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Abstract

In the West Bank especially in Hebron Governorate, in the recent years the number of
used household water treatment systems increased rapidly with about 5806 units
(PCBs, 2017). This raises the need to study the application of these systems, and to
assess their performance compared with the quality standards of the PSI and WHO

guidelines.

In this study a structured questionnaire targeted a sample of users of these systems
and water samples at the inlet and outlet of the most common used water filters (RO
and three stages) were taken from different locations in Hebron Governorate; Hebron
city, BeitUIlla, Sourif and Yatta. The microbial tests included total and fecal coliform
and physical chemical analysis included total dissolved solid, pH, electrical

conductivity, chloride, carbonate, nitrate and sulfate (WHO, 2011).

It is found that the adaption of these systems is not related to a single feature as a
reason for this adaption but there are many factors affect the adaption of these systems
include negative perception about tap water quality with the availability of the
willingness to pay ( Daniel et al., 2018). From the questionnaire It is found the about
40% of the users in Hebron Governorate adapt these systems as they think that
municipal water quality is poor due to aesthetical properties like color, taste and odor .
Also there is a strong linear relationship between the type of the filter its capital and
maintenance cost. And between the satisfaction about water quality produced with the
occurrence of the periodic maintenance and between the satisfaction about provider

performance with respect to filter maintenance.

Based on physiochemical results of this study, it is found that the tap water from
municipal water system is clean and safe according to PSI standards. While drinking
water quality at the outlet of water filters lacks for beneficial elements to human body
as it produces water with TDS concentration less than 100 mg/lI which conflicts with
PSI recommendations and might lead to health problems with long term consumption
for bones, nervous system and cardiovascular system. Besides, these systems produce

soft water with the concentration of CaCosless than 90 mg/l which may causes

Xl



leaching of metals like iron and may affect skeletal and cardiovascular health. Re-
mineralization is essential for water from these systems but many efforts are required
for finding systems that produce safe and clean drinking water that meet PSI and
WHO standards without additional need for re-mineralization. From biological and
physical tests it is found that these systems are subject to biological fouling and
scaling so frequent maintenance is essential to ensure obtain water with the same
quality over consumption time. Additional attention must be made by the regularity
authority to monitor marketing of these systems and raise public awareness about tap
water quality, also safety measures that are required to keep obtaining safe and clean

drinking water from taps.
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Chapter One - Introduction

1.1 Background

Water is a basic need for humanity; about 60% of human body is from water. About 70%
of the earth is water, 97% is sea water with only 3% is fresh water but only 1% available
for human consumption (Singh, 2015).Rapid population growth and human activities
such as industries, agriculture and other human activities cause incremental demand and
deterioration of water quality. Microbial contaminant is a major concern that threatens
public health as it may cause serious health problems that vary from diarrhea to death.
About 60% of the diseases in the world are due to polluted water and absence of
wastewater treatment (Singh, 2015). In Palestine, deterioration in water quality occurred
in many groundwater wells due to human activities, aged network and leakage of about
60% or more (WSRC, 2017). Also penetration of wastewater to the groundwater wells;
that cause increase in the concentration of some chemicals such as nitrate to more than 50
ppm in many ground water wells. Nitrate above this level become carcinogenic and it is
converted to nitrite that cause infant methemoglobinemia (Blue baby syndrome).Another
element of health concern is chlorine that is used as a disinfectant in water network but
the presence of organic matter cause the formation of Trihalomenthanes (THMs) which is
also carcinogenic. Also seepage of wastewater that contains endocrine disrupter is
carcinogenic even in trace amount. As most of our water is from ground water source it
may contain some metals with high concentration such as calcium, magnesium and other
elements such as iron and manganese that are undesirable for the consumer as it cause
health and aesthetical problems(Singh, 2015).

Palestine faces an increasing shortage in water supply for domestic use and lack of access
to clean, safe and adequate water. In addition to restricted access to water resources to
level that does not meet the needs; as less than 14% of the total West Bank water
resources are available for the Palestinians or allowed to use. All previous reasons lead
citizen to rely on other water resources that have unguaranteed water quality(PWA,
2013).



About 93% of household in Gaza and West Bank are connected to piped water supply
(World Bank, 2018). Water quality is dependent on the availability of the water from
municipal network, which is uneven distributed in West Bank cities that varies widely
seasonally and daily which cause deterioration in supplied water quality (World Bank,
2018).According to the Ministry of Health (MOH) and Palestinian Water Authority
(PWA), water quality of the municipal network is safe and clean and there is no need for
the use of any household water treatment systems. On the other hand, the distributers of
these units claim that there is a real deterioration of the tap water quality at the consumer.
With these controversial opinions the need to study this phenomena rise. Although water
provided by PWA is clean and safe; deterioration in water quality can occur not only
from the source but also from treatment and during transportation or storage at
households. In West Bank water have many problems include daily and seasonal
variation in water supply, low water pressure, bad color, bad taste, bad smell and high
water cost. About 47% of the population in West Bank has access to network water
supply for less than ten days which cause also deterioration in water quality provided
(World Bank, 2018).

One or more of the previous reasons result on the usage of Palestinian household for
home water treatment systems that people use to improve drinking water quality, which
include aesthetic issue to preserve amenities and health issue in order to improve public

health and reduce water contamination (Eftekhar et al., 2015).

In market there are many types of the water filters that are wildly used. Here, the most
common types of water filters that are used in West Bank are studied from technical,
economical, health and public issues. Tap water quality is followed from the source;
through the network to the storage tank of the consumer till it reach the consumer tap.
Also water quality at the inlet and outlet of water filter will be to determine their

efficiency.



1.2 Problem Statement

Home water filters are used widely in Palestine with a big portion in Hebron of about
(5,806) water filters (PCBS, 2017). Therefore, there is real need for studying whether
these units provide water with the quality recommended by the Palestinian standards or

not.

Households’ main source of drinking water in 2017 in Hebron was piped into dwellings,
tanker truck/cart with small tank, rainwater, protected dug well/protected spring, bottled
water, unprotected dug well/unprotected spring and public tap which are arranged
respectively (PCBs, 2017). So there is a need to determine whether tap water is polluted
or not and to determine the pollution source; whether it from the source, network or water

storage tank.

Water from municipal water network provided from Palestinian Water Authority (PWA)
are usually tested regularly by Ministry of Health twice a year (every six months), these
tests include chemical and biological tests for the source, and biological tests for network

and selected Household storage tanks.

In this work quality of drinking water will be checked before it enters water filter and
after to determine the efficiency of these systems and whether they provide healthy water
within the standards or not. As it is known that the easiest and most personal place to

improve and protect water quality is at home (Vigil, 2003).

In Palestine about (44,979) water filters are used, about (33,333) water filters in West
Bank and (11,646) in Gaza. The highest number of household water filters in West Bank
is found in Hebron Governorate with about (5,806) water filters (PCBs, 2017). Many
types of water filters are widely used in Hebron include Reverse Osmosis (RO), Three-
stage water filters (Sediment-Carbon-Carbon), and two-stages (Sediment-Carbon),
Ceramic filter which is with limited usage in Hebron and UV units for disinfection. With
the incremental use of household water filter, this increases the need for determining the

efficiency of these units.



1.3Aim and Objectives
The main aim of this research is to assess the Palestinian experience in using household
water treatment systems. The specific objectives are:

e To assess the technical feasibility of household water filters.

e To assess the economic feasibility of household water filters.

e To assess the health impacts associated with these systems.

e To study the public perceptions regarding the household water filters.

1.4 Thesis Outline

This thesis consists of five chapters: Chapter one includes an introduction, problem
statement and objectives. Chapter two provides a description of the study area and,
literature review. Chapter three describes the methodology. Chapter four presents the
results and discussion and Chapter five summarizes the conclusions and

recommendations.



Chapter Two - Literature Review

2.1 Study Area Description

2.1.1 Geographical Location
Study area is Hebron Governorate in Southern West Bank with about (711,223) citizens,

about (88.5%) of them use safe drinking water (PCBs, 2017).
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Figure 1 Hebron Governorate (Source: LRC, 2006)

Most of households in Hebron are connected to water network since 1936. Water
provided from PWA is from ground water wells or purchased from Israel Water
Company (Mekorot). Water problems in Hebron include; frequent intermittent, water

pollution, water loss and supply that don’t meet the current level of demand (ARIJ,

2009).



2.1.2 Water Resources in Hebron
Water resources in Hebron governorate differ between cities due to the availability of
local wells and springs; these resources include Purchased from Israel Water Company as

shown in Table 1.

