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Abstract

The Tebbaneh region is considered one of the poorest urban areas in the City of Tripoli,
Lebanon with an evident lack and/or degradation of basic service provision, in particular,
the absence of proper hygienic sanitation, inadequate access to clean water, and poor
waste management practices. These conditions are contributing directly to the
exacerbation of poverty and the environmental degradation of the area. Under these
conditions and with the support and endorsement of the Municipality of Tripoli and
consultation with local non-governmental organizations, the American University of
Beirut (AUB) implemented a participatory study to improve water and sanitation
services. The study relied on a combination of a top-down and bottom-up strategy and a
comparative approach in a community in Irbid, Jordan with nearly similar cultural and
demographic characteristics and where water and sanitation issues have improved in
recent years. The project encompassed validation of the community needs and an
assessment of the socio-economic benefits-costs of improved or lack of water supply
and hygienic sanitation provisions and promoting awareness on the community’s role in
environmental sustainability and resources preservation. Based on community surveys
coupled with comparative analyses, pilot interventions were defined and implemented,
including replacing corroded water tanks in attics in 19 buildings with new plastic water
tanks on roof tops and the replacement of water pipes in 4 buildings. A framework for
sustainable urban development was developed to serve as a guide for current and future
urban environmental planning specifically in the Tebbaneh areas with potential scaling
up and/or extension to other similar urban areas.

Keywords: urban slum, poverty alleviation, water and sanitation, socio-economic
assessment, pilot intervention, cost benefit analysis, sustainable urban development
framework
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1. RESEARCH PROBLEM

Inadequate and sometimes absent urban infrastructure service provision present a major
environmental and health concern in poor urban areas. In this context, safe drinking water,
adequate sanitation, and proper hygienic practices constitute preconditions for health
improvement and livelihood enhancement, and contribute to the fight against poverty and
often gender inequality. Globally, increased pre-mature mortality particularly amongst
infants and children as well as increased water borne diseases are well documented and
acknowledged by various international organizations with nearly 3 billion people lacking
safe drinking water and adequate sanitation facilities, many of whom (30 to 40%) are
considered dwellers of impoverished urban areas or slums in inner cities. As a result of poor
water quality, the urban poor in particular incur additional expenditures on medical
treatment and medicines for water borne diseases like diarrhea, gastro-enteritis, or cholera,
causing children to miss school and adults to miss work with loss of income. Thus, the lack of
access to a safe water supply and adequate sanitation services is directly linked to the
livelihoods and incomes of the urban poor and impacts their health and ability to earn, thus
exacerbating poverty. Hence, safe drinking water, adequate sanitation, and hygiene
promotion are expected to contribute to poverty alleviation and livelihood enhancement
particularly in urban areas. It is within the same logic and context presented here that AUB
implemented this participatory project in the Tebbaneh region at the outskirts of Tripoli, the
second largest city in Lebanon.

2. OBIJECTIVES

The project aims at easing environmental and health burdens in the area of Tebbaneh
through a better understanding of the linkages of how poor environmental services
exacerbate poverty as well as piloting interventions that improve such services. More
specifically, the project will attempt to:

— Draw on lessons learned from a community with similar cultural background and
demographic characteristics in Jordan and transfer lessons and positive outcomes in the
implementation process of the project in the Tebbaneh region

— Rely on social field surveys and the comparative analysis with a nearly similar
community in Jordan, to define priority needs and develop pilot interventions with the
participation of the community and the municipality

— Implement pilot interventions, monitor their direct impacts and evaluate their
effectiveness

— Develop a sustainable environmental management framework that relies on the
outcomes of the pilot interventions while defining potential constraints that could
prevent scaling up of the pilot model to areas within the same region or to other areas
with similar characteristics

— Disseminate the experience with the pilot interventions to better serve as a model for
potential scaling up and knowledge transfer



3. METHODOLOGY

To achieve the objectives outlined above, an adaptive or hybrid approach, that reconciles
top-down and bottom-up approaches, was followed in implementing the project based on
participatory communication between the local government represented by the
municipality and the local community represented by various stakeholders. Particular
emphasis was placed on women organizations, given the important role that women play in
water and sanitation service provision and being the most adversely affected by the lack of
such services. In addition, this approach benefited from a comparative analysis, based on
well-defined indicators, with another community in Jordan with nearly similar cultural and
demographic characteristics and where water and sanitation issues have been improved in
recent years. Using this approach, the project sought an in-depth understanding of the
reasons behind poor environmental services and subsequent environmental degradation
(How? Why?) while working on devising appropriate pilot interventions (What is currently
done? What more can be done? How to sustain interventions?); the framework of analysis
and interventions was then revised based on comparative analysis results, the community’s
input, and close monitoring and evaluation of the process (Figure 1).

Top 6. knowledge sharing
and
Down . N
dissemination
4 @
e 5. Develqpment of
Hvbrid = sustainable
v framework
i) i)
Bottom 4. Monitoring and
Up Evaluation

1. Documentation
of Existing
Conditions

4

2. Analysis and
definition of
interventions

4

3. Implementation
of Interventions

Comparative
Assessment

Figure 1. General approach framework

For this purpose, a multi-disciplinary research methodology combining quantitative and
qualitative approaches was adopted to document the existing conditions, analyze and
interpret the social and cultural factors that determine or influence the situation, identify
and assess current prevention and intervention strategies, develop and implement pilot
interventions and evaluate them. These included administration of targeted questionnaires,
face to face interviewing of key informants (people with comprehensive knowledge of their
community), laypeople (housewives, workers, young men and women), field observations,
extraction of relevant information from available records and databases, analyzing relevant
documents about existing laws, policies, current projects, etc., conducting workshops, and
construction and/or rehabilitation of water, sanitation, drainage and/or wastewater
networks.



A water quality monitoring program was added to the initially proposed methodologies. This
was deemed essential in helping the research team understand the various sources of water
pollution in Tebbaneh and define the needed interventions. GIS application was re-oriented
to serve as a platform for spatial analysis rather than mapping as initially envisaged, since a
new sewage network and a new water distribution network had been installed by the time
the project was initiated.

4. PROJECT ACTIVITIES

A series of interrelated activities formed the basis of the project implementation. These
activities are outlined below followed with corresponding detailed methodologies. During
the course of the project and based on interim findings, some of these activities were
revised or modified while other activities were added in order to cater for the needs of the
project. Revisions or modifications were invariably discussed with and approved by IDRC.

— Establishing a comparative framework

— Needs assessment validation and prioritization

— Infrastructure mapping and GIS development

— Pilot interventions: Definition, implementation and evaluation
— Sustainable urban development framework

— Dissemination

4.1 Establishing a Comparative Framework

Several coordination meetings were held in Jordan between the AUB team leader and the
Jordan University of Science and Technology (JUST) team in order to initiate and follow-up
on the tasks under this activity. As a first step, and based on similarities with the Tebbaneh
area in terms of socio-demographics, the An-Nasr area in the northern region of the city of
Irbid, was selected for conducting the social field survey and the comparative analysis with
the Tebbaneh area. An-Nasr area, like the Tebbaneh area, is characterized by a high
population density reaching more than tenfold of other urban areas in the country (Table 1),
a high percentage of young population associated with a high natural birth rate, and very
low income of less than 200 USD per household. Both regions have similar religious
background with the predominant population composed of Sunni Muslims and a Christian
minority. The location of An-Nasr area within the City of Irbid is presented in Figure 2. Note
that while the population densities seem to differ significantly between the two areas, they
are considered among the highest densities in their corresponding countries.

Table 1. Demographic characteristics of An-Nasr and Tebbaneh areas

Parameter An-Nasr, Irbid Tebbaneh, Tripoli
Project area 1.9 Km? 0.4 Km’
Population 8,875 27,804

Average family size 6.2 capita/family 6 capita/family
Population density 4,671/Km* 69,510/Km>
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Figure 2. Location of An-Nasr area within the City of Irbid

The AUB and JUST teams proceeded with the development of a field questionnaire for the
Irbid area, taking into consideration to the extent feasible the characteristics, similarities
and differences between the Tebbaneh and Irbid regions. The questionnaire focused on the
collection of data related to socio-demographics, working force, financial and health
indicators, water resources and network system, groundwater wells, water tankers and
storage tanks, hand carried water, drinking water, and bottled water, personal hygiene and
fixtures, wastewater disposal, solid waste disposal, and prioritization (see Annex 1). Survey
teams were formed from qualified women specialists from the study area with relevant
background (see Annex 2). Meetings were held with the municipality at Irbid as well as local
stakeholders to appraise them about the project and its objectives. The survey team was
then trained prior to conducting household surveys in a well-defined zone in the Northern
Irbid area, known as An-Nasr. Around three hundred households were visited and surveyed
at an average of 4 to 5 visits per day. The teams were faced with few individuals who
questioned the motives of the study and at times, inciting others not to cooperate posing
some difficulties and challenges. The survey team reported complaints about the length of
the survey particularly that the main part of the survey was conducted during the Holy
month of Ramadan followed by Eid EI-Fitr holidays. Information from the survey
guestionnaires was entered into Excel spreadsheets with proper indexing to facilitate
subsequent analysis. Data processing was conducted to define basic statistics from the
surveys and guidelines on how to refine the questionnaires and improve its administration
in the Tebbaneh region were provided by the JUST Team. The main recommendations which
were relied upon by the AUB team to revise the questionnaire’s structure and/or its
administration included:

- Use of female surveyors
- Provide adequate explanation of the purpose of the questionnaire



- Include the willingness of the people to pay for the provision of better services

- Enquire about local regulations and authorities in charge of providing water and
wastewater collection

- Enquire about who are the children caregivers and their practice of hygienic behavior
and whether they have been subjected to any training or awareness programs/
education

- Cover the time (before the preparation of food, after changing diapers and using toilets)
frequency, and technique used for hand washing

- Modify the age category for children to include a new category for age from 1 to 3 years

As for the main findings of the survey, they included relatively high levels of diarrhea among
children (56 incidents of diarrhea per 1,000 children (< 1 yr of age) in the last three months
and 34 incidents of diarrhea per 1,000 children (1-10 yrs of age) in the last three months),
despite the infrastructure and service improvements in An-Nasr area. This may be attributed
to the relatively low average water available for consumption (42 liters per capita per day),
which may be associated with increased poor hygiene. Another striking finding was the high
percentage of housewives with high educational levels, whereby more than 75 percent have
a secondary degree or higher.

A draft report summarizing the social survey in Irbid was prepared by the JUST team
detailing the tasks completed and relevant statistics. The report was revised and analyzed
further by the AUB Team in an effort to draw relevant lessons from the Irbid experience,
which will help in defining the planned pilot intervention in Tebbaneh (Annex 3). The survey
data from the subsequent survey that was implemented in Tebbaneh were analyzed and
compared to those from Irbid to assess similarities and differences and discern lessons from
the Irbid case, when possible. The main results of this analysis are detailed in section 4.2
below.

4.2 Needs Assessment Validation and Prioritization

As a first step, a project initiation meeting was held at the Rachid Karameh Municipal
Cultural Center in Tripoli with the objective to introduce the project and associated activities
to local stakeholders and solicit the participation of interested active Non Governmental
Organizations (NGOs) who were invited to attend the meeting in coordination with the
municipality. In addition to the Head of the Tripoli Municipality, a representative from the
Ministry of Social Affairs, and a representative from the Lebanese University around 10 local
NGOs attended the meeting. Annex 4 provides a list of attendees with selected photos
taken during the meeting.

The meeting was initiated with an introductory speech by Engineer Rachid Jamali (head of
Tripoli municipality) who highlighted the need of the Tebbaneh area for various types of
developmental works to complement on-going plans and projects by the municipality. He
expressed the support of the municipality for the project and called on the active
participation of local NGOs and stakeholders for the successful implementation of the
project activities. Engineer Jamali introduced the AUB project team present at the meeting
and a presentation was made by Dr. Mutasem El Fadel the Project Director at AUB. Dr. El-
Fadel presented the history of the project: how it was conceived, its objectives and
activities, aided by power point slides (Annex 5). The presentation, slides, and ensuing



discussion were all carried out in Arabic. Participants inquired about the rationale behind
the selection of Irbid for the comparative assessment with Tripoli, how the project will
address the apparent needs of Tebbaneh area, the required level of contribution from the
NGOs, and the timeframe of the project and its overall budget. These issues and others
were clarified by Dr. El-Fadel. Most importantly, Dr. El-Fadel explained for the participants
that the project should be considered more in terms of developmental community-based
research with a serious component of field implementation aiming at providing pilot
interventions that could become examples for future projects in the area or similar areas. A
follow-up meeting was conducted at the Tripoli municipality (Annex 6) with three local
NGOs who expressed the strongest interest in participating in the project implementation
including: Women'’s Work Organization (sl Jeall 4203), With You Charitable Organization
(Aaelaia¥) 4y pall aSas 42aa), and Women’s Group Charitable Organization ( (Sl cl8lll Amas
s, After reminding the participants of the project objectives, activities, and schedule,
consultation with the NGOs and the Municipality of Tripoli resulted in the delineation of the
survey area in the Tebbaneh region which was then divided into 5 zones using GIS (Figure 3).
A group of field surveyors was also selected from these NGOs as well as the municipality.
The group consisted of 5 female surveyors who work and/or live in the study area and are
social workers with prior experience in questionnaire administration (Annex 7). The AUB
Team worked directly with the group and monitored closely the questionnaire testing and
administration process.

.

Figure 3. Delineation of survey zones in the Tebbaneh area

4.2.1 Social survey in Tebbaneh

The next step was the implementation of the social survey in Tebbaneh, with the aim of
assessing and validating the needs in Tebbaneh and completing the comparative assessment
with An-Nasr in Irbid. The questionnaire was first revised, based on the recommendations
from the Irbid Team. Training sessions for the survey team were then conducted and



followed with pilot testing, whereby 30 questionnaires were administered by the surveyors
and the AUB team. The pilot test results were processed and the questionnaire was revised
a second time (Annex 8). The full survey was then implemented over a period of 6 weeks,
whereby a total of 332 questionnaires were administered. To facilitate the sampling
procedure, the study area was divided into five zones containing almost equal numbers of
buildings. Each of the five local surveyors was assigned a zone, from which 60 to 70
households were randomly selected. The local surveyors were accompanied by members of
the AUB team during their household visits. The number of sampled households was almost
evenly distributed between the five zones that constitute the Tebbaneh study area, as
illustrated in Figure 4. The respondents were very cooperative, translating into a high
response rate of about 86 percent. The collected data were entered into SPSS by the AUB
Team. The data were then cleaned and analyzed.

]

77 Sampled households

-

Figure 4. Distribution of sampled households in the Tebbaneh Study Area




The survey revealed strong similarities between the Tebbaneh and the Irbid areas in
selected socio-demographic indicators, including the mean number of rooms per household,
the mean number of household members and families within the household, and the mean
age of male and female household heads (Table 2).

Table 2. Selected socio-demographic indicators: Tebbaneh vs Irbid

Parameter Tebbaneh Irbid

Mean (Range) Mean (Range)
Number of rooms in household 3.2(1-12) 3.4 (1-8)
Number of household members 5.7 (1-14) 6.1 (2-15)
Number of families within the household 1.2 (1-5) 1.1(1-3)
Age of male household head 45.0 (22-88) 44.2 (23-96)
Age of female household head 41.4 (16-79) 38.7 (17-67)

However, a striking difference was the level of education of housewives, whereby more
than 75 percent of housewives in Irbid have a secondary degree or higher as compared to 4
percent of housewives in Tebbaneh (Figure 5). This has important implications for hygienic
practices within households and the associated risk of water-borne diseases.
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Figure 5. Education level of housewives in Tebbaneh and Irbid

In the last three months prior to administering the questionnaire, 56 incidents of diarrhea
per 1,000 children (< 1 yr of age)and 34 incidents of diarrhea per 1,000 children (1-10 yrs of
age) were reported. In comparison, levels of diarrhea among children in the Tebbaneh
region were found to be 3 to 5 times higher [281 incidents of diarrhea per 1,000 children (<
1 yr of age) and 113 incidents of diarrhea per 1,000 children (1-10 yrs of age) in the last
three months]. Since the wastewater infrastructure has been improved lately in Tebbaneh
similar to An-Nasr area, the difference in diarrheal incidence can be attributed more to
water sources, the water supply system, or hygienic practices rather than wastewater



management. Actually, more than 99 percent of respondents in Tebbaneh were connected
to the new sewage network. The main wastewater problems reported in the Tebbaneh area
were within the buildings (57 percent), including wastewater accumulation in basements,
clogging of pipes, foul odors, and fissures and leakages (Figure 6).
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Figure 6: Reported prevalence of problems in wastewater network and fixtures in Tebbaneh

In Tebbaneh, nearly 99 percent of respondents reported using water from the public water
supply network providing almost continuous supply throughout the day, but reaching the
consumer at significantly low pressure. As a result, residents installed water pumps directly
on the water valves connecting the network pipe to the individual apartments in the
building basement (Figure 7). These pumps work on boosting the water pressure for it to
reach the consumer. It is worth mentioning that two main problems can arise from such a
system: 1) Serious pressure loss within the distribution network as a result of the pumps
applying negative pressure within the whole study area; 2) Potential water contamination
by wastewater within each building where wastewater problems were previously reported
(especially when the pumps are not operational).

Figure 7. Water pumps in basements of buildings in the Tebbaneh area

Another important finding was that around 26 percent of respondents reported
supplementing water from the network with bottled water. Many residents mentioned
buying bottled water when the network water appeared turbid and when a member of the
household was ill.



Although the water supply is almost continuous in the Tebbaneh study area, people stored
water in tanks (around 96 percent of respondents). The stored water is not used for drinking
purposes but usually used for common household chores such as cleaning, bathing, washing
fruits and vegetables, etc. The survey revealed that household storage tanks were either
located in the attic (around 45 percent of respondents) or on the building’s roof. Most
storage tanks are not well covered and often not covered at all. Uncovered attic storage
tanks, which are usually located below toilet plumbing systems of upper floors, are prone to
water contamination from leaking pipes, particularly that a significant number of
households had reported the presence of wastewater problems in their buildings (such as
leakages, clogging, broken pipes, etc...).

Similarly, in An-Nasr area in Irbid, ~97 percent used water from the public water supply
network and ~47 percent used bottled water for drinking purposes. While the water supply
is intermittent, it reaches the consumers at an acceptable pressure. Incoming water is either
stored in a reservoir at ground level from where it is pumped to roof-top storage tanks, or it
reaches the roof top storage tanks directly. No attic storage tanks are present in the An-Nasr
area. In addition, buildings in An-Nasr area seldom exceed three storeys.

4.2.2 Water quality analysis campaign

The household survey identified a general community perception that the drinking water
reaching the Tebbaneh area is of low quality. As such, a water sampling program (Figure 8)
was initiated to assess the quality of drinking water in the study area and the validity of the
recorded perception. The sampling program targeted the drinking water supply network as
well as the bottled water commonly used by residents of the project area. A total of 76
water samples were collected between December 2009 and January 2010 from the drinking
water tap within households in Tebbaneh, where diarrhea cases had been reported during
the social survey. Another 63 water samples were collected from stored water taps at the
same households within the study area. A balanced approach was followed to ensure a
uniform distribution of the samples for all zones (Figure 9). Assessment of stored water
quality was conducted to shed light on the quality evolution after supply and to detect
possible contamination within the water storage tanks.

TEBBANEH IRBID

Drinking water Distribution Bottled Bottled
sources Network water water
Sampffﬂg Household Household Local grocery Local grocery
Locations drinking tap storage tank shops shops

| l |
Number of 76 63 18 brands/ 6 brands/
samples samples samples 90 samples 18 samples
Total Number 247
of samples Water samples

Figure 8. Water sampling program in Tebbaneh and Irbid
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Figure 9. Distribution of buildings in Tebbaneh from which water samples were collected

The collected water samples were analyzed for selected physico-chemical (temperature, pH,
color, turbidity, total dissolved solids, residual chlorine and nitrate) and microbiological
parameters (fecal coliform and total coliform) (Table 3) at the AUB Environmental
Engineering Research Center Laboratory. The results of the laboratory analysis are detailed
in Annex 9 and summarized in Table 4 and 5. The water sampling program revealed that the
residual chlorine in the water is relatively low (0.11 mg/l) indicating that by the time the
water reaches the consumer, its disinfection ability has been exhausted, thus increasing the
potential of the water of getting contaminated. Color and turbidity in the water were
detected, as reported by residents in the social survey. Fecal and total contamination was
also detected in several storage tanks. It was suspected that the contamination is originating
from the water plumbing system withing the buildings/households and the lack of
maintenance and cleaning of storage tanks.
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Table 3. List of analyzed parameters and adopted analytical procedures

Parameter Type of analysis Method referencel
pH Potentiometry 4500-H' B

Color Colorimetry, Pt-Co SM 2120C

TDS Electrometry SM 25108
Turbidity Nephelometry SM 2130B

Nitrate Colorimetry: Cd reduction SM 4500 NO3-B
Residual chlorine Colorimetry, DPD SM 4500CI G
Fecal coliform Membrane filtration technique SM 9222B

Total coliform Membrane filtration technique SM 9222D

'APHA et al., 2005

Table 4. Summary of results of laboratory analysis of drinking network water in Tebbaneh

Parameter Range Standard Standard Exceedance
(EPA/ EU/ WHO) N (%)

Fecal coliform 0-3 0 3 (4)

(CFU/100 ml)

Total coliform 0-500 0 18 (24)

(CFU/100 ml)

Nitrate 6.1-27.8 40-50 0 (0)

(mg/L NO3)

pH 6.04-7.84 6.5-8.5 0 (0)

Residual chlorine 0.01-0.3 >0.5 76 (100)

(mg/L Cly)

TDS 208-862 500 24 (32)

(mg/L)

Color 0-67 15 14 (22)

(PtCo APHA)

Turbidity 0.98-1.6 1 6 (10)

(NTU)

Table 5. Summary of results of laboratory analysis of water from storage tanks in Tebbaneh

R Range Standard Standard Exceedance
(EPA/ EU/ WHO) N (%)

Fecal coliform 0-9 0 6 (10)

(CFU/100 ml)

Total coliform 0-177 0 26 (41)

(CFU/100 ml)

Nitrate 12-31.8 40-50 0 (0)

(mg/L NO3)

pH 6.36-8 6.5-8.5 1 (0)

TDS 214-897 500 26 (44)

(mg/L)

Color 0-67 15 14 (24)

(PtCo APHA)

Turbidity 0.98-1.6 1 6 (10)

(NTU)

Samples from 15 bottled water brands commonly sold in the Tebbaneh area were collected
(5 different batches per brand) and analyzed for fecal and total coliforms, as well as nitrates
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over a period of three months (December to February). The results of the laboratory
analysis are presented in Table 6 revealing that, out of 15 brands, 2 were contaminated with
fecal coliform, 7 with total coliform, and none with nitrates. These results raise some
concern, since the residents of Tebbaneh perceive the quality of bottled water to be
acceptable and better than that of the network water, thus resorting to it when a household
member is sick.

Table 6. Summary of results of laboratory analysis of bottle water in Tebbaneh

Standard Standard Exceedance

Parameter Range (EPA/ EU/ WHO) N %)

Fecal coliform 0-207 0 1 (4)
(CFU/100 ml)

Total coliform 0-147 0 4 (24)
(CFU/100 ml)

Nitrate 2.2-49.5 40-50 0 (0)

(mg/L NO3-)

For comparative assessment, the sampling program was expanded to Jordan whereby
bottled water samples from six brands commonly sold in Jordan were collected, transported
on ice, and analyzed for the same parameters at the AUB laboratory. Fecal coliform, total
coliform, and nitrate levels were found to be within national and international drinking
water standards. Samples from surveyed households in Jordan could not be obtained
because of required governmental approval and potential sensitivities. It was also intended
to extend the sampling program in Jordan to the water supply network in An-Nasr to
compare its quality with that of Tebbaneh and gain better insight on the potential sources of
contamination. However, this was not feasible due to restrictions by the water authority in
Jordan.

In August 2010, around 34 samples from the drinking water network and 40 samples from
household tanks were collected from households that were not covered in the initial water
sampling campaign and where diarrhea cases were reported during the social field survey.
Total coliform was detected in 20 tank water samples, 15 of which are located in the attic.
The results of the laboratory analysis are summarized in Table 7 and detailed in Annex 10.

Table 7. Summary of results of laboratory analysis of addtional water sampling in Tebbaneh

o e Standard Standard Exceedance

(EPA/ EU/ WHO) N (%)

DRINKING NETWORK WATER
Fecal coliform 0-1 0 3 (2.9)
(CFU/100 ml)
Total coliform 0-160 0 18 (47.1)
(CFU/100 ml)
STORAGE TANK WATER

Fecal coliform 0-80 0 3 (7.5)
(CFU/100 ml)
Total coliform 0-200 0 18 (57.5)
(CFU/100 ml)
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4.2.3 Medical survey

Alongside the social survey, a survey of medical facilities frequented by Tebbaneh residents
was conducted. As a first step, the Lebanese Ministry of Health was contacted to explore the
type of official data that might be present on waterborne diseases, particularly diarrhea and
typhoid. However, due to significant under-reporting, it was decided to collect the data
directly from the health facilities in the Tebbaneh study area. According to the data
collected in the needs assessment survey, nearly 77 percent of surveyed households in
Tebbaneh resorted to dispensaries for medical care. Furthermore, more than 90 percent of
these households frequented five main dispensaries in the area, namely, Al Rahmah, Al Azm
Wal Saadah, Al Daawah, Al Hariri, and Al Hamidi. As such, the survey of medical facilities
targeted these five dispensaries, with three of them located within Tebbaneh (Al Rahmah
dispensary having an additional branch for illnesses requiring therapy using intravenous
fluids (IVF)) and the other two outside Tebbaneh (Figure 10).

Location of Surveyed Dispensaries

]

Al Rabmah 2

Figure 10. Location of surveyed dispensaries within Tebbaneh

For this purpose, a questionnaire was developed and administered to responsible personnel
at the five dispensaries (Annex 11). The questionnaire inquired about the number of
diarrhea and typhoid cases recorded in each dispensary during the period extending
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between September 2008 and September 2009. It also solicited information about common
medications prescribed for diarrhea and typhoid cases, as well as the average cost of
treatment. The sources of data used regarding the number of diarrhea and typhoid cases
differed from one dispensary to the other. Data were obtained from physicians’ daily log
books, patients’ medical files, or from the dispensary’s admittance records (Table 8 and
Table 9). The AUB team along with the local surveyors assisted in collecting data on the
number of diarrhea and typhoid cases in certain dispensaries. Note that data from some
dispensaries contained some gaps. The total reported annual diarrhea cases were estimated
at 61 per 1000 population. This number is significantly lower than the estimated prevalence
of diarrhea among children based on the social survey (281 per 1000 for children under 1 yr
and 113 per 1000 for children between 1 and 10 yrs). This may be attributed to the fact that
not all diarrhea cases resort to a dispensary for treatment. Many are self-treated at home,

using medication prescribed by the local pharmacists.

