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Abstract. The present research study was carried out at the
Mario Eyzaguirre municipal slaughterhouse in the city of Tacna,
Peru where the design, construction, and evaluation of a water
treatment system comprising catchment units, a desander, a settling
tank, a grease trap, and an Upflow Anaerobic Sludge Blanket
(UASB) was proposed. The initial and final values of BODs, COD,
ammoniacal nitrogen, oils and fats, pH, total dissolved solids, and
total dissolved solids were used as indicators of treatment efficiency.
The results show a percentage of removal at a temperature of 20°C
of 36 % of COD and 35 % of BOD, and the results for temperature
values at 35°C showed improvements in the removal of organic
pollutants with an average value of 54 % for BODs and 45 % for
COD. To improve the study proposal, units such as coagulation,
flocculation, filtration, and disinfection were complemented and
installed after the UASB, where the results indicate improvements
in water quality up to 70.84 % for BODs and 70.69 % for COD. The
present study demonstrates that applying a UASB in a municipal

animal feedlot can considerably reduce the pollution of its effluents.

Keywords-- Upflow Anaerobic Sludge Blanket, COD, BOD:s,
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I. INTRODUCTION

Slaughterhouses are strategically located to avoid
damaging the surrounding environment [1]. However, with
population growth in Tacna, Peru, this is often becoming
increasingly difficult as people tend to live near these
slaughterhouses. Most of these agro-industries do not have any
treatment system [2], and effluents, represent a severe problem
for public health [3] as these slaughterhouses can produce a
large amount of waste, which can be [4] and wastewater
loaded with proteins, fats and meat pieces, which could lead to
a non-point source of contamination [5]. In addition, these
waters are considered a hot spot for antibiotic-resistant
bacteria and antimicrobial residues [6]. Therefore, it is
necessary to propose alternatives to use or reuse waste and
water to reduce the negative impact of these companies on the
environment [7]. The Mario Eyzaguirre Yéafez municipal
slaughterhouse is located in the district of Pocollay, province,
and region of Tacna, Peru. (-17.9990295,-70.228373 ) at an
altitude of 713 m.a.s.l., which currently has a pretreatment
system for its effluents consisting of a screening operation to
separate solids, a sand trap, a grease trap, and three
interconnected retention tanks to store wastewater, with
deficiencies in the design of operations and unit processes.

The wastewater is then pumped into a tanker truck that
discharges the effluent to a different point in the municipal
slaughterhouse area (Figure 1-B). Untreated wastewater is
discharged into the municipal sewer system, causing a high
degree of contamination due to its high organic load, with
BOD5 and COD values well above the Maximum Allowable
Value stipulated by Peruvian law, likewise, by Article 24 of
the Ley N° 28611 de Ley General del Ambiente de Pert [8].

The company notes that all human activity involving
construction, works, services, and other activities that are
likely to cause significant environmental impacts are subject
to Sistema Nacional de Evaluacion de Impacto Ambiental. In
addition, this company processes cattle, pigs, sheep, and goats,
generating many of contaminated effluents that are discharged
to the primary treatment plant; however, as shown in Figure 1-
A, this process collapsed, generating contamination and an
unhealthy environment. Therefore, nowadays there are
different alternatives to reduce the environmental impact of
slaughterhouses [9], [10], [11], [12], [13], [14] highlighting
the traditional Upflow Anaerobic Sludge Blanket (UASB)
[15], despite being a known technology, it is not taken into
account for its implementation in the Tacna region.

I1. MATERIALS AND METHODS

A. Determination of the effluent flow

For the determination of the flow rate, ten daily
measurements were taken during five days from Monday to
Friday, considering the work schedule, which is from 7:00 am
to 15:00 pm, applying the volumetric gauging method, which
consists of measuring the flow rate directly a container of
known volume and controlling the filling time.

B. Characterization of industrial wastewater

For the physicochemical characterization of the
wastewater, parameters such as temperature, pH, and electrical
conductivity were measured in the field. Then a sample of raw
water was taken at the outlet of the processing plant, applying
procedures according to the Protocol for sampling the quality
of effluents from the Ministerio de Vivienda Construccion y
Saneamiento [16]. Physicochemical analyses of Biochemical
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acna, Peru. A) Deficient treatment and B) Pumping of untreated

wastewater for disposal into the sewage system.

