure 5a), it was observed that the electrical
conductivity in Filter 1 (SSF1), which was fed with distilled water, remained lower than the
effluent, which was already expected, and constant over the days. The conductivity of the used
water increased to feed the filter with the leachate; this was due to the ions that were carried
from the soil along with the sample because the distilled water used to irrigate the filter had a
value below 3 pS cm™.

> 6 A 4r

S —a—38 ——— —— A

% _ast r_'_ I

3% e 3 =

5 53 32 = o

¢ £ — £ .

"':; 1.5+ Z 1t

E c 1 ’ L ¢ 1 + L + | + L 4 D .=d + '} * | * 1 4 1 ‘_I
2 3 4 2 6 7 1 2 3 4 5 6 7

Day Day

+-55F1 -@-55F2 —-S5F3 S5F4 —m-Textile Efluent

Figure 5. Graphs for daily analysis of electric conductivity and salinity of textile
effluents before and after filtration.
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For SSF2, SSF3, and SSF4, it was observed that the electrical conductivity tended to reach
the values of the used textile effluent, elucidating the fact that the soil reached possible
saturation in relation to the ions, leaching the ions present in the effluent sample and reaching
equilibrium. In general, the electrical conductivity of the SSF2, SSF3, and SSF4 filters
presented an average value of 3610 uS cm™. According to the data presented by Jeong et al.
(2016), if the electrical conductivity of irrigation water is below 700 puS cm™, crop growth will
not be affected. However, if the electrical conductivity value is above 3000 uS cm, it can cause
severe damage, characterizing the irrigation water as improper.

According to the primary and practical concepts established for water quality for irrigation
purposes (Cordeiro, 2001), the average electrical conductivity value obtained in samples after
passage through slow filters, characterized it as Class 4, i.e., very high salinity. However, if
water is used for disposal in the soil, they must be permeable and have adequate drainage
(Mancuso and Santos, 2003). Irrigation should be done in excess, providing considerable
dissolution and the selected vegetation should be salt tolerant.

Salinity (Figure 5b) is a very limiting factor for irrigation as plant development and growth
can be impaired. It was possible to observe that SSF1 showed practically no salinity record,
demonstrating that the solvent (distilled water) and the soil used in the filters did not show
salinity levels. The filters irrigated with the effluent presented behavior similar to the results
expressed by the electrical conductivity. The salinity of SSF2, SSF3, and SSF4 increased during
the experiment, converging with the effluent used.

The salinity values for the leachate from the irrigated filters with textile effluent do not
meet the established standards for irrigation (Cordeiro, 2001). These results can be compared
to the electrical conductivity values, which may leave the irrigated soil saline and infertile,
impairing the development of plants. The more salts present in water, the higher the ability of
water to conduct electric current. The presence of water-soluble salts can lead the soil to
salinization conditions, harming plant growth. Thus, water with high concentrations of
electrical conductivity should be avoided.

Another practice to reduce salinity problems is to apply an additional amount of water to
leach out salts from irrigation. Nevertheless, the irrigation frequency and the application depth
can be adjusted.

However, according to Armindo et al. (2015), it is possible to minimize the risk of salinity
with sound soil and crop management. If the soil remains saline due to irrigation, crops that can
grow satisfactorily under such conditions should be selected. Another practice to reduce salinity
problems is to apply an additional amount of water to leach out salts from irrigation. Even so,
the irrigation frequency and the application depth can be adjusted.

Table 4 shows the average BOD, COD, ammoniacal N, phosphorus, turbidity and color
results for effluent samples before and after filtration. From the analysis of Table 4, it is noted
that the textile effluent presented a BOD concentration of 440 mg L. This value when
compared to the results of SSF2, SSF3, and SSF4 shows that the type of filter used in this
experiment was able to significantly reduce BOD concentrations, with approximately 98%
efficiency, adjusting the final effluent for the release. The removal of organic matter may have
occurred by organic matter mineralization, degradation by aerobic microorganisms, and its
accumulation in the soil. Resolution No. 430 (Conama, 2011) evidences that the permitted
removal for release in watercourses should be 60%, which is a sound result. SSF1, when
irrigated with distilled water. The efficiency of turbidity removal averaged 89%, which means
a good performance.

Ammonia nitrogen and total phosphorus data are also presented in Table 4. The Table
showed a high concentration of ammonia nitrogen and phosphorus for the textile effluent, which
was already expected due to the chemicals used in industrial laundry processes. Table 4 also
demonstrated that there was nutrient incorporation into the soil due to the low concentration of
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these parameters directly after the textile effluent passes through the slow sand filters. Ammonia
nitrogen and phosphorus values presented in SSF1 are due to their concentrations in the soil,
which were leached during the filtration process.

Table 4. Mean results of parameters for effluent samples before and after filtration.

