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Abstract

The lipid extract of fruits of the royal palm Cubana (Roystonea regia),
developed at the National Centerfor Scientific Research (CNIC), will be
used in the treatment of benign prostatic hyperplasia (BPH). The
product is a liquid oil to be encapsulated in soft gelatin capsules. In
Cuba, there was no industrial plant for soft capsule production; a plant
was built for this purpose, which was necessary for the previous study of
the wastewater model. A treatment scheme to laboratory scale of three
stages: Trap of fat, primary sedimentation, and ozonation was
evaluated. In the first two stages, hydraulic retention times of 15, 30,
and 45 minutes were studied, obtaining the best condition for 30
minutes. The ozonation process was carried out with an experimental
design 23, with two ozone concentrations in the gas (40 and 60 mg
03/l), two gas flows (10 and 20 I/h), and two pH values (3 and 7); the
ozonation time was 30 min. Ozone doses of 330, 500, and 660 mg O3/I
were applied. Statistical analysis showed that the best results were
obtained with ozone concentration: 60 mg Os/l; gas flow: 10 I/h, and
pH: 3. The combination of the treatment stages allowed achieve a total
efficiency of reduction of COD (51.6 %), BODs (64.7 %), ST (21 %),
SSed (100 %), fats and oils (79.3 %), detergents (91.6 %), nitrogen
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(30.1 %), phosphorus (93.1 %), turbidity (85.8 %) and color (90.1 %),
guaranteeing compliance with the Cuban NC standard 27: 2012.

Keywords: The trap of fat, sedimentation, ozonation, soft capsules,

wastewaters treatment.

Resumen

El Centro Nacional de Investigaciones Cientificas de Cuba desarroll6 un
medicamento a partir del extracto lipidico de frutos de la palma real
cubana (Roystonea regia) destinado al tratamiento de la hiperplasia
prostatica benigna. El producto es un liquido oleoso que sera
encapsulado en cdpsulas blandas de gelatina. En Cuba no existia
instalacién industrial para producir capsulas blandas, por lo que se
construyd una planta con este propdsito, siendo necesario el estudio
previo de aguas residuales modelo. Se evalud un esquema de
tratamiento a escala de laboratorio de tres etapas: trampa de grasas,
sedimentacion primaria y ozonizacidén. En las dos primeras etapas se
estudiaron tiempos de retencion hidraulica de 15, 30 y 45 minutos,
obteniéndose la mejor condicién para 30 minutos. El proceso de
ozonizacion se estudié con un diseno experimental 23, con dos
concentraciones de ozono en el gas (40 y 60 mgQO3s/l), dos flujos de gas
(10 y 20 I/h), y dos valores de pH (3 y 7); el tiempo de ozonizacién fue
de 30 min. Se aplicaron dosis de ozono de 330, 500 y 660 mg O3/I de
agua tratada. El analisis estadistico mostrd que los mejores resultados

se obtuvieron con concentracién de ozono: 60 mg 0O3/I; flujo de gas: 10
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I/h, vy pH: 3. La combinacion de las etapas de tratamiento permitid
alcanzar una eficiencia total de reducciéon de DQO (51.6 %), DBOs (64.7
%), ST (21 %), Ssed (100 %), grasas y aceites (79.3 %), detergentes
(91.6 %), nitrégeno (30.1 %), fosforo (93.1%), turbidez (85.8 %) y
color (90.1 %), garantizando cumplir con la norma cubana NC 27:2012.

Palabras clave: trampa de grasa, sedimentacidon, ozonizacion, capsulas

blandas, tratamiento de aguas residuales.
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Introduction

The National Center for Scientific Research (CNIC) developed a drug
obtained from lipid extracts of Royal Palm (Roystonea regia) fruits,
indicated for the treatment of benign prostatic hyperplasia (BPH). This
product contains fatty acids (oleic, lauric, palmitic, and myristic),

common in the diet and components of any vegetable oil.
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This product is an oily liquid, so its most suitable pharmaceutical
form is the soft gelatin capsule (CBG), where the active pharmaceutical
ingredients (API) are coated by a thin film consisting of gelatin (35-45
%), water (40 %) and plasticizer (glycerol, sorbitol 15-25 %). In
addition, colorants (iron oxide red ci77491, iron oxide black ci77499),
preservatives, opacifiers, and flavorings can be added. Gelatin is a
protein of animal origin obtained mainly from bovine bones and pig skin;
this type of gelatinis clearand plastic (Brian & Fridrun, 2004; Carolina,
2010). CBG has a water-soluble character, high disintegration speed,
and resistance to oxidation (Fridrun, 2004).

In Cuba, it was decided to build an industrial factory for the
production of CBG; however, since there is no industrial facility of this
type, the physical, chemical, and microbiological composition of the
liquid waste generated in the process is unknown, as well as the
treatments used to reduce or eliminate contamination levels. From the
literature consulted, CBG production methods and cleaning processes
are known (Brian, 2004; Carolina, 2010; DICT-CNIC, 2015), but they do
not provide information on the composition of the waste generated nor
the treatment systems employed, so the study of these residuals and

their treatment are essential and novel.

It has been shown that several pharmaceutical compounds are not
completely removed in the treatments, which have been found in the
effluents of conventional treatment factorys (Ternes et al., 2002; Miao,
Bishay, Chen, & Metcalfe, 2004; Stackelberg et al., 2004; Hernando,
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Mezcua, Fernandez-Alba, & Barceld, 2006; Manaia, Novo, Coelho, &
Nunes, 2008; Deblonde, Cossu-Leguille, & Hartemann, 2011; Rivera-
Utrilla, Sanchez-Polo, Ferro-Garcia, Prados-Joya, & Ocampo-Pérez,
2013; Baresel et al., 2015; Rodriguez-Narvaez, Peralta-Hernandez,
Goonetilleke, & Bandalac, 2017); as well as surface water, groundwater
and drinking water in several countries (Kolpin et al., 2002; Boyd,
Reemtsma, Grimm, & Mitra, 2003; Wiegel et al., 2004; Dougherty,
Swarzenski, Dinicola, & Reinhard, 2010; Stuart, Lapworth, Crane, &
Hart, 2012; Leung et al., 2013; Blair, Crago, Hedman, & Klaper, 2013;
Chang, 2015; Sorensen et al., 2015; Ebele, Abdallah, & Harrad, 2017;
Gogoi et al., 2018).