Table 8. Number of diarrheal cases as reported by the most frequented dispensaries in Tebbaneh

Dispensar iTnyie;iioj;ted A ’;’”;" be:"gD"a”heal coses Notes
p y g Period B Unspecified | Total
records yrs | yrs
Al Azem wal . . 01/09/08 to
Saadah Patients files 01/09/09 194 | 196 390
Data over a
Physicians log 01/03/08 to
Al Rahmeh books 08/09/09 100 | 78 19 197 6 m.onths
period
?claiaezmeh Entrance log 02/09/08 to a2 "
requiring IVF) books 31/08/09
. Computer 01/09/08 to
Al Hariri database 01/09/09 202 202
Calculated as
the annual
Entrance log 01/09/08 to average of
AlD h 131 181
aawa books 01/09/09 >0 3 8 reported
cases for the
past 3 years
01/01/09 to
Data over 2
. . . 28/02/09 and
Al Hamidi Patients files 01/07/09 to 25 40 65 Z-er:;g;ths
21/08/09 P

Table 9. Cost of medication and treatment of diarrhea and typhoid cases as reported by the top five
dispensaries in Tebbaneh

Dispensar Dispensary fees Medication costs for Medication costs for
p y (LL/ admittance) Diarrhea cases (LL/ case) Typhoid cases (LL/ case)
Al Azem wal Saadah 1,000 0 (Free) 0 (Free)
Al Rahmeh 3,000 10,000-15,000 -
IAVIFF;ahmeh (Cases requiring 0 10,000-75,000 45,000
Al Hariri 5,000 6,000-36,000 24,000
Al Daawah 0-5,000 4,500-20,000 4,000-25,000
Al Hamidi 6,000-9,000 22,000-55,000 17,500
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Data collected through the household and medical surveys were used to conduct the
assessment of health and socio-economic burden of water pollution on the Tebbaneh
residents, as detailed in Section 4.4.2.

4.2.4 General observations

Finally, it was observed that, in general, in Tebbaneh, significantly low hygiene practices
persist on streets and within households, which may also contribute to diarrheal diseases
(Figure 11). Furthermore, solid waste management was considered to be another important
environmental issue in Tebbaneh that required attention, whereby excessive littering was
noted in building stairways and on empty land, despite the adequate distribution of solid
waste collection bins in the area (Figure 12). Residents complained about this issue and the
associated pest infestation, including mosquitoes and rats.
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Figure 12. Some observations illustrating solid waste dumpimg and littering

4.3 Infrastructure Mapping and GIS Development

As a first step in this activity, several meetings were held between the AUB team and the
Tripoli Municipality Engineering Department and GIS office, with the aim of delineating the
‘Actual Tebbaneh’, which spans over 5 cadastral zones of Tripoli and to initiate the

development of the GIS based socio-economic database for Tebbaneh besides its
infrastructure (Figure 13).

(buildings, sewer network, manholes, storm water drainage network)

The development of the concept for the GIS Municipal Support System was then initiated
based on the fact that, while sanitation is at the core of Municipal mandate, limited
resources are available to deal with the needed investment and interventions. As such,
prioritization of investment to maximize the number of poor population served is essential
to minimize negative health impacts and cope with budget limitations. The GIS Municipal
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Support System was anticipated to assist the Municipality in the prioritization of
investments. Figure 14 outlines the proposed Sanitation GIS Optimization Concept Model.

Existing conditions
(Data layers, survey results, etc.)
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Figure 14. Sanitation GIS Optimization Concept Model

The conceptual model was planned to cover the mapping of existing conditions and the
results of the social and infrastructure surveys in a compatible geographic database for the
pilot project area. The database was expected to include layers representing buildings,
neighborhoods, sewer and drainage networks, and to integrate data and information
related to population, health condition, buildings location, buildings internal sewer and
drainage network conditions, cost of rehabilitation/upgrade of these internal networks,
connectivity conditions of buildings to existing sewer and drainage networks, cost of sewer
and drainage network coverage, sewer and drainage network conditions, cost of
rehabilitation/upgrade of these sewer and drainage networks, etc. Once the database was
set, it was intended to develop the model to examine potential interventions using the
geographic database under various conditions. Thereafter, simulation results would be
analyzed in the context of intervention cost, poor population served, and alleviation of
health burdens to select the optimal intervention according to preset criteria. Finally, the
optimized solution would be mapped in terms of how and where the intervention occured.

However, based on the fact that new sewage and water networks have been recently
installed in the Tebbaneh area, it was decided that the development of a GIS Municipal
Support System will not be as beneficial as it was first envisaged in terms of locating
potential pilot interventions, which will be restricted to individual buildings/ households.
Accordingly, the GIS use was concentrated on spatial analysis, whereby the results of the
social survey and the water sampling program were mapped in an effort to identify priority
areas for pilot interventions. The main parameters that were mapped included the
distribution of diarrhea cases, the distribution of buildings reporting wastewater related
problems, and the buildings where water pollution was detected. A sample of the GIS spatial
analysis output is presented in Annex 12. The analysis revealed that all five zones within the
Tebbaneh area suffered almost equally from wastewater related problems and from the
prevalence of diarrhea, despite the fact that the field observations revealed that Zone 1, or
what is commonly known as the vegetable market, exhibited the worst conditions. Thus, no
clustering of environmental problems was discerned.
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The GIS spatial analysis also assisted in selecting buildings as a first alternative for potential
interventions (Error! Reference source not found.). The selection process of the 10
buildings is detailed in Section 4.4 below.

Petential Buildings For Implementation
of Water Intervention in Tebbaneh
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Figure 15. Location of the selected buildings for intervention

4.4 Pilot Interventions: Definition and Implementation

Based on the outcome of the field surveys in the An-Nasr region of Jordan and the
Tebbaneh region in Lebanon, and the comparative analyses, pilot interventions were
defined and implemented in coordination with the community and the municipality. These
interventions are either structural or non-structural in nature as described below.

4.4.1 Structural Pilot intervention

The definition of the structural pilot interventions was an extensive, iterative process,
whereby various modifications to the original idea were required due to community and
physical constraints, as detailed in this section.

Based on the comparative assessment between An Nasr region of Jordan and the Tebbaneh
region in Lebanon, it was evident that pilot interventions need to target water supply in
Tebbaneh, rather than wastewater disposal, whereby a new sewage network was already in
place. The high incidence rate of diarrhea among children in Tebbaneh as compared to that
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reported in Irbid was likely to be associated with the uncommon aspects of the water supply
system observed in Tebbaneh, including the absence of storage reservoirs in the building
basement, the presence of individual water pumps installed in the basement and the old
storage tanks located in attics. In Irbid, incoming water in a building was stored in a
common, sometimes compartmentalized reservoir, before being pumped to roof-top tanks
(Figure 16). The negative pressure created by the individual water pumps as well as the use
of attic water storage tanks increase the risk of water pollution in Tebbaneh. Accordingly,
the first proposed intervention involved collecting the incoming water for the whole
building in a common reservoir at ground level. Water can then be pumped to roof-top into
individual storage tanks (Figure 16).
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— D
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Individual pumpsin basement ’ _
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a) Existing condition b) First proposed intervention

(commonly encountered in Irbid)

Figure 16. Existing water supply conditions in Tebbaneh and the first proposed intervention

In order to select the buildings where this intervention may be implemented, associations
between selected variables were tested using SPSS. The variables of interest from the social
survey included the reported incidence of diarrhea in the three months preceeding data
collection and the type of household storage tank (roof top vs attic). The variable of interest
from the water sampling program was the presence/absence of fecal and total coliforms in
the analyzed water samples. The Chi Square test was used to test associations between
categorical variables (type of storage tank, presence/absence of diarrhea incidence,
presence/absence of water pollution) and the Analysis of Variance (ANOVA) test was used
to test associations between categorical and continuous variables (mean incidence of
diarrhea cases, concentrations of fecal and total coliforms). The detailed results of the
tested associations are presented in Annex 13. Significant associations were found between
the type of storage tank used (attic vs. roof top) and the presence of total (p = 0.07) and
fecal (p = 0.005) coliforms in the water and between the type of storage tank and the
reporting of diarrhea cases (p = 0.067). No association was found between diarrhea cases
and reporting of wastewater problems (Table 10).
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Table 10. Tested associations between selected variables

Variables tested Association P-value
‘Tank Type’ x ‘Presence/absence of Total Coliform’ Yes 0.07
‘Tank Type’ x ‘Presence/absence of Fecal Coliform’ Yes 0.005
‘Diarrhea cases’ x ‘Water Quality’ Cannot be tested

‘Diarrhea cases’ x ‘Tank Type’ Yes 0.067
‘Wastewater Problems’ x ‘Diarrhea cases’ No 0.246
‘Wastewater Problems’ x ‘Presence/absence of Total Coliform’ No 0.122
‘Wastewater Problems’ x ‘Presence/absence of Fecal Coliform’ No 0.391

Hence, buildings exhibiting diarrhea cases, elevated total coliforms, and storage tanks in the
attic were short-listed (10 buildings). Based on the field survey, diarrhea cases were
detected in 121 of the total 330 surveyed households. A total 74 of these households were
visited and water samples were collected from their drinking water tap (74 samples) and
from their storage tanks (63 samples). Total coliforms were detected in water from 26 of the
surveyed households with 10 of them having their storage tanks in the attic. Since no
association was found between wastewater problems and diarrhea cases, the former
variable was not included in the selection process. Annex 14 shows the details of the
building selection process.

A meeting was held at the Tripoli Municipality with representatives from the municipality
and the local NGOs who were cooperating with the AUB team, including Women’s Work
Organization (sl Jesll &xaa), With You Charitable Organization (duelaia¥) &y pall oSas dazaa),
and Women’s Group Charitable Organization (sl Sl +llll 4xaa), During this meeting,
the results of the social surveys and comparative assessment were presented and the
proposed type of pilot intervention was discussed (Annex 15). The participants
communicated their interest in the survey results and their willingness to assist in the
implementation of the pilot intervention.

Following the meeting with the local NGOs, the buildings were inspected in the field by the
AUB team to explore the possibility of implementing the proposed intervention. Physical
constraints such as the number of storeys per building, the presence of space in the
basement for the water reservoir, and social acceptability were naturally taken into
consideration in the selection process. Annex 16 presents a summary of the characteristics
of the inspected buildings as well as photos taken of these buildings during the inspection.
Two buildings were found to meet the above mentioned selection criteria, particularly in
terms of space availability: building TJI0002 and building TB0539. Building TB0539 turned out
to be located in Jabal Mohsen, although geographically it appears to be part of Tebbaneh.
Hence, detailed field exploration for implementing the pilot project in building TJ0002 was
initiated. The selected building has a space of around 4X4m? at ground level as well as a
basement. The ground level space was filled with solid waste and the basement was full of
water leaking from deteriorated pipelines. A meeting was held with the residents of the
building and the proposed pilot project was presented. While the residents expressed great
interest and consent to the proposed project, two constraints surfaced out during the
discussions and field inspections:

1 The building’s system is practically connected to an adjoining building increasing the
total number of apartments to be rehabilitated to 13
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2 The building is owned by someone who recently passed away. His inheritance consisted
of seven individuals who may have different plans about the building

The AUB team contacted the new owners of the building to seek their permission before
proceeding with the implementation of pilot project. However, the building owners did not
allow the installation of water storage tanks in basements. Thus, the pilot intervention then
focused on the replacement of old tanks in the attic with new tanks to be placed on roof-
tops (with associated pumps, piping system, and disconnection of storage tanks located in
attics) to eliminate potential pollution from leaking sewage pipes within the buildings. The
latter intervetion (Figure 17) required the approval of the tenants only who invariably
granted their permission. The process led to interventions in 19 buildings where diarrhea
cases were reported during the social surveys in 2009 and had exhibited bacteriological
pollution in water samples collected from their storage tanks. Figure 18 illustrates the
distribution of the buildings where the interventions were implemented. Details of each
pilot intervention with corresponding photographic documentation are included in Annex
17.
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Figure 17. The second proposed interventions
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* Buildings with intervention

Buildings Surveyed

Buildings in Study Area

Figure 18. Distribution of buildings in Tebbaneh with pilot intervention

Following the implementation of the pilot intervention, the water quality monitoring
program was continued to assess the level of improvement in water quality. Accordingly,
water samples were collected periodically from taps connected directly to the public
network and taps connected to newly installed storage tanks in households where
interventions took place. The samples were analyzed for selected indicators in the field
(residual chlorine) and at the AUB Environmental Engineering Research Center Laboratory
(microbiological parameters: fecal and total coliform). The results were assessed
continuously to provide feedback into the performance of the interventions. While
improvement in water quality was noticeable at many locations, the initial assessment at
other locations highlighted several other potential sources of pollution: within the drinking
water network, within the building pipes, and leakages into the pipes within the building
after the water leaves the storage tank and on its way to the tap outlet (Figure 19).
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Figure 19. Potential sources of pollution at the building level

Regarding the drinking water network, it was found that during the summer, water from the
Al-Mallouli well is used to supplement the dwindling water supply from the spring sources,
namely Hab and Rashine. While water from the springs is treated by filtration and
chlorination before distribution, water from the Al Mallouli Well is chlorinated as it is
pumped into the network, not allowing for adequate contact time for effective disinfection.
This resulted in the supply of polluted network water to various buildings being monitored.
Another issue at the level of the network was water pollution noted immediately following
power cutoffs, which occur on a daily basis, when negative pressure in the network allows
the seepage of wastewater into corroded water pipes. Negative pressure is exacerbated by
the presence of the individual water pumps discussed earlier. Pollution in the incoming
water to the building masked the potential improvement in water quality due to the
implemented intervention. In addition, an unexpected pollution source was noted, whereby
residents spend the evenings on building roof tops, uncapping the newly installed storage
tanks and discarding waste items inside. These sources of pollution were investigated with
on-going mitigation measures. As such, to eliminate waste discarding into water tanks, locks
were installed on most of them. Furthermore, in an attempt to eliminate pollution from
corroded building pipes, an additional intervention was implemented, which included the
installation of new water pipes in 4 buildings where attic tanks were replaced with roof top
tanks. The corresponding households were selected based on the results of the water
quality monitoring, whereby the water sample collected from the drinking tap was
consistently found to be of better quality than the water sample taken from the tap
connected to the tank. This was further confirmed by field inspection. Annex 18 lists the
locations of this intervention, along with illustrating photos.

The analysis of the water quality monitoring results was complex, with the data showing no
clear spatial or temporal trends, due to the various pollution sources and incidents. A
holistic, relatively rough analysis considered each household alone and calculated the
incidences when the quality of the water from the replaced tank was better than the quality
of the water sampled from the attic, before the intervention. Each household was
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monitored, on average, 10 times, with a minimum of 6 times and a maximum of 12 times. In
the cases where no data was available before the intervention, only instances when
microbiological pollution was zero were counted. Accordingly, and taking Total Coliform as
a surrogate indicator, the percent of the times when improvement in water quality was
detected following the replacement of tanks in attic with roof-top tanks ranged between
zero and 100 percent, with an average of 52 percent. In fact, in 18 out of 29 households,
improvement was detected 50 percent or more of the times the water was sampled. Annex
19 presents the detailed results of the Water Quality Monitoring Program.

4.4.2 Non-structural activity: Socio-economic assessment of water pollution

This activity involved conducting a health valuation to assess the socio-economic impact of
sub-standard water quality, sanitation and hygiene in the Tebbaneh area. This was followed
by a cost-benefit analysis (CBA) with the objective to assist decision-makers and planners in
justifying the allocation of investment funds for infrastructure interventions and proper
service provision.

The socio-economic burden of water pollution on the Tebbaneh residents for the year 2009
was estimated based on the results of the household and dispensary surveys that were
conducted in 2009 and that were described in detail in sections 4.2.1 and 4.2.3. The
valuation techniques for morbidity and mortality impacts of water pollution that were
adopted include the Cost of lliness (COIl), the Averted Behavior (AB), and the Disability
Adjusted Life Years (DALY) approaches for morbidity valuation, and the Human Capital (HC)
and the Willingness to Pay (WTP) approaches for mortality valuation.

Morbidity valuation

Based on the assumption that 88% of the reported diarrheal cases are attributed to unsafe
water supply, inadequate sanitation and hygiene (Wilkinson, 2009), and that the cases are
distributed uniformly throughout the year, with no seasonal variations, the annual incidence
of diarrhea in the Tebbaneh study area for the year 2009 was estimated from the household
survey results at 33.1 percent, which amounts to a total of 9,197 cases. The age distribution
of the reported cases is presented in Table 11, whereby ~32 percent of the cases are less
than 5 years of age and ~34 percent are in the productive age of 18 to 65.

Table 11. Distribution of expected annual diarrheal morbidity cases by age group

Age Morbidity

Group Reported cases (%) Estimated cases (n)
1to5 32 2,962

6to 18 30 2,754

19to 65 34 3,170

66+ 4 311

Total 100 9,197
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The COI approach

The direct cost of illness, which consists of all medical expenditures associated with the
onset of water-related diarrhea within the study area, was estimated to range between 0.36
and 1.45 million USD in the Tebbaneh area for the year 2009 (Table 12).

Table 12. Direct cost of iliness by type of medical service sought in the Tebbaneh area

Type of Medical Percent distribution of | Number of cases Cost of lllness per Total cost of illness

Service cases case (USD) (USD/year)
Hospital 17 1,577 225.7 -779° 355,929- 1,228,483
Dispensary 26 2,417 0.67 - 50° 1,619 - 120,850
Private clinic 11 1,051 1.6 - 59.3° 1,682 - 62,324
Pharmacy 19 1,787 1.6-22.3° 2,859 - 39,850
None 26 2,365 0° 0

Total 100 9,197 362,089 - 1,451,507

® Based on a survey of hospitals throughout Lebanon conduct as part of a student’s MS thesis
® Based on the survey of dispensary conducted part of this project
C .
Based on the household social survey
“Based on interviews with pharmacists conduct as part of a student’s MS thesis

The main assumptions for the above estimations are as follows:

— The type of healthcare sought by all patients in Tebbaneh is reflected in the household
survey

— The average hospital stay for the treatment of diarrhea is 3 days

As for indirect cost of illness, which corresponds to lost productivity, or the opportunity cost
of days missed from work due to sickness, it was estimated at 0.163 million USD, based on
the following assumptions:

— Each clinically reported diarrhea case (i.e. only severe cases are usually reported) aged
18-65 misses 4 days from work, for both treatment and recovery, irrespective of the
type of healthcare sought

— Diarrhea cases who are members of the labor force work 26 days per month with an
average wage of 332 USD/month, or an equivalent of 13 USD/week

— Lost productivity of caregivers was not accounted for since around 84 percent of them
are housewives who are mostly not members of the labor force

Accordingly, the total COI for the year 2009 associated with poor drinking water quality
within the study area ranged between 0.525 and 1.614 MUSS/year (Table 13).

Table 13. Total Cost of lliness in Tebbaneh for 2009

Cost of illness Cost (MUSS/year)
Direct cost of lliness 0.362-1.451
Lost Productivity 0.163

Total 0.525-1.614
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The Averted Behavior Approach

This approach valuates the costs incurred due to behavioral changes adopted in response to
environmental damages, which is water pollution in this case. The main aversive behavior
noted in the study area involved the purchase of bottled water as a ‘clean’, alternative
water source. According to the social survey, around 26 percent of the households purchase
bottled water as the exclusive source of drinking water, whereas 70 percent of the
households reported resorting to bottled water either during sickness or whenever water
quality is perceived as polluted. The rate of bottled water consumption was also estimated
from the social survey to range from a minimum of 0.58 L/capita/day where bottled water is
purchased during the winter season and used only for drinking purposes, to a maximum of
1.52 L/capita/day where bottled water is purchased during summer and used for both
drinking and cooking (Table 14).

Table 14. Average bottled water consumption by use and season of the year

Use Water consumption (L/capita/day)
Summer Winter
Drinking 0.78 0.58
Cooking 0.74 0.64
Total 1.52 1.22

Given that the cost of bottled water in Tebbaneh ranges between 0.07 and 0.67 USD/Liter,
depending on the brand and the volume of the containers, the annual cost of purchasing
bottled water by the Tebbaneh population is estimated to range between 0.11 and 7.23
Million USD.

The Disability Adjusted Life Years (DALY) approach

Cost-of-lliness studies do not account for pain and suffering or the value of lost leisure time.
Measuring the burden of water-related illnesses, more specifically diarrhea, through the
adoption of the Disability Adjusted Life Years (DALY) approach compensates for this
inaccuracy. Thus, based on an average duration of 4 days per diarrhea case and a severity
weight of 0.11 (Murray and Lopez, 1996), the total number of DALYs lost because of pain
and discomfort resulting from diarrhea is estimated at 10.4. For a GDP of 8,175 USD/capita
(World Bank, 2011), the estimated cost of years lost due to disability caused by diarrhea is
85,020 USD (number of DALYs x per capita GDP). Furthermore, in the absence of specific
estimates for Tebbaneh, an adjusted GDP of 3,984 USD/capita was used, based on the
minimum wage of 332 USD per month. Accordingly, the estimated cost of years lost due to
disability caused by diarrhea, using the adjusted GDP, amounted to 41,434 USD.

Based on the above estimations, the yearly total cost of morbidity resulting from diarrhea
ranged between 0.72 and 8.93 million USD using the national GDP (Table 5), which
constitutes 0.3 to 3.9 percent of the GDP in the Tebbaneh area for the year 2009. Using the
adjusted GDP, the yearly total cost of morbidity resulting from diarrhea ranged between
0.68 and 8.88 million USD, thus constituting 0.6 to 8.0 percent of the GDP in the Tebbaneh
area for the year 2009.
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Table 15. Summary of estimated damage cost from morbidity associated with inadequate
water, sanitation and hygiene (base year 2009)

Parameter Value Value using adjusted
GDP

Number of cases considered 9,197 9,197

Cost of illness (million USD) 0.525-1.614 0.525-1.614

Cost of avertive behavior (million USD) 0.11-7.23 0.11-7.23

Cost of years lost due to disability (million USD) 0.085 0.041

Total morbidity cost (million USD) 0.72-8.93 0.68-8.88

Mortality valuation

Regarding child mortality associated with diarrhea, and based on data from the Ministry of
Health (1996), a CBS/UNICEF report (2001), and estimates from a World Bank study (2004),
it is estimated that about 260 children die (10 percent of all child deaths) every year in
Lebanon from diarrhea diseases associated with inadequate potable water, sanitation and
hygiene, which would result in an average of 6 child deaths per 100,000. The population in
the Tebbaneh area is estimated at around 27,800. This would correspond to 2 child deaths
associated with sub-standard water quality, sanitation and hygiene. A United Nations
Development Program study (UNDP, 1995) reported that in 1990 each child under five is
exposed, on average, to 3.5 incidents of diarrhea each year, causing the death of 750
children per year. This would correspond to 17 child deaths per 100,000 or to 5 cases in the
Tebbaneh area. Note that the estimated mortality rates are considered as an
underestimation since the study area is one of the poorest in the country and is expected to
have a child mortality rate that is higher than the national average child mortality rate.

Human Capital Approach

According to the Global Burden of Disease approach (Murray and Lopez, 1996), the WHO
(2004) estimated that the death of a child under five represents the loss of 33 DALYs. Thus,
the estimated child deaths in the Tebbaneh area represent an annual loss of 66 to 165
DALYs. Using the human capital approach (HCA), if one year of a person’s life is lost, society
loses, at the very least, the contribution of this person to production, approximated by the
the GDP per capita in Lebanon for the year 2009, for income during the ages of 18 to 65
years. One DALY is the equivalent GDP per capita and is assessed at 8,175 USD, using the
national GDP, and 3,984 USD, using the adjusted GDP. Thus, the loss of DALYs due to
children mortality ranges between 0.54 and 1.35 million USD using the national GDP and
between 0.26 and 0.66 million USD, using the adjusted GDP.

Willingness to Pay Approach

While WTP data for Lebanon are not available, WTP estimated in Europe and North America
can be applied by adjusting for GDP per capita differentials. The adjusted WTP in Lebanon
for mortality risk reduction of adults was estimated at 31,500 for the year 2009.
Accordingly, the loss of DALYs due to children mortality, based on the willingness to pay

1 The adjusted WTP was reported at 21,000 USD for the year 2004 (World Bank, 2004) and estimated at 31,500 USD for the year 2009,
based on an income ratio of 1.5 between the years 2004 and 2009
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approach is estimated to range between 2.08 and 5.20 million USD (Table 16). As such, the
damage cost due to infant premature mortality, taking both the HCA and WTP approaches
into account is estimated to range between 2.62 and 6.55 million USD, using the national
GDP, constituting 1 to 2.6 percent of the GDP in the Tebbaneh area for the year 2009. Using
the adjusted GDP, the damage cost due to infant premature mortality was estimated to
range between 2.34 and 5.86 million USD, constituting 2 to 5.3 percent of the adjusted GDP
in the Tebbaneh area for the year 2009.

Table 16. Summary of estimated damage cost from mortality associated with inadequate
water and wastewater management (base year 2009)

Parameter Value
Using National GDP \ Using adjusted GDP

MORBIDITY VALUATION
Cost of illness (million USD) 0.525-1.614 0.525-1.614
Cost of avertive behavior (million USD) 0.11-7.23 0.11-7.23
Cost of years lost due to disability (million USD) 0.085 0.041
Total morbidity cost (million USD) 0.72-8.93 0.68 — 8.88
% GDP

MORTALITY VALUATION
Human Capital Approach 0.54-1.35 0.26-0.66
Willingness to Pay Approach 2.08-5.20 2.08-5.20
Total mortality cost (million USD) 2.62-6.55 2.34-5.86
% GDP 1.0-2.6 2.0-5.3

TOTAL VALUATION

Total mortality cost (million USD) 3.34-15.48 3.02-14.74
% GDP 1.5-6.8 2.7-14.0

In total, the socio-economic burden incurred by the population in Tebbaneh due to
morbidity and mortality resulting from water-related diarrhea, was estimated using the
national GDP to range between 3.34 and 15.48 million USD for the year 2009, thus
constituting 1.5 to 6.8 percent of the GDP in the project area. Using the adjusted GDP, the
socio-economic burden incurred by the population in Tebbaneh was estimated to range
between 3.02 and 14.74 million USD for the year 2009, thus constituting 2.73 to 13.97
percent of the GDP in the project area (Table 6).

4.4.3 Non-structural activity: Cost-Benefit Analysis

Given the results of the health valuation, a cost-benefit analysis (CBA) for relevant
interventions defined in this project was conducted with the objective of assisting decision-
makers and planners in justifying the allocation of investment funds for infrastructure
interventions and proper service provision in Tebbaneh.

Costs

Several types of interventions at the building/household level were identified throughout
this study to eliminate pollution sources and improve the quality of water at the point of use
in Tebbaneh, including (1) the replacement of tanks in the attic with roof top tanks, (2) the
installation of new water piping systems, starting from the pump at the basement, to the
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roof top tank and to all taps within the household, and (3) the installation of a new
wastewater plumbing system. The capital and operation expenditures (CAPEX) of several
alternative options for intervention implementation were examined. It was assumed that 20
% of the households in Tebbaneh are in relatively good condition, and will therefore be
excluded from all proposed interventions. The total estimated number of households in
Tebbaneh amounts to 4,787. The following alternatives were considered:

Alternative 1: The installation of new plastic roof top storage tank in 50 to 80 percent of the
households. This range was considered since around 50 percent of the households in
Tebbaneh still have tanks in the attic which need replacement. In addition, it was assumed
that 60% of the existing roof top tanks are old and unmaintained and require replacement.

