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Abstract

The goal of thisstudy was to identifypractical,costeffective drinking water sourcprotection
measures ithe Comarca NgabBugléa remote indigenous region of Panam#ater samples
from 40 spring capturesveretested forE. colandtotal coliforms andquality results werghen
comparedwith maintenance and source protection critetsing odds ratios The water was
contaminated only two samples passed Panamanian drinking water stanel@rd@~U/100 ml
for E. coliand 3 CFU/100 ml for total coliformavieanE. coliwas187 CFW100 ml and mean
total coliformswas 2036 CFU100 ml. Few odds ratio tests of source protection practices
produced sdtistically significant resultsHwever, the presence oframalswithin ten meters
of the sourceand cleaning out the spring capture structurkad statistically significant
relationships with wger quality at somecontamination thresholds Surprisingly, at one
threshold, the presence ofsurface waternear the springwas unrelated to water quality
Protecting water sources from livestodan be complicated in this region by ambiguous land
tenurelaws Llikewise, cleaning and basic maintenaace oftendone on avolunteerbasisand
thus subject to the limitations of theommunity management modelRanamanian and foreign
organizations seeking to improve drinking water source quality shoodider these compk
issues and ffer financial and technical supporas they encouragesource protection
improvements

El objetivo del estudio fue identificar las medidas de proteccion practicastgbles de las
fuentes de agua potable en la Comarca NgBhglé, una regién indigena de Panama. Se analizé

el aguade 40 tomagpara detectar Escherica coli y coliformes totales, asi como la calidad del
agua y se compard con el mantenimiento de la tonta groteccion de la fuente mediante una
Saidl RN&GA Qortunitlad IreYativ® lLas Witias estaban contaminadas: la media de
Escherica coli fue 187 UFC/100 ml y la de coliformes totales fue 2036 UFC/100 ml. Los dos niveles
de contaminacién estan muy p@ncima de los estandares de agua potable panamefios (0

/I Clkmnn Y LINF¥ 930KSNARAOF O2fA & o /C!lkmnn Y
las practicas de proteccién de la fuente produjeron resultados estadisticamente significativos.
Sin embago, la presencia de animales de granja en los diez metros alrededor de la yuante
limpieza de la toma tenian relaciones estadisticamente significativas con la calidad del agua en
algunos umbrales de contaminacién. Sorprendentemetdepresencia el agia superficial

cerca de la tomao estaba relacionada con la calidad del agua en un umbral. La proteccion de
fuentes de agua del ganado puede ser complicada en esta regién por la tenencia ambigua de la
tierra. Asimismo, la limpieza y el mantenimiento bési@a menudo se hacen de manera
voluntaria, asi que, esta sujeto a las limitaciones del modelo de manejo comunitario. Las
organizaciones panamefas y extranjeras que buscan mejorar la calidad de las aguas deben
considerar estas cuestiones complejas y ofreapoyo financiero y técnico a las Juntas
Administradores de Acueductos Rurales para fomentar [@ma&le la proteccion de fuente

viii



1. Introductiont

Over the past 25 years, 2.6 billion peoblevegained access to improved drinking water sources
(UN2015. However, rural areatag behind urbamnesin both coverage and qualitdéinet al.
20143 2014b. Despite an impressiveincrea® in global access to clean drinking water, an
estimated 1.8 billion people drink water contaminated by fed&sirfet al. 20143).

This studyfocuses on the&Comarca Ngab8uglé, arindigenous region in western Panami
Panama, national averages show highels ofwater access, 98% in urban areas, and 89% in
rural areas(UN 2016), but these statistics fail to captusecess levels ithe most remote
communities and the differences between indigenous and Latino communi#lesording to
2010 Panamanian census data, 91% of the Comarca MNgjigié lives in extreme poverty and
only 59% have access to piped waseurces MIDG Joint Programmex013).

In 2014, the leading cause of death in the Comarca Ngilgdé was diarrhea and
gastroanteritis from infection (MINSR014) ntaminated water often causes diarrhea, and
improving water suppyl leads to health benefits (WHZD06).

While many studies have examined the relationship between sanitary practices and
microbiological quality in urban and panban settings throughout the worldHpwardet al.
2003, Patriclet al. 2011, Omeet al.2014), and some studies have includleural communities

in provincialwide studies (Croniet al.2006, Admassat al.2004, Gwimbi 2011 }here are few
examples of research that delves irtee rangeof remote rural water quality issues seen in the
Comarca NgabBuglé. The Panamanian HealthiMstry (MINSA) has recently made an effort

to evaluate drinking water quality in the region, but its current testing method makes it
impossible to collect samples from many hdaodaccess communitiesuch as thosmcluded in

this study. Furthermore, ngprevious attempts have been made to systematically evaluate the
contamination risks to drinking water sources in the region.

Drinking water in the Comarca NgaBeglé is dominated byrgvity-fed water systems from

shallow groundwater springs because offaidability and ease of maintenance $allow
groundwater springs in fine soils store water and release itnguthe dry season (Van Sickle

2016) providing yearound water sources @ Y ONB (1S & G NHzOG dzZNB&a OF f f SR
W& LINRA Yy 3 0 Rafobnd the dprivi@s todpurect them from surface water contamination

and directtheir flow into the water system kgure 1shows a schematiaf a protected spring.

These springs feed water systems that serve small, remote communities. All the systhens in
study were constructed with funding and labor from commu#ised volunteer cmmittees,

local politicians, MINSANd its Water Supply and Sewer Subsector Committee (DISAPAS), an
NGO called Waterlines, or the United States Peace Corps. The audiibmlithe Comarca
NgabeBuglé for two years as a Peace Corps volunteer.

I Material in this chapter is planned for journal submission.
1
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Figure 1Schematic o protected spring witta springcapture structure

The communitybased volunteer committees operate and maintain the water systemsa
volunteer basis They are charged witlraising funds from community beneficiaries and
providing labor ér all repairs, typically on a volunteer basiS\hile this ensures community
participation in water system decisions, the community management model has limitations that
are discussediore extensively ifgection 4.2

Protected springs are subject to mapgtential quality issues and contamingodthways such

as nearby livestock, structural faults, and poor draina@ee inexpensive method for evaluating
water qualityis the sanitary survey Snitary surveysevaluate the condition of the spring
capture structure and potential sources of contamination nearbyorld HealthOrganization
(WHO) guidelines emphasize the importance of a broad approach to water quality monitoring
that includes visual inspections of sourcewlavater systemsWHO2006) Snitary surveys
havebeen compared with water quality tests to better understand contamination pathways in
other studies (Howaret al. 2003, Patriclet al. 2011, Croninet al.2006).

In this study, surce quality waslsoevaluated bysampling folEscherichia cofE. colj and total
coliforms E coliis a thermotolerant genus of coliform bacteria that is the standard indicator of
animal or humarfecal contamination (WHQO006) Total coliform measurements capte a
largergroup of bacteria includingE. colias well as noipathogenic species naturally present in
the environment and are typically used as indicators of biofilnnfiation in treated systems
(WHQO2006).

Water qualityin the regionwas expected to be poor based dMINSA testingrom 2015
Further, a report on the Quebrada Caracol water system showed poor sanitary conditions, a high
risk of contamination, andthe presence of aerobic bacteria, coliform&. coli and
enterobacteriaceae (which includes salmonella, Yersinia, and Shigellaall pathogen}k
(Stodmiller et al. 2015).

2



This study was limited to source quality evaluatidhile there are many water, sanitation, and
hygiene (WASH) interventions for improvimgalth outcomessuch as handwashing, safe water
storage, and poinbf-use treatmentsprotecting watershedandimproving water quality at the
source can reducteatment needgPostel and Thompsaz005)

Protected goundwater sources are currentlgresumedpotable by organizations developing
water infrastructure in the Comarca NgatiBaiglé k isassunedthat the soilprovidesadequate
filtration and spring capture structures are effective in preventing contaminatibis vital to
test the validity of these assumptions as part of the effort to pilevclean water After
evaluating source quality and potential contaminapathways this paper provides
recommendations forcosteffective source protetion improvements and exploresthe
community context of those recommendations.

2. Method<

2.1 Studysites

The study took place in tH@uthern Comarc&lgabeBuglé with sites inthe Nole Duima, Mn&,
and Mirono districts Rgure 2 shows the general location of the studites The majority of
sourceswere clustered on two hills, Cerr@fiza Mung) andCerrolglesiagNole Duimg, where

the author hada socialnetwork that allowed access to sample locations and reliakéger
systeminformation. An additionalelevensites in Mironé were sampled at the request of Peace
Corps volunteers who wanted watguality data for theitommunities

To choose sites on Cerro Ceniza and Cerro Iglesias, the author interviewed community members
and Peace Corps volunteers and developed a list of communities with drinking water sources on
the two hills. Accurate maps tifie area are rare and do not typically include drinking water
sources; guides, usually Peace Corps volunteers or community leaders, were essential for finding
water source locations.

Additional criteria limited the testing sites. Only water sources with protective spring capture
structures were samplednot unprotected springs that were proposed water sources. The sites
had to be within a twehour hike of a location where samples adbble plated, typically a Peace

/ 2NlJa @2fdzyi SSNNRa K2dzaSo

The study sites represented a range of management styles and operation and maintenance
practices. Water systems varied in size from a community of 186pleto aservice area with

just afew hougholds and a municipal building. The age of systems ranged from a few months
to thirty years old. While the majority of sources served systems in working condition, at least
two were completely noffunctional.