Some of the adverse effects of pharmaceutical waste
contamination include aquatic toxicity, development of resistance in
pathogenic bacteria, genotoxicity, and the emergence of compounds
considered endocrine disruptors that affect human health (Leung et al.,
2013; Vasquez, Lambrianides, Schneider, Kimmerer, & Fatta-Kassinos,
2014; O'Neill, 2016; Rubio, Delgado, & Amaya, 2017; Hogerzeil et al.,
2018).

Because conventional treatment processes, especially biological
ones, sometimes do not represent a safe barrier against several
recalcitrant drugs or industrial toxicants, there is a need to introduce
advanced treatment technologies that can be considered tertiary or safe

treatments. Several technologies have been evaluated for this purpose
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with good results. Table 1 presents a summary by several authors with

the types of treatment used, contaminants, and main results.

Table 1. Examples of technologies evaluated to reduce toxic and

recalcitrant pollutants.

Types of

Contaminants Treatment Results Author
Wastewater
Municipal Pharmaceuticals Ozonation Doses O3: 2-5mgl! Huber et
and endocrine
wastewater . Efficiency: 90-99 % al. (2005)
disruptors
e Aldicarb (9.5 mg/I'1)
Doses O3: 1 mgl!, pH: 8.3. Ef:100
%
Pesticides:
Ozonation e Carbofurans:
Carbamates, Ikehata &
Surface and Chlorophenoxy Ozone/H 0> O3/UV. COD >85 %. Gamal-El-
underground Compounds, Ozone/UV eDicamba 6.4 pgl-t: Din
i 2005
Organochlorine 3 mgOs/7 mgH20;. Ef: 100 % (2005)
Organophosphates
e Dicofol 6.4 ug I'1:
1.5 mg03/0.75 mgH>O2, pH: 9.4.
Ef: 100 %.
- . Removal efficiency 100%:
Superficial and Pharmaceutical Ozonation > Ikehata,
drinking water Compounds: e Cefazolin and Cephalosporin: Jodeiri y
) _ Ozone/H202
Antipyretics H202/UV: 26 mg/l/2.8x10°6 Einst | Gamal-El-
Ozone/UV bin

Municipal

Analgesics

s-l
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wastewater Antibiotics H202/UV Azithromycin: Doses Os: 3.5 mg I (2006)
1
Antidepressants TiO2/UV
Anticonvulsants e Lincomycin (50 mgl-1):
Contraceptive TiO2/UV: 1 gI'1/8.5 mW.m 2, pH:
Cytostatics 6.2h.
e Ofloxacin (560 pg I'1):
Doses O3: 14 mglt, pH:7.4
H202/UV: 5-10 mM/2.5x10-6 Einst
S'l
e Sulfadiazine 2 pglt!,03:2 mgl?!
,pH: 7
e Carbadox and Trimethoprim:
Doses O3: 0.3 mgl'!, pH: 7.5
e Carbamazepine (118 mg I1):
Doses O3: 1 mgl!, pH: 5.5.
e Ibuprofen (2 pugl1):
5 mgOsltand 1.8 mgH202 1.
e Propanolol and estrone:
Doses O3: 5 mglt, pH: 7
Aquatic Doses Os3: 0.6-1.1 gO3/gCOD
Effluents from - . i
ecotoxicity. Ozonation pilot . Altmann
wastewater olant Decrease in estrogen-
treatment Estrogens and immunoreactivity in 97.7 % and Zt a;
plants 17p- (30-36 m*/h) androgen-immunoreactivity in (2012)
Hydroxyandrogen 56.3 %. Reduction of steroid
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hormones

Effluents from

Ozonation and

Ozone doses: 7-12 mg/I,

Abellan-
wastewater Medicament (47) ultrasound pilot High efficiency in most of the Sol
oler
treatment and drugs (11) plant (50 m® h- investigated drugs. (2013)
1
plants ) Low efficiency with ultrasound
UV, UV-H202
- 2- _Ti -
Aqueous _ UV-Fe2+-H, 0, UV-S2082>UV-TiOz >UV
Benzotriazole
solutions H202>UV. Benitez,
. N, N-diethyl-m- UV-TiOz A
- ’ Foto-Fenton>Foto-Fenton-Like cero,
Drinking ; 2-
toluamide UV-S20s Fent Fenton- Lik Real,
waters. >Fenton> Fenton-Like. ,
Chlorophene, Foto-Fenton Roldan vy
Effluents from .
. . Rodriguez
treatment 3-Methylindole Fenton-Like Better results in real waters: (2013)
Nortriptyline _ BT
plants Foto-Fent-Like UV-TiO2, O3/H202, Foto-Fenton
03/H202
Organic material Ozone (0s).
Industrial and O3-Solar (Sol).
Heavy metals Chavez et
urban Os- Os-Solar-Cat > O3z-Solar> O3
tewat Organic acids 3 al. (2019)
wastewater Photocatalytic
Inorganic anions (03-Sol-Cat).
Sulfamethoxazole ) o Nghiem,
Aqueous Nanofiltration Retention efficiencies: Schafer y
. Carbamazepine .
solutions membranes 98-100 % Elimelech,
Ibuprofen (2005)
Ultrapure water Pharmaceutical Ultrafiltration NF: Retention of 70 % of most of Acero,
i (UF) th ntaminant luated Benitez,
Municipal contaminants and € contaminants evaluated.
Nanofiltration Tevay
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effluents pesticides (NF) UF: Retention less than 50 % Leal
(2010)
Activated
carbon (PAC).
Best results: Acero,
Municipal Ph tical Granul Benit
unicipa armaceutica enitez,
Activ.Carbon - PAC + UF
secondary contaminants and Real y
- (GAC). - UF + GAC
effluents pesticides Teva
Ultrafiltration Coagulation: Low efficiency (2012)
(UF).
Coagulation.
Sand filter (SF).
Pharmaceutical 03/H20. Average efficiency (28 pollutants)
Municipal . ) o _
Contaminants and Biological SF: 25 % Gerrity et
secondary P U
ersonal Use Activated 03/H202: 85 % al. (2011)
effluents
(Total: 31) Carbon (BAC). BAC: 90 %
GAC: 3 g/l Akhtar,
Granular .
. - ) mran,
Aqueous . activated Doses O3: 15-20 mgl-t, pH: 7-8
_ Cephalexin ] Zahoor y
solutions carbon (GAC) 100 % Cephalexin elimination Amin
and ozonation .
60 % COD reduction (2016)
Sand filtration Efficiencies: Reungoat,
Municipal Pharmaceutical (SF). SF: Low retention. Escher,
secondary Contaminants and Granular GAC:> 90 % contaminant Macovay
effluents Personal Use Activated removal Keller
Carbon (GAC) (2011)

