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Abstract
Introduction— The hospitals’ wastewater is con-
sidered harmful to the environment and public 
health, which demands the utilization of proper 
treatment systems to manage the pollutants in 
them. 
Objectives— This study evaluated the perfor-
mance of an anaerobic reactor Upflow Sludge Blan-
ket (UASB) to treat real Hospitals’ Wastewater 
(HWW). 
Methodology— The reactor operated for 145 days 
with variations of the amount of Organic Load Rate 
(OLR). 
Results— The results showed that for mean organic 
load rate (OLR) of 0.950 Kg COD/m3 ∙ d the removal 
efficiency of organic matter was 59% ± 14%, how-
ever, the process was unstable and showed low 
methane gas production. 
Conclusions— As a result, this research found 
that UASB standard systems are not reliable and 
proper treatment technologies y for treating organic 
pollutants of hospitals’ wastewater. 
Keywords— Anaerobic Digestion; recalcitrant 
compounds; UASB; water treatment

Resumen
Introducción— Las aguas residuales hospitalarias 
son consideradas peligrosas y dañinas para el medio 
ambiente y la salud pública, lo que exige la utilización 
de sistemas de tratamiento adecuados para controlar 
los contaminantes en ellas. 
Objetivos— Este estudio evaluó el desempeño de un 
reactor anaerobio de Manto de Lodos y Flujo Ascen-
dente (UASB) para tratar Aguas Residuales Hospita-
larias reales (HMC). 
Metodología— El reactor operó durante 145 días 
variando los valores de la Carga Orgánica Volumétrica 
(COV). 
Resultados— Los resultados mostraron que para 
valores medios de carga de 0.950 Kg DQO/m3 ∙ d 
la eficiencia de remoción de materia orgánica fue 
59% ± 14%, sin embargo, el proceso fue inestable y 
mostró una baja producción de gas metano. 
Conclusiones— Como resultado, esta investigación 
encontró que el reactor convencional tipo UASB no es 
una tecnología de tratamiento confiable y adecuada 
para el tratamiento de materia orgánica presente en 
las aguas residuales de los hospitales.
Palabras clave— Digestión Anaerobia; compuestos 
recalcitrantes; UASB; tratamiento de agua
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I. Introduction

Hospitals produce approximately 750 liters of wastewater per bed-day, liquid residuals with 
pathogen microorganisms, pharmaceutical products, metabolized radioactive elements, and 
other toxic chemical substances. The pollutant doses derived from hospitals evidenced dange-
rous substances such as antitumoral agents, antibiotics, organ halogenated compounds, and 
emergent compounds that provoke biological disequilibrium because are not properly treated 
[1], [2]. Nowadays, in many countries, these kinds of contaminants are not regulated, what 
motivated to academia researching the effects of human and environmental health. In many 
countries do not exist legal requirements before the discharge, consequently, the management 
of this type of wastewater is the same as urban wastewater [3].

In Colombia, there is a strong tendency to dispose of these waters directly to the sewage 
system with a later treatment in conventional plants, because of the lack of research about the 
nature and behavior of these effluents for selecting the appropriate technology. Authors [4] and 
[5] characterized several hospital effluents and compared them against urban wastewaters. 
They found that hospital wastewater exceeded about 2 and 150 times the reported water qua-
lity parameters of urban wastewater.

Because he emergency of the SARS (severe acute respiratory syndrome) occurred in China 
during 2003, scientists should perform studies to identify safety measurement protocols to 
prevent infection when handling Urban Wastewaters (UWW), in particular when these UWW 
do not have a prior treatment [7]. Recently, the IWA alerted that the virus COVID-19 can be 
present in the hospital effluents. This is a critical warning because the nowadays installed 
technologies are not designed to remove this emerging pathogen, as a result, the virus could 
propagate inadvertently among the population [8].

At this time, there are no specific treatments capable to remove all the present micropollu-
tants in hospital effluents, because of the superfluous understanding of their behavior during 
the treatment process. Usually, these effluents are treated together with urban wastewaters, 
then, co-treatment of the hospital and urban wastewater is a common practice. However, that 
strategy reveals more disadvantages than advantages, for example, urban wastewater contains 
substances that could inhibit the biological process reducing the removal efficiency. 

Some research [2] evidenced that microbial resistance, the presence of new emerging com-
pounds, and microorganisms require the combination of biological and physical-chemical 
treatments as a sustainable strategy. The treatment of wastewater with pharmaceutical com-
pounds has been studied using anaerobic processes, most of them showed results with specific 
substances, such as antibiotics, antipyretic, and other drugs [9], [10]. Some [5] showed in their 
study that using effluents previously treated with Advanced Oxidation Processes (AOP) enhan-
ced the biodegradability and the organic matter removal of the anaerobic process. Others [11] 
studied the influence of organic loads on the performance and structure of the microbial com-
munity in a UASR reactor for pharmaceutical wastewater treatment and found that bacteria 
contributed to the degradation of organic substances of the wastewater. Also, in particular [12] 
it was shown that combining AOP with a Horizontal Anaerobic Immobilized Biomass reactor 
(HAIB) to treat real hospital wastewater can reach a COD removal higher than 90%.

