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Abstract The availability of safe drinking water and
the proper management of wastewater in healthcare
facilities are important pillars for maintaining safety of
workers, patients, and visitors and protecting human
health and environment. Water and sanitation services
at 495 healthcare facilities in the West Bank of Palestine
are assessed using the results of PCBS and MoH (2014)
survey study. Services are reassessed after the COVID-
10 pandemic using personal interviews with experts
from healthcare facilities, regulatory authorities, and
service providers. The results show that 92.1% of
healthcare facilities were connected to public water net-
works, 12.9% of them purchased water tanks, and
10.8% of them depended on harvested rainwater which
may cause contamination and waterborne diseases. Re-
gardless the source of freshwater, the water quality has
to be regularly examined and compared to local guide-
lines and international standards for health promotion.
Almost 63.4% of healthcare facilities were not connect-
ed to wastewater networks and used either tight or

porous cesspits. Once these cesspits are filled off, waste-
water is randomly disposed into nearby valleys causing
adverse environmental impacts on air, water, and land
resources. Medical wastewater of hazardous substances
should be treated before discharged to wastewater net-
works. Experts assured that although heightened proce-
dures have been made by service providers to curb the
spread of the COVID-19 disease, yet, more consistent
protocols and stringent procedures are crucial. There
have not been any new directives or procedures regard-
ing the management of water supplies and wastewater
services in the healthcare facilities. Stakeholder collab-
oration can help prevent the COVID-19 disease.
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Introduction

Water is indispensable for life and particularly significant
in the healthcare field, starting from cleaning to hydro-
therapy. Water also plays an important role for domestic
uses in restrooms such as using showerheads, toilets, and
sinks, as well as in kitchens especially for drinking
cooking, dishwashing, and personal hygiene (Yadav
et al. 2017; Khan et al. 2019). Sampling and monitoring
the water system in healthcare facilities are of great
importance so that adequate quality of water is main-
tained for the different water uses. Health promotion and
disease prevention entail the provision of proper water
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and sanitation services as well as the best hygiene prac-
tices in healthcare facilities.

Within the distance from tap to sink, most water used
becomes wastewater. Typically, generated wastewater
represents a considerable portion of consumed water
(see PCBS 2002; World Bank 2018). Unlike domestic
wastewater, the discharge of healthcare wastewater might
include pharmaceutical complexes, antibiotics, narcosis,
radioactive elements, pathogens, and other hazardous
compounds (Khan et al. 2019; WHO and UNICEF
2019). In addition, several microorganisms exist in med-
ical wastewater which are resistant to antibiotics and can
cause severe illnesses to humans (Khan et al. 2020).

Healthcare wastewater is originated from different
sources such as hospitals, dialysis centers, medical labora-
tories, medical and dental clinics, pharmacies, medical
research centers, and diagnostic laboratories and radiology.
Medical activities such as immunization programs, diag-
nosis and treatment, experiments in health research centers,
and examinations in medical laboratories at healthcare
facilities might create huge amounts of hazardous wastes
in addition to enormous quantities of domestic wastes.
This issue is becoming larger with every new hospital,
clinic, or diagnostic laboratory setting up (Bokhoree et al.
2014). Healthcare wastewater management is fundamental
because it has a large impact on public health and the
environment (see WHO and UNICEF 2019).

Therefore, the Palestinian Central Bureau of Statistics
(PCBS) and the Ministry of Health (MoH) (2014) had
jointly conducted a comprehensive survey study of all
Palestinian healthcare facilities including governmental
and non-governmental facilities. The PCBS and MoH
(2014) offered statistical data and information regarding
water uses and characteristics, wastewater disposal
methods, and several environmental impacts. The MoH
had frequently published a variety of statistics and indi-
cators to describe the health situation in Palestine (see
MoH 2013, 2017, 2019) and adopted a national strategy
to improve services in all healthcare facilities (see MoH
2016). Other local studies (e.g., PCBS 2012; UNDP
2014; ARIJ 2015; World Bank 2018) were useful to
understand the current status of the healthcare facilities
and how these facilities manage water and wastewater
services. International studies of interest (e.g., WHO
2015, 2017a, 2017b; WHO and UNICEF 2018) were
important to compare results and findings with healthcare
facilities in the world, in particular similar countries.

Although public healthcare services are available and
affordable to almost all population segments (MoH

2019), the demand of rich and poor Palestinians for
expensive services in the private sector is high
(SHOPS Plus 2018). Public healthcare institutions offer
inefficient, inadequate, and inequitable services (Pfeiffer
2001; UNDP 2014) and focus on qualification and
experience of the healthcare workforce cadres, but not
their performance (SHOPS Plus 2018). In 2018, the
numbers of primary healthcare facilities and hospitals
(i.e., secondary healthcare facilities) in the West Bank
had been 732 and 82, respectively (MoH 2019). There
were 498,179 hospital treatment days in 2016, while
there were 581,713 visits to outpatient clinics in the
West Bank (MoH 2017). The Palestinian healthcare
system is currently under pressure and the services
provided are to be overwhelmed by COVID-19 soon.

It is believed that water and wastewater services in
healthcare facilities should be managed differently after
the onset of the COVID-19 virus in a developing coun-
try with limited technical and financial resources such as
Palestine. The novel coronavirus has been detected in
the wastewater (Bar Or et al. 2020; Farkas et al. 2020;
Weidhaas et al. In review), yet less attention has been
paid to the virus migration to water systems (see
Bhowmick et al. 2020; Paleologos et al. 2020). Waste-
water epidemiology has been globally used to collect
sewage characteristics, monitor infectious disease
spread, assess fate and transport of pathogens, control
the spread of pandemics (Paleologos et al. 2020), deter-
mine public health response, and serve as an early
warning of outbreaks (Bar Or et al. 2020; Bhowmick
et al. 2020; Weidhaas et al. In review). Understanding
the characteristics of the novel coronavirus including
favored environments and transmission pathways be-
comes more important to resist its eruption (see Azzi
et al. 2020; Bhowmick et al. 2020; Wang et al. 2020;
Xiao et al. 2020). As a result, water and wastewater
services need to be frequently examined to reduce the
possibility of the COVID-19 spread.

In effect, the water and wastewater services at
healthcare facilities are more vulnerable to serve as
channels for the disease to spread through. We should
keep an eye on this important issue and inspect if people
recognize associated risks. The survey study, i.e., PCBS
and MoH (2014), had been the last one to conduct in
Palestine, and therefore, it is considered as the existing
condition of the services at healthcare facilities. The
experts assured that the progress in the health system
which took place in the last few years was not that
significant. Therefore, the existing condition is
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represented as the pre-COVID-19 status, while the so-
called new condition proposed to tackle the new comer
is called the post-COVID-19 status. The results of the
present study are presented at a regional level: north,
middle, and south of the West Bank. The analysis and
discussion of the results include freshwater sources and
quantities consumed, wastewater disposal methods, and
wastewater treatment techniques before and after the
onset of the novel coronavirus pandemic. In this study,
a comprehensive approach is used to review and evalu-
ate water supplies and sanitation services at the health
system in the West Bank of Palestine. The present paper
includes the study and assessment of water and waste-
water systems in the healthcare facilities of the study
area. It is also aimed to re-evaluate the water and sani-
tation systems in view of the novel coronavirus pandem-
ic. The current conditions of the water and sanitation
services at healthcare facilities are assessed using the
questionnaire; however, the interviews are conducted to
investigate changes made to the services provided dur-
ing the novel coronavirus pandemic and make a com-
prehensive assessment to these services.

Methodology and study area

The healthcare system in the West Bank consists of five
providers: the MoH, the United Nations Relief and
Works Agency (UNRWA), the non-governmental orga-
nizations (NGOs), the military medical services, and the
private sector (Pfeiffer 2001; SHOPS Plus 2018; MoH
2019). These five providers offer primary, secondary,
and tertiary healthcare services to the Palestinians. The
major providers are the MoH and UNRWA for primary
healthcare services, the MoH and NGOs for secondary
healthcare services, and the private sector for the tertiary
healthcare services (Pfeiffer 2001).

Data used in this article were acquired from the
“Environmental survey for health care facilities (gov-
ernmental and non-governmental)” study, conducted by
the PCBS and the MoH in the West Bank of Palestine
(PCBS and MoH 2014). The survey study of PCBS and
MoH (2014) covered the vast majority of the healthcare
facilities in the West Bank which were 495 facilities
distributed as follows: 223 facilities in the north of the
West Bank, 93 facilities in the middle of theWest Bank,
179 facilities in the south of theWest Bank. It is worth to
mention that the PCBS and MoH (2014) study covered
another 97 and 38 healthcare facilities in Gaza Strip and

Jerusalem district, respectively, yet these facilities were
not included in the present study. The management
system of the health sector in the West Bank is signif-
icantly dissimilar at Jerusalem and Gaza Strip. There-
fore, the criteria to evaluate the performance of the
system should also be different.

Qualitative and quantitative data were collected from
a wide number of healthcare facilities in the research
region using questionnaires prepared and collected by
PCBS and MoH (2014) joint team. This part displays
the empirical approach applied during the design and
accomplishment of the environmental study for
healthcare facilities through the survey tools, practical
collection, and data analysis. The environmental survey
prepared takes in consideration both the international
standards and the local conditions of the Palestinian
community (see PCBS and MoH 2014).

