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Reuse of effluents from cattle slaughterhouses: multicriteria evaluation
Reaproveitamento de efluentes de frigorificos bovinos: avaliagdo multicritério
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RESUMO

Cattle slaughterhouses generate a large amount of effluent with a
high concentration of organic and inorganic compounds. However,
the choice of appropriate technologies can produce effluents with
sufficient quality for the practice of reuse as a strategy for saving
water. This study aimed to determine the efficiency of effluent
treatment systems from cattle slaughterhouses to promote the
reuse of effluents, specifically for fertigation. The multicriteria
analysis was employed, adopting the ELECTRE | method. The
effluent treatment alternatives, the definition of the degree of
importance, and the weights of each established criterion were
considered. The estimated volume of effluents generated in
slaughterhouses in Brazil was 85.374 million m3year, with a
high concentration of biochemical/chemical oxygen demand,
nutrients, oils, and greases, solids, and E. coli. The treatment
technologies that showed the best performance were UASB
reactor + ultrafiltration and activated sludge + ultrafiltration,
producing effluents with compatible quality for agricultural reuse
under Brazilian legislation.

Keywords: agricultural reuse; ELECTRE | method; effluent quality;
treatment technologies; environmental sustainability.

Os abatedouros de bovinos geram grande quantidade de efluentes
com alta concentragdo de compostos organicos e inorganicos.
Entretanto, a escolha de tecnologias adequadas pode produzir
efluentes com qualidade suficiente para a pratica do redso como
estratégia de economia de agua. Este estudo teve como objetivo
determinar a eficiéncia de sistemas de tratamento de efluentes de
frigorificos bovinos para promover o reaproveitamento de efluentes,
especificamente para a fertirrigagdo. A analise multicritério foi
empregada, adotando-se o método ELECTRE |. Foram consideradas
as alternativas de tratamento de efluentes, a definicdo do grau
de importancia e os pesos de cada critério estabelecido. O volume
estimado de efluentes gerados em frigorificos no Brasil foi de 85,374
milhdes de m¥ano, com alta concentracdo de demanda bioquimica/
quimica de oxigénio, nutrientes, dleos e graxas, solidos e E. coli. As
tecnologias de tratamento que apresentaram melhor desempenho
foram reator upflow anaerobic sludge blanket — UASB + ultrafiltragdo
e lodo ativado + ultrafiltragdo, produzindo efluentes com qualidade
compativel para reuso agricola pela legislagdo brasileira.

Palavras-chave: reuso agricola; método ELECTRE |; qualidade de
efluentes; tecnologias de tratamento e sustentabilidade ambiental.
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Introduction

The main producing countries of meat are the United States, with
21.70% of world meat production, followed by Brazil with 17.42% and
China with 11.99% (USDA, 2023). For 2023, Brazil has an estimated
beef production of 10,570 million tons, and remains the second largest
producer in the world (USDA, 2023). Countries such as the United
States, Brazil and China are consolidating themselves in the market
as the largest bovine meat producers in the world, with growth pros-
pects due to market demands which will result in an increase in world
production of around 6 million equivalent tons of carcass (TEC) until
2029 (OECD/FAO, 2020).

Water consumption in these facilities varies between 1 and 8.3 m®
per animal, of which between 0.4 and 3.1 m? are discarded as waste-
water, depending on the type of animal slaughtered and the process-
ing operation (Giirel and Biiytikgiingor, 2011; Farzadkia et al., 2016),
which can reach up to 80% of the total water consumed (Metcalf et al.,
2004). Due to high production in Europe, bovine meat processing
involves water consumption that can vary between 2,500 and 40,000
L/t of product, due to strict sanitary rules. In the United States, water
consumption is approximately 3,000 L/t of dead animals (Valta et al.,
2015).

