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AN ABSTRACT OF THE PROJECT OF

Gheeda Ramzi El Jaouharifor Master of Science
Major: Environmental Technology

Title: Towards Improving Water Management Through a Comparative Assessment of
Social Perceptions with Actual Network and Groundwater Quality in Coastal Urban
Areas

This paper targets the identification of key factors that affect the public’s
perception of an urban coastal population experiencing water shortages and accelerated
saltwater intrusion induced by groundwater exploitation to meet increasing water
demand.

For this purpose, a household survey was developed and administered to
capture views and perceptions on receivedwater. Concomitantly, groundwater and
network water samples were collected and analyzed for comparison with perceived
water quality. Statistical differences between people’s rating of water quality and the
actual water quality across seasons were examined.Logistic regression models were
developed to predict perception based on salient variables.

The results indicated that the majority of the population was not satisfied with
their well water quality, particularly in summer. Moreover, people’s perception of their
water quality varied as a function of the actual water quality, the respondent’s age, and
home ownership.
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Chapter 1
INTRODUCTION

Water availability and water quality are of critical importance in arid and semi-arid
regions, particularly in coastal urban areas where the majority of the population resides.
Many coastal urban areas continue to expand despite limited access to sustainable
freshwater resources. Unsustainable growth is invariably associated with chronic water
shortages particularly during the summer. As a result, coastal aquifers are overexploited
to meet continuously increasing water demand, directly promoting salt-water intrusion
(MOE, 2010) and levying serious socio-economic burden reflected in household
expenditure on mitigation and adaptation measures to improve water quality (treatment
of water) and/or to increase access to water (ACWA,2011). Water vendors with dubious
water quality are equally relied upon to alleviate water shortages. Decision and policy
makers as well as the public and private sectors are thus increasingly facing the

challenge of finding solutions to improve water quality and reduce water shortages.

On the other hand, water quality perception can change priorities, influence societal
practices, and hinder community decision-making regarding these challenges. Providing
a communication channel between governmental agencies and the public as well as
increasing public awareness are reportedly imperative towards improving water
management (Hu and Morton, 2010). The understanding of factors that influence the
public’s perception of network and groundwater quality can contribute towards
developing programs and policies that aim at improving the water sector by reaching

out to citizens as well as strengthening water authorities towards limiting the
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proliferation of illegal wells and unauthorized water vendors (Doria, 2010; Bockstael
and McConnell, 2007; Poor et al., 2001).

In this context, this study examines people’s perception of well and tap water quality in
comparison to the actual water quality in a densely populated coastal pilot urban area
(Beirut, Lebanon) to explore the main factors affecting people’s perception of water.A
predictive logistic model is developed to simulate this perception as a function of a set

of water quality and socio-economic indicators.
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Chapter 2
MATERIALS AND METHODS

A. Pilot Area Description

In the pilot area, more than 80% of residents are connected to the public water supply
network that provides intermittent water with acceptable quality (World Bank, 2013).
Chronic shortages coupled with a lack of transparency and poor confidence with the
public sector forced residents to rely on complementary sources to meet increased
demand including private water vendors (cisterns), bottled water, and groundwater
wells. The pilot area was divided into administrative districts and a stratified sampling
approach was then applied, whereby random streets were selected based on population
size in each district. In total, 300 streets were selected and visited to pick a random
building along each street. Buildings that did not have a private well were excluded and
another random building was picked from the map thus identifying 310 buildings with
private wells, mostly illegal, out of which 177 agreed to take part in the study (Figure

1).

Figure 1Pilot area with spatial distribution of surveyed buildings
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B.  Fields Surveys

Household surveys were administered through a face-to-face interviews process using a
guestionnaire with open-ended as well as close-ended questions, targeting data and
information about perceived network and groundwater quality, factors that could
explain such perceptions, as well as households’ demographics and socio-economic
indicators. Specifically, residents were asked to express their satisfaction or
dissatisfaction (yes/no) with water quality using an ordinal scale (good/average/bad)
and when applicable, the reasons behind dissatisfaction were probed. Satisfaction with
water quality was assessed for the dry (summer) and wet (winter) seasons to discern

potential seasonal variations (Appendix A).

