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Abstract

This study aimed revealing the qualitative characteristics of medical wastewater in large health institutions and its potential 
effects on freshwater rivers. Due to the lack of studies in this field, the research focused on the current treatment reality in 
two private hospitals, Al-Saadi and Al-Mawaddah. The objectives were to assess the liquid waste management, detect the 
efficiency of treatment units, evaluate the handling of liquid medical waste on fresh waterways, and compare the results with 
the required treatment levels. The study analyzed water properties from the sewage systems of the targeted hospitals. Samples 
were collected in 2022 from direct sources of discharged water and the treatment plant before mixing with public sewage. 
Physical, chemical, and biological characteristics, including pH, suspended solids, oxygen demand, nitrates, and phosphates, 
were measured before and after treatment. The highest removal efficiency was observed in the chemical and biological oxygen 
demand values, recorded at 83.73% and 84.39% for Al-Saadi Hospital, and 89.99% and 87.89% for Al-Mawaddah Hospital.
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Introduction

The Wastewater from large healthcare institutions with 
substantial capacity (major hospitals in cities) represents 
one of the most significant sources of pollution, posing a 
severe threat to the aquatic environment that supports 
human life and biodiversity [1]. Despite constituting 
the smallest percentage of the total healthcare waste, 
the infectious and hazardous polluted waste generated 
by health centers and hospitals poses a grave danger to 
individuals, communities, and the environment as a whole. 
Alarmingly, many of the most harmful epidemics, such as 
cholera, malaria, typhoid, plague, tuberculosis, hepatitis, 
AIDS, and others, can infiltrate aquatic ecosystems, 
presenting serious risks to public health. This critical issue 
necessitates prudent planning and feasible management 
strategies to mitigate the risks effectively.

Notably, the risks of disease propagation can be 
substantially reduced by implementing proper protocols for 
collecting, storing, transporting, and ultimately disposing 
of hazardous healthcare waste [2]. Hospital wastewater is 
highly toxic in comparison to domestic wastewater due to 
its composition, which includes antibiotics, sterilizers, tissue 
residues, various viruses and bacteria, and, in some cases, 
even radionuclides. These contaminants are acquired by the 
water during its usage in diverse areas within hospitals, such 
as inpatient wards, surgical units, laboratories, kitchens, and 
floor cleaning operations, resulting in significant alterations 
to the water’s composition and radical changes in its quality 
characteristics.

Alarmingly, many countries lack stringent regulations 
governing the disposal of hospital waste, which can 
contain pathogens, toxic chemicals, and radioisotopes 
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[3]. Furthermore, hospital wastewater may contain 
pharmaceuticals, pathogens, chemical reagents, and other 
harmful substances. While some hazardous substances 
present in hospital wastewater may be subject to regulatory 
treatment requirements, others may exhibit characteristics 
similar to domestic wastewater. It is crucial to note that the 
global levels of hazardous waste types from hospitals, their 
basic determinants, the characteristics of wastewater, its 
quantity, and treatment methods vary significantly between 
countries and may even differ within the same country [4].

On a positive note, numerous scientific studies have 
emerged worldwide, evaluating the quality of wastewater 
from hospitals and exploring strategies to enhance 
the efficiency of hospital wastewater treatment. For 
instance, research has been conducted to activate the use 
of membranes based on natural materials, such as rice 
husks, in wastewater treatment plants processing effluents 
from hospitals [5]. Additionally, Quynh Lien LT, et al. [6] 
demonstrated that hospital waste is a significant source of 
antibiotic-resistant bacteria and antibiotic leakage into the 
environment. Khan MT, et al. [7] further emphasized that 
hospitals often discharge germs and microbes into water 
systems without prior treatment, a practice that threatens 
the health and sustainability of the environment due to 
the high toxicity and substantial pollutant load present in 
hospital wastewater [8-10]. The aim of this research is to 
evaluate the efficacy of biological treatment facilities in 
Basra, Iraq, in removing contaminants from wastewater 
originating from private hospitals. Untreated or inadequately 
treated hospital wastewater may contain a diverse array 
of contaminants, such as bacteria, viruses, tissue residues, 
sterilizers, antibiotics, and even radionuclides, posing 
significant risks to both the environment and human health 
if discharged without proper treatment. Therefore, it is 
imperative to assess the effectiveness of treatment plants in 
eliminating these pollutants to mitigate the potential hazards 
associated with the release of untreated or insufficiently 
treated hospital wastewater into freshwater bodies or the 
surrounding environment.