2 Material in this chapter is planned for journal submission.
3



7 Sources

Ty

Figure 2Study locations (magreated fa this workby RW. Clark)

2.2 Sanpling procedure

The samples were taken at a total of 40 spring sourd&e majority of sampling occurred in
April, May, and June of 201@uring the transition from thelry season to theainy season The

worst quality wasexpected during thisransition period. Tropical countries with wet and dry
seasons often have lowest water quality at the beginning of the wet season as contaminants
that have built up over the dry season wash ofithe soil(Wright 1986, Kstylaet al. 2015)

Three sourcesl(ino and Marcianon Cerro Ceniza ar@@uebrada Caracoh Cerro Iglesias) were
sampled monthly to track seasonal variatioihwater quality

The samples were collected in the company of a guiBieckground informationdescribed in
the following sectionand weather conditions were recorded before travelling to the source
GPS coordinates and photographs were collected at each Sigitary surveys were completed
by visual inspection with the input of the guide (se8 dr more information) Water quality
samples were collected at thepring captureaccess hatch where possible, and otherwise from
the cleanout (after flushing the sediment) or the transmission line near the sdgem 24).
Lastly, flow data was ca@tted at the cleanoubr transmissiorline when possible



Within a month of the sample datehé author delivered sanitary surveys, water quality results,
and recommendations for water treatment methods to local water committee or community
leaders to infom them of quality issueand potential source improvementsihe results were
delivered in writing and pictorially, as well as verhalliien possible.

2.3 Sanitarysurvey

The source protection at each site wamkiated usin@ten-questionsanitary sureydeveloped
by the WHO(WHO 200%and adapted andranslated bythe Centre for Affordable Water and
Sanitation TechnologfCAWS)[ a Canadian NGOhe Spanishiranslation was used in the field;
the Englishversionis shown in &blel.

Table 1 Sanitary survey

Question Responsg
1. Is the collection or spring box absent or fayf? Y/N

2. Is the masonry or backfill area protecting the spring faulty or eroded? | Y/N

3. If there is a spring box, is there amsanitary inspection cover? Y/N

4. Does the spring box containontaminating silt or animals? Y/N

5. Is there an air vent in thenasonry and is it unsanitary? Y/N

6. Is there an @erflow pipe, is it unsanitary? Y/N

7. Is the fene around the spring inadequate? Y/N

8. Can animalshave acces to within 10 m of the spring? Y/N

9. Is the diversion ditch above the spring absent or nobvking properly? Y/N

10. Are there any other sources of contamination uphill of the spririg.g. | Y/N
latrines, waste)?

Risk of contamination (addhe number of 'Yes' answers): X XK M
Sour6Y a{lFyAGIFINE LyaLISOGAzYy 2WwWaystorgNEis&l
under CC

The survey was implemented following timstructions on thdorm, andadditionalcriteria were
used to determineanswers For example,Wnsanitary inspection covef@ere considered to
include structures withabsent or incompletecovers as well as those lacking a raised rim to
prevent surface water entry Noteson these addiional criteria can be found ingpendixA.

The PanamaniaNlinistry of the Environmen{MiAmbiente, previously ANAM) aMINSAare
increasingly promoting watershed protection, especially in areas near water capture structures
(ANAM 2011, FTR008. UWnhfortunately, the recommendationare not always practicable
because of the landenure issues For example, bothorganizationssuggesta minimum
protectedradius of 50 meters around theoarce; MiAmbiente recommends a 20@eter radius

in steep topography Sction4.3 provides a more extensive discussion of the implementation
barriers to protecinglandsaround water sources

5
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In addition to the sanitary survegpringsources werssurveyed for the following criterja

9 Latrines within 30 m a common source ofroundwater contaminatior(Lewiset al.
1980)

9 Surface water in source aredound to belinked to water qualityin a similar study in

Kampala, Uganda (Howaed al. 2003)

Compliance with MiAmbiente commendaions for fence radiuper FTR2008

General assessment of whether or ribe source is protected either physicallyy the

landowner,or by legal status

9 History ofthe spring capturgincluding the construction datend original funding
source where available

1 Frequency of cleanings, espdlyiaf the spring capture had been recently cleaned

=A =4

2.4 Microbiologicatjuality test

Themicrobiologicatest usedwasthe Qoliscan Easygel®it from Micrology bbs The kittests
for E. coliusing chromogenic medialyes activatein the presence oBetagalactosidase, an
enzyme produced bgoliforms,and Betaglucuronidasewhich isspecific to mosspeciesof E.
coli. E colicolonies can be identified as a mixture of the tdistinct dyecolors.

Easygelas I & NJ G SR Ay ( W@cisWidnpaied to Srhilar pracduidisiBadfiat NJ
2012),andsamplescan beincubated at ambient temperaturgdicrology Lab2016) Amnbient
temperature incubation can produce robusgsultsin E. colisampling in countries with mea
temperatures over 25°C (Brov2011) Monthly average temperatures in thetudyarea range
between 26.1 °C and 27.7°C (ETEGLS)

Howeverone study recommendethat Easygel@@nly be usedn combinationwith a20-mL HS

test for drinking water because af K S ¥ ZhiydérSdetertion limitand 17% rate of false
negatives(Chuanget al. 2011). Esygel©has a5 ml maximum sample volumevhichwould
require either 20 plates per sample or vacuum filtration for a detection limit of 1 CFU/100 ml
The standard volume in 8. water quality testing 800 ml (Bairet al. 2012. On the other hand
finding accurate sampling methods that are feasible in remote locations fiidmncial
constraints andno electricity or laboratory facilities is a challenge, and meetirf§ Water
guality testing standards is not always crucial for evaluating wsderces Abramsonet al.
2013.

Laboratory methods practiced in U.S. water sampling facilities were not feasible in the remote
study locations. However, the testing method generallyofedd manufacturer instructions
(Micrology Labs 2016 detailed description of the testing procedure follows.

As per manufacturer recommendationset Easygel© bottles werstored ina freezerin San
Felix,Chiriqui Thebottleswere used for samples withitwo weeks offemoval fromthe freezer
Easygel© bottlescan be stored at room temperature for up to a month with no adverse effects
(Micrology Lab2016. Serile petri dishes from the test kit were storedamiginalpackaging at
ambient temperature.



Samples were collected from spring capture access hatches where possible. An attempt was
made toavoid collectingloating organic matter and sediments that were present in some of
the sample sites. Where the access hatch could nabfened, samples were either collected
from the cleanout pipe, after allowing the sediments to flush out and the flow to equalize, or
from the transmission line at a disconnected section near the source.

Water sampleswere collected in28-ounce plastic scrav-top jars The jars were usedor
multiple samplesbut disinfected between usewith 70% rubbing alcoholTo disinfectthe jars
were rinsed witha few tablespoons of alcohaind then agitated for two minutes Ater
emptying the alcoholthe jarwastriple-rinsed with water fromthe source before the sample
was collected.

Samplesweretransported toa plating location withirtwo hours of collection &mple volumes
were 1-4 ml, depending on expected qualityn order to keep colonies within a countable range
Samplevolumes weremeasured witha Sawyer water filtration backwashing syrintjat was
rinsed with alcohol between usemdthen triple-rinsed with the sample water beforgse The
sample was transfeed from the syringe directly to th&asygel©bottle, capped,mixed by
invertingthree times and thenpoured intothe sterile petri plates fronthe kit.

Samples werecounted after incubationat ambient temperaturefor 48 hours During the
incubation peiod, plated samples were stored in lidded plastic or glass containers, packed in
paper to reduce excessive humidityvhich could interfere with gel settingand kept out of
direct sunlight Rates were not stored inverted because this caused separatioheofjel and
plate. Each plate was photographeghdthen inverted for counting Depending on thdighting
conditions a piece of white paper and/or lamp were used ke colonies more visihle
Colonies were marketb avoid doublecounting Rates withno visibleE. colior other coliform
colonies were recorded as zero counisspite higher detection limits Hates with more than
300 colonies wergecordedas 300+ Wsed plates were disposed of following mafacturer
recommended methods To test for afalse positive result, the method was performed with
water treated by boiling for five minutesN\o coloniesformed.

2.5 Other water quality parameters

To characterize water quality in the study area, temperature, ammonia, total and free chlorine,
alkalinty, and pH were measured in July 2(ifive sites on Cerro Iglesias and four sites on
Cerro CenizaTemperature wasneasuredwith a glassnercurythermometer. Anmonia, total
chlorine,free chlorine, and alkalinity wemaeasuredwith a Hach fiven-one water quality test

strip. The pH was also measured by the Hach-fivene test strip as well as MachereyNagel
pHFix G014 PTiest strip. Turbidity was measured using a LaMotte 2020i turbidimeter-§&N
10295) calibrated between each measurement wdtstilled water.

2.6 Data analysis

Water quality testing and sanitary survewta were recorded by handnd then entered into
Microsoft Excébsoftware for analysis Fve entry error checkaere performedby verifyingthat
all values ora randomlyselectedpageof the data notebookhad been correctly entered A
general check on all the data was perforntding translationfrom Spanish to English.

7



Oddsratios were calculatedo evaluate relationships between water quality and source

protection. The odds ratio is a relative measure of the likelihood of specific outcomes for two

given treatments. For example, how likely is a source to excedsd. aolior total coliform
GKNBakK2tR FT2NJ Gg2 OlasSaszr (GKS a7l T stadsticliINI OGA OS
commonly used in medicine to compare groups of patients receiving different treatments
(McHugh?2009); itcan also be used to evaluate contamination pathways in drinking water

sources flowardet al. 2003 Patricket al.2011).

The odds ratiags calculated as follows,

W . o
T < R
0 QNGO Q¥ DEL —F

Q w w

where,

a ¢ number ofsamples with bad outcomeg.g E coliabove a certain threshold), in
groups with standarqunimproved)}reatment (e.g.faulty protection practices)

b ¢ numbersamples with bad outcomes.@¢ E coliabove a certain threshold), in groups
with improved treatment €.g.improvedprotection practices)

¢ ¢ number ofsamples with good outcomes.¢ E colibelow a certain threshold), in
groups with standarqunimproved)treatment (e.g.faulty protection practices)

d ¢ number ofsamples with good outcomes.@ E colibelow a certain threshold), in
groups with improved treatmente(g.improvedprotection practices)

In cases where@, b, ¢, ord have zerovalues each groupvasincreased by 0.5 to approximate
an odds ratio valuéMedcalc 2016) Wherea=b=0or c=d =0, the odds ratio is undefined.