Table 1 Available water resources in Hebron and Bethlehem Governorate in MCM in 2013 ( Source: ARIJ,

2015)
Pumped Quantity from Wells Spring Purchased from Total Available
Domestic Agriculture discharge Mekorot Water
11.4 MCM 0.00 0.5 21.4 33.3

2.1.3 Water Quantity

Average household size for Palestinian family was found in 2016 about 5.2 (Wafa, 2017).
Water network connections nearly reach every household; about 93% of household in
Gaza and West Bank are connected to piped water supply. In spite of high network
coverage, the delivery of the service is intermittent with great variation in per capita
supply between cities and villages (World Bank, 2018). Main source of drinking water in
households in Palestine is from the municipal network. Out of (135,614) households in
Hebron about (109,231) Households are connected to public water network in Hebron
from. About (15,294) households in Hebron use Tanker Truck and (6,261) households
use rain water harvesting of which protected cisterns are about (4,277) households.

Others use bottled water and public taps as a source of drinking water (PCBS, 2017).
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Figure 2 Palestine/ West Bank water supply (Source: PWA, 2017)
2.1.4 Water Quality
Intermittent Water Supply Service

In spite of high network coverage, the delivery service is intermittent with great variation
in per capita supply between cities and villages. Great portion of the Palestinian
households have a storage tank on roof or in courtyard to meet the frequent intermittent
of the water supply. This problem makes the consumer forced to find other alternatives.
Other problems results such as high amount of non-revenue water that includes leakage
due to old pipes and unaccounted for water from illegal connection increase the problem.

Degradation of supply water quality either from the source due to inflow of wastewater
and intensive use of agricultural pesticides, during transportation or storage (ARIJ, 2015).

MOH make regular biological and chemical tests of water quality for the source, network

and storage tanks of the consumers as shown in Table 2.




Table 2 Tested water samples in Hebron from the source (MOH, 2018)

District All Tested Water Samples*
No. of Samples No. of Contaminated Percentage of the
Samples Contaminated Samples
North Hebron 791 74 9.4%
Hebron 839 200 23.8%
South Hebron 802 143 17.8%
Yatta 828 96 11.6%

*All tested water sample include: Source, Networks, Cisterns, Rainwater Cisterns

Table 3 shows water quality tests of households’ water storage tank that was done by
MOH which shows that water quality at household storage tanks was much greater than

that at the source.

Table 3 biological test results of households water storage tanks (MOH, 2018).

District Storage Tanks
Number Polluted Percent (%)
North Hebron 453 43 9.5
Hebron 413 119 28.8
South Hebron 292 128 43.8
Yatta 207 66 31.9

It is recommended to use tap water after at least three minutes flush as the total number
of bacteria was found to be much greater in the first flush than that in the municipal
distribution network. After 3- minutes flushing, the number of the microbial pathogen
decrease to the number in the distribution system. That decreases the concentration of
inorganic chemicals (Bitton, 2014).

Appendix 2, 3, 4 shows water quality analysis in Western, Eastern and North Eastern
basin in West Bank. Appendix5 and 6 shows water quality indicators by Water Sector
Chemical

Regulatory Council for Hebron Governorate. While Appendix 7 shows

Analysis Report for Source of Water in North Hebron from MOH.

2.2 Household Water Treatment Technology

2.2.1 Concerns about water quality

According to Vigil (2003), the main concerns for water quality include:
- Source related concern.

- Treatment related concern




- Distribution related concern.
Presence of contaminant in WDS will lead to many problems such as:
e Bio-corrosion
e Microbial Growth
e Pathogen growth and survival
e Nitrification Problems (Ahuja et al., 2014).

2.2.2 Types of Contaminants in Water

Microbial pollutants include: bacteria, viruses and protozoa. It is found that cover water
container help to reduce fecal and total contamination about 50% (Wright et al., 2004).
Inorganic chemicals result from the corrosion of metallic pipes. Producing copper, iron
or lead depending on the type of the pipe used.

Organic chemicals: natural and synthetic expressed as total organic carbon (TOC).
That enters the sewer system from animal feed lot, pesticides, herbicides, pharmaceutical
and microbes.

Disinfection By-products (DBPs) as disinfectant are reactive material they interact with
organic compound to form (DBPs) such as Trihalomethanes (THMs).

Taste, odor and color; Taste of water result from compounds that are produced during
algae bloom. Also Chlorine that is used as disinfectant produces undesirable odor to
consumer. Color results from corrosion of pipes while taste result in the presence of iron
and manganese.

Hardness results from calcium and magnesium carbonate forming a scale that is difficult
to remove and cause stains plumbing fixture, laundry and cooking utensil. Consumer of
soft water that is of very low concentration of dissolved solid must be aware of sufficient

dietary mineral consumption (Vigil, 2003).

2.2.3 Point of Use and Point of Entry

Point of Use (POU) and Point of Entry (POE) technologies become widely used to ensure
that drinking water quality is clean and safe for human consumption. POU is cost
effective as it is only used for treating water for drinking and cooking as it is usually
attached to one tap or limited number of taps. While POE is used where problems like



hardness found that will affect laundry and cooking utensils to treat all water entering the
house or facility (Ahuja et al., 2014).

Point of Use (POU) and point of Entry (POE) are used to:

Achieve the maximum concentration level (MCL) of chemicals,
Removal of the pathogenic microorganism,
Achieve the aesthetic properties such as color, taste and odor recommended by

regularity authority for drinking water (Bitton, 2014).

The most common types of home water treatment systems used recently in the POU and

POE systems that provide final barrier to the contaminant before use include the

following techniques:

>

YV V V V V V

Personal water bottle;

Pour-through;

Counter-top manual fill;

Counter-top connected to sink faucet or faucet-connected counter-top units;
plumbed-in units;

Faucet-attached units; and

Under sink units with separate faucets (Wange et al., 2011).

Under sink units with separate faucets allow for the use of treated water for drinking and

cooking while untreated water used for cleaning and washing. Separate faucet units help
to reduce the operating cost of the unit (EPA, 2006).

POU treatment technologies include:

Distillation

Granular Activated Carbon(GAC)
lon Exchange (IX)

Anion Exchange (AX)

Cation Exchange (CX)

Reverse Osmosis (RO)
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- Adsorptive Media like Activated Aluminum (AA) and others (EPA, 2006;
Molloyet al., 2008)

2.3 Technical Feasibility of Household Water Filters
Water filters consist of cartridges that must be economic, not toxic material, long lasting
and efficient (Evangelista et al., 2019). Following some of the Technical properties of
household water treatment systems include (Hamouda et al., 2010):

¢ Removal efficiency

e Microbial Re-growth

e Service life and maintenance frequency

e System footprint

e Operation skill

Steps for finding appropriate water treatment system:

Testing of water quality at household tap:

Test of the water quality at the consumers tap is the most important step to determine
whether they need to install water treatment system or not and which type of these system
is effective, economically feasible and safe. It is recommended to visit the environmental
health department to obtain information about the quality of the water and the problems
related in the local area (NSF, 2019).

2.3.1 Removal Efficiency

Performance standard and certification (ANSI/NSF Certified devices):

National Sanitation Foundation (NSF)/ American National Standard Institute (ANSI)
establish the standard for Drinking Water Treatment Units. These standards include
testing the safety of the material in contact with drinking water, structural integrity and
the contaminant reduction performance. These standards adopted 1972-1991 with

continuous updating.
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HWT technologies like filtration, chlorination, boiling have greatly improve microbial
water quality, POU technologies is the most efficient way to reduce recontamination of
water (Brown & Clasen, 2012). Removal efficiency must achieve the maximum
concentration level recommended by the regulatory authority noticing that it will be
decreased with the saturation of the filter material ( Deshommes et al., 2010). US EPA
identifies small scale compliance technologies; POU and POE that are recommended for
the removal of certain contaminant (EPA, 2006). GAC able to remove DBP (disinfection
by products) like thrihalomethane, herbicides, pesticides, chlorine, triazines and other
substances (Evangelista et al., 2019). AC able to remove taste, odor, natural and synthetic
compounds; while powdered AC adsorb only microbial, radiological and organic
chemical compounds but not the compounds that are essential to human bodies (Ling et
al., 2019). RO have greater removal efficiency than GAC of organic compound as it has a
smaller pour size (size exclusion) (Yoon & Lueptow, 2005). Removal efficiency of RO
will be reduced by membrane age, CaCOgsprecipitation and PH; it is also affected by
initial concentration at water inlet (Lothrop et al., 2015). Adding silver nitrate or silver
nano particle within the recommendation for ceramic filters is essential to enhance
microbiological efficiency, keep filtered water away from recontamination, reduction of
fouling formation (Lyon-Marion et al., 2018).

Table 4 shows typical technologies and contaminant reduction performance claims
certified under NSF/ANSI.
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Table 4 Typical technologies and contaminant reduction performance claims certified under NSF/ANSI
(Ahuja et al., 2014)

NSF/ANSI Water Treatment Technology Typical Claims
Standard
42 Activated Carbon, Other Chlorine reduction, nominal
Adsorptive or Absorptive medias, particulate reduction and
Mechanical Filtration, chloramines reduction.
44 lon Exchange Softeners Softening performance, rated

softening capacity, and accuracy of
brine system.