Materials and Methods

The study focused on the city of Basra (the city center), 
a densely populated area that serves as a central hub for 
the surrounding regions of the province. Two main private 
hospitals, Al-Saadi National Hospital and Al-Mawada National 
Hospital, were selected for the purpose of evaluating their 
performance and efficiency levels.

Al-Saadi Private Hospital: The biological station for 
liquid waste treatment at Al-Saadi Hospital was established 
in 2018 by the Iranian company Farab Zist Faraz. The station 
has a capacity of 15 m³/day and operates manually. The 

treated water discharged from the station is connected to the 
sewage network, as shown in Figure 1.

Figure 1: The effluent biological plant in Al-Saadi 
Hospital.

Al-Mawada Private Hospital: The biological station 
for liquid waste treatment was established at Al-Mawada 
Hospital in the year 2020. It was manufactured by the Iraqi 
Al-Mallah Company. The station has a capacity of 10 m³/day. 
The hospital is shown in Figure 2.

Figure 2: The effluent biological plant in Al-Mawaddah 
Hospital.

The pH was measured in biological stations using the 
Hanna device, model HI 6-9813, made in Italy. The total 
suspended solids were measured based on the gravimetric 
method mentioned in APHA [11] by filtering 50 ml of the 
sample on Millipore filter papers (0.45 µm) with known 
weight, then the paper was dried in an oven at 105°C and 
weighed. The TSS was calculated in mg/L. The biological 
oxygen demand was measured at the beginning and end of the 
experiment according to the method described in APHA [11] 
using BOD5 bottles for a five-day incubation period, and the 
output was expressed in mg/L. The chemical oxygen demand 
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was measured using the WTW CR 2200 digester and the 
Lovibond chemical oxygen demand measuring device, and 
the output was expressed in mg/L. Nitrates were measured 
according to the method described by Gopal Y and Garg VK 
[2], after filtering the sample, preparing standard solutions, 
and preparing the sample for measurement, using a T80 
UV/VIS spectrophotometer manufactured by PG Instrument 
Ltd at two wavelengths of 220 and 275 nm. The method by 
Strickland JDH and Parsons TR [12] was adopted to measure 
the reactive phosphates using a spectrophotometer at a 
wavelength of 885 nanometers, and the result was expressed 
in mg/L. The removal efficiency was calculated from the 
equation reported by Khan TM et al. [3]. After measuring 
the concentrations throughout the study period, the removal 
efficiency was expressed as a percentage.

Results and Discussion

The treatment of liquid waste from hospitals is carried 
out to eliminate existing pollutants and improve their 
properties, ensuring that their disposal, utilization, or reuse 
does not pose any harm to public health or the environment.

As shown in Table 1, the highest pH removal efficiency 
was 6.04 at Al-Saadi National Hospital. The results of the 
statistical analysis showed no significant differences at a 
0.05 significance level between the studied hospitals.

Wastewater from hospitals with a pH outside the 
standard environmental determinants is difficult to treat by 
the biological method. The pH values in the current study 
have proven their compatibility with previous studies, as 
Iraqi water generally tends to be alkaline [13]. The highest 
removal efficiency for total suspended solids was 33.85 at Al-
Saadi National Hospital. The results of the statistical analysis 
showed significant differences at a 0.05 significance level 
between the studied hospitals. Organic matter, in addition 
to many bacteria, parasites, and worm eggs, contributes 
to suspended solids, which reduce the concentration of 
dissolved oxygen in water. Suspended materials can be 

removed in the biological station by the presence of a 
network that prevents the entry of large materials and then 
into the sedimentation basin. This study also agreed with the 
study by Khan MT et al. [7].

The highest removal efficiency for biological and 
chemical oxygen demand was recorded at Al-Mawadda 
National Hospital (89.99% and 87.89%, respectively). 
The results of the statistical analysis showed significant 
differences in biological and chemical oxygen demand at a 
0.05 significance level between the studied hospitals. The 
amount of oxygen consumed for the oxidation of organic 
materials is essential, as bacteria, during the biological 
oxidation of organic materials in the aeration basin, need 
two stages. The selected hospitals were among the highest 
efficiencies compared to the removal efficiency percentage 
for other qualitative characteristics, and the current study 
agreed with the study by Kumari A, et al. [4].

The highest nitrate removal efficiency value of 46.98 
was recorded at Al-Saadi National Hospital. The results 
of the statistical analysis showed significant differences 
in nitrate values at a 0.05 significance level between the 
studied hospitals. Nitrates are not considered a threat to the 
environment if they are within standard limits, as the largest 
source of nitrates in wastewater is human waste, and the rest 
are chemicals [14].