Here are the steps used to design the questionnaire: (1)
checking all references that are pertinent to the United
Nations’ and World Health Organization’ recommenda-
tions (e.g., UN 1997; WHO 2015, 2017a, 2017b; WHO
and UNICEF 2018), (2) studying the survey applied by
the Palestinian MoH (e.g., MoH 2013, 2017, 2019), and
(3) reviewing the past PCBS environmental question-
naires including the domestic, economic, and educational
sections (see PCBS 2002, 2012; PCBS and MoH 2014).
The questionnaire of PCBS andMoH (2014) was revised
and updated according to the major findings of the
environmental questionnaires for healthcare facilities in
the PCBS (2012) study.

All healthcare facilities, governmental and non-govern-
mental, are the target population of the study. The govern-
mental healthcare facilities included belong to the MoH,
Health Care Military Services, and Lijan Az-Zakah (char-
itable institutions). As for the non-governmental healthcare
facilities, the Health Union Committees, Union of Pales-
tine Health Care Relief Committees, Patients Friends Be-
nevolent Society, UNRWA, Palestine Red Crescent
Society, and Red Cross are considered in this study. The
private healthcare sector was not covered in the PCBS and
MoH (2014) survey study.

The questionnaire contains a cover page with some
information about the healthcare facility, external envi-
ronmental factors, and water and wastewater manage-
ment. The field work was conducted during the period
from March 2014 to September 2014 with a response
rate from the target group of 80% (PCBS and MoH
2014). The questionnaires were edited prior to data entry
and the inherent uncertainties of data due to sampling
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and non-sampling errors were minimized using multiple
statistical methods (PCBS and MoH 2014). Inputting
Data using Microsoft Access enables researchers con-
duct further processing and analysis using statistical
packages such as SAS and SPSS (see PCBS and MoH
2014). It is noteworthy to mention that the data of the
questionnaires are presented by region.

The other research instrument used for this study is to
interview medical administrators from the healthcare facil-
ities in theWest Bank about the COVID-19 virus and how
these facilities react with the new comer to negate its effects
on the workers, patients, and visitors. Again, all healthcare
facilities, governmental and non-governmental, are targeted
in the interview study. In addition, the interviews include
administrative directors/officers in the governmental regu-
latory authorities as well as a few service providers

involved in the water and wastewater sectors of the West
Bank. The in-person interviews with the experts are con-
ducted in August 2020 and have been replaced by tele-
phone interviews when direct interviews are not possible.

A well-structured list of questions and queries in the
research interviews was prepared and the responses
from the interviewees were recorded and summarized
in the present study. The institutional or organizational
views and information gathered from professional inter-
viewees were documented no matter the personal per-
spectives they have. There is still a room for the inter-
viewees to present their personal views and suggestions
to improve services provided by the health system to the
local community.

The study area is the West Bank which consists of 11
districts (see Fig. 1). The northern districts consist of

Fig. 1 The West Bank districts of Palestine
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Jenin, Tubas, Nablus, Tulkarm, Qalqilya, and Salfit.
The Jericho and Ramallah and Al-Bireh districts lie in
the middle of the West Bank. The south of the West
Bank has Bethlehem and Hebron districts. There are
594,429 households of an average size of 4.8 (PCBS
2018) living in 734 communities in the West Bank
(ARIJ 2015). The West Bank is highly populated and
houses almost 2.9 million Palestinians of which 51% are
males and 66% have health insurance coverage (PCBS
2018). TheWest Bank has area of 5800 km2, a length of
130 km from north to south, and a width of 40 to 65 km
from east to west (Anayah and Almasri 2009). The
elevation varies from 400 m below sea level in the Dead
Sea to 1022 m above sea level at the Tall Asur, while
most West Bank mountains are 800 m high (ARIJ
2015).

The Mediterranean climate which prevails in the
West Bank (PWA 2013b; ARIJ 2015) with hot, dry
summers and cool, and wet winters (Anayah 2006).
The aridity increases in the south eastern areas due to
high evaporation rates, particularly in the summer sea-
son (Anayah and Almasri 2009). The average rainfall
significantly varies from 100 mm/year in the Jordan
Valley to 700 mm/year in the central mountains of the
West Bank (PWA 2013b). The average monthly tem-
perature varies between 8.7 and 30 °C and the relative
humidity ranges from 50 to 70% in the West Bank
(ARIJ 2015). Such climatic variables may significantly
affect water quality and contaminate water supplies (see
Alazzeh et al. 2019).

The groundwater, springs, and harvested rainwater
are the three major sources of freshwater in Palestine
(PWA 2013b, 2018; ARIJ 2015). Palestinians living in
the West Bank consumed 163.1 million cubic meter of
freshwater in 2013 (ARIJ 2015). Most Palestinian areas
are highly populated and blessed with agricultural re-
sources (ARIJ 2015; PCBS 2018).

For each 100,000 of the Palestinian population in
2018, there were 215 physicians, 71 dentists, 112 phar-
macists, 236 nurses, and 23 midwives (MoH 2019)
which sum to 657. The figures of 2018 are not close to
those in the previous studies of MoH. The numbers of
health workforce cadres were 575 and 612 in the years
2012 and 2016, respectively (MoH 2013, 2017). Com-
pared to the benchmark of 450 workforce per 100,000
population in 22 east Mediterranean countries, Palestine
did always stand above the average number of the health
workforce cadres in primary healthcare facilities in 2015
(WHO 2018).

Since the year 2000, almost 90% of the people live
close to a healthcare facility within 5 km to their resi-
dence (Pfeiffer 2001) and residents are even better off
now. Therefore, let us focus a little more on primary
healthcare facilities distributed all over the West Bank.
In 2018, there were 732 primary healthcare facilities in
Palestine, of which 63.9% belong to MoH, 24.9% be-
long to the NGOs, 8.9% belong to the UNRWA, and
2.3% belong to the military medical facilities (MoH
2019). The status of primary healthcare facilities in
Palestine has been deeply compared to 22 countries in
the WHO region of eastern Mediterranean fromMoroc-
co to Pakistan in the WHO (2018) report.

In the West Bank, the total numbers of visits to
physicians and nurses in the primary healthcare facilities
of the West Bank in 2018 were 2,395,279 and
2,395,513, respectively (MoH 2019). As declared by
the Palestinian national health strategy (MoH 2016),
an important indicator to monitor quality health services
is the number of people served by each primary
healthcare facility. In effect, the demographic distribu-
tion of primary healthcare facilities in each district of the
West Bank is described in Fig. 2.

Among all districts of the West Bank, there are
4506 persons for each primary healthcare facility in
2018 (MoH 2019), on average, and this figure is lower
(as low as one-fourth) than that of many other devel-
oping countries (see WHO 2017a). While Jerusalem
district is noticed to have the lowest population rate of
people served by each primary healthcare facility,
Nablus has the highest rate and requires an in-depth
analysis and recommendations such as suggesting a
larger coverage rate of healthcare services in the fore-
seeable future.

Results and discussion

There are several challenges and limitations that prevent
any sustainable development to the Palestinian water and
wastewater sectors since Israel controls all natural re-
sources (PWA 2013a; UNESCWA 2020). These chal-
lenges and limitations have political, financial, technical,
institutional, social, and environmental dimensions
(PWA 2013a; ARIJ 2015). The efficiency of water and
wastewater systems is more important for healthcare
utilities because hygiene and sanitation are of the highest
priority.
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Water consumption and origins of supply

Palestine has three main freshwater sources: the Jordan
River, the West Bank aquifers, and the Coastal aquifer
(ARIJ 2015). The mountain aquifer of the West Bank
consists of the western, the eastern, and the northeastern
aquifer basins (PWA 2013b, 2018; ARIJ 2015). The
western aquifer discharges into the Mediterranean Sea,
the eastern aquifer discharges into the Jordan River, and
the northeastern aquifer discharges into both water bod-
ies (PWA 2013b, 2018).

The Palestinians confront water, public health, and
environmental challenges due to the political constraints
imposed by the Israelis (PWA 2013a; ARIJ 2015). Since
1967, Israel not only controls all water resources

including surface and groundwater, but also it utilizes
85% of these resources (PWA 2013b; ARIJ 2015).
Hence, groundwater is the major water source through
a large number of wells and springs distributed all over
the Palestinian districts (Anayah and Almasri 2009) and
almost fully controlled by Israel (Amnesty International
2009; PWA 2013a, 2018; ARIJ 2015). In areas where
local groundwater resources are scarce or access to them
is denied (Amnesty International 2009), water is pur-
chased from Israel’s water company (PWA 2013b;
ARIJ 2015).

In the West Bank, water is mainly delivered by the
West BankWater Department and the PalestinianWater
Authority (PWA) is the lead agent of the sector that
outlines strategies and develops policies (PWA 2018).

Fig. 2 The demographic distribution of primary healthcare facilities in 2018 in the West Bank districts in persons per facility (Source of
data: MoH 2019)
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The Water Sector Regulatory Council (WSRC) moni-
tors the quality and efficiency of the water and waste-
water services provided to customers (WSRC 2019).
Water service utilities including local, municipal, and
regional entities are responsible for supplying drinking
water to the Palestinian communities, maintaining water
network infrastructure, and collecting water bills (ARIJ
2015).

