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ABSTRACT 

Removal Efficiency of Microbial Contaminants from Hospital Wastewaters 

Thesis by 

  Kenda Timraz 

 

 

This study aims to evaluate the removal efficiency of microbial contaminants 

from two hospitals on-site Wastewater Treatment Plants (WWTPs) in Saudi Arabia. 

Hospital wastewaters often go untreated in Saudi Arabia as in many devolving 

countries, where no specific regulations are imposed regarding hospital wastewater 

treatment. The current guidelines are placed to ensure a safe treated wastewater 

quality, however, they do not regulate for pathogenic bacteria and emerging 

contaminants. Results from this study have detected pathogenic bacterial genera and 

antibiotic resistant bacteria in the sampled hospitals wastewater. And although the 

treatment process of one of the hospitals was able to meet current quality guidelines, 

the other hospital treatment process failed to meet these guidelines and disgorge of its 

wastewater might be cause for concern. In order to estimate the risk to the public 

health and the impact of discharging the treated effluent to the public sewage, a 

comprehensive investigation is needed that will facilitate and guide suggestions for 

more detailed guidelines and monitoring. 
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1 Introduction 

 

The consumption rate of water per day in a hospital varies from 400 to 1200 

L/person/day (Leprat, P et al., 1998). In the United States of America, the average 

water consumption in a single hospital is 968 L/bed/day (USEPA 1989). On the other 

hand, in the developing countries, the consumption rates averages at around 

500 L/bed/day (Laber et al., 1999). The consumption of water in a hospital 

environment is accompanied by an equal amount of discharged wastewater. Hospital 

effluent contains domestic discharge coming from kitchens, laundries, and toilets. In 

addition to domestic wastewater discharge, hospital effluent also contains specific 

contaminants that arise from laboratories and clinical activities. These discharges 

consist of contagious excretions that contain pathogenic microorganisms, biological 

fluids, drug residues and metals. According to Hartemann et al. (2005), “a hospital 

with 1000 beds with an internal laundry is as pollutant as a town with a population of 

10 000”.  

Hospitals are, hence, major sources of contaminants like pharmaceutical 

products (Phcs), endocrine disruptors, disinfectants, detergents, radiographic 

developers, and fixing agents etc. As a result, characterization of hospital wastewaters 

has been an essential area of study so as to track the extent of risk on the environment 

and human health. In many countries, partially treated hospital effluent is usually 

discharged to the main sewage network after meeting the locally-imposed regulations, 

such as the United States Environmental Protection Agency (USEPA) regulations for 

hospital effluent discharges, for example (Table 1.1). However, national or regional 

legal regulations are not well-established in many developing countries to guide the 

proper management and treatment of hospital effluent before its discharge into public 

http://www.sciencedirect.com/science/article/pii/S0048969708004749#bib21
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sewers for further treatment at a Wastewater Treatment Plant (WWTP) (Boillot et al., 

2008 and Verlicchi et al., 2010).  

This is further compounded by the treatment trains that are typically designed 

for the in-house hospital WWTP. A typical treatment train, if existential, usually 

consist of primary or secondary clarification followed by chlorination (Kusuma et al., 

2014). These treatments may not result in high removal efficiency of micropollutants 

or emerge microbial contaminants such as Antibiotic-Resistant Bacteria (ARB). 

 

Table  1-1 Effluent limitations and guidelines representing the degree of 
effluent reduction attainable by the application of the best practicable control 
technology available. 

 

 

Effluent characteristic 

Effluent limitation 

 

Maximum for any 

1 day 

 

Average of daily values 

for 30 consecutive days 

shall not exceed_ 

 Metric units (kg/1,000 occupied beds) 

BOD5 41.0 33.6 

TSS 55.6 33.8 

PH (1) (1) 

1 Within the range 6.0 to 9.0 

Adapted from (USEPA 1976) 

In this study, the removal efficiency of two hospital WWTPs in Saudi Arabia 

was investigated over a two weeks sampling period. The microbial water quality was 

further evaluated by determining for the overall microbial community, isolating for 

viable antibiotic-resistant bacteria and examining the mutagenicity level of the 

http://www.sciencedirect.com/science/article/pii/S0048969715001564#bb0065
http://www.sciencedirect.com/science/article/pii/S0048969715001564#bb0065
http://www.sciencedirect.com/science/article/pii/S0048969715001564#bb0420
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wastewater. Through this assessment, this study aims to evaluate if the treated 

hospital wastewater would impose a significant risk when discharged into the main 

sewage network.  
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2 Literature review 

 

2.1 Hospital effluent discharge 

Most of the hospitals in Saudi Arabia discard their liquids into septic tanks. 

This practice is due to the lack of full public sewage systems (Mohorjy et al., 2001). 

Municipal sewage treatment plants are not so common and hospital effluent is 

discharged to the public sewer system if existing, without any treatment.  

Hospital wastewaters (HWW) may be thought of to be the same pollutant 

nature as urban waste water (UWWs) and so, are collected together and sent to 

municipal wastewater treatment plants. However, HWW contains a higher 

concentration of biochemical oxygen demand (BOD5), chemical oxygen demand 

(COD) and suspended solids (SS) than UWW (Table 2.1). Many researchers have 

addressed the need to treat hospital effluent separately from other effluent coming 

from urban usage before its discharge to the public sewage network (Altin et al., 

2003, Pauwels and Verstraete, 2006 and Vieno et al., 2007). The treatment of hospital 

and urban wastewaters at a municipal WWTP will result in no segregation of 

pollutants, especially for emerging pollutants like toxic compounds that will 

eventually be discharged into the environment. In addition, conventional municipal 

WWTPs are unable to efficiently remove all the different compounds found in 

hospital sewage similar to pollutants that are in concentrations to the order of 

mg L−1 and at least 106 MPN/100 mL.  

 

 

http://www.sciencedirect.com/science/article/pii/S0022169410003409?np=y#bib1
http://www.sciencedirect.com/science/article/pii/S0022169410003409?np=y#bib1
http://www.sciencedirect.com/science/article/pii/S0022169410003409?np=y#bib96
http://www.sciencedirect.com/science/article/pii/S0022169410003409?np=y#bib123
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Referring to these three parameters, and by considering their usual concentrations in the influents to 
municipal WWTPs, it can be observed that in HWWs BOD5, COD and SS keep 2–3 times higher than 
in UWWs. 
 
Adapted from (Verlicchi et al., 2010) 

 
 

An on-site hospital wastewater treatment plant should be tasked to treat these 

wastewaters to a level appropriate enough for discharge into the public sewer. 

However, this guidance is not widely enforced in Saudi Arabia. The Ministry of 

Water and Electricity (MWE) in Saudi Arabia have listed guidelines for the 

wastewater entering the treatment plants. (Table 2.2) However, the current guidelines 

are based on conventional water quality parameters such as biochemical and chemical 

oxygen demand. They also do not include monitoring of emerging contaminants like 

infectious agents or antibiotic residues. Using reused water to supplement the water 

supply contains a number of risks. To understand these risks and handle them, an 

enhancement in the monitoring effort for emerging contaminates and the overall 

treatment quality is required. 

 

 

 

Table  2-1 Average values in HWWs and UWWs.  