Odds ratios were interpreted based on values of the<dne RS R CA &8 KSNID&ahe9 EI Ol t
probabilitytest was used to evaluate the hypothesis theHOGrecommended practices would

improve water qualityexpressed a®R> 1 R & K S NIP#babili/tesd was selectedor p

value calculatiorbecause of its simplicity and utility for contingency tableataming zeroes

(McHugh 2009) Two thresholds were selected for statistical significapce0.05 angp < 0.1.

Gonfidence intervals were calculatecbf odds ratiosusing the method described by Sheshkin
(2004) Satistical brmulas are shown inpgpendixB. @ YL SiS 2RRaExhk (A23> C
Probability p), and confidence intervakesults areshown in ApendixC

Five microbial quality thresholds were used to group samples for odds rat{@} E. coli> 0
CFU/100 ml(2) E. coli> 100 CFU/100 m(3) E. coli> 200 CFU/100 m|4) total coliforms > 1000
CFU/100 mland(5) total coliforms > 1500 CFU/100.mIhe firstE. colthreshold is the MINSA
standard for untreated sourcg®GNTIL999. The seconckE. colihreshold was selected based
on thefinding thatE. colievels 0f100 CFU/100 ml mdyave similathealth impactsn tropical
environmentsas lower contamination leve{Moe et al. 1991). Total coliforms were consistently
higher than the MINSAandard of 3 CFU/100 ml (DGNBR9);thus, thisstandardcould not be
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used as a threshold in odds ratio calculationthe remaining thresholds were selected to
explore relationships between source protection and quality at higher contamination levels
These tiresholds were determined by plottirig coliand coliform counts on a log scale for each
protection practice and visually estimating the mean of ling values

In some casesamples were taken a given siteon multiple dates Thesesamples are not
independentitherefore, E. colandtotal coliform countsfrom the same locatiomwere averaged

for odds ratio tests, except where sanitary survey results hadgddbetween the two sample
dates In those cases, theamplesvere counted as separate samples only when calculating the
odds rato for the relevant sanitarpractice Smples at the same location were also counted
separately wherevaluating the seasonal variatipiout were stillaveragedwithin eachseason

In a few caseshe gel separated from the platend colonies could not beounted but it was

apparent whethelE. coland other coliforms werpresent or absent Uncountable plates where
E. colior coliforms were absent were counted as zero valuelcountable plates withe. coli

presentwere only used to calculate odds agifor theE. coli>> 0CFU/100ml threshold.

At some des, there were multiplespringcapturest RSy 2 i SR Ay (GKS RI G o0& 64f
Gl mé | .yDRtanads befween such captures varied from 3 m to 200These are treated

as independent sampébecause the structurese separat@and maybe capturing unconnected

sources However, for ease of samplingome systemsvere sampled at a junction baf two
sourcesinsteadof individual access hatchga which case they were evaluated as one spring

In one caseresults fromtwo spring boeswere averaged and grouped with sampésultsfrom

the junction box from other months.

3. Results

3.1Water quality parameters

In general, the spring source water quality was very po@ut of 69 samples, hbut two
exceeded Panamanian water quality standardsEocolior total coliforms (DGNTI 1999).

Other water quality parametersrere measuredat eight spring sources on Cerro Ceniza and
Cerro Iglesiam June 2016 to give a broader picture of water gyah the area. A summary of
the parameters ishown in Tabl@. Thecompletedatasetis included in Appendix D.

3 Material in this chapter is planned for journal submission.
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Table2: Water quality parameters

Temperature 24¢ 26 °C
pH 6-7
Ammonia (ppm NEN) 0.250.50
Total chlorine (ppm) 0
Free chlorine (ppm) 0
Alkalinity (ppm CaCeg¢) Mode: 120
Low: 40
Turbidity (NTU) 0.22¢ 19.5*
* Panamanian drinking water standard for turbidity a
maximum of 1.0 NTU (DGNI999), WHO recommend
turbidity less than 5 NTU (WHIDO06)

3.20ddsratios

Odds ratios were usetb compare sources grouped by protection or maintenance practice,
season, weather conditions, or locationith respect tothe five quality thresholds previously
discussed large odds ratios indicate a relationship between the faulty practice and
contamnation at the given threshold An odds ratio of one indicates no difference between
faulty and improved practices with respect to contamination; an odds ratio of less thanan
also be interpreted as no differencefor WHOrecommended sanitary practicesvhich are
expected to improve water quality

Odds ratio calculations were impacted by group sizes; some groups had much less Vahkety
3 shows the number of samples that fell into each category of source protectiaimtenance
practice, and othecriteriaused to calculate odds ratio.
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Table 3 Numbers of samples for odds ratio calculations

Yes No

(true) | (false)
Lack of spring box 0 40
Masonry or backfill area faulty or eroded| 20 21
Unsanitary inspection cover 13 28
Contaminating silt oranimals 36 4
Unsanitary air vent 11 29
Unsanitary overflow pipe 29 11
Inadequate fence 28 12
Animals within 10 m of spring 20 20
Diversion ditch absent or faulty 35 5
Uphill contamination (e.qg. latrines, waste| 22 18
Lacking source protection 22 18
Failure to complywith MiAmbiente 40 0
regulations for fence radius
Latrines within 30 m 7 33
Surface water 17 28
Not cleaned within the last month 28 11
Cleaned less than once per year 4 18
Wet season 28 17
Wet season excluding October throug 28 17
December
Rain 16 29
Cerro Ceniza (ncCerro Iglesias) 12 17

3.2.1Sanitary survey

Tabled shows the odds ratios calculated for the various protection practicés evlthresholds

of 0, 100, and 200 CFU/100,mlong with confidence intervals and significance levélsere is

a wide range of odds ratios, frorh.22 to 22.5 There are few statisticallgignificant
relationships but spring captures cleaned in the month before the sample datd annually
both show consistently high odds ratios that suggest a strong relationship between this
maintenance practice anegtducedE. colicontamination. Presence of animals within 10 meters
of the source, such as cows or chickealso shows an odds ratggnificantlygreater than one

for E. coli > 200 CFU/100 riable5 shows theodds ratiosor total coliform thresholds There

are no statistically significant odds ratic®®th a f | O1 2 F & LithpliahceavithE¢ | Yy R
MiAmbieri S NXB 3 dzf | { A 2 y dvereFrénedFiSny BeStabld: bRcawd= there were
no cases in the faulty group and the improved group, respectiaaly odds ratios could not be
calculated

11



Table 4: Odds ratios fdE. colithresholds

E. coli> 0 CFU/100 ml

E. coli> 100 CFU/100 ml

E. coli> 200 CFU/100 ml

Odds p- 95% Odds | p-value 95% Odds | p-value 95%
Ratio | value | Confidence | Ratio Gonfidence | Ratio Confidence
Interval Interval Interval

Masonry or backfill area 1.39 | 0.221 |0.39|88.8 | 0.71 | 0.245 0.18 | 54.0| 0.60 | 0.259 0.12 | 48.2
faulty or eroded
Unsanitary inspection cover| 1.20 | 0.258 | 0.31| 75.7 | 0.38 | 0.171 0.07| 43.4| 0.67 0.311 0.11| 475
Contaminating silt or animalg 5.31 | 0.147 | 0.50| 106 | 4.6¢* | 0.226 0.23| 57.8| 3.0 | 0.360 0.15] 49.3
Unsanitary air vent 0.44 | 0.147 | 0.11|49.3 | 1.02 | 0.312 0.21 | 55.7| 0.88 | 0.345 0.15| 49.2
Unsanitary overflow pipe 0.46 | 0.178 | 0.10|48.8 | 0.36 | 0.124 0.08 | 43.3| 0.63 | 0.281 0.12 | 47.0
Inadequate fence 1.10 | 0.271 |0.28|69.1 | 1.19 | 0.301 0.25|60.1| 0.63 | 0.281 0.12 | 47.0
Animals within 10 m of 1.52 | 0.207 | 0.43|92.1 |2.80 |0.110 0.65|132 | 491 | 0.067* |0.84| 191
spring
Diversion ditch absentor | 2.54 | 0.235 | 0.37|83.2 | 1.82 | 0.377 0.18 | 52.6 | 3.82 | 0.272 0.19 | 53.7
faulty
Uphill contamination (e.g. 1.40 | 0.223 | 0.39|86.3 | 2.04 | 0.180 0.48|94.6| 0.93 | 0.307 0.20 | 54.2
latrines, waste)
Lacking source protection | 2.14 | 0.132 | 0.59| 127 | 1.20 | 0.272 0.29| 655 1.79 | 0.246 0.36| 74.7
Latrines within 30 m 1.84 | 0.274 |0.31|73.6 | 1.22 | 0.354 0.19|53.6| 0.69 | 0.409 0.07 | 42.3
Surface water 0.73 | 0.214 | 0.22|68.6 | 0.22 | 0.054* | 0.04|45.6| 0.44 | 0.209 0.08 | 49.0
Not cleaned within the last | 9.78 | 0.004 | 1.96 | 1830 | 7.86 | 0.039* | 0.87 | 198 | 11.17 | 0.036* | 0.59 | 114
month *x * *
Cleaned less than once per | 7.29 | 0.137 | 0.34| 43.0 | 9.75 | 0.082* | 0.78|96.9| 22.5 | 0.027* | 1.51| 405
year *

a3Added 0.5 to all groups to calculate approximate odds ratio

***n < 0.05
**p <0.10
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Table 5: Odds ratios for total coliform thresholds

Total coliforms > 1000 CFU/100 n| Total coliforms > 1500 CFU/100 n

Odds | p-value | 95% ©nfidence | Odds | p-value | 95% ©nfidence
Ratio Interval Ratio Interval