The literature review revealed the opportunity for enhancing the traditional anaerobic tech-
nologies and the lack of information in Colombia related to the treatment of real hospitals’ was-
tewater by UASB reactors, as a result, this research studied the performance of an anaerobic 
reactor (UASB) during pollutant removal. Then, it was assessed the efficiency of the UASB 
reactor removing organic material from real hospital wastewater in terms of COD, Methane 
gas production, and alkalinity index.

II. Material and Methods

A. UASB reactor

The UASB reactor was built in acrylic, with 50 mm of diameter and 590 mm of height, a useful 
volume of 940 mL, and an L/d ratio of 12. The utilized inoculum belongs to a UASB reactor 
that treats urban wastewater in Bogotá (Colombia). The reactor was operated with 21 ± 4 of 
Hydraulic retention time (HRT) and controlled by a peristaltic pump (Masterflex L/S brand) 
with a flux range between 0.6 and 3400 mL/min; Fig. 1 depicts the assembled experiment. 
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Fig. 1. Setup of the UASB reactor.
Source: Authors.

The UASB reactor operated continuously for 145 days where a feeding strategy was per-
formed through the variation of Organic Loading Rate (OLRs) as follows: 
•	 Phase 1: ORL of 0.043 KgCOD/m3 ∙ d for 13 days, fed with synthetic residual water prepared 

according to the recommendations [13].
•	 Phase 2: ORL of 0.950 KgCOD/m3 ∙ d during 135 days, fed with a mix of 75% of synthetic 

residual water and 25 % of hospital wastewater. 
It is important mentioning that during the experiment, the 89-th day reported a temperature 

increment up-to 50ºC for 24 h in the reactor chamber, which could have generated instability 
in the biological process. 

B. Hospital wastewater (HWW)

The Hospital wastewater comes from a Health Central Care (HC) located in Bogotá city. The 
HC has 397 beds for medical treatments, surgical interventions, external health consulting. 
The HC produces wastewater derived from human excretions combined with pharmaceutical 
residuals and detergents. At the present, the wastewaters receive a preliminary treatment 
through a coarse material removal through gratings, followed by a floater tank and a distri-
butor tank connected to the city’s sewage system.

Three samplings of HWW were done for one year, once the samples were collected, preser-
ved, and stored at 4ºC for further analysis. Also, were analyzed physical and chemical para-
meters such as Total Suspended Solids (TSS), Volatile Suspended Solids (TDS), Total Solids 
(TS), Alkalinity, Color, UV254, sulfates, Total Kjeldahl Nitrogen, phosphates, BOD5, COD, and 
pH according to [14], [15].

C. Methods

The stability of the anaerobic digestion was carried out as suggested [16]: COD, Total Vola-
tile Acids (TVA), Total Alkalinity (TA), Partial Alkalinity (PA), Intermediate Alkalinity (IA), 
Total Solids (TS), Suspended Solids (SS), Total Volatile Solids (TVS), Volatile Suspended Solids 
(VSS) and pH. These analyses were done by duplicated three times per week. The composition 
of the biogas was analyzed using a Gas Chromatographer - Agilent 7890-A chromatographer 
Carboxen 1010 Plot column.
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III. Results and Discussion

A. Characteristic of the Hospital Wastewater (HW)

The concentrations of pharmaceutical residues in hospital effluents are the result of the 
combination of three important factors: administered quantities, percentage excreted by each 
patient, and physicochemical properties of the used drugs [17], [4]. Despite there is no defined 
pattern of the water quality of these wastewaters but is well known the presence of dissolved 
emerging compounds discharged into the sewage network.

Table 1 shows the characteristics of the HW used in this study. The results noticed a high 
dispersion in most of the evaluated parameters Also, the identified value of the biodegrada-
bility ratio confirmed the high presence of recalcitrant compounds, most of them recognized 
as emerging compounds.

Table 1. Characterization of HWW.

Parameter Unit Mean ± S.D.

COD mg/L 286 ± 136

BOD5 mg/L 48 ± 36

COD/BOD5 8.03 ± 4.05

pH 7 ± 0.5

Total Alkalinity mg CaCO3/L 357 ± 79

Color(465nm) cm–1 0.15 ± 0.11

UV254 cm–1 0.60 ± 0.45

TS mg/L 392 ± 124

TSS mg/L 30 ± 12

VSS mg/L 95 ± 55

SO4
-2 mg SO4

–2/L 77 ± 74

Orthophosphates mg PO4
–2/l 7 ± 4

TKN mg TKNL 7 ± 2

Chlorides mg Cl–1/L 134 ± 56

Thermotolerant coliforms UFC/100ml 2.131E6 ± 2.079E6

Source: Authors.