C. Water Quality Analysis

Water samples were collected from a household’s tap and the building well and
analyzed for several physical (temperature, conductivity and TDS), chemical (pH, Total
Hardness (TH), alkalinity, chlorides, nitrates, sulfates, bromides, sodium and
potassium), and biological (total and fecal coliforms) indicators at the Environmental
Engineering Research Center, American University of Beirut in accordance with
Standard Methods for the Examination of Water and Wastewater
(APHA/AWWA/WEF, 2005). Three sampling campaigns were conducted to capture
water quality variation at the end of the wet (June 2013) and dry (October 2013) seasons

and an additional wet season (April 2014), following an exceptionally dry year.
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D. Data Analysis

Water sample analyses were compared with international water quality standards for
domestic and recreational water uses (WHO, 2011). Concurrently, data and information
collected using the household survey questionnaires were synthesized and analyzed to
shed light on residents’ perception regarding water quality and then compared with
actual water quality analysis across seasons and for both tap and well water. Statistical
differences in water quality were assessed using the Analysis of Variance test
(ANOVA), taking into account the effect of season and people’s perception. Moreover,
seasonal changes across sampling rounds were also examined for significant
differences. Note that the water quality data such as TH, chlorides and TDS were
subject to log transformation to ensure normality of the data. Lastly, a logistic
regression model (Equations 1 and 2) was developed to predict people’s perception
(satisfied versus unsatisfied) about water quality based on several variables including
actual water quality, income, gender, age, education level, district, building age,
frequency of water delivery, and season. The model was used to quantify the effect of
various factors on peoples’ perception of water quality. All analysis was conducted

using the statistical software R (R Core Team, 2013).

logit(E[Y%[X,]) = logit(p)) =In ({2-) = B+ X, 1)
ePXi
Pi = T08%; )

Where Y is a binary variable (1 or 0) that indicates whether a respondent is satisfied or
not with water quality, p; is the probability of respondent i being satisfied with water

quality, X is a matrix of predictors, and B is a vector of model coefficients.
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Chapter 3
RESULTS AND DISCUSSION

A.  Field Surveys

The survey had an overall rejection rate of 43%.0ut of the 177 households surveyed, 40
did not receive network water due to severe water shortages at the time of the survey.
The demographic distribution (Table 1) revealed a respondents’ mean age of 55.4 with
~50% holding a university degree or higher,and 40% having a monthly income between
$1,000-4,000. The age of buildings ranged between 2 and 150 years, with a mean of
26.7. A majority (71.2%) receivedthe network water four times a week only, ~13%
received it between five and seven times a week, and the remaining 16% received it less
than four times a week. Satisfaction with tap and well water exhibited seasonal
differences whereby ~75% of households reported dissatisfaction with well water
quality during the dry season in comparison to 70% during the wet season. On the other
hand, 60% of households that received network water reported dissatisfaction with tap

water quality in the summer as compared to only 43% during the winter (Table 2).
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Table 1Sample summary statistics on socio-economic variables

Variable Description Responses Mean, %
Building’s age (N = 176) Range from 2 to 150 26.7
Age (N = 168) Range from 21 to 92 55.4
Level of education completed (N = 175) 1 = llliterate 1.7%
2 = Literate 7%
3 = Elementary school 5.7%
4 = Middle school 10.3%
5 = Secondary school 19%
6 = Technical 7%
7 = University 39%
8 = Higher education 10.3%
Monthly income (N = 166) 1 =500% or below 2.4%
2 =500 - 1,500% 23.5%
3 =1500 - 4,000% 38.5%
4 = 4,000 - 6,000% 19.9%
5 = more than 6,000% 15.7%
Apartment owner or tenant? (N = 176) 1 = Owner 79.4%
2 = Tenant 20.6%
Table 2 Sample summary statistics on water quality
Variable Description Responses Mean, %
Are you satisfied with your well water quality in 1=Yes 22.2%
summer? (N = 171) 2=No 77.8%
Are you satisfied with your well water quality in 1=Yes 30%
winter? (N = 167) 2=No 70%
How would you rate your well water in general? 1 = Good 26.9%
(N=175) 2 = Average 46.8%
3 =Bad 26.3%
Are you satisfied with your tap water quality in 1=Yes 40%
summer? (N = 131) 2=No 60%
Are you satisfied with your tap water quality in 1=Yes 57%
winter? (N = 135) 2=No 43%
How would you rate your tap water in general? 1 = Good 41.2%
(N = 136) 2 = Average 50%
3=Bad 8.8%
How many times per week do you receive the 1 to 3 times 16%
network water? (N = 132) 4 times 71.2%
5to 7 times 12.8%
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B.  Water Quality Assessment