In the West Bank, the average water supply for
Palestinians in 2013 was 110 l/capita/day, yet, the aver-
age actual consumption rate was only 79 l/capita/day
(PWA 2014) due to the high water losses (UNDP 2014;
ARIJ 2015; World Bank 2018). The rate is below the
WHO minimum standard of water consumption
(Amnesty International 2009; World Bank 2018).
Palestinians confront tremendous challenges in the qual-
ity and quantity of water supplies in the West Bank (see
Anayah and Almasri 2009; PWA 2013b, 2018; UNDP
2014; ARIJ 2015; World Bank 2018). In 2016, 11,980
water samples were tested in the West Bank of which
14.7% of the samples were contaminated (MoH 2017).
Out of the 12,394 water samples tested in 2018, 13.3%
were contaminated in the West Bank (MoH 2019).
Water supplies still require further surveillance and at-
tention from competent authorities.

In public buildings, water is typically needed in land-
scape watering, cooling and heating, and restrooms. In
healthcare facilities, water is mainly used for steriliza-
tion of medical tools using disinfectants that cannot be
prepared with no water (Ajo et al. 2018). In hospitals,
for instance, water is consumed in several units like
inpatient suites, surgical compartment, laboratories,
kitchens, health duties, and managerial units. Once wa-
ter is used, its chemical, physical, and biological good-
ness deteriorate and water is turned into wastewater
(Szekeres et al. 2017).

In the PCBS (2012) survey study, it is noticed that the
percentage distribution of the different sources of fresh-
water added up to 100% for every region (see Table 1).
To be more precise, it means that the percentage distri-
bution is for the “main” source of freshwater at the
healthcare facility. In the PCBS andMoH (2014) survey
study, however, the percentage distribution of the dif-
ferent sources of freshwater exceeded 100%, for each
region. This means that there could have been multiple
freshwater supplies at the healthcare facility, especially
in the southern districts where water resources are
scarce. There is no argument that water needs in the
summer increase while water supplies diminish. While

percentage of healthcare facilities connected to water
networks are almost the same in the years 2012 and
2014, reliance of alternatives sources of freshwater be-
comes heavier almost in all regions at every level.

As shown in Table 1, it was found that 92.1% of the
healthcare facilities in 2014 in the West Bank were
provided with freshwater from public water networks,
12.9% of them purchased water tanks, 10.8% of them
depended on harvested rainwater, and 1.0% of them
used other sources of freshwater such as springs. It is
interesting to know that these figures were almost the
same at the country level, i.e., West Bank and Gaza
Strip. Both water tanks and rainwater harvesting sys-
tems represent appropriate alternatives for local resi-
dents who live in vulnerable communities where public
water network does not exist or of intermittent supply.
These two sources, i.e., tankers and cisterns, are used to
complement water supplied by public water networks
(ARIJ 2015). Such trend is obvious when the middle of
the West Bank region of the highest percentage of
healthcare facilities connected to networks in both years
is compared to the southern West Bank region of the
highest percentages of tankers and cisterns used.

Table 1 Percentage distribution of healthcare facilities in Pales-
tine by source of freshwater and region in the a. year 2014 and b.
year 2012

Region Source of freshwater (%)

Water
network

Harvested
rainwater
well

Water
tanks

Others

a. Year 2014 (PCBS and MoH 2014)

Palestine 93.0 9.8 14.9 1.4

West Bank 92.1 10.8 12.9 1.0

North of West
Bank

94.8 9.9 4.0 0.0

Middle of West
Bank

99.1 10.9 5.9 0.9

South of West
Bank

83.5 11.8 29.2 2.4

b. Year 2012 (PCBS 2012)

Palestine 92.5 3.4 3.7 0.4

West Bank 91.3 3.7 4.4 0.6

North of West
Bank

95.5 3.5 1.0 0.0

Middle of West
Bank

96.6 2.3 1.1 0.0

South of West
Bank

81.4 5.2 11.8 1.6
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Rainwater harvesting systems could reveal some mi-
crobiological and physiochemical contaminants, water-
borne diseases may arise (Sánchez et al. 2015). Daoud
et al. (2011) assessed the quality of rainwater harvesting
systems in different areas in the West Bank and found
that all 42 samples taken in the summer and winter
contained coliforms and 67% of them were contaminat-
ed with fecal coliforms. The physiochemical quality of
the harvesting systems was generally acceptable, while
most samples were biologically contaminatedwith path-
ogenic microorganisms which posed health risks.

Al-Batsh et al. (2019) made an assessment of the
chemical, physical, and biological quality of water in
100 rainwater harvesting systems at Hebron district. Wa-
ter samples were analyzed for various parameters includ-
ing pH, chloride, alkalinity, NH4, NO3, salinity, total
dissolved solids, turbidity, hardness, temperature, total
coliforms, and fecal coliforms. Al-Batsh et al. (2019)
found that harvested water has good physicochemical
quality; yet, the majority of the samples have high
amounts of total and fecal coliforms.

Continuous maintenance and disinfection of rainwa-
ter harvesting system are necessary to provide water
source of acceptable quality, particularly for healthcare
facilities. In order to prevent health risks posed by
pathogens in harvested rainwater, safety measures have
to be practiced during the construction and the operation
of the system. Such measures include building cement
or rock walls to avoid wastewater intrusion, cleaning the
roof catchment systems and cistern top area from animal
droppings and pesticide deposits, installing first flush
diverter to the system, routing runoff in a closed roof
drain system, disinfecting harvested rainwater, and test-
ing water quality (see Daoud et al. 2011; Al-Batsh et al.
2019). Keep in mind, rainwater harvesting systems have
low operating and maintenance costs (Al-Batsh et al.
2019).

Using water tanks reveals a biological contamination
that might result in microbial water quality, especially in
stainless steel tanks. Fecal streptococcus, fecal coliforms,
and total coliforms are all called indicator bacteria that
indicate microbial contamination or pollution. Chemicals
such as chloride, nitrate, and sodium may accumulate in
tanks in concentrations that may exceed both the Pales-
tinian and WHO standards (Aish 2013). MoH (2017)
tested 1520 samples from water tanks in the West Bank
schools of which 299 were contaminated.

It is known that stagnation of water in tanks when
stored for prolonged periods might result in the growth

and transmission of pathogenic bacteria. Furthermore,
water tanks have to be periodically cleaned and
disinfected to kill pathogens and keep water safe to
drink. In fact, water tanks might not meet minimum
health requirement and further caution has to be
exercised when dealing with tank water which is usually
of unknown origin and age. Furthermore, the cost of
water from tankers may approach four times the regular
selling price of clean water (ARIJ 2015; Al-Batsh et al.
2019). In effect, tanks become an infeasible water
source of doubtful quality for domestic uses (Amnesty
International 2009), specifically in healthcare facilities.

In effect, water tanks and rainwater harvesting sys-
tems have revealed some microbiological and physio-
chemical contamination (see Aish 2013; Sánchez et al.
2015; MoH 2017; Alazzeh et al. 2019; Al-Batsh et al.
2019). Public water networks represent a safer alterna-
tive to supply water services for healthcare facilities in
Palestine. However, public water networks are generally
outdated (UNDP 2014; Al-Batsh et al. 2019) and this
may result in possible contamination of water supplies.
There is a higher potential of contamination to water
networks since 45% service providers of the in the West
Bank declared their sewer networks are of poor or
partially poor performance, 30% of them admitted that
their networks have serious leakage problems, and 59%
of them stated that their sewer networks experience
frequent flooding (WSRC 2019).

Typically, water comes from the network to a storage
water tank (or holding tank) on the rooftop of the
healthcare facility to use during the outage of local water
service which frequently occurs in the summer months.
About 92% of the households in the West Bank have
storage water tanks (World Bank 2018) and 51% of
them only have a daily network water supply (ARIJ
2015). Water quality in rooftop tanks may be influenced
by many factors such as temperature, storage duration,
tank material and covering, site-specific conditions, and
supply intermittency. Thereby, water storage rooftop
tanks in the healthcare facility have to be maintained
clean and safe to use. Almost 82% of hospitals in
Bhutan have water storage tanks, while 78% of
healthcare facilities in Cambodia have water storage
tanks (WHO and UNICEF 2019).

The question now is whether the Palestinian public
water networks provide freshwater of acceptable quality
for domestic uses or not. In 2016, MoH (2013) took
9908 water samples from the public health central lab-
oratory in Ramallah and found that 13.2% of the
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samples did not pass the tests made in 2012. The same
tests were conducted in 2016 and 14.7% of the 12,186
water samples from the central laboratory did not pass
these tests (MoH 2017). In 2016, MoH (2017) tested 71
samples from water networks in the West Bank and
found that 7 samples were contaminated. Nanotechnol-
ogy, e.g., nano membrane, can serve as a good solution
for water filtration and purification (Khan et al. 2012)
and remove physical, chemical, and biological contam-
ination (Madhura et al. 2018). Researchers are nowa-
days working on water treatment processes with nano-
technology including membrane filtration, decontami-
nation of microbes, catalytic degradation, and removal
of micropollutants (Madhura et al. 2018).

