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Abstract: Hospitals produce relatively large quantities of wastewater that may contain various
potentially hazardous materials; therefore the proper management of hospital wastewater is vital. In
this study, the quality and quantity of wastewater in the governmental hospitals along Cairo were
studied and the suitable process for wastewater management in the hospitals was determined.
Monitoring of about sixty environmental measurements including physiochemical, biological and others
indicators such as pH, Total Suspended Solids (TSS), Chemical Oxygen Demand (COD), trace
elements, Dissolved Oxygen (D.O), Biological Oxygen Demand (BOD5), Total Coliforms (T.C) and
Fecal Coliforms (F.C) indicated that the quality of wastewater in the investigated hospitals was similar
to domestic wastewater. Physiochemical parameters studied revealed that the hospital wastewaters
showed most of parameters values are within WHO acceptable limits. The study of wastewater
treatment and disposal methods clarified that the discharge to municipal wastewater collection system
will be able to discharge their wastewater into sewerage network. This process is the best solution
for wastewater management in the investigated hospitals, but this approach may be not applicable for
all hospitals. A pilot-scale system integrated aerobic system for hospital effluent was constructed and
its performance was evaluated. The study recommended that the hospitals have to select onsite
separate wastewater treatment alternative. Indeed, efforts must be undertaken by hospitals to integrate
environmental control and safe program to avoid a higher risk safety factor of hospital facility
operations.
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INTRODUCTION

In the last years, increasing attention has been paid to the presence of emerging pollutants in surface and
groundwater such as surfactants and pharmaceuticals that their sales are continuously increasing (Daughton,
2004 and Ternes&Joss, 2006). Then, improvement of the hospital waste management must receive increasing
attention where hospitals generate a considerable amount of medical waste each year as a result of advance
in medical services and products (Vieno, et al., 2007).

Hospitals wastewater has similar quality to municipal wastewater and important sources of pharmaceuticals
residues in all wastewater treatment plant (WWTP) effluents due to their inefficient removal in the conventional
systems (Gautam, et al., 2007; Metcalf and Eddy, 2003; Ekhaise and Omavwoya, 2008; Onesios, et al., 2009).
Moreover, Hospital wastewater includes a great variety of micro-contaminants that are chemicals, heavy metals,
disinfectants and specific detergents resulting from diagnosis, laboratory, research activities and medicine
excretion by patients. Indeed hospital wastewater may have an adverse impact on environmental and human
health; therefore, the proper management of hospital wastewater quality and quantity is needed (Jolibois and
Guerbet, 2006).

The main objective of this study was to present the primary results of both biological and chemical
characterization of the hospital wastewater and identifying some environmental stressors released by hospital
activities. Indeed, the study of wastewater quality and quantity in the investigated governmental hospitals along
Cairo to determine the suitable method for wastewater management quality in the hospitals environment for
risk assessment as well as risk management related to hospital effluents.
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Methodology:
In this study, management and quality of wastewater in the governmental hospitals along Nasr City and

Down Town areas in Cairo that have been investigated in summer 2010. The raw discharge of the
governmental hospitals was collected to determine various physico-chemicals, trace organic pollutants, trace
elements, biochemical indicators (BOD and D.O) and microbiological measurements. The wastewater quality
was compared with WHO limits. In addition, management treated wastewater was directed from the
economical, environmental view, and then the best option of wastewater management were introduced for
investigated hospitals.

2.1. Sampling:
Water quality measurements are monitored and measured using samples that represent four governmental

hospitals along Cairo during summer season (2010). Samples were collected from the hospital’s collection
system (raw, end pipe and treated samples) and preserved during the maximal hospital activity period according
to standard international methods (APAH, 2005). 

2.2. Analytical Procedures:
Various polluting factors influence the natural and human environment whether directly or indirectly by

creating conditions that limit water utilization for specific purposes. Indicators of water quality degradation
include:  physical, chemical and biological parameters. 