B. Performance of the UASB reactor

1) Alkalinity Ratio: Intermediate Alkalinity/Partial Alkalinity 

The pH and Alkalinity indicated the stability of the anaerobic process, where the low levels 
of alkalinity generated a decrement of pH levels due to weak capability for neutralizing the 
volatile acids, as a result, occurred the accumulation of Volatile Fatty Acid (VFA) and low 
production of gas Methane [18]. The Alkalinity Ratio (AR) indicated the associated alkalinity 
to VFA and bicarbonates, where the values of AR over 0.3 suggested alterations in the anae-
robic digestion. However, in particular cases, the AR values may be different to 0.3 because 
the nature of the wastewater, hence, is necessary to study in detail the characteristics of each 
process [16].

As seen in Fig. 2, the UASB reactor showed values about 1.18 ± 0.05 in the affluent 
and 1.27 ± 0.12 in the effluent, which evidenced instability during all the operation time. 
At the beginning of phase 2 was observed disequilibrium in the production and consump-
tion of VFA because of the high acid levels, then, was necessary to modify the affluent 
alkalinity gradually adding sodium bicarbonate till the acid accumulation was reduced 
at 65-th day.
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Fig. 2. Alkalinity ratio of the affluent (●) and effluent (●) derived from the UASB reactor. 
IA (intermediate alkalinity), PA (partial alkalinity).

Source: Authors.

2) VFA/ TA index

The ratio of VFA and Total Alkalinity (TA) is known as a buffer index [16] and its proper 
variation considers a feasible range of 0.20-0.40 what suggested that 60% of the system’s TA 
must be in form of Bicarbonate Alkalinity (BA) (Fig. 3). During the operation were measured 
mean values of 5.1.E-03 ± 3E-03 for the affluent and 0.015 ± 0.01 for the effluent, suggesting 
that the anaerobic process was underfed and had a low supply of nutrients.

Fig. 3. Results of the VFA/ TA index for the affluent (●) and effluent (●)derived from the UASB reactor. 
(VFA, volatile fatty acids, TA, total alkalinity)

Source: Authors.

The instability of the process may be caused by organic overloading, the manifestation of 
inhibitors agents, diluted toxics, or temperature variations; in this study, the instability occu-
rred because the Organic Acid production of the reactor was higher than the consumption. 
Also, we observed that the biologic process kept under continuous perturbations and thermal 
shock during phase 2, as a result, the system could not recover itself. Then, the instabilities 
mentioned above evidenced the need to increase the research of the Hospitals’ wastewater 
treatment through the UASB reactor, what will improve the utilization of the technology in 
terms of stability and efficiency.

3) COD removal

In Fig. 4 during the start of phase 2, a COD removal of 28% ± 20% was shown. From day 
number 65 the Total Alkalinity increased due to the low reactor’s performance. As a result, 
the COD removal increased up to 59 ± 14%, what was the best result of the UASB reactor 
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during the operation time. In this sense, the organic material reduction of hospital wastewater 
is dependent on the Alkalinity concentration during the treatment. 

The thermal shock that occurred at day number 90 of the operation caused a critical reduc-
tion of COD removal seen in the results of 6% ± 4% (Fig. 4). Despite that situation was contro-
lled within 24 hours and the reactor re-started at 35ºC, the process could not be recovered. As 
a result, these kinds of wastewaters are sensitive to smoothed temperature variations during 
the anaerobic process. In contrast, an investigation [19] notified a thermal shock episode in a 
UASB reactor when treating wastewater of a bleaching plant, then, the system could recover 
without negative affectations for the organic material removal.

The results of some research [20] showed that a combined aerobic-anaerobic process trea-
ted hospital wastewater and reached organic material removal (COD removal) up to 95.1%. 
As a result, the combination of biological processes seen in that study may be an alternative 
for Hospitals’ wastewater treatments. Also, another [12] reported similar results combining 
ozonation and anaerobic digestion with immobilized biomass.

Fig. 4. COD removal percentage of the UASB reactor during the observation period.
Source: Authors.

C. Gas Methane production 

During phase 2 at day number 90 were collected 6 samples of the biogas every 2 days, and 
was measured a gas Methane production of 5±1. According to certain guidelines [21], [16], the 
production of gas Methane was a direct result of the COD reduction, hence, in this study, the 
removal was not significant and the production of biogas was extremely low.

IV. Conclusions

The treatment of real Hospital wastewater through a UASB reactor was performed in this 
study. The results pointed out that the utilized biological reactor in the operational conditions 
was not effective for pollutant removal. Also, this study found that slight variations of alkali-
nity and temperature influenced negatively the process stability. 

This study recommends studying the capability of the anaerobic biological process for trea-
ting recalcitrant compounds dissolved in the HWW. For future research would be interesting 
to combine the biological process with an advanced oxidation process. Finally, this research 
recommends performing cytotoxic and toxic measurements at different levels (ie. different 
bioindicators) to identify the ecotoxic impact of these wastewaters.
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