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1 Project Background

1.1 Hurricane Mitch, USAID, and CACEDRF

In October 1998, Hurricane Mitch devastated Cemtraérica, causing over 3,000 deaths in Nicaragua
alone (USAID 2001, 2001a). An estimated 18 peroétite population of Nicaragua was affected by
Mitch, and water and wastewater systems serving0804people suffered over US$560 million in
damage. The Unites States provided US$22 millidmimediate humanitarian and food aid, and an
additional US$8 million to start reconstructionieities in health, agriculture, and micro-finance.

In May 1999, the United States Congress authoti#e$621 million in aid under the Emergency
Supplemental Appropriations Act (USAID, 2001). $hdunds were authorized to support
reconstruction in countries affected by HurricaGe®rge and Mitch, and were later authorized to cove
Hurricanes Floyd and Lenny, as well as the eartkgod January 1999. This appropriation created an
account named the Central American and Caribbeasrdgancy Disaster Recovery Funds (CACEDREF).

USAID is responsible for administering US$586.8limil of the US$621 million allocated under
CACEDRF (USAID, 2001a). Of the total funds, US®9#illion was allocated for economic
reactivation, public health, school rehabilitatidisaster mitigation, and municipal restoration in
Nicaragua. As of June 30, 2001, a significant amhofi progress on projects relating to water supply
and sanitation had already occurred (Table 1-1).

Table 1-1: CACEDRF Successes Relating to Water Sply and Sanitation in Nicaragua

Category Success

Economic Reactivation 57,000 households incorpdraterironmentally
sustainable practices on their farms
8,000 hectares of watershed area protected
Public Health 2,440 wells rehabilitated or built
5,740 latrines constructed
600 seepage pits constructed
175 deep wells drilled in rural areas
10,000 training visits held to improve health babav
related to new water and sanitation infrastructure¢
6 health clinics constructed

School Rehabilitation 196 schools scheduled foabdhation of wells and
latrines
Disaster Mitigation Cleaning and stabilizing streemannels
Construction of drainage channels
Municipal Restoration Projects with local governitseon storm drain systems,

flood control, river deck construction
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An additional goal of the rehabilitation programNicaragua is to investigate point-of-use household
water filtration systems (USAID, 2001b). To thisde USAID worked to install 40,000 sand filtration
units, supervised by Maria Alejandra Bosche. Mssdhe found that follow-up education was critical t
the correct and continued use of the filter systBosche, personal conversation).

Secondly, USAID contracted with Jubilee House Comityy(JHC) to study the Potters for Peace (PFP)
ceramic water filtration system. JHC, an intengilo@hristian community, is a 501(c)3 organization i
North Carolina (JHC-CDCA, 2001). From 1979 — 199¢mbers of the community worked on shelters
for homeless and battered women, as well as otioéglsand justice issues, in North Carolina. 1949
the community moved to Nicaragua, established #r@e? for Development in Central America
(CDCA), and began working with communities in Negwa. After Hurricane Mitch, JHC-CDCA
began to work on reconstruction projects in Nuewgaya nearby community swelled with displaced
persons. USAID provided funding and supplies tibddnousing, a medical clinic, and latrines (USAID,
2001c). JHC and a group of volunteers worked wighcommunity to build these facilities, in additio

to a number of other projects. One of these gthgects is the promotion of the Potters for Pamsater
filtration system to provide safe drinking water families in Nueva Vida.

JHC worked with PFP to contract Daniele Lantagmmcipal of Alethia Environmental and Lecturer in
Civil and Environmental Engineering at the Massaettis Institute of Technology, to complete the
project. The project was divided into two delivaes, one addressing the intrinsic effectivenesbef
filter, and the other addressing the performandb@filters under field conditions. Specificalhe
reports are to address the following:

Report 1: Intrinsic Effectiveness of the PottensPeace Ceramic Filter

* Best practices for colloidal silver application.

* Expected filter flow rates with and without collaidsilver.

* Expected lifetime per application of colloidal glv

» Concentration of silver in filtered water.

» Effects of ingestion of the silver.

* Inactivation of microbes as a function of the corication of silver.

» Effectiveness of silver in removing other pollugnbmmonly found in the area of
interest.

Completion Deadline: December 21, 2001

Report 2: Field Testing of the Potters for Peaes@ic Filter

» Discussion of the performance of the filters urfildd conditions.
» Comparison of filter performance with other comnyom$ed methods of treatment.

Completion Deadline: November 16, 2001
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This report, Report 2, details the data obtained three-week field study in rural Nicaraguan
communities utilizing the PFP filtering system. eliteport begins with water supply and sanitation
indicators in Nicaragua, and a discussion of tiséony of PFP and the development of the filtering
system. Then, the mechanism of filtration andndsition is discussed, followed by the results of
previous studies conducted on the use of theifijesystem. Results of the field study are then
presented, and the report concludes with recomntiemdaand conclusions.

1.2 Water Supply and Sanitation in Nicaragua

Nicaragua is located in the center of the CentrakAcan isthmus and is the largest country in the
region, with a surface area of 130,682°KAHO, 1999). Nicaragua has three distinct topphical
regions — the Pacific, Atlantic, and Central regionThe greatest percentage of the populatios live
the Pacific coast and the lowest percentage livethe Atlantic coast. Recovery from the devastatib
Hurricane Mitch is ongoing. Although many roadsl arater supply systems have been repaired or
replaced, some rural areas of the country havenstirecovered to pre-Mitch levels of infrastrugtu

Although most people living in urban areas haveeasdo safe water and sanitation, a significant
percentage of people in rural areas do not (Taf@e 1In addition, and possibly as a result, infamnd
under-5 mortality is high. Over half of the pogida lives in poverty, and the illiteracy rate i®and
40 percent.

Table 1-2: Water Supply and Sanitation Indicatorsin Nicaragua

World Bank PAHO PAHO UNICEF
(1999) (@{0]0]0)) (1999) (2000)
Population (millions) 4.9 5.1 4.5 4.9
Urban population (%) 55.8 63.7
GNI per capita US$410 US$430
Access to safe water 79% 37% 79%
Access to safe water (urban) 95% 93% 95%
Access to safe water (rural) 59% 12% 59%
Access to sanitation 84%
Access to sanitation (urban) 96% 96%
Access to sanitation (rural) 68% 68%
Under-5 mortality rate 43 55.8 66
(per 1,000 live births)
Infant mortality 45.2 47
(per 1,000 live births)
Maternal mortality 102 124 150
(per 100,000 live births)
Life Expectancy (years) 68.4
Population in poverty 50.3% 63%
Literacy Rate — Women 69% 66%
Literacy Rate — Men 50.3%
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A number of different international and nationaVel®pment organizations have worked in Nicaragua
to increase access to safe water and sanitatiany of the wells installed for water supply are
Nicaraguan rope pump wells. These are an apptegaahnology design utilizing a rope pulley ta lif
groundwater up to 6 meters (Sandiford, 1993). Systems are easy to use, low cost, simple to
maintain, and made of locally available parts.adidition, rope pump wells show a 62 percent redacti
in fecal coliform as compared to bucket wells. €atly, Bombas de Mecate markets the wells
commercially in Nicaragua, without the need foregmal subsidies.

Anna Gorter conducted a series of studies on cbdddiarrhea in Villa Carlos Fonseca, and published
them in her book Childhood Diarhhoea and its Pragann Nicaragug1995). She investigated a
series of variables and their relationship to diolod diarrhea and found the following:

Variables Reducing Variables Increasing No Relationship to
Childhood Diarrhea Childhood Diarrhea Childhood Diarrhea
Distance to water supply Increased number of Ownership of latrine
Increased schooling of children under 5
mother

Hand-washing
Domestic cleanliness
Use of diapers in children

After years of study, Gorter (1995) concluded that

There are interactions among interventions, angfbee the effect of a particular intervention
will not only depend on its own merit, but alsotbonse of the other interventions with which it
interacts. Theoretical models suggest that suehdotions exist between water supply,
sanitation and hygiene interventions. The impéatnprovements in water supply, sanitation
and hygiene together are greater than the suneddftbcts of the interventions alone.
Furthermore, if the interactions are strong, tha@theémpact from an improved water supply may
depend critically on whether sanitation and hygiemeditions are good or poor. The Villa
Carlos Fonseca studies have made it clear thatygngmnly hardware is not sufficient to reduce
the incidence of diarrhoea. Personal, domesticeapédcially community hygiene plays a crucial
role in the transmission of diarrhoeal pathogens.

The conclusion of Gorter’s research highlightsrieed for coordinated water supply, water treatment,
and education programs in order to achieve theggeanprovement in human health.

Investigation of the Potters for Peace Colloiddl/&i Impregnated Ceramic Filter 12
Report 2: Field Investigations



2 The PFP Filter

2.1 Initial Filter Design

In 1981 the InterAmerican Bank financed a compaeastudy designed to determine which of 10
appropriate technology filters could be best adhpiehe objectives of the project, which were
(ICAITI, 1994):

to produce a domestic filter of suitable capacity;

in a self-supporting manner,

whose production would foster economic activityoat income levels; and
foster artisan activity.

PowbdPE

ICAITI, an industrial research institute in Guatéansupported by the Organization for American
States, was contracted to complete the researctoarimbose a model. Ten models were evaluated
based on filtration flow, bacteriological efficignease of manufacture, availability of materiéiisal
cost, contribution to artisan activity, and easdisfribution. All but two models were discarddtea
initial review because they did not meet basicadat The two models not discarded were:

1. Lathed clay filter with feldspar, sawdust, andaiolal silver impregnation; and
2. Lathed clay filter with sand, sawdust, and col&isilver impregnation.

None of the ten models investigated utilized clmeras a disinfectant.

Further research was then conducted on the two Iswtti met the basic criteria. This researchphed
Fernando Mazareigos, did extensive bacteriologesing over a 3 to 10 month period. Results isf th
research include:

1. Of 302 filtered samples analyzed, only 6.3 pereare above 1.0 coliforms per 100
mL of water. The method used for analysis was muaosbable number.

2. Application of silver was determined to be moreform when applied by brush as
opposed to filtering water containing colloidalsit through the filtering element.

3. Frequent contamination was found both in the fegt runs of the filter (41 percent
contaminated) and after handling the element dwsargpling. This was attributed to
handling the filter and ICAITI recommended thatrssefrain from touching the
element during its useful life. Due to the omngaet bacteria in the environment
“usage of the filter must be accompanied by san#éad hygienic practices in order
to maximize the potential benefits to health.”

4. Flow in the filters gradually declined from 3.%elis per hour on Day 1 to 1.97 liters
per hour on Day 365. The report contained no médion on turbidity of the raw
water supply.

5. ICAITI recommended not using the filter with chioated water. No reason was
given.

Based on these results, ICAITI concluded that bl silver impregnated ceramic filter was thdyon
design that met all established criteria of thelgtuThe United Nations then included this filtertheir
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Appropriate Technology Resource Material Manu&lAIITI concluded its study by producing a
“Manual Para La Fabricacion De Filtros Artesan&lesAgua Potable.”

2.2 Filter Implementation

After a visit from Fernando Mazariegos, MAP Intdromal in Quito, Ecuador applied for funding to
develop a factory in indigenous lands that woulobpice and market the water filter (MAP
International, 1985). In 1983, USAID granted thading, and, using that initial and then a second
grant, MAP International worked with the local commmity to establish a factory.

A number of technical difficulties were encounteesl solved during the establishment of the factory
These included:

1. Adaptations to the sand, clay and sawdust mixtunewecessary to obtain the correct
porosity.

2. It was difficult to make the external finished wateceptacle impermeable.

3. It was difficult to find a supplier of colloidallser in Mexico.

4. Adaptation of the kiln was necessary so that ilatde hot enough to fire the filters.

In addition, laboratory tests with the filter indted that with lower turbidity, flow rates would bere

rapid. Thus, control of the filter production w@esemed crucial to ensuring enough colloidal silver

contact time to effectively reduce bacteriologicahtamination (IEOS, 1985; 1985a). Due to these
issues, Ron Rivera, a ceramics consultant, waghton to provide technical assistance.

These problems were solved, and the factory waplated. However, the majority of the grant
resources were expended solving the problems, anenough money was spent on development of the
market. In the final report, MAP International 8B stated that “the end of the project statushest

be described as a water filter production unit thaapable of producing a quality product buy &aak
marketing unit that is capable of generating stilasare sufficient to enable the operation toanst

itself at a breakeven point of 83 units per month.”

Although the MAP International project ended lésmtideally, Ron Rivera continued to consult on
other projects and proceeded to introduce the fittgotters in Ecuador, Bolivia, and Nicaragua
(Rivera, personal communication). In addition, ITAcontinued to support the one family of potters
making filters in the small village of Rabinal, Gemala.

The next major step in the history of the filtemmawhen Dominique Wilson, of AFAGuatemala,
became interested in the filter. She was resaagaliater purification and found that people were no
using chlorine correctly and also were not boikvater long enough to ensure disinfection. Wilson
received funding to investigate the ICAITI filtemd determined that health education and the filter
could reduce childhood diarrhea (see Section 5.fdtailed results). Unfortunately, the projectieth
with that study, as the NGO did not have a markestnategy and discontinued work with the filter.

The next step in the history of the filter came wiRbn Rivera was hired by Potters for Peace as thei
in-country supervisor in Nicaragua.
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2.3 Potters for Peace

Potters for Peace (PFP) “seeks to build an indegr@ndon-profit, international network of potters
concerned with peace and justice issues. We vaihtain this concern principally through interchasg
involving potters of the (overdeveloped) North gadderdeveloped) South. PFP aims to provide
socially responsible assistance to pottery gromgisigdividuals in their search for stability and
improvement of ceramic production, and in the pnesti@on of their cultural inheritance (PFP, 2001).”

The PFP in-country supervisor, Ron Rivera, workihwidividuals, communities, and North American
volunteers to learn and teach pottery techniquast@market indigenous Nicaraguan pottery in the
United States. PFP is recognized by Global Exchasga fair trade company, and PFP associated
ceramics are sold in fair trade stores across Namtlrica and Europe. The description on the Global
Exchange web site (2001) describes PFP as anrifattenal crafts solidarity organization of North
American potters working to provide product develgmt and export assistance to ceramic
cooperatives in Nicaragua.”

In addition, Ron has used his previous experieritie tive filter to develop filter factories and éltsales
both in Nicaragua and around the world. Even thahe filter factory in Nicaragua is successful and
the filtration system is in high demand acrossglobe there has been some questioning of the PFP
board as to whether this focus matches with thégiral goal (Rivera, personal communication). At
the last PFP board meeting, it was decided thatulrent intense focus on the filtration system is
something they want to continue to support. Howete board has established a mechanism for
donors to contribute to only non-filtration systenojects, if donors desire to support only the ficde
aspect of the organization.

Thus, PFP and Ron Rivera work to introduce therfiior general use in developing countries by
establishing micro-enterprises of artisans makimeyfilters and receptacles, and by partnering with
NGOs that distribute the filter and provide edumati From here on in the report, the ICAITI / PFP
filter will be referred to simply as the PFP filter

2.4 The PFP Filter Factory

The PFP water filters are produced in a factorylanagua, Nicaragua that employs four male staff
ceramicists and one female part-time administraassastant. The factory is in the process of béwgm
a legally recognized cooperative, owned by the ewland other interested parties to make up the
requisite number of 10 for a cooperative in NicaagThe factory workers maintain their own Quicken
files, and operate fairly independently, with sammehnical oversight from Ron Rivera. There hasibee
a woman employee at the factory, but she resigeeduse of the difficulty of the labor.

The filter itself is 31 cm in diameter, 24 cm hidiiolds 7.1 liters of water, and is shaped “likeoaex
flower pot (PFP, 2001).” The filter sits insideetreceptacle like a vegetable steamer sits inka&le
steaming pot. Receptacles for the filter are eifteliter plastic buckets or thrown ceramic pofs.
plastic (or in the past bronze) spigot attacheékebottom of the receptacle. A plastic or ceralmics
placed on top.
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The process for making the filter is as follows:

1. 60 percent dry pulverized clay (including brickaes that are not acceptable to
bricklayers) and 40 percent screened sawdust arednbogether in a mixer.

2. Water is added to the mix to obtain the correcsiancy.

3. The filters are then formed by hand, turned ontteps wheel, or press-
molded. In the Managua factory, filters are prasdded using a 10-ton
hydraulic jack.

4. Filters are fired at 887 degrees centigrade inckiln using wood scraps
from industry as the fuel source.

5. Filters are allowed to cool.

6. Filters are soaked for 24 hours to saturate ther fidlefore flow testing.

7. The flow rate of each filter is tested to ensurata of between one and two
liters per hour — filters outside this range arcdrded.

8. Filters are allowed to dry again.

9. 2 mL of 3.2 percent colloidal silver in 250 mL dtdred water are applied with
a brush to each filter.

10. Filters are dried and sold.

Factory costs are calculated based on a daily bofpt0 filters. The filters are sold for US$4.p6r

filter to primarily NGOs interested in establishitigeir own water filtration program. Filters add
without packaging or a finished water receptadlee NGOs purchasing the filters bring cardboard
boxes and trucks for delivery. Receptacles ranma RO liter plastic buckets at US$3.00 each, to a
basic ceramic model at US$8 each, to a very elédpainted ceramic model at US$60.00 each. NGOs
primarily purchase the basic plastic model becafigase of transport, light weight, non-breakable
material, and lower cost.

In total, approximately 12,000 filters have beeld 4o organizations that then distribute and suptie
filters in the communities. The largest purchageng 600 — 1,000 filters at a time. Organizations
which have purchased large numbers of filters ieluRed Cross Nicaragua, Plan International, Actcio
Medica Christiana, ADOVEC, PRONICA, and Médicos dieindo. Most organizations receive
funding from a donor or a grant to purchase ther8| and then distribute the filters in the comres.
Because these are often one-time grant funded gseshmoney is often not allocated for staff time i
training and follow-up with families on filter sysh use.
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Organizations which have purchased the filter ftbmfactory in Managua include:

Federacion Internacional de la Cruz Roja
ACSUR (Las Segovias — Cruz Roja Espafiola)
Médicos del Mundo (Spain)

Médicos sin Fronteras (Belgium)

ENACAL — UNICEF (Matagalpa, Nicaragua)
SILAIS (Jinotega, Nicaragua)

Plan International

Project Concern International — USAID (CPI)
Fundacion Rio

Alcaldia de Posoltega

Coorinadora San Juan de Limay

Centro e la Mujer Xochilt Acalt (Malpaisillo)
Centro de la Mujer San Francisco Libre
Comunidad Los Pasos

Voluntarios Cuerpo de Paz (Peace Corps)
Fundacion Sol (Ocotal, Nicaragua)
Tecuilcan — Managua (Proyecto Nueva Vida)

Cantera

FUMDEC (Matagalpa, Nicaragua)

ADIC (Matagalpa, Nicaragua)

ADOVEC (Jinotego, Nicaragua) (With
InterAmerican Foundation Funding)

Asociacion de Madres La Paz Centro

Siempre Verde (Matagalpa, Nicaragua)

Hermanas del Buen Paston (Proyecto
Nueva Vida)

PRONICA

AMLAE (San Juan de Limay)

Comité de Mujeres (Ocotal, Nicaragua)

Tienda Campesina (Achuapa)

Family Planning International (Guatamala)

CORDES (El Salvador)

Accion Medica Christiana (San Francisco
Libre)

In addition to production in Nicaragua, Ron haskeorwith interested people and organizations in
other countries to establish their own filter facs. People find PFP and the water filtrationeysvia
the internet, and contact Ron. Ron will then \asitl help set up a filter factory. In 2000, fadswere
established in Mexico, Bangladesh, and Cambodi&001, factories were established in Haiti,
Guatemala, El Salvador, and Nepal. These factopesate on a smaller scale than the Managua
factory, but they follow the model of the developrhef the Managua site, and could all grow to meet

demand.