Masonry or backfill area faulty | 0.94 | 0.270 0.24 575 1.25 0.247 |0.34 69.7
or eroded

Unsanitary inspection cover 0.36 | 0.133 0.07 |40.5 0.37 |0.143 | 0.07 40.5

Contaminating silt or animals 3.82 | 0.262 0.45 | 83.9 2.27 |0.374 |0.27 50.1

Unsanitary airvent 1.25 | 0.302 0.25 |57.5 1.25 |0.289 |0.27 59.7
Unsanitary overflow pipe 0.32 | 0.136 0.06 |39.1 1.08 |0.289 |0.25 57.1
Inadequate fence 1.19 | 0.291 0.26 | 58.6 1.08 |0.289 |0.25 57.1

Animals within 10 m of spring | 1.60 | 0.224 040 |76.1 143 |0.233 |0.38 73.0

Diversion ditchabsent or faulty | 1.15 | 0.370 0.17 | 48.5 1.71 |0.320 |0.25 57.1

Uphill contamination (e.g. 1.03 | 0.273 0.26 |58.2 0.70 |0.233 |0.18 50.2
latrines, waste)

Lacking source protection 1.03 | 0.273 0.26 |58.2 1.11 |0.262 |0.29 62.2
Latrines within 30 m 1.22 | 0.352 0.19 |50.9 0.41 |0.224 |0.06 39.7
Surface water 1.96 | 0.177 0.48 101 2.10 0.142 | 0.56 118
Not cleaned within the last 1.13 | 0.319 0.22 |52.2 0.70 |0.291 |0.14 44.5
month

Cleaned less than once per yeal 1.67 | 0.431 0.13 | 235 3.00 |0.314 |0.25 29.3
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3.2.23ason

Odds ratios were calculateth compare dry and wet seasogroups over all five quality
thresholds The dates of the wet and dry season were determined by graphing spaipiyire
flow data collected duringamplingand estimating the start and end of low flowshe dry
season was taken as December 16, 2015 through May 20, 2016.

There vere no statistically significant resudt Odds ratios comparing dry and wet season
contamination fork. colithresholds ranged betwee®d.81and2.57, with p values ranging from
0.109t0 0.284.

Odds ratios were also evaluatedcludingwet season values frof@ctober through December,
before the dry seasan Rost-dry season flowgApril through June)are expectedto havethe
worst quality(Wright 1986 Kostyleet al. 2015. However,no statistically significant relationship
was found odds ratios range from 0.46to 2.00, with p values from QL57to 0.243.

Graphs of seasonahangesat Quebrada Caracol, Marciano, and Lino sources didpmoar to
show a relationship between flow variation and water quality excemtrie casgtotal coliform
contamination seemed to follow flow rate variation at the Marciano spring captiigure 3
shows seasonal flow and total coliform variationtla¢ Marciano spring capture.
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Figure 3Seasonal variation in flow and total coliforms at Marciano spring capture

3.2.3Weather

Weather conditions were recorded on sampling day@lds ratios werecalculated fortwo

groups: sample days with and without raifihe only statistically significant result was odds
ratio of 6.50with ap value of 0.Q9, linkingrain and total coliform levels over 10@FU/100ml.

Odds ratiosfor other quality thresholds ranged from @8to 2.36, with p values between 020

and 0.28.
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3.2.4 Cerro Ceniza and Cerro Iglssia

Despite their proximity, Cerro Ceniza and Cerro Igiesia managed differently Gerro Iglesia
has a protected region at the crown of thell where no agricultural activity is permitted
whereas ranching and crop cultivation reach the highksies of Cerro CenizaBoth hills have
clusters of groundwater springs that serve communigretching down the hillsides.

Odds ratios were calcated comparing Cerro Ceniza and Cerro Iglesias sgajtgres, with the
hypothesis that Cerro Ceniza was more likely to be contaminatieeke was no strong evidence
to support orreject this hypothesis Qdds ratios over the five quality thresholdsnged from
1.00to 1.64with p values from 0.22to 0.313.

3.3 Data quality control

3.3.1 Multiplate samples

To evaluate the precision of the data collected, eleven samples were dplaikdt water from

the same jar was plated twice consecutivelip addition, wo samples were plated five times

and one sample was plated six time#e double plates had an average percent difference of

44% forE. coland 35% for total coliformsSandard deviation for all muHplate samples ranged

from 0 to 141 CFUN0 ml, with a mean of 36 fdE. coliand 18 to 1255 CFU/100 ml, with a

mean of 422 for total coliformsThe average coefficient of variation (the ratio of the standard
deviation to the mean) aws58% forE. coliand 30% for total coliformsand 11% foE coliand

4% for total coliforms when calculated with log 10 counts per Brewal. 2011 ¢ t NS @A 2 dza f &
reported coefficients of variation, a measure of repeatability (Hendricks and Robey 1936), for

coliin single laboratory tests range from 3.3 to 2%a3Brenner et al. 1993) and 8.6 to 40.6%

overall (inteef 1 02 NI G2NEBEX ! h! / wmeppl@ilf) Caeflidie@msSof viiatioZ . N2 gy
from this study fall within the range, suggesting the method used provides repeatable results.

3.3.2 Comparison to MIMSdata

MINSA periodically samples water quality in the Comarca NB&dalgeé in collaboration with
community leaders and Peace Corps voluntedrbmits test locations by a maximum transport
time of six hours to the San Felix laboratorjhe MINSA lab aluates 100 ml samples using
Collilert©, producing estimates of MPN for boh coliand total coliforms The MINSAwater
sampleswere takenin February and June 2018everalmonths before the beginning of this
study.
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Table 6: Water quality dat@omparison for three locations

Quebrada Caracol | Marciano Lino
E. coli Total E. coli | Total E. coli Total
coliforms coliforms coliforms
MINSA results 83.9 58.6* 0 2419.6 0 2419.6
Results from this 125 1925 400 4466.7 33.3 2500
study 350 6700 250 550 1350 2700
0 1850 25 400 25 2325
50 3550 0 0 0 1350
2050 3350 0 0 350 400
0 11400 0 675 0 1175
1100 5400 0 1475 400 1762.5
200 5450 100 800 0 565
375 4575 0 270 50 4125
4050 11550 300 6225
650 4425
70.8 2854.2
MINSA water qualityresults are shaded
*As reported in MINSA records. Paossible clerical error, lower than recorded E. coli for
sample

Table Gshows the comparison efater quality data from this study to MINSA water quality data
from 2015 for the same location3.o test whether samples from this study produced reasonable
results, MINSA test results from Quebrada Caracol and Cerro Ceniza were compated to
range of valuefrom monthly samples from Quebrada Caracol, Lino, and Marciano soukges
Quebrada Carad¢pthe MINSAE. colivalue agreed well with the distribution from this stuydy
however, the total coliform value reported BYINSA was much lower than anglues recorded

by this study MINSA sampled the Cerro Ceniza Abajo system at the tank, not théduadiv
sources, buk. coliand total coliform values from their samplell within the rangesfor both
Marciano and Lino spring captutes

4. Dscussioh

4.1 Assessment of results

The odds ratio analysis produced some interesting resuttwever, a surpsing number of odds
ratios were less than or equal to oniedicating that water quality is not strongly related to
contamination risks tested in this studyrar from suggesting that WHO recommendati@rs
ineffective this is most likely the result &dck of diversity in sample sitelt is important to note

that the p values are large for most of these results which indicates that these odds ratios may
be a reflection of random variation in samplinhe majority of sites had contaminated water

4Material in this chapter is planned for journal submission.
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and multiple poor sanitary practicesnaking it difficult to isolate theeffect of any individual
practice Therefore, a more conclusive study would include a larger number and variety of sites.

4.1.1 Sanitary surveys

Sanitary practices with statisticallygsificant odds ratiogncludedkeepinganimalsmore than
ten meters away fromthe sourceand regularlycleaning spring capture structures The
implementation of those measures is discusse8dction 4.3 Surprisingly,drainage olurface
water was notrelated to water quality at a threshold of 200 CFU/100 miEocoli However,
this is not to say these sanitary practices should be discontinuedl of the WHO
recommendations are most likelyeneficial althoughmost arenot statisticallyconfirmed by
this study.

4.1.2 Season and weather

A fewstatistically significant odds ras@uggest there is some relationship between fallrand

total coliform levels, though it is not strongly demonstrated in this studhis relationship
should inform samplig regimes as well as maintenance plan&ough no strong trends in
seasonal variatiorwere observedin the three spring captures that were monitored on a
monthly basis, water samples should be collected in the wet seasamafiture the lowest
guality vales. Water managers should expect higher contamination during rain events and take
measures to protect the community.

4.1.3 Protected lands

Although this study provides no evidence to promote or discredit the value of protecting the
higher elevation®f Cerro Iglesias for water quality purposes, watershed protection has many
benefits Anecdotally,dry season flowkave increased since thregion ofCerro Iglesiaabove
existing communitiesvas designatedsprotected.

4.1.4 Data quality control

Whencalculated with log 10 counts, p&rownet al. 2011, the sample gthod appears to be
repeatable Except in one caseht MINSA samplegere within the range of values seen in this
study for water quality athe Quebrada Caracol, Marciano, and Lino sosircthis agreement
showsrelative water quality resultdn agreement withthose produced by the more rigorous
testing methods implemented by MINSA.

4.1.50pportunities for dirther study

While this studybrings to light the high contamination levels in dimg water sources in the
Comarca NgabBuglé and identifies two important sanitary risks that are contributinght®
problem, there is ample opportunity to further explore the causes of contamination. Testing for
other pathogens, especially parasitesuld further help in prioritizing sanitary risks. A longer
term study would be more effective in illustrating seasonal quality variation, and whether it is
more significant in some spring sources. An important question that was not answered by this
studyis whether ineffective soil filtration or poor source protection are more culpable in spring
contamination. Answering this question would requarbetter understandingf the underlying
geology soil structure, andgroundwater flow in the area. A dyéusly or monitoring isotope
levels would both be potential methods to determine the travel time from rain drop to spring
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water. However, thesenethodswould be expensive and logistically challenging in this remote
region.