The water quality data showed that the majority of the tap and well water samples were
characterized as brackish, highly brackish or saline water (Table 3). Overall, the tap
water quality can be considered better than the groundwater. While adverse health
effects associated with increased TDS levels in drinking and domestic water are not
well reported, the palatability of water is rated as poor when TDS levels exceed
900mg/L (WHO, 2003). Similarly, a salty taste is noticeable when chlorides levels are
>250mg/L (USEPA, 1992). The vast majority of samples exhibited concentrations
above those guidelines. In addition, 98.7% of samples were categorized as very hard,
with levels consistently exceeding 180 mg/L (USGS, 2013) known to cause scaling and

corrosion in water appliances and pipes (WHO, 2011).

Table 3 Tap and well water quality in the pilot area
Source: ® (World Health Organization, 2003) ® (USGS, 2013) ¢ (USEPA, 1992).

Oct 2013
(Dry)

Jun 2013
(Wet)

Apr 2014
(Wet)

Oct 2013
(Dry)

Jun 2013
(Wet)

Apr 2014
(Wet)

Number of tap water samples exceeding

standard (%)

Number of well water samples exceeding

standard (%)

TDS (ppm)
Drinking Water (0-500) 9(8.1) 20 (15.0) 1(0.8) 0 (0) 0 (0) 0 (0)
Fresh Water (501-1000) 23(20.5) 44 (33.1) 19 (14.6) 22(17.2) 46 (33.1) 10 (7)
Brackish Water (1001-5000) 52 (46.4) 48 (36.1) 66 (50.76) 49 (38.3) 60 (43.2) 67 (47.2)
Highly Brackish (5001- 15000) 22 (19.6) 16 (12.0) 31(23.84) 44 (34.4) 26 (18.7) 46 (32.4)
Saline Water (15001-30000) 6 (5.4) 5(3.8) 13 (10) 13 (10.1) 7 (5.0) 19 (13.4)
Total 112 133 130 128 139 142
Total Hardness (mg/L)
Soft (0-60) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
Moderately Hard (61-120) 0 (0) 0 (0) 5(3.8) 0 (0) 0 (0) 0 (0)
Hard (121-180) 0 (0) 0 (0) 3(2.3) 0 (0) 0 (0) 1(0.07)
Very Hard (>180) 112 (100) 138 (100) 124 (93.9) 128 (100) 139 (100) 141 (99.3)
Total 112 138 132 128 139 142
Chlorides (mg/L)
No Salty Taste (<250) 23 (20.5) 51 (36.7) 40 (30.3) 18 (14) 43 (31) 39 (27.5)
Salty Taste (>251) 89 88 (63.3) 92 (69.7) 110 (86) 96 (69) 103 (72.5)
Total 112 139 132 128 139 142
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The majority of surveyed residents (46%) had an “average” perception of their well
water quality (Table 2); the rest were equally split between perceiving it as “good” or
“bad” (~27% for each). Overall, the tap water was perceived to be of better quality than
the well water (41.2% of residents rated it as good and only 8.8% as bad). The two main
complaints reported by residents concerning tap water were a strange odor other than
that typically associated with chlorine, followed by the hardness of the water (Figure 2).
Whereas, the main complaints about well water were hardness followed by high salinity
levels. Few reported the presence of bacteria as a reason for dissatisfaction.

%
100

® Summer Winter

0 -+ T T \. \.