Alternative 2: The installation of a new water piping system in 80 percent of the households
within Tebbaneh to eliminate the risk of wastewater infiltration into the water pipes and to
protect the supplied water from recontamination.

Alternative 3: The installation of a new wastewater plumbing system in 80 percent of the
households within Tebbaneh to eliminate the problems of leakages, clogging, and broken
pipes and the associated risk of wastewater infiltration into the water piping system or
accumulation in basements.

Alternative 4: The implementation of both Scenarios 1 and 2, thus replacing the whole
water piping system along with the storage tanks in 50 to 80 percent of the households.

Alternative 5: The implementation of both, Scenario 3 and 4, thus replacing the water and
wastewater plumbing systems in 50 to 80 percent of the households.

Table 17 defines the level of capital investment associated with each alternative, which is a
function of the parts required and the number of households involved. As for annual
operation and maintenance (O&M) costs of these interventions, they were estimated at 10
percent of the capital costs. An annual discount factor of 4 percent was assumed.

Table 17. Summary costs of interventions according to the five scenarios

Scenario Description (Z,;Z/CZ’;ZZ; ffslidt) To)fg/{ ggg;)frlrecf? *
(million USD)
Alternative 1 | New plastic roof top storage tank 500 - 1,000 1.3-3.9
Alternative 2 New water piping system 500 - 1,000 1.9-3.9
Alternative 3 | New wastewater plumbing system 2,000 — 4,000 7.8-15.6
Alternative 4 Scenario 1 + Scenario 2 1,000 - 2,000 3.2-7.8
Alternative 5 Scenario 3 + Scenario 4 3,000 - 6,000 11.0-234
Benefits

The health valuation in Tebbaneh defined the socio-economic burden incurred by the
population in Tebbaneh due to morbidity and mortality resulting from water-related
diarrhea. These costs may be translated into potential benefits associated with improved
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water supply and sanitation using the averted cost approach. One option would be to
consider that by implementing the above mentioned interventions, 100 percent of the
estimated socio-economic costs are averted which is the maximum possible benefit that can
be incurred. Another option would be to consider the reduction in the prevalence of water-
related diseases associated with water and sanitation interventions examined by several
studies and summarized in Table 18. Accordingly, considering the upper-bound value of the
first approach and the lower-bound value of the second approach, considerable economic
benefits are expected to result from improving the quality of the water supply and
sanitation, ranging between 0.51 and 14.75 million USD per year.

Table 18. Estimated incurred and averted damage costs associated with inadequate water supply and
sanitation in the Tebbaneh area

Damage cost/benefit of Economic benefit from improved water Potential range of

water pollution and supply and sanitation benefits

Impact inadequate sanitation
Cost” Percent reduction in Benefit (million Benefit (million
(million USD) cases (%) UsD) UsD)

Mortality 2.34-5.86 17-30° 0.38-1.76 0.38-5.86
Morbidity 0.57-1.66 6-39° 0.07-1.29 0.07-1.66
Avertive 0.11-7.23 50-100° 0.06-7.23 0.06-7.23
behavior
Total 3.02-14.75 - 0.51-10.28 0.51-7.8-14.75

® Using the adjusted GDP in the Tebbaneh area, for a population of 27,804
P Cairncross et al., 2011; Fewtrell, 2007;

“Esrey et al., 1991; WHO, 2004; Wakou, 2005

dAssumption

CBA

Each of the five alternatives defined above was analyzed for 6 scenarios based on the range
of costs and benefits adopted, including (a) minimum cost vs. minimum benefit, (b)
minimum cost vs. average benefit, (c) minimum cost vs. maximum benefit, (d) maximum
cost vs. minimum benefit, () maximum cost vs. average benefit, and (f) maximum cost vs.
maximum benefit (Table 19). The results revealed that for Alternatives 1 and 2, which
involve the installation of roof top tanks and water pipes independently, a positive return on
investment is achieved the same year, when average and maximum benefits are considered.
In the case of minimum benefits, positive return on investment is achieved within 2 to 12
years for Alternative 1, and 2 to 18 years for Alternative 2, depending on the costs. Similarly,
regarding Alternative 4, which involves installing water tanks and water pipes
simultaneously, a positive return on investment is achieved from 0 to 2 years, when average
and maximum benefits are considered. However, when considering minimum benefits,
positive return on investment will be achieved after 20 years. As for Alternative 3, which
includes changing the plumbing system in the buildings, it involves more capital cost than
Alternatives 1 and 2. Accordingly, when average and maximum benefits are considered, a
positive return on investment is achieved between 0 and 4 yrs. However, when minimum
benefits are considered, positive return on investment will be achieved after more than 20
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years. As for Alternative 5, which involves implementing all investments simultaneously, it
was found to be economically feasible as well when average and maximum benefits are
considered, with a positive return on investment achieved within 0 to 6 years. Thus, in
summary, for all alternatives, a positive return on investment will be achieved within a
maximum of 6 years, when average and maximum benefits are considered. However, when
minimum benefits are considered, return on investment for most alternatives will be
achieved in more than 20 years.

Table 19. Return on investment for the five alternatives

Scenarios Return on investment (yrs)

(a) (b) (c) (d) (e) ()

Min. cost Min. cost vs. | Min. cost vs. | Max. cost vs. Max. cost Max. cost
vs. Min. Avg. benefit | Max. benefit | Min. benefit vs. Avg. vs. Max.
benefit benefit benefit

Alternative 1
(Roof top tanks) 3 0 0 12 0 0
Alternative 2
(Water piping) 6 0 0 18 0 0
Alternative 3
(Wastewater >20 2 0 >20 4 0
plumbing)
Alternative 4
(Roof top tanks & >20 0 0 >20 2 0
water piping)
Alternative 5
(Roof top tanks,
water piping & >20 3 0 >20 6 3
wastewater
plumbing)

Figure 20 illustrates the cumulative benefits 10 years from implementing the alternatives,
for the various scenarios listed above. A negative cumulative benefit can be noted for most
alternatives when a minimum annual benefit of 0.5 million USD is considered. As for the
scenarios considering average and maximum monthly benefits, the cumulative benefits in
120 years were estimated to range from 17.5 to 123.1 million USD. The cumulative benefits
for Alternatives 1 and 2 are the highest since they entail the least costly investments.
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Figure 20. Cumulative benefit after 10 yrs based on CBA for the scenarios under the 5 alternatives

Finally, a reverse approach was used in the CBA, whereby the annual benefit needed to
reach a breakeven point 10 years from the implementation of the investment was
calculated (Table 20). Accordingly, the estimated annual benefit ranged from 0.2 to 4.61
million USD, which constitute 1.4 to 31.1 percent of the maximum calculated benefit of
14.79 million USD. This is less than the percent range of 17 to 70 percent calculated from
ranges of improvement reported in the literature and adapted in Table 18

Table 20. Annual benefit required for a 10 year return on investment

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5
(Roof top (Water piping) (Wastewater (Roof top tanks (Roof top tanks,
tanks) plumbing) & water water piping &
piping) wastewater
plumbing)
Capital Cost 1.2-3.9 1.9-3.9 7.8-15.6 3.2-7.8 10.9-23.4
(MUSD)
Annual Benefit 0.20-0.54 0.32-1.83 1.25-2.54 0.72-1.64 2.23-4.61
Required
(MUSD)
Percent of 1.37-3.64 2.164-12.35 8.46-17.15 4.86 - 11.09 15.05-31.15
maximum
estimated benefit
(%)

In conclusion, the implementation of any or all of the proposed investments is economically
viable and will result in a positive return on investment with 10 years, at health
improvement rates that are conservatively lower than those reported in the literature.

4.5 Sustainable Urban Development Framework
Based on the community surveys and infrastructure mapping coupled with comparative
analyses and the pilot interventions monitoring and evaluation, the project’s findings were
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summarized into a framework that will bring community contribution to urban planning,
service provision and local policy making. This framework is intended as a stand alone
document that will serve the municipality and/or community organizations as a guide for
current and future urban environmental planning specifically in the Tebbaneh region with
potential extension to other similar urban areas. Accordingly, the Sustainable Urban
Development Framework presented below, was developed to begin with a background
section that provides a brief overview of the Tebbaneh slum and the completed study. It
then highlights the main environmental problems and needs of the area, followed by action
plans that the municipality or other organizations can implement or seek funding for from
the central government or donor agencies, to improve the existing situation and alleviate
the burden on this poor urban slum.
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Sustainable Urban Development Framework

Background

The Tebbaneh area, a disadvantaged urban slum located in the suburbs of the city of Tripoli,
North Lebanon, is deemed amid the poorest and most deprived areas in the country. Back in the
1940’s, Tebbaneh was known as the trade center between Lebanon and Syria, whereby
commercial activities, especially fruits and vegetables trade, were carried out. As a result, the
Tebbaneh was referred to as “The Door of Gold”, and attracted merchants and rich families for
work and residence. Buildings with ancient architectural aspects were constructed and are still
testimony of a flourishing past, albeit witnessing severe degradation. Evidently, the situation in
Tebbaneh has changed dramatically. The flooding of Abou Ali River in 1955 was the turning
point that transformed Tebbaneh into a slum. Furthermore, the civil war (1975-1990), followed
by the current unstable political situation contributed to the spread of chaos and deprivation in
the area. Tebbaneh today is overcrowded, with a population density reaching 10 times that of
any other urban area in the country. Its population is continuously growing within a non-
organized urban fabric characterized by small narrow streets and old and deteriorating
dwellings, especially in the region surrounding the vegetables market. Table 21 shows selected
demographic and socio-economic characteristics of Tebbaneh.

Table 21. General Characteristics of Tebbaneh

Characteristic Magnitude
Overall population (capita) 27,804
Overall area (mz) 400,000
Population density (capita per sz) 69,510
Average family size (capita) 6

Average monthly income (USD) 130
Unemployment rate 12%

A three-year study (2008-2011), funded by the International Development Research Center
(IDRC) and implemented by the American University of Beirut (AUB) in coordination with the
Municipality of Tripoli and local NGOs, defined priority water and sanitation needs in the region
with corresponding social, economic, and cultural barriers contributing to environmental
degradation that exacerbates poverty. Pilot interventions were developed and implemented
with the participation of the community and formed the basis of a Sustainable Urban
Development Framework, highlighting the needs for continuous improvement in Tebbaneh.

Problems and Needs

Several environmental problems were noted in the Tebbaneh region, including inadequate
quality water supply, incomplete wastewater infrastructure, excessive solid waste littering, and
poor hygiene. At the urban level, a new wastewater network was recently installed in Tebbaneh
with connections to most households. While the network has improved sanitation in the area,
problems are still commonly encountered, mainly wastewater flooding on streets. Consultations
with local NGOs indicated that the main factor hindering the adequate operation of the
wastewater network was land ownership, whereby the Municipality at various locations was
prevented from completing the connection to some buildings due to the presence of private
lands and its inability to excavate in them. At the building level, the main problem encountered
is deteriorated plumbing systems (leakages, clogging, broken pipes) and wastewater
accumulation in building basements, thus creating foul odors and attracting insects and rodents
that promote the spread of diseases.
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Similarly, while a new water distribution network has been installed, it remains non-operational
because associated appurtenances including water meters and cabinets were vandalized.
Accordingly, old worn out and corroded pipes, situated below the new wastewater network
continue to be used. The existing water network conveys water at relatively low pressure from
three main sources, namely Hab Spring, Rasheen Spring, and Al Mallouli Well. While water from
the springs is treated by filtration and chlorination before distribution, water from the Al
Mallouli Well is chlorinated as it is pumped into the network, not allowing for adequate contact
time for effective disinfection. Water quality monitoring in the Tebbaneh revealed that water
supplied to the Tebbaneh area is of relatively acceptable quality, with few pollution incidences.
However, this water gets contaminated within the deteriorated distribution network. The most
evident instances of pollution are noted immediately following power cutoffs, which occur on a
daily basis, when negative pressure in the network allows the seepage of wastewater into the
corroded water pipes. Negative pressure is exacerbated by the presence of individual water
pumps for every single household at building entrances to pump water to household storage
tanks, located either in the attic (45% of tanks) or on roof tops. Most storage tanks are old,
corroded, and not covered. Uncovered attic storage tanks, which are usually located below
toilet plumbing systems of upper floors, and deteriorated water pipes within the building, are at
an increased risk of water contamination from leaking wastewater pipes.

The quality of groundwater was generally found to be poor and unsafe for domestic usage, due
to elevated levels of coliform, originating from wastewater contamination. Fortunately, reliance
on groundwater is minimal. In addition, around 26 percent of Tebbaneh households supplement
their network source with bottled water. Many residents mentioned buying bottled water when
the network water seems turbid and when a member of the household is ill. However, water
quality analysis of commonly consumed bottled water brands (unlicensed) in Tebbaneh revealed
that 24 percent of the analyzed samples were polluted with Total Coliform and were not
suitable for drinking.

Finally, poor hygiene at the household level and excessive solid waste littering at the building
and slum level, exacerbate an already difficult situation. Lack of awareness and low education
levels coupled with poverty are at the core of a negligent and indifferent social behavior.

Sustainable Urban Development Framework

Sub-standard water quality, sanitation and hygiene in the Tebbaneh area were associated with
an elevated annual incidence of diarrhea, estimated at 33.1 percent for the year 2009,
amounting to a total of 9,197 cases, with around 32 percent of the cases impacting children 5
years of age or less with suspected two diarrhea-related child deaths per year. This incidence
rate more than six fold the national annual incidence of diarrhea of 6 percent (IPSOS, 2004), but
is comparable with heavily populated poor urban areas in China and India, where waterborne
diarrheal incidence rates were estimated at around 35 and 57 percent, respectively (World
Bank, 2007; Jadhav et al., 2011). Increased morbidity and mortality impose a socio-economic
burden on the population in Tebbaneh, estimated to range between 2.93 and 14.79 million USD
for the year 2009, thus constituting 1.3 to 6.5 percent of the GDP in the project area and
emphasize the need to adopt a sustainable urban development framework with a clear action
plan to improve the existing situation and alleviate the burden on an already impoverished
urban slum. The framework encompasses social and physical interventions at the slum level and
at the building/household level as outlined below. While the implementation of individual
interventions is helpful, the realization of the framework in a holistic manner is expected to
maximize its anticipated benefits.
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1. Atthe Tebbaneh level:

Water distribution through the old network should be discontinued as soon as possible. Missing
appurtenances should be provided and reinstalled. The new water distribution network should
be put into operation, whereby water would be supplied at adequate pressure, eliminating the
need for individual pumps in building basements and minimizing the risk of wastewater
contamination within the network. The quality of the supplied water needs to be monitored on
a regular basis. These activities fall under the jurisdiction of the North Lebanon Water
Establishment (NLWE) in coordination with the municipality.

In the case where the new water network cannot be discontinued, it is suggested to eliminate
the individual household pumps and install a common compartmentalized water reservoir at the
building basement to serve all households within the building. As such, the incoming water for
the entire building will be collected in a common reservoir at ground level. Water can then be
pumped to the roof-top into individual storage tanks. The installation of such a reservoir
requires space at building basement, the consent of the building owner, and approval and
proper management by the NLWE and the municipality.

The Al Mallouli Well that is used as a complementary water source for Tebbaneh must be
appropriately managed. Well water must be properly treated before supply. This requires the
installation of a disinfection tank where water is chlorinated before supply, to ensure adequate
chlorine contact time. This activity falls under the jurisdiction of the NLWE.

The private wells scattered around Tebbaneh with no water quality monitoring must be closed,
as they are contaminated and represent a serious threat to public health. The NLWE must be
able to provide network water to these households as an alternative. This activity should be
undertaken in close coordination between the Municipality and the NLWE.

The vending of bottled water in the Tebbaneh area should be controlled by the Municipality of
Tripoli. The quality of bottled water brands that are not licensed by the Ministry of Public Health
should be continuously monitored by the Municipality of Tripoli and contaminated brands
should be banned. A more radical alternative would be the banning of all unlicensed brands as
long as an alternative clean source is made available at a reasonable cost.

2. Interventions at the building/household level:

Besides the necessity for interventions at the slum level, which can reduce the risks of pollution
at source and during distribution, other interventions are needed in order to minimize risks of
water recontamination at the point of use, namely at the building and household levels. These
interventions are outlined below by order of priority.

All water storage tanks located in attics should be disconnected and replaced by more hygienic
plastic tanks installed on building roof tops. These roof top tanks need to be regularly cleaned
and maintained, as well as tightly locked to ensure that the stored water remains protected
from irresponsible users who frequent rooftops particularly during the summer. This
intervention requires the consent of the household tenant only and may be easily implemented
with minimal funding.

A new water piping system needs to be installed in many households within Tebbaneh to
eliminate the risk of wastewater infiltration into the water pipes and to protect the supplied
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water from recontamination. This intervention requires the consent of the household tenant
only and may be easily implemented at a reasonable cost.

A new wastewater plumbing system also needs to be installed in many households within
Tebbaneh to eliminate the problems of leakages, clogging, and broken pipes and the associated
risk of wastewater infiltration into the water piping system or accumulation in basements. This
intervention may require the consent of the household tenant and owner and may be
implemented, with some short-term inconvenience to tenants, if funding is available.

3. Awareness and Education:

Intensive and continuous awareness campaigns should be conducted year round to target
primarily women and housewives in Tebbaneh, by teaching them basic principles of safe food
handling practices, hygiene rituals at households, and sound water usage. Campaigns should
focus on simple, practical, and inexpensive techniques that could be easily and sustainably
applied by housewives. For instance, women can be shown the basic techniques of food storage,
fruits and vegetables washing, domestic cleaning activities using detergents and disinfectants, as
well as proper disposal of solid waste. In addition, awareness campaigns should be conducted to
sensitize Tebbaneh residents towards civic responsibilities and environmental liabilities such as
respecting public property, keeping houses and neighborhoods clean, and informing responsible
authorities whenever water or wastewater problems occur. There are several active NGOs in
Tebbaneh, with many focusing on women issues that could undertake these campaigns in
coordination with the Municipality.

For longer term impact interventions, the younger generation must be targeted through school
education starting at the primary level. Topics related to personal hygiene, littering, and
environmental protection should be at the core of the educational program. Such involvement
at the school level constitutes the main hope for a future conscious generation with a sense of
responsibility towards their community.

4. Management and policy approaches:

The authority for managing water supply in Tebbaneh is the NLWE. It is responsible for water
treatment and distribution in addition to planning and quality control. The municipality is
responsible for managing and maintaining the wastewater network. Therefore, coordination
between the two authorities is essential for proper planning and design of water and sanitation
activities. A clear division of tasks and distribution of responsibilities are needed to ensure
practicality of intervention and sustainability of works.

Many buildings in Tebbaneh are experiencing serious aging and deterioration and are mostly
occupied by tenants. The problem of property ownership as well as illegal settlements need to
be addressed through fair tenure regulations that keep rights reserved and allow more flexibility
in the implementation of proposed interventions, while ensuring that the poor and
disadvantaged are protected.

Table 2 presents a summary matrix of the Sustainable Urban Development Framework. This
framework favors a hybrid approach that merges “bottom-up” and “top-down” styles for
managing environmental problems in Tebbaneh. It sheds the light on the necessity to involve
the public in decision-making and action through active community participation targeting the
elaboration of a general platform for needed environmental improvements. Accordingly, local
residents are to be engaged along with formal authorities in special committees in order to
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address and discuss current environmental problems and possible solutions, and to incorporate
public needs and values into the planning process. When the dialogue between all stakeholders
is adequately pursued, the proposed plan will be capable of integrating community, policy, and
management, aiming at promoting the prosperity of people and their environment. It will defeat
all bureaucratic and political boundaries by calling for management agreements and public
engagement.

The priority level defined in Table 22 for the activities proposed within this framework was
determined based on the need to minimize negative health impacts incurred within the
community. Accordingly, four indicators were used to prioritize each activity, namely:

Urgency of the intervention

Extent (in terms of population) of positive impacts expected from the intervention
Timeliness of the positive impacts expected from the intervention

Magnitude of constraints associated with implementation (the lower the magnitude of
constraints, the higher the score), such as consent of building owners, space availability,
inconvenience to tenants, governmental bureaucracy, political will, etc.

N E

These indicators were considered to be of equal importance and each activity was allocated a
score ranging between 1 and 3 for each indicator, as illustrated in Table 23. The priority of each
activity was then assigned based on the total score, whereby:

- an activity scoring between 9 and 12 was deemed of high priority

- an activity scoring between 5 and 8 was deemed of medium priority
- an activity scoring between 1 and 4 was deemed of low priority

39



Table 22. Sustainable Urban Development Framework Implementation Matrix

. o I . Budget/ .
Activity Priority | Responsibility Target Timeline i Constraints
= NLWE = Elimination of pollution risk during Urgent 2,000 USD / = Bureaucratic
Launching of the new water . = Municipality distribution building requirements .
e High = Water supply at adequate pressure = Protection of public
distribution network L s
= Elimination of the need for individual appurtenance
water pumps
= NLWE = Elimination of individual water pumps | 6 months 3,000 USD / = Space needed at
_ Installation of = Municipality | = Decrease of risk of negative pressure building building basement
% compartmentalized water Low in the water network = Consent of building
= reservoirs owner
% = Approval of NLWE
S = NLWE = Provision of quality water with Continuous | 5,000 USD for = Space availability
() . . . . .
— Appropriate management of Al High adequate residual chlorine installation
< Mallouli well J = Elimination of risk of pollution at
source
. = NLWE = Control and provision of quality water | Urgent 10,000 USD = Connection of few
Closure of private wells . T
. High = Municipality to few affected households households to the
particularly the mosque well .
public water network
Control of bottled water Hich = Municipality | = Assurance of safe drinking water Continuous | NA? = Regular market
vending g control
o0 = Residents = Elimination of pollution risk at pointof | 6 months | 500USD - = Consent of household
5 Replacemen.t of water :storage . use to 1 year 1,000USD / tenant
'g tanks on attics by plastic tanks | High household » Regular cleaning and
s E on roof tops maintenance
o
< 2 = Tenants = Elimination of pollution risk at point of | 1.5 years | 500USD — = Consent of household
(%)
3 IrTs‘faIIment of new water Medium use to 2 years 1,000USD / tenant
< piping systems household
<

% Not Applicable
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Budget/

Activity Priority | Responsibility Target Timeline et Constraints
= Tenants = Elimination of risk of wastewater 2 years 2,000USD- = Consent of household
= Building infiltration and accumulation in 4,000USD / tenant and owner
Instaliment of new wastewater |\ . | owner basements household * Short-term
plumbing systems inconvenience to
tenant
= Provision of continuous and = Local NGOs = Sensitization of residents towards Continuous | 500,000USD = Provision of incentives
S < | intensive awareness High = Municipality hygiene principles, environmental for regular attendance
ﬁ % campaigns liabilities and civic responsibilities
S S | Introduction of hygiene and = Local schools | = Creation of conscious generation Continuous | NA = Availability of
g 2 | environment related topics High responsible towards the community knowledgeable
< into educational programs educational staff
Coordination between = NLWE = Proper planning and design of water Continuous | NA = Coping with
g > concerned authorities in water | Medium | = Municipality and sanitation activities administrative routine
g 5 | and wastewater
& % . . = Parliament = Flexible implementation of proposed Varying3 NA = Political coordination,
c 2 | Implementation of fair tenure . . . o
g © Medium interventions harmonization and

regulations

acceptability

% Depending on the political atmosphere in the country
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Table 23. Matrix of priorities

Activity Indicators Score Priority

Urgency of | Extent of | Timeliness | Constraints
intervention impacts | of impacts

Launching of the new water

distribution network 3 3 3 2 11 High
Installation of

compartmentalized water 1 1 1 1 4 Low
reservoirs

Approp'rlate management of Al 3 ) 3 ) 10 High
Mallouli well

CIosyre of private wells 3 ) 3 5 10 High
particularly the mosque well

Control of bottled water vending 2 3 2 2 9 High

Replacement of water storage
tanks on attics by plastic tanks 3 2 2 3 10 High
on roof tops

Installation of new water piping

2 2 2 2 8 Medium
systems
Installment of new wastewater ) ) ) ) 3 Medium
plumbing systems
Provision of continuous and 3 ) ) ) 9 High

intensive awareness campaigns

Introduction of hygiene and
environment related topics into 3 2 2 2 9 High
educational programs

Coordination between
concerned authorities in water 2 1 1 2 6 Medium
and wastewater

Implementation of fair tenure

. 2 3 1 1 7 Medium
regulations

Ultimately, such a mechanism will enhance a two-way engagement towards sustainable
environmental management under a policy frame that fits all parties. It will involve stakeholders
starting from the household resident, local community, Non Governmental Organizations
(NGOs), the Municipality of Tripoli under the Ministry of Interior and Municipalities (MolM), the
North Lebanon Water Establishment (NLWE) under the Ministry of Energy and Water (MoEW),
as well as other concerned ministries such as the Ministry of Public Health (MoPH), and the
Ministry of Education and Higher Education (MoEHE). At the higher level, the Council for
Development and Reconstruction will be involved in master planning, funding management, and
implementation, while the Lebanese Parliament and the Council of Ministers will be involved in
legislation. Figure 21 depicts the roles of and linkages between all involved stakeholders in the

implementation of the proposed Sustainable Urban Development Framework.
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© Legislation

Parliament/ Council of Ministers

= Establishment of laws pertaining
to water and health

Y
Implementation & Monitoring
Council of Ministers MoEW
CDR N NLWE
= Master planning Launching of new water distribution
= Securing funds network
= |mplementation of Maintenance of the water network
infrastructure projects Water quality monitoring
Installation of compartmentalized
water reservoirs
Management of Al Mallouli well
v J N 3
MoEHE MolM MoPH
< Municipality of Tripoli L g

educational programs

= Introduction of hygiene and
environment related topics in network

= Maintenance of the wastewater

= Closure of private wells
= Control of bottled water

= Regulation of the bottled
water market

= Provision of health related
awareness

)

vending
7

Household Residents

= |nstallation of rooftop water storage tanks
= |nstallation of new water piping system in house
= |nstallation of new wastewater plumbing system in house

Public Awareness
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Figure 21. Institutional set-up for the implementation of the proposed framework
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4.6 Activities timeline

Throughout the project duration, several constraints delayed project implementation.
For instance, in Irbid, there was a delay in survey administration due to the Holy Month
of Ramadan as well as a delay in reporting due to commitments of the team at the
beginning of the academic year. In Lebanon, the inception of the project as well as all
other activities were delayed due to continuous social unrest in Tebbaneh area, where
the situation is fragile, and where incidences fueled by political tensions occur
continuously. Table 24 outlines the duration of the project activities.
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Table 24. Schedule of activities and deliverables

Project year
Year month

Task/activity Cumulative project month

Establishing a comparative framework

— Community Consultation including
— Field surveys including

Needs Assessment Validation and Prioritization

— Comprehensive and targeted field surveys
— Definition of infrastructure support systems

— Community and capacity building needs, priorities, and
expectations

Infrastructure Mapping and GIS Development

— GIS spatial analysis

1 2 4
2146 10|12 | 2 4 6 8 10 | 12| 2 4 6 8 11012 2 4 6
2146 10 |12 | 14 | 16 | 18 | 20 |22 | 24 | 26 | 28 |30 |32 |34 |36 | 38 | 40 |42

Pilot Interventions: Definition and Implementation

— Water, sanitation, drainage and wastewater infrastructure
for pilot

— Cost-benefit analysis of potential interventions

Generating a sustainable urban development framework
— Monitoring and evaluation of pilot interventions on
improved service provision

— Development of Sustainable Urban Development
Framework

Dissemination
— Reporting
— Workshops/meetings

— Conferences
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5. PROJECT OUTPUTS

Project activities resulted in various outputs that are of significance at the research,
capacity building, and policy and practice levels. At the research level, the main outputs
include:

e A social household survey in Irbid (Annasr) area in Jordan (Annex 1) and in Tebbaneh
(Tripoli) area in Lebanon (Annex 8)

e A clinical (Hospital and Dispensary) survey in Tripoli (Tebbaneh) area in Lebanon
(Annex 11)

e GlIS-based zoning and GIS spatial analysis in Tripoli (Tebbaneh) area in Lebanon
(Annex 12)

e Water quality monitoring program at the
Network and household levels in Tripoli (Tebbaneh) area in Lebanon
Bottled water in Irbid (Annasr) area and in Tripoli (Tebbaneh) area

e Pilot interventions in Tripoli (Tebbaneh) area, which included the installation of new
water tanks at roof tops for households in 19 buildings (Annex 17) and the
installation of new household water piping systems in 4 households (Annex 18)

e Performance assessment of pilot interventions through a water quality monitoring
program

e A master presentation (in English (Annex 20) and Arabic (Annex 5 and Annex 15)) of
the overall project that has been developed and is being updated periodically and
has been used in all workshops and meetings with the community and stakeholders
as well as appraisal missions with IDRC

e Dissemination activities including conferences, workshops, and journal papers are
continuing and will extend beyond the project duration

In fact, currently, four papers are being prepared:

1. A comparative assessment of socio-economic characteristics and environmental
services provision in two poor suburban areas as a driver for improving
environmental services

2. Public perception and economic assessment of bottled water consumption in poor
suburban areas

3. Water qualtity assessment and social challenges in poor suburban areas: The case of
Tebbaneh, Lebanon

4. Cost benefit Analysis of improving water supply and sanitation in poor suburban
areas including the damage cost of waterborne ilinesses

Potential peer reviewed journals that are under consideration to publish the papers
include:

— Science of the Total Environment

— Journal of Environmental Management

— Environment and Urbanization

— Environmental Management

— Environmental Monitoring and Assessment

— Urban Water Journal

— Management of Environmental Quality: An International Journal
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At the capacity level, ouputs include:

e Training of 4 field surveyors in Irbid and 5 in Tripoli on questionnaire administration

e Training of 6 graduate students on water quality monitoring in a poor urban slum

e Awareness of women in the households where the interventions were implemented
regarding water quality and the potential sources of pollution within the households

e Training of 3 graduate students on ways to approach and alleviate environmental
problems in poor communities like the Tebbaneh region. These students worked
tangentially on the project while researching their own thesis topics, which include:

— Abdel Nabi, H. 2010. Public Perception and Economic Assessment of Bottled
Water Consumption in Poor Suburban Areas. Masters Thesis Project. Interfaculty
Graduate Environmental Sciences Program. American University of Beirut. Beirut,
Lebanon.