Water consumption generates effluents; however, by adopting ap-
propriate technologies, treatment can be optimized, leading to the pos-
sibility of reuse. What it represents for the sector is savings in water
consumption and/or the destination of the effluent generated for use in
another productive sector, as long as it meets the standards established
by legislation (Wilcox et al., 2016).

As for the reuse of effluents, directing them to sectors that need a
high volume of water, such as agriculture, is an option and a practice
already established in several countries (Chen et al., 2017; Libutti et al.,
2018; Michetti et al., 2019; Takeuchi and Tanaka, 2020; Habip et al.,
2020; Craddock et al., 2021).

In Brazil, the practice of direct reuse for agriculture and forestry
is established by Resolution n° 121/2010 (Brasil, 2010). In the specific
case of agriculture, Resolution n° 503/2021 is the legal instrument that
defines the criteria and procedures for the practice of reuse in fertiga-
tion systems, using effluents from the food, beverage, dairy, slaugh-
terhouse, and grease industries (Brasil, 2021). The referred resolution
specifies that reuse must be practiced with the stabilized effluent, rec-
ommending that analyzes be carried out before the first application
and monitored annually (Brasil, 2021).

Adopting appropriate treatment systems and legislation, the prac-
tice of reuse, in this case for fertigation, commonly used to irrigate and
fertilize crops simultaneously (Pérez-Castro et al., 2017; Senthilkumar
et al., 2017; Mainardis et al., 2022), will be more efficient in terms of
water use.

The selection of efficient treatment systems for these effluents is
generally complex due to the need to define priority criteria and ob-

jectives such as environmental, economic, and social ones (De Melo
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Ribeiro and Naval, 2019). Mathematical models have been developed
to help this selection, minimizing errors and maximizing the efficiency
of the systems.

Among the typologies of mathematical models, multicriteria anal-
ysis has been adopted because it allows the selection of alternatives
based on predefined criteria. Among these programs, ] ELECTRE v 3.0
was adopted in this study to evaluate, through multicriteria analysis,
systems for the treatment of effluents from livestock slaughterhouses
and determine the most efficient ones, including those that allow reuse
in fertigation systems as a strategy for water economy.

Methodology

Estimation of volume and characterization of effluents
generated in cattle slaughterhouses in Brazil.

To determine the volume of effluent generated in cattle slaughter-
houses, considering each slaughtered animal, theoretical values of 0.4
to 3.1 m® were adopted (Giirel and Biiyiikgiingér, 2011; Farzadkia et al.,
2016). To estimate the volume of effluents generated in cattle slaughter-
houses in Brazil, the value of 3.1 m® per animal (greater volume) was
adopted for safety purposes (Equation 1).
VEGS = 3,1 % NAS (1)
Where:

VEGS: volume of effluent generated at the slaughterhouse, in m?;

NAS: number of animals slaughtered.

As for the characteristics of the effluents, theoretical values
were used, obtaining the average of the concentration of physical,
chemical, and microbiological parameters. The parameters em-
ployed are those adopted by current Brazilian legislation (Brasil,
2021) and other parameters commonly used for the characteriza-
tion of this type of effluent, such as: calcium, lead, total organic
carbon, biochemical oxygen demand — BOD,,, chemical oxygen
demand — COD, total nitrogen, oils and mineral greases, vegetable
oils and greases, pH, sodium, total phosphorus, potassium, total
suspended solids, total solids, total fixed solids and Escherichia coli
(E. coli) (Table 1).

Reuse of effluents from cattle slaughterhouses in agriculture.

A comparison was made between the characteristics of the efflu-
ents generated in slaughterhouses with the legislation for the reuse of
effluents in fertigation systems in force in Brazil through Resolution N°
503/2021 (Brasil, 2021), to verify the possibility of the reuse of effluents
from bovine slaughterhouses in agriculture (Table 2). It is reported that
Resolution N° 503/2021 does not establish values for COD or BOD, but
only advocates the need for the concentration of the parameter to be
reduced (Brasil, 2021).
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Table 1 - Physical-chemical and microbiological characteristics of effluents from cattle slaughterhouses.