Salty Hardness Color Odor Iron Smell Spots Bacteria

%
100

B Summer Winter
80

40 A

20 +

0 4 , I I l , m- 1

Salty Hardness Color Odor IronSmell Spots  Bacteria  Other

Figure 2 Percentage distribution of reported reasons for dissatisfaction with water quality
(a) tap and (b) well water during summer and winter seasons
Stains refer to white cloudy and gritty substance observed after drying
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C. Statistical Analysis

The water quality parameters selected to assess the relationship between people’s
perception and actual water quality were based on the main reported dissatisfaction
reasons (Total Hardness (TH: Ca," and Mg," ions), chlorides (ClI ions) and TDS which
are both indicators of salinity). Seasonally, ANOVA results indicated statistical
differences in the well water quality between the three sampling rounds (dry and wet
seasons). Statistically significant differences (p-value <0.05) were found for TDS and
chlorides levels between the wet season in 2013 on one hand and the dry 2013 season
and the 2014 wet season, highlighting the effect of the extreme drought experienced in
2014. No statistical differences were found for total hardness across the three sampled

seasons (Figure 3).
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Figure 3 Boxplots of well water quality parameters as a function of sampling round
R1 = sampling round 1 (June 2013); R2 = sampling round 2 (October 2013);R3 = sampling round 3 (April 2014)

The ANOVA results indicated that the quality of the tap water (represented by TDS,
TH, and chloride levels)did not statistically differ (p-values >0.05) as a function of

residents’ perceptions across the dry and wet seasons (Figure 4) indicating that the
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perception towards network water is largely driven by mistrust of government’s skills.
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Figure 4 Boxplots of water quality as a function of people's perception of tap water
Quality is assessed in terms of Total Dissolved Solids (TDS), Total hardness (TH), chlorides (Cl).
Wet season (June 2013) (a); Dry season (October 2013) (b); Wet season (May 2014) (c).

On the other hand, a significant difference was recorded in the quality of the well water
when people’s perception was taken into consideration (Table 4and Figure 5), whereby
statistically significant differences were discerned for hardness, chlorides, and TDS
levels across the three sampling rounds conditional on people’s rating. The pairwise
comparison along with a Holm’s adjustment, to reduce the chance of rejecting the null

hypothesis when it is true (Type 1 error), was used to identify which water quality
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rating (good, average, bad) were significantly different from each other for TDS, TH
and chlorides. During the wet season (June 2013), the pairwise comparison revealed
that there were statistical differences in the measured TDS and Cl levels based on
people’s perceived rankings. On average the median concentrations were highest for
those that ranked water to be “Poor” and lowest for those who ranked water to be
“Good”. With respect to TH, water quality differences were only significant between
those who ranked water quality as “Poor” on one hand and those that ranked water
quality either as “Good” or “Average”. In the dry season (October 2013), the results
revealed that the water quality across the three perceived water quality ratings (good,
average and bad) was statistically different (p-value < 0.05). Residents that rated water
quality as “Good” tended to have lower median levels of TDS, CI, and TH than those
who ranked water as “Average”. Residents that rated the water quality as “Poor” had the
highest median levels of TDS, CI', and TH. Results for the 2014 wet season (April
2014) showed statistical differences in the water quality between those who rated water
to be of “Poor” quality on one hand and those who rated water quality either as “Good”

or “Average” on the other.

Table 4 Results of the ANOVA tests conducted on perceptions of well water quality
(Good, Average, Bad) vs. actual quality based on concentrations of TDS, TH, and Cl

TDS Total Hardness Chlorides
Fvalue Pr(>F) Fvalue Pr(>F) Fvalue Pr(>F)
Winter! 55.57 <0.05 32.87 <0.05 51.76 <0.05
Summer? 39.12 <0.05 58.2 <0.05 30.51 <0.05
Winter® 31.48 <0.05 30.04 <0.05 22.18 <0.05

! First round of sampling, June 2013
2 Second round of sampling, October 2013
% Third round of sampling, April 2014
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Figure 5Boxplots of water quality as a function of people's perception of well water
Quality is assessed in terms of Total Dissolved Solids (TDs), Total hardness (TH), chlorides (CI).
Wet season (June 2013) (a); Dry season (October 2013) (b); Wet season (May 2014) (c)