35-65 % COD reduction
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Among the treatment technologies, ozonation and advanced
oxidation processes (AOPs) provide good results for the removal or
reduction of pharmaceutical pollutants in drinking water and wastewater
treatments (Fernandez et al., 2020). These processes are efficient for
municipal and industrial wastewater containing biorefractory and toxic
organic pollutants such as pesticides, tannins, and phenolic compounds
(Alvares, Diaper, & Parsons, 2001; Ikehata & Gamal-ElI-Din, 2005;
Ramirez, Espinosa, Femandez, Véliz, & Ramos, 2016; Cabrera et al.,
2016), cleaners (Ikehata & Gamal-El-Din, 2004) and other industrial
chemicals (Chavez et al., 2019), achieving in many cases the reduction
of high organic loads and partial or complete mineralization of
pollutants. Likewise, ozonation reduces or eliminates pathogenic
microorganisms (Veliz, Bataller, Fernandez, & Fernandez, 2012; Nasser,
2017).

Due to the oxidizing power of ozone, it has been used as a
chemical reagent for the oxidation of organic substances (Alvares et al.,
2001; Beltran, 2004) and mixtures of organic compounds to increase
their biodegradability (Paul & Debellefontaine, 2007). As well as to
obtain oxygenated compounds such as aldehydes, short-chain acids,
and alcohols. Ozone is able to react with most elements and bring the
lowest oxides to their highest oxidation state (Ikehata & Gamal-EI-Din,
2008). Similarly, it is very effective in reducing or eliminating color and

odor. In addition, it contributes to improving the efficiency of various
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stages of wastewater and sludge treatment (Paul & Debellefontaine,
2007).

The combination of treatment and ozonation processes has been
evaluated with good results in wastewater from the pharmaceutical
industry (Abelldan-Soler, 2013; Marcelino, Leao, Lago, & Amorim, 2017;
Rodriguez-Narvaez et al., 2017; Kidak & Dodgan, 2017) and from
industrial laundries (Seo, Moon, & Lim, 2001), with high contents of
cleaning products and production residues. Also, in domestic wastewater
for reuse (Bataller, Veliz, Ferndndez, Fernandez, & Espinosa, 2014;
Veliz, Fernandez, Llanes, & Bataller, 2016).

Considering the above, the present work aims to characterize the
model wastewater generated in the production of soft capsules at a
laboratory scale and establishes the operating parameters of a
treatment scheme that combines processes of fat retention, primary
sedimentation, and ozonation, which ensures compliance with the Cuban
discharge standard NC 27: 2012. Based on the results obtained, an

alternative for the treatment of this wastewater on a larger scale is

proposed.

Materials and methods
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Three stainless steel reactors of 500 mL were used to obtain model
wastewater. One reactor contains the active pharmaceutical ingredient
(API) -Palmex; in another, the mixture of gelatin and dye is prepared,
and in the last, the prepared gelatin is stored.

In the three reactors, the filling and emptying process were
carried out with the products, leaving their walls impregnated with
remains of API oils, gelatin, and colorants. After, these reactors were
washed and sanitized following the cleaning procedures and chemical
products established in the factories of oily drug production (Oleozén®
Production Factory of CNIC), which are similar to those that will be
produced in the SCGs Factory. The cleaning products used and their
dosage is presented in Table 2. The final wastewater was obtained by
mixing the waters from washing the three reactors in a plastic tank of

30 I. Subsequently, the physical-chemical characterization of the water
was carried out.

Table 2. Products used for cleaning reactors.

Product Dosage
Hot drinking water (60-80 °C) 2 | water /Il reactor
Industrial cleanser 30-60 g/I
Industrial degreaser 150 ml/I
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Industrial descaler 5-10 %
Industrial disinfectant 70 %

Rinse with drinking water (~ 25 °C)

10 | water /I reactor

The fat trap treatment processes, primary sedimentation, and

ozonation of the model wastewater of the production of soft capsules

were carried out in an experimental installation at a laboratory scale

(Figure 1).

2

W oo~

3.

Legend:
1.

Collecting tank
Penstaltic pump

Fat trap and

primary sedimentation

Waste gas ozone destroyer

. Bubble column
. Sample collection

pH meter

. Foam trap

. Spectrophotometer

10. Flowmeter
11. Ozonator
12. Oxygen cylinder

Figure 1. Scheme of the experimental installation.