Parameter HWWs UWWs Ratio 

BOD5, mg L−1 200 90 2.2 

COD, mg L−1 500 170 3 

SS, mg L−1 160 60 2.7 
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Adapted from (MWE 2006) 
 

2.2 Emerging contaminants 

The number of opportunistic pathogens and infectious agents (e.g. Salmonella, 

Shigella, multi-drug resistant coliforms etc.) present in hospital wastewater is higher 

than the number found in public sewage.  

 

 

 

Table  2-2 Saudi Arabian Ministry of Water and Electricity, MWE, regulations 
for wastewaters waste distribution entering treatment networks. 

Parameter Unit Water entering 
treatment plant 

Physical parameters   
 Floatable materials  Absent 

 Total suspended solids (TSS) mg/L 600 

 pH  6 – 9 

 Turbidity NTU  
Chemical parameters   

 Biochemical oxygen demand (BODR5R) mg/L 500 

 Chemical oxygen demand (COD) mg/L 1000 

 Total organic carbon (TOC) mg/L 400 

 Total dissolved solids mg/L  

 Free residual chlorine mg/L  
Biological parameters   

 Fecal coliforms per 100 mL CFU/100mL  
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Table  2-3 List of hospital-acquired infection pathogens. 

Bacteria                                                                               Disease 

Staphylococcus aureus' Cause infections in many areas including 
the skin, bones, blood and vital organs 
such as the lungs and the heart. 

Methicillin resistant Staphylococcus 
aureus 

Cause infections in patients with open 
wounds, invasive devices, and 
weakened immune systems.  

Candida albicans Opportunistic oral and genital infections 
in humans. 

Pseudomonas aeruginosa Colonize the digestive tract of 
hospitalized patients. 

Acinetobacter baumannii Causes a wide range of infections, 
including pneumonia and blood-stream 
infections. 

Clostridium difficile C. difficile infection (CDI) is the most 
frequent cause of infectious diarrhea in 
hospitals and long-term care facilities. 

Escherichia coli Cause serious infections (surgical site, 
lung, bacteraemia, peritoneum infection).  

Tuberculosis Caused by germs (bacteria) that are 
spread through the air from person to 
person. TB germs are found in the 
person’s sputum (phlegm). 

Vancomycin-resistant Enterococcus Cause infection of the urinary tract or 
bloodstream, Those who have been 
previously treated with vancomycin or 
other antibiotics for long periods of time; 
those who have undergone surgical 
procedures and those with medical 
devices such as urinary catheters are at a 
higher risk of becoming infected with 
VRE. 

Legionnaires' disease Cause a serious respiratory illness, that 
results in pneumonia. 

Adapted from (WHO 2002), Public Health Agency of Canada (PHAC) and (Weber et al, 
2010) 

 
Improper dissemination of hospital wastewater may hence play an important 

role in the spread of methicillin-resistant Staphylococcus aureus (MRSA) and 

vancomycin-resistant Enterococcus sp. (VRE) which are major nosocomial infectious 

pathogens (Table 2.3). Other pathogens that may be present in hospital wastewaters 

are norovirus, hepatitis B virus, Acinetobacter sp., Pseudomonas 

https://en.wikipedia.org/wiki/Staphylococcus_aureus
https://en.wikipedia.org/wiki/Methicillin_Resistant_Staphylococcus_Aureus
https://en.wikipedia.org/wiki/Methicillin_Resistant_Staphylococcus_Aureus
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Candida_albicans
https://en.wikipedia.org/wiki/Opportunistic_infection
https://en.wiktionary.org/wiki/oral
https://en.wikipedia.org/wiki/Genital
https://en.wikipedia.org/wiki/Pseudomonas_aeruginosa
https://en.wikipedia.org/wiki/Acinetobacter_baumannii
https://en.wikipedia.org/wiki/Clostridium_difficile
https://en.wikipedia.org/wiki/Escherichia_coli
https://en.wikipedia.org/wiki/Tuberculosis
https://en.wikipedia.org/wiki/Vancomycin-resistant_Enterococcus
https://en.wikipedia.org/wiki/Legionnaires%27_disease
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aeruginosa, Clostridium difficile, and Candida spp. (Weinstein et al., 

2004) Acinetobacter baumannii is capable of infecting people with compromised 

immune systems and intensive care unit (ICU) patients, and it is becoming 

increasingly important as a nosocomial infection. It has also been isolated from 

environmental soil and water samples. Similarly, methicillin-resistant Staphylococcus 

aureus (MRSA) is a hospital-acquired infection, and has recently developed 

disseminated into non-nosocomial settings (Boyce et al 2007, Weinstein et al., 2004) 

One of the main epidemiological features of these organisms include, the ability to 

colonize patients as well as their resistance to a variety of antimicrobial agents 

(Dijkshoorn et al., 2007). 

Strains resistant to antibiotics are a cause of concern especially if these 

resistant strains come into contact with the public or are transmitted via public sewage 

(Bernards et al., 1996). Various antibiotic-resistant microorganisms were also 

reported to be resistant to disinfectants that are commonly used in wastewater 

treatment process (Suller et al., 1999, McDonnell et al., 1999, Koljalg et al., 2002). 

Consequently, direct reuse of reclaimed water should be evaluated, including 

assessing the risk posed by persistent emerging contaminants and their (acute and 

chronic) effects on the environment and human health. 

The usual range of concentrations of pollutants in such wastewater is further 

elaborated and listed in (Table 2.4).   

 

 

 

 

https://en.wikipedia.org/wiki/Nosocomial
https://en.wikipedia.org/wiki/Hospital-acquired_infection
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Table  2-4 Main chemical characteristics of hospital effluent in terms of conventional 
parameters and pharmaceuticals and other emerging compounds. 

Parameter Range of 
concentrations 

Reference 

Conductivity, μS/cm 300–1000 Boillot et al. (2008), Verlicchi et al. 
(2012c) 

pH 6–9 PILLS Report (2012), Kosma et al. 
(2010) 

Redox potential, mV 850–950 Verlicchi et al. (2010), Boillot et al. 
(2008) 

Fat and oil, mg/L 50–210 Al-Hashimia et al. (2013), Verlicchi 
et al. (2010) 

Chlorides, mg/L 80–400 Emmanuel et al. (2004), Verlicchi et 
al. (2012c) 

Total N, mg N/L 60–98 PILLS Report (2012), Beyene and 
Redaie (2011) 

NH4, mgNH4/L 10–68 McArdell et al. (2011), Verlicchi et 
al. (2012c), Wen et al. (2004) 

Nitrite, mg NO2/L 0.1–0.58 Al-Hashimia et al. (2013), McArdell 
et al. (2011) 

Nitrate, mg NO3/L 1–2 Lopez et al. (2010), McArdell et al. 
(2011), Venditti et al. (2011) 

Phosphate, mg P-PO4/L 6–19 Al-Hashimia et al. (2013), Verlicchi 
et al., 2010 and Verlicchi et al., 
2012c 

Suspended solids, mg/L 120–400 Verlicchi et al. (2012c) 

COD, mg/L 1350–2480 Kajitvichyanukul and Suntronvipart 
(2006), Berto et al. (2009) 