4.2 Communitymanagement in th€anarca Ngabdsuglé

During long hikes in the company of water managers and Peace Corps volunteers deeply
concerned with maintenance angater quality issues, the author collected extensive notes on

the challenges they facedlhese notes on informalonversations, combined with the sanitary
surveys and standard questions about source histoynprised a dataset that gave insight into

the realities of managing water systems in the Comarca Ngxilogé.

Coding was used to conceptualize common theme&sud & af I yR GSydzNBé¢ F yR

t S OS perbdkhiddahd Straugd999. O particular interest wereassociations between
maintenance practices anthemes of leadership and burnout, community cohesiveness, and
relationship with the Peace Corpsand tenure, dispersion of communities, and conflict were

other themes that energed from the codd notes These important concepts were especially
AUNRIAYT 6KSNB GKS |dzik2NRa SELISOGHGA2Y 27F | dzt

Many ofthe challenges faced by water committees were common in other regielggg on
community management. Water system development in the Comarca Ng&wmglé has
followed the community management model, which requires communities to demonstrate
willingness © pay and contribute part of the initial construction casta minimum of 25% for
Peace Corps projects, and all of the operation and maintenance.cofite community
management model was developed in response to failures of governments to provide rural
water access; it was a move to include communities in water utilitysttenrmaking (Harvey and
Reed2007) While empowering communities to choose the appropriate solutions for their
water needs has improved access outcomes, it fails to support sustainabde systems in
many communities (Moriartet al. 2013) The issues stem from unrealistic expectations of the
financial and volunteer labor capacity, as well as an idealization of community cohesion that
would never be expected in wehler countries (Harey and Ree@d007) Rnancial and technical
support should not be the sole responsibility of poor, rural communities in order to receive the
basic human right of water access (Moriady al. 2013) Resourcestrapped communities
should have the right topt out of carrying the responsibility for maintaining their wasystems
(Harvey and Reezi007).

In Panama, the community management system was formalizedDégretos Ejecutivos
(executive decreeby the Resident of Panama) Ne8 andN. 40 in 1994, whik required rural
communities to form democratically elected, npnofit volunteer groups to manage and
operate their own water systems While these community organizations were ultimately
responsible for financing operations and maintenaifsee Table 7 for estimated costs)they

were to receive technicaupport and training from MINSAN 2014 Decreto Ejecutivdl. 1839
elaborated on the roles and responsibilities of community organizations, water users, and
MINSA in water system managemenhe newdecree lays out sanctions for organizations and
users that do not comply with the new regulatigmscluding fines for organizations who fail to
chlorinate the water supply

18



In reality, few communities receive support, training, or even visits from MIN@ANe MINSA

has an office of technicians, it is understaffed, with one technician per distRighly seven
technicians are charged with supporting a dispersed population of 300,000 with limited road
access Apost-project assessment of systems camsted as partnerships between Peace Corps
and communities showed systems tended to deteriorate after a few years and recommended
institutionalized support mechanismsuch as circuit riders, to prae continuing support
(Suzuki2010) Romised governmen funding for water quality monitoringand training,
including a regional training facility for community water organizatjbas failed to materialize

in the Comarca NgabBuglé.

Many community water managers have limited knowledge and resources forr \ggtem

repair. @mmon repairs include plastic bags instead of glue for connecting pipe sections, using
fire to mold plastic pipe fittings, and piercing a hole in the pipe then putting in a stick to serve
as an air release valveall inadequate repairthat can cause contaminatiq@uzuk010) Even

if they are aware the laws exist, water managers may ignore them in favor of practical solutions
that do not cause community conflicttor example, the new law sets minimum water fees of
$3.00/month in dispesed rural communities, such as those in the Comarca NBdigée
Qurrent fees range from $0.25 to $1.00 per monémd many users are unwilling or unable to

pay those Water managers are unlikely to raise fees, and also unlikely to face any consequences
for failing to do so, just as they do not receive the benefits laid out in the legislation.

In making recommendations for source protection improvements, it is important to consider
the resources required for various solution&®nstruction materials antransportation are the
largest expensesAs previously mentioned, maintenance labor is typically on a volunteer basis,
FYR GKSNBT2NB aFNEBS 3 dnspidndgdomaunifyiide wakiaysNagurésy o a
political capitd and incentivedbecausdt comes at the cost dbst opportunity for subsistence
farming

During the course of this studthe author had the opportunity to speak with many community
leaders and Peace Corps volunteers about the challenges and strengths of their water systems
Perhaps the most effective way to communicate the challenges that face water managers
seeking to implement source protections is to give ceterexamples of their struggles,
including financial challenges.

4.3 Implementation challenges

Barriers to implemsting source improvements and adequate maintenance practices in
community water systems include cost and labdable 7 shows the estimated costs of each
recommended sanitary improvement (full budgets are shown in Appdddi¥he challenges of
labor arediscussed below.
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Table 7: Costs of source improvements

Issue Rangeof Cost Including | Range of CostVithout
Labor Labor

Lacking spring box $274 $460 $210 $300

Masonry or backfill area faulty or | $43 $51 $27 $35

eroded

Unsanitary inspection cover $53 $61 $37 $45

Contaminating silt or $2 $8 $0 $0

animaldinfrequent cleaning

Unsanitary air vent $5 $19 $3 $11

Unsanitary overflow pipe $7 $26 $5 $18

Inadequate fencg10 m) [200 m] ($72) (%246 (%40 ($150)
[$770 [$11,21Q [$610 [$11,05Q

Animalswithin 10 m of spring $0 $660 $0 $500

Diversion ditch absent or $8 $84 $0 $20

faulty/surface water

Uphill contamination (e.g. latrines, | $0 $114 $0 $50

waste)

Unprotected source $0 $50 $0 $50

¢KS YIFINJSG OFftdzS 27F I 02 Nashbbut $BKRE day fdréighghdsa K2 Y S
of unskilled work Atypical volunteer work day was four to eight hours and also required food,

either brought potluck style by the work day participants, provided by a community leader, or

a combination of the two Typically, each family on the water system is responsible for sending

one worker or cook to the work day®me communities levy fines against families who miss

work days without an excuse in the range of $1 to $3 per missed day.

Even basic maintenance $u@s cuttingthe vegetationthat grows along the pipeline an
important part of preventing roots from damaging the pipes laborintensive work since it was
done completely by hand with machetesdRepairing a broken section of pipe might include
excavatinga sixfoot section with a pick ax or iron bar to remove rocks, an exhausting process
Tools were frequently damaged from owvase or lost, another cost borne by volunteers
Repairing a pick ax handle was a lengthy process that involved shaping a nefronthe
heartwood of a specific tree and using a machete to whittlioitvn to the appropriate girth.

Seemingly small repairs can also be challenging, as in the example of adding a mesh screen to
an overflow pipe to prevent animals and insects from emigihrough it to the spring capture.

The function of an overflow pipe is to allow excess flovabove what can be conveyed by the
transmission line to escape from the spring capture structure. The lack of an overflow pipe
can cause backpressure to buddd damage the spring capture structure, or worse, reroute
spring flows away from the capture structur®&uying a small piece of screen to install would
include travelling to and from San Felix (where the mesh would hopefully be available) at a cost
of $2to $10 and four to six hours to make the purchase. Materials are often paid for out of
pocket, since many water systems do not collect sufficient fees to meet maintenance needs.

20



The water manager would then need to find or buy a cutting tool to trim ninesh to the
appropriate size, then hike to the source to install it. Many water managers did not find this
repair to be worth their time.

In one case, the overflow was rendered less sanitary when a community member cut off the
pipe to repair another parof the system, increasing the likelihood that animals could enter the
capture structure. Another common unsanitary practice was blocking overflow pipes with
plastic bags filled with rocks or soil. Many community water managers, not understanding the
hydraulic principles that govern pipe flow, assume blocking the overflow would generate more
flow in the systm when in reality it can damage the spring capture structure and contaminate
the source.

Understanding general implementation challenges is key tomating realistic solutions for
drinking water source improvements. It is also important to describe challenges specific to the
contamination risks identified by the odds ratio analysis.

4.3.1 Animals within 10 meters

Fecal contamination fromows and clikens is a issue fomany water sourcesMany springs
are near houses because people settle near the springs as a water sdffitee, there are few
options for spring sources, and ones in populated areas must be usedseholds typically
keep tickens as a source of protesnd cattle are a common investmen@Gittle ownersneed
water to maintain their herd through the dry season.

In one community, cattle used a water source that was directly uphill of the spring capiuze
situation was cmplicated by the fact that the source was not on Comarca land and was owned
by a Latino living in San Felike had a verbal agreement with the community that they could
use the lower sourc@inconvenient for watering cattle because of the steep terrait)ich was
alsoon his land, provided they did not interfere with his cattle farming activitidisis source

had very high levels of contamination.

Inside the Comarcdandscan be commnity owned or privately ownedy only Ngabe oBuglé
people(Runk2012). MiAmbiente grants water rights to communities that request them for a
community source per their recognition of the universal right to cleankign water (ANAM
2011) Inpractice private lan@wners can still prevent accesk order to reach wadr sources
water managers often must pass through privately owned lands, sometimes adjacent to.homes
Private landwners might decide to restrict accegspecially if there are conflicts between the
family and the water manager.

