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ABSTRACT

Hospitals are institutions that require high quantities of water in a certain quality and hygiene
without interruption. However, in settlements where water supply is difficult and water quality
is low, sufficient quality and quantity of water supplying has become an important cost item for
hospitals. Besides, there are many macro and micro pollutants in the structure of the hospital
wastewater. The negative effects of these pollutants on aquatic and terrestrial ecosystems are
quite high. For this reason, today, in the framework of the concept of sustainability, it has
become compulsory to establish and operate integrated water and wastewater management
systems in hospitals. In this study, the activities causing water consumption in hospitals and the
units with high water consumption were defined, the amount and quality of water required for
these activities and units were determined, the alternatives that could be used in obtaining
sufficient water were evaluated and strategies for reducing water consumption were put
forward. In addition, the characteristics and quantities of wastewater from different units in
hospitals are summarized, examples of these wastewater reuse applications are presented, and
finally, appropriate treatment alternatives that can be used for the treatment of hospital
wastewater have been defined.
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INTRODUCTION

Water is an indispensable part of our lives. However, available freshwater resources are fairly
scarce and not evenly distributed across the earth. The earth is under the influence of climate
change from the 20th century onwards. The most important consequences of climate change
are the uneven distribution of precipitation across the earth and the cases of drought observed
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in many parts of the world. Thanks to industrialization urban populations have grown and their
living standards have increasingly improved all over the world and, as such, the matter of
meeting the water of requirements of settlements has become an important issue. The human
development report, prepared by the United Nations Development Program (UNDP), suggests
that the global use of water has almost grown twice as much the population increase rate during
the last century (1). The settlements situated in the areas of water scarcity have to make huge
investments to facilitate a sufficient amount and quality of water transfer from distant areas.
Moreover, operation and maintenance of the facilities thus established (especially for energy
purposes) also adds to the mounting costs. For this reason, the concept of sustainable water
management has been introduced for urban areas. In this respect, priority is given to such main
strategies as the minimization of water consumption, adoption of water saving and recycling
technologies.

Hospitals are listed among the biggest water consumers in cities (2). The quality and availability
of water in hospitals are of critical importance for both the patient’s health and the daily
operations of hospitals (3). For this reason, and considering its potential economic
contributions, the implementation of sustainable water management in hospitals has become
more or less obligatory. For instance, the costs of water supply and wastewater treatment in
Bostonian hospitals nearly accounts for 22% of the total service cost (4). That being said, a
sustainable water management can be achieved with the development of integrated water and
wastewater management strategies.

The present identifies the activities involving water consumption in hospitals and offers
propositions as to how economically and conveniently supply the required water quality for
such activities. Moreover, the general properties of the wastewater produced by various hospital
units are also identified and the applicable wastewater treatment methods assessed and the
potential reutilization of such water in various different operations presented.

Water Management in Hospitals

Water is of crucial importance in hospitals in terms of health and hygiene. Hospitals require a
significant amount of water to be used on a daily basis for various different purposes depending
on the nature of operations being implemented (2). According to a study conducted by the
Victorian Government Department of Health (Health.Vic), Australia, the activities that require
the most water consumption in hospitals are listed as follows (5):

e Washing (such as washbasins, taps, showers etc.)

e Sanitation (used for water closets and toilet flush tanks)

e Kitchens and cafeterias (for preparation of foods and beverages)

e Processing (cleaning, sterilization, washing, heating, cooling, water filtration and

softening)
e Irrigation (for ornament gardens and grass)

The amount of water used for such activities varies between 20 and 40% in washing activities,
15 and 40% in processing activities and 5 and 25% in kitchen activities (6). On the other hand,
the daily water consumption in 7 different 138 to 550 bed capacity hospitals in Boston, USA
(accommodating 5100 to 11600 inpatients annually) varies approximately between 156 m3 and
697 m3. The distribution of water consumption in such hospitals in accordance with respective
activities is presented in Figure 1 below.