Dissolved COD, mg/L 380–700 McArdell et al. (2011) 

DOC, mg/L 120–130 McArdell et al. (2011); 
TOC, mg/L 31–180 Beier et al. (2012), Nardi et al. (1995) 
BOD5/COD 
(biodegradability index) 

0.3–0.4 Kajitvichyanukul and Suntronvipart 
(2006) 

AOX, μg/L 550–10000 Kummerer et al. (1998), Nardi et al. 
(1995) 

Microorganisms, 
MPN/100 mL 

  

 E. coli 103–106 Beier et al. (2012), Nielsen et al. 
(2013) 

 Enterococci 103–106 Beier et al. (2012) 

 Faecal coliform 103–104 Beier et al. (2012) 

 Total coliform 105–107 Lopez et al. (2010), Beyene and 
Redaie (2011) 

EC50 (Daphnia), TU 9.8–117 Emmanuel et al. (2004), Machado et 

http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0065
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0325
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0180
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0180
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0420
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0065
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0065
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0020
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0420
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0420
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0115
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0325
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0060
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0060
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0260
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0465
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0020
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0260
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0260
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0235
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0260
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0260
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0410
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0020
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0420
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0420
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0155
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0155
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0055
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0260
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0260
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0050
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0285
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0155
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0155
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0205
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0285
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0285
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0050
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0290
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0290
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0050
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0050
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0235
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0060
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0060
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0115
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0240
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al. (2007) 
Total surfactants, mg/L 4–8 Verlicchi et al., 2008 and Verlicchi et 

al., 2010 
Total disinfectants, mg/L 2–200 Kummerer (2001), Verlicchi et al. 

(2012c) 
Specific disinfectantsa:   
 BAC_C12–18, μg/L 49 Kovalova et al. (2012) 

 BAC_C12, μg/L 34 Kovalova et al. (2012) 

 DDAC-C10, μg/L 102 Kovalova et al. (2012) 

Antibiotics, μg/L 30–200 Verlicchi et al. (2012c) 

Antinflammatories, μg/L 5–1500 Verlicchi et al. (2012c) 

Lipid regulators, μg/L 1–10 Verlicchi et al. (2012c) 

Cytostatic agents, μg/L 5–50 Suarez et al. (2009), Verlicchi et al. 
(2012c) 

ICM, μg/L 0.2–2600 Verlicchi et al. (2012c) 

Beta-blockers, μg/L 0.4–25 Verlicchi et al. (2012c) 

a Disinfectants: quaternary ammonia disinfectant: BAC_C12–18: benzalkonium chloride; DDAC-C10: 
dimethyldidecylammonium chloride. 

Adapted from (Verlicchi et al., 2015) 
 

2.3 Conventional and tertiary hospital wastewater treatment plants and their 

management 

Similar to the municipal wastewater treatment plant, onsite hospital WWTPs 

are designed with primary clarification, activated sludge process (CAS) and 

sometimes disinfection (Figure 2.1). According to the draft (2010) Saudi Water Act, 

wastewater is often treated to at least secondary levels before being reused in 

irrigation or discarded near water bodies (KICP, 2010). Biological treatments are 

necessary to remove the organic load and suspended solids. Longer SRTs and high 

concentrations of the biomass in the biological tanks favor all the biodegradation 

processes, and from 0.5 to 3-log indicator microorganism removal can be achieved. 

http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0240
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0415
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0420
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0420
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0200
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#tf0035
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0185
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0185
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0185
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0390
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0440
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Figure  2-1 Treatment schematics of a conventional hospital wastewater treatment plant. 

 

Tertiary treatment like chlorine disinfection is necessary because the bacteria 

get concentrated in sludge, and a greater concentration of chlorine is required for 

decontamination. It can provide removal of pathogens and nutrients by up to six 

additional logs (Table 2.5). 

 

Table  2-5 Log removals of indicator microorganisms and enteric pathogens in various 
wastewater treatments. 
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Secondary 
Treatment 

1 - 3 0.5 – 
1 

0.5 - 
2.5 

1 - 3 0.5 - 2 0.5 - 
1.5 

0.5 - 1 0 – 2 

Dual media 
filtration 

0 - 1 0 - 1 1 - 4 0 - 1 0.5 - 3 1 - 3 1.5 - 
2.5 

2 – 3 

Membrane 
filtration 

4 - 
>6 

>6 2 - >6 >6 2 - >6 >6 4 - >6 >6 

Reservoir 
storage 

1 - 5 n/a 1 - 4 1 - 5 1 - 4 3 - 4 1 - 3.5 1.5 - 
>3 

Ozonation 2 - 6 0 - 
0.5 

2 - 6 2 - 6 3 - 6 2 - 4 1 - 2 n/a 

UV 
disinfectio
n 

2 - 
>6 

n/a 3 - >6 2 - >6 1 - >6 3 - >6 3 - >6 n/a 

Advanced 
oxidation 

>6 n/a >6 >6 >6 >6 >6 n/a 

Chlorinatio
n 

2 - 
>6 

1 - 2 0 - 2.5 2 - >6 1 - 3 0.5 - 
1.5 

0 - 0.5 0 – 1 
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-Escherichia coli, Clostridium perfringens and enteric bacteria are classified as bacteria; giardia 
lamblia, Cryptosporidium parvum and helminths as protozoa and helminths; while phages and enteric 
viruses are under viruses. 
-Reduction rates depend on specific operating conditions (retention times, contact times, concentrations 
of chemicals used, pore size, filter depths, pretreatment, etc). Ranges are meant to show relative 
comparisons only. 
-Dual media filtration includes coagulation. 
-Membrane filtration includes ultra-filtration, nano-filtration and reverse osmosis. 
-n/a = not available 

Adapted from (WHO 2006, USEPA 2012) 
 

Besides conventional treatment processes, one of the advanced treatment 

options is ultrafiltration membrane which is a promising technology that has a good 

removal efficiency of pharmaceuticals. Ozonation and advanced oxidative processes 

are also highly reliable techniques that result in higher degradation and removal of 

90% of different groups of compounds (Table 2.6). Granular activated carbon (GAC) 

and powdered activated carbon (PAC) can also be used to enhance the removal of 

many pharmaceuticals by up to 90% (Table 2.6). Suggestions to improve the adopted 

treatments are under investigation, in order to view their applicability in terms of land 

requirement, footprint, costs, installation, operation and maintenance.  

 

Table  2-6 Removal efficiencies expected for the different emerging compounds. 