Values after the filters (leachate)

Parameter Values before the filters Removal efficiency (%6)
SSF1 SSF2  SSF3  SSF4

BOD (mg L) 440 0 10 10 5 98.11 £ 0.66
COD (mg L) 756.01 78.39 12433 16545 136.34 81.21+2.80
Ammoniacal N (mg L?) 29.12 2.24 1.12 3.92 2.80 91.03+4.84
Phosphorus (mg L™?) 3.69 1.74 0.61 0.80 0.42 83.54 +5.12
Turbidity (NTU) 14.24 2.38 1.02 121 1.76 90.33+1.34
Color (Hz) 314 80 122 133 135 58.60 £ 2.23

According to Sousa et al. (2005), ammonia nitrogen values above 30 mg L™ are not
recommended for irrigation. For sensitive cultures, ammoniacal nitrogen concentrations above
5 mg L? result in negative effects. The filters were able to adjust the textile effluent for
irrigation, reducing the initial concentration of 29.12 mg L to values below 2 mg L.

Resolution N° 430 (Conama, 2011) indicates that the maximum value for ammonia
nitrogen for effluents discharged into receiving bodies should be a maximum of 20 mg L. The
ammonia nitrogen values indicate that the filters were able to adapt the treated effluent for
release into water bodies.

Figure 6 shows the final balance of the COD, ammonia nitrogen, and total phosphorus
parameters. The COD (Figure 6a) of SSF2, SSF3 and SSF4, compared to that of the textile
effluent used to feed the filters, proves that the incorporation of organic matter in the soil was
approximately 81.17%. According to Paterniani et al. (2011), these values are considered
acceptable if the reuse purpose is fertigation of cooked, consumed plants, fertigation of inedible
plants and reuse for environmental improvement.
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Figure 6. Graphs for the analyses performed at the end of the experiment.

According to the results expressed in Figure 6b, the phosphorus removal by slow sand
filters was, on average, 83.54%. Probably, this reduction was due to the microbiological
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assimilation of some bacteria genders, contributing efficiently to reduce the phosphorus
concentration in the wastewater. This phosphorus release is vital for agricultural reuse, as this
component is essential for storing and transporting energy to the plant. That is, without its
presence, no metabolic process occurs (Sousa et al., 2005).

The average ammonia nitrogen removal among filters receiving textile effluent irrigation
was 91% (Figure 6c), approximately. The removal obtained by Brito-Pelegrini (2006) was 12%
for landfill leachate (slurry). The low percentage of removal obtained by this author is explained
by the fact that the effluent used in his work consists of landfill percolate, a highly toxic
compound with a high recalcitrant organic load.

Table 5 shows the presence of nitrogen in the soil in the form of nitrate (NO3) and
ammonium (NH4") ions in the natural soil sample and each column sample after irrigation with
effluent. As expected, for filters irrigated with effluent, ion concentrations increased
substantially. In the SSF1 soil, it was noted that the ammonium concentration regarding the raw
soil was the same as it was irrigated with distilled water. However, the nitrate ion was leached,
because the concentration in the soil was reduced.

In SSF2, SSF3, and SSF4 soils, which were irrigated with effluent, the values of the
analyzed ions increased when compared to the raw soil values, with the values of ammonium
higher than those of nitrate.

Table 5. Ammonium and nitrate in natural soil and soils after use as a filter.
Parameter Rough soil SSF1 SSF2 SSF3  SSKF4

Nitrate (mg kg™) 16.29 9.30 56.00 70.00 81.67
Ammonium (mg kg?) 7.10 7.00 123.67 147.00 116.67

Although ammonium was converted to nitrate by nitrification, the bacteria responsible for
this biological process were unable to perform this conversion clearly. The reduction in
microbial biomass may be relevant to nutrients supply such as sodium, indirectly compromising
the nutritional disorder (Andrade et al., 2016).

4. CONCLUSIONS

The pH result for samples collected after filtration were within the recommended value
range for agricultural reuse water, making the samples that passed the filters more fundamental
than the textile effluent used.

Regarding the dissolved oxygen concentration, the filters were able to aerate between the
rest period of each slow filter and were able to be used for irrigation.

The average color and turbidity reduction shows that the filters were efficient in removing
particulates, dissolved materials, and organic matter, promoting the use of reused water in
fertigation practices, performed through drip systems, which did not present clogging problems.

The electrical conductivity values and the salinity concentrations did not reach the
allowable range for irrigation, necessitating the use of specific soil types and selected crops if
irrigation is made with reused water from the slow sand filters. The high concentration of salts
present in the textile effluent can be explained by the fact that the laundry chosen for this
research uses salt in its textile production processes to fix color on garments.

Regarding organic matter removal, it was possible to conclude that the slow sand filters
presented excellent efficiency concerning the organic matter incorporation in the used soil.

Regarding nutrient concentrations, the filters allowed the incorporation of nutrients in the
used soil. Therefore, there was a high removal of these nutrients, evidencing a possible
reduction of eutrophication in case of release in any outfall. However, the values obtained for
these two nutrients after filtration still classify the reuse waters as suitable for irrigation
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according to international laws.

It is concluded that the simplified effluent post-treatment system of the textile industry,
performed by slow sand filters with a 20 cm thick sand layer, was efficient, presenting no severe
problems during its operation.
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