— Mawla, D. Drinking Water Quality and Socio-economics of Waterborne Diarrhea
in Poor Suburban Areas. Masters Thesis. Interfaculty Graduate Environmental
Sciences Program. American University of Beirut. Beirut, Lebanon. Expected in
February 2012.

— Alameddine, M. Performance Assessment and Cost-Benefit Analysis of Drinking
Water Pollution Mitigation Interventions in Poor Suburban Areas. Masters Thesis.
Interfaculty Graduate Environmental Sciences Program. American University of
Beirut. Beirut, Lebanon. Expected in June 2012.

At the policy and practice level, ouputs include:

e A Sustainable Urban Development Framework translated to Arabic to be used by
community and governmental organizations (Annex 21).

e The establishment of good relationships based on trust and close coordination
between researchers at AUB and the North Lebanon Water Establishment in
monitoring the quality of the water supplied in the public network and identifying
sources of pollution and remediation actions. Additional work is being coordinated
with the Establishment beyond the scope of the project.

e A pitch to a panel of journalists at the Dragon’s Den panel at the World Conference
of Science Journalists in June 2011 (Annex 22).

6. PROJECT OUTCOMES

The project, through lessons learned from An Nasr in Irbid, Jordan, that has similar
societal and demographic characteristics coupled with the field surveys and participation
of the local community and NGOs in conjunction with the local public sector represented
by the municipality in conjunction with consultation with the North Lebanon Water
Establishment, was able to identify the major environmental burdens in the Tebbaneh
region in Tripoli, Lebanon, to implement relatively effective pilot interventions, and
develop a framework for sustainable environmental development. Accordingly, the main
outcomes of the project include:

a. A better understanding and documentation of inter-linkages between water,
sanitation, and housing problems, and poverty exacerbation in the Tebbaneh region:
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o Definition of causes-impacts of service provision and housing problems on
environmental degradation and correlation to poverty aggravation, whereby the
significance of poor water quality was investigated, the various sources of
pollution within the network and within the housing units were identified and
their health-based socio-economic impact through water-related morbidity and
mortality was assessed.

e Determination of the individual housing units that require rehabilitation of
environmental infrastructure, such as houses with tanks in attics and with
deteriorating water piping and wastewater plumbing systems,

e Identification of zones where environmental burdens are weighing most heavily,
namely the vegetable market zone, where housing conditions are the worst and
where problems in environmental quality occur most frequently.

e |dentification of stakeholders and creation of a platform for dialogue to ensure
efficient problem diagnosis and participatory intervention practices, whereby the
municipality and local NGOs as well as the North Lebanon Water Establishement
were periodically consulted since the initiation of the project and were directly
involved in the project activities.

Implementation of pilot interventions to solve water, sanitation, and housing
problems:

e Alleviation of environmental degradation towards improved public health
through better provision of environmental services and infrastructure, including
the installation of new roof top tanks and new water piping systems within
buildings.

e Increased awareness among local stakeholders, including marginalized groups, of
the nature of environmental degradation and existing means for their prevention
and/or remediation.

e Increased capacity of local stakeholders to participate in environmental
management by training selected personnel in survey research, and water quality
management and monitoring.

e Evaluation of the usefulness of the involvement of the local community in
implementation of service rehabilitation interventions, whereby NGO
representatives who accompanied the AUB team increased acceptance of the
residents to the project team and enhanced their collaboration in identifying and
implementing the interventions.

o Diagnosis of policy gaps and institutional weaknesses potentially hindering on-
the ground progress in environmental management and urban development
projects, and threatening the sustainability of solutions. Identified gaps were
related mainly to land tenure, tenancy, bottled water vending, etc. and
institutional weaknesses were mainly evident in drinking water quality and
sanitation monitoring and management.

Definition of a sustainable environmental development framework to be integrated
in strategic planning, policies and practices entrenched in scientific findings:
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e Increased integration of local perspectives (poor housing conditions) in planning
and policy formulation

e Increased influence of voices of marginalized social/gender groups

e Increased capacity of local government to plan efficient intervention

e Scaling-up of lessons learned from successful interventions through integration in
local urban planning and practices

The adopted research design and methods were effective in helping the project identify
interlinkages between water, sanitation, and housing problems and associated socio-
economic burden directly linked to poverty exacerbation. The addition of the water
quality assessment and monitoring component allowed a targeted examination of water
quality problems in a poor urban slum like Tebbaneh.

7. OVERALL ASSESSMENT AND RECOMMENDATIONS

The project was able to successfully meet its objectives and shed light on the
interlinkages between water, sanitation, and environmental services and poverty
exacerbation in the poor urban slum of Tebbaneh and identify and implement soft and
physical interventions to improve the situation there. The comparative assessment with
An-Nasr area, another urban slum in Irbid, Jordan, where environmental services were
improved, was beneficial in highlighting the deficiencies in the water supply system in
Tebbaneh, as well as the importance of the education of housewives.

In terms of development, the project emphasized the significant impact of housing
conditions on the quality of environmental services. It showed that the presence of a
water supply network and a wastewater collection network are not adequate to ensure
acceptable water supply and sanitation. The water piping and wastewater plumbing
systems within buildings have shown to be major sources of water pollution that
contribute to negative impacts on the health and the socio-economics of residents. The
project identified and implemented physical interventions that are relatively simple that
improved the quality of the water at the user level and equally raised awareness of
residents regarding sources of pollution within their buildings emphasizing their
responsibilities and differentiating them from the public water provider who is not the
only party to be blamed. However, what is at stake now is project continuity and the
ability of the Municipality and/or community organizations to secure a funding
mechanism to implement interventions at a larger scale to achieve long term water
quality sustainability.

A major lesson that can be derived for improving future projects is that when
environmental services are provided in a poor urban slum, even if these services are not
proper, the project should focus initially on housing conditions and sources of pollution
within buildings/households. These can often be rectified with minimum institutional
and financial constraints and can have good positive impacts. Another lesson is related
to water quality monitoring in a poor urban slum whereby a program is deigned to
capture peculiarities of the water supply system at both the network and the building-
household levels to better understand the non-conventional sources of water pollution.

49



Given the resources, the project played a beneficial role in highlighting problems and
needs in the Tebbaneh region and developing a Sustainable Urban Development
Framework, a comprehensive approach to address these problems at various levels.
Adpoting this Framework through committed local stakeholders is paramount to
obtaining funding for its implementation.

In closure it should be recognized that to date, the politically fragile situation in the
project area allowed for limited dissemination of project findings to raise awareness
with respect to sources of pollution and hygiene practices at the building/household
levels. Efforts in this context will continue after the project duration through various
outlets locally and beyond.
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Annex 1.
Irbid Field Questionnaire



Participatory Improvement of Water and Sanitation Services in Tripoli through a Comparative
Analysis in Irbid, Jordan

Questionnaire Identification

All Country Al5 Housing unit number ]
Al2 Neighbourhood ]
AI3 | Building ||| | [
Al4 | Floor 1 |
Schedule
AVL | First Visit | |DD|__'|V|M| | AT1  Start of interview (time) L hhi_r|nm L
. . hh-mm
AT2  End of Interview (time) L H L
AV?2 | Second Visit | |DDl-_II\/IM| | AT3 Start of interview N hhi_rrm N
AT4  End of Interview L hhi_r|nm L
AVS | Third Visit | |DD|__I|V|M| | AT5  Start of interview L hhi_Tm L
AT6  End of Interview L hh-l_r|nm L
AV4 | Fourth Visit | |DDl-_Il\/IM| | AT7 Start of interview N hh-l_n|1m N
AT8  End of Interview L hhi_Tm L
AV5 | Fifth Visit | |DD|__'|V|M| | AT9  Start of interview L hhi_r|nm L
AT10 End of Interview L hhi_rrm L
AV6 | Total visits carried out |
AV7 | Editing Date DD-MM I I
AV8 | Coding Date DD-MM |
AV9 | Data entry Date DD-MM | A
Staff
AS1 | Interviewer | || AS4 Coder [
AS2 | Supervisor ||| AS5 Data entry operator [
AS3 | Editor 1|
Respondent
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1 Introduction

Providing water and sanitary services to areas characterized by poverty and high population
densities faces extraordinary challenges that have to be overcome to ensure its success.
These may include, but not limited to, the lack of the basic infrastructure or the area needed
for these services, the inability or the unwillingness to pay for these services, lack of
education and health awareness, ethnic or cultural background, administrative or political
constraints, and other local conditions. Understanding the nature of these factors and their
interactions necessitates a thorough participatory approach that involves all stakeholders
with emphasis on local inhabitants, and the identification of a set of impact indicators to
characterize the effect of each pertinent factor and decide on the best method for
improvement. A comparative assessment with the situations at communities with similar
demographic, cultural, and socio-economic conditions is an invaluable means to achieve
these objectives.

The current social, economic, and environmental conditions of the Tebbaneh area in
Lebanon are characterized by the general lack and/or degradation of basic environmental
services provision such as the absence of wastewater collection and treatment, inadequate
access to clean water and sanitation, and poor waste management practices. Where it
exists, the wastewater collection network suffers from pipe corrosion, insufficient capacity,
mixing with storm water, leakage into drinking water supply pipes, clogging, and silting.
Collected wastewater is discharged directly without prior treatment into surface water, the
nearby Abu-Ali River, the Mediterranean Sea and surrounding range land. A proper drainage
system is non-existent with water and wastewater pooling between alleys and preventing or
impeding pedestrian movement and increasing the potential exposure to waterborne
diseases. In many parts of this region, garbage accumulates in the streets, near and around
houses. These conditions, all combined, are directly contributing to the exacerbation of
poverty and the environmental degradation of the region.

Better social and environmental conditions prevail in communities with similar cultural and
demographic characteristics in Irbid, Jordan because the sanitary services in these
communities have been enhanced to acceptable levels by providing a potable water and
sewage networks, and improving the solid waste management systems, providing basic
health care facilities and awareness programs. These have dramatically improved the health
conditions, the livelihood and the environment of these communities. However, a
systematic assessment of the impacts of these services on health has not been conducted
yet. Furthermore, the tasks or actions that had the most positive impacts on public health or
the ones that had the worst impacts are yet to be identified.

Generally, impact indicators for measuring water and sanitation-related program
performance include, but are not limited to: the percentage of children under 36 months
with diarrhea in the last two weeks; the quantity of water used per capita per day; recurrent
costs for water supply services; household income; level of education of mothers; and the
percentage of population using hygienic sanitation facilities. Information required for the
usage of impact indicators are those related to household characteristics and conditions,
and those concerning water supply, sanitation conditions, and hygiene practices. Household
details include the number of people living in the household, their ages, occupation, level of
education, sex, and the physical characteristics of the house. Additional needed information
include, but is not limited to, the main and secondary water supply method (piped water,
well, water trucks, springs, etc.), the source and treatment level of drinking water, volumes
of water consumed by each household, and the cost paid for this water. Analyzing these



factors will provide a means for evaluating the performance of water and sanitary provision
programs by comparing these indicators with established international norms, if available.
Lessons learned from past and present experiences of similar communities form a good step
to build on.

The lessons learned from Irbid are of great value to all similar communities that need to
enhance their sanitary services, such as the Tebbaneh region. Accordingly, the current study
was launched in selected parts (An-Nasr) of Irbid, the second largest city in Jordan, that have
similar cultural and demographic characteristics as those in Tebbaneh slums of Tripoli,
Lebanon. An-Nasr region is characterized by being a poor community with an average
monthly income of less than 200 USD per month and with the majority of the population
being Sunni Muslims or Christians.

The major tasks conducted for this part of the study included: 1) the interactive preparation
of a social questionnaire suitable for the assessment of sanitary services in An-Naser region
in Irbid; 2) identification of the field survey team; 3) carrying out a training workshop on how
to use the developed questionnaire; 4) conducting a field survey of around 300 households
in An Nasr region in Irbid, 5) analyzing the collected data and drawing lessons from Irbid’s
experience that may be useful to programs of sanitary provision in Tebbaneh slums in
Tripoli; and finally 6) reporting.

This report includes background information on water quality, sanitation, and health impacts
with a focus on the poor and the need for improved environmental services to alleviate
health problems and enhance livelihood. It then describes the scope of work of this study, its
objectives, methodology and implementation. This is followed by a description of the study
area in terms of infrastructure, demography, land use etc. and an analysis of the results.

2 Literature Review

Water and sanitation improvements, in association with hygiene behavior change, can have
significant effects on population and health by reducing a variety of disease conditions such
as diarrhea, intestinal helminthes, guinea worm, and skin diseases. These improvements in
health can, in turn, lead to reduced morbidity and mortality and improved nutritional status.
This occurs through a variety of mechanisms. Of primary importance is the safe disposal of
human feces, thereby reducing the pathogen load in the ambient environment.

Increasing the quantity of water allows for better hygiene practices. Raising the quality of
drinking water reduces the ingestion of pathogens. With less disease, children can eat and
absorb more food, thereby improving their nutritional status. Also, a healthier adult
population is a more productive population, and improvements in water and sanitation can
improve income and the capacity to acquire food. Other benefits associated with better
water delivery include time savings for primary caregivers, which can result in the
preparation of more or better food for children.

Improvements in sanitation result in better health, as measured by fewer diarrheal cases,
reductions in parasitic infections, increased child growth, and lower morbidity and mortality.
The expected reductions in mortality can be substantial, particularly in areas with low levels
of education.



It is commonly believed that the main health benefit from improved water supply occurs
through better water quality, which reduces the ingestion of pathogens. However,
improvements in health associated with better water quality may be smaller than those
obtained through increases in the quantity of water, which allows for better personal and
domestic hygiene practices (e.g., hand washing, food washing, and household cleaning).
Population groups that consistently use more water have better health than groups that use
less water.

Another potential benefit from increasing the quantity of water is the use of water for
income generating (e.g., local industries) or food producing (e.g., gardening) activities, both
of which could result in the intake of more and better food, improving the family’s diet as
well as the children’s anthropometry. A fourth benefit is a reduction in the time spent
obtaining water. When women have more time for other activities, they spend much of that
time in food-related activities, such as preparing food and feeding young children. Besides,
more time for women can also increase women’s opportunities for generating income.

Improvements in water and sanitation do not automatically result in improvements in
health. Hygiene education is often required to see health impacts materialize. The most
important hygiene messages concern the basic issues of hand washing, proper disposal of
feces, and protection of drinking water. Frequent hand washing, with and without soap,
results in less diarrhea and the proper disposal of feces, which is not guaranteed by the
mere presence of latrines, is also critical for the potential benefits of sanitation to
materialize.

2.1 Performance indicators for development activities

One or more of the following performance indicators, or equivalent alternatives, are to be
used in projects with water and sanitation components and should be collected ideally at
baseline, mid-term and final-year evaluations (Billing et al. 1999):

1. Percentage of children under 36 months with diarrhea in the last two weeks, where
diarrhea is defined as more than three loose stools passed in a 24 hour period

2. Quantity of water used per capita per day, where all the water collected by or delivered
to the household and used for personal purposes is considered

3. Percentage of child caregivers and food preparers with appropriate hand washing
behavior, where appropriate hand washing includes the time at which it is done and the
technique used

4. Percentage of population using hygienic sanitation facilities, where sanitation facility is
defined as an excreta disposal facility, typically a toilet or latrine; and hygienic means
there are no feces on the floor or seat and there are few flies.

2.1.1 Percentage of Children under 36 month with diarrhea in the last two weeks

This indicator is defined as the proportion of children in a given sample who have diarrhea at
the time the information is collected or who have had it anytime in the two preceding
weeks. Diarrhea is defined as more than three loose stools passed in a twenty-four hour
period. Age is calculated in completed months at the time the information is collected from
the caretaker. A child who is 20 days old is considered zero months of age, and a child of 50
days is considered one month old.



Calculation is done by dividing the number of children < 36 months of age in the sample with
diarrhea in the last two weeks by the total number of children < 36 months of age in the
sample.

Water and sanitation-related programs include improvements in facilities as well as hygiene
education for behavioral change. Such programs can bring about decreases in the rate of
diarrheal disease on the order of 25%. Esrey et al. (1991) reviewed 74 studies on the effect
of water and sanitation on diarrheal disease morbidity and mortality and nutritional status.
The median reduction in diarrheal morbidity calculated for all the studies was 22% and from
the more rigorous ones, 26%. Using studies on individual interventions from which morbidity
reductions could be calculated, the review showed median reductions of 22% for sanitation
alone, 17% for improvements in water quality alone, 27% for improvements in water
quantity alone, and 33% for hygiene alone. Handwashing promotion is one of the most
effective hygiene interventions. Reductions of 32 to 43% in diarrheal disease have been
documented from improvements in handwashing with soap (Feachem 1984).

It can be assumed that greater effects can be achieved when interventions are combined,
although the estimated effects of single interventions cannot necessarily be summed. The
type of water and sanitation service provided will likely affect the impact as will the level of
service before and after the intervention and the environmental conditions in the project
area.

2.1.2 Quantity of water used per capita per day

This indicator includes all water collected by or delivered to the household and used there
for drinking, cooking, bathing, personal and household hygiene and sanitation by the
inhabitants of the household. It does not include water used for gardening or for watering
animals. A day is a 24-hour period. All adults and children in the household are counted. It is
assumed that the amount collected is the amount used.

Calculation is performed by dividing the volume of water (in liters) collected for domestic
use per day by all households in the sample by the total number of persons in the sample
households. This calculation is more precise if calculated for individual households first and
then averaged for the total number of houses sampled. Adding this step helps account for
potentially large variations in the number of persons per household.

For water systems in which water is collected or delivered in containers from a community
source and brought to the home, data should be collected through random surveys of
households. Cluster surveys should not be employed because water sources or availability
may be location-related. Collecting data on water use when water is piped directly into the
house or compound is very difficult for small-scale systems characteristic of rural and some
urban communities. Because these systems are typically not metered either at the source or
at the household, it is not possible to calculate total water used in a community. If a central
meter were installed, then the per capita consumption would be the amount of water
delivered per day by the system divided by the population in the service area. Many
problems call into question the reliability of this method. For example, piped water may be
used for purposes other than those specified for the indicator; piped systems may have leaks
or water may be taken from them by persons outside the service area; and/or it may be
difficult to get accurate population figures.



The distance to the water source may be an indirect indicator of water use (Boot and
Cairncross 1993). The closer the source of water is to the home, the greater the use. Per
capita use per day has been shown to average less than 10 liters when the public standpipe
is farther away than one kilometer; at the other extreme, with house connections the
average per capita use per day ranges from 150 to 400 liters (also used for gardens) (Gleick
1996).

Esrey et al. (1991) concluded that, after excreta disposal, the next most effective
intervention for reducing water and sanitation- related diseases is making more water
available and accessible to households. Their review showed that increasing water quantity
had more of an impact on diarrheal disease than improving water quality.

It is difficult to establish uniform per capita water quantity goals because of local and
regional differences in availability of water, climate, and type of water supply. People use
water for a wide variety of activities ranging in importance from being essential to sustain
life to a luxurious activity. For example, having few liters of water to drink is more vital than
washing clothes. However, people will need to wash if skin diseases are to be prevented and
physiological needs met. The hierarchy of water requirements arranged in order of
decreasing urgency to be satisfied is shown in Figure 1 (Al-Sharif, 2005).

Cumulative
Water 1oL
. Generally:
Requirements Cooking Increasing
30L / Personal washing \ quantity
40L Washing clothes Decreasing
quality
Cleaning homes
60L / Growing food (domestic use) \
vy 70L Waste disposal (sanitation)
v

Business (crops production livestock)

/ Gardens recreation

Figure 1. Hierarchy of water requirements

International guidelines or norms for minimum water quantities that domestic water
supplies should provide are lacking. A recent review of the different reported values of the
minimum water requirements that must be satisfied (Al-Sharif 2005) presented values from
20 to 50 Liters per capita per day (lpcd). However, no evidence is provided that the reported
minimum water requirements assure good health. Furthermore, the relative importance of
water quantity, water quality, sanitation and hygiene in protecting and improving health
remains debatable (Al-Sharif 2005).

The 50 Ipcd target may have be to be adjusted downward based on considerations of
availability, climate, and technology mentioned above, and on baseline conditions and
desired coverage goals. The 50 Ipcd target may be used as a guideline in designing a water



supply system when important decisions have to be made about the quantity to be made
available per capita. In some projects, a decision may be made to design a system which will
provide a smaller quantity of water per capita (for example, 20 lpcd) so that a greater
number of persons can have access. In others, the goal may be to assure that all users are
provided with 50 Ipcd (or a similar “ample” amount) even if fewer households can be
connected to the system. Design decisions should be made on the basis of the goals to be
achieved by the system with attention to the relationship between quantity of water and
reductions in water and sanitation-related diseases.

2.1.3 Percentage of child caregivers and food preparers with appropriate hand washing
behavior

Food preparers and child caregivers are persons who prepare most of the food in the
household and provide most of the care for young children. Appropriate hand washing
behavior includes two dimensions, critical times and technique:

Critical times for hand washing include: after defecation, after cleaning babies’ bottoms,
before food preparation, before eating, and before feeding children. Handwashing
technique uses water, uses soap or ash, washes both hands, rubs hands together at least
three times, and dries hands hygienically—by air drying or using a clean cloth.

Calculation is based on the number of food preparers and child caretakers in the sample
who report and demonstrate appropriate handwashing behavior divided by the total
number of food preparers and child caretakers interviewed in the sample.

Handwashing can be measured by self reporting of critical times and demonstration of
technique in a household survey. The interviewer first identifies the main food preparer and
principal child caretaker in the household. Usually this is the mother; but it could be two
persons. The interviewer asks the person or persons the following two open-ended
guestions without prompting and checks off all the items mentioned by the interviewee,
using a survey form that lists the five critical times and five techniques given above.

Question 1: When do you wash your hands?
Question 2: Would you explain and show me what you do when you wash your hands?

One point is given for each correct time or technique mentioned or observed. A score of 8
points or more (out of a possible 10) qualifies as appropriate handwashing behavior.

Handwashing is one of the most effective ways to break the fecal-oral route of disease
transmission. Hand washing behavior is strongly influenced by the presence or absence of a
convenient source of water and soap. Studies have shown that, because they facilitate
handwashing and other important hygiene behaviors, in-house water supplies are
associated with reduced rates of diarrhea (Boot and Cairncross, 1993).

Few studies indicate reasonable targets for improvements in handwashing practices.
Instead, most correlate handwashing improvement programs with reduction of diarrheal
disease because improved handwashing leads to reductions in diarrheal disease.
Considerable improvements in handwashing behavior can be achieved through promotional
programs but targets aimed at increasing appropriate handwashing by 50% over the
baseline would not be unrealistic. Sustainability of improved handwashing behavior after the



conclusion of promotional programs is an important issue that has not received adequate
attention.

2.1.4 Percentage of population using hygienic sanitation facilities

A sanitation facility is defined as a functioning excreta disposal facility, typically a toilet or
latrine. Hygienic means that there are no feces on the floor, seat, or walls and that there are
few flies. Using sanitation facilities means that a sanitation facility is the predominant means
of excreta disposal for household members >12 months of age.

Calculation is performed by dividing the number of people >12 months of age in households
in the sample using hygienic sanitation facilities by the total number of people >12 months
of age in households in the sample.

Information concerning usage of sanitation facilities can be obtained through a household
survey in which the surveyor asks the mother or household head about family latrine use
and then inspects the latrine to see if it is (1) is functioning and (2) hygienic and (3) shows
signs of use.