In addition, factories are in the development sfag2002 in Pakistan, Uzbekistan, and Ghana.
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3 Waterborne Disease

3.1 Waterborne Disease

In the Report of the WHO Commission on Health andiEenment (undated), the WHO described three
mechanisms of transmittal for waterborne diseasBEse three modes of transmission are:

1. Waterborne diseases

“These arise from the contamination of water by horar animal faeces or
urine infected by pathogenic viruses or bacterigictvare directly transmitted
when the water is drunk or used in the preparaifdonod.”

2. Water-washed diseases

“Scarcity and inaccessibility of water make washamgl personal cleanliness
difficult and infrequent. Where this is so somardioeal diseases and
contagious skin and eye infections are preval@fitwaterborne diseases can
also be water-washed diseases.... Water-washedsdsdaninish whenever
an adequate supply of water is available and used.”

3. Water-based diseases

“Water provides the habitat for intermediate hagamisms in which some
parasites pass part of their life cycle.”

In addition, the WHO detailed the public health anpworldwide of waterborne diseases (Table 3-1).
A number of diseases have not yet had morbiditytaility, and population at risk statistics develope
however, the statistics that have been enumeratas that a significant fraction of the world
population is both at risk for, and contracts, wabdene diseases.
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Table 3-1: Worldwide Public Health Impact of Waterborne Disease (WHO, undated)

Disease Morbidity Mortality Population at

(per year) (deaths / year) risk

Waterborne & water-washed

Cholera
Diarrheal disease 1,500 million 4 million in over 2,000
episodes in children under 5 million
children under 5
Enteric fevers 500,000 cases 25,000
Poliomyelitis 204,000 25,000
Ascariasis (roundworm) 1,000,000 20,000
Leptospirosis
Trichuriasis
Water-washed
Trachoma 6 — 9 million blind 500 million
Leishmaniasis 400,000 new 350 million

infections / year

Relapsing fever

Typhus fever

Water-based
Schistosomiasis 200 million 200,000 500 — 600 ol
Dracunculiasis over 10 million over 100 milliop

The microorganisms that cause these waterbornastisare classified as bacteria, protozoa, viruses,
and helminths (Levinson, 1996). These four organibelong to different kingdoms and are eukaryotic
(containing DNA with a nuclear membrane), prokaigy@vithout a defined membrane), and noncellular
(Table 3-2).

Table 3-2: Biologic Relationships of Pathogenic Mroorganisms (Levinson, 1996)

Kingdom Pathogenic Type of Cell
Microorganism
Animal Helminths Eukaryotic
Protist Protozoa Eukaryotic
Fungi Eukaryotic
Prokaryote Bacteria Prokaryotic
Viruses Noncellular
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Bacteria are single-celled prokaryotic (without lews) members of the eubacteria group (MEI, 1991).
Although they are not eukaryotes (with a definedlews), they have similar cell chemistry to
eukaryotes. Their size varies from 0.3 to 1@9in length, depending on their shape (Table 3B).
coliis a rod shaped bacteria that is @b in width and 2um in length. Most of the bacteria are larger
than the fim pore size that Potters for Peace aims to maiimatimeir filter.

Table 3-3: Bacteria Types and Size (adapted from &I, 1991)

Shape Name Size
Spherical COCCI, COCCUS 1 —ud in diameter
Rod bacilli, bacillus 0.3 — 1.pm in width

1.0 — 10um in length
Curved rod vibrios 0.6 — 140m in width

2 — 6um in length
Spiral spirilla up to 5@m
Filamentous up to 100m and longer

Protozoa are single-celled eukaryotic (with a nug)erganisms. They feed on bacteria and other
microscopic organismsGiardia lambliaandcryptosporidiumare common disease-causing protozoa.
Protozoa range in size from 8 — 1,08.

Viruses are parasitic particles consisting of arstrof genetic material. They do not have thetgho
synthesize new compounds, and instead invade ttechth and redirect the host genetic material to
produce viral particles. Because they do not hhgestructure to reproduce themselves, virusethare
smallest of the disease-causing organisms, at-0M2um.

Helminths are worms that are part of the animagjfom. Platyhelminthes (flatworms) and
Aschelminthes (flukes, tapeworms) are present iremizodies throughout the world, and enter the
human body to cause diseases such as trichinesikyworm, and roundworm infestation.

Infectious agents commonly found in drinking wateiude members of the bacteria, virus, protozoa,
and helminth groups and cause diseases rangingdiammnea to jaundice to acute respiratory illnesse
(Table 3-4).
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Table 3-4: Waterborne Disease-Causing Organisms (1, 1991)

Organism Disease Remarks
Bacteria
Escherichia coli Gastroenteritis Diarrhea
Legionella pneumophila Legionellosis Acute respiratory illness
Leptospira Leptospriosis Jaundice, fever
Salmonella typhi Typhoid fever Fever, diarrhea
Salmonella Salmonellosis Food poisoning
Shigella Shigelloisis Bacillary dysentery
Vibrio cholerae Cholera Heavy diarrhea, dehydratiof
Yersinia enterolitica Yersinosis Diarrhea
Viruses
Adenovirus Respiratory disease
Enteroviruses (67 types, Gastroenteritis, heart
including polio, echo, etc.) anomalies, meningitis
Hepatitis A Infectious hepatitis Jaundice, fever
Norwalk agent Gastroenteritis Vomiting
Reovirus Gastroenteritis
Rotavirus Gastroenteritis
Protozoa
Balantidium coli Balantidiasis Diarrhea, dysentery
Cryptosporidium Cryptosporidiosis Diarrhea
Entamoeba histolytica Amebiasis Diarrhea, bleeding
Giardia lamblia Giardiasis Diarrhea, nausea, indigestipn
Helminths
Ascaris lumbricoides Ascariasis Roundworm infestation
Enterobius vericularis Enterobiasis Pinworm
Fasciola hepatica Fascioliasis Sheep liver fluke
Hymenolepis nana Hymenolepiasis Dwarf tapeworm
Taenia saginata Taeniasis Beef tapeworm
T. solium Taeniasis Pork tapeworm
Trichuris trichiura Trichuriasis Whipworm

Thus, a number of different organisms of varyirgesand pathology contribute to waterborne disease
throughout the world. Two mechanisms in the PRerfcontribute to reduction of these organisms.
The first mechanism is filtration. The PFP filteitl trap any particle or organism that is largean the
pore size of the filter. PFP aims to have a p@e of 1um (1 micron). This would trap a significant
portion of bacteria, and all protozoa and helmintAewever, viruses are smaller than 1 micron, and
thus would not be trapped.
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To date, no studies have been completed analyaegdre size of the PFP filter. For Report 1 ¢f th
study (December 2001), analysis of the pore sizb@PFP filter and retention rates of selectedséas
and protozoa will be completed.

The second inactivation mechanism for organismsrituting to waterborne disease utilized in the PFP
filter is colloidal silver.
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4 Colloidal Silver as a Disinfectant

Silver is a soft, malleable metal, which is stahlevater and oxygen but attacked by sulfur compsund
in air to form a black sulfide layer (CRC, 1997he atomic number of silver is 47, its atomic weiigh
107.868, and it exists in its common valence statdsy’, Ag®*, and the mineral form of argentite,

Ag®S. Typical ambient concentrations of silver arespnted in Table 4-1. Silver is present throughout
the environment in small concentration (milligrammianogram), but is not essential for animal onpla
life.

Table 4-1: Typical Ambient Concentrations of Silve (adapted from CRC, 1997)

Content Concentration

Total Content in Soils

0.03 — 0.9 mg/kg

Soluble Content in Soils

0.01 — 0.05 mg/kg in 1 NJNOC

Content in Sea Water

0.uy/kg

Content in Fresh Water 0.18/kg
Content in Marine Animals 3 — 10 mg/kg
Content in Humans Blood: < 2ug/L

Bone: 1.1 mg/kg
Liver: <5-32ng/g
Content in Animals eg/kg
Content in Plants 0.01 — 0.5 mg/kg
Content in Common Foods 0.07 — 20 mg/kg
Essentiality Plants: no
Animals: no

The daily dietary intake by humans is estimate@.@®14 to 0.08 mg (CRC, 1997). When the maximum
CRC intake per day (0.08 mg) is calculated oved-géar lifetime, a total of 2.0 grams of silver are
ingested per person per lifetime.

0.08 mg / day e« 365 days / year ¢ 70 years = Pafng / lifetime

Toxic intake for humans is 60 milligrams, whileedhal intake is 1.3 to 6.2 grams (CRC, 1997).
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4.1 Silver Human Health Standards and Regulations

4.1.1 Wortld Health Organization (WHO)

In their Guidelines for Drinking-Water Quality!“Edition (1993), the WHO addressed human health
effects of silver and guidelines values to prevkose effects.

WHO determined that:

1. The retention rate of silver in humans and aninsaémly O — 10 percent. The retained silver is
mainly stored in the liver and skin. The half-Idésilver in the liver is 50 days.

Silver is occasionally found naturally in groundiasurface water at jog/L.

Average human intake of silver is 1ud/day.

The acute lethal dose of silver nitrate is a mimmaf 10 grams.

Argyria is the only known human health effect d¥ei, and “is a condition in which silver is
deposed on skin and hair.”

abkwn

Based on their research, the WHO recommended &lgqedsalue for silver of 10 grams per lifetime.
This is a NOAEL (no observed adverse exposure)ist#ndard. WHO concludes by stating “as the
contribution of drinking-water to this NOAEL willarmally be negligible, the establishment of a Healt
based guideline value is not deemed necessany.1996, the WHO reiterated this determination by
designating silver as a “U” compound. “It is unessary to recommend a health-based guideline value
for these compounds [U compounds] because theyaideazardous to human health at concentrations
normally found in drinking-water.”

However, the WHO addresses the fact that silveften used as a disinfectant, and in such cades, “t
daily intake of silver from drinking-water can caditigte the major route of oral exposure.” Thus,
WHO has established an additional guideline vatwevhen silver is “used to maintain the
bacteriological quality of drinking-water.” Thisigleline states “higher levels of silver, up to /L
(this concentration gives a total dose over 70g/e&half the human NOAEL of 10 g) could be
tolerated in such cases without risk to health.”

Thus, the guideline value appropriate for use mlyaing the PFP filter is 0.1 mg/L (or 1Q@/L) in the
finished, filtered water.

4.1.2 United States Environmental Protection Agency (USEPA)

The USEPA has also investigated silver to deterrapmopriate drinking water standards. The USEPA
recommends a maximum intake ofig/kg/day (1996). In the average 70 kilogram adhlg is

equivalent to 35@g/day. This recommendation was established togmteargyria, “a medically benign
but permanent bluish-gray discoloration of the skimgyria results from the deposition of silvertire
dermis and also from silver-induced production @lanin.” Argyria is “more pronounced in areas
exposed to sunlight due to photoactivated reduaifdhe metal”’, and “although the deposition o¥sil

is permanent, it is not associated with any advieesdth effects.”
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In addition, “no evidence of cancer in humans heenlreported despite frequent therapeutic useeof th
compound over the years.” Silver was used forués to treat syphilis, and as an astringent jictd
preparations.

The 2001 National Secondary Drinking Water Regatatirecommends a maximum silver
concentration of 0.10 mg/L (or 1Q@/L), but specifically states that “EPA recommesdsondary
standards to water systems but does not requitersggo comply. However, states may choose to
adopt them as enforceable standards.” These sagondn-enforceable guidelines regulate
“contaminants that may cause cosmetic effects sthat@c effects in drinking water.” The USEPA does
not address separate standards for use of sihedasnfectant. It is of note that the USEPAmse&tary
standard is the same as the WHO guideline valuaderof silver as a disinfectant: 0.1 mg/L or 100

ug/L.

4.1.3 Argyria

Argyria, “a medically benign but permanent bluiglagdiscoloration of the skin,” develops over time
due to silver absorption into the skin (USEPA, 199&rgyria begins in the eyes and the fingertgsj
continues throughout the skin, especially in athasare exposed to sunlight (Egli, personal
conversation). The condition is irreversible, ijsfing, and non-cancer causing (Jacobs, 2001;
USEPA, 1996). Current cases of argyria have reddibm: ingestion of silver coated candy to prave
smoking in Japan (Hanada, 1998), implanted acupuncieedles (Suzuki, 1997), an impacted earring
(Sugden, 2001), treatment of venous leg ulcergyusiimer sulphadiazine (Russell, 1994), and ingesti
of naturopathic colloidal silver (Egli, personaheersation).

Rosemary Jacobs, a woman who developed argyrizlagdadue to intranasal medication for allergies,
is a speaker and advocate against the use of §ll@eobs, 2001). She developed argyria over tere a
young teenager, and her skin has been discoloredghout her life. Pictures of Ms. Jacobs convey t
image of the effect of argyria on one’s life, etkaugh it is medically benign.

4.1.4 Colloidal Silver and USFDA/USEPA Regulation

A colloidal solution is “a true solution that costs of colloidal macromolecules and solvent anditha
thermodynamically stable and readily reconstitwet#tdr separation of the macromolecules from the
solvent (Stenesh, 1996).” Furthermore, a collsithimacromolecule or a particle in which at |east
dimension has a length of 1@ 10° meters.” Thus, colloidal silver is a stable siontof very small
silver particles suspended in distilled water ateins. Higher concentrations of colloidal silysuch

as used by PFP) are suspended in proteins bedays@duld not be stable in water (Quinto, personal
conversation).

In 1999, the United States Food and Drug Adminiisina(USFDA) issued a ruling that “all over-the-
counter (OTC) drug products containing colloidélesi ingredients or silver salts for internal otemal
use are not generally recognized as safe and ieetd are misbranded. FDA is issuing this fioie
because many OTC drug products containing colla@thatr ingredients or silver salts are being

marketed for numerous serious disease conditioth$-BA\ is not aware of any substantial scientific
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evidence that supports the use of OTC colloidaksiingredients or silver salts for these disease
conditions (Federal Register, August 17, 1999).”

The burgeoning naturopathic market for colloidalesiin the United States prompted this ruling.aln
cease-and-desist letter issued to Mr. Randy WintkesUSFDA quoted Mr. Winters’ web site as
stating, “colloidal silver has been proven to befukagainst over 650 diseases, including cancer,
without any known harmful side effects. It hasrbémind to cause rapid regeneration of damaged cell
and tissues, subdue inflammation and promote fast@ing (FDA, 2000).” A simple web search for
“colloidal silver” leads to numerous sites adventisunsubstantiated healing properties, and anactter
of sites selling home-based colloidal silver getieramachines.

On August 8, 2001, | spoke with Ms. Roma Egli, tb#oidal silver contact person at the USFDA,
about the PFP filter and the use of colloidal sifee disinfection. Ms. Egli said that the USFDiaes
not deal with disinfection agents, and that the BA&Rvould regulate the use of colloidal silver imsth
manner. As long as PFP does not state that tkesfére treating animals or humans for diseask, an
does not state that the colloidal silver is antaatic, the product is not regulated under the USFD
She also mentioned that colloidal silver is usedifater disinfection on transportation systems sagh
airplanes, trains, and boats. When asked, Ms.digjlstate that she has seen argyria cases ingeopl
only using naturopathic colloidal silver. No cat® has seen is as severe as Rosemary Jacolsigbut
has seen permanently blue fingertips. Overall, Bigi expressed the viewpoint that the USFDA is
concerned about labeling of colloidal silver asedioal drug when there is no research to suppott su
claims. They are not concerned with colloidalailas a disinfectant, and in fact Ms. Egli
recommended that | talk with the Silver Institudgpfomoter of colloidal silver as an antibioticpab
purchasing a generator to make colloidal silveMicearagua rather than importing it from Mexico.
Because the generators are only capable of progleoiioidal silver in the ppm range, as opposed to
the 3.2 percent solution that PFP uses, this ideadetermined to be not appropriate for PFP.

| then spoke with Wade Travathan, of the USEPAp&abolloidal silver as a disinfectant. The EPA
Office of the Pesticide Program regulates disirgiets because microorganisms in the United Stages ar
legally classified as pests. Thus, any produdtkhia microorganisms is classified under feddaaV as

a pesticide. Mr. Travathan said that there areeaty active products that are registered with Er#

use colloidal silver as a disinfectant. To becopgstered as a pesticide, you submit data thailget
toxicity and efficacy. You can refer to data thas already been submitted by another company, by
offering that company appropriate compensatione Jibmission forms are available on the web site
and submission is free of charge. However, treeemaintenance fee of US$1,000 dollars per year on
your permit. The Office of the Pesticide Progreen be reached atww.epa.gov/pesticides

Thus, with the appropriate permitting from the U®EPffice of the Pesticide Program, and data
supporting that the finished water concentratiosilver is less than the USEPA secondary standard o
100ug/L, a colloidal silver impregnated filter is a #groduct to distribute and use in the United &xat
and meets all USA regulations.

4.2 Silver in Ceramics

Potters for Peace is not the only organizationsmsilver as a disinfectant in ceramic filtrationts.
Basu (1982) in India soaked ceramic candle filkath a pore size of 6 — 31 microns, and a filtratio
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rate of 3 — 4 liters per hour, in silver saltsltédfed water with this system was bacteria-freasuBchose
silver over gold as the bacteriocide, and alsetestindle filters with finer pores that would captthe
bacteria. The filtration rate was so slow withs@diner pores, however, that the filters were ‘oiot
much practical value.” Thus a larger pore sizenlomed with a disinfectant, is of more practicauea
because the flow rate is high enough to providaighavater for a family.

4.3 Mechanisms of Action of Silver

Russell (1994) details the historic uses of silbeginning with Aristotle advising Alexander thee@t

to boil water and store it in silver or copper \esg0 prevent waterborne disease on his campaigns.
1869, Ravelin reported that silver exerted itsrartiobial effect at very low concentrations, areetf
with was later termed “oligodynamic” or “active witew” (Russell, 1994). In 1881, Crede advocated
silver to prevent eye infections in newborns, ahtsdrops were used to prevent gonorrhea of jtee e
in newborns until very recently. In 1920, the rolwological action of silver was determined to hed
to the Ag ions formed by tarnishing, surface-oxidation, lectrical activation.

Today, silver is more commonly used as a drinkirgewand swimming pool disinfectant in Europe
than in the United States (Russell, 1994). Stuldg® shown that silver can be used when chlosine i
present for additional disinfection. Argyria, fireported in 1647, is less common today but Ik sti
reported.