: Er ELI 2022, Instituto Mexicano de Tecnologia
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Figure 2 shows the diagram and photograph of the tank with
intermeddle panels at a laboratory scale. This tank groups the processes
of fat trap and primary sedimentation. Their treatment zones are:

-Zone I: Retention of fats and oils. Downward flow.
-Zone II: Retention of settleable solids. Upward flow.

-Zone III: Retention of settleable solids. Downward flow into the

compartment and upward through the outlet tube.
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Figure 2. Scheme and picture of the tank for fat trap and primary
sedimentation. Zones I, II, and III.

The wastewater model was pumped into the bulkhead tank
through a Masterflex peristaltic pump (model 7553-75, USA) with flows
that evaluated three hydraulic retention times (HRT): 15, 30, and 45
min. Taking into account the effective volume of the tank (Table 3) and
the selected HRT, the flows were calculated: 0.167, 0.083, and 0.055

I/min, respectively. For the evaluation of the fat trap and the primary

LBl 0022, Instituto Mexicano de Tecnologia Tecnologia y ciencias del agua,ISSN 2007-2422,
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settler, the following indicators were selected as response variables: fats
and oils, chemical oxygen demand (COD), biochemical oxygen demand

(BOD), detergents (active substances to methylene blue: ASMB), total
settleable solids (SS), turbidity and color.

Table 3. Dimensions of the partition tank.

Transversal Liquid Liquid
Compartment | Zone area height volume
(cm) (cm) (L)
1 I 8x5 18 0.72
2 II 8x8 18 1.22
3 III 8 x5 14 0.56
Total effective volumen 2.50

To evaluate the natural sedimentation capacity of the solids
contained in the residual and establish the HRT, sedimentation tests
were carried out in Imhoff cones. The sedimentation efficiency was
evaluated regarding the volume of settled particles and turbidity in the

wastewater.

The effluents from the tank were collected and subjected to an
ozonation process. A glass bubble column with a useful volume of 600

ml (d = 4 cm and h = 48 cm) was used in the semi-continuous
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operation. It has a porous borosilicate gas disperser at the bottom
(porosity 0) and a gas outlet at the top.

The oxygen-ozone mixture was obtained from ozone generator
equipment (AQOZO-LAB. Cuba) and fed with compressed oxygen, with a
maximum ozone generation capacity of 5 g/h. The residual ozone gas
that does not react is destroyed at the outlet of the column with an
attachment that contains a catalyst with nickel oxide produced at the
CNIC. Gas flow was measured with a Gilmont model flowmet), a quartz
gas flows cuvette, and a 1mm optical path at standard temperature and
pressure conditions. The spectrophotometric determination is based on
the Lambert-Beer Law, with the same operating principle as commercial
ozone gas analyzer equipment. The European Committee has accepted
this method for Standardization (ISO 13964: 1998 standard).

The pH control of the residual to be treated was carried out with
an Orion pH meter, model 720. The pH measurement was carried out
during the experiments in a recirculation line in the ozonation column.
The wastewater treated with ozone was adjusted to pH at the beginning
of the experimentation and was kept under control by adding 1N HCI or
5 % NaOH.

Figure 3 shows, from left to right: the peristaltic pump, pH

electrode, ozonation column, foam trap, pH meter, and ozonator

equipment.
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Figure 3. Ozonation system.

In the study of the ozonation stage, preliminary tests were carried out
with treatment times of 1 and 2 h. Subsequently, the process was
evaluated with an experimental design 23 (Table 4) and ozonation times
in all experiments of 30 min. The following response variables were
selected: COD, detergents (ASMB), turbidity, and color.
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Table 4. The experimental design applied to the ozonation study.

Factor Nivel
Ozone concentration in gas (mg/l) 40 60
Gas flow (I/h) 10 20
pH 3 7

The best-operating conditions obtained in each stage studied were
used to evaluate the treatment scheme working together. The untreated
water samples at the exit of each treatment stage were subjected to a
physical-chemical characterization, considering a more significant
number of contamination indicators to compare with the discharge
standard NC 27: 2012.

The analytical tests were realized. In triplicate according to
Standard Methods (APHA, AWWA, & WEF, 2005). Turbidity: 2130-A;
Color: 2120-C; COD: 5220-D; BODs: 5210-N; Detergents (Active
substances to methylene blue. ASMB): 5540; Total Solids (ST): 2540-B;
Settleable Solids (SS): 2540-F; Fats and oils (F/O): 5520-D; Total
nitrogen: 4500-N; Total phosphorus: 4500-P-C; pH and Electrical
Conductivity (EC). The computer program Microsoft® Excel and the
statistical program STATGRAPHICS Centurion XV were used for the

statistical processing of the results.

The calculation equations used are presented below:
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Applied ozone dose (AD) (mg/l):

CO3 g (in) X Gf
VL

AD = X t (1)

where:

COs3 g (in): Ozone concentration in the gas at the column inlet (mg/I).
Gf: Gas flow (I/h).

VL: Volume of wastewaterto be treated ().

T: Time of ozonation (h).

Consumed ozone dose (CD) (mg):

CD = (CO3 g (inlet)~ CO3 g (outlet)) X Gf
VL

Xt (2)

where:

CO3 g (in): Ozone concentration in the gas at the column inlet (mg/I).
COs3 g (out): Ozone concentration in the gas at the column outlet (mg/I).
Gf: Gas flow (I/h).

VL: Volume of wastewaterto be treated ().
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t: Time or period of ozonation (h)

e Gas-liquid transfer efficiency TE (%):

TE =<2 %100
AD

where:
CD: consumed ozone dose (mg/I).

DA: applied ozone dose (mg/I).

Results
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(3)

Physical and chemical characterization of model

wastewater
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Table 5 shows the average values of the parameters analyzed in the
model wastewater for producing soft capsules (untreated) and their
comparison with the Cuban standard for discharge of liquid waste NC
27: 2012 (Sewerage).