Sanitation facility programs might focus on building or improving latrines or other excreta
disposal facilities or on improving the maintenance and use of existing facilities. As is clear
from the indicator, it is the consistent use of the facility by all family members, not its mere
existence that leads to health and environmental improvements. In many cultures, the topic
of sanitation use is sensitive and may not lend itself to direct questioning. Interviewers
should be well-trained and familiar with the culture, and the survey should attempt to be as
unobtrusive and sensitive as possible. In some cultures, female interviewers may be needed
to interview female household members.

In urban areas, all residents need to have access to at least 40 liters per capita per day of
safe water and 75% of urban dwellers need to have proper sanitation (Warner 1997). These
targets mention access but do not mention use, although they assume it. Programs should
strive to increase sanitation usage above the baseline to reach 75% usage in the project
area.

3 Methodology for Assessment

Jordan is one of the ten poorest countries in the world in the per capita share of water, and
yet has relatively good provision of sanitary and water services. It has a low annual per
capita income of less than two thousands US dollars, and yet is considered among the most
educated countries in the region. Jordan is also a major recipient of millions of refugees
from the troubled region, mainly from Palestine and Irag. Some live on the outskirt of major
cities in densely populated areas with fewer services, such as some parts of the city of Irbid
(An-Nasr), Jordan. This region is characterized with a high population density, low income,
and mainly Sunni Muslims and some Christians.

Jordan has adopted over the years an intermittent water supply policy. This means that
water would only be distributed to consumers on a certain day of the week. However, not
all areas receive water equally in terms of time and flow rate. These issues might be
significant in terms of their impact on the health conditions of water consumers. Another



characteristic of the water supply system in Jordan is the presence of temporary storage
water tanks on roofs and underground (this is a response to the intermittent policy for
water supply). It is believed that although the piped water supplied by the water authority
of Jordan does conform to drinking water quality standards, the risk of contamination do
exist because of the water storage practices at the household level. Thus, all kinds of related
issues to this matter such as the type, location, size of the storage facility, the frequency of
cleansing of such a facility, and the use of chemicals for disinfection were explored.

Sanitary facilities and practices such as the presence of a washing basin and its location, the
type of bathing facility, the presence of kitchen sinks, the type of toilets the household has
and their locations, and whether the household has running hot water, were all
investigated.

One final item considered is the overall solid waste disposal practices and management. This
might turn to be of significance in terms of its impact on health conditions. Thus, issues
related to the way solid waste is stored at the household, the frequency of disposal, and the
presence of solid waste containers near the household were evaluated.

The above mentioned issues will somehow influence the health of people, in particular
children under three years of age. Thus, it is important to come out with possible links
between the significant conditions and characteristics of the community and certain
illnesses and diseases, so that all stakeholders can develop the needed actions, strategies,
and tools, to alleviate the negative impacts on the health of the community.

3.1 Study scope of work and objectives

This study is the first part of a major study aimed at improving the water services and
sanitation at Tebbaneh Area in Tripoli, Lebanon by using the case of An-Nasr area in Irbid
Jordan as a model for the provision of similar services since both areas have similar socio-
economic and demographic characteristics. The outcomes of this study will be used by a
team of researchers at AUB to achieve this goal.

The main objectives of this part of the research study are: to analyze the current water
services and sanitary conditions at An-Nasr area and correlate these conditions to different
characteristics of the area; identify the factors (policies, procedures, and projects) that were
effective or ineffective in improving these conditions; and ultimately to draw lessons from
the experience at An-Nasr area in Irbid and use it in other similar areas in which sanitary
conditions need to be improved, particularly the Tebbaneh area, Lebanon.

3.2 Methodology for assessment

The methodology adopted for this study focused on assessing the sanitary conditions at the
study area (An-Nasr area) using performance indicators for the implemented policies,
procedures, or projects at the study area by conducting a comprehensive survey for about
three hundred households using a specially developed questionnaire.

The questionnaire used for the survey was developed by JUST personnel taking into
consideration previous knowledge and experiences in conducting similar studies in the
region and the feed back from local community and experts. A draft questionnaire was then
sent to AUB investigators and was reviewed and updated. The questionnaire covered the



following issues: socio-demographics (17 questions), workforce (6 questions), financial
status (5 questions), health status (5 questions), water resources (11 questions), network
water (7 questions), well water (7 questions), water tankers (5 questions), hand-carried
water (7 questions), bottled water (6 questions), drinking water (6 questions), water tanks (8
guestions), personal hygiene and fixtures (5 questions), wastewater disposal (6 questions),
solid waste disposal (5 questions), and prioritization (2 questions). A copy of the
guestionnaire used in this study is included in Annex 1.

The developed questionnaire intended to explore household characteristics and conditions.
An investigation of the inhabitants of the household details the number of people living in
the household, their ages, occupation, level of education, and sex. Other questions were
related to the physical characteristics of the household. This was explored by gathering
information about the number of rooms, available furniture, car ownership, electrical
equipments, and the availability of water heating facilities. It is very important in this type of
research and analysis to get as much information as possible about the income level of the
household, thus, the questionnaire has also tried to gather information about the overall
income of the household and how much of the income was devoted to different living
essentials and requirement. There were questions on how much money has the household
spent on food, heating and cooling, electricity and telephone bills, education, etc. However,
it is essential that for this type of questions to emphasize to the people the confidentiality of
the information that they provide. The research team thinks that such questions are delicate
and might cause some uneasiness to the people surveyed. An important section of this
guestionnaire deals with the general health profiling of the children in the household. There
were questions related to the frequency of diarrhea, vomiting, stomachache, coughing, and
fever.

Another section of this questionnaire has been designed to survey the main and secondary
water supply method (piped water, well, water trucks, springs, etc.), and to identify the
source and treatment level of the drinking water, an important parameter that can
influence the health conditions for the household inhabitants. This section has also tried to
determine the amounts of water consumed by each household, and the cost paid for these
waters. It is of great importance to try to correlate the income level of each household with
the water consumed at it.

The information derived from the survey study has been carefully analyzed due to some
deficiencies resulting from the lack of knowledge of some people regarding some of the
required information. Besides, in certain cases, false information were provided on purpose,
especially if the respondents felt that some of the information might go to the government
or it might be used against them in the future (an example is the income part of the
questionnaire). These issues were minimized by explaining to the interviewee the purpose
of the research study and the type of information required, and the strict confidentiality of
the information provided. Other concerns on the accuracy of the data collected included,
but are not limited to, the failure to record all diarrhea cases, and the difficulty in accurately
determining the level of per capita consumption of water in each zone.

3.2.1 Teams of surveyors

Two teams of surveyors were identified by the principle investigators to conduct the survey.
Each team consisted of two highly qualified female specialists who either work or live in An-
Nasr area. The selected team members and their academic background is presented in Table
1.



Table 1. List of surveyors in An-Nasr

Surveyors Credentials
Ms. Rajaa Al-Hawari Architect and Urban Planner, Director of An Naser
Municipality

Ms. Anssam Al Akhras
Ms. Dua’a Beny Rusheid

Graduate Student in Environmental Science at JUST
M. Sc. In Urban Planning and an employee at Irbid

Greater Municipality (native of An-Nasr area)

Ms. Eman Othman An architect and urban planner

Numerous meetings between the principal investigators and the survey teams took place at
Queen Rania Al-Abdullah Center for Environmental Science and Technology at JUST. These
meetings focused on devising a work plan for the survey study, and on training the surveyors
on the use of the questionnaire.

3.2.2 Description of the Study Area in An-Nasr

Irbid is Jordan’s second largest city after the capital Amman. It is situated in the north west
of the Hashemite Kingdom of Jordan, on a plain land, 65 km to the north of the capital,
Amman, surrounded by fertile agricultural lands from the north, east and south (Figure 2). In
2004, the population of the Governorate of Irbid was 926,000 people which constitute about
18% of the country’s population. The population density in the governorate is the highest in
the country being at 570 persons/km? compared to 59.6 persons/km? for the whole of
Jordan. However, the density varies dramatically within the city itself with a population
density at 4,671 persons/km” at An-Nasr (Figure 3), which has been selected as the study
area. The area of An-Nasr is estimated at about 1.9 km®.
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Figure 2. Location of Irbid in Jordan
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Figure 3. The study area within the city of Irbid

The previous records of the age groups for Irbid region (Table 2) show that 1,299 children
are under the age of 5 years, which constitutes about 15% of the total population. In
addition, the number of families of An-Nasr area (Table 3) is 1,542 families with a total
population of 8,875, thus an average family size of 5.76 persons.

Table 2. Age structure of the population in An-Nasr Area

Age Interval (yrs) Males Females Total
<1 124 118 242
2-4 543 514 1,057
5-9 635 649 1,284
10-14 591 601 1,192
15-19 523 525 1,048
20-24 437 455 892
25-29 368 338 706
30-34 316 320 636
35-39 265 243 508
40-44 206 189 395
45 -49 158 130 288
50-54 88 78 166
55-59 66 70 136
60 - 64 76 59 135
65 -69 43 47 90
70-74 36 26 62
75-79 11 10 21
80 + 9 8 17
Total 4,495 4,380 8,875

11



Table 3. Household information in An-Nasr Area

Parameter Value
Number of houses 1,753
Private families 1,540
Shared families 2
Jordanian males 4,205
Jordanian females 4,191
Non-Jordan males 259
Non-Jordan females 186
Males outside Jordan 31
Females outside Jordan 3

Irbid city has well developed urban characteristics with good infrastructure. An-Nasr area,
however, poses a unique set of challenges to the provision of water and sanitation services
due to extreme poverty, lack of education, and congestion. Yet, a water supply network is
covering the whole area and water is supplied for almost all household units. In 2003, the
average per capita per day share of drinking water is 91.6 liters compared to 126.4 liters for
the country. Almost all water supplied through this network is abstracted from groundwater
wells from areas around Irbid region, after being treated and tested to conform to the
Jordanian drinking water standards. Another important fact is that most households in An-
Nasr area have storage tanks over the roof made of tin, with some storage tanks made from
PVC.

3.2.3 Field Survey for An-Nasr area

A comprehensive survey was launched in An-Nasr area using the prepared questionnaire to
collect data on the prevailing relevant conditions and to estimate relevant performance
indicators. Around three hundred households in the study area were surveyed by the teams.
This is about one fifth of the number of families living in the study area. Pairs of surveyors
collected random samples from different parts of the Greater Irbid Municipality. The survey
covered the city and some suburban and rural regions.The process was exhaustive and
challenging. The teams were faced with extreme sceptics who questioned the motives of
this study and urged others not to cooperate. On some days, only few households accepted
to participate in the questionnaire. An average of 4 to 5 questionnaires was conducted per
day. The team members and the people complained that the survey was very lengthy. In
addition, the main portion of the study was conducted during the Holy month of Ramadan
(whereby many people were fasting) followed by thekid El-Fitr Holiday.

4 Results and Analysis

Data obtained from the questionnaires were summarized in spreadsheets. Basic statistical
analysis was performed on this data. Results are grouped based on the relevant
performance indicators as follows.

4.1 Percentage of children under <36 months with diarrhea in the last two weeks
Results indicate that the total number of children less than one year of age in the surveyed

families is 71, with 40 males and 31 female. During the last three months before the survey,
three diarrhea incidents were reported among males and only one incident among female
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children. This represents 75 incidents for every 1,000 males, 32 in a thousand females, and a
total of 56 in a thousand children.

For children between one and ten years of age, the total number of children surveyed was
394 out of which 203 are males and 191 are females. The numbers of diarrhea incidents
identified during the three months that preceded the survey are 6 males and 7 females. This
corresponds to around 30 incidents in 1000 males and 37 in a 1000 females.

4.2 Quantity of water used per capita per day

Results indicated that 97.3% of the houses surveyed (293 houses) receive their water from
the public water network and only 8 houses obtain water from other sources. These
include: trucks (6 houses, 2.05%), wells (1 house, 0.34%), or hand-carried water from a
distant source (1 house, 0.34%) (Figure 4). The average water consumption per capita per
day was first estimated for each household by dividing the quantity of water consumed over
a 3-months period by the number of inhabitants for each household and 90 days. Then, the
obtained averages for all houses studied were averaged. The average water consumption
from the water network was found to be 36.5 L/c/d. However, 58.5 % of the surveyed
families rely on bottled water for drinking purposes. An estimated average of 9.5 liter of
bottled water per capita per day was estimated for the families using bottled water which
gives an overall average of 5.5 liter per capita per day. Thus the total consumption rate was
around 42 liters per capita per day. Although no specific limit has been established for the
minimum water requirements per capita per day, the rate used at An-Nasr may be
considered acceptable because the survey occurred during the summer period where the
public water supply is usually low.

B Water
network
Cisterns

B Wells

B Hand-carried

Figure 4. Main water source in An Nasr Area

4.3 Percentage of child caregivers and food preparers with appropriate hand washing
behavior

The survey showed that, for hand washing, 96.7% of families surveyed use tap water and
soap, 2% use tap water without soap, 0.5% used cistern water with soap, and 0.5% used
cistern water without soap (Figure 5). Thus, a total percentage of 97.5% of surveyed families
use water and soap for hand washing. The questionnaire, however, lacks specific questions
on the techniques and timing of hand washing. The survey also indicated that all families
have a kitchen and that all dishwashing occurs in the kitchen. Besides all houses surveyed
own a washing machine and a refrigerator.
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M Tap water with
soap
Tap water without
soap

M Cistern waater with
soap

W Cistern water
without snap

Figure 5. Hand washing behavior in An Nasr Area

4.4 Percentage of population using hygienic sanitation facilities

All houses surveyed are facilitated with toilets, with around 92% of houses having a bathtub
and/or shower. Around 87.4% of the families perform hand washing in a sink inside or close
to the bathroom, 9.6% of the families do it in a sink far from the toilet, and 4.5% wash hands
in a sink in the kitchen. All houses surveyed indicated that they dispose of their wastewater
into the sewage network. Around 93.5% of all houses reported that solid waste gets
collected by authorities.

4.5 General statistics

The survey indicated that the average family size in the area of study is 6.2 capita per family,
and the average number of rooms per house is 3.2. All families surveyed own a cell phone
and all except one have a television set and a satellite dish. In addition, all families surveyed
have access to a public or private medical clinic or hospital. As can be seen from Figure 6
below, 98% of all housewives can read and write, and about 77% have degrees beyond high
school.

M can't write or read M can write and read
B preliminary B preparatory
B high school B community college

W university degree

6% 2%

5%

35% 10%

3%

39%

Figure 6. Status of education of housewives in An-Nasr area.
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5 Conclusions and Recommendations

The survey of around three hundred families at An-Nasr Area in Irbid revealed that the
sanitary and water services at the study area are improved to an acceptable level. This is
verified in the following survey findings:

1) Around 97.3% of houses surveyed are provided with water from the public water
network

2) All houses surveyed are connected to the wastewater sewage network

3) Solid waste from 93.5 % of houses is collected by authorities

4) The high level of education of housewives and child caregivers since 98% of housewives
can read and write;

5) Provision of medical services in clinics at the study area and hospitals; and

6) Provision of a network of access roads and highways

These findings are the result of a set of policies, procedures, or projects that have been
adapted by the Government of Jordan and implemented in An-Nasr area for the provision of
water and sanitation services. However, the exact effect of each of these measures or their
combined effects on improving the sanitary conditions at the study area were extremely
difficult to measure. One of the reasons is the lack of information about the prevailing
conditions before implementing these measures, not to mention the difficulty in establishing
a cause and effect relation between each of these measures and its role in improving the
sanitary conditions at An-Nasr area.

Overall, the survey was effective in obtaining the basic information required to estimate the
criteria parameters for the provision of sanitary and waste service. However, the following
observations were made by the team of field surveyors:

- The questionnaire was lengthy and it took an average of one hour per survey. This led to
the decline of many families to do the questionnaire because of the time needed.

- Many people from the surveyed area were very skeptical regarding the real motives of
the study despite the fact that all surveyors were provided with official documents from
JUST

- Some questions were considered very personal and people surveyed were reluctant to
answer such as the date of birth of the housewife. The use of female surveyors,
however, helped in this regard.

- The use of some of the collected data was very limited and it would have not affected
the general findings of this study.

The following are suggestions to improve the questionnaire:

In general, it is highly recommended to shorten the questionnaire and only emphasize the
guestions that are relevant to the direct objectives of this study. However, the following
points have to be included:

- The questionnaire is to cover the willingness of the people to pay for the provision of
better services.

- The questionnaire has to inquire about when the service was provided, and whether the
population growth must be taken into consideration.

- The questionnaire has to inquire about the local regulations and authorities in charge of
providing water and wastewater collection.
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The questionnaire has to inquire about the heating source.

The questionnaire has to inquire about who are the child caregivers and their practice of
hygienic behavior; whether they have been subjected to any training or awareness
programs/ education.

The questionnaire is to cover the time (before the preparation of food, after changing
dippers and using toilets) frequency, and technique used for hand washing.

The age category for children [article SD3 in the questionnaire] has to be modified to
include a new category for age from 1 to 3 years.

Finally, it is highly recommended to use female surveyors.
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List of participants at the inception meeting in Tripoli (October 25, 2008)
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Selected photos from the inception meeting in Tripoli — October 25, 2008
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Annex 5.
Powerpoint presentation at the inception meeting in Tripoli (October 25, 2008)
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Annex 6.

List of participants at the follow up meeting in Tripoli (March 20, 2009)

Name
1- Sabah Mawloud
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Annex 7.

Field survey team in the Tebbaneh region

Name
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Annex 8.
Revised Questionnaire for Tebbaneh, Tripoli
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Participatory Improvement of Water and Sanitation Services in Tripoli through a Comparative
Analysis in Irbid, Jordan

Questionnaire Identification

All Country Lebanon Al4 Building | . |
Al2 | Zone || AI5 Floor [
Al3 Neighbourhood Al6 Housing unit number (Start from right side)
|
Schedule
AV1 | First Visit DD-MM Start of interview hh-mm
AT1 .
[ T I (time) I I
AT2  End of Interview (time) | hh:?m L
AV2 | Second Visit | |DD|-_||\/IM| | AT3  Start of interview N hhrlnm B
AT4  End of Interview L hhﬁm L
AV3 | Third Visit | lDD|—_I|VIM| | AT5  Start of interview L hhi_rlnm L
AT6  End of Interview L hhi_rlnm L
AV4 | Fourth Visit | |DD|_.I|V|M| | AT7 Start of interview N hhi_rlnm N
AT8  End of Interview L hhi_rlnm L
AV6 | Total visits L
carried out —
AVI Editing Date DD-MM Ul -
AVE Coding Date DD-MM Ll L
AVO Data entry Date DD-MM I
Staff
AS1 | Interviewer ||| AS4 Coder [
AS2 | Supervisor ||| AS5 Data entry operator I
AS3 | Editor [ -
Respondent
Name of household head
Name of main Respondent
AR1 | Interview status
Interview completed COMMENTS:

~No o wWwN B

Refusal converted
Partly completed

No usable information
Household unit is vacant
No contact

Refusal
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Annex 9.
Detailed results of microbiological and physicochemical analysis of water samples
collected as part of the Water Sampling Program

A9-1



Results of microbiological and physicochemical analysis of water samples collected from the drinking water network

Sample ID Fecal coliform Fecal coliform Total coliform Nitrate (mg/L NO3') | Residual Chlorine pH TDS Color Turbidity
(CFU/ 100 ml after 24 hrs) | (CFU/ 100 ml after 48 hrs) (CFU/ 100 ml) (mg/L Cl,) (mg/L) (PtCo APHA) (NTU)
1. TA0034-1 0 0 0 15.6 0.04 7.11 365 12 2.36
2. TA0045-1 0 0 0 21.6 0.15 6.96 831 4 1.9
3. TA0046-1 0 0 0 25.8 0.23 6.92 839 6 1.6
4. TA0058-1 0 0 0 16.2 0.06 7.15 368 5 4.1
5. TA0074-1 0 0 0 19.6 0.21 7.12 364 7 2.4
6. TA0085-1 0 0 0 25 0.22 6.82 812 5 1.24
7. TA0090-1 0 0 0 22.9 0.25 6.83 784 5 0.25
8. TA0097-1 0 0 0 23.9 0.13 7.1 514 4 1.27
9. TA0102-1 0 0 0 16.1 0.08 7.24 328 9 1.34
10. TA0106-1 0 0 0 22.4 0.05 7.21 520 6 1.44
11. TA0113-1 0 0 0 16.1 0.06 7.26 393 58 1.95
12. TAO0127-1 0 0 0 19.3 0.23 7.84 804 10 3
13. TA0143-1 0 0 0 22 0.2 6.78 855 8 1.14
14. TB0039-1 0 0 10 16.1 0.06 7.12 314 11 NA
15. TB0072-1 0 0 0 18 0.05 6.8 310 6 NA
16. TB0102-1 0 0 0 20.6 0.06 6.92 706 0 NA
17.TB0110-1 1 0 2 19.1 0.07 6.99 567 NA’
18. TB0122-1 0 0 0 16.7 0.04 6.97 396 21 NA
19. TB0129-1 0 0 1 16 0.12 6.98 299 20 NA
20.TB0132-1 0 0 5 19.2 0.03 7.03 298 22 NA
21.TB0161-1 0 0 0 17.8 0.06 7.05 278 10 NA
22.TB0178-1 0 0 0 14.7 0.01 7.22 315 NA
23.TB0183-1 0 0 0 15.1 0.05 6.77 316 NA
24.TB0536-1 0 0 1 (154 non TC) 20.9 0.06 7.31 311 11 NA
25. TB0539-1 0 0 0 (120 non TC) 19.1 0.05 6.93 361 UR NA
26. TB0615-1 0 0 (TNTC non TC) 17 0.06 6.88 818 UR NA
27.TB0623-1 0 0 (68 non TC) 15.9 0.03 7.03 647 UR NA
28.TB0631-1 0 0 (2 non TC) 20 0.13 6.74 294 UR NA
29. TB0642-1 0 0 1 (TNTC non TC) 17.2 0.17 7.07 832 UR NA
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Sample ID Fecal coliform Fecal coliform Total coliform Nitrate (mg/L NO3') | Residual Chlorine pH TDS Color Turbidity
(CFU/ 100 ml after 24 hrs) | (CFU/ 100 ml after 48 hrs) (CFU/ 100 ml) (mg/L Cl,) (mg/L) (PtCo APHA) (NTU)
30. TB0645-1 0 0 0 21.7 0.24 7.05 744 UR NA
31. TB0646-1 0 0 0 18.6 0.08 7.01 846 UR NA
32. TB0649-1 0 0 0 17.7 0.23 7.26 465 UR NA
33. TB0664-1 0 0 0 134 0.15 7.15 455 UR NA
34.TJ0002-1 0 0 0 23.9 0.06 6.83 291 1 NA
35. TJO008-1 0 0 0(3nonTC) 19.2 0.05 6.82 290 2 NA
36. TJ0018-1 0 0 500 (TNTC non TC) 19.1 0.18 7.11 860 19 NA
37.TJ0021-1 0 0 0 18.3 0.09 7.1 390 11 NA
38.TJ0023-1 0 0 (7 non TC) 16.5 0.03 6.94 306 NA
39. TJ0045-1 0 0 0 9.2 0.07 6.8 295 NA
40. TJ0052-1 0 0 0 19.1 0.07 6.69 308 10 NA
41. TJ0062-1 0 0 (15 non TC) 19.6 0.04 7.01 304 7 NA
42.TJ0066-1 0 0 0(2nonTC) 19.2 0.1 6.81 283 1 NA
43.TJ0072-1 0 0 1 (20 non TC) 17 0.09 7.07 301 25 NA
44.TJ0080-1 0 0 0 17.4 0.11 6.66 279 3 NA
45.TJ0091-1 0 0 1(20 non TC) 20.1 0.13 6.94 859 12 NA
46.TJ0102-1 0 0 0(2nonTC) 13.1 0.16 6.85 297 51 NA
47.T7J0103-1 0 0 0 (6 non TC) 18.2 0.12 6.86 287 18 NA
48.TJ0104-1 0 0 0 18.9 0.12 6.69 319 4 NA
49.TJ0252-1 0 0 0 18.8 0.22 6.92 857 53 NA
50. TJ0286-1 0 0 0 (19 non TC) 12.6 0.15 6.85 277 8 NA
51.TJ0493-1 0 0 0 16.4 0.11 6.69 208 UR NA
52.TJ1100-1 0 0 0 17.4 0.07 6.82 315 2 NA
53.TJ1103-1 0 0 0 16.2 0.03 7 289 UR NA
54.TJ1106-1 0 0 0 20.2 0.18 6.84 322 UR NA
55.TJ1111-1 0 0 1 17.1 0.1 6.45 217 UR NA
56.TJ1127-1 0 0 4 124 0.05 7.38 493 15 NA
57.TJ1132-1 0 0 2 211 0.17 6.82 315 2 NA
58.TJ1136-1 0 0 0 16.6 0.25 6.87 855 49 NA
59.TJ1148-1 0 0 0 21.3 0.3 6.7 862 0 NA
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Sample ID Fecal coliform Fecal coliform Total coliform Nitrate (mg/L NO3') | Residual Chlorine pH TDS Color Turbidity
(CFU/ 100 ml after 24 hrs) | (CFU/ 100 ml after 48 hrs) (CFU/ 100 ml) (mg/L Cl,) (mg/L) (PtCo APHA) (NTU)
60. TJ1151-1 0 0 0 18.5 0.01 7.17 306 2 NA
61.TJ1152-1 0 0 2 14.6 0.05 7.25 317 4 NA
62.TJ1154-1 3 0 43 14.7 0.02 7.38 493 15 NA
63.TJ1158-1 0 0 0 13.8 0.04 7.09 310 22 NA
64.TJ1166-1 0 0 0 17.1 0.1 7.16 670 8 NA
65. TJ1169-1 0 0 (10 non TC) 20.5 0.19 6.9 832 UR NA
66.TJ1182-1 0 0 0 18.4 0.27 6.95 853 1 NA
67.TJ1187-1 0 0 0 6.1 0.12 7.12 301 46 NA
68.TJ1189-1 0 0 0 27.8 0.09 7.08 307 16 NA
69. TJ1207-1 0 0 133 18.7 0.15 6.99 310 UR NA
70.TJ1216-1 0 0 0 15.6 0.09 6.63 209 UR NA
71.TJ1221-1 0 0 174 16.4 0.06 6.73 217 UR NA
72.TJ1227-1 0 0 0 15.9 0.05 6.49 215 UR NA
73.TJ1228-1 0 0 0 16.1 0.07 6.96 656 9 NA
74.TJ1229-1 0 0 2 14.9 0.02 7.04 317 11 NA
75.TJ1231-1 2 0 210 14.8 0.13 6.04 215 7 NA
76. TK0484-1 0 0 0 17.2 0.12 7.27 370 34 8.6
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Results of microbiological and physicochemical analysis of water samples collected from the storage tanks