Three main mechanisms are responsible for bactaaativation with silver (Russell, 1994):

1. Silver reacts with thiol (sulphydryl, SH) groupstire bacterial cell
a. In structural groups
b. In functional (enzymic) proteins

2. Silver produces structural changes in bacteridlmembranes

3. Silver interacts with nucleic acids

These three mechanisms are described in furthatl dethe following sections. Although it is
unknown at this time which of these mechanismsasi@gminant in the PFP filter, laboratory data
clearly shows that PFP filters impregnated witHaidal silver remove 99 — 100 percent of bacteria
(CIRA-UNAN, various dates). Further information the mechanism of action of colloidal silver in
the filter and data on laboratory tests on theffi#tre presented in Report 2 (December 2001).

Heinig’s research on silver deposited on an ingmfiase is of special note in relation to the PHri
Heinig (1993) showed silver on a large inert sugfacea exhibited a strong catalytic reaction with
oxygen, which resulted in strong bactericidal attivThe factors controlling the rate of the cgtal
reaction were: the size and dispersion of theesibn the surface area of the bed, and the voldme o
oxygen in solution. Heinig found that bacteria airuses were killed on contact without the nead f
the release of metals into the water.
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4.3.1 Silver as an Enzyme Inhibitor

“Living cells are characterized by a complex anduigully organized pattern of chemical reactions
mediated and directed by enzyme systems (Webb,) 2968 ebb continues by describing the theory of
inhibiting enzymes as a means to understandintgtinergetics of the cell.”

Directly distorting the pathways of enzymicallyelited reactions by the introduction of a chemical
substance is one approach amongst others to atabuolic activity. Other ways to alter metabolitity
including changing the temperature or the pH, gdiation of high pressure, are nonspecific andcssl
does one have any idea as to exactly what is dogurr the complex protoplasmic matrix. If one had
choose the most interesting and important chaiatiteof enzyme inhibitors, what it is that makaem
one of the most powerful tools in so many fieldbimlogical investigation, it would be their rehai
specificity. The more we know about the exact reatf the perturbation produced and the more seéect
this action can be made, the more likely it is tHaar interrelationships will emerge and the gdal
understanding the energetics of the cell be actieve

A number of metals are known to inactivate the Sidf(r-hydrogen, or sulfhydryl, or thiol) bond in
enzymes. Silver is widely used in biochemistrylegagions to determine if an enzyme has a SH group
as part of its functional structure.

Webb’s summary of data collected on the actionleéson the SH bond shows extremely varied
inactivation depending on specific enzyme and cotragon (Table 4-2). These different reactivities
could be attributed to an electric field surroumydihe SH group, steric factors depending on whege t
SH group is in the protein structure, occurrencdisidlfide linkages, complexes of the SH group with
surrounding groups, and whether there is a singtoble SH group. Other SH inhibitors studied
include mercury, arsenite, cadmium, iodine, femitge, and permanganate.

Although there exists a large variation, silveraclg inactivates certain enzymes in sources that ar
responsible for waterborne disease (Table 4-2)te¥Warne disease sources are boldfaced in Table 4-2
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Table 4-2: Comparison of Enzyme Inhibition by Sihker (adapted from Webb, 1966)

Enzyme Source Concentration Reference
of Ag', mM

Adenosinase Vibrio cholerae 0.07 Agarwala, 1954

Alanine dehydrogenase Bacillus cereus 0.1 O’Connor, 1960

Aldehyde dehydrogenase Acetobecer suboxydans 0.015 King and Cheldelin, 1956

Aldolase Rabbit muscle 0.02 Herbert et al, 1940

a-Amylase Bacillus subtilis 0.1 Di Carlo and Redfern,
1947

B-Amylase Sweet potato 0.01 Englard et al, 1951

Aspartase Propionibacterium 1 Ellfolk, 1953

peterssonii

Aspartase Escherichia coli 1 Ichihara et al, 1955

ATP:P, exchange enzyme Rat liver 0.05 Chigo and Plai919

Carbonic anhydrase Spinach leaves 0.1 Chiba &98lja

Catechol oxygenase Pseudomonas fluorescens 0.01 aisHegt al, 1957

Cholinesterase Human erythrocytes 1 Mounter andtekeir,
1953

Creatine kinase Rabbit erythrocytes 0.1 Solvonul,e1956

2'-Deoxyribosyl-4- Monkey liver 0.01 Scarano et al, 1962

aminopyrimidone-2,5-diP

aminohydrolase

Dihydroxyacid dehydratase Spinach leaves 0.2 Kaniaamnaol Wixom,
1963

Elastase Flavobacterium 1 Mandl and Cohen, 1940

FMN phosphatase Rat liver 5 McCormick and Russqll,
1962

[-Galactosidase Escherichia coli 0.165 Knopfmacher and Salle,
1941

D-Glutamate oxidase Aerobacter sp. 5 Mizushima aaki)
1958

Hydrogenase Escherichia coli 1 Joklik, 1950 b

Leucine aminopeptidase Rat kidney 10 Green etal5 1

NADH:cytochrome ¢ Pig liver 3 Garfinkel, 1957

oxidoreductase

NADH:H202 oxidoreductase  Streptococcus faecalis 0.001 Dolin, 1957

3-Phosphoglyceral-dehyde Rabbit muscle 0.01 Park et al, 1961

dehydrogenase

Proteinase Trifoium repens 20 Brady, 1961

Protein disulfide reductase Peas 0.009 Hatch andeful960

Pyrosphosphatase Human erythrocytes 0.2 Nagnniklandn, 1948

Pyruvate decarboxylase Yeast 0.0025 Stoppani @0&R

Urocanase Pseudomonas aeruginosa 1 Ota et al, 1956

Berger (1976) compared electrically generated s{o@lloidal silver) with silver sulfadiazine andund
that 16 organisms were inhibited at 1, @BmL colloidal silver, and killed at 10459/mL colloidal silver
(Table 4-3). With silver sulfadiazine, inhibitioates were much higher. Colloidal silver ionseddby
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altering the mesosomal function of the cell. Thesosome is a part of the cell wall that is respmasi
for respiration. Mammalian cells showed no o of function due to the silver.

Table 4-3: Concentration Needed for Inhibition andinactivation of Bacteria

Concentration Concentration

needed for needed for

Inhibition Inactivation
(rg/mL) (rg/mL)
E. coli 0.50 2.02
E. coli (dental) 1.03 8.25
Providencia stuartii 0.13 0.73
Proteus mirabilis 0.08 2.51
Pseudomonas aeruginosa 0.31 2.51
Serratia 0.08 0.51
Staphylococcus albus 0.12 0.85
Staphylococcus aureus 0.03 0.26
Staphylococcus aureus 0.25 8.25
Streptococcus group D 0.63 10.05
Streptococcus mitis 0.31 10.05
Streptococcus monila 1.25 10.05
Streptococcus mutans 0.63 10.05
Streptococcus pyogenes 0.24 0.48
Streptococcus pyogenes 0.24 0.48
Streptococcus salivarius 1.03 8.25

A number of other studies in the literature detad effects of silver on different bacteria at wiagy
concentrations.

4.3.2 Silver Interaction with Cell Walls

Russell (1994) details that silver binds to thé meimbrane of bacteria. Sensitive cells then meedn
size and cytoplasmic contents, and cell membradeoater cell layers all present abnormalities. sehe
abnormalities result in cell lysis and death. H{®71) also discusses the role of silver in cayssil
lysis, as the silver replaces compounds in thenselhbrane that are required for cell membrane
stability.

4.3.3 Silver Interaction with Nucleic Acids

Russell (1994) details the reaction betweer & the GC (guanine-cytosine) and AT (adenine-
thymine) DNA base pairs). With UV-exposed DNA, #thg" - DNA complex causes thymine
dimerization and prevents DNA replication.
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4.4 Silver in Medicine

Ever since Crede (1881) introduced the use of sititeate for the prevention of gonorrhea
opthalmicum, silver has been a useful disinfecitamtedicine. Although it fell out of favor in the
1930’s due to the introduction of antibiotics ahadges on argyria, silver is still studied, anddise
medicine today.

Becker (2000) tested silver for the regeneratiohafe after trauma using a silver nylon anode
consisting of silver crystals averaging 50 nM iardeter. Over 100 patients have been treated with n
effects of argyria. The average rates of gramietissue growth were noted as around ¥/day, a rate
ten times higher than the non-silver-treated opmretgraft granulation rate of 0.1 %amy. With silver
iontophoretic treatment all soft tissues as wethasvascular supply of the bone become contrilsuddr
granulation. Standard in vitro culture of theskscghow characteristics of stem cells, indicating
dedifferentiation of mature human cells or expamsibpreexisting stem cells in the tissues. Becker
(2000) states “the responsible agent for theseleeléffects is believed to be the electrically graed
silver ion.”

In addition, silver sulfadiazine is used in acuterbwounds as an antibacterial agent on the skin
(Tsipouras, 1997). Silver-coated iodine-coloreddzayes are specially made for burn patients. In
addition, copper / silver ionization is used in thimking water systems of more than 30 hospitakhe
United States to contrdlegionella(Lin, 1997). Legionellais problematic for immuno-comprised
patients, such as those with HIV.

Thus, although silver is not used as a wide-saatidiatic anymore, the microbial inactivation
properties of silver are still used throughout noggé on a small-scale, but very present, level.

No matter the exact mechanism in each individuabsion, silver and colloidal silver clearly exHiln
antimicrobial effect that has been used for ceatuim medicine and to purify water.
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5 Previous Field Studies on the PFP Filter

Three main studies had been conducted on the RE&Ppfiior to the initiation of the enclosed report
These studies were: an epidemiological study ceteglby AFA Guatemala, ICAITI and the Harvard
School of Public Health in 1995, a study with fogusups of women using the current PFP filter in
Nicaragua in 2000, and studies of families curseasing the PFP filter in Nicaragua conducted by a
social worker from 1999 — 2001.

5.1 Guatemala Study

AFA Guatemala began implementing the PFP watexrfift rural areas of Guatemala because of the 80
percent poverty rate and the subsequent effeataddrnourishment, malnourishment, preventable
common illnesses and infant mortality (1995). Adfof the children under five were thought to have
diarrhea. Because chlorination and boiling werefownd to be practical or acceptable, AFA
Guatemala began to work with ICAITI to implementterdiltration. The objective of this study was to
determine if an education program in conjunctiothweeramic filters helps alleviate the problem of
infant mortality. The rate of diarrhea in undeydar-old children was used as a metric for infant
mortality.

After deciding to use the ICAITI filter, families ithree communities were chosen for the study:taCos
Sur (on the coast), a poor section of Guatemalg @itd communities in the high plateau region.
Families were selected to have similar socioeconataitus, incidence of diarrhea in children, number
of children under five, microbiological contamiratiin source water, and hygiene habits. Families
were grouped into four groups based on what thegived:

Education

Filters

Education and Filters

Control (received neither education or filters)

PwnbE

The total number of people in the study is detaihe@able 5-1, with the total number of childrerden
five in each group detailed in Table 5-2.

Table 5-1: Families by Region in the AFA Guatemal&tudy

Total Costa Sur  Guatemala High
City Plateau
Education 161 70 59 32
Filters 176 70 70 36
Filters & Education 167 70 63 34
Control 176 70 68 38
Total 680 280 260 140
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Table 5-2: Children under-5 by Region in the AFA Gatemala Study

Costa Sur  Guatemala High
City Plateau
Education 115 91 59 265
Filters 115 112 62 289
Filters & Education 118 111 68 297
Control 101 107 61 269
Total 449 421 250 1120

For the education piece of the program, AFA Guatamwarked with small groups of women using six
modules that covered three aspects of human heglitysical, psychological, and holistic medicine.
The physical section included human physiologigi@ge, and nutrition. The psychological section
included family planning, childhood developmentd @ommunication in relationships. The six
modules covered: hygiene, oral rehydration therdipydanger to the body of bad water and
dehydration, basic nutrition, traditional familylwas, and nutrition during pregnancy. The total
education course was 60 hours long.

Throughout the two-year long study, bacterial s&®pind family visits were conducted every two
weeks. Results indicated few technical problenth Wilter, and 91 percent of filtered water had no
bacterial contamination.

At the end of the study, incidence of diarrhea dasebimonthly surveys for 24 months from December
1993 — November 1994 showed clearly that familigk education and filters had the lowest percent of
diarrhea in children under five (Table 5-3). Irddin, education and filter use on their own resflic

the rate of diarrhea, but not as significantly ésoation and filter use in conjunction.

Table 5-3: Percent Diarrhea in Children under-5 inthe AFA Guatemala Study

Group Total Costa Sur  Guatemala High
City Plains

Education 4.21 4,71 4,78 2.29

Filters 2.5 2.46 3.7 0.38

Education / 1.88 1.68 3.03 0.3

Filters

Control 5.34 6.57 5.91 2.34

Fecal coliform sampling in the three communitiesves that before filtration, risk from disease-cagsi
organisms varied from low to extreme across theetlmommunities (Table 5-4).
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Table 5-4: Fecal Coliform Results in AFA Guatemal&tudy

Costa Sur Guatemala City High Plateau

First Sampling 270 45 5.2
Second Sampling 261 0.67 19
Third Sampling 74 104 2.7
1-10 Low risk
11-50 Medium to high risk

50 and higher  Extreme risk

The researchers concluded that the filter was igadcepted by the community, significantly
diminished the diarrheal disease of children, adcdhdt have cultural barriers. The combination of
filters and education was most effective for redgaiinder-5 diarrhea, and education was most effecti
when it was continuous and scheduled at a goodfomtae community. They recommended
implementation of both of these low-cost measurea oationwide scale throughout Guatemala.

5.2 Tulane Study

In 2000, students from Tulane University visitectehcommunities in Nicaragua using the Potters for
Peace filter and held focus group meetings with envho had received the filter. The three
communities visited were Ocotal, Matagalpa, andddaiova. The percent usage of the filter by
women who attended the focus groups varied from 20 percent (Table 5-5). The low rate in
Malacotova was attributed to bronze spigots thaltdd, the lack of follow-up by the cooperating NGO,
and the fact that MINSA regularly distributes clmertablets in the community.

Table 5-5: Filter Usage Rates in Tulane Study

Community Percent Usage

Ocotal 70
Matagalpa 70
Malacotova 20

Women were asked what they liked about the fikled one woman responded by saying:

The difference to us is that it is fast, it is eésynanage, and there are not complications ingusin
the two pieces, the filters given to us by othgjanization are more complicated, thus the
majority don’t use them.

In addition, women found it easy to use, easyHeirtchildren to use, and they liked the fact isvea
closed system and it kept the water cool.

Investigation of the Potters for Peace Colloiddl/&i Impregnated Ceramic Filter 34
Report 2: Field Investigations



When asked why they no longer used the filter tkstmommon responses were:

Not enough water flows through the filter.

The filter or the spigot is broken.

The filter or the spigot leaked.

Men leave for the fields in the morning and takete water.

PowbdPE

Quotes from the women on why they no longer usedilier include:

“The filter doesn't filter.”

“It broke when we were cleaning it.”

“The filter had cement inside that prevented itrbltering.”

“It is pretty but delicate.”

“When you clean it you have to take it out and aeplit very carefully, it is small but heavy.”

The Tulane students concluded that the three maaiorfs which inhibit use of the filter are:

1. Too low of a filtration rate.
2. Malfunctioning.
3. Fragileness.

They recommended a “spare parts” storage faciliggach location that could be used when parts were
broken, and highlighted the need for continuedtheabnitoring of the families.

5.3 Social Studies of the Filter

In 1999 — 2001 Mariela Mena Valerio, a social weorkeNicaragua, conducted social studies of
communities utilizing the PFP filter in Nicaragulsls. Valerio was hired by PFP to provide informatio
on social factors that influenced use of the fjltee filter's impact on user populations, and peats

that were occurring in the field with the filtefhe survey evolved as the study continued, sodhees
guestions were not asked in each community. Theepeusage of the filter in each community ranged
from 10 — 94 percent (Figure 5.1) and Ms. Valeetedmined that the usage was correlated with:

1. Education
2. Training
3. Health capacity

She also concluded that communities need to dey®lgpcts to create a conscience about why clean
water is important before filters will be acceptadl used in a community. A promotional period
should be designed to implement the filter. Themning about filter use and continued follow-sp
“indispensable” to filter success.
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Usage Rates in Social Studies
2 84 —
L 80 1 [ 72
5 __
(] |
=2 60 45 49
2]
> 401 27 27
c
T 20 - H H 10
S.) O T T T |_| T
N
& & o@&ko e‘@(b & rﬁ\&b &
& & a2 & v &£ ¢
R S
A%

Figure 5.1: Percent Usage by Community in Socialt&dies

Other conclusions from her work include:

» Many NGOs had families apply the colloidal silvertheir own filters. This had the benefit that
the families knew why their filter worked, but htéwee drawback that a number of families never
applied the colloidal silver.

* In Matagalpa, the NGO partner felt an importansozapeople used the filter is that the Ministry
of Health and USAID had installed a system that mase complex to use. Because the PFP
filter was easier and more practical, people usetbre.

» The NGO partner in Matagalpa also felt people ditkmow how to clean the filter
appropriately. Ms. Valerio also found this in s&ndies. She recommended education for the
families about cleaning the filter with a toothidnuand also noted in Jinotega that 60 percent of
the families cleaned their filter with water dirgdrom the contaminated source.

* The most common problems seen in the studies werdltration rates, and broken filters and
spigots.

* Ms. Valerio recommended filling the filter with veattmultiple times per day to obtain a greater
amount of water per day.

* Filters need to have economic value to the fanhithey are to be used.

The results of these three studies show that ltiee 6an be effective at reducing diarrheal disease
children under 5, yet there are some problemsdrcthrent implementation of the program that could
be solved by better initial education and continfedidw-up with the filter in each community.

Investigation of the Potters for Peace Colloiddl/&i Impregnated Ceramic Filter 36
Report 2: Field Investigations



6 Field Sampling Methodology

The goals of the field sampling were to:

1. Determine if families were using the filter andhky were doing so correctly.
2. Determine the factors that affect usage of therfilt
3. Determine the effectiveness of the filters in tieddf

To investigate these goals, a twofold approachdeagloped. First, a survey was designed for fasnili
that asked questions about water supply, filtegesand family health. Secondly, a field sampling
methodology was developed that sampled for watalitguwariables, including microbiological
sampling, of water before and after filtration. elfimdings of the survey were compared with theewat
quality results to determine if the filters werertgeused correctly and effectively in the fieldadtly,
these results were used to compare the PFP fiitertwo other household water filtration systensoal
used in rural areas of developing countries.