About 60 environmental measurements are selected to represent different forms of pollution which are pH,
TSS, COD, total hardness, cations, anions, trace elements, Persistent Organic Pollutants (POPs: Alfa-BHC,
Gamma-BHC, Beta-BHC, Delta-BHC, Endrin Keton, Endrin, Endrin aldhyde, Dieldrin, Aldrin, Alfa chlorodan,
Gamma chlorodan, Heptachlor, Heptachlor epoxid, Methoxychlor, Endosulfan I, Endosul fan II, Endosulfan
sulfate, 4,4'-DDD, 4,4'-DDE, 4,4'-DDT), D.O, BOD5, T.C, F.C, Total Bacterial Count (T.B.C). 

The environmental measurements that include chemical and biological parameters were measured and
performed according to the instructions of international examinations in the collected wastewater and treatment
samples (APAH, 2005) and EPA methods are applied to extract, analyze and determine the POPs measurements
(EPA, 1986 ). 
     
2.3. Treatment and Disposal Management:

A survey was carried out to determine wastewater production per occupied bed and the wastewater
treatment process and disposal management procedure in the governmental hospitals along Cairo. The
information was carried using questionnaire included several questions about hospital, quantity of water
consumption, wastewater treatment processes and disposal. Laboratory Scale Activated Sludge Unit (LSASU)
is simply designed as biotechnology to remove organic matter in an aeration system. 

LSASU simply involves bringing together wastewater and mixed culture of microorganisms under aerobic
condition. The aeration basin is usually a completely mixed system, with continuous inoculation of micro-
organisms from the incoming sewage and sludge recycle. Air bubbles are created by compressed air forced
through a submerged diffuser.

Fig. 1: Diagram of laboratory-Scale activated Sludge Unit.
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RESULTS AND DISCUSSION

Environmental monitoring of four governmental hospitals wastewater was carried out in 2010. The average
concentrations of environmental indicators (chemical and biological): pH, TSS, COD, D.O, BOD, F.C., T.C
and average number of T.B.C. indicated that the quality of wastewater of hospital was similar to domestic
wastewater. Therefore, the study of discharge wastewater according to environmental laws demonstrated that
discharge to municipal wastewater collection system is the best solution for wastewater management in the
studied hospitals but this approach may different for other hospitals. 

3.1. Characterization and Wastewater Quality:
Hospital wastewater quality and management has become a critical issue as it poses potential health risks

and damage to the environment, which has taken a central place in the national health policies of many
countries. The results of the environmental measurements for the hospital raw wastewaters are presented in the
figures (1-6) that demonstrated the quality characteristics of raw wastewater in the investigated hospitals for
pH, TSS, D.O, BOD5, COD, COD/BOD5 ratio, T.C, F.C. and T.B.C. Moreover, Tables (1) showed the
environmental measurements for wastewater treatment and disposal.

3.1.1. pH- Value:
The acidic or basic wastewater damages the wastewater collection and treatment facilities and prevents

the biological treatment processes (Onesios, et al., 2009 and WHO., 1996). Fig.(2) shows the minimum and
maximum pH values of the wastewater in investigated hospitals so the average pH value of wastewater in these
hospitals was obtained to be 7.81. 

The mentioned range (minimum: 7.73 and maximum: 8.00) is suitable from the viewpoint of wastewater
treatment processes comparable to pH of domestic wastewater (pH: 6-9), other environmental studies (Onesios,
et al., 2009 and Metcalf and Eddy, 2003) that within WHO limits (pH: 5-9) (WHO., 1996).

Fig. 2: Quality Characteristics of Wastewater in the Investigated Hospitals – pH Value.

3.1.2. Total Suspended Solids (TSS):
One of the common parameters used in defining a wastewater is TSS. The minimum and maximum TSS

concentration of wastewater ranged from 125 to 290 mg/L in the studied hospitals and illustrated in Fig. (3).
TSS concentration of investigated governmental hospitals in the range of domestic wastewater (120-400mg/L)
(Metcalf and Eddy, 2003) and the results obtained in the investigation of recent studies (Mahvi, et al., 2009)
but it is not within the acceptable WHO limits (100 mg/L)( WHO., 1996).