Oxygen Demand (BODs, mg/L), Chemical Oxygen Demand
(COD, mg/L), Total Suspended Solids (TSS, mg/L), Ammonia
Nitrogen (AN, mg/L), and Oils and Fats (OF, mg/L) of raw
and treated wastewater samples have been sent to the
CERPER Laboratory for analysis.

C. Dimensioning, design, and construction

The sizing, design, and construction of the wastewater
flow conveyance channel were carried out using the Manual of
Design Criteria for hydraulic works for the formulation of
hydraulic projects of the Autoridad Nacional del Agua (ANA)
of PerG [17] based on Manning's equation having the
following expression:

Q:(:']j AR2/3X81/2 (1)

Where "Q" is the flow rate in (m%/s), “n” corresponds to
roughness, "A" is the area in m? and "R" is the hydraulic radius
that corresponds to the ratio of wetted section area to the
wetted perimeter, "'S" is the slope in mm.

Subsequently, the Hcanales 3.0 software was applied for
the hydraulic design where a square section of 0.30 x 0.30
meters was considered for the conduction channel with a slope
of 0.5 % and a velocity of 0.0001 m/s, which does not produce
sedimentation problems, considering a minimum flow of 120
cm®min. Based on this hydraulic design, we considered the
construction at the pilot plant level of the catchment units,
sand trap, sediment trap, and grease trap, considering as the
optimum design parameter the feed flow rate applied in the
construction and preparation of the land to start up the UASB,
as shown in Figure 2.

D. Upflow Anaerobic Reactor Design
The following was taken into account for the design of the
UASB (Figure 2). The following formula was used to

calculate the reactor volume:
V =zxr?xh )
Where "V" is the volume in liters, "z" corresponds to
3.1416, "r" is the radius, and "h" is the height in meters. The

following formula was used for calculating the flow rate.

Q=V, xT, (3)

Where, "Q" corresponds to the flow rate in L/s, "V," is the

retention volume in liters, and "T," is the retention time in

seconds. On the other hand, the calculation of the effective

height of the reactor was calculated using the following
formula:

4x\V
s (4)
rxd
Finally, the hydraulic retention time calculation was
determined with the following formula

V
T, =+ (5)
Q

h=

The sizing parameters of the UASB were as follows; the
inlet flow rate of “Q” was 120 cm®/min for a volume of 101.3
L and a height of 2 m. Subsequently, based on these data, the
cylindrical reactor was built with rigid plastic polyvinyl
chloride, which was installed in the facilities of the Mario
Eyzaguirre Yéafiez municipal slaughterhouse in Tacna (Figure
3).

E. Treatment System applied in an Upflow Anaerobic Sludge
Blanket

The dimensions of the anaerobic reactor are 0.245 m in
diameter and 2.0 m high, with a capacity of 101.3 L, installed
inside a wooden house 3 m long by 2 m wide and 2.40 m high,
which was thermally insulated with 2-inch thick Technopor
sheets to maintain a constant temperature. For the start-up of
the anaerobic reactor, the inoculum of anaerobic
microorganisms was prepared based on bovine rumen
combined with a portion of the residual effluent and left to
stand for 45 days; the inoculum was then loaded into the
reactor in a volume of 20 L, which is less than 20 % of the
effective volume of the reactor and left to stand for 24 hours.

The anaerobic digestion process was carried out at a
temperature of 20 and 35 °C, at a flow rate of 120 ml/min. The
reactor was fed continuously and uninterruptedly for 90 days
to ensure the formation of an active and effective sludge
blanket, installing a leveling tank of 180 L capacity, which is
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Fig. 2 Design of the wastewater treatment system from the municipal slaughterhouse of Tacna applied to an Upflow Anaerobic Sludge Blanket.

fed by an electric pump that is located at the outlet of the
grease trap and at the height of 2.25 m, which allows
managing a continuous flow rate and then by the action of
gravity the wastewater was dosed into the reactor through a
previously graduated inlet valve. Subsequently, after this time,
the efficiency of organic load removal began to be evaluated
by sampling the wastewater at the inlet and outlet of the
reactor at 1, 2, 3, 4, and 5 weeks.

Fig. 3 Upflow Anaerobic Sludge Blanket of rigid plastic polyvinyl chloride
installed in the facilities of the Mario Eyzaguirre Yafiez municipal
slaughterhouse in Tacna.