Sample ID Location of Tank | Fecal coliform CFU/ 100 ml Fecal coliform (CFU/ 100 ml Total coliform Nitrate pH TDS Color Turbidit
after 24 hrs) after 48 hrs) (CFU/ 100 ml) (mg/LNO3) (mg/L) | (PtCo APHA) y
(NTU)
1. TA0034-2 Roof Top 0 0 0 20.8 7.36 400 13 1.44
2. TA0045-2 Attic 0 0 0 24.1 7.29 841 12 1.39
3. TA0085-2 Attic 0 0 0 24.4 7.09 851 1.46
4. TA0090-2 Attic 0 0 0 20.4 7.01 808 1.6
5. TA0106-2 Roof Top 0 0 0 18.1 7.32 381 10 1.2
6. TA0113-2 Roof Top 0 0 0 18.4 7.48 392 13 NA
7. TA0143-2 Attic 0 0 0 23 7.15 838 15 0.98
8. TB0039-2 Roof Top 0 0 0 14 7.21 420 23 NA
9. TB0072-2 Attic 0 0 0 18.8 6.9 395 9 NA
10. TB0102-2 Roof Top 0 0 21 19.1 6.85 369 11 1.55
11. TB0110-2 Attic 0 0 13 18.6 7.00 495 7 NA
12. TB0122-2 Other 9 0 177 18.2 6.95 578 8 NA
13. TB0129-2 Roof Top 0 0 9 23.2 6.98 643 NA
14.TB0132-2 Attic 0 0 0 17.8 7.07 319 15 NA
15. TB0161-2 Attic 0 0 0 19.5 7.00 350 14 NA
16. TB0178-2 Attic 0 0 0 15 7.22 304 7 NA
17. TB0183-2 Attic 0 0 0 19 7.16 377 11 NA
18. TB0536-2 Roof Top 0 0 1(112 non TC) 14.5 7.09 350 17 NA
19. TB0539-2 Attic 0 0 3 (TNTC non TC) 23.7 7.17 356 UR NA
20. TB0615-2 Roof Top 0 0 8 (few non TC) 17.1 7.15 806 UR NA
21. TB0623-2 Roof Top 0 0 (60 non TC) 16.3 7.08 712 24 NA
22.TB0631-2 Roof Top 0 0 (150 non TC) 13.3 6.36 307 UR NA
23.TB0642-2 Roof Top 0 0 2 (120 non TC) 21.1 7.09 813 UR NA
24. TB0645-2 Roof Top 0 0 1 21.5 7.05 769 UR NA
25. TB0646-2 Roof Top 0 0 3 (TNTC non TC) 16.6 6.86 655 UR NA
26. TB0649-2 Roof Top 0 0 1 (140 non TC) 18.2 7.12 355 UR NA
27.TB0664-2 Roof Top 0 0 0 18.9 6.75 345 7 NA
28. TJ0002-2 Attic 0 0 13 (TNTC non TC) 17.1 6.85 321 4 NA
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Sample ID Location of Tank | Fecal coliform CFU/ 100 ml Fecal coliform (CFU/ 100 ml Total coliform Nitrate pH TDS Color Turbidit
after 24 hrs) after 48 hrs) (CFU/ 100 ml) (mg/L NO3) (mg/L) | (PtCo APHA) y
(NTU)
29.TJ0021-2 Attic 0 0 (3 non TC) 194 6.98 833 6 NA
30. TJ0023-2 Attic 0 0 (15 non TC) 23.1 7.02 762 6 NA
31. TJO052-2 Attic 0 0 (10 non TC) 27.7 6.68 768 UR NA
32. TJO066-2 Attic 0 0 0 (13 non TC) 19.9 6.84 409 16 NA
33.TJ0072-2 Roof Top 0 0 (TNTC non TC) 18.3 7.02 758 26 NA
34.TJ0091-2 0 0 0 17.2 7.03 689 27 NA
35.TJ0103-2 Attic 0 0 3(2nonTC) 31.1 6.87 280 4 NA
36. TJ0104-2 Attic 4 (TNTC non FC) 0 10 (TNTC non TC) 15 6.95 308 23 NA
37.TJ0252-2 Attic 0 0 (10 non TC) 20.2 6.92 810 2 NA
38.TJ0286-2 Attic 4 9 85 (TNTC non TC) 17.7 6.95 278 39 NA
39.TJ1100-2 Attic 0 0 0 17.5 7.29 314 UR NA
40. TJ1103-2 Attic 0 0 0 15.7 7.02 320 2 NA
41.TJ1106-2 Roof Top 0 0 0 15.5 7.02 317 8 NA
42.T)1111-2 Attic 0 0 0 134 6.82 322 NA
43.TJ1127-2 Attic 0 0 0 19.6 7.21 897 62 NA
44.TJ1132-2 Roof Top 0 0 0 18.4 7.29 314 UR NA
45.TJ1136-2 Attic 0 0 (24 Non TC) 24.7 6.71 802 NA
46.TJ1148-2 Attic 0 0 (24 Non TC) 21.6 6.92 741 NA
47.TJ1151-2 Roof Top 0 0 3 13.7 7.21 303 NA
48.TJ1152-2 Roof Top 0 0 8 14.3 7.13 313 61 NA
49.T)1154-2 Attic 0 0 3 12 7.09 587 10 NA
50.TJ1158-2 Attic 2 0 3 17.5 8 300 10 NA
51.TJ1166-2 Roof Top 0 0 0 17.1 7.11 315 NA
52.TJ1169-2 Attic 0 0 0 21 6.97 832 NA
53.TJ1182-2 Attic 0 0 0 20.2 6.96 804 UR NA
54.TJ1187-2 Roof Top 0 0 5 13.5 7.12 302 8 NA
55.TJ1189-2 Attic 2 0 3 31.8 7.13 341 25 NA
56. TJ1207-2 Roof Top 0 0 124 17.5 6.84 214 UR NA
57.TJ1216-2 Roof Top 0 0 6 18.9 7.18 642 3 NA
58.TJ1221-2 Roof Top 0 0 1 17.4 7.18 648 NA
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Sample ID Location of Tank | Fecal coliform CFU/ 100 ml Fecal coliform (CFU/ 100 ml Total coliform Nitrate pH TDS Color Turbidit
after 24 hrs) after 48 hrs) (CFU/ 100 ml) (mg/L NO3) (mg/L) | (PtCo APHA) y
(NTU)
59. TJ1227-2 Attic 1 0 35 15.3 7.12 313 7 NA
60. TJ1228-2 Roof Top 0 0 0 17.3 7.04 315 20 NA
61. TJ1229-2 Roof Top 0 0 2 16.5 7.14 328 5 NA
62.TJ1231-2 Roof Top 0 0 0 12.3 7.18 656 67 NA
63. TK0484-2 Attic 0 0 0 20.5 7.37 381 17 NA
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Results of microbiological and physicochemical analysis of bottled water samples collected from Tebbaneh and Irbid

Brand name FC(CFU/100mL) TC (CFU/100mL) Nitrate (mg/L)

1 2 | 3 | a4 5 1 2 | 3 | a4 5 1 2 | 3 | a4 5

TEBBANNEH, LEBANON
Brand T1 0 0 0 0 0 0 0 0 0 0 13.6 14.2 12.1 11.8 10.7
Brand T2 0 0 0 0 0 0 1 0 2 147 14.3 7.6 7.9 7.9 6.3
Brand T3 0 0 0 0 0 24 30 0 0 38 10.4 10.5 12.1 12.3 10.2
Brand T4 0 0 0 0 0 0 0 2 0 0 11.3 11.7 15.5 12 14.2
Brand T5 0 1 27
Brand T6 207 0 2 0 0 48 0 53 9 8 29.6 31.1 39.1 49.5 42.3
Brand T7 0 0 0 0 0 0 0 0 0 13.3 13.9 15.5 13.5 18.9
Brand T8 0 0 0 0 0 0 0 0 0 13.8 11.9 13.4 13 11.5
Brand T9 1 0 0 3 0 2 11.7 9.7 10.1
Brand T10 0 0 0 0 0 2 0 0 0 0 6.8 4.6 8.5 4.6 5
Brand T11 0 0 17.9
Brand T12 0 0 0 0 0 0 0 0 0 0 2.3 6.4 10.7 9.3 7.5
Brand T13 0 0 0 0 0 0 2 84 0 0 28 29.4 29.8 34.6 22.6
Brand T14 0 0 0 0 0 0 0 10 0 0 12.4 9.6 8.6 9.8 8.6
Brand T15 0 0 0 0 0 0 0 0 0 0 2.2 5.6 5.8 8.5 8.4
Brand T16 0 0 0 0 0 0 0 0 0 0 8.7 6.2 6.1 7.8 5.5
Brand T17 0 0 7.7
Brand T18 0 0 0 0 0 0 0 0 0 0 6.6 6.9 6.2 4.4 3.6
AN-NASR JORDAN

Brand Al 0 0 0 - - 0 0 0 - - 9.6 4.9 11.7 - -
Brand A2 0 0 0 - - 0 0 0 - - 15.7 8.4 13.7 - -
Brand A3 0 0 0 - - 0 0 0 - - 16.2 20.7 18.5 - -
Brand A4 0 0 0 - - 0 0 0 - - 5.2 10.9 4.5 - -
Brand A5 0 0 0 - - 0 0 0 - - 7 111 11.6 - -
Brand A6 0 0 0 - - 0 0 0 - - 14.9 15.2 12.7 - -
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Annex 10.
Detailed results of microbiological and physicochemical analysis of water samples
collected in August 2010
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Results of microbiological and physico-chemical analysis of water samples collected from the drinking water network

Sample ID Fecal coliform Fecal coliform Total coliform Free residual
(CFU/ 100 ml after | (CFU/ 100 ml after (CFU/ 100 ml) chlorine (mg/L CI")
24 hrs) 48 hrs)
64. TJ0O006 D 0 0 1
65. TJ0014 D 0 0 0 0.16
66. TJ0024 D 0 0 1 0.17
67.TJ0094 D 0 0 0 0.25
68.TJ1137 D 0 0 5 0.09
69. TJ1150 D 0 0 0 0.16
70.TJ1183 D 0 0 0 0.12
71. Sabeel (TJ0033/ 34/70) 0 0 0 0.22
72. TAO054 D 0 0 6 0.18
73. TAO064 D 0 0 0 0.17
74. TAO089 D 0 0 7 0.17
75. TBO553 D 0 0 2 0.1
76. TKO408 D 0 0 2 0.16
77.TKO437 D 0 0 4 0.08
78. TK0439 D 0 0 0 0.08
79. TBOO70 D 0 0 1 0.09
80. TBOO80O D 0 0 0 0.13
81. TBO085 D 0 0 160 0.09
82.TB0105D 0 0 1 0.19
83.TB0112 D 0 0 0 0.15
84.TB0126 D 0 0 1 0.22
85.TJ1128 D 0 0 0 0.22
86. TB0O016 D 0 0 0 0.28
87.TB0073 D 0 0 0 0.34
88.TB0139 D 0 0 0 0.26
89.TB0174 D 0 0 0 0.17
90. TB0177 D 0 0 3 0.15
91. TB0O652 D 0 0 2 0.28
92. TB0O678 D 1 3 TNTC 0.18
93.TJ0280 D 0 0 0 0.13
94.TJ0495 D 0 0 0 0.33
95.TJ1107 D 0 1 1 ?
96.TJ1156 D 0 0 0 0.13
97.TJ1190 D 0 0 1 0.31
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Results of microbiological and physico-chemical analysis of water samples collected from the storage tanks

Sample ID Location of Tank Fecal coliform (CFU/ Fecal coliform (CFU/ Total coliform
100 ml after 24 hrs) 100 ml after 48 hrs) (CFU/ 100 ml)
1. TJOOO6 T attic 0 0 0
2. TJOO14T attic 0 0 0
3. TJ0024 T attic 0 0 0
4. TJOO33T roof 0 0 0
5. TJ0034T roof 0 0 1
6. TJOO70T roof 0 0 0
7. TJO093 T attic 0 0 2
8. TJ0094 T attic 0 0 0
9. TJ1137T attic 0 0 1
10. TJ1150 T roof 0 0 0
11.TJ1183 T attic 0 0 0
12. TAOO48 T roof 0 0 0
13. TAOO54 T roof 0 0 9
14. TAO064 T roof 0 0 101in 75 ml
15. TAOO89 T attic 0 0 32
16. TBO553 T roof 0 0 2
17. TKO408 T attic 0 0 5
18. TKO437 T attic 21 28 183
19. TKO439 T attic 0 0 3nonTC
20. TBOO70 T attic 0 0 200
21.TBOO73 T roof 0 0 0
22.TBO0O80 T attic 0 0 150
23.TBOO85 T attic 0 0 18
24.TBO105 T attic 0 0 7
25.TB0112 T roof 0 0 3
26.TB0126 T roof 1 2 TNTC
27.TJ1128 T attic 0 0 140
28.TBO016 T Roof 0 0 1
29.TB0O139 T Attic 0 39 yellow TNTC
30. TBO174 T Roof 0 0 0
31.TBO177 T Roof 0 0 0
32.TB0652 T Attic 0 0 0
33.TB0678 T Attic 80 80 TNTC
34.T7J0280 T attic 0 0 0
35.TJ0280 T roof 0 0 0
36. TJO495 T Attic 0 0 1
37.T7J0504 T Attic 0 0 0
38.TJ1107 T Attic 0 13 5
39. TJ1156 T Attic 0 0 4
40.TJ1190 T Attic 0 0 20
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Annex 11.
Questionnaire used for the Survey of Dispensaries
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Annex 12.
Sample GIS Spatial Analysis Output
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Map showing distribution of buildings within which households were surveyed
during the Social Survey
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(buildings in red) during the Social Survey

Map showing the distribution of buildings reporting wastewater accumulation in the basement
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Map showing the distribution of buildings reporting clogging in wastewater pipes (buildings in
red) during the Social Survey
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(buildings in red) during the Social Survey

Map showing the distribution of buildings reporting fissures and leakages in the sanitary piping
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Map showing the distribution of buildings reporting foul wastewater-related odors (buildings in

red) during the Social Survey
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Map showing the distribution of buildings reporting one or more wastewater-related problem
(buildings in red) during the Social Survey
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Map showing the distribution of buildings where diarrhea cases were reported during the three

months (buildings in red) preceding the the Social Survey
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buildings reporting diarrhea cases (buildings hatched)
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Annex 13.
Detailed results of the tested associations using SPSS
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Testing of Associations

1. Association between ‘Tank Type’ and ‘Total Coliform’ concentration in tap water from

tank:

Result: At 90% confidence, p-value =

between tank type and total coliform levels in tank water.

Group Statistics

0.734 > 0.10. Therefore there is NO association

Tank types

recoded N Mean Std. Deviation | Std. Error Mean
Storage Tank Total Coliform Tanks on roof 28 6.96 23.380 4.418
Concentrations Elimination . .

Tanks in attic
of Duplicate Bldgs 33 5.18 15.858 2.760

2. Association between ‘Tank Type’ and ‘Fecal Coliform’ concentration in tap water from

tank:

Result: At 85% confidence, p-value = 0.142 < 0.15. Therefore there is borderline association
between tank type and fecal coliform levels in tank water.

Group Statistics

Tank types

recoded N Mean Std. Deviation | Std. Error Mean
Storage Tank Fecal Coliform Tanks on roof 28 .00 .000 .000
Concentrations Elimination . .

Tanks in attic
of Duplicate Bldgs 33 .67 2.367 412

3. Association between ‘Tank Type’ and presence/absence of ‘Total Coliform’ in tap water

from tank:

Result: At 90% confidence, p-value = 0.07 < 0.10. Therefore there is association between
tank type and total coliform levels in tank water.

Pollution status based on TC in tank after duplicate elimination * Tank types recoded Crosstabulation

Tank types recoded
Tanks on roof | Tanks in attic [ Other Total

Pollution Not Count 13 23 0 36
status based polluted o
on TCin % within Tank types recoded 46.4% 69.7% .0%| 58.1%
tank after  polluted Count 15 10 1 26
duplicate o
elimination % within Tank types recoded 53.6% 30.3%| 100.0%| 41.9%
Total Count 28 33 1 62

% within Tank types recoded 100.0% 100.0%| 100.0%| 100.0%
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4. Association between ‘Tank Type’ and presence/absence of ‘Fecal Coliform’ in tap water

from tank:

Result: At 95% confidence, p-value = 0.005 < 0.05 Therefore there is association between
tank type and fecal coliform contamination of tank water.

Pollution status based on FC in tank after duplicate elimination * Tank types recoded Crosstabulation

Tank types recoded

Tanks on roof | Tanks in attic | Other | Total

Pollution status Not Count 28 28 0 56
based on FCin polluted o

% within Tank types recoded 100.0% 84.8% .0%| 90.3%
tank after
duplicate Polluted Count 0 5 1 6
elimination

% within Tank types recoded .0% 15.2%] 100.0% 9.7%
Total Count 28 33 1 62

% within Tank types recoded 100.0% 100.0%| 100.0%| 100.0%

5. Association between ‘diarrhea cases’ and ‘water quality’

Result: Cannot be tested since all water samples were collected from households exhibiting
diarrhea cases.

6. Association between ‘diarrhea cases’ and ‘tank type’

Result: At 90% confidence, p-value = 0.067 < 0.10 There is association between diarrhea
cases and tank type.

Tank types recoded * Diarrhea among members in the past three months Crosstabulation

Diarrhea among members in the
past three months
Yes No Total
Tank types Tanks Count 58 112 170
recoded on roof .
% within Diarrhea among members 48.3% 58.6% 54.7%
in the past three months = o e
Tanks Count 61 79 140
in attic o
% within Diarrhea among members 50.8% 41.4% 45.0%
in the past three months o e =
Other Count 1 0 1
% within Diarrhea among members o o 0
in the past three months 8% 0% 3%
Total Count 120 191 311
% within Diarrhea among members 100.0% 100.0% 100.0%
in the past three months o o =
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7. Association between ‘wastewater problems’ and ‘diarrhea cases’
Result: At 90% confidence, p-value = 0.246 > 0.10 There is NO association between presence
of wastewater problems and diarrhea cases.
Problems in wastewater network and fixtures * Diarrhea among members in the past three months
Crosstabulation
Diarrhea among members in the
past three months
Yes No Total
Problems in Yes Count 77 109 186
wastewater 9% within Diarrh bers i
network and o WIthin 'Jlarrnea amang members in 61.6% 55.1% 57.6%
i the past three months
ixtures
No Count 48 89 137
o) .
% within Diarrhea among members in 38.49% 44.9% 42.4%
the past three months
Total Count 125 198 323
of i .
% within Diarrhea among members in 100.0% 100.0% 100.0%
the past three months

8. Association between ‘wastewater problems’ and ‘water quality’

Result: At o = 0.10, p-value = 0.122 for TC and 0.391 for FC. Therefore there is no association
between wastewater problems and water quality.

In summary, an association was found between tank type and water quality (for both TC and FC
as indicators). An association was also found between diarrhea cases and tank type, while no
association was found between diarrhea cases and reporting of wastewater problems.
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Annex 14.
Details of the building selection process
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List of buildings where diarrhea cases were reported

Deeb Abou Shama
Koja Building
TA0034
TA0045
TA0046
TA0048
TA0054
TA0058
TA0064
. TAOO74
. TAOO85
. TAO089
. TA0090
. TA0097
. TA0102
. TA0106
. TAO0113
. TA0127
. TA0143
. TB0O16
. TB0039
. TB0O070
. TB0072
. TBO073
. TB0O080
. TB0085
. TB0102
. TBO105
. TBO110
. TBO112
. TB0122
. TB0126
. TB0129
. TB0132
. TB0139
. TBO161
. TB0174
. TB0177
. TB0178
. TB0183

LoNOUEWNER

D WWWWWWWWWWNNNNNNNNNNRRERRRRERRRPR R
CWLWONOOUNDNWNROOVLONOODUDNWNROWVONOOODUDWNIERO

41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

TB0536
TB0539
TB0O553
TB0615
TB0623
TB0631
TB0642
TB0645
TB0646
TB0649
TB0652
TB0658
TBO664
TB0678
TJ0002
TJOO06
TJOO08
TJOO14
TJOO018
TJ0021
TJ0023
TJ0024
TJO033
TJO034
TJ0045
TJO052
TJ0062
TJO066
TJOO70
TJ0072
TJOO80
TJO093
TJ0094
TJ0102
TJO103
TJ0104
TJ0252
TJ0280
TJ0286
TJ0493

81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94,
95.
96.
97.
98.
99.

TJ0495
TJ0504
TJ0528
TJO531
TJ1100
TJ1103
TJ1106
TJ1107
71111
Ti1127
TJ1128
TJ1132
TJ1136
TJ1137
TJ1148
TJ1150
TJ1151
TJ1152
TJ1154

100.TJ1156
101.TJ1158
102.TJ1166
103.TJ1169
104.7J1182
105.7J1183
106.7J1187
107.TJ1189
108.7J1190
109.TJ1207
110.TJ1216
111.TJ1221
112.7J1227
113.7J1228
114.7J1229
115.TJ1231
116.TK0408
117.TK0437
118.TK0439
119.TK0449
120.TK0451
121.TK0O484
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List of buildings where diarrhea was reported and total coliform was detected in the water of the
storage tanks

1. TB0102 14. TJO104
2. TBO0110 15. TJ0286
3. TBO0122 16. TJ1151
4. TBO0129 17. TJ1152
5. TB0536 18. TJ1154
6. TB0539 19. TJ1158
7. TBO615 20. TJ1187
8. TB0642 21. TJ1189
9. TB0645 22. TJ1207
10. TBO646 23. TJ1216
11. TB0649 24. TJ1221
12. TJ0O002 25. TJ1227
13. TJO103 26. TJ1229

List of buildings where diarrhea was reported and total coliforms detected in the water of the storage
tanks located on the attic
TBO110

TB0539

TJ0002

TJ0103

TJO104

TJ0286

TJ1154

TJ1158

. TJ1189

10. TJ1227

=

©o N R WN
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Annex 15.
Powerpoint presentation at the meeting with NGOs in Tripoli (March 3, 2010)
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Annex 16.
Field Inspection of Selected Buildings
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Characteristics of selected buildings

Building Zone | Street Name | Landmark No. of | No. of housing | Space availability around the bldg Notes
Number floors units per bldg
TB0110 1 Baal Al 3 3 None Very old building, directly on the
Sarakibi main street with shops on the
Street ground floor
TJ1154 1 Next to Sabil and 6 24 Limited space on building entrance Very old building, bad condition
Meat Palace
TJ1158 1 In front of Masjad Al 5 15 Space inside the building entrance The building is in relatively good
Rashwani condition, located in the middle of
the vegetables retail market
TJ1189 1 Al Sabil 5 35 Very limited space around or inside In the middle of the vegetables retail
building. market. Shops on ground floor
TB0539 2 Mouhajireen | Directly next to Al 4 12 A lot of space outside the building. Building in very good condition
street Imam Ali Mosque
TJ0002 4 Across the street 3 7 There is some space (4X4m?) Car body repair workshop at ground
from Jihad Mosque level
TJ0103 4 Bazar Street 6 12 Some space available
TJ0104 4 Next to Forn Al 2 4 No space available
Hamawi
TJ0286 4 In front of Khalil Al 6 12 Space on 1% floor (5x5m?)
Rahman Mosque
TJ1227 5 3 buildings away 6 21 No space available

from Al Jihad
Mosque
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Photos of selected buildings

Building Number

Photos of buildings

TB0110

TJ1154

TJ1158

Al6-3




Building Number

TJ1189

Photos of buildings

TB0539

TJO002
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Building Number

TJO103

Photos of buildings

TJO104

TJ0286
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Building Number

Photos of buildings

TJ1227

o o
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Annex 17.
Location and Photos of Storage Tank Installation
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Date, location, and owner of households were tanks were replaced

Date Zone Bldg Id Floor Owner

4 TJ0002 1 Mohammad Shoumra
08/02/2011 4 TJ0104 2 Abdel Nasser Naaman

4 TJ0104 1 Talal Sahyouni

4 TJO103 4 Hussein Al Mawla
10/02/ 2011 3 TA0089 1 Hadla Jandal

5 TJ1107 2 Rabih El Naddaf

3 TK0437 1 Haitham Mohammad

1 TJ1154 1 Rahjat Ibrahim
11/02/2011

1 TB0110 1 Riad Khodor

3 TKO408 2 Nahla Alayan

4 TJO002 2 Mohammad Matar

4 TJO002 4 Mostafa Matar
15/02/2011

1 TJ1128 6 Noujoud Abdel Karim Fayad

1 TJ1158 1 Emm Omar Shaabo

4 TJ0104 1 Aiicha El Sayed

4 TJO104 2 Moh d Abdo Tafeh
17/02/2011 ohamma o Tafe

1 TB0070 2 Salwa Hazzouri

2 TB0678 1 Bilal Sahyouni

3 TK0408 3 Samar Mostafa

1 TB0O113 2 Ahmad Ibrahim
18/02/2011

1 TB0029 1 Khadijeh El Ali Kabalan

1 TJ1154 2 Rabih El Kurdi

4 TJ0002' 3 Manal Nayouf

5 TJ1236 5 Abdel Kader Harraz
23/02/2011

1 TB0O113 3 Khaled Ibrahim

1 TB0O113 1 Akram Ibrahim

1 TB0118 1 Walid lbrahim

1 TB0115 0 Rabih lbrahim
24/02/2011

1 TB0O119 1 Mohammad lbrahim

1 TB0034 0 Khouloud El Khaled
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Photos of new and replaced of storage tanks

Bldg Id | Owner Old tank New tank

710002 Mohammad
Shoumra
710104 Abdel Nasser

Naaman

TJ0104 Talal Sahyouni

Hussein Al

TJO103 Mawla

TA0089 Hadla Jandal

TJ1107 | Rabih El Naddaf
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Bldg Id | Owner
Haitham
TK0437 Mohammad
TJ1154 Rahjat Ibrahim
TB0110 Riad Khodor
TK0408 Nahla Alayan
710002 Mohammad
Matar
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Bldg Id

Owner

TJ0002 Mostafa Matar
e
T)1158 E’g:; gk:gar
TJ0104 Aiicha El Sayed
oo | e
TBO070 | Salwa Hazzouri
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New tank

Bldg Id | Owner Old tank
TB0678 Bilal Sahyouni
TKO408 | Samar Mostafa
TB0113 | Ahmad lbrahim
180029 Khadijeh El Ali
Kabalan
TJ1154 Rabih El Kurdi
TB0118 Walid Ibrahim
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Bldg Id | Owner
TB0115 Rabih lbrahim
TB0119 Mohamﬁmad
Ibrahim
Khouloud El
TB0O034 Khaled
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Annex 18.
Photos of replaced of water pipes
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Bldg Id | Owner New water pipes
Mohammad
TJO002 Matar
TJ0002 Mostafa Matar
TB0070 | Salwa Hazzouri
TJ0103 Hussein Al
Mawla