Red Line
Parameters References
Average

Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)
Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)

Calcium (mg/L) 57.5
Lead (mg/L) 4.0
BOD (mg/L) 5.746
COD (mg/L) 19.690
TN (mg/L) 965.33
MOG 209.29
VOG 209.29
pH 7.28
Potassium (mg/L) 138.5
TP (mg/L) 86.0
Sodium (mg/L) 1.473
TSS (mg/L) 1.164
TS (mg/L) 10.333
TFS (mg/L) 1.458
E. coli 1000 (MLN/100mL) 344.688

Mittal (2006); McCabe et al. (2014); Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)
Mittal (2006); McCabe et al. (2014); Bustillo-Lecompte and Mehrvar (2015); Brooms et al. (2020); Ziara

etal. (2018)

Giirel and Biiyiikgiing6r (2011); Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)

Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)
Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)
Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)
Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)

Giirel and Biiyiikgiing6r (2011); Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)

Bustillo-Lecompte and Mehrvar (2015); Ziara et al. (2018)

Mittal (2006); Yordano (2010); McCabe et al. (2014); Bustillo-Lecompte and Mehrvar (2015)

Ziara et al. (2018)
Ziara et al. (2018)

Pereira et al. (2016); Um et al. (2016); Elsaidy et al. (2022)

BOD: biochemical oxygen demand; COD: chemical oxygen demand; TN: total nitrogen; MOG: mineral oils and greases; VOG: vegetable oils and greases; TP: total

phosphorus; TSS: total suspended solids; TS: total solids; TFS: total fixed solids.

Table 2 - Characteristics of treated effluents for reuse in fertigation systems, recommended by Resolution N° 503/2021 (Brasil, 2021).

pH
Mineral Oils and Greases
Vegetable Oils and Greases

Sodium (Na), Phosphorus (P), Potassium (K), Calcium (Ca), Magnesium
(Mg) and Aluminum (Al).

E. coli (Food eaten raw with an edible part in contact with the ground)
E. coli (Other crops and pastures)
Source: Adapted from Brasil (2021).

Determination of treatment systems that allow the reuse of
effluents from bovine slaughterhouses

The multicriteria analysis was adopted to determine the most efficient
systems for treating effluents from cattle slaughterhouses, which generate
effluents that can be reused in compliance with the requirements of the
legislation, using the Analytic Hierarchy Process (AHP) method by Saaty
(1980) and Elimination et Choix Traduisant la Realité (ELECTRE I), pro-
posed by Roy (1968). For this study, ten different technological alterna-
tives for the treatment of effluents were selected (Table 3).

As a criterion for selecting alternatives, the mandatory physi-
cal-chemical and microbiological parameters were adopted with refer-
ence values established by Brazil's Environment Council (CONAMA)
Resolution N°503/2021 to determine the efficiency of the treatment alter-
natives, namely: oils and greases, BOD and/or COD and E. coli (Table 3).
Other criteria also defined were implementation cost and area occupied
by the treatment system (Table 4).

between 5 and 9
up to 20 mg/L
up to 50 mg/L

Parameters with no established maximum value, but mandatory characterization
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for agronomic purposes.
1,000
10,000

Table 3 - Effluent treatment alternatives are considered in applying the
multicriteria analysis, adopting the Elimination et Choix Traduisant la
Realité (ELECTRE I) method.