Group PAC AOP UV Cl2/ClO2 Coag/Floc 
Antibiotics 40–90 20–90 40–90 20–90 < 20 

Antidepressants 70–90 20–90 40–90 20–70 < 20–40 

Analgesics/anti-inflammatories > 90 20–90 70–90 20–70 < 20 

Lipid regulator > 90  > 90 20–70 < 20 

X-ray contrast media 70–90 70–90 20–90 20–70 < 20–40 

Disinfectants/detergents > 90 > 90 40–90 > 20 < 20–40 

 Adapted from (Verlicchi et al., 2011)  
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3 Materials and Methods 

 

3.1 Sampling site and sampling procedure 

The hospital wastewater samples were collected from two hospitals in Riyadh, 

Saudi Arabia. Both hospitals have their wastewater treatment plant onsite and are 

referred to as SH WWTP and IH WWTP. The exact locations and names of the two 

hospitals cannot be disclosed due to a confidentiality agreement. The treatment 

process in both of the WWTPs consisted of a primary treatment using a primary 

clarifier to separate suspended solids and greases from the wastewater. Then next, a 

biological treatment process to remove organic carbonaceous matter from the 

wastewater followed by a secondary clarifier to remove settleable solids. The 

supernatant from secondary clarifier was then pumped through a rapid sand filtration 

column and the effluent was disinfected by adding chlorine. The hydraulic retention 

time (HRT) in the biological treatment tank and sand filtration flowrate were not 

communicated to us by the plant operators. The chlorine dosage in the disinfection 

treatment step in both plants is around 10mg/L. The treatment schematic and 

sampling points are shown in (Figure 3.1). Sampling points were chosen to determine 

the influent quality and the treatment efficiency of the discharged effluent. Sampling 

points were located at the primary clarifier after primary settling (i.e., influent), and at 

secondary clarifier after the chlorination step (i.e., effluent). Samples were collected 

on 1 through 13 April 2014. Influent samples were collected in 500 mL sterile bottles 

while effluent were collected in 2 L sterile bottles. Samples were maintained at 4 °C 

and shipped immediately to KAUST.  
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Figure  3-1 Treatment schematics of (A) SH Hospital and (B) IH Hospital wastewater 
treatment plant. The symbol (X) designates a sampling point.  

 
 

3.2 Microbial water quality 

3.2.1 Enumeration of Culturable Bacteria by Plate Counts 

Enumeration of total cell counts for the hospital wastewater samples was 

performed by first adding 20 mL of wastewater samples to 20 mL of LB Miller broth 

(Sigma-Aldrich, Buches, Switzerland). The samples were then incubated overnight at 

37 °C to resuscitate stressed or injured bacterial populations. Next, serial dilutions of 

influent and effluent from (100 – 1014) were prepared in 1X PBS buffer. 100 µL of the 

enriched culture was spread-plated onto three different types of MacConkey agar 

(Sigma-Aldrich, Buches, Switzerland), namely, MacConkey agar without any 

antibiotics (MC), MacConkey agar with either meropenem 8 µg/mL (Sigma-Aldrich, 

Buches, Switzerland) (MCM) or 8 µg/mL ceftazidime (Sigma-Aldrich, Buches, 

Switzerland) (MCC). The total number of bacterial colony forming unit per 20 mL 

was calculated based on the following formula: 
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CFU/20 mL = 
(𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝑓𝑓𝑓𝐷𝐷𝑓)(𝑃𝐷𝑓𝐷𝑃 𝑓𝐷𝐷𝐷𝐷)

0.𝐷 𝑚𝑚
× 40 𝑚𝑚 𝐷𝑓 𝑚𝐿 𝑚𝐷𝑚𝐷𝐷𝑓𝑃

20 𝑚𝑚 𝐷𝑓 𝑤𝑓𝑤𝐷𝑃𝑤𝑓𝐷𝑃𝑓 𝑤𝑓𝑚𝑠𝐷𝑃
 

 

3.2.2 Determination of total cell numbers by flow cytometry 

Flow cytometric analysis was performed on BD Accuri™ C6 flow cytometer 

(BD Biosciences, Franklin Lakes, NJ, USA). Water samples were diluted by 100-fold 

in 1X PBS, and stained in a final concentration of 1X Invitrogen SYBR® Green 

nucleic acid stain (Thermo Fisher Scientific, Carlsbad, CA, USA) based on protocols 

described by the manufacturer. Briefly, 1000 μL of 50-fold diluted water samples 

were incubated in the dark for 10 min at 35°C, then stained with 10 μL of SYBR® 

Green and incubated further for 10 min at 35°C before measurement. 

 

3.2.3 Salmonella mutagenicity test (Ames) 

The pre-incubation test was performed as described by Maron and Ames et al. 

(1983).  First, 10 mL of the hospital wastewater samples that were stored at 4 ◦C were 

filtered through 0.2 µm cellulose acetate syringe filters (VWR International, North 

America, USA) The filtrate was then frozen at - 80 ◦C and freeze-dried in the freeze 

dryer ALPHA1-2 LDPlus (Fisher Bioblock Scientific, ). 300 µL DSMO and 100 µL 

of water were added to the lyophilized sample then a 1:10 dilution was prepared 

before using the sample. Five doses of each wastewater samples, i.e. 5, 10, 20, 40 and 

80 µL/plate were plated in duplicate with 0.1 ml of the bacterial culture. After 

incubating the test sample and bacterial culture for 30 min at 37 ◦C, 2.0 top agar that 

contained 0.5 mM histidine/biotin solution was added and contents were poured on 

minimal glucose agar plates. Plates were incubated at 37 ◦C for 48–72 h. Negative and 

positive controls were included in each assay. The negative control plates had bacteria 



26 

 

and sodium phosphate buffer but no test sample. Sodium azide (1.5 g for Salmonella 

typhimurium TA100) were used as a positive control without the S9 mix. The 

standard used to classify the results as positive was similar to those of Vargas et al. 

(1993, 1995) i.e., number of revertants double the spontaneous yields accompanied by 

a reproducible dose–response curve. 

 

Table  3-1 Genotype of the TA strain that used for mutagenesis testing. 

Histidine mutation LPS Repair R-factor 
hisG46 - - - 
TA 100 Rfa ∆ uvr B +R 

Adapted from (Maron et al., 1983)  

 

3.3 Characterization of bacterial isolates  

3.3.1 Bacterial Isolation   

Bacterial colonies that grew on MacConkey (Sigma-Aldrich, Buches, 

Switzerland) agar plates supplemented with antibiotics (i.e., MCM and MCC) were 

randomly selected and picked up and re-streaked twice to obtain pure cultures. Next, a 

single colony was picked up and enriched in 5 mL LB Miller broth (Sigma-Aldrich, 

Buches, Switzerland) for 24-48 h at 37 °C with the respective antibiotic. A stock for 

each of these isolates that were to be used in subsequent experiments was prepared by 

adding 500 µL of enriched growth to an equal volume of 60% glycerol in LB Broth 

and then stored at -30 °C. 

3.3.2 Phylogenetic identification of bacterial isolates based on 16s rRNA genes 

The enriched broths of each isolate were used for DNA extraction. Cell pellets 

were collected by centrifuging at 8000 xg for 10 minutes. Then, DNA was extracted 
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using the heat-lysis method or DNeasy Blood and Tissue Kit (Qiagen, Hilden, 

Germany) based on manufacturer’s protocol. Next, the 16S rRNA genes were 

amplified using the primers shown in (Table 3.4). Each PCR reaction mixture 

contained 0.4 μL of 0.025 U/µL ExTaq polymerase (Takara Bio, Dalian, China), 25 

μL of 2X Epicentre Biotechnologies FailSafe Premix F (Illumina, Madison, WI, 

USA), 1 μL each of 10 μM forward primer and 10 μM reverse primer, 22 μL of 

Molecular Grade Water, and 2 μL of DNA template extracted from wastewater 

samples. Thermal cycler reaction conditions were shown in (Table 3.2). Next, the 

PCR product was run on gel electrophoresis with SYBR green to detect the amplified 

DNA bands. The amplicons DNA concentration was measured by using Qubit 

dsDNA BR Assay (Life Technologies Qubit 2.0®) and purified by using the Wizard® 

SV Gel and PCR clean-up Kit (Promega, WI, USA). The PCR amplicons were sent in 

for Sanger sequencing at the KAUST Genomics core lab, using the primer 338F (5’-

ACT CCT ACG GGA GGC AGC-3’). The returned sequence were BLASTN against 

the National Center for Biotechnology Information (NCBI) database to determine the 

identity of isolates.  