D. Logistic Regression Model

A logistic regression model was developed to examine the relationship between the
probabilities of residents’ satisfaction with water quality as a function of several
predictor variables such as well TDS that acts as a proxy for groundwater salinization.
TH and chlorides levels were not included since they showed strong correlations with

TDS levels (0.86 and 0.98, respectively). The model identified some of the main factors
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that influenced the public’s satisfaction of their water quality (or significantly correlated
to the respondents’ satisfaction). These included the actual water quality, the age of the
respondent, and the apartment ownership (Table 5).The coefficient on TDS values was
negative (-1.146) suggesting that if all other variables are held constant, a respondent
whose well water recorded higher TDS values was more likely to be less satisfied with
his/her water quality. The coefficient associated with age was positive (0.0635)
indicating that older residents are more likely to hold significantly positive perceptions
about well water quality in comparison with younger residents. Tenants tended to be
more satisfied with their well water quality than landlords as indicated by a positive

coefficient (1.188).

Table 5 Logistic regression results for well water quality perceptions

Model Results

Estimate Std. Error Sig.

Intercept -4.606 1.052 < 0.005
Actual TDS Values * -1.146 0.529 0.0303
Age of Respondent 2 0.0635 0.024 0.009
Landlords/Tenants 1.188 0.633 0.0605
Overall Strength of Association
Model Fit” 0.555

McFadden pseudo R? 0.739

Cragg and Uhler’s pseudo R? 0.592

Maximum likelihood pseudo R

L. TDS values were scaled by the mean and the standard deviation of the measured TDS values
2 Respondent age were centered around 20 years

On average the odds of an apartment owner, who is a 20 year old and whose well water
has a TDS of ~6,370 ppm (the average TDS in the study area), being satisfied with
water quality was 0.01 which corresponds to a probability of satisfaction of only 1%.

The satisfaction odds ratio (OR) increased by a factor of 1.89 for each ten additional
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years in age. The fact that younger respondents tend to be less satisfied with water
quality, as compared to older respondents is consistent with the findings of Hu and
Morton (2011) when assessing water quality perception in the US Midwest. Renters
under the same conditions tended to have a higher satisfaction rate on average than
owners (Figure 6). A renter's satisfaction odds ratio was 3.28 times higher than the odds
of an owner with a similar age and exposed to similar TDS levels. A drop of ~2,000
ppm in TDS increases the odds of a resident finding water to be acceptable by nearly
40%. Moreover, residents with TDS levels of ~500 ppm tended to be 2.6 times more
satisfied with their water as compared to residents with TDS levels set at the average

value in the study area or ~6,370 ppm (Figure 6).

P(Satisfaction)
0.15 0.20 0.25
| ] 1

0.10
1

0.05
1

0.00
I

118 6369 13316 20262 27208 34154

TDS level

Figure 6Predicted probabilities of satisfaction as a function of TDS levels while accounting for the effect
of resident ownership (respondent age was fixed at 20 years)

In order to summarize the overall strength of the model, with 0 indicating a model with

no predictive value and 1 indicating a perfect fit, the coefficient of determination R?
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serves as a standard for such measures (Draper and Smith, 1998). For the developed
model, the McFadden pseudo R? value was 0.555, the maximum likelihood pseudo R?
was 0.592, while the Cragg and Uhler’s pseudo R? was 0.739. All metrics suggest a
good model fit, which indicates a strong correlation between the probabilities of

residents’ satisfaction and the predictor variables.

E. Discussion

The dominance of karst along the coastline of the pilot area increases groundwater
vulnerability to pollution and seawater intrusion (Margane and Steinel, 2011).
Theresults revealed that the majority of network and groundwater samples in the pilot
area contained elevated levels of TDS, TH, and chlorides reaching 15 folds the
recommended standards. The field survey indicates that residents were largely
dissatisfied with domestic water quality, irrespective of sources. Given the seasonal
water quality variations, residents were naturally most dissatisfied in the dry season as
compared to the wet season for both tap and well water. Odor was the highest reason for
their dissatisfaction with their tap water, which shows that organoleptics are an
important factor for residents’ satisfaction consistent with other reported studies
(Massoud et al., 2013; Rojas and Megerle, 2013; Jardine, Gibson and Hrudey, 1999).
Concerning groundwater quality, hardness was the most reported reason for
dissatisfaction. Yet, many people were found to be incapable of separating between the

effects of salinity on one hand and those related to hardness on the other.