Therefore, the present study aims to implement the use of
a UASB as a viable and low-cost technical alternative for
primary treatment to remove the high organic load that
characterizes the effluents of municipal slaughterhouses,

which in addition to its high efficiency have low operating and
maintenance costs. In addition, they allow obtaining methane
gas that can be reused, as well as lower sludge production.
Therefore, a wastewater treatment system was designed, built,
and evaluated at the Mario Eyzaguirre Yafiez municipal
slaughterhouse, consisting of collection units, a sand trap, a
settling tank, a grease trap, and UASB at the pilot level.

I11. RESULTS AND DISCUSSION

A. Daily average effluent flow rate gauging

The effluent flow from the processing area was
determined for five days, considering that the processing work
is carried out from Monday to Friday, with higher effluent
volumes on Mondays and Fridays due to the intensified
slaughtering and slaughtering of animals on those days (see
Table ).

TABLE |
AVERAGE EFFLUENT FLOW RATE FROM THE BENEFICIATION AREA
Day Flow rate (L/s)

Monday 1.08
Tuesday 0.80
Wednesday 0.73
Thursday 0.77

Friday 1.07

B. Removal efficiency of BODs and COD at 20 °C and 35 °C
Based on the results of the physicochemical analysis of
wastewater samples taken at the inlet and outlet of the UASB,
COD, and BODs were determined as critical control
parameters as quality indicators to evaluate the percentage of
organic matter removal in the reactor. Table Il shows the
analysis results of these two parameters over five weeks.

TABLE Il
REMOVAL PERCENTAGE (%R) OF BODs AND COD AT 20 °C FROM
INFLUENT AND EFFLUENT OF THE UPFLOW ANAEROBIC SLUDGE BLANKET.

Week BODs (mg/L) COD (mg/L)
Input Output %R Input Output %R
1 5185 3936 24.09 8530 6572 22.95
2 6118 4018 34.32 9377 5849 37.62
3 7673 5166 32.67 9205 6038 34.41
4 6317 3686 41.65 8798 5277 40.02
5 4346 2445 43.74 6250 3509 43.86
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Table 111 shows the COD and BODs analysis results at a
temperature of 35 °C. Figure 4 shows graphically the removal
of BOD:s at a temperature of 20 °C, with average values of 35
% removal, and for COD, average values of 36 % removal
were reached about the organic load contained in the industrial

wastewater effluent.
TABLE Il
REMOVAL PERCENTAGE (%R) OF BODs AND COD AT 35 °C FROM
INFLUENT AND EFFLUENT OF THE UPFLOW ANAEROBIC SLUDGE BLANKET.

Week BODs (mg/L) COD (mg/L)
Input Output %R Input Output %R
1 6370 3681 42.21 8092 4213 47.94
2 5428 2043 62.36 7935 4335 45.37
3 6239 2526 59.51 8851 5689 35.72
4 8297 5080 38.77 10720 6506 39.31
5 4197 1350 67.83 5359 1876 64.99

For the wastewater treatment applied in the UASB at a
temperature of 35 °C, average removal values of 54 % for
BODs and 45 % for COD were achieved. Without oxygen, the
treatment system develops a sludge stabilization at a
temperature of 35 °C; likewise [18] refers that the organic
matter removal efficiency is evaluated by the COD and BODs
test.
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Fig. 4 Removal of BODsand COD at 20 °C from influent and effluent of the
Upflow Anaerobic Sludge Blanket.

Therefore, the 25 to 35 °C reactors show better reaction
rates and provide stable treatments and the results show that
the system studied shows a high removal efficiency [19].
Therefore, different studies are carried out where the purpose
of anaerobic treatment is to remove COD components from
wastewater (Joubert O., 2005) and these can operate
satisfactorily at temperatures ranging from 25 to 38 °C [18].

To improve the study proposal, units such as coagulation,
flocculation, filtration, and disinfection were complemented
and installed after the UASB, where the results showed an
improvement in water quality up to 70.84 % for BODs and
70.69 % for COD (Figure 5).

100+

COD, removal (%)
N e o)
o o o
1 1 1

N
o
1
w
(3
o
O

o

T T T 1
3 4 5 6

Week

o
P
N

Fig. 5 Removal of BODsand COD at 35 °C from influent and effluent of the
Upflow Anaerobic Sludge Blanket.