53 Activated Carbon, Other Lead reduction, Cyst reduction,
Adsorptive and Absorptive Medias volatile organic compound
and Mechanical Filtration. reduction, turbidity reduction and
lindane reduction.
55 Ultraviolet Disinfection
58 Reverse osmosis Total dissolved solid reduction,
lead reduction and Cyst reduction.
62 Distillation Total dissolved solids reduction,

lead reduction and Cyst reduction.

2.3.2 Fouling

There are four fouling categories include scaling, colloidal, organic and biological
fouling. Fouling process is the accumulation of the particle, colloids and ions in the
membrane surface or within the membrane due to its ability for the rejection of these
contaminants that results in the deterioration of the membrane performance over the time.
In order to avoid mechanical and chemical damage of the membrane due to fouling

periodic cleaning is needed (Wange et al., 2011).

Biological fouling is growth of bacteria in the presence of nutrient which lead to
deterioration in water quality. Post disinfection is needed after RO system as bio-film
accumulate at this membrane (Park & Hu, 2010). Back washing and chemical cleaning

are used to remove bio-fouling and scaling (Pooi & Ng, 2018).

2.3.3 Service Life and Maintenance Frequency
Service life is the life time of the filter until it is expired in liter (Hamouda et al., 2010).

Service life depend on the type of this filter, quality of filter material, water quality at the
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inlet as clogging of the filter cause increase of the head loss thus result in reduction of life
cycle of the cartridges (Evangelista et al., 2019). Also frequent maintenance must be done
in accordance to the manufacturer instruction but some of these systems have a built in
monitor that is used to indicate the level of TDS and make a sign if the system is not
working properly. Generally the volume of untreated water that enters RO system and the
inlet water quality control the replacement of pre-filters and post-filters (Wang et al.,
2011).Some filters come with transparent case to know if membrane needs to change.
Some filter with alert like LED light that indicates that RO systems require little
maintenance (Water Filter Mag, 2019). During the life time removal of the contaminants
like lead will be reduced from 80-60% (Deshommes et al., 2010). Frequent maintenance
help to produce filtered water with the same quality over filter life time (Pooi& Ng,
2018).

2.3.3 System Footprint

Environmental foot print includes solid residual and liquid residual (Hamouda et al.,
2010). Recovery rate for RO system is the ratio between the volume of the treated water
at the outlet of water filter to the volume of untreated water at water filter inlet. Low
recovery rate produce larger amount of rejected water cause wasting larger amount of

water to produce clean water (Altaee & Hilal, 2015).

2.3.4 Operation and Maintenance Skills

Water treatment operator must be able to operate and control these systems like watching
gauges and other indicators to make sure that the system working properly (Mymajors,
2019).

Sustained use of home water treatment systems is important to maximize health benefits
from these systems; this can be achieved by improvement in these systems that reduce
necessity to frequent change and water quality monitoring tools (Brown & Clasen, 2012).

Reverse osmosis have a great removal efficiency but it requires high operating pressure
(Ling et al., 2019).
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2.4 Economic Feasibility of Household Water Filters

Three options for improving drinking water quality are improving public network water
quality, using of water purification systems or use of bottled water. High monthly income
encourages purchase bottled water while household size with the presence of children and

length of residence encourage the adoption of HWT systems (Johnstone & Serret, 2011).

It is recommended that 5% is the maximum expenditure in water from households
monthly income according to World Bank but this percent may reach 10%- 55% in some
countries due to water accessibility, availability of water throughout the year and water
vendor that sell water (Behailu et al., 2012).

Better water quality can be measured by consumer willingness to pay (WTP) for
improved service level and willingness to pay for improvement in water quality.
Household in urban areas and those who have their own source of water have higher
WTP than whom live in rural areas or who use tap water. Education level and income
level affect improvement of water quality, also Public awareness affect household

perception for the opportunity cost of not drinking safe water (Haq et al., 2007).

Economic criteria for choosing specific type include capital cost for purchasing and
installation such systems, operation and maintenance (Hamouda et al., 2010). According
to EPA cost estimation of water filters include capital cost, operation and maintenance
cost. Capital cost that is paid in the first year only includes the cost to purchase water
filter, installation and educational material and water quality test. While operation and
maintenance cost that occur annually like annual replacement of filter cartridges include
of maintenance of the device, residual disposal, insurance coverage, annual water quality

monitoring and public education (EPA, 2007).

New type of water filter developed recently that treat water without causing drop in head
loss that result from frequent clogging which reduce the need to change the cartridges in
short time as its life time vary from 5-6 years depending on inlet water quality reducing

maintenance cost making it economical(Evangelista et al., 2019).
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Membrane filtration require electrical pumping that act as external force, these system
have higher capital cost than other water treatment technologies but due to its high
efficiency it has a lower cost per liter of treated water and providing the highest removal
of pathogens (Pooi & Ng, 2018).

The availability of adequate technical and financial support limits the success of water
filter usage (Johnston et al., 2010). Pitcher filter and tap mounted filter are most used in
US whileunder sink filters are not easy to install and expensive (Deshommes et al.,
2010).

2.5 Health Impacts

Home water treatment systems reduce concentration of some contaminant while others
are not; contaminant testing and treatment help to protect public health. Chemical and
microbial guideline must be monitored by the regularity authority for municipal water
network; while drinking water quality from other sources is the responsibility of the
consumer. Consumer will not think that their water quality is unsafe if there is no change

in aesthetic properties or there is disease spread by water (Lothrop et al., 2015).

Unsafe drinking water lead to serious health problem such as diarrhea which is the most
common water born disease that cause weight loss through liquid loss which lead to
dehydration, gastroenteritis and others (Pooi & Ng, 2018). Diarrheal disease is the second
cause of death for children bellow five years worldwide (UNICEF, 2009).

Household health can be improved effectively using HWT systems more than treating

water at the source (Daniel et al., 2018).

RO provides a great removal efficiency of the contaminants which depend on the
concentration at the inlet, soft water with CaCos concentration less than 90mg/l may not
protect against cancer risk and affect skeletal and cardiovascular health also soft water

cause leaching of metals like iron. Therefore, re-mineralization is essential for this type
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of systems to prevent corrosion and increase their daily intake of calcium and
magnesium. AC provides water with components within the guidelines. Hard water with
the concentration of CaCos; more than 300 mg/l produces undesirable taste and scaling of
water heaters and pipes (Lothrop et al., 2015).

Optimum concentration of calcium and magnesium is from 40 to 80 mg/l for Calcium
and from 20 to 30 mg/l of magnesium; higher concentration of these elements indicate
higher concentration of other dissolved solid that may be of health concern for human
body (Kozisek, 2003). Also Ca is essential for bone health, blood clotting and

transmission of nerve impulses (Ling et al., 2019).

Many studies show that hard water with high magnesium content help to protect from
cardiovascular diseases (CVD). Low concentration of Ca and Mg in drinking water lead
to increase in triglyceride, total cholesterol, and LDL-cholesterol levels, diastolic blood
pressure and systolic which increase the opportunity of Ischemic Heart Disease. The
protective amount of Ca that must be taken daily from water is 75.7 mg while for Mg is

about 6.87 mg to prevent heart diseases (Stevanovic et al., 2017).

Sodium-potassium is essential elements for renal health and for nervous system for the
generation of electrical potential in nerve cell to conduct nerve impulses which generate
heart beat and muscle contraction(Ling et al., 2019).Concentration above 2.5 g/l of
Sodium chloride cause hypertension related to the concentration of sodium ions not
chloride(WHO, 2003).

In a study in India it is found that there is no relationship between kidney stone
occurrence and water quality (Mitra, Pal & Das, 2018). Another study shows that hard
water increase urinary calcium concentration which increase formation of kidney stone
(Bellizzi et al., 1998).

Sodium leads to high blood pressure or hypertension while calcium and magnesium and
potassium has effects in lowering blood pressure and reduce cardiovascular problems.

Human body adsorbs minerals from water better than that from food(Paddock, 2019
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,Naser et al., 2019).Food and Agricultural Organization of the United Nations identify EC
categories as (Naser et al., 2019):

- Fresh water (EC <0.7 mS/cm),

- Mild salinity (EC >0.7 and <2 mS/cm), and

-Moderate salinity (EC >2 and <10 mS/cm).

National Academy of Medicine (NAM) recommend for adult male the average total daily
water intake about 3.7 liters (15 cups) while for adult female the average total daily water
intake is recommended of about 2.7 liters (11 cup) (One Medical, 2017).