Table 5. Average values of model wastewater from soft capsule

production.
Parameters Unit Average NC
27:2012
Temperature °C 549 £ 1.8 <50
pH units 7.60 £ 0.02 6-9
Electric conductivity MS/cm 1752 = 13 <4 000
COoD mg O2/I 10104 £ <700
27.3

BODs mg O2/I 519.0 £ 26.7 < 300
Total solids mg/| 1990 + 9.3 -
Settleable solids ml/I 4.0 £ 0.23 <10
Fats and oils (F/O) mg/I 102.1 £ 29.1 <50
Detergents (ASMB) mg/| 27.9 £ 1.6 <25
Total nitrogen mg/I 95.2 £ 2.5 -
Total phosphorus mg/| 20.0 £ 0.1 -
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Turbidity UNT 238.4 + 22.8 -
Color U Pt-Co 776.9 £ 17.2 -

It is appreciated that the model wastewater has high
concentrations of compounds that provide COD and BODs, as well as
high contents of fats, oils, and detergents. Similarly, the turbidity of
water is considerable, and its color is due to the iron oxide used as a
colorant in the composition of the capsules, which, when diluted in the
wash water, gives it a pink hue. BODs/COD ratio is 0.51, a value higher

than 0.4, which indicates that the residual is moderately biodegradable
(Menéndez & Pérez, 2007).

Fat trap and primary sedimentation treatment process

Table 6, Figure 4, and Figure 5 show the sedimentation efficiency for
different hydraulic retention times. It is observed that after 30 min,
there is a stabilization in the volume of sediments and in the turbidity of

the water, which is why the sedimentation efficiency is maintained.

However, particles in suspension persist that contribute approximately
150 NTU.
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Table 6. Sedimentation efficiency for different times.

Time | Sedimentation volume Turbidity Turbidity
(min) (ml/1) (NTU) reduction (%)

0 0 254.00 0

15 2.0 165.45 34.86

30 2.8 154.04 39.35

45 2.9 153.40 39.60

60 3.0 152.76 39.85

75 3.0 151.47 40.36

90 3.0 145.95 42.53
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Figure 4. The volume of settled solids obtained for different treatment

times.
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Figure 5. Turbidity of the water samples obtained at different treatment
times.

According to the results obtained in the sedimentation tests, it was
decided to study the fat trap operation and the settlerfora shorter and
longer time than that obtained (30 min), establishing the HRT of 15, 30,
and 45 minutes.

The average values and statistical comparison of the physical

and chemical parameters at different HRT evaluated in the treatment by
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in Table 7.

Considering that the values of parameters such as fats and oils,

turbidity, and present color differences are statistically significant with

respect to the residual without treatment (HRT = 0 min) and to the one

treated with 15 min, which in turn do not differ statistically with the

values obtained at 45 min, the 30 min HRT is suggested for future

escalations of these processes of treatment. The rest of the evaluated

to the untreated water.

parameters show significant differences with 15 min of HRT with respect

Table 7. Physical and chemical parameters of the residuals treated by

fat trap and primary sedimentation at different HRT.

HRT F/O BODs coD ASMB SS Turbidity Color
(min) | (mg/l) | (mg/l) | (mg/l) | (mg/l) | (ml/I) (NTU) | (U Pt-Co)
102.1 519.0 | 1010.4 27.9 4 238.4 776.9
0
+29.1° | £26.7° | £27.32 | 0.6 | +0.2° +22.7° +17.2°
89.0 491.6 | 1006.7 18.4 173.8 531.6
15 0°
+3.0° | 26> | £3.7% | +£26° +4.5° +7.5°
27.7 485.0 984.7 16.5 154.2 467.9
30 0°
+2.7° | £5.0° | £3.6° | +£29° +53¢ +4.6°
25.6 481.3 980.5 15.8 151.8 465.5
45 0°
+1.5° | £4.4° | £59° | +28° +4.6° +5.3¢
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F/O: fats and oils; ASMB: detergents; SS: settleable solids

Equal letters in the same column: There are no statistically significant differences

between the means.

Different letters in the same column: There are statistically significant differences

between the means.

Table 8 shows that the best fats and oils retention efficiencies
(72.9 and 74.9 %), turbidity reduction (35.3 and 36.3 %), and color
(39.8 and 40, 1 %) of treated wastewater are achieved at 30 and 45
min of HTR,

in pharmaceutical

respectively. Similar values of fat and oil reduction

efficiencies wastewater treatment factories are
reported in the literature: 50-77 % (Marifio & Constanza, 2017); 77 %
(Ramos et al., 2005); 69 % (Chamorro & Lorena, 2020) and in other
lower cases, 21 % (Pineda, 2020). None of the cases reviewed are HRT-

reported.

Table 8. Reduction (%) of physical and chemical parameters evaluated
in the fat trap treatment and primary sedimentation.

HRT (min) F/O % BODs% | COD% | MBAS % | SS % | Turbidity % | Color %
15 12.8 5.3 0.4 34.1 100 27.1 31.6
30 72.9 6.6 2.5 40.8 100 35.3 39.8
45 74.9 7.3 2.9 43.3 100 36.3 40.1

del Agua.Open Access bajo lalicencia CCBY-NC-SA 4.0
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Regarding the elimination of detergents (MBAS) and settling
solids (SS), a significant reductionis achieved after 15 min of HRT. The
treatment is very efficient for the elimination of the settling solids
contained in these waters (100 %) because these solids are
fundamentally constituted by gelatin particles that, when cooled in the
water, compact and precipitate. In the case of COD and BODs, very low
elimination efficiencies of these indicators are obtained because organic
pollutants are fundamentally dissolved and are not eliminated in these
stages of physical treatments. However, the values present statistically

significant differences with respect to the untreated residual.