Alazzeh et al. 2019 examined how intermittent water
supply affects the water quality in two communities in
Bethlehem districts and tested 718 water samples for
residual chlorine, Escherichia coli (E. coli), and total
coliforms. It was found that systems with intermittent
water supply can deteriorate water quality and result in
chemical and biological contamination (see Alazzeh
et al. 2019; WHO and UNICEF 2019). Regardless of
the primary source of freshwater, the water quality has
to be regularly examined and compared to respective
local guidelines and international standards (see WHO
2015; WHO and UNICEF 2019).

It is important to mention here that water are waste-
water services in Palestine are mainly controlled by
Israel, and inadequate infrastructure is the major limiting
factor for any development to these services (UNDP
2014; UNESCWA 2020). The estimated volume of

water consumed by the healthcare facilities in the West
Bank in 2014 was 59.6 thousand cubic meters per
month (see Fig. 3). Figure 3 also depicts the predicted
amounts of generated wastewater by healthcare facilities
according to the percentages determined by the PCBS
(2002) and the World Bank (2018) studies. Generated
wastewater commonly represents 80% of consumed
water in Palestine (PCBS 2002; World Bank 2018) as
shown in Fig. 3.

Almasi et al. (2006), however, had determined sev-
eral correlations between socio-economic and climatic
conditions on one side, and water consumption and
wastewater generation rate on the other side. Details
on socio-economic characteristics of the health sector
in Palestine can be explored in several previous studies
(e.g., Pfeiffer 2001; MoH 2013, 2017, 2019; World
Bank 2016; SHOPS Plus 2018).

As for the consumedwater in healthcare facilities, the
maximum value of the average quantity is in the middle
districts, especially Ramallah and Al-Bireh, where large
healthcare facilities and clinics in the West Bank exist.
However, average quantity of consumed water in the
northern districts is lower than that of the southern
district that is highly populated and larger number of
visitors is expected. While Gaza Strip is almost the
highest populated area in the world, water consumed
in healthcare facilities is less than half that of the West
Bank (see Fig. 3). This is because of the growing short-
age of water supplies available for domestic uses
coupled with the water quality crisis in Gaza Strip (see
PWA 2014; ARIJ 2015; World Bank 2018).

Fig. 3 Estimated monthly average quantity of consumed water and generated wastewater for healthcare facilities in Palestine by region (see
PCBS and MoH 2014)
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Water supplies in healthcare facilities may not nec-
essarily meet the national water quality standards, and
sometimes water becomes contaminated in the facilities’
distribution networks (WHO and UNICEF 2019). In the
West Bank, the MoH regularly tests water samples
taken from water sources, networks, tanks, rainwater
harvesting cisterns, etc. Almost 8782, 11,980, and
12,394 water samples were tested in 2012, 2016, and
2018, and the contamination percentages were 12.9,
14.7, and 13.3%, respectively (MoH 2013, 2017,
2019), attracting more attention to the quality of water
supplies, particularly in healthcare facilities. These con-
tamination percentages are quite high for the quality of
freshwater sources. Except the PCBS (2002) study,
there is no single test to any wastewater sample in the
studies of the MoH, i.e., MoH (2013, 2017, 2019).

The MoH is therefore invited to examine the quality
of water and wastewater supplies in the healthcare facil-
ities of the West Bank. The Palestinian Water Authority
(PWA) is responsible for securing reliable water and
sanitation services (ARIJ 2015) according to the water
law number 2 of 1996 which was amended to the law
number 3 of 2002 (PWA 2013a) and finally to the law
number 14 of 2014 (PWA 2018; WSRC 2019). The
local authorities such as joint service councils, munici-
palities, and village councils provide homes and facili-
ties including healthcare facilities with water and waste-
water services (ARIJ 2015). Among the 54 West Bank
service providers by the end of 2017, 70% of them
provide both water and wastewater services and 85%
of them are either a municipality or a village council
(WSRC 2019). Each stakeholder has his own rights and
responsibilities in the water and wastewater sectors.

The World Health Organization (WHO 2015)
assessed the water, sanitation, and hygiene (WASH)
services provided by 66,101 healthcare facilities in 54
lower-income countries. Indicators to sustain the
WASH services in healthcare facilities and achieve rel-
evant sustainable development goals of the United Na-
tions were recommended by the WHO and UNICEF
(2018), UNESCWA (2020), and others. A clear national
plan and standards to provide acceptable levels of
WASH services in healthcare facilities have to be set
and applied immediately. A survey study in 2013
showed that 94 developing countries do not even have
national policies or plans on WASH services in
healthcare facilities (WHO 2015).

Again, most water used becomes wastewater within
the distance from faucet to sink. Typically, generated

wastewater represents a considerable portion of con-
sumed water. For successful planning and management
of the sanitation system, it is significant to determine the
generated quantity and associated quality of wastewater
in the West Bank. The volume of the collected waste-
water in the West Bank was 29.01 million cubic meters
in 2017 (WSRC 2019). Therefore, exact quantification
of generated wastewater is helpful when building asso-
ciated infrastructure and designing required facilities
that serve collection, transportation, treatment, and dis-
posal processes (see Almasi et al. 2006; Paleologos et al.
2020). In the West Bank, 43% of wastewater service
providers send collected wastewater to a wastewater
treatment plant (WWTP), 26% of them discharge waste-
water into nearby valleys, and 31% of them connect
wastewater to an Israeli network (WSRC 2019).

The characteristics of wastewater vary depending on
many factors including the source and associated activ-
ities as well as the physical and climatic conditions, and
therefore, have to be precisely classified and described
(see Nashashibi 1995; Nashashibi and van Duiji 1995;
PCBS 2002; Khan et al. 2012, 2019, 2020; Madhura
et al. 2018). As an example, higher wastewater concen-
trations are attributed to lower water consumptions
(Almasi et al. 2006) and this agrees with what
Nashashibi and van Duiji (1995) observed in Palestine.
Accordingly, the characteristics of wastewater will def-
initely influence the type of treatment effluents require
(see Khan et al. 2012, 2019, 2020; Madhura et al. 2018;
WSRC 2019). The wastewater disposal technique, in
addition, will definitely impact human health and the
environment. The proper understanding the wastewater
collection, transport, treatment, and disposal processes
in the healthcare facilities is essential to better manage
this sector. Opportunities such as wastewater reuse are
scarce if these processes are not appropriately applied.

Wastewater

Wastewater disposal techniques

Due to the inadequate infrastructure of wastewater, it is
estimated that 25 million cubic meters of untreated
effluents is annually discharge into the environment at
more than 350 localities in the West Bank (UNPD
2014). The existing guidelines ofWHO state that waste-
water of healthcare facilities can be directly discharged
into the domestic wastewater network just in case local
regulations are met (Khan et al. 2020). If not, onsite
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treatment schemes are suggested in particular in rural
healthcare facilities followed by sludge disposal tech-
niques (Khan et al. 2020). According to the WHO
regulations, drugs and hazardous chemical wastes must
not be drained directly into the wastewater network, yet
such substances must be assembled apart and go
through treatment processes before being discharged
into the wastewater network (WHO 2017b).

Unfortunately, this does not happen in theWest Bank
(see Table 2), and thus treatment is not applied in the
vast majority of the healthcare facilities (PCBS 2002,
2012; PCBS and MoH 2014). Comparing the results of
2014 (PCBS and MoH 2014) to those of 2012 (PCBS
2012), the figures are almost similar with one exception
on the percentage of healthcare facilities that have
wastewater treatment which became half of that of the
year 2012. The reason of such difference is the percent-
age of healthcare facilities that have wastewater treat-
ment in the north of the West Bank region which was
7.9% in 2012 (PCBS 2012) and dropped significantly to
2.6% in 2014 (PCBS and MoH 2014). In addition, there
were no data coming from the southern West Bank
region in 2014 (PCBS and MoH 2014) regarding the
percentage of healthcare facilities that have wastewater
treatment while it was 4.8% in the year 2012 (PCBS
2012).

Table 2 shows that 93.0% of the Palestinian
healthcare facilities are connected to public water net-
works in 2014, while only 45.3% of them are connected
to wastewater networks. These percentages are larger
than those in other developing countries such as Cam-
bodia and Ethiopia (WHO 2017a). In Nepal, for

instance, about 62% of healthcare facilities have access
to piped water and 78% of them have sewer connections
or septic tanks (WHO and UNICEF 2019). Compared to
66,101 healthcare facilities in 54 developing countries,
62% of them provide users access to improved water
sources (WHO 2015). However, 81% of 62,524
healthcare facilities in 36 developing countries provide
users access to improved sanitation facilities (WHO
2015). Unfortunately, the WHO (2015) study did not
cover Middle Eastern countries well and therefore,
comparison with neighboring countries was not
possible. Compared to 65 developing countries in the
whole world, WHO and UNICEF (2019) showed that
all healthcare facilities in Palestine have improved san-
itation services.