The characterization of the influents and effluents of the
wastewater treatment applied to the UASB, gave as a result of
the BODs parameter a concentration in the influent of 4630
mg/L and in the effluent of 1350 mg/L, in the COD parameter
6400 mg/L and 1876 mg/L; where it can be seen that there is a
similarity in the results obtained by [20]. For the parameters of
TSS 2136 mg/L and 358 mg/L, Oils and Fats 1797 mg/L and
13.8 mg/L, and ammoniacal nitrogen 9825 mg/L and 252
mg/L; from where the results indicate that only the Maximum
Allowable Values are met for the parameters of total
suspended solids which was 358 mg/L and for oils and fats
13.8 mg OF/L (Figure 6), similar results to those obtained by
[21] where the amount of TSS decreases. Likewise, the results
indicate that it does not comply with BODs, COD, and
ammonia nitrogen regulations because the organic matter
produced in the processing activities is high, reaching
concentrations greater than 100 % of the treatment design
flow. Therefore, the removal efficiency of TSS is below the
data reported by [20].

Other studies have demonstrated the effectiveness of
UASBs for wastewater treatment (Table 1V), such as the study
of Nacheva et al. [22] where we worked at a temperature
between 20.9 and 25.2 °C for the treatment of a
slaughterhouse with a volume of 15 L of the reactor, achieving
the removal of 90 % of the COD. On the other hand, Olarte et
al. [21] carried out a similar study where the treatment of
wastewater from a slaughterhouse in Huancavelica, Peru,
achieved a maximum COD removal of 42.14 % at a
temperature range of 9 to 21 °C in a 29 L reactor.

Musa et al. [23] in a 14 L rector were able to remove
more than 90 % of the COD from a slaughterhouse at an
average temperature of 35 °C, likewise, Amin et al. [24] were
able to remove 94.6 % of the DOC at the same average
temperature in a 30 L reactor. At a similar temperature
Rajakumar et al. [25] were able to remove 78 % of COD from
slaughterhouse wastewater in a 4 L reactor.
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Fig. 6 Treatment efficiency comparing initial and final study concentrations with maximum allowable values (MAV)

Finally, Saghir et al. [26] were able to remove 97.31 % of
COD from slaughterhouse wastewater in a 33.4 L reactor at an
average temperature of 30 °C. These results could explain the
results since in the present investigation it has been
demonstrated that temperature plays an important role in the
removal of COD in a UASB, increasing the removal from 36
to 45 % by increasing the temperature from 20 to 35 °C.

TABLE IV
OVERVIEW OF COD REMOVAL FROM SLAUGHTERHOUSE WASTEWATER
USING UASB.
COD in COoD
Temperature Reactor
C) volume (L) wastewater removal Reference
(mg/L) (%)
20.9-25.2 15 3437 90 [22]
9-21 29 1063 42.14 [21]
34 - 36 14 32000 >90 [23]
345-355 30 1222.2 94.6 [24]
29-35 4 4800 78 [25]
28-32 334 5350.01 97.31 [26]
20-35°C 180 6400 36- 45 This
research

IV. CONCLUSIONS

It was demonstrated that with the implementation of

UASB, it is possible to remove COD and BOD:s in the effluent
of the municipal slaughterhouse of Tacna. It was determined
that a temperature of 35°C achieves the highest COD and
BODs removal efficiency. The UASB is a good alternative for

primary treatment because of its small footprint, low
installation, operation, and maintenance costs, and high
organic load removal efficiency. To optimize the wastewater
treatment applied to a UASB, units such as coagulation,
flocculation, filtration, and disinfection were implemented and
installed after the UASB.

The results showed an improvement in water quality
reaching an organic load removal rate of 70.84 % for BODs
and 70.69 % for COD. From the results of the effluent and
treated effluent characterization, it was determined that only
the parameters of total suspended solids and oils and fats
comply with the VMA for wastewater effluents; however, the
VMA for the parameters BODs (1350 mg/L), COD (1876
mg/L), TSS (358 mg/L) and ammonia nitrogen (252 mg/L) are
not complied.

The wastewater after treatment can be subjected to other
complementary treatments; thus, it could be reused in the
processes within a slaughterhouse or other industries that
generate large amounts of wastewater.

REFERENCES

[1] U. Ajmal and S. Jamal, “Analyzing land-use land-cover change and
future urban growth with respect to the location of slaughterhouses in
Aligarh city outskirts,” Environmental Challenges, p. 100331, Oct.
2021, doi: 10.1016/j.envc.2021.100331.

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service
of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024. 5



[2]

31

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

K. E. Adou, O. A. Alle, A. R. Kouakou, K. Adouby, P. Drogui, and R.
D. Tyagi, “Anaerobic mono-digestion of wastewater from the main
slaughterhouse in Yamoussoukro (Cote d’Ivoire): Evaluation of
biogas potential and removal of organic pollution,” Journal of
Environmental Chemical Engineering, vol. 8, no. 3, p. 103770, Jun.
2020, doi: 10.1016/j.jece.2020.103770.