2.6 Public Perceptions

Public Perception that water is a public good and basic right; and it should be provided
clean and for free (Behailu et al., 2012). The adaption of HWT systems or bottled water
are due to lake of confidence in tap water quality from aesthetical properties like color
taste and odor (Johnstone & Serret, 2011).

In a study of families with young children’s using private wells; educate mothers usually
treat their drinking water. Household income and education level widely affect positively
the adoption of home water treatment systems and are not related to drinking water
quality at the source (Lothrop et al., 2015).

The adoption of household water treatment systems related to socio economic conditions
include household water treatment systems promotions, educational level, wealth level

and access to technology (Daniel et al., 2018).

The decision of the consumer to adopt bottled water or home water treatment system to
maintain better drinking water quality is affected by the negative perception at the
consumer about tap water quality and the knowledge that the use of bottled water as it
produces solid waste has a negative impact on the environment. The wealth is the most
important factor that affects the decision of consumers at household to use water
treatment systems (Fotueet al., 2012). No single feature can be alone the reason for the

adoption of HWT systems as many factors affect the adaption such as negative
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perception about tap water quality and unavailability of prior experience in using HWT
systems encourage the adoption of these system in households connected to piped
network. The negative perceptions about tap water quality with the availability of the
willingness to pay have a high influence in the adoption of HWT systems (Daniel et al.,
2018).

Most of water filter users judge the safety and water quality produced based on aesthetic
properties include taste, color, odor and suspended solid not focus on water quality
chemically and biologically as these systems mostly used by rich people in some
countries like Egypt and it is the opposite in few countries like Indonesia as it usage
decrease within wealth people (Rosa & Clasen, 2010). Also high adherence in using
HWT is necessary to maximize health protection from microbial risk by improve

monitoring techniques of these systems (Brown & Clasen, 2012).

Sustainable use of HWT systems which is the long term use of these systems that require
little effort and time for producing sufficient quantity of drinking water required for
households, purchase for one time only and provide high removal efficiency of the
contaminant after long term use this result in high and large scale adoption of these

systems (Sobsey et al., 2008).

According to previous studies home water treatment systems reduce exposure to diarrheal
diseases but with high adherence especially when water quality of the source is
deteriorated which is more important than microbial removal efficiency to optimize
health gain (Brown & Clasen, 2012).

2.7 Drinking Water Quality Parameters
Safe drinking water quality is water that will not cause any significant health risk during
lifetime of consumption. Guidelines of drinking water quality are mandatory limits that
represent the minimum requirement to protect public health during the consumption
(WHO, 2004).

- Microbial aspects (Bacteriological analysis)
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- Chemical and Radiological aspects (Physicochemical analysis)

- Acceptability aspects (Aesthetic parameters)

2.7.1 Microbial Contamination
Microbial contamination is one of the major concerns of water quality. Many types of
microorganisms can be present in water such as Protozoan, Bacteria, Viruses and

Helminthes.

2.7.1.1 Indicator Organism

Escherichia coli usually found where there is a human and animal feces pollution that is
found in sewage and treated effluent, and so it is an index of fecal contamination of water
and indicator for the effectiveness of disinfection process. These organisms are difficult
to test, so indicators are used to indicate the presence of these organisms that may be
harmful and cause illness to human. E-coli are measured in 100 ml sample of drinking
water. Process includes membrane filtration and incubation at 44-45 °C, then after 24
hour counting of colonies (WHO, 2011).

2.7.7.2 Thermotolerant Coliform Bacteria

Include E-Coli and other types of bacteria that originate from soil, industrial effluent or
decaying of plants. Re-growth of bacteria in water distribution system will not be present
without the presence of the following condition:

1. The presence of adequate quantity of nutrient.

2. Temperature of water above 13°C.

3. Low concentration or no residual chlorine.

2.7.1.3 Coliform organism (Total Coliform Bacteria)

Total Coliform group include all organism that could grow and live in water like fecal
contaminants and environmental species. Total Coliform can’t be used as indicator for
the presence of pathogenic microorganism but it can be used as indicator for the
effectiveness of disinfection process and the potential presence of bio-film in water
distribution system. Total Coliform is measured in 100 ml of water sample. Total
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Coliform counting includes membrane filtration then incubation at 35-37 °C and then
counting of colonies after 24 hours (WHO, 2008). According to WHO and PSI
specification Total Coliform must be less than 3 in 100 ml of water. After disinfection
process Total Coliform should be absent in water; their presence indicates inadequate
treatment (PSI, 2010; WHO, 2011).

2.7.2 Physicochemical Analysis

2.7.2.1 Chemical Analysis

Chemical contaminants can be found in water either from natural resources or from
pollution source such as human activities like industries, agriculture and human
dwellings. Some of these chemicals are essential to human body but other even at a low

concentration cause a serious health problem.

e Guideline value: concentration of the constituent in water that doesn’t cause health
risk to human over life time of consumption that doesn’t exceed tolerable risk (WHO,
2011).

e Maximum Concentration level: the highest concentration of the contaminant in
water that will not cause serious health problem like cancer to consumer over life
time of consumption; it enforceable standards (EPA, 2018).

e PH: it is operational water quality parameter; for example if you want to have
efficient disinfection process it is recommended to keep PH less than 8, on the other
hand PH less than 7 is corrosive making water with unprofitable taste and color. But
there is no guideline value for PH (WHO, 2011).

e Chlorine: it is used as a disinfectant, have special odor that all consumer can smell.
Total Dissolved Solid (TDS): TDS in water of less than 600 mg/l is acceptable,
above this level produce undesirable taste and cause formation of scale in water pipes
and household appliances.

e Turbidity: it is caused by the presence of colloidal and suspended solid that obstruct
light transmission in water. These elements include organics, inorganic and
microorganisms. Turbidity will reduce the efficiency of disinfectant as it protect

microorganism and change the appearance of water; this make turbidity an indicator
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for the presence of the contaminant that may include microorganism which may cause
gastrointestinal infections.

Turbidity is measured by Nephelometric turbidity unit (NTU) and it must be less than
1 NTU to ensure occurrence of efficient disinfection.

Dissolved Oxygen (DO): is the amount of DO that is affected by the source of water,
its temperature and other factors. Lack of oxygen enhances microbial reduction of
nitrate to nitrite and sulfate to sulfide. Excessive DO accelerate corrosion of pipes.
DO have no health based guideline.

Heavy Metals: heavy metals in water such as Mercury (Hg), Chromium(Cr),
Copper(Cu) and others can be found in water from many sources; these elements are
of a high density and toxic effect even at low concentration or they become
carcinogenic with long term exposure or lead to death. On other hand some of these

elements are necessary to human body metabolism but in small concentrations.

2.7.2.2 Physical analysis

Physical properties of water include Taste, Odor, Color, Temperature and others. These

properties can be recognized by our senses such as smell, taste or sight.

Color: Drinking water should be with no color. Color of water is due to the presence
of impurities such as organic chemicals that is either naturally occurring from soil or
from corrosion of pipes or even from industrial effluent. Color result from oxidation
by iron bacteria or exposure to air causing rust-colored deposition in drinking water.
Unit of measuring color is True Color Unit (TCU); it is recommended to be less than
15 TCU were consumer can detect color above this.

Hardness: is a measure for the ability of water to react with soap; it usually
expressed by concentration of Calcium Carbonate.

Less than 60 mg/l called soft water.

60-120 mg/I considered moderately hard.

More than 120 mg/I considered hard.

Temperature: High temperatures increase the growth rate of microorganism;
increasing corrosion thus changes color, Taste and odor of water. Low water

temperature is more desirable.
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Taste and Odor: the first indicator for the safety of water for consumption is color,
taste and odor. Guide line values established for the substances that cause change in
these properties at a concentration much lower than guide line value. For example
chloramination with a high concentration lead to the formation of trichloramines that
causes undesirable taste and odor. Taste and odor usually result from natural organic,

inorganic pollutants and biological process during storage and distribution (WHO,
2011).
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Chapter Three -Methodology

3.1 Data Collection and Questionnaire Survey

Based on the data collected from the Palestinian Water Authority and Ministry of Health
reports it is found that water quality of some wells in the West Bank suffers from
incremental deterioration. The Ministry of Health in Ramallah provided the number of
tests conducted for water resources, network and some household storage tanks. These
tests showed that there is pollution in some cities in West Bank. The Environmental
Department at primary health care and public health of north Hebron provided the
chemical analysis results of water resources in North Hebron, after the permission was
taken from Ministry of Health that make regular test of total and fecal coliform for water

resources and network twice a year.

With the highest portion for the number of water filter that are used in Palestine is found
in Hebron; it was decided to study this phenomena at this area. After searching for a
distributer for these units a Company called National Marketing Company agreed to
cooperate to find what the most used units are and provide a list with names and location
of beneficiary households. From these names selection was made in areas known with
high pollution in drinking water and that with good drinking water quality for two types

of most used water filters.