 

 Table  3-2 C1000 Touch thermocycler (BioRad Laboratories Inc. Hercules, CA, USA) 
reaction conditions. 

 Temp (°C) Time  
1. Initial 

denaturation 
95 3 minutes 

30 cycles of steps 2 through 4 
2. Denaturation 95 30 seconds 
3. Annealing 55 45 seconds 
4. Extension 72 1 Minute 
5. Extension final 

stage  
72 10 minutes 

 

 

3.3.3 Antibiotic resistance profiles 
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Minimum inhibitory concentration (MIC) tests were performed to determine 

the antibiotic resistance / susceptibly profiles of the 4 isolates that were identified as 

opportunistic pathogens ( Bacillus sp., Aeromonas salmonicida, Enterococcus 

faecium) The concentrations of antibiotics that were used for MIC test are 256, 128, 

64, 32, 16, 8, 4, 2, and 0 μg/mL. The resistant bacterial isolates were enriched in 

Miller LB broth (Sigma-Aldrich, Buchs, Switzerland) with meropenem (Sigma-

Aldrich, Buches, Switzerland) 8 µg/mL or ceftazidime (Sigma-Aldrich, Buches, 

Switzerland) 8 µg/mL, and were tested in 96-wells plate against each antibiotic listed 

in Table 3.3. In each well, 4 μL of bacterial liquid culture was added to 200 μL of the 

Miller LB broth (Sigma-Aldrich, Buchs, Switzerland) with and without antibiotics, 

and each plate included a set of wells containing an un-inoculated LB broth to serve 

as blank. The plates were incubated overnight at 37 °C. Next, the optical density at 

wavelength 600 nm (OD600) was measured using the Spectromax 340pc microplate 

spectrophotometer (Molecular Devices, Sunnyvale, CA USA). To determine the 

resistance profiles, the threshold value for resistance was set at > 70% of the 

OD600nm for the value of 0 μg /mL antibiotic which served as a control and ranged 

from an OD600 value of 0.2 to 0.7. 

 

 

 

 

 

Table  3-3 Antibiotic lists used in the MIC test. 



29 

 

Antibiotic  Mechanism of action 
Aminoglycosides 
Gentamicin (Gen) 
Kanamycin (Kan) 

Inhibits protein synthesis 

Beta-lactam drugs  
Ampicillin (Amp) 

Disrupts cell-wall synthesis 

  
Cephalosporins  
Ceftazidime (Cef) 

Disrupts cell-wall synthesis 

Glycopeptides 
Vancomycin (Van) 

Disrupts cell-wall synthesis 

Macrolides 
Erythromycin (Ery) 

Inhibits protein synthesis 

Others 
Trimethoprim (Tri) 

Folic Acid synthesis inhibitors 

Quinolones/Fluoroquinolone 
Ciprofloxacin (Cip) 

Inhibits DNA replication 

Sulfonamides 
Sulfamethoxazole (Sul) 

Folic Acid synthesis inhibitors 

Tetracyclines 
Tetracycline (Tet) 

Inhibits protein synthesis 

Reference, Moore, D. (15, February 17). Antibiotic Classification & Mechanism. Retrieved 
August 24, 2015. 

 
3.3.4 16S rRNA gene amplicon-based high-throughput sequencing  

High-throughput sequencing was performed in order to determine the total 

microbial communities. The primers 515F and 909 R were used to amplify the 16s 

rRNA genes of the microbial community in the wastewater samples (Table 3.4). PCR 

and thermal cycler conditions were conducted as described previously (Al-Jassim et 

al., 2015).The 16S rRNA gene amplicons were purified using the Wizard® Genomic 

DNA Purification Kit (Promega, Madison, WI, USA). The purified products were 

sent to Korea Macrogen for sequencing on Ion Torrent PGM 314 chips. 

 

3.3.5 High-throughput sequencing and environmental data analysis 
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 Sequences obtained from Ion Torrent PGM were initially sorted by the 

Bioinformatics Team at KAUST based on a Phred score of >20. The sorted sequences 

were then trimmed off for the primers, barcodes and adaptor sequences, and removed 

of any sequences > 250 nt in length. Chimeras were identified and removed on 

UCHIME (Edgar et al., 2011) by referencing against a core reference fasta file that 

was downloaded from Greengenes (i.e., gold strains gg16 – aligned.fasta, last updated 

on 19 March 2011). The first approach is to assign the chimera-free sequences to 

bacterial/archaeal taxonomic hierarchy at a 95% confidence level using the Ribosomal 

Database Project (RDP) Classifier (Cole et al., 2009). Chimera-free sequences were 

also aligned using the RDP Infernal Aligner, and aligned files were submitted to their 

individual cluster (Wang, 2007). The cluster files were used in rarefaction analysis. 

Microbial richness for each sample was obtained from the rarefaction curves based on 

a defined sequencing depth of 4393 sequences. The relative abundances of the 

bacterial and archaeal genera were calculated, collated and then square-root 

transformed. The transformed data set were then computed for their Bray–Curtis 

similarities and represented graphically for spatial distribution in a metric 

multidimensional scaling (mMDS) plot using Primer-E version 7 (Clarke and Gorley, 

2015).  
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Table  3-4 Primers used for sequencing analysis. 

Primer Sequence Annealing 
Temp. (°C) 

Amplicon Size 
(bp) 

Sanger sequencing     
 11F 5`-GTTYGATYCTGGCTCAG-3` 50 1481 
 1492R 5`-GGYTACCTTGTTACGACTT-

3` 
Ion Torrent sequencing   
 515F 5`-GTGYCAGCMGCCGCGGTA-

3` 
55 394 

  909R 5`- 
CCCCGYCAATTCMTTTRAGT-
3` 
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4 Results 

 

4.1 Multivariate analysis of influent and effluent microbial communities revealed 

differences in the treatment processes 

The relative abundances of specific bacterial genera and unclassified bacterial 

groups detected in the HWW samples were analyzed on a threshold metric 

multidimensional scaling plot, mMDS (Figure 4.1). Multivariate analysis revealed 

that microbial communities of IH effluent and SH effluent were distinctly different, 

and shared an average of 39.8% similarity with the IH influent and SH influent. Based 

on MDS analysis, SH effluent was separated into two individual groups which may be 

related to differences in effluent quality or changes in plant operation during the 

sampling period. The two individual groups are SH effluent group 1 which were 

sampled on 1st, 6th, and 13th of April 2014 and SH effluent group 2 which were 

sampled on the 2nd, 7th and 9th of April 2014. The microbial richness of the HWW that 

were identified at a sequencing depth of 4393 sequences reduced along the treatment 

schematics from influent to effluent except in the SH and IH effluent sampled on 13-

April-2014. In general, the microbial richness decreased from 9.95×102 OTUs in SH 

influent to 4.74×102 OTUs in SH effluent, and this decrease in microbial richness was 

of significant statistical difference between influent and effluent (t-test, p-value = 

0.0048). On the other hand, IH influent and IH effluent did not show any significant 

changes in the microbial richness (p-value = 0.238).   
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Figure  4-1 Clustering ordination analyses of hospital wastewater samples. Threshold Non-
metric dimensional scaling (nMDS) plot of hospital wastewater microbial communities similarities 
based on locations and treatment process. 
 