6.1 Household Survey

The survey administered to families during the darggprocedure consisted of three sections: one on
water supply, one on filter usage, and one on fahehlth. The goal of the survey was to determine
factors that correlated with filter use and to gafimnderstanding of the water situation in eacméo

The first section addressed access to water sugpig.questions asked were:

Where do you go for your water?
How many times per day do you gather water?
Who gathers the water?
How long is the wait at this source?
Is there always water at this source?
a. When is there no water is this source?
b. Where do you go then?
Do you think the water at this source is clean?
Who constructed this source?
Do you ever buy water?

agrwnE

© N o

The second section addressed usage of the PRP filte questions asked were:

How old is the filter?
How many times per day do you use the filter?
How much time does it take for the water to filter?
When do you add more water to the filter?
How many people use the filter every day?

a. How many adults?

b. How many children?

arwnE
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6. When do you drink unfiltered water?

7.  With what do you clean the filter (sponge, towehter)?
8. How often do you clean the filter?

9. Have you had any problems with the filter?

10. What do you use the water in the filter for?

11. Do you always use the filter?

12. What do you drink when you are not at home?

13. What do you like about the filter?

After the first day of sampling, the additional gtien “With what water do you clean the filter (lyel
filtered, river?” was added to the survey.

The third section addressed family health. Thestjoes asked were:

1. When do you wash your hands?
a. After going to the bathroom?
b. Before eating?
c. Before cooking?
2. What type of bathroom do you have?
3. Where is the bathroom?
4. In the last month, how many days has each of ybildren had diarrhea?

The survey was administered in Spanish by PotterBdéace staff member Ivania Jerez. An adult
family member, with knowledge of filter use in theusehold, was chosen to complete the survey.
Responses were recorded on data sheets, and rehaedranslated nightly.

6.2 Water Quality Data

Water quality data was collected in each home bethre and after filtration. To ensure comparable
data, filters were completely emptied upon arrivtt@ home to sample. The filter was then fillathw
the water normally used by that family in the filtéVater quality sampling was then completed @n th
water used to fill the filter. We then returned 2 hours later to collect and sample water froen th
receptacle.

Two criteria were used to select the water qualégameters to be tested in Nicaragua: paraméiats t
might influence filter effectiveness, and parameteat effect human health. A total of eight cheahi
water quality parameters were initially selectet] based on field observation, flow was added as an
important parameter after the first day of samplitgaddition, three measurements of bacteridal to
coliform, E. coli, and hydrogen-sulfide producing bacteria — welecsed for sampling.
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Table 6-1: Water Quality Parameters Measured in Feld Sampling

Parameter Reason for Sampling
DO (mg/L) Might be a catalyst for bacteriological
inactivation with silver (Heinig, 1993).
Turbidity (NTU) Possibly related to filtration rate
Temperature (C) Determine effect of plastic anduoec
receptacles on finished water.
pH Indicator of water chemistry.
Salinity (ppt) Human taste effect.
Conductivity 1S/cm) Indicator of water chemistry.
TDS (ppm) Indicator of water chemistry.
Silver (ppb) Human health effect — argyria.
Flow Rate (L/hr) Determine if there is enough digkwater
produced per day for an average family.
Microbiological Sampling:
Total Coliform Indicator of presence of bactdhat can
cause waterborne disease.
E. coli Organism causing waterborne disease.
H,S-producing bacteria Indicator of presence of bacthat can
cause waterborne disease.

Dissolved oxygen was measured with a LaMotte MedifVinkler test kit. The author has conducted
studies comparing LaMotte dissolved oxygen kithwiilibrated laboratory meters in the past, and
found that the standard error when comparing tleerh@thods is less than five percent (Lantagne,
2000).

Turbidity was measured with a Hach Pocket TurbideneThe meter was calibrated once per week
with 1 and 20 NTU solutions purchased from Hache Teter was also checked daily with standard
solutions to ensure no deviation. The second wééhe field sampling there was some difficulty
calibrating the meter due to accumulation of hutgigh the sampling port, and the turbidimeter was
placed in front of a fan overnight to dry it outhe meter then calibrated correctly, although negslin
the field varied/- 0.5 NTUs. Thus, the error bar on each sample &5 NTUs.

pH, conductivity and total dissolved solids wereaswged with a Hanna portable HI9812 multimeter. A
two-point pH calibration (4 and 7), and a one-paimductivity calibration (1.412 mS) were completed
weekly. In addition, the meter was checked dailh\standard solutions to ensure no deviation. No
problems with calibration or deviations from tharstards were seen throughout the three-week field
trip.

Salinity was measured with a Sper Scientific sfitactometer with automatic temperature
compensation that was calibrated weekly.

Silver was sampled using two mechanisms. Thewiest a Hach Rapid Silver test kit, with a rang@ of
— 50 ppb. For the second method, samples werectedl in laboratory containers, preserved withanitr
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acid, kept cold on ice or in the refrigerator, arashsported back to the United States for laboyator
analysis. The original intention of this duplicatampling was to evaluate the accuracy of the Rapid
Silver test kit as a simple test kit for future uséicaragua by Potters for Peace. However, thegidR
Silver test kit employs a filtration mechanismts procedure. This filtration mechanism does natkw
at water turbidity above approximately 4.0 NTU. cBese much of the water in Nicaragua was above
4.0 NTU, only a subset of the homes was sampletyube Rapid Silver test kit. Due to the turbidity
was determined that the test kit is not appropifateise in Nicaragua.

The laboratory samples were kept cold throughaeit time in Nicaragua, and on the flight back te th
United States. They were delivered to Toxicon lratwies (a certified Massachusetts state labgrator
for silver analysis) and analyzed well before tixensonth holding time allowed for preserved samples
Samples were analyzed using an Inductively CouBladma Atomic Emissions Spectometry Method
6010B. Lab and field duplicates were analyzedrartiquality assurance standards.

Flow rate was added to the parameters list afeefitst day of sampling when it was noted thatftbe
rate in some filters was extremely slow. Flow nates calculated in one of two mechanisms: (1)éf
flow rate was minimal, the flow was calculated lynsning the volume of the sample containers
collected until the filter was empty and then dimglby the time the filter had been filtering. (R)he
flow rate was high, the rate was calculated bytithe it took for the filter to empty completely.hi
method provided a rough estimate of filtration ratdy, with an error range 6f- 50 mL per time
collected.

Total coliform ancE. coliwere analyzed using Hach presence/absence with brota. Plastic

sampling bottles were sterilized for 10 minutebailing water and then stored in clean ziplock bags
Water samples were collected using sterile Whik-Pags with dechlorinating agent and stored on ice
no more than six hours before processing. 100 hdach sample was transferred into sampling bottles
and the presence/absence with MUG broth was adsled asceptic techniques. Samples were then
incubated in a cooler with a heating pad for 48rBpand analyzed every 12 hours for the color chang
indicating presence of total coliform and for UMdrescence indicating presenceeotcoli. After
sampling, bottles were emptied, scrubbed with igpyralcohol, and boiled.

Hydrogen sulfide (kS) producing bacteria was analyzed using Hach Batieen broth, following the
same procedures as detailed above.

Three types of duplicate sampling were conduci#ak first was simple duplicate samples of the
finished water. The second method was to colleetraple of the filtered water that was presenién t
filter when we arrived at the home. Then the ffilkeas emptied, new water was run, and a second
finished water sample was collected. This carebmeéd a “filter duplicate.” The third method was
collection of samples for analysis at CIRA-UNANaw and finished water samples were collected
from seven homes and enumerated for total coliféecgl coliform,E. coli,and tecal streptococcus in
the lab. These results were then compared withethdts obtained from the presence / absencadesti

The WHO guideline values and the USEPA standandsftal coliform anck. coliare O colonies / 100
mL of sample, or a negative presence/absenceli@d8(2001). The total coliform presence / absence
test is an approved USEPA method for analyzingdsecin drinking water. Total coliform bacteria
include the generscherichia, EnterobactogndKlebsiella. They are characteristically facultative
anaerobic, gram-negative, non-spore-forming, ragpell bacteria that can ferment lactose to produce
gas (Maier, 2000). Traditionally, total colifornasibeen the standard to judge water quality. Tise H

Investigation of the Potters for Peace Colloiddl/&i Impregnated Ceramic Filter 40
Report 2: Field Investigations



producing test includes bacteria in the followiagilies: Salmonella, Citrobacter, Proteus,
EdwardsiellasomeKlebsiella,and a few other organisms (Manja, 1982). Th® tést is considered a
more appropriate test for tropical areas becausenme tropical areas total coliform can be present
naturally. Thus, total coliform has a less definegldtionship to human waste and human healthtstfec
Both total coliform and k5-producing bacteria are indicator tests. Diseasising organisms are

present in drinking water at very low concentragioff otal coliform and b5-producing bacteria are
present in human waste at much higher concentrafibws, the presence of these more common, more
easily measured organisms indicates the presertisazse-causing organisnis. coli directly

measures a bacteria that causes human healthseffect
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7 Field Visits

7.1 Ocotal

On October % and %", 2001, field visits were conducted near Ocotahimdepartment of Nueva

Segovia. Located near the Honduras border, tee was hit hard during Hurricane Mitch, and
reconstruction of bridges continues even now. daoion Sol, a non-governmental organization located
in Ocotal, works with the local citizens on issoé$iealth and access to medicine.

In August 2000, Fundacion Sol purchased 200 filded distributed them in groups of 10 to 50
throughout small villages around Ocotal. Villagesre selected for filters based on their known low
quality of water. Families were chosen to receidter based on their proximity to a water sourée
seminar was conducted for families before distrdouthat detailed safe health practices and
information on how to use the filter. In additidhe Director of Fundacion Sol, Edith Matute, hed |
personal training, skits on local television, aradrning sessions with community leaders.

If they could afford it, families paid a subsidizedce of 50 cordobas (approximately US$4) for the
filters. A grant supported the initial purchase aistribution of the filters, but did not includeoney

for extended training, maintenance, or home visithough Edith has conducted some. She does more
continuous follow-up in nearby communities becasls® does not have a car to access the more distant
communities. She does feel the filters work, fegrg six months she asks people if they have had
diarrhea and not many still have diarrhea. Shetésested in expanding the program, but needsifignd

to do so.

7.1.1 El Batidero de Macuilizo

On October %, six homes in the village of El Batidero de Maizad| approximately a one-hour drive
from Ocotal, were visited. Filters were installadhis community 14 months ago, and approximagely
months ago, a North American Peace Corps voluméagplied colloidal silver to all 50 filters in #hi
community. Of the six homes, only two were uding filter appropriately (Table 7-1). All six of
these homes were using the ceramic version ofeiteptacle.
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Table 7-1: Usage in El Batidero de Macuilizo

Home Filter Usage

1 Filter parts all present and assembled, but ddyreot
used.

2 Using the filter as a container for dried food d&ime
receptacle with water for drinking.

3 Using the receptacle to store and obtain waten fibut
no filter present.

4 Would not let us see the filter. In another roowt

being used.
5 Filter assembled with water in the filter filtegi.
6 Filter assembled with water in the filter filtegi.

7.1.2 Ciudad Antigua

On October 8, six houses in Ciudad Antigua, a small villagepproximately 3,000 people about 45
minutes from Ocotal, were visited. After Mitch, t@ain the wells used for drinking water in this
community turned pink. A new river formed duringtéh is now the primary source of drinking water
for the town and is extremely turbid. Of the Bouses visited, four were using the filter corngciind
two were using only the receptacle without thefifor water storage. In this community, all
receptacles were plastic.

7.2 Jinotega Field Visits

ADOVEC is a 14-employee NGO working throughout din@tega area on projects relating to
environment (latrines, filters, and well instaltat) and food security (family gardens, breastfegdamd
agriculture). ADOVECSs funding comes from the IAtererican Foundation and an organization called
Esperanza in Arizona.

ADOVEC initially purchased approximately 550 filkeand has distributed 100 filters each in three
communities. The remaining 250 filters are stilthe office, and ADOVEC plans to distribute thése
other communities as time permits. They choosé¢hite® communities for filter distribution based on
experience with the communities, knowing that thveeee more problems with water, higher incidence
of diarrhea, and a higher population of childrethiese communities.

Individual families were chosen to receive thefilbased on three criteria:

* The mother had to have children under five yeats ol
* The family had to be poor.
* The families have to do some work in the community.

In each of the three communities is a communitgéeavho supervises the program. Community
leaders were chosen based on six years of experartare also community leaders for other prajects
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ADOVEC recommends community leaders visit the hewsgi¢h filters once per month, although this is
not supervised by ADOVEC.

The Executive Director of ADOVEC, Victorino, knewoR Rivera personally because of Ron’s previous
visits to Jinotega, and that was why he purchasedPotters for Peace filter. He did not invesagaty
other filter. He feels the filters have improveehlth because children have less cases of diaritea
speaks directly to the children in interviews wiitle family, because they know more about their
diarrhea than the mothers. A problem he seesthatliilters is transportation — some were brokeenvh
they arrived. He is working with Ron to establgsfactory in Jinotega, and then the filter prognaith
expand greatly. Victorino says the filter is “apfethe best options we have here,” for it is “chestpand
easiest for the families,” and the water is “clead cool.”

7.2.1 Mancotal

Mancotal is a small community approximately onertfoom Jinotega. Families use a variety of
different water sources, including wells, surfacgev, and storage tanks of piped groundwater. The
community leader knew the type of source each hased for their water supply, and was able to tirec
us to sample at houses with different sources.w@le ceramic receptacles, some very small, exoept
House 6, which had a plastic receptacle.

In Mancotal, all six houses were using the filterrectly when we arrived in the homes.

7.2.2 Jinguina

Jinguina is a small community also approximatelg bour from Jinotega. The community has a piped
water supply installed by Ayuda Obrada Swisse aag hternational that all families we visited were
connected to. Seven homes were visited in thisnwanity, and four of the seven were using the filter
Of the three other homes, two had broken filtessofal5 days ago, and 3 months ago), and one entire
filter and receptacle had fallen off the countedl Broken completely. The entire community used
ceramic receptacles.

7.3 San Francisco Libre Field Visits

The filter program in San Francsico Libre is suppaby the NGO Accion Medica Christiana (AMC).
AMC works with seven communities within the Sanrféiaco Libre area — two traditional campesino
communities and five post-Mitch constructed comrtiaaiwith homes close together connected by
grided streets. The mission of AMC is to serve amgpower the poor, as well as theological aspects.
Their projects include sanitary education, commuarganization, disaster prevention, mental health
projects, sanitary construction of wells and lagsintraining of other organizations, monetary sup{@o
other organizations, support in terms of medicinel and money to MINSA doctors, and the
development of a pharmacy in San Francisco Lifieee people work for the organization. The
director is Janice Téllez, and the person in chafdke filter project is Luis.
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The seven communities AMC works in were initialyosen using the following criteria:

» Communities affected by Hurricane Mitch.

e Communities without houses, schools, and water.
e Communities not supported by other NGOs.

e Communities where education is needed.

Janice has noticed problems with fights, alcohoksrd violence in the families in the five post-Nitc
constructed communities, as the Nicaraguan peoplaea used to living so close to one another.0Als
the latrines and water systems are still not quotaplete.

Initially when working with the family, AMC madegift of its projects, for example giving seeds to
people for family gardens and food security. Naeytask for something back, in the case of ther§lt
AMC and the community leaders agreed that thersilshould cost 20 cordobas. For latrine
construction, the families assist as constructanot. In each community are community leaders that
AMC works with on many projects. These communégders are either paid promoters or volunteer
educators for the filter, and were the ones to shdhe families to receive the filter. Although &V

did not always agree with the choices for thefdi¢hey left the decision to the communities.

Janice estimates that 90 percent of the peoplepuhthased the filter use it for the following reaso
they bought it, they think their water supply ig good water because it is not chlorinated, andbse
people are trained in the use of the filter. Jamistimates that Luiz spends one day per weekten fi
follow-up in different communities with the promadeand educators. Also the health education that
AMC sponsors is complementary to the use of therfil

A total of approximately 700 filters have been pwased by AMC, with 283 held in reserve in the @fic
waiting for additional communities. Janice learioéthe filters when PFP did a presentation /
demonstration to the central office of AMC. Altlgtushe would like more filters, there are no satifu
for filters or for the follow-up education and thssdifficult.

Janice is a doctor, and feels that many changesdtih, sanitary health, and food contribute to the
reduction of diarrhea. Currently she sees mostpiratory diseases and parasites. She has seen
changes in health in terms of diarrhea and gaséstinal, but can not say that is due to just titer f
Of note is that part of the reason she thinks ittex fvorks is that the bacteriological testing danted
for this study convinced her.

7.3.1 Los Teisos

On October 18, two homes in the post-Mitch community of Los Baisvere visited. Approximately
20 — 30 families live in the community, with 24tdéits. A paid promoter, the teacher, works withia t
community to educate and train about the filtenttBfamilies visited were using the filter, withagtic
receptacles.
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7.3.2 Los Piches

On October 18, 2001, three homes were visited in another postiMiommunity that pipes water from
three kilometers away into a storage container ldapaf holding 20,000 gallons. Families could cé®o
to be connected to the system directly with pijpethéir home or to go to one of the manual spigots
the community. The system was installed by Muj@oynmunidad, a Nicaraguan women’s
organization. All three homes were using therfjlt@th plastic receptacles.

7.3.3 Villa Esperanza

On October 19, three homes in the post-Mitch community of VHlisperanza were visited. Janice and
both other staff members of AMC were present ortripe Janice and the staff members were warmly
greeted — Janice often with hugs and smiles ardl\words. A rope-pump well installed by ENACAL
provided the water for the community. All threentes were using the filter, and all receptacles were
plastic.

7.4 Summary Statistics for Community Visits

A total of 33 homes were visited in seven commanitn three geographical locations of Nicaragua. O
these 33 homes, 24 were using the filter when weenaa unannounced visit to their home. The
breakdown of usage per community shows a rang8 ef 30 percent usage (Figure 7.1). The four
communities with 100 percent usage rates are tirecimmmunities where families with filters are
visited for follow-up visits regularly. In the te San Francisco Libre communities, an AMC staff
member works with a community leader in each comityitia visit the families. In Mancotal, the
community leader clearly visited the families wiilkers regularly, for he knew which home used wihic
water source and was able to direct us in our sampln Jinguina, although ADOVEC recommends
the community leaders visit the homes once per mainivas clear that the leader had not been in the
homes in three months because he was not awari#térathad been broken that long. And in the two
Ocotal communities, Edith does not have the ressuta visit the families, and thus the usage sate i
low. This data supports the conclusion found biekia (1999 — 2001) that continued follow-up is
indispensable to the program.
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Percent Usage by Community Visited
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Figure 7.1: Percent Usage by Community Visited

Of the 33 houses visited, nine were not using ithex.f The most common reason (6 homes) was that
the filter or the filter and receptacle were brok&able 7-2).

Table 7-2: Reasons for Not Using the Filter

Community Home Reason for Not Using
El Batidero de Macuilizo 1 Unknown — dry filter areteptacle
El Batidero de Macuilizo 2 Unknown — filter storibgans
El Batidero de Macuilizo 3 Filter broken
El Batidero de Macuilizo 4 Would not show us
Ciudad Antigua 4 Filter broken
Ciudad Antigua 5 Filter broken
Jinguina 1 Filter broken
Jinguina 3 Filter broken
Jinguina 4 Filter and receptacle broken

Based on the breakage rate seen, it is recommehdeNGOs purchase extra filters to distribute to
families after breakage. In addition, homes in bdal secured their filter by wrapping a piece alew
around the receptacle and tying it to the walhisTsimple security feature could prevent filteedtage.