In order to determine the efficiency of the common used water purification system in
Palestine particularly in West Bank which include RO-System that consist of6 stages
(Sediment, Carbon, Carbon, RO, Carbon, UV unit); notice that UV filter in this company
just used with RO, Two Stage Water Filter that consist of sediment filter followed by
Activated Carbon Filter, or 3 stages that contain sediment filter followed by two carbon
filter. Many factors affect the consumer selection of these units that are going to study as
illustrated bellow. Our study includes quantitative and qualitative study. We designed a
survey for consumer to determine the reason for the use of home water filter and the
efficiency of these units. Whether there is a real need for these systems or they are only

aesthetically used and what are the limitations.
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This study is based on questionnaire that is shown in appendix 1 and experimental
method; depending on a certified laboratory water quality tests were done using standard
method to determine the efficiency of these systems. Water Quality parameters for inlet
and outlet of water filter include chemical and bacteriological tests. Using the Palestinian
Standard Institution (PSI) for drinking water instructions for drinking water and
comparing alternative of home water filter option used to determine the most efficient
option technically and economically. With corporation of National Marketing Company
structured survey were conducted for the user of water filters that include many questions
about the reason why they use these units and whether they make water quality test
before they choose the type of water filter used and their impression about water quality

resulted. Table 5 shows how to determine the sample size (Singh & Masuku, 2014).

Table 5 Sample Size Determination (Singh & Masuku, 2014)

Sample Size (n) for precision (e
Size of Population :.5"::/9 ™ e +1 0°/°( )
500 222 83
1,000 286 91
2,000 333 95
3,000 353 97
4,000 364 98
5,000 370 o8
7,000 378 99
9,000 383 99
10,000 385 99
15,000 390 99
20,000 392 100
25,000 394 100
50,000 397 100
100,000 398 100
>100,000 400 100

Table 5 by Glenn (1992), Sample size for +5% and +10% precision levels where

confidence level is 95% and P= 0.5 (Singh & Masuku, 2014).
The number of used water filter in Hebron Governorate was (5,806) filters (PCBs, 2017);

according to Table 5, the sample size is100 households.
Survey analysis was conducted using SPSS software version 19 to analyze and produce

relationship between the different variables in the questionnaire and perform the output

graphically to understand the results.

25



3.2 Data and Questionnaire Analysis
Questionnaire analysis is done using SPSS program (Statistical Package for Social
Sciences) which is used to perform statistical analysis to obtain relationship between

variables. Questionnaire include of 18 questions. And each question result was analyzed.

3.3 Field Visits and Drinking Water Sample Collection

Three types of water filters are widely used in Hebron; Three-Stages, Two Stages and RO
water filter. As the Two-Stages water filter now become rarely used in Hebron so it is
neglected. For each type of water filter three consumers were chosen and three samples
of water inlet and outlet for each filter were taken for chemical physical tests and three
samples of water at the inlet and outlet for each filter were taken for biological tests as
shown in table (7).Household were chosen for water sample from Hebron city, Yatta city,
Beit Ulla and Sourif.

3.4Water Sampling and Analysis
After taking samples from selected households and locations, samples were sent to water

and environment department laboratory in BZU within few hours.

3.4.1 Sampling

Selection of households was based on location of household and the type of water filter
used. For each type of water filter three houses were chosen in locations that are known
of a good water quality and of deteriorated water quality.

Storage of samples for microbiological analysis
Analysis of samples for microbiological tests should be done within less than 24 hours
after collection of samples, and should be kept in sterilized containers in dark, cool

conditions.

Sampling method for physiochemical analysis
Sampling must be done using clean (not necessary sterilized) glass or polyethylene

bottles; collected and stored properly at a low temperature (4°C) in dark conditions.
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3.4.2 Analytical Techniques
Indicator organisms are isolated from water using many techniques such as membrane

filtration techniques (MF) and others.

3.4.2.1 Bacteriological analysis - Filtration techniques (MF)
Using dilution of the sample of minimum volume of 10 ml at a sterile filtration contain a

membrane filter of a pore size 0.2-0.45 um. indicator organisms are isolated within the
filter which are then transported to petri dish where bacteria acclimatize to new condition,
then petri dish is transferred to incubator at a selective temperature for a period of time.
Identified colony are recognized visually and counted to obtain “Colony - forming Units”

(CFU) per 100 ml of original sample.
3.4.2.2 Physiochemical Analysis - Titration Principles

Using of test kits for measuring some of health—related parameters based on conventional

titration, photometers or comparators (WHO, 2011).
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Chapter Four - Results and Discussion

4.1 Technical Performance of Households Water Filters

4.1.1 Removal Efficiency

Figure 3 illustrates percentage for most common used water filter in West Bank; Two
stages water filter (Sediment-Carbon) are the most used type for the users who answer the
questioner with about 35% of sample size, then Reverse Osmosis are used by 30%. Three
stages water filters (Sediment-Carbon-Carbon) are used by about 27% while UV
disinfection is used by only 1% of the consumer for each type. Both types have

Performance standard and certification (ANSI/NSF Certified devices).

40

Percent

Two Stages Rvers?R%Eimoas Three Stages | have no idea Uitraviolet UV

What type of filter do you have?

Figure 3 Types of water filters used according to Questionnaire

4.1.1.1 Water Quality Analysis

In this study we carried out water quality analysis for two types of water filters that are
most widely used in Hebron; Three-stage water filters and RO water filters. For each type
of water filter we took samples from three different users. From each user three samples
at the inlet of water filter for microbial test and three samples for chemical tests were
taken and the same at the outlet of water filter. Microbial tests include Total and fecal
coliform while physiochemical analysis include total dissolved solid, pH, electrical

conductivity, chloride, carbonate, nitrate and sulfate.
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Drinking water physiochemical and microbiological properties standards according to
PSI and WHO are shown in Table6.Note that chloride, hardness, pH, sulfate, total

dissolved solid are naturally occurring chemicals that are usually not of health concern

and just affect acceptability of water so they have no guide line value (WHO, 2011).

Table 6 Drinking water physiochemical and microbiological properties standards according to PSI and

WHO (PSI, 2010; WHO, 2011; Khalil, 2019; Aish, 2013)

Parameter pH TDS E.C Ccr HCO; NO3 SO4'2 T.C F.C
Standard value PSI 2010* | 6.5- | 1500 2500 250 200 mg/I 70 250 | 3/100 | 0/100
95 | mg/l | puS/cm | mgl/l mg/l mg/I ml ml
Standard value WHO 6.5- | 1000 Up to 250 200 mg/l 50 250 | 3/100 | 0/100
2011* 85 | mg/l 2000 mg/I mg/l | mg/l ml ml
pS/cm

Table 7 shows drinking water quality parameter for water samples taken at the inlet and

outlet of water filters.

Table 7 Drinking water quality parameter for water filters samples

Location Type water | PH | TDS E.C Cr HCO; | NO; | SO,* T.C F.C
filter CFU | CFU
Standard | 6.5- | 1500 | 2500 | 250 200 70 250 | 3/100 | 0/100
value PSI | 9.5 | mg/l | pS/cm | mg/l | mg/l mg/I mg/l ml ml
Beit Ulla S.C.Cyin | 799 | 259 529 42 158.9 0 16 Nil Nil
S.C.C;out | 742 | 50.1 99.7 26.2 23.2 0 10.7 5 Nil
Hebron S.C.C,in | 8.02 | 296 590 | 442 | 210 0 16.9 Nil Nil
S.C.C,out | 7.99 | 267 534 32.1 190 0 13.2 Nil Nil
Hebron S.C.C;in | 8.26 | 289 578 47 225.2 0 18.8 Nil Nil
S.C.Czout | 8.13 | 83.6 168.1 | 26.8 55 0 121 7 Nil
Sourif RO, in 7.88 | 272 544 46.4 180 0 18.1 Nil Nil
RO;out | 7.39 | 341 69.5 28.3 15 0 11.2 Nil Nil
Yatta(rain RO, in 8.01 | 297 595 40.4 | 160.8 0 171 Nil Nil
water) RO,out | 7.67 | 72.4 147.3 | 29.9 13.2 0 121 2 Nil
Yatta RO; in 8.05| 173 346 46 115.2 0 22 Nil Nil
ROz out | 7.92 26 51.9 324 134 0 142 Nil Nil
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pH Value

pH values for all samples at the inlet of filters are between 7.88 to 8.26. Using Three-
Stage filter produce water with pH from 7.42 to 8.13 while RO filters produce water with
pH varies from 7.39 to 7.92. Notice that pH values at the inlet and outlet of both types of
filters are within the acceptable limit of PSI and WHO. pH less than 8 and not less than 7
help to have efficient disinfection process and keep water not corrosive with acceptable
taste and color (WHO, 2011).