These environmental indicators have to be carefully
studied and lessons should be learned for better planning
and management of the water resources in Palestine.
Wastewater networks are typically connected to the
stormwater drainage system which can be harvested,
and hence, separation is necessary for a good gover-
nance of existing resources (Amnesty International
2009; PWA 2013a). Stormwater drainage system can
be harvested for non-potable water purpose of lower
water quality. Harvested stormwater can be utilized in
small-scale purposes such as to water gardens, flush
toilets, wash grounds, and cool air-conditioning sys-
tems, as well as in large-scale projects such as to irrigate
plants, recharge groundwater resources, etc. Only a few
stormwater harvesting systems exist in the West Bank
(PWA 2013a).

Although separation of wastewater networks from
stormwater drainage system is to be considered in any
future policy and strategy in Palestine, yet this is not
good enough to protecting the public health and the
environment (Amnesty International 2009). The charac-
teristics and constituents of wastewater of healthcare
facilities are different than those of municipal wastewa-
ter (WHO 2017b). In effect, medical wastewater should
be disposed in a separate system such as an on-site
treatment unit so that effluents could be treated and
safely discharged into the environment (see WHO and
UNICEF 2019; Bhowmick et al. 2020). On-site waste-
water treatment unit often includes primary, secondary,
and tertiary treatment processes (Khan et al. 2019,
2020). This option, however, could be neither feasible
nor practical for small-scale healthcare facilities like
those in the West Bank. Instead, wastewater has to be
adequately treated or disinfected before being

Table 2 Selected environmental indicators about healthcare fa-
cilities in Palestine

Environmental indicator 2014* 2012**

Percentage of the healthcare facilities connected
to public water networks (%)

93.0 92.5

Percentage of the healthcare facilities connected
to wastewater networks (%)

45.3 42.1

Percentage of the healthcare facilities which have
wastewater treatment (%)

2.2 5.0

Monthly amount of consumed water by
healthcare facilities (× 1000 m3)

86.7 85.0

Monthly amount of generated wastewater by
healthcare facilities (80% of consumed water)
(× 1000 m3)

69.4 68.0

* PCBS and MoH (2014)
** PCBS (2012)
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discharged into a municipal wastewater network (see
Hocquet et al. 2016).

Several types of antibiotics may be found in the
wastewater of healthcare facilities, including tetracy-
clines, fluoroquinolones, macrolides, quinolones, glyco-
peptides, and sulfonamides (see Khan et al. 2020). An-
tibiotics cause growing bacterial resistance and these
compounds may be discharged with WWTP effluents
to the surface water as these effluents are hard to sepa-
rate using conventional WWTPs (Boy-Roura et al.
2018). This antimicrobial resistance of untreated waste-
water at healthcare facilities is considered one of the
strongest threats to human health in the world (WHO
and UNICEF 2019). The bacterial resistance against
antibiotics of the medical wastewater can be as high as
2 to 10 times higher as that in domestic wastewater
(WHO 2017b).

Although 45.3% of the healthcare facilities in the
West Bank got rid of the wastewater via wastewater
networks in 2014, yet 28.6% of them utilized porous
cesspits and 26.1% of them used tight cesspits as shown
in Table 3. Wastewater networks are only available in
major cities and refugee camps, and there is a dire need
to appropriate infrastructure for collection and treatment

(ARIJ 2015; WSRC 2019). Keep in mind that only
55.5% of Palestinian households are connected to
wastewater networks (UNDP 2014). Therefore, a num-
ber of municipalities and village councils are working
on constructing the infrastructure needed to provide
wastewater services (PWA 2018; World Bank 2018;
WSRC 2019). Even though, healthcare wastewater still
includes hazardous substances that require proper han-
dling and treatment before being discharged into the
wastewater network.

The high percentage of using tight cesspits as a
wastewater disposal method in the healthcare facilities
of the north of the West Bank is attributed to the low
percentage of facilities connected to wastewater net-
works. Despite the larger cities, rural areas with dis-
persed housing patterns dominate and a few wastewater
networks exist in the north of the West Bank. An oppo-
site trend is noticed in the middle of the West Bank in
which most healthcare facilities lie in Ramallah and Al-
Bireh district, the leading center of economic and polit-
ical activities in the Palestinian territory. A civilized and
urban zone such as Ramallah and Al-Bireh district is
expected to have a good coverage of wastewater net-
work. The sewerage coverage ratios in the municipali-
ties of Ramallah and Al-Bireh cities, for instance, are 80
and 93%, respectively, among the highest 35% of ser-
vice providers in coverage ratio (WSRC 2019).

Tight cesspits or septic tanks, however, are usually
built with non-porous materials such as bricks, concrete,
metal, or plastic. Once tight cesspits are filled off, vac-
uum tankers dispose the wastewater (raw sewage) into
surrounding farms and nearby wadis (see UNDP 2014;
ARIJ 2015;World Bank 2018) resulting in the spread of
infectious diseases and environmental pollution (EEA
2014; WHO and UNICEF 2019). The soil will be pol-
luted with pathogenic organisms and microorganisms
such as E. coli which will definitely cause risks to
human health and the environment, as well (WHO
2015; Siggins et al. 2016). Almost 76% of the vacuum
tankers discharge wastewater into nearby valleys, 17%
of them dispose it into WWTPs, and 7% of them trans-
port it to Israeli networks (WSRC 2019).

As for porous cesspits, they are basically underground
chambers of permeable walls that infiltrate wastewater
into surrounding areas. In theWest Bank, porous cesspits
are on purpose constructed of porous materials to allow
seepage into underlying soil (ARIJ 2015). The percolat-
ing leachate contaminates the surrounding soil layers and
pollutes the groundwater aquifers, as well (Khan et al.

Table 3 Percentage distribution of healthcare facilities in Pales-
tine by wastewater disposal method and region in the year a. 2014
and b. 2012

Region Wastewater disposal method (%)

Wastewater
network

Tight
cesspit

Porous
cesspit

Total

a. Year 2014 (PCBS and MoH 2014)

Palestine 45.3 26.1 28.6 100

West Bank 36.6 29.6 33.8 100

North of West
Bank

27.4 41.1 31.5 100

Middle of
West Bank

44.0 18.3 37.7 100

South of West
Bank

42.6 23.6 33.8 100

b. Year 2012 (PCBS 2012)

Palestine 42.1 24.7 32.9 0.3 100

West Bank 34.9 28.9 35.8 0.4 100

North of West
Bank

27.5 37.0 35.5 0.0 100

Middle of
West Bank

49.0 15.1 34.9 1.0 100

South of West
Bank

35.9 26.8 36.7 0.6 100
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2019). In some cases, local residents suffer from contam-
ination of water harvesting system by wastewater in the
same household. Therefore, wastewater from porous
cesspits will pollute existing land and water resources,
and so will wastewater from tight cesspits when not
properly installed (see Bhowmick et al. 2020).

It is worth to mention that the majority of Palestinian
households rely on cesspits for wastewater storage
(UNDP 2014). Anayah and Almasri (2009) showed that
leaking cesspits result in groundwater nitrate contami-
nation, particularly in the northern West Bank districts.
Werner et al. (2000) showed that theWest Bank ground-
water is mainly polluted by wastewater from leaking
cesspits. The situation is likely to get worse when we
deal with wastewater of healthcare facilities. Almost at
all levels, from multi-district to countrywide, the porous
cesspits are used as a wastewater disposal method in
approximately one-third of the healthcare facilities (see
Table 3). There is no significant difference in the figures
in Table 3 between the years 2012 and 2014, except
having some other disposal methods of the wastewater
in 2012 which were not defined in the source itself, i.e.,
PCBS (2012).

According to the WHO recommendations with re-
gard to wastewater origins from medical laboratories,
pre-treatment of hazardous chemicals including acid-
base neutralization, filtering to remove sediments, liqui-
dation, or autoclaving infectious samples is advisable
(WHO 2017b). To assess the quality of medical waste-
water, several parameters including chlorine, NH4,
suspended solids, chemical oxygen demand, biological
oxygen demand, heavy metals, radioactive metals, anti-
biotic residues, and bacterial pathogens have to be de-
termined (Khan et al. 2020). Non-hazardous chemicals
such as eye drops, syrups, and vitamins require no pre-
treatment before discharging into the sewerage system
(WHO 2017b).

Wastewater treatment

Wastewater treatment includes all processes that make
wastewater quality comply with environmental stan-
dards and allow effluents to be safely discharged into
the environment (PCBS 2002). The three types of
wastewater treatment are mechanical, biological, and
chemical processes. Typically, wastewater generated
by healthcare facilities is generally treated through acti-
vated sludge processes, sequencing batch reactors,
membrane biological reactors, activated carbon

techniques, carbon nanotube techniques, and upflow
anaerobic sludge blanket techniques (Khan et al.
2020). Physiochemical treatment techniques of medical
wastewater include ultraviolet/hydrogen peroxide (UV/
H2O2), Fenton reagent, and Ozonation (O3) (Khan et al.
2020). Nanotechnological systems are lately used for
wastewater treatment including multiple separation pro-
cesses, e.g., reverse osmosis, microfiltration, and
nanofiltration, of which reverse osmosis is the best
process in removing all micropollutants (Madhura
et al. 2018).