Other commonly seen problems were breakage ardwnliptof the filter and, in one home, dripping
from the spigot. In this home the mother had dsVis plug using a stick of wood covered by plastic
inserted into the spigot. Although this plug pratesl dripping, it also provided a contaminationteou

for the finished water.
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8 Survey Results, Conclusions, and Recommendations

The complete sampling protocol, including admimigem of the survey and water quality analysis, was
completed at 24 homes in seven different commumitidNicaragua.

8.1 Survey Results

The survey consisted of three sections: waterlgupiper usage, and family health. The resuttaf
the survey are presented by section.

8.1.1 Water Supply Section

Twenty-three families responded to the questiofWdio collects the water for the household?” Of the
seven families who responded that all membersefamily collect water, six had an indoor piped
system. Thus, in cases where families walk toegatieir water, the women and children are primgaril
responsible for the collection (Table 8-1). Noswer walked longer than five minutes to reach their
water supply. Families collected water 1 — 3 tirpesday, with an average of 1.8 times. Most famil
collected water from the source in large plastictamers that were then stored under the sink usél
This collection system adds another step for péssiticrobial contamination if the collection
containers are not kept clean.

Table 8-1: Water Collectors in the Family

Who Collects Responses (of 23 families)
Mother and/or children 14
Father 2
All members of family 7

Only four of the 24 families ever had to wait foater at the source. All four of these familiegtivin

the post-Mitch constructed villages near San FemucLibre. These families sometimes waited up to 1
— 2 hours for the groundwater to recharge arouant tbpe-pump well. In addition, only two of thé 2
families did not have water at their source thraugtihe year. These two families live in Mancogeld
use a cistern containing piped groundwater as ta&ter source. In the summer, the cistern somstime
runs dry, and the families walk to a ravine to ecilwater.

When asked whether people felt the water in thmiree was clean, the majority (59%) said yes,
although they then filter their water through tie&Hilter (Table 8-2).
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Table 8-2: Water Source Perception of the Families

Do you think your source Responses (of 22 families’

water is clean?

Yes 13

No 6

Don’t know 2

Yes, except when they are 1
processing coffee

Of note is that responses were correlated stromgtycommunity, and less with type of source.
Although everyone using river water thought theurse was dirty, and almost everyone using piped
water thought it was clean, some people found veétian and some thought they were dirty. There was
strong agreement, however, within a community éider their water source was clean or contaminated
(Table 8-3).

Table 8-3: Water Source Perception by Community

Community Responses
Yes No Other
El Batidero de Macuilizo 1
Cuidad Antigua 3
Mancotal 4 Don’t know (1)
Yes, except in the time of coffee (]
Jinguina 4
Los Teisos 1 Don’t know (1)
Los Piches 3
Villa Esperanza 3

Selected quotes describing why people find thetewsource to be clean include:

» ‘“because wells are clean”
* ‘“because MINSA tests”

* ‘“pbecause itis deep”

* ‘“itis a piped water supply”

Selected quotes describing why people find thetewsource to be contaminate (dirty) include:

* “piped systems are dirty”
* ‘“wells are dirty”
+ ‘“because | sometimes see small animals in it”

As can be seen from the above quotes, many exhiaik of detailed knowledge of why a water supply
would be contaminated or clean. Of note is thatoroelation existed between perception of clean or
dirty water and whether or not the source was comated withE. coli.
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Three of the 24 families surveyed purchase wateCiudad Antigua, home 3 was the home of a doctor,
who uses the filter for drinking water of the adutt the home and purchases water for the yourd chi

in the home. In Los Piches, 2 of the 3 familiesrgp25 cordobas per month on water. The remainder
of the families said they would not or did not halve money to buy water.

Water sources were constructed by a variety oédfit government agencies, NGOs, and international
organizations in the communities visited (Table)3-4

Table 8-4: Organizations Constructing Water Supply

Community Agency Type of Water Supply
Mancotal Swiss Aid Agency Groundwater Storage Tank
Nicaraguan Government Well
Community Well
Jinguina Ayuda Obrada Swisse and Care Internationd@iped water supply sytem

Los Teisos CONSUDE / ENACAL Rope-pump well
Los Piches Mujer y Communidad Piped water system
Villa Esperanza ENACAL / community Rope-pump well

In summary, the majority of the families visitedveaaccess to a nearby water source throughout the
year. Only rarely do families purchase water, amdimber of aid agencies are working in the rural
communities in Nicaragua to ensure access to arowegd water source.

8.1.2 Filter Usage Section

Filters were installed in the seven communitiegetsbetween 6 and 18 months ago, with an average
filter age of 11.8 months. The average size ofanaly using the filter was 5.7, including 2.7 lchren.
Of those 2.7 children, 0.8 were on average undeage of 5.

Families predominantly use the filter for drinkiagly (50%), but some also use the filter for cogkin
and/or making juice (Table 8-5)

Table 8-5: Use of the Filtered Water

Use Number of Families
Drinking only 12
Drinking and cooking 6
Drinking and making juice 4
Drinking, cooking, and juice 2

When asked how long it takes for the filter toefiltfamilies responded with times ranging from48-
hours, with an average of four hours. Flow rasssjetermined in the water quality analysis, ranged
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from 0.13 to 3.5 Liters / hour, with an averagd®®8 Liters/hour. Using the average amount of wate
consumed per person per day and the average faindythe minimum amount of filtered water
necessary per day can be calculated. The WHO lapesure calculations from drinking water at a
consumption of 2 Liters / person / day. If eaaiifg member drinks 2 Liters / day, and the average
family size is 5.7, the filter needs to produceiaimum of 11.4 Liters / day. Assuming 24-hour usag
the minimum flow rate to produce 11.4 Liters / d&$.475 Liters / hour. Fourteen of the 24 filters
analyzed did not meet this basic criterion.

One of the reasons the filtration rate is slovwhe three of the 22 families who responded to the
guestion only fill the filter when the filter is ogpletely empty of water. Because the filtratioteria
faster when head pressure is maintained in thez filtis recommended that families be educatedom
to increase the filtration rate by filling the &ltcontinuously. This recommendation agrees \hi¢h t
recommendation for continuous filtering made byevial (1999 — 2001).

The major reason the filtration rate is slow, hoardepends on how the families clean the filRates
of filter cleaning range from once every day to@aanonth, with an average of once every seven days
(Table 8-6).

Table 8-6: Rate of Cleaning the Filter

How Often Clean Number of Families

Daily 5
Biweekly 8
Weekly 6
Bimonthly 1
Monthly 2

However, families mean different things when thay they clean the filter. Most families clean the
filter with a brush, but without any disinfectiogent, like detergent, soap, or bleach (Table 8k7).
addition, the majority of families (78%) clean fiileer with water from the source, which has noebe
filtered, and thus families unintentionally contaiatie the receptacle as they clean it. Because ther
no residual from the colloidal silver, contaminatiof the receptacle leads to contamination of the
filtered water.

Table 8-7: Method Used to Clean the Filter

Method Number of Families

Brush 17
Water 2
Towel 1
Brush Soap 2
Filtered Water 4
Dirty Water 14
Investigation of the Potters for Peace Colloiddl/&i Impregnated Ceramic Filter 51

Report 2: Field Investigations



In addition, most families, as evidenced by the fitration rate, do not scrub their filter whereth

clean it. Katadyn (undated) prevents growth oir ttmmmercially distributed ceramic filters with
“bacteriostatic silver which is dispersed and fixlecbughout the ceramic material by Katadyn'’s
proprietary manufacturing process.” Furthermoratadyn states that the “life span of the filtemsbat
depends on the degree of contamination of the watee filtered. The filter element can be
regenerated by simple brushing of the dirty cerasuiface; this process can be repeated up to B@3 i
with the same filter element.” Katadyn supplidsrash with each filter, and although “brushing
removes a thin layer of ceramic,” it “can normdiky repeated hundreds of times before filter element
replacement becomes necessary due to wear.” Wélsiimple maintenance, “most owners of Katadyn
filters will not need replacement filter elementsother spare parts for many years.”

Thus, a commercially available filter utilizing teame technology as the PFP filter recommends
scrubbing the filter to regenerate the flow rafe. test out whether scrubbing the PFP filter would
regenerate the flow rate, the filter from home M&at6 was collected and scrubbed in the Potters fo
Peace office. A toothbrush and water was usedrtdbghe filter, and a fine layer of clay was remmdv
during the process. Flow rate was tested with igaaaity water both before and after scrubbing.
Scrubbing with a toothbrush increase the filtratiate from 0.28 Liters / hour to 2.0 Liters / h@Uiable
8-8).

Table 8-8: Flow Regeneration due to Scrubbing iniker Mancotal-6

Mancotal-6 Filter Flow Rate

Before scrubbing 0.28L/hr
After scrubbing 20L/hr

Thus, simple scrubbing of the filter with a brusii vegenerate a flow rate sufficient to providetera

for drinking and cooking for an average family ircAragua. Currently, families are not taught that

is the appropriate mechanism to clean the filted, @re probably wary of scrubbing the filter hard
enough to see ceramic on the brush. A new edurcdé&oal, designed to be placed on the plastic
receptacle, shows a woman cleaning the filter witbugh scrub-brush. With this decal and approgpria
education from the local NGO, flow rates can bentaaned to provide sufficient water for the family,
and one of the main complaints (low flow rate) seethe previous studies about the filter can be
addressed.

Thus, families can be taught to scrub the filteewkhey notice a decrease in the flow rate of ittex f

In areas with high turbidity, where the layer afdisediment will accumulate more quickly on theefil
families will need to scrub more often. One quaesthat arises when considering periodic scrubbing
the filter is how will that affect the performaneagthe colloidal silver? When colloidal silverapplies,
much of the silver sorbs quickly directly into thiéer. Thus, it seems that the silver is presanhore
than the immediate surface of the filter. Howevepeated scrubbings could have an effect on the
colloidal silver, and it is recommended that a righer be tested for microbial reduction and then
scrubbed very hard, to approximately monthly scinudpbfor one year. Then, the filter should be
retested to determine if there is a reduction engarcentage of microbial removal.

When asked when they drink unfiltered water, thestheommon responses were “never” and when they
are “not at home” (Table 8-9). In addition, peogtank unfiltered water when the filter is emptyhen
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they are at work, or in the morning after the husbig@aves for work with a full water bottle leaves
behind an empty filter. Only one-third of the fdies drink only filtered water. Continued educatan
the importance of drinking filtered water at athgés, and mechanisms (such as periodic scrubbing) to
increase the flow rate to ensure that there isy#viitered water in the receptacle are critical to
ensuring reduction of waterborne disease.

Table 8-9: Times When Families Drink Unfiltered Wder

When Drink Unfiltered Water Number of Families
Never 8

When filter is empty 4

When not in the house 8

When at work 3

When husband takes all water to 1

work

In order for the filter to provide safe water andyent waterborne disease, the flow rate of therfil
must be maintained at greater than 0.5 Liters f.h@hen the flow rate is lower than this, thesiilt
does not provide enough water for the family takiri Currently, families are primarily using thédr
only for drinking water, with some families alsangsthe filtered water for cooking or making juice.
With changes in the cleaning protocol, and contirsuidling of the filter to maintain head pressulteg
flow rate of the filter can be maintained at a léhat provides enough water for drinking and also
cooking and juices.

In addition, education for the families about tleed to drink only filtered water is necessary. sThi
education must occur with education on filter clagn Then, the filter can maintain a flow ratettha
allows for families to bring filtered water withém when they leave the home. Lastly, the majarfity
families are currently cleaning their receptacléhwinfiltered raw source water. This process can
contaminate both the receptacle and the finishedrwd&ducation on cleaning the filter with filtere
water is needed to prevent this contamination route

8.1.3 Family Health Section

In the health section of the survey, questions iband-washing, latrine use, and childhood diarrhea
were asked.

All families responded “yes” when asked if they tvag their hands before eating, before cooking, and
after going to the bathroom. It is possible tlamilies replied dishonestly to this question, foe t

quick, positive responses could have been bechegekhew they were supposed to, not that they did.
A more appropriate way to ask this question wowaldenbeen to say, “When do you and your children

wash your hands?” Then, the respondents would poxeded their own list, instead of just saying ye

to our questions. Thus, hand-washing data is ox$idered to be accurate enough to use for anaitysis
this study.
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Seventeen of the 24 families surveyed had a priasti@e (Table 8-10). Of the remaining familiese
had an indoor bathroom, one had a shared latmukfize families did not have a latrine. The agera
distance to the latrine from the home was 7.6 met&€his average was calculated without includhme t
one latrine that was located 200 meters from theenoThis far-away latrine was not often used. rFou
of five of the families with no latrine lived in Maotal. The fifth family lived in Villa Esperanza.

Table 8-10: Latrine Ownership in the Families

Type of facility Number of families

Private latrine 17
Indoor bathroom 1
Shared latrine 1
No latrine 5

In the 24 families surveyed, there were a totd@i2thildren. Nineteen of these 62 children wergeun
the age of five. A total of four children had rdidrrhea in the last month according to their p&ren
three under the age of five, and one age five.sTha percent of children under-5 with diarrhethim
last month was 16, and the percent of children diginrhea in the last month was 6 (Table 8-11).

Table 8-11: Childhood Diarrhea in Last Month in Families Surveyed

Total Number Number with Percentage with
DIEEEN I RER Diarrhea in last
month month
Children under-5 19 3 16 %
All children (0 — 16) 62 4 6 %

Although this is a small sample size and only glsisurvey was administered, the percentage of
children under-5 with diarrhea was significantlgliner in this study than the rate found in the AFA
Guatemala study. Due to the small sample sizeghiexy statistically comparison is not possible.

8.2 Survey Conclusions and Recommendations

Based on the results of the survey conducted witfa@ilies in seven communities, conversations with
local NGO partners, review of previous studies, abskervation of the drinking water situation indee
seven communities, the following conclusions armbmemendations are presented.

Investigation of the Potters for Peace Colloiddl/&i Impregnated Ceramic Filter 54
Report 2: Field Investigations



Conclusions:

1. Monthly visits to families using the filter by thecal NGO partner or a community leader was
strongly correlated with continued use of the filig the families.

2. The most common problem seen was breakage ofltée the receptacle, and the lip of the
filter. In addition, leakage from the spigot wasted.

3. Currently, there exists a lack of education abatg svater sources, and correct filter cleaning
and maintenance in the families using the filter.

Families have only a perception of whether theirse water is clean or not.
Only four families used filtered water to cleanithgter with.

Two of 22 families only refilled the filter when ¢uty.

Filters were not being scrubbed to improve the ftate.

apop

4. In 14 of 24 homes visited the flow rate of theefiltvas inadequate to provide enough drinking
water for the family.

Recommendations

1. Information about the following topics needs toppesented to the local NGOs before filters are
purchased. This information could be conveyeddrg@nal conversation, or by the
development and distribution of a brochure or madeacribing factors contributing to filter
success.

a. Filter success rate is directly correlated to N®{bfv-up, and staff or community leader
time needs to be dedicated to this role.

b. Education about filter use and maintenance neels fiwesented to the families,
including but not limited to the following topics.

i. Cleaning with filtered water
il. Scrubbing to regenerate flow rate
iii. Securing filters to the wall to prevent breakage
iv. Emptying the filter before lifting it to prevent s@age to the lip
v. Filling the filter continuously to maintain headegsure
vi. Water and sanitation education, for when familiedarstand why safe water is
important, they understand why using the filteimgortant
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c. Filters are ceramic, and as such break. Purchasing filter at the beginning will allow
for replacement of broken filters.

2. A cleaning kit needs to be developed and sold thigfilters.

a. Cleaning of the filters is critical to maintainifigw rate and correct cleaning of the
receptacles is critical so that the finished waterot contaminated. Currently families in
rural areas do not have the supplies necessagnmglete this cleaning in their homes. A
small cleaning kit could be developed and soldreac@essory to accompany the filter.
The cleaning kit should include the following items

i. Scrub brush for scrubbing the filter
ii. Cloth and disinfectant (detergent, bleach, or “&stfor Peace” cleaning solution)
to clean and disinfect the receptacle
lii. Directions for cleaning the filter (using picturasd written directions)

The PFP filter is simple in design, easy for faeslto use, and performs exceptionally well in |abany
tests (see Report 1, December 2001). Adoptiohedd recommendations will improve the usage of the
filter in rural family homes.
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9 Water Quality Monitoring Results, Conclusions, and
Recommendations

Raw and filtered water samples were analyzed feater quality parameters, silver concentration, and
microbiological contamination in 24 homes in seeemmunities throughout Nicaragua. The results of
water quality parameter testing show that DO isaased as it flows through the filter, turbidityois
average decreased, pH is increased, and condyativibt affected (Table 9-1). Of note is thatdired
water sampling for these parameters was only caexbie 12 of the 24 homes. This is due to the fact
that the filtration rate was so slow that upon metiour hours later there was only enough water to
complete the microbiological and silver samplifidhus, conductivity and temperature averages are not
included because the missing data is not repregsemessolved oxygen, turbidity, and pH averages ar
included because trends were consistent acrostatheset.

Table 9-1: Water Quality Parameter Results Summary

Parameter Before Filtration After Filtration

Average  Minimum Maximum Average  Minimum Maximum
Dissolved oxygen 5.7 1.7 7.6 7.0 6.0 7.8
(mg/L)
Turbidity (NTU) 10 0.0 62 3.2 0.0 23
pH 7.3 6.5 7.8 8.1 7.5 8.5
Conductivity 280 40 620 60 620
(mS/cm)
Temperature (C) 24 20 31 20 30

Dissolved oxygen (DO) is an important parametenéasure because one of the mechanisms for
inactivating bacteria using colloidal silver needygen in the reaction. Oxygen was present in all
before and after filtration samples taken. Agaatof the water during filling of the filter, and ¢e
water flows through the filter ensures presencexgfjen in the water. Only one sample, from a large
cement standing-water receptacle in the yard, vemab3 mg/L of dissolved oxygen in the before
filtration water. Agitation due to filtration ineased the DO by an average of 1.3 mg/L in the sagpl

On average, turbidity was reduced through therfiliat not completely eliminated. The average
percent reduction of turbidity through the filteasv83 percent, with a range of 30 — 100 percent. |
addition, two filters added turbidity: from O ihe source water to 2 NTUs in the finished water and
from O in the source water to 6 NTUs in the findleater. Neither of these filters that added wlitipi
removed bacteria in the microbiological samplidgidition of turbidity indicates that the receptaide
not cleaned, and accumulation of turbid water c&clin home 6 in El Batidero de Macuilizo, we
upended the filter to obtain more water for sangplifVe found that the water below the level of the
spigot was very dirty — for turbidity in the finist water settles and accumulates here if the fdtaot
regularly cleaned.
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Communities in Ocotal had the highest turbiditydiags, for the river formed by Mitch was at 56.3lan
61.9 NTUs. The recommended standard for drinkiatewis no more than 5 NTUs (USEPA, 2001;
WHO, 1993). All but two finished water samples &béelow the 5 NTU standards. Both of these
above standard samples came from highly turbidmmat®cotal. Thus, the filter does reduce turlyidit
to below the WHO and USEPA standards the majofith@time. Extremely turbid source water and
infrequent cleaning of the receptacle cause tusptdibe higher than the standards in some cases.

pH was consistent throughout the data set. Ali@water samples ranged from slightly acidic to
slightly basic (6.5 to 7.8), and all finished waseamples increased by an average 0.8 pH points to a
slightly basic range of 7.5 to 8.5. This incremsattributed to the material in the ceramic ansl Ieen
described in other studies (Baide, 2001). pH mreamsents using a filter without colloidal silver als
show this same increase in pH. Thus, the coll@daér has no effect on the pH.