A18-2




Annex 19.
Results of Water Quality Monitoring Program from March to October 2011
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Results of microbiological and physicochemical analysis of water samples collected from the drinking \

water tap from March 27 till July 10

Date March 27, April 3 April 10, April 17 May 1, May 8 May 15, May 22 June 5, June 26 July 3, July 10
Building Id | Free cI* ¢ Fc Free CI* ¢ Fc Free CI' c Fc Free CI* ¢ Fc Free CI' ¢ Fc Free CI* c Fc
TJ1154-1 0.52 0 0 0.39 27 2 0.28 0 0 0.35 1 0 - - - - - -
TJ1154-2 0.52 0 0 0.39 27 2 0.28 0 0 0.33 0 0 0.42 11 0 - - -
TBO110 0.24 0 0 0.35 0 0 0.31 0 0 0.31 0 0 0.28 0 0 0.24 0 0
TJ1128 - - - - - - 0.32 0 0 - - - - - - 0.28 11 0
TJ1158 0.21 0 0 0.26 0 0 0.31 2 0 0.24 0 0 0.28 175 0 0.16 2 0
TB0070 0.46 0 0.26 0 0 0.3 1 0 0.32 0 0 0.3 0 0 0.10 3 0
TB0113-1 0.12 0 0 0.28 TNTC 38 0.3 0 0 - - - 0.34 TNTC 3 0.22 47 0
TB0113-2 0.12 0 0 0.28 TNTC 38 0.3 0 0 - - - - - - - - -
TB0113-3 0.12 0 0 0.28 TNTC 38 0.3 0 0 - - - 0.31 TNTC 2 - - -
TB0029 0.4 TNTC 0 0.3 0 0 0.33 2 0 0.31 0 0 0.28 TNTC 0 0.26 7 2
TB0118 0.13 0 0 0.34 0 0 0.3 0 0 - - - - - - - - -
TBO115 0.29 0 0 0.27 0 0 0.3 0 0 0.33 TNTC 0 0.33 0 0 0.10 0 0
TB0119 0.12 0 0.31 0 0 0.38 0 0 - - - 0.32 TNTC 0 - 0 0
TB0034 0.35 18 0 0.27 0 0 0.46 0 0 0.38 0 0 0.29 167 0 0.20 0 0
TB0678 0.42 77 74 - - - 0.25 TNTC TNTC 0.37 TNTC 32 - - - 0.12 TNTC 92
TA0089 0.27 1 0 0.39 10 0 0.29 0 0 0.50 1 0 0.29 55 0 - - -
TKO0437 0.22 1 0 0.38 0 0 - 1 0 0.28 0 0 0.27 0 0 0.11 0 0
TK0408-2 0.33 1 0 0.35 61 0 0.33 1 0 0.40 TNTC 0 0.40 0 0 - - -
TK0408-3 0.33 1 0.35 61 0 0.33 1 0 0.27 17 0 0.40 2 0 - - -
TJ0002-1 0.28 0 0 0.28 88 0 0.35 TNTC 0 0.28 0 1 0.25 6 0 0.24 74 0
TJ0002-2 0.28 0 0 0.28 88 0 0.35 TNTC 0 0.32 TNTC 0 - - - - - -
TJ0002-3 0.28 0 0 0.28 88 0 0.35 TNTC 0 0.27 0 0 0.26 0 0 0.39 TNTC 0
TJO002' 0.28 0 0 0.26 1 0 0.21 32 0 0.3 8 0 - - - - - -
TJ0104-1A 0.33 10 0 0.35 TNTC 0 - 0 0 0.26 TNTC 0 0.34 0 0 0.38 50 0
TJ0104-1B 0.33 10 0 0.35 TNTC 0 - 0 0 0.31 TNTC 0 0.37 27 0 - - -
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Date March 27, April 3 April 10, April 17 May 1, May 8 May 15, May 22 June 5, June 26 July 3, July 10
Building Id | Free cI* ¢ Fc Free CI* ¢ Fc Free CI' c Fc Free CI* ¢ Fc Free CI' ¢ Fc Free CI* c Fc
TJO104-2A 0.33 10 0 0.35 TNTC 0 - 0 0 0.36 TNTC 0 0.36 TNTC 1 0.19 TNTC 0
TJ0104-2B 0.33 10 0 0.35 TNTC 0 - 0 0 0.29 112 0 0.39 55 0 0.29 11 0
TJO103 0.2 44 0 0.27 4 0 - 0 0 0.27 0 0 0.33 0 0 - - -
TJ1107 0.35 0 0 0.35 0 0 0.27 1 0 0.30 0 0 0.22 4 0 0.29 0 0
TJ1236 0.28 0 0 0.33 0 0 0.28 0 0 0.27 0 0 - - - 0.19 0 0
! Free residual chlorine (mg/LCI) Total Coliform (CFU/100 ml) ®Fecal Coliform (CFU/100 ml)
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Results of microbiological and physicochemical analysis of water samples collected from the drinking water tap from July 17 till October 30

Date July 17, July 24 Aug 7-14, Sept 4 Sept 11, Sept 18 Sept 25, Oct 2 Oct 9, Oct 16 Oct 23, Oct 30
Building Id | Free cff et Fc Free CI' et Fc Free CI' e Fc Free CI' c Fc Free CI' et £ Free CI' ¢ £
TJ1154-1 0.21 0 0 - - - 0.09 54 0 0.12 0 0 0.22 156 0 0.20 0 0
TJ1154-2 - - - 0.10 142 0 0.08 0 0 - - - - - - 0.12 0 0
TB0110 - - - - - - - - - 0.02 0 0 - - - - - -
TJ1128 - - - - - - - - - 0.07 TNTC 0 0.17 188 0 - - -
TJ1158 0.12 1 0 0.14 0 0 - - - - - - 0.09 0 0 0.03 0 0
TB0070 0.09 8 0 - - - 0.42 0 0 0.03 TNTC 0 0.09 1 0 0.13 0 0
TB0113-1 0.20 34 0 - - - 0.22 0 0 0.19 0 0 0.25 0 0 - - -
TB0113-2 - - - - - - - - - - - - 0.07 1 0 - - -
TB0113-3 - - - - - - 0.24 0 0 - - - 0.11 2 0 - - -
TB0029 0.21 TNTC TNTC 0.08 0 0 - - - - - - 0.23 2 0 0.13 0 0
TB0118 - - - - - - 0.16 0 0 - - - - - - - - -
TB0115 - - - - - - - - - - - - - - - - - -
TB0119 - - - - - - - - - - - - 0.30 0 0 - - -
TB0034 0.18 0 0 - - - 0.10 0 0 0.31 0 0 0.18 0 0 0.21 0 0
TB0678 0.16 34 17 - - - - - - 0.14 TNTC 123 0.13 15 10 - - -
TA0089 0.18 0 0 - - - 0.37 0 0 0.10 81 0 0.14 29 0 0.19 0 0
TK0437 0.36 0 0 0.15 0 0 0.20 0 0 0.19 0 0 0.10 0 0 0.14 0 0
TK0408-2 0.17 TNTC 0 0.19 0 0 - - - 0.03 0 0 0.04 20 0 - 13 0
TKO0408-3 - TNTC 0 0.14 1 0 0.16 0 0 0.04 0 0 0.08 0 0 0.04 TNTC 0
TJO002-1 0.09 8 0 0.21 0 0 0.13 0 0 0.24 0 0 0.05 0 0 0.21 47 0
TJ0002-2 0.07 0 0 0.19 0 0 0.03 0 0 - - - 0.14 TNTC 0 0.21 0 0
TJ0002-3 - - - - - - 0.37 12 - 0.13 0 0 0.17 0 0 0.19 0 0
TJ0002' 0.14 33 0 0.15 66 0 - - - - - - 0.06 44 0 0.08 0 0
TJO104-1A 0.20 0 0 0.19 0 0 0.16 0 0 0.20 106 0 0.17 0 0 0.40 0 0
TJ0104-1B 0.12 0 0 0.18 0 1 0.16 0 0 0.17 TNTC 0 - - - 0.22 0 0
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Date July 17, July 24 Aug 7-14, Sept 4 Sept 11, Sept 18 Sept 25, Oct 2 Oct 9, Oct 16 Oct 23, Oct 30
Building Id | Free cf! ¢ ¢ | Freect ¢ ¢ | Freect % ¢ | Freect % ¢ | Freect ¢ ¢ | Freect % i
TJ0104-2A 0.27 25 0 - 0 0 0.16 0 0 0.22 159 0 0.20 92 0 0.29 0 0
TJ0104-2B 0.27 0 0 - 0 0 - - - 0.19 0 0 0.12 0 0 0.39 0 0
TJ0103 0.24 0 0 0.11 0 0 - - - 0.19 0 0 - - - 0.13 0 0
TJ1107 0.17 0 0 - - - - - - 0.28 0 0 - - - - - -
TJ1236 0.16 0 0 - - - 0.12 0 0 0.17 0 0 0.10 TNTC 0 0.17 0 0
! Free residual chlorine (mg/LCI) 2Total Coliform (CFU/100 ml) 3 Fecal Coliform (CFU/100 ml)
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Results of microbiological and physicochemical analysis of water samples collected from the tap connected to tank from March 27 till July 10

Date March 27, April 3 April 10, April 17 May 1, May 8 May 15, May 22 June 5, June 26 July 3, July 10
Building Id | Free Cl’ c Fc Free CI' c Fc Free cI’ c Fc Free CI' c Fc Free cI’ c Fc Free CI' c Fc
TJ1154-1 0.43 0 0 0.26 0 0 0.25 0 0 0.29 0 0 - - - - - -
TJ1154-2 0.33 0 0 0.29 0 0 0.29 0 0 0.32 TNTC 0 0.32 11 0 - - -
TBO110 0.17 0 0 0.26 1 0 0.35 1 0 0.25 72 0 0.29 0 0 0.22 0 0
TJ1128 0.25 6 0 0.3 0 0 0.39 0 0 0.29 0 0 0.34 TNTC 0 - - -
TJ1158 0.33 0 0 0.26 0 0 0.26 1 0 0.24 0 0 0.30 247 0 0.15 0 0
TB0070 0.28 1 0.36 0 0 0.32 1 0 0.25 15 0 0.37 TNTC 0 0.18 1 0
TB0113-1 0.12 35 30 0.27 1 0 0.31 2 0 0.32 5 0 0.30 103 0 0.17 TNTC 0
TB0113-2 0.13 TNTC 0 0.33 TNTC 0 0.32 TNTC 0 0.27 70 0 0.27 0 0 - - -
TB0113-3 0.11 16 0 0.26 0 0 0.24 0 0 0.35 TNTC 0 0.30 33 4 0.29 13 0
TB0029 - 35 0 - - - - - - - - - - - - - -
TB0118 0.09 0 0 0.31 0 0 0.27 0 0 0.22 9 0 - - - - - -
TBO115 0.33 0 0 0.29 0 0 0.28 60 0 0.28 26 0 0.28 TNTC 61 0.20 0 0
TBO119 0.13 18 0 0.28 0 0 0.25 32 0 0.24 1 0 0.30 TNTC 0 - 0 0
TB0034 - - - 0.34 28 0 0.3 102 0 0.22 18 0 0.28 225 TNTC 0.16 TNTC 0
TB0678 0.36 112 15 0.34 0 0 0.26 TNTC 88 0.33 31 17 0.29 1 0 0.07 TNTC 21
TA0089 0.38 55 37 0.24 27 16 0.29 TNTC 0 0.29 TNTC TNTC 0.25 TNTC 68 0.36 TNTC 0
TKO0437 0.14 1 0 0.32 25 0 - 14 0 0.24 6 0 0.28 0 0 0.13 0 0
TK0408-2 0.33 13 0.33 TNTC 0 0.28 TNTC 0 0.28 14 1 0.36 0 0 0.36 TNTC 0
TK0408-3 - - - 0.32 1 0 0.26 23 1 0.32 TNTC 0 0.36 TNTC 0 - - -
TJ0002-1 0.26 3 0 0.32 27 0 0.27 1 0 0.26 1 0 0.24 21 0 0.32 0 0
TJ0002-2 0.27 9 0 0.26 150 0 0.28 50 0 0.32 0 0 0.29 1 0 0.30 TNTC 13
TJO002-3 0.32 0 0 0.24 0 0 0.25 0 0 0.22 TNTC 0 0.28 4 0 0.31 TNTC 0
TJO002' 0.24 TNTC 0 0.27 1 0 0.35 27 0 0.21 110 0 0.23 0 0 - - -
TJ0104-1A - - - 0.33 0 0 - 1 0 - - - 0.26 45 0 0.29 TNTC 0
TJ0104-1B 0.28 TNTC 0 0.39 2 0 - 0 0 0.28 140 0 0.40 33 0 - - -
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Date March 27, April 3 April 10, April 17 May 1, May 8 May 15, May 22 June 5, June 26 July 3, July 10
Building Id | Free Cl* c Fc Free ClI' c Fc Free cI’ c £ Free CI' c Fc Free cI’ c Fc Free CI' c Fc
TJO104-2A 0.27 12 1 0.35 0 0 - 4 0 0.33 163 0 0.32 51 0 0.22 38 0
TJO104-2B 0.33 0 0 0.28 2 0 - 2 0 0.31 TNTC 0 0.26 0 0 0.38 2 0
TJ0103 0.26 34 1 0.3 4 0 - 1 0 0.21 1 0 0.27 5 0 0.30 0 0
TJ1107 - - - 0.35 0 0.27 1 0 0.25 0 0 0.25 28 0 0.30 0 0
TJ1236 0.25 0 0 0.26 TNTC 0 0.29 TNTC 0 0.35 0 0 0.27 0 0 0.14 25 0
! Free residual chlorine (mg/LCI) % Total Coliform (CFU/100 ml) 3 Fecal Coliform (CFU/100 ml)
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Results of microbiological and physicochemical analysis of water samples collected from the tap connected to tank from July 17 till October 30

Date July 17, July 24 Aug 7-14, Sept 4 Sept 11, Sept 18 Sept 25, Oct 2 Oct 9, Oct 16 Oct 23, Oct 30
Building Id | Free CI* (e Fc Free CI' ¢ Fc Free CI* ¢ Fc Free CI' ¢ Fc Free CI* ¢ Fc Free CI' ¢ Fc
TJ1154-1 0.22 TNTC 0 0.07 1 0 0.11 0 0 0.14 35 0 0.13 TNTC 0 0.12 TNTC 0
TJ1154-2 - - - 0.29 2 0 0.11 0 0 - - - - - - 0.21 1 0
TBO110 0.16 0 0 0.21 1 0 - - - 0.15 0 0 - - - - - -
TJ1128 0.16 TNTC 1 0.24 0 0 0.03 0 4 0.17 0 0 0.26 1 0 0.25 0 0
TJ1158 0.10 4 0 0.02 0 0 - - - - - - 0.09 0 0 0.11 0 0
TB0070 0.15 45 0 0.16 0 0 0.16 49 0 0.01 110 0 0.19 0 0 0.05 0 0
TB0113-1 0.21 19 0 0.20 15 0 0.20 TNTC 0 0.14 TNTC 0 0.09 2 0 - - -
TB0113-2 - - - 0.26 TNTC 1 - - - - - - 0.07 110 14 - - -
TB0113-3 0.26 72 0 0.25 TNTC 15 0.15 2 0 0.15 TNTC 0 0.19 88 10 - - -
TB0029 0.12 0 0 0.24 TNTC 0 0.12 5 0 - - - 0.32 TNTC 0 0.19 0 0
TB0118 - - - - - - 0.12 25 0 0.11 0 0 - - - - - -
TBO115 - - - 0.13 0 0 - - - - - - - - - - - -
TB0119 - - - - - - - - - 0.03 TNTC 0 0.14 38 0 - - -
TB0034 0.15 TNTC 0 0.24 24 0 0.04 TNTC 0 0.11 TNTC 70 0.17 2 0 0.06 0 0
TB0678 0.15 TNTC 3 - - - - - - 0.18 TNTC 92 0.11 116 2 - - 0
TA0089 0.22 130 0 0.16 0 0 0.23 0 0 0.21 28 0 0.15 68 0 0.29 0 0
TKO0437 0.17 0 0 0.23 0 0 0.25 0 0 0.11 0 0 0.01 26 0 0.08 0 0
TK0408-2 0.19 TNTC 0 0.15 0 0 - - - 0.02 TNTC 0 0.02 TNTC 0 - TNTC 0
TK0408-3 0.08 TNTC 0 0.18 0 0 0.13 0 0 0.08 2 0 0.03 86 0 0.02 0 0
TJ0002-1 0.28 0 0 0.21 0 0 0.06 0 0 0.15 0 0 0.13 0 0 0.13 0 0
TJ0002-2 0.17 1 0 0.19 0 0 0.10 0 0 - - - 0.14 72 0 0.20 0 0
TJ0002-3 0.18 12 0 0.12 12 0 0.10 0 0 0.11 0 0 0.09 8 0 0.11 0 0
TJO002' 0.11 0 0 0.23 2 0 - - - - - - 0.08 TNTC 0 0.01 6 0
TJ0104-1A 0.23 1 0 0.23 TNTC 0 0.28 51 0 0.25 TNTC 0 0.20 0 0 0.31 0 0
TJ0104-1B 0.23 1 0 0.18 7 6 0.26 0 0 0.17 15 0 - - - 0.35 1 0
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Date July 17, July 24 Aug 7-14, Sept 4 Sept 11, Sept 18 Sept 25, Oct 2 Oct 9, Oct 16 Oct 23, Oct 30
Building Id Free CI' 7 [Zod Free CI' ¢ Fc Free CI* ¢ e Free CI' ¢ Fc Free CI* ¢ Fc Free CI' ¢ Fc
TJO104-2A 0.13 TNTC 0 - 9 0 0.12 0 0 0.16 1 0 0.20 1 0 0.20 0 0
TJ0104-2B 0.21 9 1 0.23 0 0 - - - 0.25 13 0 0.18 2 0 0.21 0 0
TJ0103 0.17 TNTC 0 0.08 0 0 - - 0.20 0 0 - - - 0.08 0 0
TJ1107 0.17 0 0 - - - - - - 0.18 TNTC 0 0.01 3 0 - - -
TJ1236 0.16 27 0 0.23 0 0 0.15 0 0 0.18 0 0 0.14 0 0 0.17 0 0
! Free residual chlorine (mg/LCI) Total Coliform (CFU/100 ml) ®Fecal Coliform (CFU/100 ml)

A19-8




Results of microbiological and physicochemical analysis of water samples collected from the storage tanks from May 1 till October 2

Date Mayl, May 8 July 3, July 10 July 17, July 24 Aug 7-14, Sept 4 Sept 11, Sept 18 Sept 25, Oct 2
Building Id | Free CI* [ Fc Free CI* ¢ Fc Free CI* ¢ Fc Free CI' ¢ Fc Free CI* ¢ Fc Free CI' [ Fc
TJ1154-1 0.31 0 0 - - - 0.14 TNTC 17 0.24 0 0 0.16 0 0 0.11 0 0
TJ1154-2 - - - - - - 0.12 6 0 0.25 0 0 0.11 TNTC 0 - - -
TB0110 - - - 0.25 0 0 0.17 0 0 0.18 0 0 - - - 0.14 0 0
TJ1128 - - - 0.32 39 0 0.16 TNTC 1 0.34 0 0 - - - 0.10 0 0
TJ1158 - - - 0.16 0 0 0.12 1 0 - - - - - - - - -
TB0070 - - - 0.13 0 0 0.09 0 0 0.08 0 0 0.15 3 0 0.05 6 0
TB0113-1 0.35 2 0 0.11 0 0 0.19 30 0 0.24 TNTC 0 0.18 0 0 0.18 0 0
TB0113-2 - - - 0.08 83 0 - - - 0.30 100 140 0.12 TNTC 0 - - -
TB0113-3 - - - 0.19 0 0 0.18 131 0 0.31 TNTC 0 0.10 0 0.13 TNTC 0
TB0029 - - - - - - - - - - - - - - - - - -
TB0118 - - - - - - - - - - - - - - - - - -
TB0115 - - - 0.15 TNTC 0 - - - 0.13 0 0 - - - - - -
TBO119 - - - 0.15 TNTC 0 - - - - - - - - - - - -
TB0034 - - - 0.18 0 0 - - - - - - - - - - - -
TB0678 - - - - - - - - - - - - - - - - - -
TA0089 0.35 5 0 0.48 TNTC 0 0.19 84 0 0.25 0 0 0.40 0 0 0.15 TNTC 0
TK0437 - - - 0.17 0 0 0.10 0 0 - - - 0.15 0 0 0.20 0 0
TK0408-2 - - - 0.34 TNTC 0 0.18 13 0 0.19 2 0 0.15 0 0 0.02 0 0
TKO0408-3 - - - - - - 0.22 TNTC 0 0.20 0 0 0.10 0 0 0.04 33 0
TJO002-1 - - - 0.32 TNTC 0 0.15 0 0 0.15 0 0 0.08 0 0 0.15 0 0
TJ0002-2 0.28 50 0 0.34 19 0 0.15 0 0 0.12 0 0 0.05 0 0 - - -
TJ0002-3 - - - 0.35 0 0 0.12 0 0 0.16 1 0 0.14 0 0 0.18 0 0
TJ0002' - - - 0.30 0 0 0.12 0 0 0.16 5 0 - - - - - -
TJO104-1A - - - 0.31 3 0 0.16 0 0 - 0 0 0.06 0 0 0.04 24 0
TJ0104-1B - - - 0.20 TNTC 0 0.17 TNTC 0 - 0 0 0.24 0 0 0.21 8 0
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Date May1, May 8 July 3, July 10 July 17, July 24 Aug 7-14, Sept 4 Sept 11, Sept 18 Sept 25, Oct 2
Building Id | Free CI* [ Fc Free CI* ¢ Fc Free CI* ¢ Fc Free CI' ¢ Fc Free CI* ¢ Fc Free CI' [ Fc
TJ0104-2A - - - 0.29 38 0 0.15 0 0 - 0 0 0.33 0 0 0.26 0 0
TJ0104-2B - - - 0.33 63 0 0.19 0 0 - 0 0 - - - 0.22 2 0
TJO103 - - - - - - - - - 0.22 0 0 - - - 0.14 0 0
TJ1107 - - - 0.28 0 0 0.13 0 0 - - - - - - 0.18 0 0
TJ1236 - - - 0.27 0 0 0.16 0 0 0.13 0 0 0.11 0 0 0.17 0 0
! Free residual chlorine (mg/LCI) 2Total Coliform (CFU/100 ml) 3 Fecal Coliform (CFU/100 ml)
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Results of microbiological and physicochemical analysis of water samples collected from the storage tanks from October 9 till October 30

Date Oct 9, Oct 16 Oct 23, Oct 30
Building Id Fr?e residual TC (CFU/ FC(CFU/ Frf?e residual TC (CFU/ FC (CFU/
chlorine (mg/L CI') 100 ml) 100 ml) chlorine (mg/L CI') 100 ml) 100 ml)

TJ1154-1 0.10 0 0 0.19 1 0
TJ1154-2 - - - 0.14 0 0
TB0110 - - - - - -
TJ1128 0.22 53 0 0.21 0 0
TJ1158 0.10 10 0 0.18 0 0
TB0O070 0.05 1 0 0.05 0 0
TB0113-1 0.16 5 0 - - -
TB0113-2 0.03 31 0 - - -
TB0113-3 0.07 0 0 - - -
TB0029 - - - - - -
TB0118 - - - - - -
TBO115 - - - - - -
TB0119 0.20 0 0 - - -
TB0034 - - - - - -
TB0678 - - - - - -
TA0089 0.26 50 0 0.24 0 0
TK0437 0.03 5 0 0.15 0 0
TK0408-2 0.03 28 0 0.03 0 0
TK0408-3 0.11 TNTC 0 0.04 1 0
TJ0002-1 - 44 0 0.16 0 0
TJ0002-2 0.06 15 0 0.06 0 0
TJ0002-3 0.03 4 0 0.18 0 0
TJ0002' 0.10 10 0 0.15 0 0
TJ0104-1A 0.22 3 0 0.19 0 0
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Date

Oct 9, Oct 16

Oct 23, Oct 30

Building Id Fre.fe residual TC (CFU/ FC(CFU/ Fre.fe residual TC (CFU/ FC (CFU/
chlorine (mg/L CI') 100 ml) 100 ml) chlorine (mg/L CI') 100 ml) 100 ml)

TJ0104-1B 0.11 TNTC 0.30 0 0
TJ0104-2A 0.12 25 0.11 0 0
TJ0104-2B 0.29 10 0.36 0 0
TJO103 - - 0.10 0 0
TJ1107 0.05 0 - - -
TJ1236 - - - -
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Participatory Improvement of
Water and Sanitation Services in
Tripoli through a Comparative
Analysis with Irbid

Project Progress
May 2008 ta present

American University of Beirut

Outline

» Background, goals and chjectives
» Scope of work

» Progress to date

» Mext steps

| —

Background

Pogd asd abient urben infresmucium

Poor Urban Area
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Main Goal

Easing environmental burdens in an urban area
through a better understanding of how poor
environmental services exacerbate poverty as
well as piloting interventions that improve such
services

Study Area

+ Tebbaneh, Tripoli
Cne of the poorest urban
areas in Lebanon
Transformed into a slum in
1955 by the Mooding of the
nearby Abu-All River
Dwellings miserable and underserved
Mare than 50% live below the poverty ling
Average monthly household income LUSD1 30
Unemployment rate reaches | 2% In comparison o
6% for the rest of the city

e

Study Area

« 1.9 Km' ares

= Highest population
density in the country

4671 periona km?

« Poar community

« Average manthly income
= 200 USD per month

« Majority of the
population Sunni Muslim
and 3 minority of
Christlans

+ 0.4 Km? area
= Highest population

density in the tountry
58,510 persoss km'

« Paar cammunity
« Awerage manthly income

< 200 USD per month

= Majosity of the

population Sunni Muslim
and a minority of
Christians




Objectives

» Draw on lessons from Irbid, Jordan

» Define priority needs

» Develop and implement pilot interventionis) with
the p ictir?atiun oﬁﬁe cpmmuniw anéﬁl?'le
mumcipality

» Develop a susjainable

ﬁé‘l\l‘llﬂn mental
management framewo

» Disseminate the experience with the pilot
interventionis)

| —

Scope of Work

« Establishing a comparative framework

« Meeds assessment validation and
prigritization

o fra?tmcqure mapping and GIS
evelopment

= Pilot intervention(s): Definition and
implementalion

. Fuslasnabllle urban development
FAMEWET

I - [Dissemination

[»

Establishing a Comparative Framework

+ Irbid, Jordan:
Similar charactesistics to Tebbaneh
Adeguately functioning water and sanitation system
» Social field assessment
+» Definition of key indicators affecting the
provision of water distribution and sanitary
Services

|-
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Needs Assessment
Validation and Prioritization

+ Build on previous and on-going experiences

+ Field surveys

+ Stakeholders’ interviews and meetings

+ Understand the infrastructure support
systems and the responsibilities

+ Community capacity building needs,
priorities, and expectations

-

Infrastructure Mapping
and GI5 Development

+ The infrastructure inventory will be integrated
in a GIS framewark
Conduct & situational analysis
Allew the development of a municipal suppart
systern for the Tebbaneh region
+ Include social, economic and other data
layers
+ Compatible with existing GIS system

-

Filot Intervention(s):

Definition and Implementation

« Potential intervention(s) will be defined in
coordination with the community and the
municipality

+ Structural and non-structural

+ Cender-sensitive

.