As can be seen in Figure 1, cleaning activities account for 41% of overall water consumption,
making it the biggest consumption item. Sterilization and medical processing such as dialysis
units also appear to involve a significant amount of water consumption (14%).
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Verlicchi et al. (2) suggest that daily water consumption per bed varies between 200 and 1200
L, and that the lowest water consumption is observed in developing countries (200 to 400 L).
The water consumption per bed in the United States is estimated to be around 968 L. (7). In their
study conducted in 22 different hospitals in Trabzon, Topbas et al. (8) found that the average
monthly water consumption was around 1962 m3. Another study conducted by Altin et al. (9) in
various different hospitals in Sivas province found that the daily water consumption per bed
differed between 480 and 839 L. It was established that 14.8% of such amount was used in
kitchens/cafeterias while 13.0% of it in laundry.

B Heating-Cooling H Sanitation Medical processes

W Cafeteria/Kitchen M Laundry Other

Figure 1. Distribution of water used in Bostonian hospitals in accordance with hospital
activities (4).

There are significant changes in water consumption in hospitals throughout the year. For
instance, while the daily water consumption in a 600 bed university research and application
hospital in Zonguldak is around 410 m3 during the winter months, it increases by 21.6% and
reaches 523 m3 during the summer months (Figure 2). In the light of the aforementioned
evidence, the daily water consumption per bed varies between 683 and 872 L. Despite the fact
that the increasing dehydration in summer months contributes to such increase, the main factor
behind it is understood to be the irrigation activities.

Water consumption in hospitals change significantly throughout the day as well. A study
conducted by Altin et al. (10) found that the water consumption in hospitals is significantly
higher in the morning hours (especially between 08:00 am and 11.00 am) than other hours of
the day, while the peak hours are identified during the time between 16:00 pm and 19:00 pm in
the afternoon. The reason for such high water consumption during those designated hours in
the morning and afternoon is attributed to the fact that the patients are treated and laboratory
analyses performed during these particular time frames. In this respect, the factors that have
the most bearing on the amount of water used for such applications are identified as the number
of beds, number of inpatients and nature of their treatment, age of the hospital, access to water,
utilities available inside the building, corporate management policies and the overall operation
of the building with an awareness to protect the environment, climate, cultural and geographical
factors (6).
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Figure 2. Monthly water consumption values in a university research and application
hospital (Turkey)

The most fundamental approach to mitigating water consumption is to replace the old and worn
equipment and fittings that are likely to cause water leakage with the new ones. The use of
appropriate fittings in operation rooms while conducting disinfection procedures can help save
a significant amount of water. Dialysis units consume about 120 to 800 L of water depending on
the time and nature of the treatment. A large portion of such water is being used for water
production through reverse osmosis system (11). The supply of healthy and sterile water into
hospitals is considered as one of the most important problems. There are still debates over the
protective measures intended for the elimination of Legionella related water pollution in
hospital water supply systems and the types of disinfection systems to be installed for such
purposes (12, 13). The pathogens such as norovirus, cryptosporidium, mycobacterium
tuberculosis and mycobacterium other than mycobacterium leprae can also be considered to be
in this group (14). Failure to facilitate effective disinfection for such microorganisms may result
in fatal consequences in the health care institutions that accommodate a large number of
patients with greatly reduced body resistance.

Wastewater Management in Hospitals

The wastewater discharged from hospitals consists of various kinds of water of originating from
a good number of treatment and/or diagnosis departments such as laboratories, polyclinics,
operating theaters, radiology units, medicine preparation units and blood transfusion centers
(15, 16). As such they contain a good number of pollutants with different properties and
environmental impact.

In general, the wastewater generated by hospitals can be divided into two categories, namely
macro pollutants and micro pollutants.