4.2 Removal efficiencies of treatment process evaluated based on total cell counts 

Flow cytometry estimated the total cell counts in the hospital wastewater 

samples (HWW) to range from 2.84×1010 to 9.87×109 cells/L in SH influent and from 

1.15×1010 to 6.80×109 cells/L in SH effluent. On the other hand, the cell count for IH 

influent ranged from 7.84× 109 to 1.41×109 cells/L and from 2.53×107 to 5.57×108 

cells/L in IH effluent (Figure 4.2). The conventional activated sludge process 

achieved 1 to 2.5-log removal efficiency In IH samples compared to SH samples 

which showed a low removal of 0.010 to 0.162-log. In addition, some SH samples 

(e.g., SH effluent sampled on the 6th, 9th of April 2014) showed an increase in the 

bacterial count along the treatment process.  
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Figure  4-2 Total bacterial count (cells/L) indicated by flow cytometry 

 

4.3 Removal efficiencies of treatment process evaluated based on total cell counts  

There was more abundant ARB counts in SH than IH influent samples. ARBs 

were recovered from all SH influent on MCM and MCC plates (Figure 4.3), ranging 

from 3.40×106 to 1.54×105  and 3.60 ×106 to 8.60 ×105 CFU/20 mL, respectively. 

However, ARB could only be recovered from the effluent sample collected on the 2nd 

of April 2015 at a colony count of 3.14×103, 1.20×103 CFU/20mL on MCM and 
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MCC plates, respectively. In contrast, only two samples were able to grow on 

antibiotics plates for the IH influent at an abundance of 8.00 ×103 to 2.15 ×103 

CFU/20 mL. There were no ARB recovered from any of the IH effluents collected 

throughout the sampling period. (Figure 4.3) 

 

Figure  4-3 Antibiotic resistant bacterial counts in the influent and effluent of SH 
and IH wastewater treatment plants. 

MCC: MacConkey agar with either ceftazidime 8 µg/mL 
MCM: MacConkey agar with either meropenem 8 µg/mL 
Log values were calculated based on the microbial count numbers. 
 
 

4.4 Genera associated with opportunistic pathogens and their change in relative 

abundances 
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Several genera associated with opportunistic pathogens (e.g. Acinetobacter, 

Aeromonas, Bacillus, Enterococcus, Legionella, Mycobacterium, Pseudomonas, 

Streptococcus, Neisseriaceae) were detected at relative abundance ranging from 

0.0035% to 26.50% of the total microbial community in SH influent. (Table 4.1). The 

relative abundance of these genera, expects Mycobacterium, decreased along the 

treatment process, and ranged from non-detectable to 0.49% of the total microbial 

community in the effluent. The relative abundance of the total microbial community 

for IH influent ranged from 0.00080% to 37.19% and decreased in the effluent expect 

for Acinetobacter, Bacillus, Legionella (Table 4.2). 

Among the genera associated with opportunistic pathogens that were detected 

by next-generation sequencing, Pseudomonas sp. was the most abundant genus in IH 

and SH samples. Pseudomonas sp. decreased along the treatment process of SH 

influent with a value of 26.5% to 0.49% of SH effluent group 1 and 21.0% of SH 

effluent of group 2. For IH influent, Pseudomonas sp. decreased from 37.2% to 9.7% 

in IH effluent. Streptococcus sp. presented the second most abundant genus with a 

value of 8.0% in SH influent and 12.3% in IH influent. Although most of the genera 

showed decrease in their relative abundance along the treatment process, there was an 

observed increment in the relative abundance of Mycobacterium sp. in SH samples 

from SH influent with a value of 0.035 % to 0.11 % of SH effluent group 1 and 0.47 

% of SH effluent group 2 down the treatment line of the activated sludge process. 

Also Acinetobacter sp. was found in an abundance of 0.55%, 0.57% in SH and IH 

influent respectively, but increased in IH effluent to 8.39%.  
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Table  4-1 The average relative abundance ± standard deviation of genera associated 
with opportunistic pathogens in SH wastewaters. These genera were within the 
detectable limits by 16S rRNA gene-based high-throughput sequencing. 

Genera SH Influent SH Effluent Group 

1 

SH Effluent Group 

2 

Acinetobacter 0.55 ± 0.35% 0.46 ± 0.030% 0.12 ± 0.13% 

Aeromonas 0.070 ± 0.035% 0.025 ± 0.015% 0.0013 ± 0.0031% 

Bacillus 0.0035 ± 

0.0036% 

0.00064 ± 0.0011% 0 

Enterococcus 0.19 ± 0.10% 0 0.00059± 0.0010% 

Legionella 0.029 ± 0.014% 0.018 ± 0.018% 0.0042 ± 0.018% 

Mycobacterium 0.035 ± 0.030% 0.11 ± 0.033% 0.47 ± 0.20% 

Pseudomonas 26.50 ± 28.62% 0.49 ± 0.55% 21.013 ± 14.77% 

Streptococcus 7.98 ± 8.55% 0.0020 ± 0.0020% 0.00060 ± 

0.0010% 

Unclassified_  

Neisseriaceae 

0.35 ± 0.36% 0.0075 ± 0.0054% 0 

 

 

Table  4-2 The average relative abundance ± standard deviation of genera associated 
with opportunistic pathogens in IH wastewaters. These genera were within the 
detectable limits by 16S rRNA gene-based high-throughput sequencing. 

Genera IH Influent IH Effluent 

Acinetobacter 0.57 ± 0.38% 8.39 ± 14.47% 

Aeromonas 0.049 ± 0.047% 0.011 ± 0.011% 

Bacillus 0.00080 ± 0.0016% 0.0042 ± 0.0038% 

Enterococcus 0.42 ± 0.43% 0.0086 ± 0.0074% 

Legionella 0.022 ± 0.019% 0.079 ± 0.068% 

Mycobacterium 0.023 ± 0.028% 0.012 ± 0.014% 

Pseudomonas 37.19 ± 36.65% 9.74 ± 12.09% 

Streptococcus 12.25 ± 20.52% 0.0023 ± 0.0025% 

Unclassified_ 

Neisseriaceae 

0.11 ± 0.17% 0.0044 ± 0.0076% 
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4.5 Isolation of bacterial from influent and effluent 

Isolated bacteria were sequenced for their 16S rRNA genes. There was 

difficulty in recovering viable bacteria from the IH influent and effluent and hence the 

small number of isolates obtained from IH sample groups. It was revealed that genus 

Pseudomonas was most commonly isolated in IH influent and accounted for 72% of 

total isolates (n = 7). In addition, Bacillus sp. and Enterococcus sp. were also isolated, 

and each accounted for 14% of the total isolates in IH influent. For IH effluent, 67% 

of the total isolates (n = 3) were identified as Pseudomonas sp. and remaining isolates 

were Achromobacter sp. (Figure 4.4). A similar observation was made for the SH 

influent where Pseudomonas sp. accounted for 55% of the total isolates (n= 36) and 

33% for Ochrobactrum sp. Other less frequently detected bacteria from the SH 

influent were Aeromonas sp., Enterococcus sp., Bacillus sp., and Clostridium sp.  All 

recovered bacterial isolates from SH effluent were identified to be Pseudomonas sp. 