3.1.3. Trace Elements:
Aluminum, Barium, Cobalt, Chromium, Copper, Iron, Manganese, Nickel, Zinc and total trace elements

were chosen as representatives trace metals to be tested. The total levels of these trace metals in raw hospital
wastewater were not within permissible levels (1mg/L) for standard Egyptian environmental law 9/2009. The
finding that concentrations of Arsenic, Cadmium, Antimony, Selenium, Tin, Strontium, Molybdenum, and
Vanadium were not detected. Figure (4) demonstrates the unacceptable status of traces metals in the studied
hospitals then trace metals in treated hospital wastewater are needed before declaring it in safe.
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Fig. 3: Average Domino Effect of Wastewater in the Investigated Hospitals –TSS.

Fig. 4: Quality Characteristics of Wastewater in the Investigated Hospitals - Total Heavy Metals.

3.1.4. Oxygen Demanding Materials:
Dissolved oxygen is one of the most important biomonitoring of water quality characteristics in the aquatic

environment that were traces and demonstrates the status in the studied hospitals and biological activity. The
parameters of BOD and COD are widely used to characterize the organic matter content of wastewater
(Puangrat and Nattapol, 2010). 

BOD is an index of the oxygen-demanding properties of the biodegradable material in the water that are
useful values in assessing water pollution loads and for comparison purposes. Also, COD is a measure of the
pollutant loading in terms of complete chemical oxidation using strong oxidizing agents and it provides a good
index of chemical-oxygen demanding properties in natural waters. 

Figure (5) demonstrated the minimum and maximum concentrations of BOD and COD were obtained in
the studied hospitals 220 and 476 mg/L, respectively. The average BOD5 and COD concentrations of domestic
wastewater with regard to its pollution strength are in the ranges of 110-350 and 250-800 mg/L, respectively
(Metcalf and Eddy, 2003). 

According to Figure (6), the COD/BOD5 ratio was in the range of 2.5-2.92; therefore, the organic matters
in the hospital raw wastewater has low biodegradability in comparison with domestic wastewater (ratio 1.5)
and unacceptable value with WHO limits (COD: 60, BOD: 30 mg/L) (WHO., 1996) that is very desirable from
the viewpoint of wastewater treatment and promotes the efficiency of wastewater treatment plants (Mahvi, et
al., 2009). The higher COD/BOD5 ratio gives an indication of the absence of volatile fatty acids because all
sorbed organic matters interact on settling matter flock without degradation.

3.1.5. Organic Waste:
Phenol and oil & grease were chosen as representative's organic waste to be tested. The total levels of

these wastes in raw hospital wastewater were not within permissible levels (oil & grease 0.5mg/L) for standard
Egyptian environmental law 9/2009. The finding concentrations of phenol were within acceptable limits (0.2
mg/L) for standard Egyptian environmental law 9/2009. The unacceptable status of organic waste in the studied
hospitals must be mange and treated before declaring to be safe.
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Fig. 5-6: Quality characteristics of wastewater in the investigated hospitals- COD, BOD5 and COD/BOD5 ratio.

3.1.6. Persistent Organic Pesticides:
POPs (persistent organic pollutants) is group of compounds, which are prone to long-range atmospheric

transport and deposition (Wallack, et al., 1998) and are highly resistant to chemical and biological degradation.
Study the risk associated with POPs chemical examinations showed that they are not detected and not effective
in effluent wastewater for all hospitals investigation.

3.1.7. Microbiological Pollutants:
Wastewater of treating patients with enteric diseases is a particular problem during outbreaks of diarrhoeal

disease so the microbial quality of hospital wastewater is very critical (Pauwels, et al., 2006). Therefore, some
bacteriological indicators are used to reflect the presence of pollution accompanying pathogens such as T.B.C,
FC and T.C that are the most world-wide approach to detect contamination of water resources. 