Macro pollutants include;
e Physico-chemicals (pH, redox potential, conductivity, COD, BODs, TOC, SSM, ammonium,
chloride and free chlorine)
e Microbiological macro pollutants (Coliforms, bacteria (Enterococci, Staphylococci,
Shigella, Salmonella) and viruses) (17).
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Micro pollutants include;

e Pharmaceuticals and personal care products (PPCPs) (antibiotics, anesthetics, analgesics
and anti-inflammatories, cytostatic drugs (intended to inhibit cell development), -
blockers, anticancer medication and other pollutants (anti epileptic drugs, blood lipid
regulating drugs, endocrine system drugs)

e Radioactive Substances and AOXs (chlorinating reagents, AOX and iodic x-ray, contrast
agents)

e Disinfectants (quaternary ammonium compounds such as sodium hydrochlorides,
aldehydes, alcohols and chlorophenols)

e Metals and heavy metals (metals such as Rb, Li, Sr, rarely found elements such as
gadolinium, indium and osmium as well as Zn, Co, Pb, Fe, Cr, Ni)

e Endocrine Disruptive Agents (Phthalates, Bisphenol A, PVC, Triclosan, Trich (2-
Chlorethyl) Phosphate, 4-Nonylphenol, PCBs, Dioxin, Furan, Alkylphenols) (17).

The examination of the pollutants potentially contained in hospital wastewater suggests that
such wastewater can not be discharged directly into the aquatic and terrestrial ecosystems and
that it may affect the performance of a wastewater treatment facility when discharged to such
facility via sewer system and that the substances contained therein, especially the micro
pollutants, can not be treated by conventional treatment techniques. For instance,
pharmaceuticals can be treated in municipal treatment plants at the rate of 10 to 90%
depending on their individual properties (2). For this reason, consideration is now given to the
use of new technologies in the treatment of hospital wastewater. Some of these methods are
listed as follows:

e Physico-chemical methods such as coagulation-flocculation (18, 9, 10), adsorption (19)
Membrane biological reactor (MBR) systems (20)
Reverse osmosis (21)
Nanofiltration (19)
Ozonation and advanced oxidation processes (22)

Not every wastewater coming from various different units of hospitals may contain most of the
said pollutants. For this reason, the hospitals that have the means to collect wastewater
separately allow reuse of water in activities such as cleaning, irrigation and toilet flushing
through the employment of direct or partial treatment techniques on wastewater generated
from various different units as gray water. For instance, the wastewater generated in dialysis
units through reverse osmosis system is free of bacteria and different from that of household
and industrial wastewater in terms of pH, turbidity and electrolytic properties and capable of
being used as gray water in turf irrigation and toilet flush tanks (23, 24). In the similar vein, rain
and flood water as well as the water leaking from condensers and pumps can be collected and
used for fire extinguishing, irrigation, flushing, laundrette and boiler water preparation
purposes (5). However, while 86% of the hospital administrators support the idea of reclaiming
gray water, 38.7% of them are of the opinion that such water may still contain infected materials
and thus cause infections to the patients or that gray water may end up being mixed with
drinking water (6).

CONCLUSION

Hospitals are critically important in terms of public health as they consume vast quantities of
water and generate equally vast quantities of wastewater. Since various different units in a
hospital require different qualities of water, the costs of water supply and water treatment
account for a large budget item. The settlements situated in the areas of water scarcity face
problems in terms of sustainable water supply. Moreover, a large number of micro pollutants
present in the hospital wastewater may also create significant environmental problems when
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discharged into the aquatic and terrestrial ecosystems. Conventional treatment methods fail to
offer a permanent and definite solution to the said problems, and thus it becomes increasingly
necessary to employ advanced treatment technologies which are costly and relatively difficult to
operate. For this reason, introduction of a sustainable water and wastewater management
system becomes a priority for hospitals in tackling such issues. In this respect, efforts should be
made to develop saving measures intended for the reduction of wastewater generation; build an
infrastructure that allows the collection of wastewater separately; and reduce the amount of
water to be consumed and treated by reusing the suitable wastewater in some other activities.
However, in order to put the activities intended for the reclamation of wastewater into practice,
the negative psychological barriers erected in the minds of the hospital administrators should be
eliminated first.
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