(n=18). (Figure 4.4). The majority of Pseudomonas species like P. protegens and P. 

garminis usually originate from environmental sources, and none of the isolated 

Pseudomonas is a human opportunistic pathogen. On the other hand, potential 

opportunistic pathogenic species, namely Bacillus cereus, Enterococcus faecium 

Aeromonas salmonicida were isolated. 
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Figure  4-4 Frequency of detection of microbial community among isolates from the hospital 
wastewater treatment plant. 

 

4.6 Antibiotic resistance profiles 

The bacterial isolates that were identified as opportunistic pathogens (Bacillus 

sp., Aeromonas salmoncicida, and Enterococcus faecium) by 16S rRNA gene 

sequencing were further tested for their antibiotic resistance profiles. All isolates 

exhibited multi-drug resistance against almost all of the antibiotics that were tested 

except tetracycline (Table 3). Resistance to 256 µg/mL sulfamethoxazole was 

predominant with all 4 isolates. This is followed by resistance against 256 µg/mL 

vancomycin, (256-128) µg/mL ampicillin, and (256-128) µg/mL erythromycin and 

(256-64) µg/mL trimethoprim for 3 out of the 4 isolates. Resistance against 256 
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µg/mL kanamycin, 256 gentamycin and 256 ceftazidime were relatively low for at 

least 1 of the 4 isolates tested.  

Minimum inhibitory concentration shown in the table were determined as those resulting in <70% of 
control OD600 reading. 
S: susceptible. Results marked as susceptible indicate inhibition of bacterial growth at the lowest tested 
concentration of antibiotic < (2ug/mL). 
R: resistant. Results marked as resistant indicate of bacterial growth at the highest tested concentration of 
antibiotic > (256ug/ml). 

 

4.7 Mutagenicity tests of the wastewater 

Only one sample, IH influent sampled on 13 April 2014, was tested for 

mutagenicity. Ames test revealed a negative result, suggesting that this single sample 

did not have mutagenic nature (Figure.4.5).The average of revertants in the 

wastewater sample ranged from 186 to 152 revertant his+ colonies for the 5 different 

tested doses 5, 10, 20, 40 and 80 µL/plate. Negative control had 224 revertant his+ 

colonies. In contrast, positive control had more than 500 revertant his+ colonies 

counted. The samples tested should give a double result of the spontaneous yield in 

order to confirm a mutagenic effect on the Salmonella strain TA100.  

Table  4-3 Antibiotic resistance/susceptibility profiles of isolates from wastewater. 
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Sample Organism 
IH 1-4-14 
MCC (1) 

Enterococcus 
Faecium 128 R R R R R R S 64 R 

SH 13-4-14 
MCC (6) Bacillus sp. R 16 64 S S 16 R S R S 

SH 13-4-14 
MCM (4)2 

Aeromonas 
salmonicida 32 S 8 R S S R S 4 R 

SH 13-4-14 
MCM (5) 

Enterococcus 
Faecium R 64 128 128 S S R 2 R R 
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Figure  4-5 Non-linear dose-response curve for IH Influent sampled on 13-April-2014 
with TA100 strain, indicating no or low mutagenicity for this single sample.  
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5 Discussion 

 

In recent years, hospital effluent has been the object of study and research in 

various countries. This study aimed to evaluate the removal efficiency of microbial 

contaminants from two hospitals WWTP in Saudi Arabia and to estimate the risk 

resulting from discharging the treated effluent to the public sewage network. This is 

particularly relevant considering that hospital wastewaters are hardly treated in Saudi 

Arabia and that 40% of Saudi Arabia’s land mass is connected by sewage pipelines 

(O’Sillivan, 2010). In a few selected local hospitals treating wastewater, the treated 

effluents are discharged into the public sewers. Municipal wastewater treatment plants 

may not have a robust treatment process to sufficiently and appropriately treat such 

wastewaters if the upstream treatment units on-site in those hospitals are 

underperforming.  

The treatment schematics for IH WWTP achieved 1- 2.5 log removal of its 

total number of microbial contaminants (Figure 3.1). A corresponding decrease in the 

number of resistant microorganisms indicated by plate count methods was observed 

for IH samples, and practically, no ARB were found in IH effluent. The log reduction 

values were within the expected removal range for a secondary treatment process as 

shown by the USEPA report (Table 2.6) (USEPA 2012). In contrast, SH WWTP did 

not achieve similar treatment efficiency as exemplified from the low removal 

efficiencies of 0.010 to 0.162-log for most of its samples. The reasons accounting for 

the different removal efficiencies are unknown especially considering that both 

WWTP had similar treatment trains (Figure 3.1). Furthermore, operators could not 

provide the exact operating conditions of both WWTP. However, past studies have 
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shown that operating conditions like hydraulic retention time and the sludge retention 

times can affect the removal efficiencies. It has been indicated that longer HRT and 

the presence of efficient tertiary treatment will result in a higher removal efficiency 

(Table 2.6). As highlighted by different studies (Clara et al., 2005, Verlicchi et al., 

2012a, Verlicchi et al., 2012b and Monteiro and Boxall, 2010), longer SRT values can 

also result in high biomass concentrations, enrich microorganisms that are slower 

growing. This may result in a greater capacity for removing or biodegrading different 

groups of compounds (Kreuzinger et al., 2004). Removal efficiency was improved for 

several investigated contaminants at SRTs >15 d, and a very good removal efficiency 

of over 90% for many different groups of compounds were observed at an SRT 

greater than 30 d (Table 2.5).  

Results obtained from next-generation sequencing revealed that genus 

Pseudomonas was relatively more abundant than the other genera. Pseudomonas sp.  

decreased along the treatment process of SH influent with a value of 26.50% to SH 

effluent 0.49% group 1 and 21.013% group 2. For IH influent, Pseudomonas sp. 

decreased from 37.19% to IH effluent 9.74% which indicated a good removal 

efficiency of the treatment schematic. Despite its high abundance, the majority of 

Pseudomonas species that were present in the effluent were not human opportunistic 

pathogens, as indicated by 16s rRNA sequencing (Figure 4.1). On the other hand, 

potential opportunistic gram-positive pathogenic species, namely Bacillus cereus, 

Bacillus thruringiensis and Enterococcus faecium were present, albeit not in high 

abundance. When present in sufficiently high dose to result in infection, Bacillus 

cereus can cause gastrointestinal distress, liver failure, bacteremia, and pneumonia. 