Conductivity ranged from 30 — 150 mS/cm in watendrriver and rope-pump well sources. In piped
water supplies, conductivity ranges from 170 — d&&'cm due to slight leaching of metal from the
pipes into the water. These conductivity rangesnat problematic, and simply indicate there araeso
ions present in the water, especially when the mateiped through metal. In addition, salinitysva
measured at each home, and no home had a valtieeoftbat O ppt of salt in the water. Thus, nohe o
the conductivity is due to saltwater intrusion @terlogging of the water supply.

Temperature varied depending on the ambient teryreraf the region where the sampling was
conducted. An important result is that temperatuas lower in finished water by 2 — 3 degrees C in
ceramic receptacles. Thus, people enjoy the tddtee water with the ceramic receptacles because t
ceramic cools the water. This cooling effect hasrbdetailed in other studies as well (Baide, 2001)
The plastic receptacles did not increase or deerasfiltered water temperature.

9.1 Silver Results

Silver samples were collected at each home visfiegserved in nitric acid, kept cold, transportadkb
to the United States, and analyzed at the Massatthieertified Toxicon Laboratories. The WHO
guideline value for silver concentration in drinfgiwater disinfected with silver and the USEPA
secondary drinking water standard are bothd@@ (0.100 mg/L). No filtered water sample excede
or approached, the WHO and USEPA standards (Tahb)e @nly two samples (CA-3 and BM-6) were
above the detection limit of mg/L.
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Table 9-2: Silver Laboratory Results

Home Silver (ug/L or ppb)

El Batidero de Macuilizo - 5

Non-detect (less than &/L)

El Batidero de Macuilizo — 6

6

Cuidad Antigua — 1

Non-detect (less than &/L)

Cuidad Antigua — 2

Non-detect (less thanfy/L)

Cuidad Antigua — 3

15

Cuidad Antigua — 6

Non-detect (less than &/L)

Mancotal — 1 Non-detect (less thany®/L)
Mancotal — 2 Non-detect (less than /L)
Mancotal — 3 Non-detect (less than ®/L)
Mancotal — 4 Non-detect (less thany®/L)
Mancotal — 5 Non-detect (less than ®/L)
Mancotal — 6 Non-detect (less thanyg/L)
Jinglina — 2 Non-detect (less thanig/L)
Jingliina — 5 (source water) Non-detect (less thany/L)
Jinglina — 5 Non-detect (less thanig/L)
Jinglina — 6 Non-detect (less than®/L)
Jinglina—7 Non-detect (less than&/L)

Los Teisos -1

Non-detect (less thanfy/L)

Los Teisos — 2

Non-detect (less than &/L)

Los Teisos — 2 (duplicate)

Non-detect (less thanfy/L)

Los Piches — 1 Non-detect (less thany®/L)
Los Piches — 2 Non-detect (less than ®/L)
Los Piches — 3 Non-detect (less thany®/L)

Non-detect (less than &/L)
Non-detect (less thanfy/L)
Non-detect (less than /L)

Villa Esperanza — 1
Villa Esperanza — 2
Villa Esperanza — 3

Both CA-3 and BM-6 had filters that were 14 mondhd although the colloidal silver in BM-6 and
BM-5 had been reapplied six months prior to sangplip a Peace Corps volunteer. It is possible that
because of the recent reapplication of silver,gheas silver leaching in the filter or silver
contamination of the receptacle. No other homé wit-month old filters showed leaching of silver
from the filter into the finished water, howevérhe homes in Los Teisos, Los Piches, and Villa
Esperanza all had filters that were six months old.

CA-3 was the home of a doctor who drove into Octatalbtain Ocotal water to run through the filter.
No other home used a large city water supply, argdgossible that there is some silver conceratnati
Ocotal city water from pipes or solder or other@re to metal.

Although it is not conclusive why these two homlesvged a silver concentration in the filtered water,
the concentration is much lower than the standsetiby USEPA and WHO. This data clearly shows
that silver concentrations in the filtered watema exceed USEPA and WHO standards, and water
filtered with PFP purifiers does not place usemsitfor argyria.
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Full results of silver testing using new filterstivnew application of colloidal silver will be pesgted in
Report 1 (December 2001). No sample from thesietuhowever, exceeded pd/L, even at higher
concentrations of silver than PFP normally usesdamithg the first run of the filter. PFP recommend
not drinking the water used the first run of tHeefibecause of the slightly metallic taste. Silve
concentrations determined for laboratory studiepped off significantly after the first run of thier.

9.2 Microbial Results

Unfortunately, the microbial results obtained dgrihis field investigation were not as clear as the
results obtained from the silver sampling. In #&ddj unlike the extensive laboratory analyses
completed at CIRA-UNAN showing consistent reductidibacteriological indicator species by 99 —
100 percent (various dates), the field investigegtidid not show consistent reduction of bacteriicialg
indicators through filtration. Previous laboratatydies will be detailed and analyzed in Report 1
(December 2001). Of note is that, before runtingfilter in the lab, the technicians wash the
receptacle with detergent and then rinse the rackptvith boiled distilled water. Thus, all lalngaes
in the past were conducted with clean receptacléss report contains the microbiological samples
collected in the field and analyzed using presératesence methodology. In addition, duplicate
samples were enumerated at CIRA-UNAN.

Samples for total coliform ar.coliwere collected both before and after filtratiorzdthomes.
Samples for KS-producing bacteria were collected at 22 homeasguse 2 homes did not have a high
enough filtration rate to allow for the collectiohthe 100 mL needed for analysis after filtratiorotal
coliform and HS-producing bacteria were present in all 24 ranewsamplesE. coliwas present in 15
of the 24 raw water supplies. Only one of a pdestd filters removed total coliform, six of a piss
22 filters removed kB-producing bacteria, and eight of a possible lt&r§é removedE. coli
contamination (Table 9-3).

Table 9-3: Presence / Absence Microbial Results

Total Coliform H,S-producing E. coli
Before After Before After Before After
Positive 24 23 24 16 15 8
Negative 0 1 0 6 9 16

The total coliform results indicate that the filitemot capable of removing total coliform to adéethat
will test negative on a presence / absence tdsis résult is not alarming, because total colifésmot
the best indicator of organisms causing human hed#iécts in tropical countries. It is, howevar, a
important WHO and USEPA indicator. The one filtesit removed total coliform was in Los Piches,
using the Muyer y Communidad water supply system.

Six of the 24 filters tested negative fosSH4producing bacteria in the finished water. THésas were

at the doctor’s home in Ciudad Antigua, in both lesrm Los Teisos, in two of the three homes in Los
Pichos, and in one of the three homes in Villa Esmea. It is important to note that all finishedter
samples that removed,8-producing bacteria were in plastic receptachs.finished water in a
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ceramic receptacle tested negative feBHproducing bacteria. Of the four filters that ev@rashed with
filtered water, two of the four removed:$tproducing bacteria, one of the four was contatathéor all
three microbiological indicators in the finishedtera and one of the four was not tested fe®H
producing bacteria due low filtration rate. In #@dch, all families with filters that tested negatifor
H,S-producing bacteria in the finished water owneguiate latrine.

E. coliresults showed th&. coliwas present in 15 of the 24 before filtration wa@mples tested.
Sources withouE. coliincluded the river in Ciudad Antigua, one privatell in Mancotal, and in some
homes using the water systems in Los Teisos, Ld%Bj and Villa Esperanza. Of the 15 homes that
hadE. coliin the source water, eight tested negativeEfaroliin the finished water. Thus, 53 percent
of the source water contaminated withcoliwas not contaminated after filtration. The sevamgles
that tested positive fdE. coliin the finished water came from homes that, oreotaion, were not as
clean as other homes. This indicates that houdethednliness is a metric of filter success. Iditon,
five of the eight homes that removedcolihad a private latrine.

All but one of the systems that removegBSHproducing bacteria either removedcolior E. coliwas

not present in the source water to begin with.sTimdicates that removal of,B-producing bacteria and
removal ofE. colicorrelate with one another. Another importanteation is that no home with a
filter that removedE. colior H,S-producing bacteria had a child with diarrhegim past month. Thus,
childhood diarrhea in the past month only occuirefilters with contaminated filtered water.

An important note is that in all communities, thajarity of families collect their water from thelgsoe
in plastic containers and store these containedsruheir sink. Thus, there is an additional dassi
route contamination: in the source itself, in thlection containers stored under the sink, arin
unclean filter receptacle. The growth of signifitamounts of bacteria in collection containersl@dou
affect filter performance.

In Villa Esperanza, duplicate testing was compléte€IRA-UNAN. Total coliform results agreed —
all of CIRA-UNANs samples showed contamination, afiebf the presence / absence samples were
positive (Table 9-4). ThE. coliresults also agreed, except in one sample whiclahashumeration
result of 15 colonies per 100 mL and a negativegitee / absence test. This is due to the facthbat
presence / absence may be negative when only Aamailint of bacteria is present.
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Table 9-4: Enumeration and Presence / Absense Comnson

CIRA — UNAN Enumeration Presence / Absence
Total Fecal E. coli Fecal Total H2S- E. coli
Coliform  Coliform Streptococcus Coliform  producing

Source 124 70 0 0

Water

Home 1 — + + -
before

Home 1 - 190 160 15 95 + + -
after

Home 2 — + + -
before

Home 2 — 2100 48 0 21 + - -
after

Home 3 — + + +
before

Home 3 - 4900 4320 1920 0 + + +
after

Of particular interest is that there is always motal coliform after filtration than before. Inldition,
there is a significant amount more of total colifipifecal coliform, and. coliin the filtered water at
home 3. Clearly there is some contamination oaugitsetween the well and the finished water. In
home 3, all before filtration presence / absenststeere positive, indicating that the contamiratio
occurred after collection at the well, but befahen the filter with water. This is especiallyigent
because there was &0 coliin the well, but there wds. colipresent in the before filtration water. This
contamination could have occurred in the collecaad storage bucket. Increased values of total
coliform in home 1 and 2 could have occurred indbkection bucket before filtration, and then dae
an unclean receptacle in the filter.

Additional duplicate sampling in the community afgliina showed similar results — increased total
coliform due to contamination, and agreement wigspnce / absence sampling.
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9.3 Water Quality Conclusions and Recommendations

Based on the water quality analysis completederfigdd with 24 families in seven communities
throughout Nicaragua, the following conclusions eexbmmendation are presented.

Conclusions:

1. The concentration of silver in water filtered witie PFP filter does not exceed, or even
approach, the WHO and USEPA standards. Thus,tingesf water filtered using the PFP filter
does not pose a human health risk of argyria dsdver contamination.

2. Microbiological data showed that:

6 percent of the filters removed total coliform

25 percent of the filters removeg@$tproducing bacteria

53 percent of the filters remové&d coli

Enumeration of samples from seven homes showedadsed amounts of total coliform
in all finished water, and increased amountk.ofoliin some of the filters. This is
attributed to contamination from storage and inlegt receptacles.

e. No family with a filter that removed microbial cambination had a child with diarrhea in
the last month.

apop

3. Latrine use and household cleanliness are corcelgith microbial removal.

4. Although ceramic receptacles are traditional, empldisans, and improve the taste of the water
by reducing the temperature, they are difficultt@an. Microbiological results showed that no
filter with a ceramic receptacle removed hydrogalfide-producing bacteria.

Recommendations:
1. No action is needed to address silver concentratidime filtered water.

2. Education about contamination of water due to warcktorage containers is necessary. Also,
PFP should work with NGOs to recommend to familied only recently collected water should
be used in the PFP filter.

3. Maintenance of a sterile receptacle is criticaleucing microbiological contamination.
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a. A cleaning kit was recommended in Section 8-3 tresk issues of filtration rate. This
cleaning kit is also vital to maintaining a steréeeptacle for microbial removal
purposes. Families need to be trained to cleanfther regularly with a disinfectant
and filtered water to prevent contamination.

4. Possible modifications to the receptacle to mams#erility of the filtered water could include:

a. Addition of chlorine as a residual through a camstied input area.

b. Addition of colloidal silver as a residual througltonstructed input area.
c. Colloidal silver painted receptacle.

d. Colloidal silver impregnated disk in the bottontloé receptacle.

5. NGOs purchasing the filters should be advised plegtic receptacles have been shown to be
more effective in microbial reduction that ceramgceptacles.

Lastly, additional water quality and microbial rasgh results will be presented in Report 1 (Decembe
2001). Data in Report 1 with include:
1. Previous microbiological data from CIRA-UNAN andhet programs.
2. Microbiological and silver concentration resultsifr targeted studies with filters with:
a. different flow rates;
b. different concentration of colloidal silver; and

c. different application methods for colloidal silver.

3. Results from laboratory testing of three filterstfbused and new) for removal of:

a. VOCs
b. Pesticides
c. Viruses
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10 Comparison with Other Point-of-Use Water Treatment
Methods

Lastly, the PFP filtration system is compared witlo other commonly used point-of-use systems: the
Gift of Water, Incorporated two-bucket purifier,cathe Center for Disease Control Safe Water System.

Gift of Water, Incorporated (GWI) is a hon-govermta organization based in Satellite Beach, Florida
GWI assembles, installs, and maintains point-ofwater purification systems in villages in ruralitia
(Lantagne, 2001). The system consists of two @0filastic buckets, placed one on top of the cdinelr
connected by a check valve. Above the check valtiee top bucket is a string-wound filter to reduc
suspended solids. Below the check valve in thiobobucket is a granulated activated carbon (GAC)
filter. To use the filter, 5 mL of 5.25 % sodiurypochlorite is added to source water in the togkbtic
and allowed to sit for 30 minutes. Then the topKet is connected to the bottom bucket and water
flows through the string-wound filter, the checkwea and the GAC filter. Five drops of chlorinesath

is added to the bottom bucket to form the residual.

Funding for the GWI program comes from groups (ofteurches) in the United States who sponsor a
village in Haiti. GWI then works with the Haitimommunity to establish a volunteer water committee,
to select homes to receive the purifier, and te lical technicians who visit the homes 1 — 3 tipers
week to ensure correct and continued usage andenaince of the purifier. The percentage of familie
using the purifier correctly varies from 20 — 1Gfrgent, depending on the following three factors:

1. Dedicated and well-selected technicians.
2. Distribution of purifiers within a small area.
3. Education in the community about the need for safer and sanitation.

One purifier costs US$15 to construct, ship to iHaitd assemble. To account for training,
transportation, testing, and implementation GWIrgka sponsor groups in the United States US$50 per
year to install and maintain each filter.

The Center for Disease Control (CDC) in Atlantap(@a developed the Safe Water System (SWS)
program for developing countries (CDC, 2001). TieC provides a manual and technical support to
communities who then establish a sodium hypoclda#neration plant, and also a plant to generate an
distribute plastic water containers. The commuthign markets the program to families who purchase
a plastic water container with a small openingrevpnt contamination, and bleach from the local
generation facility. Families are taught to adspacific amount (varies depending on chemisty ef th
source water) of bleach to the container, and thigrk the water.

The CDC distributes a manual for development adfa sater system program (CDC, 2001a). The
manual recommends beginning with scoping the ptogea obtaining funding. Then, organizations or
communities establish the plants, and market astdilolite the products. Finally, evaluation,
implementation, and behavior change modificati@mracommended. One issue that is not addressed
in the CDC program is problems associated withrafdotaste and possible chlorination by-products,
including trihalomethanes.
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Oates (2001) developed an evaluation matrix falnpoint-of-use water treatment using criteria from
Lehr (1980) and Shultz (1984). These twelve ddaterere assigned a numerical value of 0 (not mgetin
criterion), 1 (partially meeting criterion), andr2eets criterion) for each of the CDC, GWI, and PFP
systems. A total of 24 points was possible.

All three filters investigated received the santaltscore (19), although systems lost points féiecgnt
reasons (Table 10-1). Both the CDC and GWI systeseschlorine. Much research has been conducted
on chlorine’s effectiveness on pathogens (1), wtaldoidal silver has not been researched as
extensively. Thus, the PFP filter is assignedrltic criterion, while the CDC and GWI systems are
assigned a 2. All three systems perform regardiesster fluctuations (2), and operate in the
appropriate pH and temperature range (3), so slesys were assigned values of 2 for these criteria.
The GWI purifier uses GAC to remove the chloringegrom the water, while the CDC system does
not, so the CDC system is assigned a value of dusecthe chlorine taste makes the water unpalatable
(4) to some. The GWI purifier is a complicatedtsys that requires significant follow-up, so is

assigned a value of 1 because it is not easy tdld@h). Chemical concentrations (6) are minahm

PFP and GWI systems, but are more major in the &tm, so the CDC system is assigned a value of
1 for this criterion. The PFP system does noehavesidual (7), so it is assigned a value of e

CDC and GWI systems are more expensive (8) thaREkesystem, so they are assigned values of 1 for
this criterion. All three systems work to adaitHilter to local conditions (10), so all threeceive a

value of 2. Specialized equipment (10) is produoedlly in the PFP filter, imported and establidlzes
micro-enterprises in the CDC system, and completeported in the GWI purifier. Thus the PFP filter

is assigned a value of 2, the CDC system a valde afid the GWI system a value of 0. It is tradial

to keep water in ceramic pots in Nicaragua, sdPfRB system is culturally appropriate (11). The GWI
and CDC systems can be made appropriate with adocab they are assigned a value of 1. The GWI
purifier is approved by the Haitian Ministry of Hém and the CDC system is approved by multilateral
agencies, so both are assigned a value of 2 fctherion (12), while the PFP system is assigned

value of 0 because it has not yet been approveddmyernmental organization, although it is used by
many NGOs.
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Table 10-1: Comparison of Three Household Water Rration Systems

CDC Safe Water  GWI Purifier PFP Filter
System

1. Effective on many types and 2 2 1
large numbers of pathogens

2. Performs regardless of water 2 2 2
fluctuations

3. Operates in appropriate pH and 2 2 2
temperature range

4. Does not make the water toxic or 1 2 2
unpalatable

5. Easy and safe to handle 2 1 2

6. Chemical concentrations are 1 2 2
minor

7. Provides residual protection 2 2 0
against possible recontamination

9. Affordable to all 1 1 2

9. Adapted to local conditions and 2 2 2
variations

10. Specialized equipment produced 1 0 2
locally

11. Accepted by traditions, customs, 1 1 2
and cultural standards

12. Complies with national 2 2 0
sanitation and pollution policies

TOTAL 19 19 19

Thus, all three systems compare equally basedese triteria, although they lose points for diffgre
Improvements to the PFRedilthat should be investigated are: researchen t
effectiveness of colloidal silver on a variety @itipogens, establishment of a residual in the fedsh
water, and approval by the Nicaraguan governmd®¢search on inactivation of pathogens will occur

individual criterion.

in Report 1 of this study (December 2001).