As mentioned earlier, pre-treatment of healthcare
facilities’ wastewater (e.g., sedimentation, filtration,
flocculation, acid-base neutralization, liquidation or
autoclaving) is recommended by the WHO (2017b)
before being discharged into the sewerage system (UN
1997). In some societies, wastewater of healthcare facil-
ities is directly discharged to municipal drainage sys-
tems, and therefore fears from parasitic (or enteric) and
epidemic diseases arise (see WHO and UNICEF 2019).
In the streams of healthcareWWTP, chlorinated organic
compounds and heavy metals such as mercury and lead
are often detected (Windfeld and Brooks 2015).

Almost > 95% of toxic compounds are extracted and
filtered by the WWTP (Ryan-Fogarty et al. 2016). Clas-
sical processes of wastewater treatment, such as activat-
ed sludge together with suspended growth, are success-
ful in domestic wastewater treatment, yet they are not
capable to completely remediate medical wastewater
(Alimohammadi et al. 2018). In the States, only a few
states motivate elementary remediation of healthcare
effluents prior to drainage into domestic wastewater
influent for remediation in municipal WWTP (Hocquet
et al. 2016). The membrane biological reactors are con-
sidered the best for treatment of medical wastewater as
they are effective in reducing levels of sludge and
suspended solids as well as eliminating pathogens and
some other micropollutants (Khan et al. 2020).

Out of the 54 wastewater service providers in the
West Bank, only 37% of them provide wastewater
treatment (WSRC 2019). Out of the 29.01 million cubic
meter collected wastewater in the West bank in 2017,
9.99 million cubic meters of wastewater were treated
(WSRC 2019). Among the 20WWTPs exist in theWest
Bank, large municipal WWTPs serve the big-city mu-
nicipalities of Hebron, Ramallah, Jericho, Tulkarm,
Jenin (UNPD 2014), and more recently Nablus, Salfit,
Al-Bireh, and Tubas (PWA 2018). Many of these
WWTPs are working at 10–30% efficiency (UNDP
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2014), and therefore, treated effluents do not comply
with relevant standards (WSRC 2019). While the sewer
network coverage in the West Bank was 29% in 2015, it
increased to 34% in 2017 (WSRC 2019). According to
strategy approved by the Palestinian government in
2013, 80% of the West Bank population should have
safe and appropriate sanitation services as well as effi-
cient and proper WWTPs, so that at least 70% of their
treated effluents is reused in agriculture by the year of
2032 (PWA 2018). Surface drip irrigation is recom-
mended to reduce pathogens as soil is considered a
multilayer natural filter (Madhura et al. 2018).

As for the large Palestinian healthcare facilities or
hospitals which are not connected to the treatment plant,
it is advised to utilize their own equipment for waste-
water treatment. This equipment should use chemical,
physical, and biological processes to remove contami-
nants. Table 4 shows that only 5.0 and 2.2% of the
healthcare facilities in Palestine retreated their wastewa-
ter in the years 2012 and 2014, respectively, and these
are small percentages. It is interesting to compare the
figures of the two studies (i.e., PCBS 2012; PCBS and
MoH 2014) and see if there is any pronounced trend.

The percentages of existing wastewater treatment in
2012 were mostly doubled, if not tripled in some cases
(see Table 4). Policy and decision makers have to study
these figures and understand how they have changed in
a period of only 2 years. Overall, the percentages of the
wastewater treatment methods are quite similar for the
years 2012 and 2014 at the West Bank and county-wide
levels although no data were collected from the southern
districts. The discrepancies between practices, i.e., me-
chanical and chemical treatment processes, applied in
the north as well as the middle of the West Bank are
significant in both years.

As for the mechanical or physical treatment, it in-
cludes processes such as sedimentation and flotation
(PCBS 2012; PCBS and MoH 2014), and usually con-
sists of fine grids or screens that help remove floating or
dispersed solid matter from wastewater, e.g., plastic
bags, rags, or other substances. Mechanical treatment
also removes raw materials that might clog pipelines
and pumps of the treatment plant, and therefore, it
comes first. The mechanical treatment is combined with
biological and some advanced processes (PCBS 2002,
2012; PCBS and MoH 2014), and this combination
successfully removes micropollutants and as a result is
adopted widely in Europe (Khan et al. 2020). However,
chemical treatment includes acid-base neutralization
and reduction of water solubility to breakdown hazard-
ous wastes and remediates the chemical properties of the
wastes (PCBS 2002; PCBS and MoH 2014). Each sin-
gle treatment process has its own pros and cons as
shown in the literature, and therefore, blended processes
and hybrid models are designed and applied by the
different systems at different scales given the economic
feasibility of the methods (see Khan et al. 2020).

The treatment results mainly in reducing the filtration
of hazardous compounds into the environment. When-
ever these chemicals reach the water bodies, i.e., surface
water and groundwater, they will be highly harmful to
humans, animals, and plants. There are more than a
strategy to improve wastewater management, such as
decreasing wastewater production and applying on-site
sewage facility (see Nashashibi 1995; PWA 2013a;
ARIJ 2015; Madhura et al. 2018; Khan et al. 2019,
2020). Water conservation, e.g., lowering the flow of
showers and toilet flushes, will decrease the generation
of wastewater. In the West Bank, the overflows of
sewage are more frequent in the northern districts, spe-
cifically Salfit and Tubas (World Bank 2018). On-site
handling of wastewater stream will let reuse and

Table 4 Percentage distribution of healthcare facilities in Pales-
tine by existence of wastewater treatment, method of treatment,
and region in the a. year 2014 and b. year 2012

Region Method of wastewater
treatment (%)

Existence of
wastewater
treatment (%)

Mechanical
treatment

Chemical
treatment

Total

a. Year 2014 (PCBS and MoH 2014)

Palestine 57.9 42.1 100 2.2

West Bank 66.9 33.1 100 2.0

North of
West Bank

100.0 0.0 100 2.6

Middle of
West Bank

25.0 75.0 100 3.5

South of
West Bank

– – – –

b. Year 2012 (PCBS 2012)

Palestine 62.1 37.9 100 5.0

West Bank 60.4 39.6 100 5.7

North of
West Bank

59.6 40.4 100 7.9

Middle of
West Bank

0.0 100.0 100 2.3

South of
West Bank

82.4 17.6 100 4.8
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recycling of reclaimed water available as well as elim-
ination of pharmaceuticals and pathogens (WHO 2015;
Khan et al. 2019, 2020).

Untreated wastewater will cause many impacts to
human health and the environment, because of the ap-
pearance of many harmful contaminants. E. coli and
heterotrophic bacteria resistant to tetracycline, sulfa-
methoxazole, and amoxicillin are examples of the
existing bacteria in wastewater (Proia et al. 2018), caus-
ing many diseases to humans when exposed to them.
Anticancer drugs are also released from hospital waste-
water; they are toxic to humans after they reacted with
some elements and chemicals in the wastewater (Isidori
et al. 2016).

A broad zone of human medicines is also released
into the wastewater effluent including antibiotics, stains,
or cytotoxins used in cancer treatment and pharmaceu-
ticals (Sim et al. 2013). Medicines may also be disposed
into the wastewater causing exposure to anthelmintics
such as albendazole and flubendazole which are used for
parasitic infection and veterinary medicine (Sim et al.
2013). Antibacterial and antifungal agents may partici-
pate to the stress on the environment, essentially as they
directly reach the soil and the surface water. Such agents
may have ecological impacts such as endocrine disrup-
tion to biota within the environment (Baker et al. 2014).

Disinfectants, pharmaceuticals, and radionuclides are
excessively consumed in healthcare facilities for medic-
inal aims (Madhura et al. 2018; Khan et al. 2019, 2020).
These substances will combine with the effluent and
finally reach the municipal sewer network. All of these
substances will end up in the surface water, which will
affect the ecosystem and eventually reach the food chain
(Khan et al. 2020). High quantities of enteric viruses are
released from hospital wastewater into the environment,
and cause human gastroenteritis and other types of
waterborne diseases even at very low doses (Galus
et al. 2013). Therefore, service providers have to make
sure that amounts of free residual chlorine in the fresh-
water are sufficient at the consumers’ taps to eradicate
such viruses including the COVID-19 (Bhowmick et al.
2020).

Unlike domestic wastewater, healthcare wastewater
might include dangerous substances that require proper
handling and treatment. Strategies to treat and reuse
wastewater and effective solutions to dispose it safely
in Palestine were profoundly addressed by Nashashibi
(1995), PWA (2013a), ARIJ (2015), and World Bank
(2018). The use of treated wastewater as a non-

conventional water source for irrigation, as an example,
is still a priority (UNDP 2014; WSRC 2019) as con-
firmed by the Palestinian water policy recently adopted
by the government (PWA 2018).

Nanotechnology, however, provides a strong option
for wastewater treatment using efficient nano-filters, for
instance, the industry that emerged in Germany since
2006 and then grew rapidly around the world (Khan
et al. 2012) Nevertheless, nanotechnology-related
wastewater reuse is only applied at laboratory scale,
and researchers have to address the challenges to design
cost effective, industrial scale applications (Madhura
et al. 2018). Further researches on nanotechnology
methods and applications in pollution reduction, water
disinfection, and wastewater treatment have been re-
cently conducted (see Madhura et al. 2018; Khan et al.
2019, 2020).