The factors that affect people’s satisfaction with water were found to be well water

quality (TDS as a proxy), the age of the respondent, and apartment ownership. Older
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respondents showed a higher satisfaction as compared to their younger counterparts,
which could point to the fact that the latter tended to be more environmentally aware,
with higher expectations, and/or with a higher appreciation of the damages that salinity
can have on infrastructure, home appliances, hair/skin and clothing. On the other hand,
apartment tenants tended to have a higher satisfaction with their well water quality as
compared to apartment owners, which could reflect the minimal attachment that tenants
have towards their residents as well as their ability to easily change residence at will.
Additionally, damages caused by high salinityare often repaired by owners and not
renters. The findings about perception suggest a need for increased awareness
aboutground water quality and the differences between networkand groundwater (Huet
al., 2011).Overall, the quality of the tap water did not exhibit a statistically significant
trend across sampling rounds because the network water is supplied from mountain
springs or deep wells that are not affected by saltwater intrusion. In contrast, well water
exhibited significant deterioration between the wet and dry seasons highlighting
groundwater overextraction and saltwater intrusion underlining the limited resilience
that coastal aquifers may have. While new water sources (inter-basin transfer or
desalination) are invariably sought after by authorities, sustainable management

practices are imperative to reduce the stress on coastal aquifers.
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Chapter 4

CONCLUSION
This study contributes to the understanding of the public perception amongst coastal
urban communities towards network and groundwater quality when faced with water
shortages and saltwater intrusion. The model developed highlighted vital physio-
chemical and socio-economic factors that play a critical role in shaping the perception
of residents towards water quality. The quality of water may be objectively quantified
with scientific indicators but individuals’ perceptions of water quality can be
substantially different from reality or different from each other’s (Pickens, 2005). While
this study revealed that there was a strong correlation between the actual well water
quality and people’s perception of water, the network water quality did not correlate
with people’s stated satisfaction. Key implications of our findings are that public health
officials and water establishments need to ensure that (1) water demands are met to
preventresidents from resorting to well water and hence induce saltwater intrusion; (2)
the network water quality remains of acceptable quality continuously; and (3) effective
communicationwith residents on the safety / quality of the water supply to change
common misconceptions about the public water quality. Besides efforts to increase
water quantity and improve its quality, continuous engagement with the public is

imperative to alleviate apparent distrust.
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Socio-economic impacts of salt water intrusion on domestic water uses in Administrative Beirut Area

Questionnaire Identification

All | Zone ]| A5 | Floor no. L]
Al2 Al6 i i

Street Ilj(;)usmg unit (Start from right side) |___|
AI3 | Neighbourhood Al7 | GPS N:
Al | Building Alg | coordinates

Wellwater Sampling

WWS1 [ Do we have access to the first discharge of the artesian well to take sample?

WWS2 | Can we measure the water level in the well? (drop meter to touch water level)?

Schedule
AV1 | First Visit DD.MM.YY . . . hh:mm
AT1  Start of interview (time
I T (time) I
hh:mm
AT2  End of Interview (time)
N
AV?2 | Second Visit DD.MM.YY . . hh:mm
AT3  Start of interview
I Y N I Y Y O
hh:mm
AT4  End of Interview
N
AV3 | Total visits carried out L
AV4
Editing Date
9 DD.MM.YY I Y Y Y
AV5
Coding Date
9 DD.MM.YY Y Y Y
AV6
Data Entry Date
y DD.MM.YY Y I
Staff
AS1 | Interviewer ||| AS4 Coder [
AS2 | Supervisor |__|_||AS5 Dataentry operator [
AS3 | Editor |
Respondent

AHL | Name of household head (optional)

AH2 | Name of main Respondent (optional)

AR1 | Interview status

Refusal converted
Partly completed

No usable informati

No contact

~N o o B~ W N B

Refusal

Interview completed

on

Household unit is vacant

COMMENTS:
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