MiAmbiente and MINSA eourage water managers to get a legal document protecting the right
to use the source and land immediately around it one case, despite having this paperwork,
a water managediscovered that a larmlvner was cutting the pipe to the system because he
wanted the source for his personal use and cattlihe water manager repead the pipe each
time the landowner cut it, until the larmlvner simplygrewtired of cutting the pipeand gave

up. Sveral communities tried to avoid this problem by buying the lanslind the souce, or
otherwise appeasing lamdvners n one community, they were granted land in exchange for
constructing a seqrate water system for the lamvner, who would not be included in the
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communitysystem. Other systems were designed to provide a tap stand near the source for
use by nearby land owners or cattle, at a cost to hydraulic pressure in the system but with the
benefit of avoiding conflict with the landowner.

4.3.2 Cleaning spring capture structgr

Cleaning out a spring capture structure entails hiking to the source, opening the hatch and
cleanout pipeandscooping out the accumulated sediments with a bow! or.clipe walls and

lid should also be washed dowand this process continued until tltructure is clean and the
water runs clear The ime commitment is significantleaning out the spring capture could take
anywhere from anhour-and-a-half to seven hoursdepending on the distance from the
community to the sourceThe Peace Corps regonends four annual cleanisgat the beginning

of the dry season (after high flows at the end of the wet season), at the beginning of the wet
season, and twice more during the wet seasdfbwever, tie required frequency for cleaning

out capture structuresiepends on the quality of the groundwater spriagd spring capture
structure. In reality, whether or not a spring capture is cleaned depends on the will of volunteers
who manage the aqueducth a few cases, water managers had cleaned the source amadv

of the sample datgo show the system at its best to a visitoatne community, where the source

was nearby, cleaned the spring capture every two weeks because of the high sediment content
of the spring In the absence of frequent cleanings, usersyptained that water was brown and
unappealing Ghers were not so diligent, experiencing periodically high turbjdigpecially
during heavy rain eventsh one town,water usersften left taps running after heavy rains to
clean out turbid water beforeollecting it for drinking, cooking, or even laundry.

5. @nclusioR

The goal of this study was to identify practical, eeffective drinking water source protection
measures in the Comarca NgaBaglé, a remote indigenous region of Panamao source
protection practices were identifiedhrough statistical analysis of bacterial courds top
priorities to address the substandard drinking water source quality in the region

(1) Preventing animals (such as cows, chickens, horses, and pigs) from approdtthimg
10 meters of drinking water sources
(2) Frequent cleaning of spring capture structures

Since rain events were also associated with heightened levels of total coliforms, sources should
have more frequent cleanings at these times. Additionally, watelliigusampling schemes
should include wet season measurements to ensure they capture wagst quality.

Simple tests that indicate the presence of fecal bacteria anitary surveys are useful tadbr
communitiesand MINSA officialhat cannot afford fequent complexmicrobiological testing.
Over the course of the study, at least one water system manager implemented source
protection improvements after receiving the sanitary inspection resuEsicouraging water
committees to include sanitary survegsid frequent cleanings in their source maintenance

5> Material in this chapter is planned for journal submission.
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regime would be a good step for NGOs, Peace Corps Volunteers, and MINSA officials in the
Comarca NgabBuglé seeking to improve water qualitifor other contamination risks that are

more challenging to iplement, or less well known, organizations should provide more
extensive trainingind resources

Because of the complicated nature of land tenure in the Comarca, some communities will
continue to struggle in relocating livestock from the area around ttaitking water source.
Understanding te complex issues thatinder implementation will allow more creative and
impactful approacheso addressing this problepsuch ascompromises with the land owner
described in the previous section.

Increasing treatmenwill also be an important part of reducing diarrhea in the regi@espite
efforts by MINSA, Waterlines, and the Peace Corps to promote water treatment, only two of the
systems were delivering chlorinated watgrthe time of samplingand in both casethe water
manager admitted chlorination was inconsistenthVater managers cited users disliking the
taste, faulty chlorinators, confusion about appropriate dose, and the inconvenience and
expense of travelling to MINSA facilities to get free chlorineetablwhere they were not
consistently availab)eas reasons for not treating the water supply

It is tempting to see the results of this study as a set of intuitive and -eafllow
recommendations None of the WHOrecommendedpractices highlighted byhe sanitary
survey are revolutionary solutions to water contamination issubBvertheless simple water
system maintenance is often a great challenge in remote communities in the Comarca Ngabe
Buglé for reasons that are not imediately apparent to outsirsor evento Panamanians from
other regions.

Theimplementation of source protection methods can only be achiewethe long runwith
increased financial and technical suppdéot remote, rural communitieon the part of the
Panamanian governmentt should fund training programdictated by theDectretos Ejecutivos
and expand the role of MINSA in assisting water committees to include providing funds for
operations maintenance and management in areas that are unable to cope with the
administrative burden of managing a water systefiis could include mediating disputes and
agreements betwen community managers and lamaners, training community managers on
the importance and ppropriate frequency for cleaning, and providingregional fund for
maintenance labor and materialsOther organizations, such as the Peace Corps, could be
tapped to contribute to these training effortsCapable ommunity water managers should
receive he financial and technical support they need to continue maintaining systems, but
communities with no capacity or time to manage a water system should not be deprived of the
basic human right of water, nor sentencedlitoess diarrhea andg in too many ases; needless
death.
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Appendices

AppendiA - Notes on additional criterfar sanitary survey responses

Table A: Additional criteria for sanitary survey responses

Question

Notes

1. Is the collection or spring
box absent or faulty?

b2 aLINAy3d 062ESa 6SNB a4l 6a
took this to mean there was eith&r capture structure

(outside the scope of this study) or it was completely-non
functional.

2. Is the masonry or backfill
area protecting the spring
faulty or eroded?

A common backfill erosion involved a rock coming out of
the backfill leaving a hole.

3. [fthere is a spring box, is
there an unsanitary
inspection cover?

Unsanitary inspection covers included cracked or broken
lids as well as lids with no raised rim.

4. Does the spring box
contain contaminating silt or
animals?

Animals commonly foundhside the springs were spiders
and freshwater crabs.

5. Is there an air vent in the
masonry and is it
unsanitary?

A sanitary air vent had a cap with a small hole or a bent
section to prevent the easy entry of animals and other
contaminants.

6. Isthere an overflow pipe,
is it unsanitary?

A sanitary overflow had a method of preventing animals
from entering such as a mesh screen.

7. Is the fence around the
spring inadequate?

An adequate fence had to be in good repair and enclose
least a 10 m raids around the source.

8. Gan animals have access
to within 10 m of the spring?

The frequent presence of animals was determined by
interviewing the guide, looking for evidence of animals
(droppings, paths that were used for animal passage,
presence of haseholds nearby who kept livestock), and
included animal passage downstream of the source, as {
could potentially stray close to the structure and cause
contamination.

9. Is the diversion ditch
above the spring absent or
not working properly?

10. Are there any other
sources of contamination
uphill of the spring (e.g.,
latrines, waste)?

Contaminants were taken to specifically include solid wa
agrochemcals, and latrines within 30mh@& presence of
these was determined by interviewing the guidedarisual
inspection.
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AppendiB - Statistical formulas
CAaKSNDRa 9 EI Odided(MtRugH2000) A i&xX 2y S
A AAL ®AG GAG QA

- AR

where,

a ¢ number ofsamples with bad outcomes.¢ E coliabove a certain threshold), in
groups with standardgunimproved)treatment (e.g.faulty protection practices)

b ¢ number ofsamples with bad outcomes.g E coliabove a certain threshold), in
groups with improved treatmente(g.improved protectionpractices)

¢ ¢ number ofsamples with good outcomes.@ E colibelow a certain threshold), in
groups with standarqunimproved)}reatment (e.g.faulty protection practices)

d ¢ number ofsamples with good outcomes.@ E colibelow a certain threshid), in
groups with improved treatmente(g.improved protection practices)

95% Confidence Interval (QBheshkin 2004)
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AppendiC- Complete odds ratio tables
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tFrofS /omY| / 2YLX SGS 2RRa NIYGA2 OFfOdzZ I GA2Yy |[20SNI wnQ 9
b) C) d) 95% | 95%
a) yes,| no, E.| yes, | no,0 SE Cl, Cl,
E. coli| coli>| OE. E. {In(O| low high
>0 0 coli | coli | OR | SUM p R)} | bound | bound
1. Isthe collection or spring box absent or 0 24 0 16 | #DI | 40 | 1.000] #DIV | #DIV/ | #DIV/
V/0! /0! 0! 0!
aulty?
2. Is the masonry or backfill area protecting 13 12 7 ° 139] 41 10221} 0.64 | 0.39 | 88.8
he spring faulty or eroded?
3. If there is a spring Box, is there an 8 16 5 12 | 1.20| 41 |0.258| 0.69 | 0.31 | 75.7
Insanitary inspection gover?
4. Does the spring box contain contaminatiry 23 1 13 3 5.31| 40 |0.147| 1.21 | 0.50 106
Silt or animals?
5. Is there an air vent jn the masonry and is| 5 19 6 10 | 0.44| 40 |0.147| 0.72 | 0.11 | 49.3
Insanitary?
N L ./ 16 8 13 3 |0.46| 40 |0.178) 0.77 | 0.10 | 48.8
5. Is there an overflow pipe, is it unsanitary”
7. Is the fence around|the spring inadequatst 1 ! 11 5 1.10] 40 10271} 0.70 | 0.28 | 69.1
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Table C.1 continued