Treated wastewater is satisfactorily reused for irriga-
tion in seven out of the eight service providers that have
active reuse programs in the West Bank (WSRC 2019).
The reuse of treated domestic wastewater can be suc-
cessful in agriculture because it provides a stable water
source of high nutritious value, leading to larger food
production (Madhura et al. 2018). Yet, reusing waste-
water from healthcare facilities, exclusively in agricul-
ture, is not recommended byWHO and UNICEF (2019)
as such wastewater has high levels of chemical and
biological contaminants in addition to its antimicrobial
resistance (Khan et al. 2020). Given the present corona-
virus pandemic, extra caution is required when treated
wastewater is to be safely reused, and migration of the
virus at the different stages in WWTP is to be carefully
monitored (Bhowmick et al. 2020; Paleologos et al.
2020). The conventional WWTP with disinfection
(e.g., chlorination, UV irradiation) is supposed to erad-
icate COVID-19 (Paleologos et al. 2020), but this has to
be practically examined in developing countries
(Bhowmick et al. 2020) such as Palestine.

All competent authorities are urged to setting up
efficient management and maintenance programs for
water and wastewater sectors in healthcare facilities
and enforcing respective policies and laws (see PWA
2013a; World Bank 2018). In order to implement these
policies and laws, sufficient political, human, and finan-
cial resources have to be allocated (WHO 2015). Private
sector engagement in the development of these sectors is
essential and its partnership with governmental agencies
should always be welcomed in such a developing coun-
try as Palestine (see SHOPS Plus 2018). The
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involvement of the different stakeholders enhances ac-
countability and transparency for a better management
and development of the water and wastewater sectors.

Management of water and wastewater sectors
in the novel coronavirus pandemic

Regarding the WASH services in the Palestinian
healthcare facilities, the focus of local competent author-
ities is on the personal and public hygiene, yet less
attention is paid to the water and sanitation services
during the novel coronavirus pandemic (see Bhowmick
et al. 2020; Paleologos et al. 2020). In effect, the surveil-
lance and monitoring of water supplies and wastewater
services become more important to identify necessary
interventions. More stringent measures and heightened
procedures have to be applied to curb the spread of the
COVID-19 disease.

Water sources shall be regularly inspected to make
sure that water supplies are clean and safe to use. The
risk of COVID-19 to water supplies is low as the virus
has not been found in freshwater facilities in which
precautions are taken under consideration (Bhowmick
et al. 2020). COVID-19 exists in the solid and liquid
wastes from infected patients can pollute soil and water
resources (Paleologos et al. 2020). The fate and trans-
port of contaminants and pathogens including the
COVID-19 virus with the soil, surface water, and
groundwater must be further studied (Madhura et al.
2018; Khan et al. 2019, 2020; Paleologos et al. 2020).

Scientists have recently proven that the novel coro-
navirus has been detected in the wastewater as many
other diseases. As a result, water and wastewater ser-
vices need to be frequently examined to reduce the
possible spread of the COVID-19. As mentioned in the
previous sections of this paper, water supplies are sus-
ceptible to contamination from the source itself or dur-
ing transportation and storage.Water supplies may carry
and transmit pathogens including the novel coronavirus
(see Paleologos et al. 2020). Freshwater comes to
healthcare facilities through public networks, tankers,
and rainwater harvesting systems. Water networks are
outdated and suffer from high rates of water losses.
While tankers provide water of unknown sources and
questionable qualities, rainwater harvesting systems re-
quire continuous maintenance and inspection.

In many rural areas, a rainwater harvesting cistern is a
few meters away from the sewage cistern, and therefore,
such water supplies are prone to contamination or even

pollution in some cases. Freshwater contaminated with
feces might increase the risk of COVID-19 transmission
by several folds (Bhowmick et al. 2020). The migration
of COVID-19 in soil and water is evident, yet, other
investigations are still needed to explore possible path-
ways and survival times (Paleologos et al. 2020). It is
high likely that COVID-19 virus can survive much
longer in water and wastewater when suspended solids
are of high values (Paleologos et al. 2020), particularly
in low temperature regions (Bhowmick et al. 2020).
Investigations (e.g., Bhowmick et al. 2020; Paleologos
et al. 2020) show that temperature and incubation time
are the significant factors to control the spread of
COVID-19 in water networks.

Furthermore, the performance of wastewater net-
works is poor as they experience serious leakage prob-
lems and frequent flooding throughout the year. This
simply means that it is high likely that freshwater can be
mixed with wastewater in a way or another. No matter
what the source of freshwater, the water quality has to be
regularly examined and compared to local guidelines
and international standards. Therefore, the authors be-
lieve that water and wastewater services should be man-
aged differently after the onset of the COVID-19 virus
in Palestine.

Several personal interviews with experts in the field
had been conducted to better understand the situation of
theWASH services after the coronavirus pandemic. The
list of the Palestinian experts includes medical adminis-
trators from several healthcare facilities as well as ad-
ministrative directors/officers in major governmental
regulatory authorities and multiple service providers in
the West Bank districts. The competent authorities in
full cooperation with the providers of water and waste-
water services in the West Bank prepared a contiguous
plan to tackling the COVID-19 pandemic. The plan
aims at increasing work readiness and communication
channels among all stakeholders to reduce risks related
to water and wastewater services. In effect, surveillance
of water sources, monitoring of freshwater quality, mea-
sures of disinfection as well as the work of WWTPs are
all intensified and become stricter.

Water and sanitation facilities should take every pos-
sible precautionary procedure and adhere to public
health and safety instructions. Furthermore, hygiene
practices in healthcare facilities require larger volumes
of freshwater, produce increased quantities of wastewa-
ter, and make extra pressure on the water and sanitation
infrastructure (see Paleologos et al. 2020; UNESCWA
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2020). As for the least developed countries, 22% of
healthcare facilities have no water supply and 21% of
them lack sanitation services, and therefore, additional
infrastructure is needed after the COVID-19 pandemic
(Paleologos et al. 2020). Developing countries including
Palestine are urged to take actions in this direction.

The estimated increase in daily water consumption
for hygienic purposes due to the COVID-19 pandemic is
9 to 12 l/capita in Palestine and other Arab countries
(UNESCWA 2020). In order to support healthy hygiene
behaviors, all water systems and features (e.g., faucets,
fountains, sinks) are assured to be clean and safe to use
in addition to the water supply. Water faucets and foun-
tains in healthcare facilities may have germs from the
skin of the user and could transmit diseases through the
oral fluids, saliva, and sputum shed onto the faucets and
fountains.

Azzi et al. (2020) andWang et al. (2020) have proved
the possible role of oral fluids in the detection of the
COVID-19 virus. The COVID-19 disease can be trans-
mitted through aerosol or when the saliva of a patient
enters freshwater sources (Bhowmick et al. 2020). The
high COVID-19 load on oral fluids and stool samples
can contaminate wastewater generated from quarantine
facilities and households of positive cases, and ultimate-
ly reach receiving water bodies (Bhowmick et al. 2020).
In effect, the need for wastewater treatment in such
cases becomes more urgent.

Recent investigations have focused on the possible
means of respiratory and non-respiratory transmission
of the COVID-19 virus (e.g., Paleologos et al. 2020;
Wang et al. 2020). As for the non-respiratory transmis-
sion of the COVID-19 virus, bodily fluids taken from
infected patients can play a significant role in healthcare
facilities. Specimens of bodily fluids from confirmed
cases of COVID-19 were examined and ordered by
severity as follows: bronchoalveolar lavage, sputum,
nasal swabs, fibrobronchoscope brush biopsy, pharyn-
geal swabs, feces, and lastly blood (Wang et al. 2020).

Furthermore, information collected from urine sam-
ples needs further verification because results are incon-
sistent. The viral ribonucleic acid (RNA) for COVID-19
was not detected in any of the 72 urine specimens from
infected patients (Wang et al. 2020). However, urine
samples tested positive for the novel coronavirus RNA
in the Bhowmick et al. (2020), Farkas et al. (2020), and
Xiao et al. (2020) studies. People need to take extra
caution when it comes to healthcare facilities as elevated
rates of human-to-human transmission of the COVID-

19 virus are expected. Insect vectors can transmit the
COVID-19 virus to humans through their bodies or
intestinal tracts in which the virus has better chances
of survival and higher resistance (Bhowmick et al.
2020), especially in hot areas. In summary, the manage-
ment of water and wastewater sectors under the
COVID-19 pandemic conditions has to consider provid-
ing the services to the healthcare facilities qualitatively
and quantitatively.

Wastewater becomes recently an efficient tool to
indicate a possible viral outbreak and to halt the spread
of a pandemic, e.g., the novel coronavirus, in a commu-
nity (see Bar Or et al. 2020; Farkas et al. 2020). The
severe acute respiratory syndrome virus RNA, which
causes the COVID-19 disease, is shed in feces (Bar Or
et al. 2020; Wang et al. 2020; Xiao et al. 2020) and
detected in wastewater (Bhowmick et al. 2020; Farkas
et al. 2020; Weidhaas et al. In review). Weidhaas et al.
(In review) detected the COVID-19 virus in 61% of the
126 samples taken from 10 wastewater facilities in the
state of Utah. Bar Or et al. (2020) detected the viral
RNA for COVID-19 in raw sewage samples from sev-
eral localities in Israel and developed an efficient tool
for epidemiological surveillance of infection in large
societies.