E. A. J. Cook et al., “Evidence of exposure to C. burnetii among
slaughterhouse workers in western Kenya,” One Health, vol. 13, p.
100305, Dec. 2021, doi: 10.1016/j.onehlt.2021.100305.

M. Kazemi-Bonchenari, A. Alizadeh, L. Javadi, M. Zohrevand, N. E.
Odongo, and A. Z. M. Salem, “Use of poultry pre-cooked
slaughterhouse waste as ruminant feed to prevent environmental
pollution,” Journal of Cleaner Production, vol. 145, pp. 151-156,
Mar. 2017, doi: 10.1016/j.jclepro.2017.01.066.

R. Azam, R. Kothari, H. M. Singh, S. Ahmad, V. Ashokkumar, and V.
V. Tyagi, “Production of algal biomass for its biochemical profile
using slaughterhouse wastewater for treatment under axenic
conditions,” Bioresource Technology, vol. 306, p. 123116, Jun. 2020,
doi: 10.1016/j.biortech.2020.123116.

M. Savin et al., “Antibiotic-resistant bacteria and antimicrobial
residues in wastewater and process water from German pig
slaughterhouses and their receiving municipal wastewater treatment
plants,” Science of The Total Environment, vol. 727, p. 138788, Jul.
2020, doi: 10.1016/j.scitotenv.2020.138788.

T. Dorca-Preda, L. Mogensen, T. Kristensen, and M. T. Knudsen,
“Environmental impact of Danish pork at slaughterhouse gate — a life
cycle assessment following biological and technological changes over
a 10-year period,” Livestock Science, vol. 251, p. 104622, Sep. 2021,
doi: 10.1016/j.livsci.2021.104622.

SINIA, “Ley N° 28611, Ley General del Ambiente,” Sistema
Nacional de Informaciéon Ambiental, Ministerio del Ambiente, Perd.
Accessed: Feb. 15, 2023. [Online]. Auvailable:
https://sinia.minam.gob.pe/normas/ley-general-ambiente

M. L. M. Stoop, “Application of a mathematical calculation model to
reduce slaughterhouse (water) pollution in developing countries,”
Technovation, vol. 19, no. 5, pp. 323-331, Feb. 1999, doi:
10.1016/S0166-4972(98)00123-0.

A. Marcos, A. Al-Kassir, F. Lopez, F. Cuadros, and P. Brito,
“Environmental treatment of slaughterhouse wastes in a continuously
stirred anaerobic reactor: Effect of flow rate variation on biogas
production,” Fuel Processing Technology, vol. 103, pp. 178-182,
Nov. 2012, doi: 10.1016/j.fuproc.2011.12.035.

P. W. Harris, T. Schmidt, and B. K. McCabe, “Evaluation of
chemical, thermobaric and thermochemical pre-treatment on
anaerobic digestion of high-fat cattle slaughterhouse waste,”
Bioresource Technology, vol. 244, pp. 605-610, Nov. 2017, doi:
10.1016/j.biortech.2017.07.179.

S. Park, Y.-M. Yoon, S. K. Han, D. Kim, and H. Kim, “Effect of
hydrothermal pre-treatment (HTP) on poultry slaughterhouse waste
(PSW) sludge for the enhancement of the solubilization, physical
properties, and biogas production through anaerobic digestion,” Waste
Management, vol. 64, pp. 327-332, Jun. 2017, doi:
10.1016/j.wasman.2017.03.004.

S. Wang, G. L. Hawkins, B. H. Kiepper, and K. C. Das, “Treatment of
slaughterhouse blood waste using pilot scale two-stage anaerobic
digesters for biogas production,” Renewable Energy, vol. 126, pp.
552-562, Oct. 2018, doi: 10.1016/j.renene.2018.03.076.

P. W. Harris, T. Schmidt, and B. K. McCabe, “Bovine bile as a bio-
surfactant pre-treatment option for anaerobic digestion of high-fat
cattle slaughterhouse waste,” Journal of Environmental Chemical
Engineering, vol. 6, no. 1, pp. 444-450, Feb. 2018, doi:
10.1016/j.jece.2017.12.034.

A. R. Bielefeldt, “Water Treatment, Industrial¥,” in Encyclopedia of
Microbiology (Fourth Edition), T. M. Schmidt, Ed., Oxford:
Academic Press, 2019, pp. 581-597. doi: 10.1016/B978-0-12-809633-
8.13124-3.