To conclude, the PFP filter is an appropriate tettgy that works exceptionally well in the lab (Rep

1), but needs some improvements in education aptementation to work as well in the field.
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11 Appendix A: Field Data by Home Visited

11.1 Octotal: El Batidero de Macuilizo

The sampling protocol was completed at two homds Batidero de Macuilizo. Both homes obtainedera
from the same rope-pump well that a total of fiaeiflies use. Home five had indoor pipes flowingnfrthe
well. At home six, the 11-year-old daughter cdawater from the well in the morning and afternodtrwas
approximately a four-minute easy walk from hometsixhe well. There was no issue of the well euaning
dry, and they did not know who installed the well.

11.1.1 El Batidero de Macuilizo Home 5

Home five was very clean, and in the backyard veeitewer garden, turkeys, and chickens. We wefered
warm milk, fruit, and flowers during our return ¥ig collect the finished water samples.

Table 11-1: EIl Batidero de Macuilizo Home 5 Surveyata

Question Response

Who collects water for the household? N/A — indagpply
How many times per day do you collect water? N/Adeor supply
Do you ever have to wait at the water source? Niddeor supply
Is there always water at this source? Yes

Do you think the water at this source is clean? Yes

Do you ever buy water? No

Receptacle type Ceramic

How old is the filter? 14 months

How many people use the filter regularly? Four

2 adults, 2 children

When do you add water to the filter?

How long does it take for the filter to filter? bur
When do you drink unfiltered water? Never

How do you clean the filter? With a brush
How often do you clean the filter? Each month
What water do you use to clean the filter?

What do you use the filtered water for? Drinking

What do you like about the filter?

The taste of the water

Do you wash your hands before cooking, before gatind after using the
bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd Private
What are the ages of the children who drink filteneater? 12,6
Have any of these children had diarrhea in thentastth? No
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Table 11-2: El Batidero de Macuilizo Home 5 WateQuality Data

Parameter Before Filtration After Filtration

DO (mg/L) 6.6 7.2

Turbidity (NTU) 33.1 23.2
Temperature (C) 26 23
pH 7.2 8.2

Salinity (ppt) 0.0 0.0
Conductivity (1S/cm) 120 150
TDS (ppm) 60 70

Silver (ppb) CNC CNC!
Flow Rate (L/hr) 0.6

1. Turbidity too high to allow completion of the Silviest.

Results of the bacteriological sampling show pesitesults after 24 hours for both coliform and roggn
sulfide producing bacteria both before and afteation (Table 3). After 48 hours, however, Eiaghs positive
before filtration, but not after. This indicatést the filter effectively reducds. colito a non-detect level.

Table 11-3: EIl Batidero de Macuilizo Home 5 Microlological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform - + + + + + + +
E. coli + -
H,S - - + + + + + +
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11.1.2 El Batidero de Macuilizo Home 6

Table 11-4: El Batidero de Macuilizo Home 6 Surveyata

Question Response

Who collects water for the household? Daughter
How many times per day do you collect water? 2sime
Do you ever have to wait at the water source? No

Is there always water at this source? Yes

Do you think the water at this source is clean?

Do you ever buy water? No
Receptacle type Ceramic
How old is the filter? 14 months
How many people use the filter regularly? Four

2 adults, 2 children

When do you add water to the filter?

How long does it take for the filter to filter? Saur
When do you drink unfiltered water? Never
How do you clean the filter? With a brush

How often do you clean the filter?

Every 3 days

What water do you use to clean the filter?

What do you use the filtered water for?

Drinkingcg, coffee

What do you like about the filter?

The taste ofwesder

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Shared latrine

What are the ages of the children who drink filteneater?

11, 22 months

Have any of these children had diarrhea in thentemstth?

Had diarrhea 5 days ago for 2 — 3 d
because stayed in another house

g
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Table 11-5: EIl Batidero de Macuilizo Home 6 WateQuality Data

Parameter Before Filtration After Filtration (CNC ?)

DO (mg/L) 5.2

Turbidity (NTU) 20.7

Temperature (C) 23

pH 6.5

Salinity (ppt) 0.0

Conductivity ({S/cm) 80

TDS (ppm) 40

Silver (ppb) CNC

Flow Rate (L/hr) 0.45

1. Turbidity too high to allow completion of the Silviest.
2. Upon return to home there was not enough watédrfilter to complete
anything but the microbiological and silver labtses

Bacteriological results show all samples positimetftal coliform,E. coli, and hydrogen sulfide producing
bacteria after 48 hours (Table 11-6). This isett#ht from Home 5, and is probably due to the tfaat this home
in general was not as clean. Also, despite thietfiat the senora said she cleaned the filter eeeg days, the
receptacle was not clean. When we tried to obteire water from the filter by upending the recelatébecause
the spout is approximately 2 inches above the broétnd allows a pooling of water) we found very tdrlolirty
water in the bottom. This is because the finislhater settles and that pooled water in the bott@s mever
removed. The weight of the ceramic receptacle sékdifficult to be cleaned.

Table 11-6: El Batidero de Macuilizo Home 6 Microllogical Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform - - + + + + + +
E. coli + +
H,S — — + + + + + +
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11.2 Ocotal: Ciudad Antigua

Three of the homes sampled in Ciudad Antigua (&n8,6) collect water from the river and keep itairge
containers in their home until the water is usethanfilter or for other purposes. The fourth hasaenpled was
owned by a doctor (3), and they bring water from@ctotal piped water supply to their home to filter

11.2.1 Ciudad Antigua Home 1

Table 11-7: Ciudad Antigua Home 1 Survey Data

Question Response
Who collects water for the household? Mother, chihd
How many times per day do you collect water? 2sime
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? No
Do you ever buy water? No
Receptacle type Plastic
How old is the filter? 14 months
How many people use the filter regularly? Five

2 adults, 3 children

When do you add water to the filter?

When filtehadf-empty

How long does it take for the filter to filter?

hdurs

When do you drink unfiltered water?

When at work

How do you clean the filter? With a brush
How often do you clean the filter? Every day
What water do you use to clean the filter?

What do you use the filtered water for? Drinking

What do you like about the filter?

The taste ofwsder

Do you wash your hands before cooking, before gaéind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Private latrine, 10 meters from home

What are the ages of the children who drink filteneater?

15,12, 6

Have any of these children had diarrhea in thentemstth?

No
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Table 11-8: Ciudad Antigua Home 1 Water Quality Daéa

Parameter Before Filtration  After Filtration
DO (mg/L) 6.4 7.4
Turbidity (NTU) 61.9 2.0
Temperature (C) 25 26
pH 7.7 8.2
Salinity (ppt) 0.0 0.0
Conductivity 1S/cm) 60 60
TDS (ppm) 30 30
Silver (ppb) CNC 0.0
Flow Rate (L/hr) 0.2 L/ hour

1. Turbidity too high to allow completion of the Silviest.

Results of the bacteriological sampling show pesitesults after 24 hours for both coliform androggn
sulfide producing bacteria both before and affeafion (Table 11-9). Of interest is that tiner water is not
positive for E.coli after 48 hours.

Table 11-9: Ciudad Antigua Home 1 MicrobiologicalData

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + + + + + +
E. coli — — — — — — — —
H,S + — + + + + + +
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11.2.2  Ciudad Antigua Home 2

Table 11-10: Ciudad Antigua Home 2 Survey Data

Question Response

Who collects water for the household? Father
How many times per day do you collect water? ly/ da
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? No
Do you ever buy water? No
Receptacle type Plastic
How old is the filter? 14 months
How many people use the filter regularly? Four

2 adults, 2 children
When do you add water to the filter? As needed
How long does it take for the filter to filter? hPurs

When do you drink unfiltered water?

When filteeimpty

How do you clean the filter?

With water only

How often do you clean the filter? Every day
What water do you use to clean the filter? Rivetava
What do you use the filtered water for? Drinking

What do you like about the filter?

The taste of water

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Private latrine, 8 meters from home

What are the ages of the children who drink filteneater?

4,3

Have any of these children had diarrhea in thentemstth?

No
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At home 2, water stored in a large container utigeicounter that had previously been collected filwariver
was used in the filter. As in home 1, the turlyidilas very high and the flow rate was 0.18 litezs pour. Upon
our return 2.5 hours after our initial samplinggrdrwas only enough water to complete the labrsibascterial,
and turbidity tests, so the rests of the tests wetgerformed.

Table 11-11: Ciudad Antigua Home 2 Water Quality [ta

Parameter Before Filtration  After Filtration
(CNC?
DO (mg/L) 6.8
Turbidity (NTU) 56.3 11.1
Temperature (C) 23
pH 7.8
Salinity (ppt) 0.0
Conductivity (1S/cm) 60
TDS (ppm) 30
Silver (ppb) CNC
Flow Rate (L/hr) 0.18 L /hr

1. Turbidity too high to allow completion of the Silviest.
2. Upon return to home there was not enough wattdrfilter to complete
anything but the microbiological and silver labtses

Results of the bacteriological sampling show pesitesults after 12 hours for both coliform and foggn
sulfide producing bacteria both before and afteation (Table 11-12). In addition, like in hortiethe river
does not show positivE. coli.

Table 11-12: Ciudad Antigua Home 2 Water Quality Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + + + + + +
E. coli — - — — — - - —
H,S + + + + + + + +
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11.2.3 Ciudad Antigua Home 3

Home 3 belonged to a doctor, was very clean, addhrae different types of receptacles in the redgth the
filter. Water used here did not come from themiait instead from Ocotal city water. They drigecollect
water when it is needed. They think the waterdgaor less clean, but purchase water for theiryeae old
child.

Table 11-13: Ciudad Antigua Home 3 Survey Data

Question Response

Who collects water for the household? Family
How many times per day do you collect water? Whesded from Ocotal
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? dafrless
Do you ever buy water? For child
Receptacle type Plastic
How old is the filter? 14 months
How many people use the filter regularly? Three
3 adults
When do you add water to the filter? When it ifdeahpty
How long does it take for the filter to filter? ift rapid
When do you drink unfiltered water? Never
How do you clean the filter? Brush

How often do you clean the filter?

What water do you use to clean the filter?

What do you use the filtered water for? Drinking

What do you like about the filter? The taste of weder

Do you wash your hands before cooking, before gatind Yes, yes, yes
after using the bathroom?
What type of latrine do you have and how far aveaiyd Private latrine, 8 meters from home
What are the ages of the children who drink filteneater? None
Have any of these children had diarrhea in thentestth?
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Table 11-14: Ciudad Antigua Home 3 Water Quality [ta

Parameter Before Filtration  After Filtration
DO (mg/L) 5.6 7.5
Turbidity (NTU) 0.9 0.0
Temperature (C) 22 23
pH 6.75 7.5
Salinity (ppt) 0.0 0.0
Conductivity (1S/cm) 550 450
TDS (ppm) 270 220
Silver (ppb) 0 5
Flow Rate (L/hr) 1.4

Results of the bacteriological sampling show pesitesults for total coliform after 12 hours bo#fdre and after
filtration (Table 11-15). However, this locationaved positive hydrogen sulfide producing bactandE. coli
only before filtration. Thus, a clean home usirngp@l city water removes both,8 andE. coli. Of note is that
Ocotal city water is positive for all three microlagical tests, indicating that when Edith cleattezlreceptacles
with the city water, she was contaminating the negeptacles.

Table 11-15: Ciudad Antigua Home 3 MicrobiologicaData

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + + + + + +
E. coli - - - - + - + -
H.S - - + — + - + —

1. No sample in either day in Ocotal had enougtemapon return to allow for duplicate testing.
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11.2.4 Ciudad Antigua Home 6

Home 6 had a cement receptacle of piped water fheniver near their home. They do not, howeves, this
water in the filter. They collect water directiypi the river to put in the filter.

Table 11-16: Ciudad Antigua Home 6 Survey Data

Question Response
Who collects water for the household? Children
How many times per day do you collect water? 3 simer day
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? No
Do you ever buy water? No
Receptacle type Plastic
How old is the filter? 10 months
How many people use the filter regularly? Seven

3 adults, 4 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter?

d 2 days

When do you drink unfiltered water?

When filteeimpty drink river water

How do you clean the filter?

With brush

How often do you clean the filter?

Every month

What water do you use to clean the filter?

What do you use the filtered water for?

Drinkingo&ing

What do you like about the filter?

The taste ofwesder

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Indoor bathroom

What are the ages of the children who drink filteneater?

9, 8,5, 1.5 years

Have any of these children had diarrhea in thentemstth?

Youngest has various parasites and
diarrhea for 3 to 4 days each in last
month.
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Table 11-17: Ciudad Antigua Home 6 Water Quality [ta

Parameter Before Filtration  After Filtration (CNC %)

DO (mg/L) 1.7

Turbidity (NTU) 1.5

Temperature (C) 25

pH 7.2

Salinity (ppt) 0.0

Conductivity (1S/cm) 260

TDS (ppm) 130

Silver (ppb) 0

Flow Rate (L/hr) 0.35

1. Upon return to home there was not enough watdrdrfitter to complete anything
but the bacteriological and silver lab tests.

Results of the bacteriological sampling show pesitesults after 36 hours for all bacteriologiesits (Table 11-
18).

Table 11-18: Ciudad Antigua Home 6 MicrobiologicaData

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + + + + + +
E. coli - - - + + + + T
H,S + + + + + + + +
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11.3 Jinotega: Mancotal

Six homes were visited and sampled in Mancotalo Tiames obtained water from a system that pipes
water from a groundwater source to a storage tastilied by a Swiss aid agency (Home 1 and 2).
Another home (Home 3) obtains water from the riverainwater, and the three remaining homes obtain
water from wells (Home 4, 5, 6).

11.3.1 Mancotal Home 1

This was the home of the community leader who visdmes with the filter once per month, and knew
what water source each home in the community uséukir filter. Upon our return, we were offered
rice, beans, and tortillas to eat.

Table 11-19: Mancotal Home 1 Survey Data

Question Response

Who collects water for the household? Daughter,8age

How many times per day do you collect water? 1 fr@eday

Do you ever have to wait at the water source? No

Is there always water at this source? Yes, exagpesmes in the summer.
They then walk to a ravine to gather
water.

Do you think the water at this source is clean? Yes

Do you ever buy water? No

Receptacle type Ceramic

How old is the filter? 14 months

How many people use the filter regularly? Five
3 adults, 2 children

When do you add water to the filter? When half-gmpt

How long does it take for the filter to filter? Thugh the night

When do you drink unfiltered water? When the hudbaaves for work, he

takes water with him. This leaves no
water in the filter for the children, and
they drink the water at school.

How do you clean the filter? With brush and soap
How often do you clean the filter? Two times peewe
What water do you use to clean the filter? Watemfthe storage tank
What do you use the filtered water for? Drinkingjcg
What do you like about the filter? The taste amdgliness of the water
Do you wash your hands before cooking, before gatind Yes, yes, yes
after using the bathroom?
What type of latrine do you have and how far aveaiyd Private latrine, 6 meters from home
What are the ages of the children who drink filteveater? 8, 4 years
Have any of these children had diarrhea in thenasith? No
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Table 11-20: Mancotal Home 1 Water Quality Data

Parameter Before Filtration  After Filtration
(CNC?

DO (mg/L) 7.6

Turbidity (NTU) 5.0

Temperature (C) 21

pH 7.6

Salinity (ppt) 0

Conductivity 1S/cm) 50

TDS (ppm) 20

Silver (ppb) CNC

Flow Rate (L/hr) 500 mL in 3:50

130 mL / hour

1. Turbidity too high to allow completion of théver test.
2. Upon return to home there was not enough viatigre filter to complete anything
but the bacteriological and silver lab tests.

Water stored in the storage tank tested positivalfdhree microbiological indicators. This fitte
removedE. colifrom the water.

Table 11-21: Mancotal Home 1 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before  After Before  After Before  After Before  Afte
Total Coliform + + + +
E. coli - - + -
H2S — — + +
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11.3.2 Mancotal Home 2

Table 11-22: Mancotal Home 2 Survey Data

Question Response

Who collects water for the household? Mother
How many times per day do you collect water? 1 reeday
Do you ever have to wait at the water source? No

Is there always water at this source?

Yes, exagpesmes in the summer.
They then walk to a ravine to gather
water.

Do you think the water at this source is clean? nboknow
Do you ever buy water? No
Receptacle type Ceramic
How old is the filter? 14 months
How many people use the filter regularly? Five

2 adults, 3 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter?

d 2 hours

When do you drink unfiltered water?

When we donmeaotember to fill and
empty the filter, when husband is at
work

How do you clean the filter?

How often do you clean the filter? Every day
What water do you use to clean the filter? Watemfthe storage facility
What do you use the filtered water for? Drinkingce

What do you like about the filter?

The taste ardHiness of the water

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Do not have a latrine

What are the ages of the children who drink filteneater?

7,4, 1 year(s)

Have any of these children had diarrhea in thentemstth?

No
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Table 11-23: Mancotal Home 2 Water Quality Data

Parameter Before Filtration After Filtration
(CNCYH
DO (mg/L) 7.0
Turbidity (NTU) 4.0 0.7
Temperature (C) 20
pH 7.5
Salinity (ppt) 0
Conductivity 1S/cm) 40
TDS (ppm) 20
Silver (ppb) 0
Flow Rate (L/hr) 550 mL in 4 hourp

1. Upon return to home there was not enough watdrdrfiter to complete
anything but the bacteriological and silver laliges

As with the last filter, the water from the stordggek tests positive for all three microbiological
indicators, and the filter removés coli.

Table 11-24: Mancotal Home 2 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + +
E. coli - - + -
H.S + + + +
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11.3.3 Mancotal Home 3

This home collects water from either the river @aimwater catchment system. Because it was the
rainy season when we visited, the family was usangwater in their filter.

Table 11-25: Mancotal Home 3 Survey Data

Question Response

Who collects water for the household? Daughterelss old

How many times per day do you collect water? 2 siper day

Do you ever have to wait at the water source? No

Is there always water at this source? Yes

Do you think the water at this source is clean? firex is contaminated in the time df
the coffee.

Do you ever buy water? No

Receptacle type Ceramic

How old is the filter? 14 months

How many people use the filter regularly? 22

6 adults, 16 children (children from
nearby homes use the filter)

When do you add water to the filter? When half-gmpt

How long does it take for the filter to filter? Muong to afternoon

When do you drink unfiltered water? When theredsvater in the filter
How do you clean the filter? With a brush

How often do you clean the filter? Every three days

What water do you use to clean the filter? Rivetava

What do you use the filtered water for? Drinking

What do you like about the filter? The taste am@dohess of the water.

Do you wash your hands before cooking, before gatind Yes, yes, yes
after using the bathroom?