The microbiological quality of the water notably varied from hospital to another with consumption
variation of water during the study. Figure (7) illustrated the average number of T.C, F.C and T.B.C in these
hospitals wastewater was obtained to be 371×105, 118×105 and 200×106 CFU/ml, respectively that is
comparable to the recent studies (Metcalf&Eddy, 2003 and & Mahvi, et al., 2009).

Fig. 7: Quality Characteristics of Wastewater in the Investigated Hospitals – T.C, T.F and T.B.C.

3.2. Study of Wastewater Quantity and Dilution:
Water consumption in hospitals is depend on several parameters including type of supplied medical

services, number of beds, personnel and wards, social, cultural and economical condition of society (McArdell,
2009). The recent studies reported the hospitals generate on average 750 liters of wastewater by bed and a day
(Pauwels, et al., 2006) while the average quantity that was obtained in investigated hospitals about 500 L/d/
(occupied bed). 

The study showed that all hospitals have dilution process that depends on the kitchen, baths, the garages,
workshops, boiler rooms and laundry wastewater and passed through special pipes, another cesspool then
collected without any treatment. The collected wastewater is treated using sand and gravel bed cell that
installed to treat the raw wastewater drained after dilution represented the effluent of hospital at end pipes to
discharge municipal sewerage network.
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Fig. 8-9: Quality Characteristics of End Discharge in the Investigated Hospitals - COD&BOD and Total Trace
Elements

The figures 8-9 illustrated the characterization water quality of the wastewater at end pipe that has dilution
factor of constituent's raw wastewater in the range of 10- 13%. The study pointed out the areas of treatment
options for hospital effluents that have physico-chemical conducted at investigated hospitals. The layers of
gravel varied dissolved oxygen activity for microbes within the cell then dissolved oxygen is increased at end
pipe effluent that had a pronounced effect on the aquatic organisms and the chemical reactions that occur. So,
it improve the status in the studied hospitals and decrease the average concentrations of contaminates in raw
wastewater and decomposed the organic matter as shown in Fig. (8-9). 

The Ultra Violet (UV), Deionizer (DI), wastewater treatment processes for specific units and primary
treatment had appropriate efficiency and clarified the dilution factor effect (10-13%) lead to obtain COD, BOD,
Nitrate, Nitrite, chloride, total suspended solids, phosphate and sulfate within WHO limits (60, 30, 40, 40, 60,
100, 20, 400 mg/L) and environmental Egyptian Law (9/2009) for total trace elements (1mg/L) as shown in
Fig. (9).  

Moreover, The end effluent at end pipe had efficiency in removal of phenol, oil & grease, BOD5, Total
count of bacteria, trace elements and TSS was obtained 99%, 82%, 88, 57, 99 and 96%, respectively that a
suitable system for all investigated hospitals.

3.3. Study of Treatment and Disposal Management:
The water consumption of hospitals gives significant volumes of wastewater loaded with microorganisms,

chemical pollutants and other toxic chemical substances. The environmental measurements in termes of COD
and BOD5 were determined for the measurement of total organic load. In the hospital effluent sample at end
pipe, COD concentration (41 to 58 mg/l), and BOD5 (14-23mg/l) exceeded the national standards limits
(9/2009), showing that hospital wastewater were heavily loaded organic. 

The biodegradability of organic substances BOD5 / COD ratio in the study (0.3-0.4) reported the speed
and completeness of their degradations by microorganisms and describes a potential impact on the WWTP
(wastewater treatment plant) efficiency. A BOD5 / COD ratio 0.5-0.6 could be considered as threshold value
to study the biodegradability of organic substances into the hospital wastewater (Seiss, et al., 2001). 

The recent environmental studies assessed the risk of hospital wastewater that based upon dilution
(McArdell, et al., 2010) to avoid extreme diversity of physical, chemical and biological evolutions lead to
sanitary risk and could be dangers to the ecological balance and public health that require on-site treatment
to prevent contamination the city's sewerage (Gautam, et al., 2007). 