OMA-MVCS, “Resolucion Ministerial N.° 273-2013-Vivienda,”
Oficina del Medio Ambiente del Viceministerio de Construccion y
Saneamiento, Perl. Accessed: Feb. 15, 2023. [Online]. Available:

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

https://www.gob.pe/institucion/vivienda/normas-legales/13762-273-
2013-vivienda

ANA, “Criterios de Diseno de Obras Hidraulicas para la Formulacion
de Proyectos Hidraulicos Multisectoriales y de Afianzamiento
Hidrico,” Direccion de Estudios de Proyectos Hidraulicos
Multisectoriales, Autoridad Nacional del Agua, Perd. Accessed: Feb.
15, 2023. [Online]. Available:
http://www.ana.gob.pe/normatividad/criterios-de-diseno-de-obras-
hidraulicas-para-la-formulacion-de-proyectos-0

C. A. de Lemos Chernicharo, Anaerobic Reactors | IWA Publishing,
vol. 4. Nueva York: IWA Publishing, 2007. Accessed: Nov. 14, 2021.
[Online]. Auvailable:
https://www.iwapublishing.com/books/9781843391647/anaerobic-
reactors

E. Behling, Y. Caldera, J. Marin, N. Rincon, and N. Fernandez,
“Eficiencia de un reactor anaerdbico en el tratamiento del efluente de
una teneria,” Boletin del Centro de Investigaciones Bioldgicas, vol.
38, no. 3, Art. no. 3, 2004, Accessed: Nov. 14, 2021. [Online].
Auvailable:
https://produccioncientificaluz.org/index.php/boletin/article/view/33
A. Pacco et al., “Propuesta de parametros de disefio de un reactor
UASB para el tratamiento de aguas residuales porcinas,” Scientia
Agropecuaria, vol. 9, no. 3, Art. no. 3, Oct. 2018, doi:
10.17268/sci.agropecu.2018.03.09.

J. Castro Olarte, Y. Cecilio Cabrera, T. J. Gonzales Huaman, and L.
Sumarriva Bustinza, “Remociéon de materia organica en reactor
anaerobio de manto de lodos de flujo ascedente en el tratamiento de
aguas resisduales del camal de Huancavelica,” Revista de la Sociedad
Quimica del Perd, vol. 85, no. 3, pp. 362-375, Jul. 2019.

P. M. Nacheva, M. R. Pantoja, and E. A. L. Serrano, “Treatment of
slaughterhouse wastewater in upflow anaerobic sludge blanket
reactor,” Water Science and Technology, vol. 63, no. 5, pp. 877-884,
Mar. 2011, doi: 10.2166/wst.2011.265.

M. A. Musa, S. Idrus, H. Che Man, and N. N. Nik Daud,
“Performance Comparison of Conventional and Modified Upflow
Anaerobic Sludge Blanket (UASB) Reactors Treating High-Strength
Cattle Slaughterhouse Wastewater,” Water, vol. 11, no. 4, Art. no. 4,
Apr. 2019, doi: 10.3390/w11040806.

M. M. Amin, N. Rafiei, and E. Taheri, “Treatment of slaughterhouse
wastewater in an upflow anaerobic sludge blanket reactor: Sludge
characteristics,” International Journal of Environmental Health
Engineering, vol. 5, no. 1, p. 22, Jan. 2016, doi: 10.4103/2277-
9183.196666.

R. Rajakumar, T. Meenambal, J. R. Banu, and I. T. Yeom, “Treatment
of poultry slaughterhouse wastewater in upflow anaerobic filter under
low upflow velocity,” Int. J. Environ. Sci. Technol., vol. 8, no. 1, pp.
149-158, Dec. 2011, doi: 10.1007/BF03326204.

A. Saghir and S. Hajjar, “Biological treatment of slaughterhouse
wastewater using Up Flow Anaerobic Sludge Blanket (UASB) -
anoxic-aerobic system,” Scientific African, vol. 16, p. 01236, Jul.
2022, doi: 10.1016/j.sciaf.2022.e01236.

22" LACCEI International Multi-Conference for Engineering, Education, and Technology: Sustainable Engineering for a Diverse, Equitable, and Inclusive Future at the Service
of Education, Research, and Industry for a Society 5.0. Hybrid Event, San Jose — COSTA RICA, July 17 - 19, 2024. 6