Identification Alternatives

al Coagulation and Flocculation + Ultrafiltration
a2 Coagulation and Flocculation + Ozonation
a3 Membrane Bioreactors + Ultrafiltration

a4 Membrane Bioreactors + Ozonation

a5 Anaerobic Lagoon + Ultrafiltration

a6 Anaerobic Lagoon + Ozonation

a7 UASB Reactor + Ultrafiltration

a8 UASB Reactor + Ozonation

a9 Activated Sludge + Ultrafiltration

alo Activated Sludge + Ozonation
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Table 4 - Identification and definition of the criteria adopted for the use of
the Elimination et Choix Traduisant la Realité (ELECTRE I) method.

o Escherichia coli Percentage of removal of

removal Escherichia coli

) Removal of BOD BOD and/or COD removal
& and/or COD percentage

3 Oil and Grease Oil and Grease Removal
& Removal Percentage
) Tyl Clost Cost of implementing the

treatment system

. @eailame Area occupied by the treatment

system

Definition of the degree of importance and weights of
each criterion

The AHP method, developed by Saaty (1980), was used to define
the degree of importance and weight of each criterion in relation to the
others. This method performs a paired comparison between criteria
with the aid of the Saaty scale, determining the importance of the stan-
dard arranged in lines concerning the criterion arranged in columns,
and vice versa (Saaty, 1980).

In defining the degree of importance of the criteria, consideration
was given to greater efficiency in removing E. coli, BOD (or COD), and
oils and greases, lower cost of implementation, and smaller area occu-
pied by the treatment system, in that order of importance.

EachdegreeofimportancewasdeterminedusingtheSaatyscale,which
generatedajudgmentmatrixwhoseimportanceistranslatednumerically:
1 represents equality of importance between the criteria; 3 is moder-
ate importance; 5 is high importance; 7 is high importance; and 9 is
extreme importance. Values 2, 4, 6, and 8 represent an intermediate
degree of importance between the mentioned classes.

The average values of each line of the normalized judgment matrix
are calculated to obtain the relative weight (w) for each criterion used
in the ELECTRE I method. Based on these data, the consistency ratio
(CR) was calculated, which verifies the consistency of the values at-
tributed by judgment, being acceptable when RC < 0.10 (Saaty, 1980).

Once the priority vector is computed, we get the principal eigen-
value from the pairwise comparison matrix. Based on the principal
own value, the consistency index metric is calculated. By adopting the
consistency index metric, the consistency index is calculated (Equation
2). For the calculation of the consistency index, Equation 3 is adopted.
The principal eigenvalue is obtained from the sum of the products be-
tween each element of the eigenvector and the sum of the columns of

the reciprocal matrix.

Consistency Ratio = Consistency Index / Random Index (2)

Consistency Index = (principal eigenvalue-n)/(n-1) 3)

Where: n = the dimension of the matrix

Application of the Elimination et Choix Traduisant la Realité
(ELECTRE I) Method

Scores from 1 to 10 were defined for each criterion, with 10 be-
ing the most efficient value for implementation cost and occupied
area. In the case of the criterion removal of BOD/COD, oils and
greases and E. coli, the removal percentages of each treatment sys-
tem, normally adopted, were used. The ] Electre I v 3.0 software was
used to assist in applying the ELECTRE I method considering the

agreement and disagreement indexes of 0.7 and 0.3, respectively.
Results and Discussion

Definition of the degree of importance and weights of
each criterion

Using the AHP method and Saaty’s scale (1980), degrees of
importance were obtained for each criterion, generating the judg-
ment matrix and the normalized equivalent matrix. In the case of
the chosen criteria, the matrix presents the removal of E. coli with
greater importance, followed by the removal of BOD/COD, remov-
al of oils and greases, implementation cost, and occupied area, in
that order (Table 5). The judgment matrix was normalized to apply
the AHP method, resulting in values that were used to calculate
the relative weight for each criterion (Table 5). Despite having de-
fined the order of priority, this step of the method was necessary to
quantify how much each criterion is a priority for choosing the best
treatment system.