Total dissolved solid (TDS)

Total dissolved solid include many beneficial constituents like calcium, sodium,
potassium, magnesium cations, hydrogencarbonate, carbonate, sulfate, chloride and
nitrate anions. Concentration of the total dissolved solid at the inlet of filters is less than
300 mg/l which are less than the WHO guideline. At the outlet of three stages filters
decrease to less than 100 mg/l which is not acceptable by PSI standards, except for one
sample for filter that need to be changed. For RO water filter concentration of TDS is less
than 100 mg/l which is undesirable and may affect the acceptability of water producing
flat taste and become corrosive to water supply system (WHO, 2004). According to PSI
TDS must be not less than 100 mg/l with not less than 10 mg/l of magnesium and 30 mg/I
of calcium. With concentration of less than 100 mg/I for water at the outlet of the filters it
will lack of these essential elements for human bodies and this cause health problem.
Optimum concentration of calcium and magnesium is from 40 to 80 mg/l for Calcium
and from 20 to 30 mg/l of magnesium; higher concentration of these elements indicate
higher concentration of other dissolved solid that may be of health concern for human
body (Kozisek, 2003). Also Ca is essential for bone health, blood clotting and

transmission of nerve impulses (Ling et al., 2019).

Notice that Sellers of water filter claim that tap water is contaminated using electrode
method (electric precipitation) that contains electrodes which is made of iron and
connected to electric power source. Pure water is a weak conductor of electricity while in
the presence of dissolved solid electrical conductivity of water increase. While these

electrodes are connected to electricity this causes dissolution of electrodes producing iron
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dioxide that change color of water. In case of tap water with high concentration of TDS
the amount of iron dioxide produced is greater this mean that the color change where they
claim that this change is a result of contaminants in water. In pure water with small
amount of TDS the color will not change so it will appear clear. Water Quality
Association (WQA) declare that electronic precipitator test is misleading as this test
indicate the level of TDS in water that aren’t of health concern and doesn’t provide any

information about the contaminant of health effect (eSpring, 2005;Yaheea, 2015).

Electrical conductivity
Electrical conductivity or salinity is related to the concentration of TDS; increase of TDS

concentration will increase electrical conductivity of water. For the inlet of water filter

EC values are less than 600 uS/cm or 0.6 mS/cm; they are still within the acceptable limit

provided by PSI and WHO. For outlet of these filters, as they provide water with low
concentration of TDS their EC will be decreased after using water filters. According to
Food and Agricultural Organization of the United Nations identify fresh water with (EC
<0.7 mS/cm) (Naser et al., 2019).

Chloride concentration
Chloride concentration at the inlet and outlet are less than 250 mg/l. Increase in
concentration of chloride will change water taste that becomes salty, which depend on the

available cations like sodium, calcium and potassium (WHO, 2017).

Carbonate concentration

High carbonate concentration with the presence of calcium and magnesium ions cause
formation of hardness problem. All of samples that are taken at the inlet and outlet of
water filter have a concentration less than 200 mg/l which are acceptable according to
PSI and WHO recommendations except one sample in Hebron city. Notice that at outlet
of AC water filter Carbonate concentration varies from (23.2-55) mg/l while for RO
water filters (13.2- 15) mg/l. Taste threshold for Ca ions from 100-300 mg/l while less
than for magnesium (WHO, 2017). Soft water with CaCos concentration less than 90mg/I

may not protect against cancer risk and affect skeletal and cardiovascular health also soft
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water cause leaching of metals like iron; so re-mineralization is essential for this type of
systems to prevent corrosion and increase their daily intake of calcium and magnesium

(Lothrop et al., 2015) and water become more corrosive (WHO, 2017).

Nitrate Concentration

For all water samples at the inlet and outlet of water filter water is clean from nitrate.

Sulfate Concentration

For all water samples at the inlet sulfate concentration varies from 16- 22 mg/l and at the
outlet of water filters varies from 10.7- 14.2 mg/l which are less than 250 mg/l of sodium
sulfate and 1000 mg/l for calcium sulfate. Effect of high concentration of sulfate varies

from changing taste of water to causing laxative effects (WHO, 2017).

Microbial Contaminants
Microbial testing is used to determine the presence of fecal pathogens like viruses,
bacteria, protozoa and helminthes. Also it measures the effectiveness of disinfection

process.

Total Coliform Bacteria

In all samples taken from the inlet of water filters total coliform bacteria is not found this
mean that source water is clean. While for samples taken at outlet of water filter using
three stages water filter total coliform bacteria is found in two locations with a
concentration of 5 and 7 in 100 ml; that is above the limitation of PSI and WHO. While
for water at the outlet of RO water filter total coliform is not found in two locations but it
is found in the third within the range specified by PSI and WHO may be it is related to
kitchen activities .

Escherichia Coliform and Thermotolerant Coliform Bacteria (E-coli)

Presence of E-coli indicate the presence of fecal contamination which unacceptable

according to PSI and WHO regulations. This mean investigation must be done to find
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source of pollution and further treatment procedure needed (WHO, 2008). All sample

taken at the inlet and outlet are free from fecal contamination.

4.1.2 Fouling

For one user of Three-Stage water filter, it is noted that this filter require replacement as
its removal efficiency are reduced greatly due to fouling/ scaling. Fouling process is the
accumulation of the particle, colloids and ions in the membrane surface or within the
membrane due to its ability for the rejection of these contaminants that results in the
deterioration of the membrane performance over the time. In order to avoid mechanical
and chemical damage of the membrane due to fouling periodic cleaning is needed
(Wange et al., 2011).

Table 8 shows effect of fouling that occurred in Three-Stage water filter in water quality.
Also the presence of the total coliform at the outlet of water filter while at the inlet was
not found may be due to biological fouling. Biological fouling is growth of bacteria in the
presence of nutrient which lead to deterioration in water quality (Park & Hu, 2010).

Table 8 Water filter fouling

Location | Typewater filter | PH | IDS | EC | CI | HCO;,~ | NOs | so,/# | I.C | E.C

Hebron S.C.C;in 8.02 | 296 | 590 | 44.2 210 0 16.9 Nil Nil
S.C.C,out 799 | 267 | 534|321 190 0 13.2 Nil Nil

4.1.3 Service Life and Maintenance Frequency

Service life is the life time of the filter until it is expired in liter (Hamouda et al., 2010).
Service life depend on the type of this filter, quality of filter material, water quality at the
inlet as clogging of the filter cause increase of the head loss thus result in reduction of life
cycle of the cartridges (Evangelista et al., 2019).

From survey question as shown in figure 4;about 40% of the users install water filter

before two to three years and 28% before one to two years this mean that water filter used

widely and there is a sustained use of these systems.
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Percent

Before less than one year  Before one to two years  Before two to three years Before more than four

years

When was the water filter installed?

Figure 4 Installation time of water filter

Maintenance frequency of water filter depends on type of water filter and inlet water

quality. Figure 5 shows the occurrence of periodic maintenance according to survey
result.

Percent

Every six months Every three Depending on the Every year

maonths guantity of trated
water

Every nine months

When the periodic maintenance occur?

Figure 5 Occurrence of periodic maintenance
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- Correlation between periodic maintenance of water filter and the satisfaction

about quality of water produced.

Table 10 and figure 6 show the Correlation between periodic maintenance of water filter

and the satisfaction about water quality produced.

Table 9 Correlation between periodic maintenance of water filter and the satisfaction about water quality

produced

Correlations

How satisfied

are the water

When is the periodic

maintenance of the

quality filter?
produced by
the filter?

Spearma | How satisfied are the water | Correlation Coefficient 1.000 3427
n's rho quality produced by the Sig. (2-tailed) .000

filter? N 100 100

When is the periodic Correlation Coefficient 3427 1.000

maintenance of the filter? Sig. (2-tailed) .000
N 100 100

**_Correlation is significant at the 0.01 level (2-tailed).

They show that there is a linear relationship between periodic maintenance of water filter

and quality of water produced as problems like fouling occur reducing removal efficiency

and changing water taste.
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. R? Linear =0.099

Figure 6 Relationship between satisfactions about water quality from filters with the occurrence of periodic

maintenance
4.1.4 System Footprint
Environmental foot print includes solid residual and liquid residual (Hamouda et al.,
2010). Recovery rate for RO system is the ratio between the volumes of the treated water
at the outlet of water filter to the volume of untreated water at water filter inlet. Low
recovery rate produce larger amount of rejected water cause wasting larger amount of

water to produce clean water (Altaee & Hilal, 2015).