Sustainable
Urban Development Framework

+ Solicitation of community feedback about
pilat interventions and feasibility to expand
throughout the Tebbaneh

+ Summarize project’s findings into a
framework that will serve as a guide for the
community and municipality to seek
funding for expansion of similar pilot
interventions throughout the Tebbaneh or
similar regions

| —

ad

Progress to date

« Needs assessment validation and
prioritization

Social field assessmaent in Irbid
Social fiekd assessment in Tebbaneh
Main results of field assessment
Health survey in Tebbaneh
Socie-economic assessment of water pollution
Water guality assessment

» GIS spatial analysis

+ Definition of pilot interventions

« Implementation of pilot interventions

.ilmring of intervention impacts

2|

Social Field Assessment in Irbid

Several mectings between AUB representative and
the JUST Team in jordan

Selection of survey area

Preparation of social questionnaire

tdentification of field surey team

Tralning on questionnaire use

Conducting field survey of 300 households

Dara anabysis

Drawing lessons useful for Tebbaneh study
Repaorting

|-
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Social Field Assessment in Irbid

Social Field Assessment in Irbid
Issues covered by the Questionnaire

+ Socio-demographic o ‘Water sources (Guantity,

3 lity}
(Age, hausehald kR, AL
members, sducation) ma::“"

« Work farce Water tankery

« Fimancial status Hard-carried water

. Boatled water
H::b:h st.-ltus Dbk wimar

P o Water tanks

Water-related dinesies

= Wastewater disposal
Gincidends, Wammant,

« Solid waste disposal

eoix) + Willingness to pay
+ Personal hygiene and « Prioritization of
fixtures eaviranmental and health

problems

Social field assessment in Tebbaneh
Inception Meeting

« A representative appointed by the Tripoli
Municipality for coordination and sharing views
and plans

Local stakeholders in
the Tebbaneh region
invited for an

inception meeting




Social field assessment in Tebbaneh
NGO Team Formation

» Interested local NGOs called for a follow-up
meating at the Tripoli Municipality

« A team of NGOs that will participate in the
implementation of the various project
activities was formed

Establishing a comparative framework

+ Survey data from Tebbaneh analyzed and
compared to those from Irbid

strong simiblarities in selected socio-demographic
indicators
a striking difference in the level of education o
housewives
lewals of diarrhea amang children in the
Tebbaneh region were found to be 3 10 5 times
higher
new sewage network in both areas
differences in the water supply system
Buildings in An-Masr do not exceed 3 stories
while buildings in Tebbaneh are higher

. Other results and general obiervations

Social field assessment in Tebbaneh
Survey design and implementation

+ Questionnaire revised based on
Recommendations from the Irbid team
Pilot-testing in Tebbaneh

[ S Ly
+ Study area divided into TR
5 zones cun!annrnialmust e

equal numbers of buildings -
60 te T heusehaldy

randomly iebeeted fram |
wach rane i

Vi

» Su Implemented durin
Julm -ipl:guu 2009 o

Establishing a comparative framework
General sacio-demographics

i
hean (angel

Number of roomsin 32 01-12) BA-E
hourehold

Humber of househald 5.7 {1=14) B (2215)
members

Humber al familiey V2 {1-5)

itk the housshold g Femg
Age of made bosnehold 450 (12-38) 442 23-98)
head

gt of femate AANETH BEIOTEN
household Bead

| — | o]

Social field assessment in Tebbaneh
Survey Impfementation %

« The AUS team accampanied
lecal survevars during their
hausehold visits

o o totsl of 332 questionmrares
were ddministered over a
period of & weeks

« Respondents very
coapserative with a response
rafe of 6 percent

Collected data entered on
SPSS by the AUE Team

« Data cleaned and analyzed
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Establishing a comparative framework
Education level of housewives

LILL-

z 7
VIPPPPZ,




Establishing a comparative framewark
Warerborne diseases

[Tl | Tehbaned
Chibdier < 1y B0 ped 1,000 281 per 1,000
Chideen |=10ws 34 per 1,000 113 per 1,000

Thee wissiewader Ebmsiraciung has been improved in
Tebbaneh simiar 10 An-hasr area, henos e differsnces in
sl : -1 ] e b

T WakE RESUFERS

* waber supply sysiem
+ PYQIRMC PrACHOES

|-

Social field assessment in Tebbaneh
Resules: Water tanks

+ 6% of households store their water in tanks

+ Stored water not used for drinking but used for
household cores and washing fruits and
wvegetables, etc.

+ Household storage tanks located
in the attic
an the building's roaf

m Tank on
Eap ol
+ Storage tanks are
nat well covered Bty
W Tank in
aln

and often not
. covered at all

Establishing a comparative framework
Warer supply
Tebbaneh, Tripall

] Lr::!rmlmn! supphy s Comtinuous supply bt

prexsure low pressure
o IR oimang waler = O Storage resereoirs
staned in & in bullding basemsents
i |
comparimentaiized o Individual water
L -

Htmﬂ snatalied in thae

armant 4

© Water from redsrvoin InComing water pipe
umped to rocl =t

1Pu||u| e R Mary apariments still
ute old itorage tanks

» O ncoming water located in attics

Tifls rool-1op tanks

directly

Imcreased risk of water
pallunan in Tebbaneh

Social fleld assessment in Tebbaneh
Results: Perception of water quality

+ Quality rating of network water

- T

- m—

Social field assessment in Tebbaneh
Results: Water supply

+ Mearly 99 percent of respondents in Tebbaneh use
wiater from the public water supply network

« Around 26 percent of respondents in Tebbaneh
supplement network o wa
w:tt:f with Iqufhled e
water especial mie—
when: I

Network

water seema turbid -

A howusehold '
b i il
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Social field assessment in Tebbaneh
Resulfts: Wastewarter disposal

« Wastewater infrastructure lately impraved in Tebbaneh
+ 904 % are connected to the wastewater network

© Maln wastewater prablems reported were within the
buildings (57 ¥

" -
.
i . l I

[ ——
P

=c




Social field assessment in Tebbaneh Social field assessment in Tebbaneh
Results: Water tanks Results: Willingness to Pay
Improved water supply ¢ waslewaler
LEnce network senvices
v Mean WTP = 7,000 LL + Mean WTP < 4,000 LL
month momnth
= + Range: O to 150,000/ + Range: 0 to 50,000 LL/
aminatior month gt
om leaking « 5.0 14,000 LL) month ¢+ 3.0u 9,000 LL/ month
pipes v 5B % were willing to v 7] %eee whling to
pay ZERD LL pay ZERO LL
Social field assessment in Tebbaneh Health survey in Tebbaneh
Resulrs: Solid waste managerment Methodology
+ 96% remove their solid waste daily from the 'd-;",'rg:f_m:mf Health contacted for officlal data on
hl!ui! hﬁld‘ Sagrafican wndsr-sepring

- Crars celected dieectly froem the healrh faciliced im the Teblbaneh
+ 100% reported solid waste collection by Sty Area
private establishments (Lavajet) i R b lewd T L

dipensaries for al care
“Hc-lrmnh W3 petrest of These houteholds fregquented e miin
3

LD L
Al Earmah, &1 Agvs Wl Sasdiah, & Dl A i, mad &1 i
g L

» 61% reported that solid waste collection bins
were less than 50 m away

« Dheestionmaire prepared 10 collact data on

« BO% complained from lack of cleanliness of Hamber ot e anc vphesd caen g he period extendng

SLII'I'DUI'Iﬂil'IQE Comman medcaiiony presTied Ioe curihes and Syphosd caves
. - Aveesge vt of iresimen

Social field assessment in Tebbaneh Health survey in Tebbaneh
Hyagiene Methodology H?H )

+ Significantly low hygiene practices were noted + Location of
both within households and on the strests surveyed

dispensaries
Al Hariri and Al

Hamidi dispeniaries
are outside
Tebbaneh
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Health survey in Tebbaneh
Resuwlts

» Data sources;
physicians” daily log books
patients' medical files
dispensary's admittance records
+ Data from some dispensaries contained some
Gaps
+ Data was used 1o calculate the socio-
ecanomic impact of water-related diarrhea in
Tebbaneh

| —

Health survey in Tebbaneh
Results
Nomter of dlarrheal cases a8 raporind &y ihe top the dapersanes

T} P T — T
Prerman | e T =
o ™y o [
(] T
[—_— i ma | =
T p—
4 e, - w | ow =
e — ..-"'._f.....__. L b
[ v tog o :‘m“"" | s i
aspareg 1)
= T
= T EREE
1 o wis  roe
it g
RN TN ool RPN R epsvipell
o e W i B
e
[T 1
B et P——y
[ FIEr e » . gl [
e

digsres casas = 61 ger 4,000 iion

Health survey in Tebbaneh
Results
Megicarion and dispensary rasts
ipeary [F T Pfedisarion coiti
feei fi1) mm“::ff .E:ermn
41 Areim wal Sasdah | 1,000 @ (Free) 0 (Free|
Al Rahmah 3,000 16,005 15,500 3
r"mhmf'"‘ o 16,000-75,000 45,000
FE O £.000-16,000 74000
Al Cawmsh 0-5.000 4.300-30,000 4,000 25,000
A1 Hamih BEO0-9.000 | 12,000-55,000 17,500

| —

A20-8

Socio-economic assessment
Methodology

« Water-related morbidity
1. Costof fliness (000 approach
2. Averyive DeRavior approach
3. Desabiliry Adjusted Life Years (DALY) appraach

= Main assumptions
BE % of diarrheal disease is attributed to unsafe water
ﬁ?a’)" inadequate sandtation and hm;llru- Welkimson

The diarrheal cases distribution & group and of
desease ks undform throughout thbcr;‘\ilrg P type

Sinte wphaid and cther non ipecified diarrhaal ilinesied
are of intignificant sccurrence, only the cosl of trestmant
of diarrhed was condidered in the calculatian

Socio-economic assessment
Methodology

+ Water-related mortality
. Human Capital Approach
2. Willingness to Pay (Value of a Statistical Life}
appraach

+ Main issues/ assumptions
Health survey indicated zero mertality due to
diarrhea
Mational mortality rate (750 cates per year) adopted
« B caies per year in Tebbaneh
Adepted rate is conservative given that Tebbaneh is
one of the poorest areas in the country

-

Socio-economic assessment
Resulits

+ CONapproach- Morbidity

| Dlreer o ot iliaess 0360 - 1448
Lot Frodarnivioy LAt
o 0318 - 1§07

+ Awersive behavior approach- Marbidity
ipurchase of botiled waber)




Socio-economic assessment
Resulrs

+ DALY approach- Morbidity
I ™ P

(DALY (Lot 521 b= 103

e EES R GOF = 5,410 [LIL0, Capina hor The yiar 2904
DAY [Higha LikpAls Fibe 103

bquns pxrimars) TP = §43,503 {USRY G o sha yoae 3304 |
DALY |in 2000]  B3ED0- 1,770,680 Applying the Banefit Tranvler Mathadalogy

+ Total cost of morbldity

{ et of Avrsies Bortor
;Eﬂmhmum

Socio-economic assessment
Resuits

+ Human Capital approach= Mortality
1.2 BALSE par year

« WTP approach- Mortality

Bangy of WTF geyiiemates in fhey U [T e

‘il o JRatiibical Lite in Lstanon 0.11-2 &1

Toind Coat of Wheniliny OM=LrN
» Total sacio-economic burden

Water quality assessment in Tebbaneh
Methodology

+ Drinking water quality asseised in
Water distiksstion network
o Sampliag poies based o dantitetios ieteoik and deticned disirteal
3581

Household wtorage tanks

Vended batiled water

* ) bubchey of Affereni water brandy convumed wers collected from the
anea

o The water samples were tested for

Mitrages, Residual Chiceing, pH, TOS, Turbidity asd Color
Fecal and Tetal Colitorm

|

Water quality assessment in Tebbaneh
Merhodology

s

Fumibér af

wampey

|
s

Water quality assessment in Tebbaneh

Results: Network water
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Tiotal nuribess of samphes = 77

Water gquality assessment in Tebbaneh
Results: Storage tanks

Prmmetes Honge Simadard Stmadam Feopdance
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Water quality assessment in Tebbaneh
Results: Bortled warer

gyt g deneagr ey Larsdoss
i T L g i R E_ |

1-ecal colilorm & a7 L] 2 [TTT]

1= 10EE ]

Total colifors o147 L] [ 13

ACFLT L0 ml)

e 2r1a0% iyp i (18]

L ]

Total Fambar of bewnds = 18

Water quality assessment in Tebbaneh
Results: Summary

+ Network water
Inelfficient chlormation of donking water
Patential contaminalion of tse @inking waler within the metwaik
Color and tawbidity deteciad an reported by revidents

« Storage [anks

Fecal wad 1ot contamination of sEorage tanki

Potential conEamination from wesbeeater plumbing within ihe
buildings house

+ Battled water
2 of 1.} bramdy was Fecaily contaminated
B of 12 bramdy were contaminated with Total Colifeam
Battded waber 15 sty uied fof infants and idk desidenti

Residents do not plrchase brands selectively Bt whatewer (s
arcadable in e mariet

-

Infrastructure mapping & GIS
Development

» Mew sewage and water networks have been recently
installed in the Tebbaneh area

« Developing a GIS Municipal Support System not
beneficial for locating potential pilot interventions

« GI% use focused on spatial analysis oo kentify priority
areas for pilot interventions

» Main parameters: e
distribution of diarrhea cases
distribution of buildings reporting wastewater
related prablems

.illdmgd. where waker pollution was detectad

GIS Spatial Analysis

+ Distribution of
diarrhea cases in
study area

-
L
-

GIS Spatial Analysis =
L

+ Problems in
wastewater network
and fixtures

Clogging of pipes

'sgr-i‘—“q‘ T o

£
e
LT

hLis [

[ e
5

i
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GIs Spatial Analysis __® y i
+ Problems in : 2 AY 5
wastewater network

and fixtures
Flssures and leakages




CISs Spatial Analysis

» Problems in
wastewater network
and fixtures

Foul odors

CI5 Spatial Analysis

« Problems in
wastewater network
and fixtures

Wastewater
accumulatian in
basement

GI5 Spatial Analysis

+ Problems in
wastewater network
and fixtures

Buildings not o
connectod 1o thi t"f SN
wastewater network

A20-11

GIS Spatial Analysis

+ Problems in
wastewater network
and fixtures

Buildings reporting

ane or more problems

%
GIS Spatial Analysis  ©
+ Problems in =
wastewater network :
and fixtures !
Buildings with [ o e
problems and diasthea \ﬂ' o .,’Ill:g‘ :

cases \;-._ 'ﬁﬁ 5"...'_:? ;

GIS Spatial Analysis Results

+ 5§ zones suffered almost equally from wastewater
related problems and from the incidence of
diarrhea

Mo clustering of environmental problems descerned

+ Selected bulldings for intervention
8 baibdings are located in Zones | and 4, which are at the
heart of Tebbaneh and where building conditions are the

warst
1 bailding is lacated in Zone 5 characterared by relatsvely
newer buildings

1 ballding located in zones 2 and 3 in Jabal Mohsen
Where mone space and emply land parcels are available

. The salection process of the |0 burildings is detiiled later




Definition of pilot interventions

Caflearn wases wasly
ipnmrs e Tebkisat

Definition of pilot interventions

+ Intervention description

» Testing associations using 5PS5

« Building short listing using SP5S

+ Building sefection through public
consultations

+ Building inspection

» Mewly proposed intervention

|

Current wywimm

Definition of pilot interventions 4
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Definition of Pilot Intervention
Testing associations

= Associations between selected variables were tested using
SP55

= Wariables of intesest
Exud incidence of duribea in the Bhive moniiy preceding dity
Ksion

bype of Poasehold stosage ta (rool bop ¥ anhic)
prevencs | atnenie of Teral and total colforsm in e analyFed
waler sampley

« Chi Sguare Test and ANOWA

. Slnnlﬂgnt Iﬂb{ll‘bﬂ:ﬂﬁhl‘ld Mg:._un i =
fie Hafik AMhE v, Dagr) The predence
ml Ip’- nm and r\?ﬁll ip = n‘ﬂuhmum-rmmne e
Eﬁﬁl sinrage tank and the reporting of disrhea cases (p -

+ Mo alsodialion betwesn diarrhes cates and reporting of
wastewater problems

Definition of Pilot Intervention
Building selection via SPS5

« Variables showing association in SPS5 were used to
shorthist buildings

diarrboa caves detected in 121 of the tatal 330 surveyved
busldings
Tank water samples collected fram il -
&4 baildingsreparting
diarrhes
Torl califorms detected in
26 surveyed bulldings
10 of these buildings.
have storage tanki in bt

Definition of Pilot Intervention
Public consultations

+ Meeting held at the Tripoli Municipality
representathves from the municipality
lacal NGOs
+ Women's Work Ceganization {2 e Laa]
Nk Yow Charitable Organization faloe’d & ehl) des Las)
+ Wemen's Group Chartable Quginization L sad e i iss)
Results of the social surveys and comparative
ASSEESMEENT were presantod
Propased type of pilog imtervention discussed
+ Participants communicated their interest in the
survey results and their willingness to assist in
the implementation of the pilot intervention,




Definition of Pilot Intervention
Building selection via field inspection

¢ Field visits e
Buildings inspected in the field by the AUB team o
explore the possibility of implementing the
proposed intervention
* number of flooes. per building
+ the presence of space in the basermnent for the water

resarvalr

+ social aoceptability

+ Several constraints were faced:
Crbtaining consent of all tenants in bullding
Cbtaining consent of building cwner
Obtaining approval of Water authorities

| —

Definition of Pilot Intervention
Building selection via field inspection

v Foeddd wesit 1:
&A.Ir-:n hl.-ﬁlnl“- s ik by The AUE Deis 1 enplons The [ sibiley

siamtar of oo e Reikivg

b provenis of 1aace bn b Batewret dor e mater severesi

il wiaabity
7 Buddegs Tyt found to et the sbowve memicned welsction corene,
pmn:um 1 1ei s B Agare avalabikTy
Buikling 17
Bailding THIS19
L i st By, a8 T g s oy 4wyt fom et ebiars
o Feld vt 2

Dttusbed el @xplaration lor enplahentine The plst o is buldeg

biskding Ray @ sjaon 5 ar e AXAs" o gevand bevel 55wl 8y 4 tussmem
Woued Sevel tpacs man Nied with vobed wase
bisarrd wart Fell ol water brahns froem Sedrsinaied pisaben

an bk with tha reudens of the building and the propoved piod

(Pt s

Definition of Pilot Intervention
Buitding sefection via field inspection

= Field visit 2 {cont™d)

Consiraims

= Building T)0002 system i connecied to an adjcéning
budlding rendaring the total number of apartmends 1o be
rehabilitsted 1o 1

= Building svamed by somecre wh ecenthy pansed away
* inhedilangs goniisly of sewen indhviduili whi may hiie

dilfesent plans aboud 1B Building

= The ALIE team agread with the budding residems 1a first
expiare with the building new cwners and ieek thes
permission before peoceeding with the pilot project design
and implementaticon
Alver twd waeks, bwd &l the cwners did not agree 1o
implement the pilod miervention

|-

Definition of Pilot Intervention
Building selection via field inspection

+ Fleld wisit 3
& of the previously visited buildings re-visited
+ Building cwmership irdesiipated
+ 3 bulldinga vhoet-liseed
+ Building TPeo02
Craranes, of the second imerconnected budding sctually fved s
he buiigng end shirwed enthusiam 1o the projed
+ Bullding Tpo 04
Liwyer managing the buldieg
Lawyar curmently baing comtcied bo imvestigabe hiv jurisdiction
and abilly o gher conyent Tor pilol implemmendston
+ Buikding TROS19
Coafted e ok By tendenty
iy baing woaght

+ Details of field investigation of 10 buildings [N
; i

Definition of Pilot Intervention
Building selection
TEQL10
TIN 154
TI1158
. TJH189
TEOS39
TIo002
TIO103
TIo104
TIO2 86

[ . e
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Definition of Pilot Intervention

Building selection

1. TRO 10
Lo
Mo o Nodns 1
Tofal mamber of housing units |
Space avalability around
umlchngy Moae

NS
Sy bl Emiidiosg wils kol of
Irsimes and crachs
Inclodes one residential wnit only
ardd the remaining floces ane for a
qracefy thop

Buiiding option discarded




Definition of Pilot Intervention
Building selection
2. TJ1154

Zone -1
Mumber of Mloor: &
Total number of houskng units: 24
Space availability around building
Limnited &t Buildirg entrancs
Mot
ey old Bodlding o had condites
Difficulty in reaching consensus
regarding piot project
implementation dus to lirge number
of households

v Buiiding aption discarded

Busitieg sntrancs

Definition of Pilot Intervention
Building selection
3.T]I158

Fone o1
Number of flocs: §
Tetal number of housing units: 15
Space avallability arcund building
Space at building entrande
Motes!
Building in relateeely good condition
in the midde of the vegetable

et

Dilficulty in reaching conaensus

regarding pilot progec

implemestation dos 15 LiFge humie:
useholdy

Building eption discarded

Definition of Pilot Intervention

Z

Building selection

4. TINVEY
ome |
Mumbes of Naces 5
Tolal mimber of housing wnita. 55
Space avadability af ound Building:
TifmEed Apace afound of inade the

Motes:
Imdmab:d:dm!ﬂ'rmmdw
wigatable il with Shape on e
groend Soce

DMfMiculy in rpaciing comyensus

i v ey g e of
s .

f
i
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Definition of Pilot Intervention
Building selection '

5 TRiAIS

KAt MaaT AL AR o8 1ot

Rt wheal Bt v Hae buibding's
COmETion dred WAIT b P BT
Frearh bt thap i faddisgl

Tetassan

Burdleiiny s 0 wnder comuidesan
unmnﬁ'w

Alovee numiser o v ) Curmently bevog

-

Definition of Pilot Intervention

Building selection
&, TI0002

Foew A
Mumbar af flsars |
Totad rarmbet of homing
i e
Motea
Comunin of 2 ivieconsacied biigs
rdaripinensl spuac fvaatie bt s Ral fufl of

unity T s 1
siikSing S0me spale

Crpaad bl ipace dviclable Bt b T ol pati)
b

i P Sabeited it s ol
asgrewd 8 sreplnererd T

That tarss
tstly nve b
it imtrrmtios

Cne duisiing oprian discarded

aoved S aPBies 1 A0 wrnded coveiideration
amy ranked 1

Definition of Pilot Intervention

Building selection

7. TH03
Zone 4
Kumber of Noars 6
Tatal numbar of hesving units 12
Space aval arsund building
Sorit space availible Betwein
4
Kiodes:
Al apartmenty are
Eefficapdty i ppaching cimmasa
B e T e e )
du 0 e langs numbsr of houlsholdh
) I:;I fart that diffei sl defa et
Rawe

Busiieling epeion discarded

e




Definition of Pilot Intervention
Building selection
& TR0
Faone |
Kammibeer o Boory 2
Fotal membeey of byoun g ety 8

it Spdne
Sg' e Frudeerg
Wale
Thite 13 & Basement nder Ot L € 18

by e By s 1ok on rosh]

Busiding munagid by & liwyer sinte The
_HITIM“

Budlalng catian FIY wnder
congidertion and rambed 2
s o e e e

|-

Definition of Pilot Intervention
Building selection

9. THO2B6
Tone -4
Humber of flocrs. §
Total number of housng units. 12
Space availabilicy areund building
Space on firyt Moo (5X5 m™)
Motes!

. Difficulty in reaching Conieniod
regarding pilot praject
implementation dis 0o the g
numEser of R eholdy
Awafable space on first Moot

v Buliding option discarded

Spaca o frs] Acor

Definition of Pilot Intervention
Building selection

10.TN227
Lone 5
Mumber of floors. &
:?t# numbser of housing units

Space availability around

bullding" None

Motes: 1
Dufficulsy in reaching consensus
regardiesg pilot praject
implementation due ba the very
large ramber of househodds

Buiiding option discarded

-

Buiding enirarce
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Definition of Pilot Intervention
New proposition Jmponed TR e
» Newly proposed :

| |

intervention
L
L_J

Replace old water tanks
tocated in the attic with
rooftop water tanks
(500 L capacity)

Install the Aeeded pipes
cannecting the
basemant pump to the
witer tank and the
water tank o the
warigus taps in the
Bbuildings

T

Definition of Pilot Intervention
New proposition

v Additional water sampling and analysis
was conducted
35 drinking water samples
45 tank water samples

» 19 buildings were selacted for the
intervention

-

Implementation of Pilot Intervention

v Selection of contractor
following a bidding
process by AUB

A g

v Installation of new
plastic tanks
February - March 2011
A otal of 20 builldings




Implementation of Pilot Intervention
g ranks

Implementation of Pilot Intervention
Oid ranks fcont'd)

Implementation of Pilot Intervention

Existing fixtures and interior of same old tanks

Implementation of Pilot Intervention
Selected newly installed tanks

Monitoring of intervention impact

» Water guality monitoring

Sampled callected where intervention teok place
+ Water samples from drinking tap
+ Water samples from tap connected te storage tank

Samples analyzed for:
+ Total califarm
+ Fecal coliform
« Free residial chlarine

-

Monitoring of intervention impact
Summary of results

il e “:"‘ ot b o o

TN | L] L] L] L] el L} L] L] L] a L
THIME D L L] L] L] L] e L] - L] L ] ]
[TEC R TR i TN & M B OCRE ¢ o8 H 8
mis w3 [] i W o tonr ws BN 1 —w DR s
il & @ o ? B o Tl 8 BE I § B @
N M6 [] (A | AR} L W ol & i (]
L (ELE I T ] B 1 Rl M WM OmE O & R
aiee i L] a - 1 ] 1 es] 32 1 e L] a L]
raaam R om feE @ B 4o Fmica W It w s a a
TN 4 - L] L] L] a e L] . L] w a L]
L] - L] L] L]
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Monitoring of intervention impact

Interpretation of resufts

= Improvement noted in
around 55% of the
bubldings

« Patential sources of
ollution current
eing investigate
Leakage imbo pipes within
the building

Pecqle throwing waste
Imta the water tamks

+ Moniaring ongoing

| —

[aeessy—

Irimrenrlidey

Next steps

Continue pilot interventions and monitorng of

performance assessment

Sustainable urban development framework

i Disseminate the experience with pilot interventions

|-

End of Presentation
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Annex 21.
Sustainable Urban Development Framework (in Arabic)
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Annex 22.
Pitch at the Dragon’s Den Panel at the World Conference of Science Journalists
(June 29, 2011)
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What if this was your water tank?

Poor Urban Slums

Lack of safe drinking water

{diarrhea, typhoid, etc) LRE

hvellhoad* m —

Challenges

+Socio-political instability

*Lack of regulatory enforcement

*92% of housewives without secondary education

Cost of iliness, l Cost of bottled water, +130 USD month
‘medication loss of work days
Ty
b & Poverty
. exacerbation
Simple Pilot nrervention
Impact Comparison
-9 van In attic
Tebbaneh, Tripoli, Lebanon An-Nasr, Irbid, Jordan '-_I__
—— - ”
A
394 cases 90 cases v ik
of waterborne of waterborne
diarrhea per 1,000 diarrhea per 1,000
children < 10 yrs children < 10 yrs ‘
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