Establishing an optimum of treatment process for practical and economic disposal of investigated hospital -
organic wastewaters have become an urgent environmental concern. The following equations show the general
process to remove organic matter in an aeration system. 

Organic matter + O2 6 energy + CO2 + CH4 8   (1)

Organic matter (Decomposition) 6 organic carbon +fine particulates matter +dissolved compounds9   (2)

Micro-organisms consumes oxygen (O2) (aerobic: O2-rich) in surface wastewater to breakdown soluble
organic carbon to low molecular weight organic acids, carbon dioxide (CO2) and methane (CH4), both of them
are lost to atmosphere.
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The operating for integrated aerobic system (Aerobic Aeration with diffuser 12 hours) had been operated
and settling of sludge 2 h. The results of analyses at different detention times in aeration zone reported the
optimum operating conditions were 6 h and 24h to complete decomposition and pH is adjustment of pH
sample.

Different times to removal organic waste including chain of investigated hospitals concentrations (end
effluent) are discharged to laboratory scale of activated sludge. Experiments were performed at different time
that recoded organic degradation at pH of sample and fixed aerobic of aeration zone. The data for laboratory
scale of activated sludge recorded the sequence of organic waste elimination process under aerobic system and
the efficiency reductions of BOD5 & COD at biotechnology approach is shown in Fig. (10).

Figure (10) showed a significant enhancement of organic oxidation rate with time and biodegradable
percentage that is used to quantify pollution removal from hospital effluent under the given experimental
conditions and the degree of water purification from contaminants. Organic degradation % was calculated as:
Organic matter degradation %  = {C0 – C/ C0 X 100},
where C0 and C are initial and final COD, BOD concentrations, respectively.

Fig.10: Concentration of Organic Matter in Effluent at different reaction times.

On other hand, the results indicated about 90.5% of the COD, 85% BOD5 and 99% T.C & F.C within
permissible levels, about 1000/100ml) from a hospital effluent at 12h to seem biological treatment an attractive
option for the cost-effective disposal of hospital effluents and to meet national goals. Those results in
agreement with WHO safe limits on the quality of treated wastewater used in agriculture, in public parks; F.C
not exceeding 1000/100 ml is required for restricted irrigation for reuse wastewater in agriculture purposes such
as wood trees (Blumenthal et al., 2000 and Carr, et al., 2004). 

4. Conclusion and Recommendations:
The bacteriological and physiochemical qualities of hospital wastewater discharged into the environment

from four governmental hospitals along Cairo city were investigated to assess the influence of the hospital
wastewater in the receiving environment. The environmental parameters were carried out using the standard
microbiological and chemical techniques.

The study on wastewater quality indicated that the wastewater quality in the all investigated hospitals was
similar to domestic wastewater quality and within WHO limits. Environmental risk assessment and economical
evaluation of wastewater treatment and disposal methods demonstrated that discharge to municipal wastewater
collection system is the best approach for wastewater management quality in these hospitals, but this method
may be not applicable for all of the hospitals.

These hospitals have to select onsite separate wastewater treatment method, upgrading of existing
wastewater treatment plant and improvement of operation and maintenance practices by employment of
experienced operators that they are needed for observance discharge standards.

It is recommended to Study:
1. The self-purification factor to determine the ability of a stream to assimilate a waste discharge as a part

of an Environmental Impact Assessment (EIA) for sewage system.
2. Utilize QC/QA programs to determine the most effective variables for water quality variants of hospitals

to decrease environmental costs and increase science research budget.
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3. A special program for organic pollutants such as volatile organic contaminants in hospital wastes and the
suitable treatment technique to reduce them.

4. Further studies must be done for pharmacological compounds residues to avoid environmental degradation,
reduce treatment cost and meet the national goals of water management quality. 

5. A special environmental infection control program including blood-borne diseases and biomonitoring that
prevalent normal sewage facilities must be undertaken for integrate environment management to avoid a
higher risk safety factor of hospital facility operations.
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