Study of the ozonation process

Under the selected pretreatment conditions, wastewater treated in the
fat trap and primary sedimentation (primary treatment system) was

used for the ozonation study.

Considering the advantages of the advanced oxidation processes
described in the literature, it was decided to preliminarily evaluate the

ozonation of the model wastewater at pH 7 and 9, keeping these pH

Tecnologia y ciencias del agua,ISSN 2007-2422,

del Agua.OpenAccess baJo lalicencia CCBY-NC-SA 4.0 13(6), 98-165. DOI: 10.24850/j-tyca-13-06-03
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-13-06-03&amp;domain=pdf&amp;date_stamp=2022-11-01

‘W) Check for updates
Tecnologia y A
CienciaszAgua

values constants during the process. In both cases, an ozone
concentration of 60 mg/l and a gas flow of 20 I/h were applied to the

oxygen gas stream for 1 and 2 hours. Each experiment was performed
in triplicate.

The results are shown in Figure 6, in which it can be seen that
there are statistically significant differences in the reduction of the COD
of the treated waters at pH 7 and 9 in the first hour of ozonation. Still,
this difference becomes non-significant at the two hours of treatment,
and COD levels cannot be reduced below the limit established by NC 27:
2012 (700 mgO2/l). The efficiency in terms of reduction of COD was
31.1 % and 23.4 % for pH 7 and 9, respectively, during 2 h of reaction

time.
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Figure 6. The behavior of COD during the ozonation time at pH 7 and 9.

Authors such as Ikehata et al. (2006) and Akhtar et al. (2016)
report COD reductions between 50 and 82 % for various drugs in
solutions with pH values between 7 and 11 and ozonation times of up to
1 h. Pedreros-Calvo, Valderrama, Agudelo, Pérez, and Campo (2021)
refer to real pharmaceutical wastewater efficiencies of 30.73 %
reduction of COD, at pH 9 and ozonation times of up to 4.5 h, with
ozone doses of up to 10 g/h.

The discrete results reported in Figure 5 contradict what was
stated by other authors (Alvares et al., 2001; Beltran, 2004; Ikehata et
al., 2006; Jung, Kim, Yoon, Hwang, & Kang, 2012), who refers that the
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efficiency of the application of ozone is more significant as the pH of the
water to be treated since ozone decomposes at basic pH to form a
greater quantity of OH" radicals, which have the ability to oxidize a wide

variety of organic and inorganic compounds.

However, this is not always true since this efficiency increase
depends on the wastewater's characteristics to be treated, such as the
high levels of natural alkalinity that the residuals present in this study
(> 350 mg/l CaCOs). According to Alvares et al. (2001), Beltran-Heredia
(2001), Beltran (2004), and Kidak and Dodgan (2017), the presence of
ozone-resistant compounds and compounds that inhibit or sequester
hydroxyl radicals OH", such as carbonates and bicarbonates present in
the residual, can cause the elimination of the OH radicals generated
with the increase in the pH. The level of alkalinity present, in this case,
could cause radical ozone oxidation not to be favored. Consequently,
high percentages of elimination of compounds measured as COD are not
obtained.

In this sense, Yasar, Ahmad, Chaudhry, Rehman, and Khan (2007)
argue that with the increase in pH, greater speed should be achieved in
the elimination of compounds that provide COD. However, in his
experimental results, it is observed that when comparing the reduction
percentages of COD at pH 7 and 9, only an increase from 64 to 68 % is
achieved, which indicates that in this case, with the increase in pH, no
significant differences were reached. At the same time, the author refers

that with treatment at pH values above 9, the efficiency of COD removal
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is reduced. This behavior was also reported by Pedreros-Calvo et al.
(2021), with pH values above 9.5.

Considering that ozonation at pH 9 does not obtain the expected
results, it was decided to apply ozonation with the reaction by a
molecular route at pH 3, maintaining the same experimental conditions
as the previous tests. The results are shown in Table 9, in which it is
observed that in the first 30 minutes of ozonization, a significant
reduction in COD (43.5 %) is achieved, with statistically significant
differences to the untreated sample.

This effect on the reduction of COD at acidic pH could be due, in
addition to chemical oxidation, to other factors associated with the
nature of the gelatins and the pH of the water. Mojgan, Hamid, and
Christian (2007) report that both acidic and basic conditions lead to net
charges of gelatin molecules (positive at pH 3 and negative at pH 11),
causing electrostatic repulsion between the chains, the expansion of
their conformation and a weaker tendency of the molecules to form a

helix or three-dimensional network and therefore to theirdenaturation.

Gelatins have a high content of proteins, which tend to denature
at low pH values and form solids that agglomerate and settle so that in
the treated samples, they are not determined as organic matter by COD,
one of the causes of the effectiveness of the system. Luque (2009)
states that all denatured proteins have the same conformation, very
open and with a maximum interaction with the solvent, so that a water-

soluble protein becomes insoluble and precipitates when denatured.
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This effect was observed during the ozonization experiments.
When acidifying the waters, small solids are formed in suspension inside

the column, which, due to the gas flow, are dragged to the surface and
adhere to the walls of the ozonation column.

Another condition that could favor the process is the presence of
iron in the water, contributed by the colorants applied to the gelatins
(red or black iron oxide), which can catalyze the oxidation process with

ozone, mediated by radicals or directly by ozone.

Table 9 shows that an increase in the ozone dose from 1 to 4 g/l
only increases the efficiency of the treatment by 12 %, so based on the

cost/benefit criteria, ozonating at higher doses of 1 g/I is not justified.

Table 9. COD reduction during the ozonation stage at pH 3, ozone
concentration in the gas of 60 mgOs/I, and gas flow of 20 |/h.