8. Can animalg have accessvithin 10 m of 13 11 7 9 1.52| 40 |0.207| 0.65|| 0.43 | 92.1
the spring?
9. Is the diversjon ditch above the spring 22 2 13 3 254 | 40 |0.235| 0.98|] 0.37 | 83.2
absent or not wprking properly?
10. Are there any other sources of 14 10 8 8 1.40| 40 |0.223| 0.65|| 0.39 | 86.3
contamination uphill of the springe.g.
latrines, waste)P
Additional Questions
Does the source lack protection? (answer n¢ 15 9 7 9 2.14| 40 |0.132| 0.66(| 0.59 127
it is legally protécted OR has a fence)
If there is a fenc¢e, does it fad comply with 24 0 16 0 #DI | 40 | 1.000| #DIV|| #DIV/ | #DIV/
MiAmbiente reqommendations? V/0! /0! 0] 0]
Are there latrings within 30 m of the spring? S 19 2 14 | 1.84) 40 10274 0.91) 031 | 736
Is there surface water near the springonthe 9 17 8 11 | 0.73| 45 |0.214| 0.62|| 0.22 | 68.6
date of the sample?
Not cleaned in the last month? 22 3 6 8 9.78| 39 |0.004| 0.82|| 1.96 | 1834
4 10 0 8 729 22 |0.137| 1.56|| 0.34 | 43.0
Not cleaned at |east once a year?
12 11 9 6 0.73| 38 |0.235| 0.67|| 0.19 | 55.7

Not built or reng

vated in the last three years
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Table C.2: Complet

b odds ratio calculation over 100 E. coli CFU/100 ml threshold

a) b) C) d) OR | SUM| p SE{In| 95% | 95%
yes, | no, | yes, | no, E. (OR)}| CiI, Cl,
E. E. E. coli low high
coli >| coli | coli <= bound | bound
100 > <= 100
100 | 100
1. Is thecollection of spring box absent or 0 11 0 26 | #DIV| 37 1 #DIV | #DIV/ | #DIV/
faulty? /0! 0! 0] 0]
2. Is the masonry of backfill area protectingt 5 7 13 13 | 0.71| 38 |0.245] 0.7 0.18 54
spring faulty or eroded?
3. If there is a spring box, is there an unsanif 2 9 10 17 | 0.38| 38 |0.171| .88 | 0.07 | 434
inspection cover?
4. Does the spring pox contain contaminating 11 0 22 4 4.6 37 |0.226| 153 | 0.23 | 57.8
silt or animals?
5. Is there an air vgnt in the masonry andisi 3 8 7 19 1.02 | 37 |0.312| .81 | 0.21 | 55.7
unsanitary?
6. Is there an overflow pipe, is it unsanitary?| 6 5 20 6 0.36 | 37 |0.124| .76 | 0.08 | 43.3
7. Is the fence around the spring inadequate| 8 3 18 8 119 | 37 |[0301 0.8 | 0.25 | 60.1
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Table C.2 continued

8. Can animals have access to within10mag 7 4 10 16 2.8 37 | 0.11 | 0.7 | 0.65 132
the spring?

9. Is the diversign ditch above the spring 10 1 22 4 182 | 37 |0377| 1.18§ | 0.18 | 52.6
absent or not working properly?

10. Are there any other sources of 7 4 12 14 | 204 | 37 | 0.18 | 0.74 | 0.48 | 94.6
contamination uphill of the spring (e.g. latrine

waste)?

Additional Questjons

Does the source|lack protection? (answer no| 6 5 13 13 1.2 37 |0.272) 0.74 | 0.29 | 65.5
it is legally prote¢ted OR has a fence)

If there is a fence, does it fail to comply with | 11 0 26 0 #DIV | 37 1 #DIVY | #DIVI | #DIV/
MiAmbiente recgqmmendations? /0! /0! 0] 0]
Are there latrines within 30 m of the spring? 2 9 4 22 122 | 37 |0.354| 095 | 0.19 | 53.6
Is there surface Water near the springonthe| 2 11 13 16 | 0.22 | 42 |0.054| 0.8 | 0.04 | 45.6
date of the sample?

Not cleaned in the last month? 11 1 14 10 | 786 | 36 |0.039| 1.13 | 0.87 198
Not cleaned at lgast once a year? 3 4 1 13 | 975 | 21 |0.082| 1.29 | 0.78 | 96.9
Not built or renoyated in the last three years?| 6 5 14 10 | 0.86 | 35 |0.279| 0.73 0.2 52.2
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Table C.3: Comp

lete odds ratio calculation over 200 E. coli CFU/100 ml threshold

a)yes,| b)no, | c)yes,| dyno,| OR | SUM p SE{In| 95% | 95%
total | E. coli| E. coli| E. coli (OR)}| CI, Cl,
E. coli| >200 <= <= low high
>200 200 200 bound | bound
1. Is the collectign or spring box absen] 0 8 0 29 | #DIV/ | 37 1 #DIYV | #DIV/ | #DIVI/
or faulty? 0] /0! 0] 0]
2. Is the masonry or backfill area 3 5 15 15 0.6 38 |0.259| 0.82 | 0.12 | 48.2
protecting the spfing faulty or eroded?
3. If there is &pring box, is there an 2 6 10 20 0.67 38 |0.311| 0.9 0.11 | 475
unsanitary inspegtion cover?
4. Does the spring box contain 8 0 25 4 3 37 | 0.36 | 1.54 | 0.15 | 49.3
contaminating silf or animals?
5. Is there an aifvent in the masonry aj 2 6 8 21 0.88 37 |0.345| 0.92 | 0.15 | 49.2
is it unsanitary?
6. Is there an overflow pipe, is it 5 3 21 8 0.63 37 |0.281| 0.84 | 0.12 47
unsanitary?
7. Is the fence around the spring 5 3 21 8 0.63 37 |0.281| 0.84 | 0.12 47
inadequate?
8. Can animals have access to withinl] 6 2 11 18 491 37 [0.061| 0.9 0.84 191

m of thespring?
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Table C.3 continued

9. Is the diversign ditch above the sprir 0 24 5 3.82 37 |0.272| 1.53 | 0.19 | 53.7
absent or not working properly?

10. Are there any other sources of 4 15 14 0.93 37 |0.307| 0.8 0.2 54.2
contamination uphill of thespring (e.g.

latrines, waste)?

Additional Questjons

Does the source [lack protection? (answ 3 14 15 1.79 37 |0.246| 0.82 | 0.36 | 74.7
no if it is legally grotected OR has a

fence)

If there is a fence, doesfiil to comply 0 29 0 #DIV/I | 37 1 #DIV | #DIVI | #DIVI/
with MiAmbiente recommendations? 0! /0! 0! 0!
Are there latrineg within 30 m of the 7 5 24 0.69 37 |0.409| 1.18 | 0.07 | 42.3
spring?

Is there surface Water near the spring o 7 13 20 0.44 42 | 0.209| 0.88 | 0.08 49
the date of the sample?

Not cleaned in the last month? 0 17 11 | 11.17| 36 |0.036] 1.5/ | 0.59 114
Not cleaned at least once a year? 2 1 15 22.5 21 |0.027| 1.3 | 1.51 405
Not built or renovated in the last three 2 14 13 2.79 35 [0.173| 0.9 0.47 | 88.8
years?
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Table C.4: Complete odds ratio calculation over 1000 total coliform CFU/100 ml threshold

a)yes,| byno,| c)yes,| d) OR | SUM p SE{ln| 95% | 95%
total total total no, (OR)}| CI, Cl,
colifor | colifor | colifor | total low high
ms> | ms> | ms<= | colifo bound | bound
1000 | 1000 | 1000 | rms
<=
1000
1. Is the collectipn or spring box abseni 0 22 0 13 | #DIV/| 35 1 #DIY | #DIV/ | #DIV/
or faulty? 0] /0! o! 0!
2. Is the masoniy or backfill area 12 11 7 6 0.94 36 | 0.27 | 0.7/ | 0.24 | 57.5
protecting the spying faulty or eroded?
3. If thereis a spfing box, is there an 4 18 5 8 0.36 35 |0.133] 0.79 | 0.07 | 40.5
unsanitary inspegtion cover?
4. Does the spripg box contain 21 1 11 2 3.82 35 [0.262| 1.1|| 0.45 | 83.9
contaminating silt or animals?
5. Is there an aiff vent in the masonry a| 6 16 3 10 1.25 35 | 0302 0.81 | 0.25 | 57.5
is itunsanitary?
6. Is there an overflow pipe, is it 14 8 11 2 0.32 35 |[0.136| 0.89 | 0.06 | 39.1
unsanitary?
7. Is the fence around the spring 16 6 9 4 1.19 35 | 0.291| 0.79 | 0.26 | 58.6
inadequate?
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Table C.4 continued

8. Can animals pave access to within 10 mo 11 11 | 5 8 1.6 35 |0.224| 0.7] 04 | 76.1
the spring?

9. Is the diversipn ditch above the spring 19 3 | 11 2 1.15 35 | 0.37 | 099 | 0.17 | 485
absent or not wgrking properly?

10. Are there any other sources of 12 10| 7 6 1.03 35 |0.273| 0.7 0.26 | 58.2
contamination uphill of the spring (e.qg. latrine

waste)?

Additional Questions

Does the source lack protection? (answer no| 12 10| 7 6 1.03 35 |0.273| 0.7 0.26 | 58.2
it is legally protected OR has a fence)

If there is a fencl, does it fail to comply with 22 0 | 13 0 #DIV/ | 35 1 #DINV/ | #DIV/ | #DIV/
MiAmbiente recommendations? 0! 0] 0] 0]
Are there latrines within 30 m of the spring? 4 18 | 2 11 1.22 35 |0.352| 0.95 | 0.19 | 50.9
Is there surface water near the spring the 11 14 | 4 10 1.96 39 |0.177| 0.74 | 048 | 101
date of the sample?