For liquid residues for RO system that is used in some systems for backwashing of the
membrane. For RO systems used recovery rate is 1:2; which mean that for every 2 liter at
the inlet produce 1 liter clean and 1 liter waste. Average household size for Palestinian
family was found in 2016 about 5.2 (Wafa, 2017).National Academy of Medicine (NAM)
recommend for adult male the average total daily water intake about 3.7 liters (15 cups)
while for adult female the average total daily water intake is recommended of about 2.7
liters (11 cup) (One Medical, 2017). Taking the average total daily water intake 2.5 liter,
for 5 persons total needed water for the family = 5* 2.5= 12.5 liter per day. By using RO
water filter with the efficiency 1:2 this mean that to have 12.5 liter per day you enter
12.5*2= 25 per day. For a month 25* 30 = 750 liter per month while by using tap water
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you use about 12.5*30= 375 liter per month. Assuming that price of one liter of water = 4
NIS, this mean that you will pay for drinking water

- Without using RO water filter = 0.375*4= 1.5 Nis monthly

- With using RO water filter = 0.750*4= 3 Nis monthly.

4.1.5 Operational Skills

Most of systems used don’t require operational skill from the user as the companies
provide frequent maintenance of these systems. Membrane filtration contain external
pump that increase operational cost than other systems. Development in water quality

monitoring tool are needed to indicate if there is problems.

4.2. Economic Feasibility

Economic criteria for choosing specific type include capital cost for purchasing and
installation such systems, operation and maintenance (Hamouda et al., 2010).According
to EPA cost estimation of water filters include capital cost, operation and maintenance
cost(EPA, 2007).

From the questionnaire, figure 7 shows that most of the users install two stages water
filters of about 37% that cost less than 300 NIS. Then reverse Osmosis which costs
between 1,000 to 2,000 NIS or more as it differ between distributers of about 32% and
Three-stage water filter which cost from 300-500 NIS of 29% of the user. The cost of the
existing water filter is highly related to the type of that filter as each filter has different
cost from the other and this cost differ from one distributer to another. The type and cost
of water filter depend on monthly income but not all time.
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Percent

Iss than 300 NIS

From 1000 to 2000 NIS from 200 to 500 MNis

What is the cost of the existing filter?

from 500 to 1000 NIS

Figure 7 Cost of installed filters

Correlation between type of water filter and its cost

Table 10 and figure 8 shows the correlation between the type of water filter and

its cost.
Table 10 Correlation between type of water filter and its cost.
Correlations
What type of What is the cost of the existing filter?
filter do you
have?
What type of filter | Pearson Correlation 1 709
do you have? Sig. (2-tailed) .000
N 100 100
What is the cost of | Pearson Correlation 709" 1
the existing filter? Sig. (2-tailed) .000
N 100 100
**_Correlation is significant at the 0.01 level (2-tailed).

It shows that there is a linear relationship between the type and cost of filter in spite of
the difference between providers.
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R? Linear = 0.503
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35
30 e
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20

What is the cost of the existing filter?

3

What type of filter do you have?

Figure 8Relationship between type of water filter and its cost

Maintenance that includes removal of cartridges varies according to the seller; type of the
filter used and water quality at the inlet. It varies from less than 100 NIS of about 22%,
41% from 100 to 200 NIS and 37% more than 300 NIS as shown in figure 9.
Maintenance cost highly related to the type of water filter higher cost of water filter need
higher maintenance cost. Deteriorated water quality requires more frequent maintenance

cost increasing maintenance cost annual.
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Percent

less than 100 NIS From 100 to 200 Mis Maore than 300

What is the annual maintenance cost?

Figure 9 cost of annual maintenance

The availability of adequate technical and financial support limits the success of water
filter usage (Johnston et al., 2010). Frequent maintenance usually is done twice a year for
most of users. Maintenance usually done every 2000 liter production or it is estimated to

be six months which varies depending on water quality at the inlet of the filter, type of
water filter and other factors.

- Correlation between annual capital and maintenance cost of water filters
Table 11 shows the correlation between annual capital and maintenance cost of water
filters. As shown in Table 11 and Figure 10, there is a strong linear relationship between
capital cost of water filter which depend on the type of this filter and the annual
maintenance cost.
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Table 11 Correlation between annual capital and maintenance cost of water filters

Correlations
What is the What is the cost of
cost of the maintaining the filter
existing filter? annually?
What is the cost of the Pearson Correlation 1 787"
existing filter? Sig. (2-tailed) .000
N 100 100
What is the cost of Pearson Correlation 787" 1
maintaining the filter Sig. (2-tailed) .000
annually? N 100 100
**_ Correlation is significant at the 0.01 level (2-tailed).

R2 Linear=0.619  «

y=-0.54+1.32%

Figure 10Relationship between annual capital and maintenance cost

4.3. Health Impacts

In Figure 11 about 89% of the user of water filter use these systems due to health

problems like hypertension and presence of the kidney stones.
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For treated water it is found that for all filter types TDS concentration is less than 100
mg/l which mean that Ca and Mg, Na and K concentration also are below the
recommendation of PSI of 100 mg/l for TDS which may cause health problem with long
term use like heart problems. For the use these system re-mineralization stage is

recommended to include increasing average daily intake of these essential minerals.

Many studies show that hard water with high magnesium content help to protect from
cardiovascular diseases (CVD). Low concentration of Ca and Mg in drinking water lead
to increase in triglyceride, total cholesterol, and LDL-cholesterol levels, diastolic blood
pressure and systolic which increase the opportunity of Ischemic Heart Disease. The
protective amount of Ca that must be taken daily from water is 75.7 mg while for Mg is
about 6.87 mg to prevent heart diseases (Stevanovic et al., 2017).

Sodium-potassium is essential elements for renal health and for nervous system for the
generation of electrical potential in nerve cell to conduct nerve impulses which generate
heart beat and muscle contraction(Ling et al., 2019).Concentration above 2.5 g/l of
Sodium chloride cause hypertension related to the concentration of sodium ions not
chloride (WHO, 2003).

In a study in India it is found that there is no relationship between kidney stone
occurrence and water quality (Mitra, Pal & Das, 2018). Another study shows that hard
water increase urinary calcium concentration which increase formation of kidney stone
(Bellizzi et al., 1998).

Sodium leads to high blood pressure or hypertension while calcium and magnesium and
potassium have effects in lowering blood pressure and reduce cardiovascular problems.
Human body adsorbs minerals from water better than that from food (Paddock, 2019;
Naser et al., 2019).

Soft water with CaCos concentration less than 90mg/lI may not protect against cancer risk

and affect skeletal and cardiovascular health also soft water cause leaching of metals like
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iron. Therefore, re-mineralization is essential for this type of systems to prevent corrosion
and increase their daily intake of calcium and magnesium. AC provides water with
components within the guidelines. Hard water with the concentration of CaCoz more than
300 mg/l produces undesirable taste and scaling of water heaters and pipes (Lothrop et
al., 2015), So it essential to keep the concentration of these chemicals within the
acceptable limits.

Most of water sample taken at the outlet of water filter produce soft water as mentioned
before it is preferred to have water with CaCO3 concentration more than 90 mg/I that will
help to protect against cancer risk and affect skeletal and cardiovascular health. Also soft

water cause leaching of some minerals like iron (Lothrop et al., 2015).

Percent

Hypertension The presence of kidney stones Cthers

Are there health problems in the family that require certain water quality?

Figure 11 Relationship between health problems and use of water filters

4.4 Public Perceptions

It is noted that the adoption of household water treatment systems is affected by
educational status as most of the user are educated people with relatively high monthly
income. High monthly income and big family size encourage the adaption of water filters
as shown in Figure 12.In a study of families with young children’s using private wells;

educate mothers usually treat their drinking water. Household income and education level
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widely affect positively the adoption of home water treatment systems and are not related

to drinking water quality at the source (Lothrop et al., 2015).

Most of users of home water treatment systems think that water from municipal network
is not clean due to aesthetical properties like taste, color and odor. And frequent
intermittent that cause stagnation that deteriorate water quality as shown in Figure 13. As
concluded here that the adaption of HWT systems or bottled water are due to lake of
confidence in tap water quality from aesthetical properties like color taste and odor
(Johnstone & Serret, 2011).
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Figure 12 Demographic information
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Figure 13 Household water information

From the questionnaire, figurel4 shows that most of the users install water filter, because
they think that water from municipal water network is unsafe of about 40% of the users,
from previous question it is found that most of the users think that water from municipal
network have a problem mostly of its taste. About 22% of the users install it due to the
recommendations of relatives and friends, 17% due to the conviction of sales
representatives and distributors of filters that municipal water is polluted, 12% install it
due to doctor's recommendation due to health problem and 9% install it because Diarrhea
is preceded by water in the family. The adoption of household water treatment systems
related to socio economic conditions include household water treatment systems

promotions, educational level, wealth level and access to technology (Daniel et al., 2018).