Ozonation Ozone applied CoD Efficiency
time (h) dose (g/l) (mg/I) (%)
0 - 987.8 £ 31.6°2 -
0.5 1 557.8 £ 17.9°b 43.5
1 2 474.,5 £ 9.9 ¢ 51.9
2 4 438.6 + 11.6 d 55.6

Different letters in the same column: There are statistically significant differences

between the means.
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Figure 7 shows that after 30 min of ozonation, it is possible to
reduce the COD to values lower than those required by the NC 27: 2012
standard. Because most of the reactions occurred in the first 30 min of
treatment, it was decided to set this time for the evaluation of the
proposed experimental design (23), taking into account economic

considerations and the reduction of the ozone dose applied.

1100
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Figure 7. COD variation by ozonation at pH 3.

Taking the point that the best results of the previous ozonation

study were obtained with pH 3, ozone concentration, and relatively high
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gas flow, it was decided to evaluate an experimental design that
grouped these three factors into two levels (23), including a
concentration of ozone and lower gas flow. This design allowed the
evaluation ozone doses lower than 1 g/l (0.66, 0.50, and 0.33 g/I) in
terms of reduction of COD, detergents, turbidity, and color, as
dependent variables or responses.

In Figure 8 and Figure 9, it is observed that for the reduction of
COD and detergents (ASMB), all the factors and interactions (AB, BC,
AC) are significant, observing an important effect with the decrease in
pH, an increase in the concentration ozone CO3g and a decrease in the

gas flow (Gf). This is evident in the main effects graphs for both

parameters.
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Figure 8. Standardized Pareto diagram and main effects graph for COD.
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Figure 9. Standardized Pareto diagram and main effects graphic for
ASMB.

In the reduction of turbidity and color, it is observed that the
greatest effect is achieved with the decrease in pH and, to a lesser
extent, with an increase in CO3g and its interaction with the gas flow
(AB) (Figure 10 and Figure 11).
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Figure 10. Standardized Pareto diagram and main effects graphic for

turbidity.
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Figure 11. Standardized Pareto diagram and main effects graphic for

color.

In the main effects, graphs for both parameters, the importance of

reducing the pH in the ozonation process of the evaluated wastewater

models can be observed.

Statistical models were obtained and predicted the variability of
the evaluated pollution indicators based on the operating parameters

used in future scaling of the ozonation process.
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«COD (mgOz/l) = 714.32 - 7.0462*%COsg -18.381*Gf + 45.185*pH +
0.28743*C(03)g*Gf + 1.3210*Gf*pH

R? = 99.67 %

=ASMB (mg/l) = 12.804 - 0.15166*CO3g - 0.57256*Gf — 1.1528*pH +
0.006563*CO3g*Gf+ 0.0082813*CO3g*pH + 0.060563*Gf*pH

R?2 =97.74 %

= Turbidity (NTU) = 67.391 - 1.8951*%CO3g - 4.6713*Gf + 23.363*pH +
0.09343*CO3g*Gf

R? =96.37 %

=Color (U Pt-Co) = 111.50 - 4.7417*%COsg - 15.806*Gf + 76.935%pH +
0.31611*CO3g*Gf

R? = 96.8 %

Considering the trends obtained in the statistical analysis, it is
proposed to use as operating parameters for the ozonation stage 60
mg/|l of ozone concentration in the gas, 10 |I/h of gas flow, and 30 min of
ozonation time, which implies an applied dose of 500 mg/I.

Regarding the pH of the water to be treated, although the best

results were obtained in an acid medium (pH 3), the implementation of
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a flexible reagent dosing system is proposed for scaling at an industrial
level, which also allows ozonation in an alkaline medium (pH > 9) to
carry out an advanced oxidation process if necessary, taking into
account that the characteristics of wastewater to be treated may vary
according to the drugs produced and/or different cleaning and
disinfection products.

Gas-liquid transfer efficiency

Table 10 shows the average ozone doses applied and consumed and the
gas-liquid transfer efficiency of the system for the experiments carried
out at pH 3 and ozonation times of 5, 15, and 30 min. As can be seen,
the highest transfer percentages are obtained after 5 minutes of
ozonization and subsequently decrease and tend to stabilize. This may
be because at acidic pH, the reactions of ozone with the pollutants
present in the residual are rapid and are completed in the first minutes
of treatment. Subsequently, there is a progressive increase in the
concentration of residual ozone in the gas at the outlet of the ozonation

column by reducing ozone consumption by chemical reaction with

Tecnologia y ciencias del agua,ISSN 2007-2422,

del Agua.OpenAccess baJo lalicencia CCBY-NC-SA 4.0 13(6), 98-165. DOI: 10.24850/j-tyca-13-06-03
(https://creativecommons.org/licenses/by-nc-sa/4.0/)


https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-13-06-03&amp;domain=pdf&amp;date_stamp=2022-11-01

W) Check for updates

Tecnologiay %=

C1enc1astgua

compounds more refractory to oxidation by ozone, which causes a

decrease in the efficiency of the gas-liquid transfer system.

Table 10. The average dose applied, consumed, and treatment
efficiency in experiments at pH = 3, n = 3.

Ozonation | ¢ | €03 (iny | CO3 (out) | AD co | TE | cop
time
(min) (I/h) | (mg/l) (mg/1) (mg/1) | (mg/l) | (%) | (mg/I])
987.8
O —_ — —_ —_ — —_
+31.6
5 10 40 15.2 553 | 343 |62.0
5 10 60 57.8 830 | 445 [53.6] 713.9
5 20 40 5.6 110.7 | 39.8 |35.9] + 7.2
5 30 ) 472 166.0 | 492 296
15 10 40 5.5 166.7 | 604 [36.2
15 10 ) 709 3500 | 79.6 | 31.8| 597.0
15 >0 40 31.5 3333 | 708 |21.2] +9.1
15 30 60 773 500.0 | 105.8 |21.2
30 10 40 9.2 333.3 | 90.0 |27.0] 556.1
30 10 60 6.1 500.0 | 1158 |23.2] + 12.4
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30 20 40 33.5 666.7 | 108.3 | 16.2
30 20 60 48.2 1000.0 | 196.7 |19.7

In the same way, it can be seenin Table 10 that the increase in
the gas flow decreases the transfer efficiency because the superficial
velocity of the gas increases, and the bubbles rise within the liquid more
quickly. Therefore, the transfer time from gas to liquid decreases and a
higher concentration of residual ozone is obtained in the gas at the exit
of the column. Also, the greater the gas flow, the bubble size increases,
which causes a decrease in the surface area of contact of the gas with
the liquid, which affects the ozone mass transfer.