Not cleaned in the last month? 17 5 9 3 1.13 34 |0.319| 0.84 | 0.22 | 52.2
Not cleaned at I¢ast once a year? 3 9 1 5 1.67 18 [ 0.431| 1.28 | 0.13 | 235
Not built or renoyated in the last three years? 12 8 6 7 1.75 33 |0.208| 0.724 | 043 | 76.2
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Table C.5: Con

hplete odds ratio calculation over 1500 total coliform CFU/100 ml threshold

a)yes,| b)no, | c)yes,| dyno,| OR | SUM p SE{In| 95% | 95%
total | total | total | total (OR)}| CI, Cl,
colifor | colifor | colifor | colifor low high
ms>| ms> | mS<=| ms<= bound | bound
1500 | 1500 | 1500 | 1500
1. Is the collegtion or spring box abseg 0 18 0 17 #DIV/ | 35 1 #DIV | #DIV/ | #DIV/
or faulty? 0] /0! o! 0!
2. Is the masonry or backfill area 10 8 9 9 1.25 36 | 0.247| 0.67 | 0.34 | 69.7
protecting the spring faulty or eroded?
3. If there is aspring box, is there an 3 15 6 11 0.37 35 |0.143| 0.81 | 0.07 | 40.5
unsanitary inspection cover?
4. Does the sgring box contain 17 1 15 2 2.27 35 [0.374]| 1.09 | 0.27 | 59.1
contaminating silt or animals?
5. Is there an awvent in the masonry 5 13 4 13 1.25 35 |0.289| 0.78 | 0.27 | 59.7
and is it unsanitary?
6. Is there an gpverflow pipe, is it 13 5 12 5 1.08 35 |0.289 0.75| 0.25 | 57.1
unsanitary?
7. Is the fence|around the spring 13 5 12 5 1.08 35 [0.289| 0.75| 0.25 | 57.1
inadequate?
8. Can animal$ have access to within 9 9 7 10 1.43 35 |0.233| 0.68 | 0.38 73
10 m of the spring?
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Table C.5 continued

9. Is the diversion|ditch above the spring 16 | 2 | 14 3 1.71 35 | 0.32| 088 | 0.25 | 57.1
absent or not working properly?

10. Are there angiher sources of 9 9 | 10 7 0.7 35 |0.233| 0.8 | 0.18 | 50.2
contamination uphijll of the spring (e.g. latrine

waste)?

Additional Questions

Does the source lack protection? (answer no| 10 | 8 9 8 1.11 35 |0.262| 0.68 | 0.29 | 62.2
it is legally protected OR has a fence)

If there is a fence, [does it fail to comply with | 18 | 0 | 17 0 #DIV/ | 35 1 #DIV | #DIV/ | #DIV/
MiAmbiente recommendations? 0! Q! 0] 0]
Are there latrines Within 30 m of the spring? | 2 | 16 | 4 13 0.41 35 |0.224| 0.94 | 0.06 | 39.7
Is there surface water nedne spring on the 9 | 10| 6 14 2.1 39 |0.142| 0.67 | 0.56 118
date of the samplg?

Not cleaned in the|last month? 14 | 5 | 12 3 0.7 34 | 0.291| 0.83 | 0.14 | 445
Not cleaned at least once a year? 3 7 1 7 3 18 [0.314| 1.27 | 0.25 | 29.3
Not built or renovated in the last thregears? | 10 | 6 8 9 1.88 33 |0.188| 0.y1 | 0.47 | 824
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Table C.6: com

blete odds ratios for Season and weather at all thresholds

a) faulty, | b) good, | ¢) faulty, | d) good, | OR | SUM | p SE{In(OR)| 9%% CI, | 95%ClI,
E.coli>0Q E.coli>| E. Coli= | E. Coli= low high
0 0 0 bound bound

Rain on sample date? 11 16 5 13 1.79 | 45 0.173]| 0.66 0.49 119
Wet Season? 17 10 11 7 1.08 | 45 0.243| 0.63 0,32 83.7
Post dry season wet | 17 10 11 7 1.08 | 45 0.243| 0.63 0/32 83.7
season?
E. Coli > 100 cfu/100 ml
Rain on sample date? 6 8 7 21 2.25 |42 0.139] 0.69 058 130
Wet Season? 8 5 17 12 1.13 | 42 0.262| 0.68 0,30 75.0
Post dry season wet | 7 7 18 10 0.56 |42 0.177| 0.66 015 56.5
season?
E. Coli > 200 cfu/100 ml
Rain on sample date? 2 8 11 21 0.48 | 42 0.228| 0.87 0409 49.7
Wet Season? 5 4 20 13 0.81 |42 0.284| 0.76 0/18 60.2
Post dry season wet | 4 5 21 12 0.46 | 42 0.176| 0.76 0/10 514
season?
Total coliforms » 1000 cfu/100 ml
Rain on sample date? 13 12 2 12 6.50 |39 0.019] 0.86 120 409
Wet Season? 18 7 7 7 2.57 | 39 0.109| 0.70 0/66 141
Post dryseason|wet | 17 8 8 6 1.59 | 39 0.215] 0.69 041 87.5
season?
Total coliforms p 1500 cfu/100 ml
Rain on sample date? 10 11 5 13 2.36 |39 0.120] 0.68 062 131
Wet Season? 16 6 9 8 2.37 | 39 0.120| 0.68 062 132
Post dry season wet | 15 6 10 8 2.00 | 39 0.157| 0.68 0/53 110
season?
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Table C.7: Odds ratiq

» comparison of Cerro Ceniza and Cerro Iglesias at all thresholds

a. CenizaE. b. Iglesia, c. Ceniza, no | d. Iglesia, no | OR | SUM | Fisher'sp | SE{In( ||95% CI, | 95% ClI,
colipresent E.Coli present| E. coli E. coli OR)} ||low high
bound bound
9 11 3 6 1.64 | 29 0.272 0.84 |[0.32 54.0
a. CenizaE. b. Iglesia, c. CenizaE. d. IglesiaE. OR Fisher's p | SE{In( ||95% CI, | 95% ClI,
coli>100 E.Co|i >100 | coli<=100 coli<=100 OR)} ||low high
bound bound
4 5 8 11 1.10| 28 0.313 0.82 |[0.22 43.3
a. CenizaE. b. Iglesia, c. CenizaE. d. IglesiaE. OR Fisher's p | SE{In( ||95% CI, | 95% ClI,
coli>200 E.Co|i >200 | coli<=200 coli<=200 OR)} ||low high
bound bound
4 4 8 12 1.50 | 28 0.290 0.84 |[0.29 49.3
a. Ceniza, b. Iglesia, c. Ceniza, d. Iglesia, OR Fisher's p | SE{In( ||95% CI, | 95% ClI,
total coliforms | total coliforms | total coliforms | total coliforms OR)} ||low high
>1000 >1000 <=1000 <=1000 bound bound
8 8 4 6 1.50 | 26 0.280 0.82 ||0.30 47.1
a. Ceniza, b. Iglesia, c. Ceniza, d. Iglesia, OR Fisher's p | SE{In( ||95% CI, | 95% ClI,
total coliforms | total ¢oliforms | total coliforms | total coliforms OR)} ||low high
>1500 >1500 <=1500 <=1500 bound bound
6 7 6 7 1.00 | 26 0.305 0.79 |[0.21 39.5
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AppendiD ¢ Water quality parameters

le D.1: Water quality parameters

e of Sample || Temp| Ammonia| Total Free Alkalinity | |pH pH | Turbidity

rce Date (°C) | (ppm Chlorine| Chlorine| (ppm (5in1) (ntu)
NH:-N) | (ppm) | (ppm) | CaCO3)

na 16-Jutle |24 0.5 0 0 40 6.8 6.5 | 0.22

o Iglesia | 16-Jutl6 |24 0.5 0 0 120 7 7 0.55

1 Left

o Iglesia | 16-Jutle |[24.1 | 0.5 0 0 120 6.8 6.5 |1.34

1 Right

ri #2 16-Jutlé |[24.8 | 0.5 0 0 120 6.8 6.5 | 0.54

0 Puerco | 18-Jutl6 |[25.8 | 0.5 0 0 120 6.5 6.5 | 2.45

ntina 18-Jutl6 |[24.5 | 0.5 0 0 120 6.5 6 3.75

ciano 18-Jutlé |25 0.25 0 0 120 6.5 6.5 | 0.91

! 18-Jutl6 |[25.5 | 0.25 0 0 120 6.5 6 1.3

brada 19-Jutl6 |26 0.375 0 0 120 6.8 6 19.5

acol
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AppendiE¢ Source improvement budgets

Issue Materials | Land Transport | Labor Total Total

and Tools Range Without
Labor

Lackingspring | $200 $0-$50 | $10-$50 | $64- $274- $210-

box $160 $460 $300

Masonry or $25 $0 $2-%$10 | $16 $43-$51 | $27-$35

backfill area

faulty or

eroded

Unsanitary $35 $0 $2-$10 | $16 $53-$61 | $37-$45

inspection

cover

Contaminating | $0 $0 $0 $2-3$8 $2-$8 $0

silt or animalg

infrequent

cleaning

Unsanitary air | $1 $0 $2-310 | $2-38 $5-$19 | $3-$11

vent

Unsanitary $3-3$8 $0 $2-310 | $2-38 $7-$26 | $5-$18

overflow pipe

Inadequate ($30- ($0-$50) | $10-$50 | ($32- ($72- ($40-

fence(10 m) $50) [$0- $96) $246 $150)

[200 m] [$600- $10,000] [$160] [$770¢ [$610-
$1000] $11,21Q | $11,050]

Animals within | $0 $0-$500 | $0 $0-$160 | $0-$660 | $0- $500

10 m of spring

Diversion ditch | $0-$20 | $0 $0 $8-$64 | $8-$84 | $0-$20

absent or

faulty/ surface

water

Uphill $0 $0-$50 | $0 $0-$64 | $0-$114 | $0-$50

contamination

(e.g. latrines,

waste)

Unprotected $0 $0-$50 | $0 $0 $0-$50 | $0-$50

source
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Appendi¥ ¢ Permission letter for Figure 2

[I— .
' Rob Clark 6:43 PM (2 minutes ago) -
o
to me |+

|, Robert Clark, created this map for Leigh Miller expressly for her thesis and
authorize its use under a creative commons Attribution 4.0 International license.

E-signed
11/14/2016
Robert Clark
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