The highest phosphate removal efficiency value of 
58.05 was recorded at Al-Mawadda Al-Ahly Hospital. The 
results of the statistical analysis showed no significant 
differences in phosphate values at a 0.05 significance level 
among the studied hospitals. After treatment, the phosphate 
concentration decreases due to the initial sedimentation 
of the biological plant, but part of the phosphorus remains 
with the suspensions that come out with the wastewater, so 
it needs filtration and special treatment [4], as mentioned in 
one of the studies.

Parameters Unit
The Removal Efficiency %

LSD
Al-Saadi Hospital Al-Mawwada Hospital

pH  6.04 1.82 5.312
TSS mg/l 33.85 32.31 48.953

BOD5 mg/l 83.73 89.99 5.34
COD mg/l 84.39 87.89 5.482
NO3 mg/l 46.98 20.1 34.449
PO4 mg/l 53.6 58.05 63.053

Table 1: Removal efficiency (%) between AL-SAADI HOSPITAL and AL-MAWWADA HOSPITAL for various water quality 
parameters.
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Figure 3: Total removal efficiency for (AL-SAADI and AL-
MAWWADA) Hospital.

Al-Mawaddah Hospital demonstrated higher BOD and 
COD removal efficiencies (89.99% and 87.89%, respectively) 
compared to Al-Saadi Hospital (83.73% and 84.39%). This 
suggests more effective biological treatment, possibly 
due to optimized conditions. However, Al-Mawaddah had 
lower nitrate removal (20.1% vs. Al-Saadi’s 46.98%), 
influenced by factors like organic carbon availability and 
denitrifying bacteria. Both hospitals had lower phosphate 
removal rates, despite Al-Mawaddah showing slightly better 
performance (58.05% vs. 53.6%). TSS removal rates were 
similar, with Al-Saadi slightly higher (33.85% vs. 32.31% at 
Al-Mawaddah). Various factors, including treatment plant 
design, operational parameters, influent characteristics, 
and microbial communities, contribute to these variations. 
Understanding and optimizing these factors are crucial for 
effective wastewater treatment.

When evaluating the efficiency of hospital wastewater 
treatment, it is essential to consider relevant environmental 
criteria. Despite the absence of official Iraqi standards, the 
high removal rates of BOD and COD suggest that the treated 
effluent would likely meet general norms, thereby mitigating 
the risk of organic pollution. However, the limited removal 
of phosphate raises concerns about potential eutrophication 
issues if discharged into freshwater systems like the Shatt 
Al-Arab River. Hospital wastewater, containing pathogens, 
disinfectants, and pharmaceuticals, underscores the critical 
importance of adequate treatment. Although not directly 
quantified, observed reductions in BOD, COD, and TSS indicate 
the plants’ capability to remove certain contaminants. To 
address public health and environmental risks in Basra and 
similar regions, adherence to best practices and ongoing 
monitoring are imperative.

To mitigate eutrophication risks and safeguard public 
health in water bodies receiving hospital wastewater 

discharge, enhancing phosphate and nitrate removal stands 
out as a primary focus area. Addressing these challenges 
may entail the implementation of additional treatment 
methodologies such as chemical precipitation, advanced 
filtration techniques, or biological denitrification. Optimizing 
plant performance can be achieved through routine 
maintenance protocols, personnel training initiatives, 
and fine-tuning operational parameters. Moreover, the 
integration of automation and process control systems holds 
promise for enhancing treatment efficacy and consistency. 
Exploring opportunities for water recycling or reuse in 
non-potable applications can further support sustainable 
water management practices. By addressing these 
aspects, hospitals can elevate treatment efficiency, ensure 
compliance with regulatory standards, and mitigate adverse 
environmental and public health impacts associated with 
wastewater discharge.

Conclusion

This study evaluated the performance of biological 
treatment plants in two private hospitals located in 
Basra, Iraq. The results revealed that while these plants 
demonstrated low efficacy in removing suspended particles, 
they exhibited satisfactory removal efficiencies for chemical 
and biological oxygen requirements. However, the removal 
rates for phosphates and nitrates were comparatively 
lower. Despite the plants’ reasonable efficiency, there is still 
chance for improvement, particularly concerning phosphate 
removal, to ensure compliance with environmental 
regulations prior to wastewater disposal. Enhancing the 
effectiveness of these treatment plants is crucial to mitigate 
potential environmental risks associated with inadequate 
removal of certain pollutants.
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