45



Percent

[ think water from Based on the The conviction of  Based on a dector's  Diartheais preceded
muicipal network is  recommendation of sales representatives  recommendation by water in the
unsafe for drinking  relatives or filends  and distributors of due to health family

filters that municipal problems

water is polluted

Why you use water filter?

Figure 14The reason for the installation of water filter

No single feature can be alone the reason for the adoption of HWT systems as many
factors affect the adaption such as negative perception about tap water quality and
unavailability of prior experience in using HWT systems encourage the adoption of these
system in households connected to piped network. The negative perceptions about tap
water quality with the availability of the willingness to pay have a high influence in the
adoption of HWT systems (Daniel et al., 2018).

As shown in Figure 15, most of users are satisfied about water quality produced by
filters.
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good very good accepted

How satisfied are the water quality produced by the filter?

Mot satisfied

Figure 15 How satisfied about water quality produced

Figure 16 show that most of the users say that the cost of installing filter is medium with
a percent of 62

Percent

Medium

High

Low
What is your assessment for the cost of installing the existing filter?

Figure 16 what is your assessment for the cost of installing the existing filter

Most of the user thinks that filter maintenance cost is medium with a percentage of 73%
as shown in Figure 17.
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Percent

High Medium Low

How do you evaluate maintenance cost of the filter?

Figure 17How do you evaluate maintenance cost of water filter

Satisfaction about provider’s performance with respect to filter maintenance.

As shown in Figure 18 most of the users of these systems are satisfied about provider
performance with respect to filter maintenance.

50

Percent

good accepted very good Mot satisfied Upset

How satisfied are the provider's performance with respect to filter maintenance?

Figure 18 Satisfaction about provider’s performance with respect to filter maintenance
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It is found that there is a linear relationship between the satisfaction of the user from
water filter provider performance like provides continuous maintenance with the quality
of the water produced by filters as shown in figure 19. According to previous studies
home water treatment systems reduce exposure to diarrheal diseases but with high
adherence especially when water quality of the source is deteriorated which is more
important than microbial removal efficiency to optimize health gain (Brown & Clasen,
2012).
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Figure 19 Relationship between water quality produced satisfaction with provider performance satisfaction
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Chapter Five - Conclusions and Recommendations

5.1 Conclusions

From lab tests that are conducted for Three-Stages and RO water filters, it is found
that tap water quality from municipal network is clean and safe and within PSI and
WHO standards.

It is essential to choose RO water filter with high recovery rate to minimize wasted
water.

Capital and maintenance costs of water filters are highly related to the type of water
filters and inlet water quality.

The concentration of TDS is less than 100 mg/l which produces flat taste and is not
acceptable according to PSI limits. TDS consists of beneficial constituents including
calcium, sodium, potassium, magnesium cations, hydrogen carbonate, carbonate,
sulfate, chloride and nitrate anions. This means that Ca concentration may be less
than 30 mg/l and Mg concentration may be less than 10 mg/l which may lead to
health problems as these elements are essential for bone, nervous system health and
for preventing Ischemic heart disease. Re-mineralizatin is essential to increase
average daily intake of that essential minerals.

The adaption of HWTs is related to the lake of confidence of tap water quality due to
aesthetical properties like color, taste and odor.

No single feature can be alone the reason for the adaption of HWTs, many reason
affect the adaption of these systems include family size, monthly income, educational
level, lake of confidence of tap water quality and previous occurrence of diarrheal
disease.

The satisfaction of the users about water quality from filter is highly related to their
satisfaction from seller performance for periodic maintenance.

Consumers are responsible for water quality from the tap after water meters;
procedures like checking water storage tank regularly. Regular maintenance and

inspection for roof tank must be every six to nine months include inlet and outlet of
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the tank, cover, Also frequent disinfectant every 18-24 months for storage tank and
pipeline, keeping water storage tank tightly closed and changing old pipes
periodically will reduce water pollution. This will help to reduce water pollution after

water meter and reduction the need of these systems.

5.2 Recommendations

Public awareness should be improved to increase their knowledge about their tap
water quality and ministry of health should provide clear and accurate annual water
quality report. And about claims of water filter distributers.

Consumers must make water quality test before determining the most suitable type of
water filter at a certified laboratory. Or regularity authority must enforce the
consumer to make water quality test at their labs before the adaption of these system
and the distributer must provide the consumer a report about the system performance.
Ministry of health must raise the public awareness about the negative health impact of
using that system the produce water lacks of many beneficial constituent with the
long term consumption.

Frequent maintenance is essential for filters to obtain the same water quality along
life time of water filter.

It is essential to use that system must have performance standard and certification
(ANSI/NSF Certified devices).

Consumer must make frequent maintenance of the internal fixture and change of old

pipes to prevent pollution of water when it enters the house.
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Appendices:

Appendix 1: The Questionnaire
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Appendix 2: Water Quality analysis for North Eastern Basin in Jenin Area

Table 12 Water Quality Analysis for North Eastern Basin in Jenin Area (Source PWA, 2017)

Parameter Results (mg/l) Palestinian Guideline (mg/l)
NO3 2-110 70
Na* 43-105 200
Cr 80-500 200
Mg* 15-75 100
Ca*™ 75-200 200
So,” 4-147 200
K 0.1-15(10) 10
TDS 400-3200 1500
Fecal Coliform CFU/100mlI 0-TMTC (0) CFU/100ml
Total Coliform CFU/100ml 0-TMTC (0-3) CFU/100ml
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Appendix 3: Water Quality analysis in Western Basin in Qalgilia and

Tulkarem

Table 13 Water Quality analysis in Western Basin in Qalgilia and Tulkarem (Source: PWA, 2017)

Parameter Results (mg/l) | Palestinian Guideline (mg/l)
NOs 12-130 70
Na* 20-75 200
Cr 40-300 200
Mg*? 22-85 100
Ca"” 30-125 200
So,? 1-231(2) 200
K* 0.1-25(6) 10
TDS 200-1800 1500
Fecal coliform CFU/100mI 0-TMTC (0) CFU/100ml
Total coliform CFU/100ml 0-TMTC (0-3) CFU/100ml
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Appendix 4: Water quality analysis for Eastern Basin in Jericho and Jordan

Valley area
Table 14 Water Quality Analysis for Eastern Ba;i(?li?n) Jericho and Jordan Valley area (Source: PWA,
Parameter Results Palestinian Guideline (mg/l)
(mg/l)
NOs 12-130 70
Na* 20-475 200
cr 40-2300 200
Mg* 22-285 100
Ca"™ 30- 425 200
So,? 1-231(2) 200
K* 0.1-25(6) 10
TDS 290-3800 1500
Fecal coliform CFU/100mI 0-TMTC (0) CFU/100ml
Total coliform CFU/100ml 0-TMTC (0-3) CFU/100ml
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Appendix 5: Water quality indicator by Water Sector Regulatory Council for

Hebron Governorate(1)

Table 15 Water Quality Indicator by Water Sector Regulatory for Hebron Governate (1) ( Source: WSRC,

2017)
District Hebron BaniNa'im Beit Ummar Tarqumiyah
City
No of serviced citizen 238,985 27,000 21,000 19,000
Quantity of water 7.35 0.6 1.02 0.49
available (MCM)
Per capita 59 49 78 50
consumption
L/cap/day
Water quality indicators
1- samples from source
Percent of samples 100% 0 100% -

free from Total

Coliform

Percent of samples 100% 50% 98% -
free from Fecal

Coliform

Percent of samples 99% - 100% -

free from Nitrate

1- samples from Network and Distribution main
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Percent of samples
free from Total

Coliform

95%

72%

98%

96%

Percent of samples
free from Fecal

Coliform

99%

83%

98%

100%

Percent of samples
contain residual

Chlorine in network

93%

2%
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Appendix 6: Water Quality Indicator by WSRC for Hebron Governorate (2)

Table 16 Water Quality Indicator by WSRC for Hebron Governorate (Source: WSRC, 2017)

District Halhul Dura Sier Yatta
No of serviced citizen 30,000 40,000 26,000 87,000
Quantity of water 0.91 0.48 0.68 1
available (MCM)
Per capita 65 28 38 23
consumption
(I/cap/day)
Water quality indicators
1- samples from source
Percent of samples - 100% 100% -
free from Total
Coliform
Percent of samples - 100% 100% -
free from Fecal
Coliform
Percent of samples - - - -
free from Nitrate
1- samples from Network and Distribution main
Percent of samples 92% 100 98% 86%

free from Total
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Coliform

Percent of samples
free from Fecal

Coliform

96%

100

100%

86%

Percent of samples
contain residual

Chlorine in network
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Appendix 7: Chemical Analysis Report for Source of Water in North Hebron
from MOH
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Figure 20 Chemical Analysis Report for Source of Water in North Hebron from MOH
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