Among the effluent treatment systems commonly used in cattle
slaughterhouses, high percentages of organic matter (BOD and COD)
can be achieved when specific treatment systems are adopted, such as
membrane bioreactors, with the removal of about 97% of COD; the an-
aerobic lagoons that reach 97% of BOD removal; UASB reactors with
90% COD removal; and activated sludge with 97.4% COD removal effi-
ciency (Mittal, 2006; Giirel and Biiyiikgiing6r, 2011; Nacheva et al., 2011;
McCabe et al,, 2014; Adou et al,, 2020; Svierzoski et al., 2021; Ng et al.,
2022). As for oil and grease removal, the combinations that stand out are,
once again, those linked to ultrafiltration, all with a score above 9.9, due
to the 99% removal percentage of this technology. For removing E. coli,
the technologies of ozonation stand out with 99% removal and ultrafil-
tration with 99.98% removal (Bertolossi et al., 2021). The combined pro-
cess of ultrafiltration with ozonation for wastewater treatment is effective
in reducing the microbial load (Graga et al., 2020).

The definitive weights of each criterion were calculated, aiming at
the application of the ELECTRE I method. The criterion weights were
defined as follows: 51.1% for removal of E. coli, 23.93% for removal of
BOD/COD, 13.28% for oil and grease removal, 7.37% for the imple-
mentation cost, and 5.57% for the occupied area (Table 6). The con-
sistency index, which validates the criterion weight calculations, was
0.029 (less than 0.10), showing that the values attributed to the criteri-
on were consistent and could be used in the model.

RBCIAMB | v.58 | n.2 | Jun 2023 | 203-211 - ISSN 2176-9478



Reuse of effluents from cattle slaughterhouses: multicriteria evaluation

Table 5 - Judgment matrix for determining the degree of importance of one criterion concerning the others, for selecting the effluent treatment system in

cattle slaughterhouses

BOD/COD Removal Removal Oil and Grease Implementatlon Cost Occupled Area

E. coli removal

DBO/COD removal 0.33 1 2 4 6
Oil and grease Removal 0.20 0.5 1 2 4
Implementation Cost 0.17 0.25 0.50 1 2
Occupied zone 0.13 0.17 0.25 0.50 1
Sum 1.83 4.92 8.75 13.50 21.00
Normalized matrix
E. coli removal 0.55 0.61 0.57 0.44 0.38
BOD/COD removal 0.18 0.20 0.23 0.30 0.29
Oil and grease Removal 0.11 0.10 0.11 0.15 0.19
Implementation Cost 0.09 0.05 0.06 0.07 0.10
Occupied zone 0.07 0.03 0.03 0.04 0.05
Sum 1.00 1.00 1.00 1.00 1.00

Table 6 - Weights of the criteria used in choosing the most efficient treatment system for the reuse of effluents in slaughterhouses, using the Elimination et

Choix Traduisant la Realité (ELECTRE I) method.

- Weights (w) Weights (%) Consistency Ratio (RC)

E. coli removal 0.5110

g2 DBO/COD removal 0.2393

g3 Oil and grease removal 0.1328

g4 Implementation cost 0.0737

g5 Occupied zone 0.0431
Sum 1.00

Treatment alternatives with the best performance for removing mi-
croorganisms (E. coli) were prioritized, with the weight representing
more than half of the final grade (51.10%). Adding to this percentage
the weight for removing organic matter (23.93%), the two criteria cor-
respond to 75.03% of the final grade. That is, combinations of systems
that remove high levels of organic matter and E. coli are those pointed

out by the model.

Application of the Elimination et Choix Traduisant la Realité
(ELECTRE I) Method

The scores from 0 to 10 were assigned in the ELECTRE I method
to each criterion of each treatment alternative to enable application.
For the removal of microorganisms and BOD/COD removal, the
grades were defined based on the percentage of reduction of each com-
bined system, also considering the scale from 0 to 10.

The effluent treatment alternatives with the lowest cost and smallest
implantation area received the highest scores. The combinations with
lagoons, anaerobic lagoon + ultrafiltration and anaerobic lagoon + ozo-

nation received the highest scores, respectively, 10 and 9. In the case of
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51.10
23.93
13.28
7.37
431
100

0.029

the occupied area, the two best options were given to the combinations
with UASB Reactor (UASB reactor + ultrafiltration and UASB reactor +
ozonation, both with 10) (Table 7), as they are compact systems.