The RNA for COVID-19 virus has been found in
hospital sewage network, wastewater collection systems,
and ultimately in community waterways (Paleologos
et al. 2020). The wastewater epidemiology supports pub-
lic health responses to pathogens such as COVID-19,
serves as an early warning of outbreaks in the communi-
ty, and saves money, effort, and time in identifying
disease emerging hotspots of elevated prevalence (Bar
Or et al. 2020; Bhowmick et al. 2020; Weidhaas et al. In
review). The wastewater epidemiology can simply col-
lect chemical and biological information from a commu-
nity and help decision makers confirm virus presence or
validate containment systems (Bar Or et al. 2020).

In response to the attention paid by the global com-
munity regarding the novel coronavirus pandemic and
how it affects recommended procedures and protocols
to curb its spread, several experts in the West Bank had
been also interviewed in this regard. The international
recommendations of the WHO about healthy hygiene
practices are followed wherever possible or necessary.
The experts, however, were asked if there are any new
directives, instructions, procedures, or safety measures
revised after the onset of the novel coronavirus COVID-
19 about dealing with water supplies or wastewater
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management in general and more specifically in
healthcare facilities. It does not matter if these new
action protocols are within the institution of the
interviewed expert via internal circulations, or at a na-
tional level from competent authorities such as the PWA
or the MoH.

Healthcare facilities include the MoH, Health Care
Military Services, Lijan Az-Zakah, Health Union Com-
mittees, Union of Palestine Health Care Relief Commit-
tees, Patients Friends Benevolent Society, UNRWA,
and Palestine Red Crescent Society in the districts of
Nablus, Tulkarm, Qalqilya, and Ramallah and Al-Bireh.
The regulatory authorities include the PWA, WSRC,
MoH, Environment Quality Authority, Ministry of Ag-
riculture, and Union of Palestinian Water Service Pro-
viders in the Jenin, Qalqilya, and Ramallah and Al-
Bireh districts. The service provides are the municipal-
ities, joint service councils, and water supply and sew-
erage authorities in the 10 districts of the West Bank.

The Palestinian MoH has recently released an emer-
gency media brochure on its Facebook page that in-
cludes directives to public and private institutions after
the onset of the novel coronavirus pandemic, but the
brochure has nothing specific about water and
wastewater services. PWA (2020) gives guidelines and
tips to Palestinians regarding water and sanitation ser-
vices to reduce the risks of COVID-19. Advices and
instructions are recommended to the residents and insti-
tutions about how to deal with the different water
sources (i.e., network, tanker, and cistern), how to ster-
ilize rooftop tanks, harvesting cisterns, and swimming
pools as well as what disinfectants to use, how to make
sure water supplies are clean and safe to drink, and how
to safely treat and dispose wastewater (see PWA 2020).
This is the only document published so far in the Pales-
tinian territory to the best of the authors’ knowledge.

The competent authorities are working now on sev-
eral drafts, projects, and protocols to manage water and
wastewater sectors after the COVID-19 pandemic. Ser-
vice providers in the West Bank have made heightened
procedures to curb the spread of the COVID-19 disease,
yet, more consistent protocols are crucial for a better
management of the sectors. As for the healthcare facil-
ities in theWest Bank, however, there have not been any
new directives or procedures regarding the management
of water supplies and wastewater services in response to
the spread of COVID-19 virus yet. The United Nations
Economic and Social Commission for Western Asia
(UNESCWA) has several publications to assist Arab

countries including Palestine mitigate the impacts of
the COVID-19 pandemic (e.g., UNESCWA 2020).

In Palestine, we have to use up-to-date recommenda-
tions from the domestic epidemiological committee as
well as to follow international, national and local poli-
cies, guidelines, and mandates concerning the COVID-
19 virus. Palestinians aim at reducing the risk of
COVID-19 infection and the severity of the disease in
their society. Promoting infection control in healthcare
settings and other high-risk areas should be a top priority
for competent authorities to protect staff, patients, and
visitors at the same time.

As in many other countries, the authors urge local
businesses and communities, on the other side, to take
the pledge and every possible precaution necessary to
protect against the spread of COVID-19. By taking the
pledge, people commit to providing the hygiene of
public environments and safeguarding the health of
vulnerable populations. The cooperation and solidarity
between all components in the Palestinian society, indi-
viduals and institutions, are strongly recommended to
control and prevent the novel coronavirus disease.
Palestinians need to take strong steps in key areas such
as the healthcare facilities to fighting against the
COVID-19 virus and providing a healthy and safe en-
vironment for their community.

Conclusions and recommendations

Proper management of medical wastes is currently of
great importance to the Palestinians so that they can
prevent serious environmental degradation. The aims
of the present study are to evaluate water and sanitation
services at the healthcare facilities in the West Bank of
Palestine, and to re-evaluate the services after the onset
of the novel coronavirus pandemic. The results of the
PCBS and MoH (2014) represent the most recent data
on the water and sanitation services at the healthcare
facilities in the West Bank, and therefore, explain the
existing condition as the pre COVID-19 status. Howev-
er, the so-called new condition proposed to tackle the
new comer is called the post-COVID-19 status. The
current conditions of the water and sanitation services
at healthcare facilities are assessed using the question-
naire, while the interviews are conducted to investigate
changes made to the services provided during the
COVID-19 pandemic.
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Since information from healthcare facilities was lim-
ited in the West Bank, qualitative and quantitative data
from the year 2014 were collected and results were
discussed and analyzed. A questionnaire study proved
that medical waste management practices in healthcare
facilities were not satisfactory, and therefore, particular
attentiveness should be applied.

The study showed that 92.1% of the healthcare facil-
ities in the West Bank were connected to public water
networks in 2014, 12.9% of them purchased water tanks
and 10.8% of them depended on harvested rainwater
which may cause contamination and waterborne dis-
eases. Outdated public water networks may result in
possible contamination of water supplies. Water of un-
known origin from tankers and cisterns might not com-
ply with drinking water standards and users have to
exercise extra caution. Water storage tanks on the roof-
top of the healthcare facility have to be maintained clean
and safe to use. Regardless the source of freshwater, the
water quality has to be regularly examined and com-
pared to local and international standards.

Out of the 495 healthcare facilities in the West Bank,
36.6% of them were connected to public wastewater
networks and only 2.0% of them treated their wastewa-
ter in 2014. It can be simply said that most healthcare
facilities existed in rural communities, leaving no choice
for them to dispose their wastewater but cesspits. We
can obviously state that there was no treatment to waste-
water generated by healthcare facilities in 2014.

The Ministry of Health, among other regulatory insti-
tutions, has to make more stringent regulations to mon-
itor and control the quality of wastewater discharged by
healthcare facilities. The authors suggest granting permits
to healthcare centers with proper infrastructure regarding
wastewater services, establishing a sampling program for
wastewater from healthcare facilities, setting a fine sys-
tem for law offenders. Among all healthcare facilities in
the West Bank, 29.6% of them got rid of wastewater
using tight cesspits. Once these cesspits were filled off,
wastewater was disposed into nearby valleys, and this
would have adverse environmental impacts. This will
cause pollution not only to air and soil, but also to surface
water and groundwater, as well.

The fact that 33.8% of healthcare facilities utilized
porous cesspits was more frightening as they definitely
caused degradation to the soil and groundwater quality.
Healthcare wastewater has to be appropriately discharged
in treatment plants of medical wastewater for a safe
disposal to the surrounding environment.

Water management strategies become greatly signif-
icant in healthcare facilities. Such strategies can be
translated into national policies and standards that si-
multaneously lead to water conservation and maintain
high quality water supplies. Proper healthcare wastewa-
ter management can protect both the public health and
the environment in the West Bank. Water and wastewa-
ter management in healthcare facilities in theWest Bank
necessarily requires better cooperation and coordination
among all involved competent authorities that share the
responsibility of air, water, and land resources for a
better quality of life to Palestinians.

To better understand how water and wastewater sec-
tors are managed in the healthcare facilities after the
coronavirus pandemic, personal interviews with experts
from healthcare facilities, regulatory authorities, and
service providers in the West Bank had been conducted.
Service providers have made heightened procedures to
curb the spread of the COVID-19 disease, yet, more
consistent protocols are crucial for a better management
of the sectors. As for the healthcare facilities, however,
there have not been any new directives or procedures
regarding the management of water supplies and waste-
water services in response to the spread of COVID-19
virus yet.

Lessons from the international community experi-
ence fighting against the novel coronavirus should be
learned and proper protocols have to be applied. Further
investigations and studies are required to better under-
stand the virus basics, characteristics, survival times,
transmission pathways, etc. The decision makers of the
health system in Palestine should not only make the
proper regulations, they have to take quick and strict
actions to address these new challenges added to the
previous ones the system suffers from. The cooperation
of all stakeholders, individuals, and institutions in the
water and wastewater sectors at the healthcare facilities
is strongly recommended to control and prevent the
novel coronavirus disease.
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