All the experiments were carried out at a similar temperature (»
25 °C) to avoid the solubility effects of the gas in the liquid. It was
impossible to measure the dissolved ozone concentration due to its low
content in the treated water and due to the interference of the turbidity
and the color of the samples in the measurement of this parameter by
the Indigo colorimetric method.

Figure 12 shows the increase in the residual ozone concentration
at the outlet of the ozonation column due to the increase in the gas flow
(10-20 I/h) for the two applied ozone concentrations (40-60 mg/l).
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Figure 12. Variation of ozone concentration in the outlet gas with

increasing gas flow.

The above confirms the trend obtained in the statistical analysis
results on the positive influence of ozonation at gas flows of 10 I/h.
Considering this gas flow value (0.01 m3/h) and the cross-sectional area
of the ozonation column (0.00125 m?2), a surface gas velocity value Vs =
8 m/h is calculated. This value is proposed as a design basis for scaling
the ozonation column and calculating the gas flow for semi-continuous
ozonation at larger scales. In the case of using a continuous ozonation
scheme, it is necessary to complement studies of gas flow and liquid

flow relationships (Qg/Q.) for an adequate mass transfer. Evaluations at
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the pilot factory level,

operating continuously and economic cost analyzes,

W) Check for updates

with hydrodynamic studies of the system

can provide

important information for the scale-ups of industrial ozonation factories.

Evaluation of the proposed treatment scheme

Using the best-operating conditions obtained for each previously

evaluated process (fat trap + primary sedimentation (HRT: 30 min) +
ozonation (C (0O3) g = 60 mg/l, Gf = 10 I/h, pH = 3, time = 30 min), the

model residuals were treated in a comprehensive manner, sampling at

the beginning and end of the treatment scheme. The results and total

efficiencies of the combination of treatments are shown in Table 11.

Table 11. Characterization of the residual models before and after the

proposed treatment scheme

. Reduction NC
Parameters Unit Influent | Effluent”®
(%) 27:2012
Temperature °C 54.9 26.1 52.6 <50
pH units 7.6 7.0 - 6-9
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Conductivity MS/cm 1752 1752 0 <4000
COD mg/I 1010.4 488.9 51.6 < 700
BODs mg/I 519.0 183 64.7 < 300
Total solids mg/I 1990 1571 21.1 -
Settleable solids ml/I 4.0 0 100 <10
fats and oils mg/| 102.1 21.1 79.3 <50
Detergents mg/| 27.9 2.4 91.6 <25
(ASMB)
Total nitrogen mg/I 95.2 66.5 30.1 -
Total phosphorus mg/I 20.0 1.4 93.1 -
Turbidity NTU 238.4 33.9 85.8 -
Color U Pt-Co 776.9 76.9 90.1 -

* Effluent treated by fat trap + primary sedimentation + ozonation.

As seen in Table 11, the proposed treatment scheme achieves

reduction efficiencies of the pollution indicators evaluated above 50 % in

their majority. This makes it possible to comply with the safe discharge

to the sewage system according to NC 27: 2012, for the temperature,
COD, BOD5, fats, oils,
permitted limits. In the cases of settling solids, total phosphorus,

and detergents exceeded their maximum

turbidity, and color, although they are not regulated for their discharge,

a high reduction efficiency was achieved with values higher than 85 %.

del Agua.Open Access bajo lalicencia CCBY-NC-SA 4.0
(https://creativecommons.org/licenses/by-nc-sa/4.0/)

Tecnologia y ciencias del agua,ISSN 2007-2422,
13(6), 98-165. DOI: 10.24850/j-tyca-13-06-03



https://crossmark.crossref.org/dialog/?doi=10.24850/j-tyca-13-06-03&amp;domain=pdf&amp;date_stamp=2022-11-01

M) Check for updates

597
Tecnologiay %=
CienciaszAgua

According to the results achieved with the proposed treatment
scheme for the treatment of pharmaceutical industrial wastewater, it is
recommended to establish an HRT of 30 min for primary treatments as a
design criterion for constructing the fat trap and the primary settler. The
operating conditions selected for ozonation establish the design basis for

scaling up this stage.

Conclusions

In the combination of treatments by fat trap and primary sedimentation,
the best results were obtained with 30 min of HRT, which will be taken

as a design criterion for its construction at larger scales.

The ozonation process was more effective at pH 3, possibly
influenced by the denaturation of gelatin proteins in an acid medium and
ozone oxidation by molecular means with the remaining dissolved

pollutants.

An applied ozone dose of 500 mg/l is recommended (ozone

concentration in gas: 60 mg/l, gas flow: 10 |I/h, and treatment time: 30
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min). The operating conditions and statistical models obtained will
constitute the basis of the design for scaling up this treatment stage.

A treatment scheme is proposed with the combination of a fat
trap, primary sedimentation, and ozonation, with a pH adjustment
system that allows ozonation in acidic or basic conditions, depending on
the type of wastewater treated or subsequent studies.

The present study achieved the total efficiency of reducing
pollutant indicators evaluated between 21 and 100 %. These values

guarantee the safe discharge to the city's sewage system according to
the Cuban standard NC 27: 2012.
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