Regarding the removal of BOD/COD, despite being similar, the
combinations of ultrafiltration with activated sludge systems (9.99),
membrane bioreactors (9.99), anaerobic lagoon (9.99) and UASB
reactor (9.97) received the highest scores (Table 7). For the removal
of microorganisms (E. coli), the highlight was the use of ultrafiltra-
tion, since it gave all alternatives combined with ultrafiltration a
score of 9.99 (Table 7).

As for oil and grease removal, the combinations that stand out are,
once again, those linked to ultrafiltration, all with scores above 9.9, be-
cause of the 99% removal percentage of this technology (Table 7).

Based on the treatment alternatives, the criterion, the scores,
and the weight of each criterion, the ELECTRE I model was applied
using the J Electre I v3.0 software. The model determined that the
most efficient combinations for the treatment of effluents from
slaughterhouses to reuse were, respectively, UASB reactor + ultra-
filtration (a7) and activated sludge + ultrafiltration (a9) (Table 8).
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Table 7 - The efficiency of alternatives for treating effluents from cattle slaughterhouses according to the point scale counted from 0 to 10, with 10 being the optima.l value.

Coagulation and Flocculation + Ultrafiltration

a2 Coagulation and Flocculation + Ozonation 4
a3 Membrane Bioreactors + Ultrafiltration 2
a4 Membrane Bioreactors + Ozonation 1
a5 Anaerobic Lagoon + Ultrafiltration 10
a6 Anaerobic Lagoon + Ozonation 9
a7 UASB Reactor + Ultrafiltration 8
a8 UASB Reactor + Ozonation 7
a9 Activated Sludge + Ultrafiltration 6
alo Activated Sludge + Ozonation 5

Sum 55

9.925 9.998 9.981
7 8.090 9.900 9.617
9 9.991 9.998 9.941
9 9.771 9.900 8.809
6 9.991 9.998 9.900
6 9.771 9.900 7.952
10 9.970 9.998 9.987
10 9.236 9.900 9.744
8 9.992 9.998 9.976
8 9.801 9.900 9.524
80 96.54 98.59 95.43

Table 8 - Selection of treatment alternatives for effluents from cattle slaughterhouses for reuse in agriculture based on the dominance matrix generated by

the J Electre I v3.0 software.

e Y N HCO NN I I 20 TN TN T T

1.00 1.00 1.00 0.00
a2 0.00 - 0.00 1.00 0.00
a3 1.00 1.00 = 1.0 0.00
a4 0.00 0.00 0.00 - 0.00
a5 1.00 1.00 0.00 0.00 =
a6 0.00 1.00 0.00 0.00 0.00
a7 1.00 1.00 1.00 1.00 0.00
a8 0.00 1.00 0.00 1.00 0.00
a9 1.00 1.00 1.0 1.00 0.00
al0 0.00 1.00 0.00 1.00 0.00

The dominance matrix of the alternatives defined the best combina-
tions for the treatment. In this matrix, number 1 (one) means that
the alternative listed in the line is more indicated than the alternative
listed in the column, and zero represents the opposite. According to
the model, the alternatives arranged in rows with the highest sum are
the best choices. The ideal alternatives are a7 and a9, since the sums

were equal to 7 (seven), surpassing the other alternatives (Table 8).