Bacillus thruringiensis has been associated with burn wound infections and food-

poisoning (Luna et al., 2007). Enterococcus faecium is an opportunistic pathogen 

http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0085
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0430
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0430
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0435
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0270
http://www.sciencedirect.com/science/article/pii/S0048969715001564?np=y#bb0195
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which has often been found to affect immunocompromised patients who have been 

hospitalized for long periods. Enterococci are consistently the second or third most 

common agent in urinary tract infections, wound infections, and bacteremia in 

hospitals (Table 2.3) (Bonten et al., 2001). In addition, to potential human 

opportunistic pathogens, Aeromonas salmonicida that is known as a common fish 

pathogen remained viable in the hospital wastewaters, and can be a potential concern 

for the aquaculture or marine life (Austin et al., 1995).  

The observed increment in the relative abundance of Mycobacterium sp. in SH 

samples down the treatment line of the activated sludge process may indicate that 

Mycobacterium sp. was not favorably removed by the treatment process compared to 

the other microbial populations. Many past studies reported the increase in the relative 

abundance of Mycobacterium after the disinfection step (Taylor et al. 2000). Member 

of the Mycobacterium sp. are less sensitive to disinfectants than other non-sporulating 

bacteria. The resistance is thought to be highly related the impermeability of the 

Mycobacterium cell wall which limits uptake of drugs into the cell, as well as the high 

content of G+C molecular bases which make Mycobacterium withstand chlorination 

(Russell et al., 1996). A similar observation was made on the genus Acinetobacter sp., 

which was found in an abundance of 0.55%, 0.57% in SH and IH influent 

respectively, but had increased highly in IH effluent to 8.39%. The species that is 

most commonly involved in hospital infection is Acinetobacter baumannii, which 

causes a wide range of infections, including pneumonia and blood-stream infections 

(Dijkshoorn et al., 2007). In Saudi Arabia, Acinetobacter baumannii is one of the 

most common antibiotic-resistant bacteria isolated from clinical samples (Aly and 

Balkhy, 2012; Memish et al., 2012). There are few available data on the 

environmental occurrence of A. baumannii and whether it would act as a major 

http://www.ncbi.nlm.nih.gov/sites/entrez?db=genomeprj&cmd=Retrieve&dopt=Overview&list_uids=12999
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causative pathogenic agent in non-nosocomial settings. Cultivation-based analysis of 

the hospital wastewater did not reveal the presence of any A. baumannii, likely 

because some Acinetobacter species do not grow well on MacConkey agar (Peleg et 

al., 2008).  

WWTP may have the bigger influence on the emergence of resistance as they 

pose as hot spots for horizontal gene transfer and selection of antimicrobial resistance 

genes.  This would be particularly relevant for hospital wastewater. Although the 

concentrations of antibiotic residues were not measured in this study, it has been 

found in other studies that even a low concentration of antibiotics would be sufficient 

to impose a selective pressure among aquatic bacteria to select for antibiotic-resistant 

bacteria (Schwartz et al., 2003). Examining the findings more closely indicated that 

IH effluent had no ARB but SH effluent might be of concern.  

Given the inconsistencies in wastewater treatment efficiency between both 

onsite hospital WWTPs, it is recommended that regular monitoring of the wastewater 

should be imposed. Specifically, additional measurements of the concentrations of 

antibiotic residues and antibiotic resistance genes should be made so as to provide a 

more comprehensive evaluation of the onsite hospital WWTPs.  With these baseline 

monitoring datasets, appropriate water quality guidance that is both economically and 

technically-achievable should be drafted.  
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6 Conclusion 

 

The result of this study shows that the treatment schematics presented for IH 

hospital treatment plant, when considering the conventional wastewater quality 

parameters, achieved sufficient effluent quality.  However, SH treatment plant failed 

to meet these current parameters and had a low removal efficiency. The presence of 

emerging contaminants like antibiotic resistance bacteria in the wastewater has been 

detected in influents and treated effluents by antibiotics resistance test. Moreover, 

based on molecular analysis and next-generation sequencing pathogenic bacterial 

genres were identified. These obtained results indicated that conventional treatments 

strategies were not sufficient enough to remove these contaminates. Given these 

finding, awareness about the risk presented by ARB in hospital effluent should be 

raised. Bacterial monitoring needs to be added to effluent parameters since 

BOD/COD values and correctly imposed gridlines do not regulate/detect the presence 

of pathogens or ARB.  

Dedicated treatment at the hospital site is highly recommended. The amount of 

pollutant and hazard posed by the hospital wastewater should be part of the hospital’s 

risk assessment plan. The highest efficiency and environmental benefits can be 

achieved through on-site treatment plant that implements advanced treatment 

technologies.  
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APPENDICES AND SUPPLEMENTARY DATA 

 

Table S 1. 16s rRNA identities of hospital IH and SH isolates. 

IH Influent Number of 
isolates 

Similarity 
percentage% 

Pseudomonas 5 72% 
Bacillus 1 14% 

Enterococcus 1 14% 
IH Effluent   

Pseudomonas 2 67% 
Achromobacter 1 33% 

SH Influent   
Pseudomonas 20 55% 
Ochrobactrum 12 33% 

Aeromonas 1 3% 
Bacillus 1 3% 

Clostridium 1 3% 
Enterococcus 1 3% 
SH Effluent   

Pseudomonas 18 100% 
 

Table S 2. Flow cytometer bacterial count. Samples volume (50 μL) 

Samples Average Cells/L  Samples Average Cells/L 
SH Influent 1-4-14 2.84 × 1010 IH Influent 1-4-14 7.84 × 109 
SH Influent 2-4-14 8.07 × 109 IH Influent 2-4-14 3.69 × 109 

SH Influent 6-4-14 6.48 × 109 IH Influent 7-4-14 2.29 × 109 
SH Influent 7-4-14 1.59 × 1010 IH Influent 9-4-14 1.43 × 1010 
SH Influent 9-4-14 4.01 × 109 IH Influent 13-4-14 1.41 × 109 
SH Influent 13-4-
14 

9.87 × 109 
IH Effluent 1-4-14  2.53 × 107 

SH Effluent 2-4-14 1.15 × 1010 IH Effluent 2-4-14  3.57 × 108 
SH Effluent 6-4-14 7.65 × 109 IH Effluent 6-4-14 3.23 × 108 
SH Effluent 7-4-14  1.56 × 1010 IH Effluent 7-4-14 4.59 × 108 
SH Effluent 9-4-14  9.32 × 109 IH Effluent 9-4-14 6.41 × 108 
SH Effluent 13-4-
14 6.80 × 109 

IH Effluent 13-4-
14 5.57 × 108 
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Figure S 1. The differences in the microbial richness identified at a 
sequencing depth of 4393, between IH (Inf) influent and IH (Eff) 
effluent. 

OTU=Operational taxonomical units 

 

 

 

Figure S 2 . The differences in the microbial richness identified at a 
sequencing depth of 4393, between of SH (Inf) influent and SH (Eff) effluent. 

OTU=Operational taxonomical units 
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