Simulation of the application of the selected alternatives to
the raw effluent

Considering each treatment technology and the removal per-
centage of the COD, E. coli, and oils and greases parameters, a sim-
ulation was carried out of what would be the characteristics of the
effluents after treatment with the selected alternatives (UASB reac-
tor + ultrafiltration [a7] and activated sludge + ultrafiltration [a9]).
Data from the red line were used because this is the line with the high-
est concentrations of pollutants. That is, in theory, the worst scenario
for reuse. Notably, the percentage of COD removal presented by ultra-
filtration (94%) was considered in the calculation, as the systems act
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0.00 0.00 0.00 0.00 1.00 4.00
0.00 0.00 0.00 0.00 0.00 1.00
0.00 0.00 0.00 0.00 0.00 3.00
0.00 0.00 0.00 0.00 0.00 0.00
1.00 0.00 0.00 0.00 1.00 4.00

= 0.00 0.00 0.00 1.00 2.00
0.00 = 1.00 1.00 1.00 7.00
0.00 0.00 = 0.00 1.00 3.00
0.00 1.00 1.00 - 1.00 7.00
0.00 0.00 1.00 0.00 = 3.00

in combination. The final concentrations were obtained by applying
the theoretical removal rates (Table 7) and the characteristics of raw
effluents from bovine slaughterhouses, which are mandatory for reuse
of effluents (Table 2).

It was verified that, after treating the effluents with the combi-
nations UASB reactor + ultrafiltration or activated sludge + ultra-
filtration, the effluents from bovine slaughterhouses could be re-
used in fertigation systems, as they meet the values recommended
by current legislation in Brazil (Brasil, 2021). For the data present-
ed, there would only be a need to measure the concentrations of
aluminum and magnesium, as they are of agronomic interest, de-
spite not having a reference value in the legislation (Brasil, 2021).

In the simulation carried out, after treatment with the
UASB reactor + ultrafiltration, the effluent had a COD of 118.14
mg/L compared to 19,690 mg/L of the raw effluent (Table 9).
Regarding oils and greases, the effluent had a concentration of 0.341
mg/L compared to 209.29 mg/L of the raw effluent (Table 9), being with-
in the limit range allowed by law, which is 20 mg/L for oils and mineral

greases and 50 mg/L for vegetable oils and greases (Brasil, 2021).
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Table 9 - Characteristics of effluents from bovine slaughterhouses after treatment with the combination of UASB reactor + ultrafiltration and activated

sludge + ultrafiltration.

Parameters Effluent Effluent treated with UASB | Effluent treated Activated | Standard for Reuse in Fertigation
Reactor + Ultrafiltration Sludge + Ultrafiltration (Resolution N° 503/2021)
*

Calcium (mg/L) 57.5 57.5 57.5

COD (mg/L) 19,690 118.14 30.72 7,876.00**
Total Phosphorus (mg/L) 86 86 86 *
Total Nitrogen (mg/L) 965.33 965.33 965.33 -
Mineral Oils and Greases (mg/L) 209.29 0.341 0.494 20
Vegetable Oils and Greases (mg/L) 209.29 0.341 0.494 50
pH 7.28 7.28 7.28 5-9
Potassium (mg/L) 138.5 138.5 138.5 &
Sodium (mg/L) 1,473 1,473 1,473 *
Suspended Solids (mg/L) 1,164 NA NA =
Total Solids (mg/L) 10,333.50 NA NA -
Total Fixed Solids (mg/L) 1,458 NA NA -

E. coli* (CFU or NMP/100mL) 344,688 68.93 68.93 1,000
E. coli* (CFU or NMP/100mL) 344,688 68.93 68.93 10,000

*Parameters in which characterization is mandatory, even without having recommended a maximum value by legislation; **removal of 60% of DBO, according
to Resolution N° 430/2011 (Brasil, 2011); 'food consumed raw and whose edible part has contact with the ground; *other crops and pastures; NA: parameters not

evaluated for removal rate.

Concerning microorganisms, the concentration of E. coli became
68.93 MPN/100 mL (Table 9), below what is allowed by Brazilian
legislation and allowing fertigation, both for foods consumed raw,
with an edible part in contact with the soil (limit of 1,000 CFU or
NMP/ 100 mL) and for irrigation of other crops and pastures (limit
of 10,000 CFU or NMP/ 100 mL).

As for the simulation carried out with the combination of activat-
ed sludge + ultrafiltration, a COD of 30.72 mg/L was obtained, com-
pared to 19,690 mg/L of the raw effluent (Table 9), being even more
efficient than the previous alternative (118.14 mg/L), also reaching
a value higher than the 60% removal. For oils and greases, the sys-
tem obtained a final concentration of 0.494 mg/L compared to 209.29
mg/L of the raw effluent, slightly above the alternative with UASB
reactor (0.341mg/L), but meeting the requirements of the legislation
(Table 9). With regard to the presence of E. coli, by using ultrafiltra-
tion as an alternative with activated sludge, the treated effluent had a
concentration of 68.93 NMP/100 mL compared to 344,688 NMP/100
mL of the raw effluent (Table 9), showing that with the adoption of
the defined alternatives it is possible to use the effluents of bovine
slaughterhouses in fertigation systems.

Studies that used evaluation methodologies for the use of technol-
ogy for the treatment of effluents, with a view to reuse, define some
systems as more effective, including combined biological systems (De
Melo Ribeiro and Naval, 2019). Studies that used methodologies to
evaluate the use of technology for the treatment of effluents, with a
view to reuse, define some systems as more effective, including com-
bined bilogical systems (De Melo Ribeiro and Naval, 2019), but con-
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sider that some criteria are more relevant, depending on the location,
especially the economic one, which can influence decision-making
to select the treatment system to be used, especially in low-income
countries (Ling et al., 2021).

Using multicriteria analysis to define the best technological
alternative for the treatment of industrial effluents, treatment
systems that combine bioreactor; coagulation/ flocculation/ sed-
imentation; microfiltration by membranes (Queiroz et al., 2013),
sedimentation/ flotation; coagulation/ flocculation; biological
treatment by activated sludge process; filtration; reverse osmosis
and UV disinfection (Cristovao et al., 2015) have been identified
as adequate, when evaluating the criteria construction cost; cost
of operation & maintenance; removal of pollutants; system com-
plexity; skilled labor; power consumption; odor and even the pos-
sibility of achieving potability (De Melo Ribeiro and Naval, 2019).
The fact is that there are different possibilities of technologies to
produce reused water, which must be evaluated according to the
user’s interest criteria.

Ultrafiltration combined with other technologies to produce reuse
water has been shown to be among the tertiary treatment alternatives,
one of the most appropriate in relation to the criterion related to the
cost of the life cycle, making it the most suitable alternative for reuse in
industries (Akhoundi and Nazif, 2018).

Based on these analyses, it is observed that cattle slaughterhouses
have the potential to allocate the effluents generated for reuse in agri-
culture due to the volume generated and the nutritional characteris-

tics. Treated effluents have a clear potential to be reused for irrigation,
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as long as they undergo adequate treatment. This practice is an effec-
tive option, especially in regions with intensive agriculture, allowing
water savings.

Multicriteria decision-making methods regarding the reuse of
treated wastewater can be tools to determine solutions under uncer-
tainties, as they prioritize reuse applications, as well as treatment tech-
nologies to be adopted (Akhoundi and Nazif, 2018).

Conclusion
For the defined evaluation criterion, the judgment matrix for
determining the degree of importance of a criterion concerning the

others indicated the E. coli parameter, with a greater degree of impor-

tance, followed by removal of BOD/COD, removal of oils and greas-
es, implantation cost and occupied area.

The effluent treatment alternatives with the best performance for
the removal of microorganisms (E. coli) were prioritized, since the
weight represented more than half of the final grade (51.10%), as well
as those technologies that best remove the organic matter (23.93%),
placing the two parameters as the ones that most influenced the choice
of technologies to be adopted.

The combinations of treatment systems “UASB reactor + ultrafil-
tration” and “activated sludge + ultrafiltration” were the most efficient
to enable reuse in fertigation systems since the generated effluents meet
the requirements of Brazilian legislation.
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