What type of latrine do you have and how far aveaiyd Private latrine, 6 meters from home
What are the ages of the children who drink filteveater? 1to 15 years old
Have any of these children had diarrhea in thentastth? No
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Table 11-26: Mancotal Home 3 Water Quality Data

Parameter Before Filtration After Filtration
(CNCYH
DO (mg/L) 6.5
Turbidity (NTU) 16.0
Temperature (C) 21.5
pH 7.2
Salinity (ppt) 0
Conductivity 1S/cm) 70
TDS (ppm) 30
Silver (ppb) CNC
Flow Rate (L/hr) 475 mL in 3.5 hourg
130 mL / hour

1. Turbidity to high to allow completion of silvésst.
2. Upon return to home there was not enough viatigre filter to complete
anything but the bacteriological and silver latiges

The rainwater used in this filter tested positiwedll three microbiological indicators, as did the
finished water. The (+) designation of tecoliindicates that the fluorescence of the sampleneas
as bright as other positive samples. The rainwat@sably tests positive for microbiological indices
because of contamination in the storage container.

Table 11-27: Mancotal Home 3 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before  After Before  After Before  After Before  Afte
Total Coliform + + + +
E. coli + — + (+)
H->S + + + +
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11.3.4 Mancotal Home 4

This home used a well installed by the NicaraguangBiment as their water supply.

Table 11-28: Mancotal Home 4 Survey Data

Question Response
Who collects water for the household? Daughterelats old
How many times per day do you collect water? 1 reeday
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? Yes
Do you ever buy water? No
Receptacle type Ceramic
How old is the filter? 14 months
How many people use the filter regularly? Seven
3 adults, 4 children
When do you add water to the filter? When half-gmpt
How long does it take for the filter to filter?
When do you drink unfiltered water? Never
How do you clean the filter? Soft towel
How often do you clean the filter?
What water do you use to clean the filter? Wellawat
What do you use the filtered water for? Drinking
What do you like about the filter? The cleanlinasd flavor of the water
Do you wash your hands before cooking, before gatind Yes, yes, yes
after using the bathroom?
What type of latrine do you have and how far aveaiyd Do not have a latrine
What are the ages of the children who drink filteveater? 18, 15, 12,6
Have any of these children had diarrhea in thentastth? No
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Table 11-29: Mancotal Home 4 Water Quality Data

Parameter Before Filtration After Filtration
(CNC?
DO (mg/L) 3.3
Turbidity (NTU) 3.0 0.0
Temperature (C) 21
pH 7.8
Salinity (ppt) 0
Conductivity 1S/cm) 280
TDS (ppm) 140
Silver (ppb) CNC
Flow Rate (L/hr) 450 mL in 2.5 hourp
180 mL / hour

1. Turbidity to high to allow completion of silvegst.
2. Upon return to home there was not enough viatie filter to complete
anything but the bacteriological and silver lakiges

Like the other water in this community, the soungger tested positive for all three microbiological
indicators. Also similar to the other homes irstbtommunity, the filter removeg. coli, but not the
other indicators of microbial contamination.

Table 11-30: Mancotal Home 4 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + +
E. coli - - + -
H.S + + + +
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11.3.5: Mancotal Home 5

The gather their water at a well 50 meters awalyghaple in the community constructed.

Table 11-31: Mancotal Home 5 Survey Data

Question Response

Who collects water for the household? Mother
How many times per day do you collect water? 2 siper day
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? , Yesause wells are clean
Do you ever buy water? No
Receptacle type Ceramic
How old is the filter? 14 months
How many people use the filter regularly? Five
3 adults, 2 children

When do you add water to the filter? When empty
How long does it take for the filter to filter? fAnamorning until afternoon
When do you drink unfiltered water? When not in ioene
How do you clean the filter? With a brush
How often do you clean the filter? Every two days
What water do you use to clean the filter? Wellawat
What do you use the filtered water for? Drinking
What do you like about the filter? The cleanlinasd flavor of the water.
Do you wash your hands before cooking, before gatind Yes, yes, yes

after using the bathroom?
What type of latrine do you have and how far aveaiyd Do not have a latrine
What are the ages of the children who drink filteneater? 7,5
Have any of these children had diarrhea in thentastth? No
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Table 11-32: Mancotal Home 5 Water Quality Data

Parameter Before Filtration After Filtration
(CNC?

DO (mg/L) 5.8

Turbidity (NTU) 9.4

Temperature (C) 21

pH 7.5

Salinity (ppt) 0

Conductivity 1S/cm) 80

TDS (ppm) 40

Silver (ppb) CNC

Flow Rate (L/hr) 450 mL in 2 hourp

225 mL / hour

1. Turbidity to high to allow completion of silvegst.
2. Upon return to home there was not enough viatigre filter to complete
anything but the bacteriological and silver laliges

This well, unlike other sources in this communtgsted negative fdg. coli contamination.

Table 11-33: Mancotal Home 5 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + +
E. coli - - - -
H.S + + + +
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11.3.6: Mancotal Home 6

A person in the home constructed the well. Titisrfhad no lip and was inside a plastic contaswesh
that the filter slipped halfway into the receptaclihe well is 60 meters away.

Table 11-34: Mancotal Home 6 Survey Data

Question Response
Who collects water for the household? People wh®&rand 11 years old
How many times per day do you collect water? 1 fr@eday
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? Yes
Do you ever buy water? No
Receptacle type Plastic
How old is the filter? 14 months
How many people use the filter regularly? Five

2 adults, 3 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter?

fFnamorning until night

When do you drink unfiltered water?

When theredswater in the filter

How do you clean the filter?

With a brush

How often do you clean the filter?

Once per week

What water do you use to clean the filter?

Wellevat

What do you use the filtered water for?

Drinkingcg, milk for the children

What do you like about the filter?

The water isibyic, fresh, cold and
tastes good

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Do not have a latrine

What are the ages of the children who drink filteneater?

11,6, 3

Have any of these children had diarrhea in thentastth?

No
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Table 11-35: Mancotal Home 6 Water Quality Data

Parameter Before Filtration After Filtration
(CNC?

DO (mg/L) 4.4

Turbidity (NTU) 12.5

Temperature (C) 21

pH 7.6

Salinity (ppt) 0

Conductivity 1S/cm) 530

TDS (ppm) 260

Silver (ppb) CNC

Flow Rate (L/hr) 800 mL in 2 hourp

400 mL / hour

1. Turbidity to high to allow completion of silvegst.
2. Upon return to home there was not enough viatire filter to complete
anything but the bacteriological and silver lakises

Table 11-36: Mancotal Home 6 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before  After Before  After Before  After Before  Afte
Total Coliform + + + +
E. coli + - + -
H,S + + + +
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11.4 Mancotal: Jingtina

Jinguina is a small community also approximatelg bour from Jinotega. The community has a piped
water supply installed by Ayuda Obrada Swisse aaek Chternational that all families visited were
connected to. Seven homes were visited in thisnwanity, and four of the seven were using the filter
Of the three other homes, two had broken filtessofal5 days ago, and 3 months ago), and one entire
filter and receptacle had fallen off the countedl Broken completely. The entire community used
ceramic receptacles.

11.4.1 : Jingtina Home 2

Table 11-37: Jinglina Home 2 Survey Data

Question Response

Who collects water for the household? Father

How many times per day do you collect water? N/pepi water supply
Do you ever have to wait at the water source? Np&gwater supply
Is there always water at this source? N/A pipecewstipply
Do you think the water at this source is clean? Yes

Do you ever buy water? No

Receptacle type Ceramic

How old is the filter? 18 months

How many people use the filter regularly? Four

2 adults, 2 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter? d 2 hours
When do you drink unfiltered water? None

How do you clean the filter? Brush

How often do you clean the filter? Every 8 days
What water do you use to clean the filter? Pipetewa

What do you use the filtered water for?

Drinkingicg, cooking

What do you like about the filter?

The water isaclecold, and rich

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveay?

Private latrine, 7 meters away

What are the ages of the children who drink filteneater?

4

Have any of these children had diarrhea in thentemstth?

No
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Table 11-38: Jinglina Home 2 Vdter Quality Data

Parameter Before Filtration After Filtration
DO (mg/L) 7.1 7.0
Turbidity (NTU) 7.3 0.0
Temperature (C) 20 20
pH 7.5 7.6
Salinity (ppt) 0 0
Conductivity 1S/cm) 100 170
TDS (ppm) 50 80
Silver (ppb) CNC 0
Flow Rate (L/hr) 800 mL in 2 hourp

400 mL/hour

1. Turbidity to high to allow completion of silvegst.

All microbiological indicators were positive afted hours. A duplicate sample was collected atdités
and analyzed at CIRA-UNAN.

Table 11-39: Jinglina Home 2 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + +
E. coli + + + +
H,S + + + +
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11.4.2  Jingtina Home 5

Table 11-40: Jinglina Home 5 Survey Data

Question Response

Who collects water for the household? All membédrsausehold

How many times per day do you collect water? Wheeded

Do you ever have to wait at the water source? No

Is there always water at this source? Yes

Do you think the water at this source is clean? Yes

Do you ever buy water? No

Receptacle type Ceramic

How old is the filter? 18 months

How many people use the filter regularly? Five
4 adults, 1 child

When do you add water to the filter? When half-gmpt

How long does it take for the filter to filter?

When do you drink unfiltered water? When not in legirink whatever is
available

How do you clean the filter? Brush

How often do you clean the filter? Every three days

What water do you use to clean the filter? Filtenader

What do you use the filtered water for? Drinkingoking

What do you like about the filter? The cleanlinasd coolness of the
water

Do you wash your hands before cooking, before gatind Yes, yes, yes

after using the bathroom?

What type of latrine do you have and how far aveaiyd Private latrine, 8 meters from home

What are the ages of the children who drink filteneater? 6

Have any of these children had diarrhea in thentemstth? No

1. Could not complete }$ testing because filtered water needed for laboratuplicate testing.
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Table 11-41: Jinglina Home 5 Water Quality Data

Parameter Before Filtration After Filtration
(CNC?

DO (mg/L) 5.8

Turbidity (NTU) 2.5

Temperature (C) 21

pH 6.5

Salinity (ppt) 0.0

Conductivity 1S/cm) 130

TDS (ppm) 60

Silver (ppb) CNC

Flow Rate (L/hr) 350 mL in 1.5 hourp

230 mL / hour

1. Turbidity to high to allow completion of silvésst.
2. Upon return to home there was not enough watie filter to complete anything
but the bacteriological and silver lab tests.

Only the total coliform an&. colitests were completed here because there was noglefiaished
water upon return for the 8 test. A duplicate sample was collected at tikésad analyzed by CIRA-
UNAN.

Table 11-42: Jinglina Home 5 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + +
E. coli - - (+) (+)
H.S CNC CNC CNC CNC'
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11.4.3 Jingtiina Home 6

Table 11-43: Jinglina Home 6 Survey Data

Question

Who collects water for the household?

Response

All membénsousehold

How many times per day do you collect water? N/A

Do you ever have to wait at the water source? No

Is there always water at this source? Yes

Do you think the water at this source is clean? , ssa piped water supply
Do you ever buy water? No

Receptacle type Ceramic

How old is the filter? 18 months

How many people use the filter regularly? 10

5 adults, 5 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter?

Purs

When do you drink unfiltered water?

When not at Bpdrink whatever is
available

How do you clean the filter? With a brush
How often do you clean the filter? Every four days
What water do you use to clean the filter? Pipetewa
What do you use the filtered water for? Drinking

What do you like about the filter?

How good the evas

after using the bathroom?

Do you wash your hands before cooking, before gatind

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Private latrine, 8 meters

What are the ages of the children who drink filteneater?

13,6,5,4,3

Have any of these children had diarrhea in thentemstth?

Yes, three year old has frequent diar
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Table 11-44: Jinglina Home 6 Water Quality Data

Parameter Before Filtration  After Filtration
(CNC?

DO (mg/L) 4.6

Turbidity (NTU) 3.5

Temperature (C) 21

pH 6.5

Salinity (ppt) 0

Conductivity 1S/cm) 130

TDS (ppm) 60

Silver (ppb) CNC

Flow Rate (L/hr) 350 mL in 1:15

280 mL / hour

1. Turbidity to high to allow completion of silvésst.
2. Upon return to home there was not enough viatire filter to complete
anything but the bacteriological and silver laliges

Total coliform was positive, bi. coliremained negative at this site. A duplicate samgle collected
at this site and analyzed by CIRA-UNAN.

Table 11-45: Jinglina Home 6 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + +
E. coli - - - -
H,S CNC CNC CNC' CNC

1. Could not complete }$ testing because filtered water needed for laboratuplicate testing.
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11.4.4  Jingtina Home 7

Table 11-46: Jingiina Home 7 Survey Data

Question

Who collects water for the household?

Response

All membénsousehold

How many times per day do you collect water? Wheneecessary
Do you ever have to wait at the water source? No
Is there always water at this source? Yes

Do you think the water at this source is clean?

,égsept after rain

Do you ever buy water?

No

Receptacle type Ceramic
How old is the filter? 18 months
How many people use the filter regularly? Four

2 adults, 2 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter? bur

When do you drink unfiltered water? Never

How do you clean the filter? With a brush
How often do you clean the filter? Once per week
What water do you use to clean the filter? Pipetbwa
What do you use the filtered water for? Drinkingoking

What do you like about the filter?

Because it esacl water

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Private latrine, 8 meters

What are the ages of the children who drink filteneater?

8,6

Have any of these children had diarrhea in thentastth?

No
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Table 11-47: Jinguina Home 7 Water Quality Data

Parameter Before Filtration After Filtration
(CNCYH

DO (mg/L) 6.7

Turbidity (NTU) 3.1

Temperature (C) 21

pH 6.6

Salinity (ppt) 0

Conductivity 1S/cm) 130

TDS (ppm) 60

Silver (ppb) 0.0

Flow Rate (L/hr) 350 mL in 1.25 hours

280 mL / hour

1. Upon return to home there was not enough vimatire filter to complete
anything but the bacteriological and silver laliges

This filter removeckE. colifrom the water supply. A duplicate sample was gleted at this site and
analyzed by CIRA-UNAN.

Table 11-48: Jinglina Home 7 Microbiological Data

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + +
E. coli + - + -
H,S CNC CNC CNC CNC'

1. Could not complete }$ testing because filtered water needed for laboratuplicate testing.
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11.5 San Francisco Libre: Ios Teisos

A rope-pump well installed by the Swiss organizat@OSUDE and the Nicaraguan government
organization ENACAL is in the center of the commntyniBoth homes sampled in Los Teisos use this
well.

11.5.1 Los Teisos Home 1
The well is 100 meters away from this home.

Table 11-49: Los Teisos Home 1 Survey Data

Question Response
Who collects water for the household? GranddaugB@eyears old
How many times per day do you collect water? 2 siper day
Do you ever have to wait at the water source? Sorestl hour
Is there always water at this source? Yes
Do you think the water at this source is clean? nboknow
Do you ever buy water? No
Receptacle type Plastic
How old is the filter? 6 months
How many people use the filter regularly? Five
2 adults, 3 children
When do you add water to the filter? When half-gmpt
How long does it take for the filter to filter? d 2 hours
When do you drink unfiltered water? When not in lioene, drink whatever
is available
How do you clean the filter? Organic brush
How often do you clean the filter? Every day
What water do you use to clean the filter? Wellawat
What do you use the filtered water for? Drinkingoking
What do you like about the filter? Cleanliness #ador of the water
Do you wash your hands before cooking, before gaéind Yes, yes, yes
after using the bathroom?
What type of latrine do you have and how far aveaiyd Private latrine, 7 meters from house
What are the ages of the children who drink filteneater? 7,4,4
Have any of these children had diarrhea in thentastth? No
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Table 11-50: Los Teisos Home 1 Water Quality Data

Parameter Before Filtration  After Filtration
DO (mg/L) 5.4 7.0
Turbidity (NTU) 2.0 1.0
Temperature (C) 29 29
pH 7.4 8.3
Salinity (ppt) 0 0
Conductivity 1S/cm) 620 590
TDS (ppm) 300 390
Silver (ppb) 0 0
Flow Rate (L/hr) 1.5

The flow rate was high enough in this communitafiow for duplicate sampling upon return. As can
be seen, the duplicate is the same results agitlirad —E. coliis removed, and 4% is reduced.

Table 11-51: Los Teisos Home 1 Microbiological Dat

12 hours 24 hours 36 hours 48 hours

Before After Before After Before After Before Afte
Total Coliform + - + + + + + +
E. coli - - + - + - + -
H,S - - + - + (+) + (+)
Duplicate — P/A - + + +
Duplicate —E. coli - - - -
Duplicate — HS — - (+) (+)
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11.5.2 Los Teisos Home 2

Well is 70 meters from home.

Table 11-52: Los Teisos Home 2 Survey Data

Question Response
Who collects water for the household? Mother orgthder
How many times per day do you collect water? 2 siper day
Do you ever have to wait at the water source? Samstone to two hours
Is there always water at this source? Yes
Do you think the water at this source is clean? , Yesause it is deep
Do you ever buy water? No
Receptacle type Plastic
How old is the filter? 6 months
How many people use the filter regularly? Seven
5 adults, 2 children
When do you add water to the filter? When half-gmpt
How long does it take for the filter to filter? d 2 hours
When do you drink unfiltered water? When not at Bpdrink whatever is
available
How do you clean the filter? With a brush
How often do you clean the filter? Two times peewe
What water do you use to clean the filter? Filtenader
What do you use the filtered water for? Drinking
What do you like about the filter? Water is rich
Do you wash your hands before cooking, before gatind Yes, yes, yes
after using the bathroom?
What type of latrine do you have and how far aveay? Private latrine, 4 meters from home
What are the ages of the children who drink filieveater? 8 years, 10 months
Have any of these children had diarrhea in thentemstth? No
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Table 11-53: Los Teisos Home 2 Water Quality Data

Parameter Before Filtration  After Filtration
DO (mg/L) 6.0 6.8
Turbidity (NTU) 4.0 1.0
Temperature (C) 29 29
pH 7.4 8.3
Salinity (ppt) 0 0
Conductivity 1S/cm) 610 600
TDS (ppm) 300 300
Silver (ppb) CNC 0
Flow Rate (L/hr) 1.75

1. Turbidity to high to allow completion of silvégst.

Although this family uses the same source as tm#yan Home 1, this sample was not contaminated
with E. coliprior to filtration. This indicates that tiie coli contamination is possible from the
containers used to store water in the househditiss filter also reduced #$ bacteria — like the filter in
Home 1.

Table 11-54: Los Teisos Home 2 Microbiological Dat

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + - + + + + + +
E. coli - - - - - - - -
H.S - — + — + — + (_)
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11.6 San Francisco Libre: ILos Piches

On October 18, 2001, three homes were visited in another postiMiommunity that pipes water into
a storage container capable of holding 20,000 galfoom 3 kilometers away. Families could either
choose to be connected to the system using a &ubetd go to one of the manual wells in the
community. The system was installed by Mujer y @Gmmidad, a Nicaraguan women’s organization.

11.6.1 Los Piches Home 1

In this home were two filters (for the two familiégng in home). This family has a piped watepply
into the home.

Table 11-55: Los Piches Home 1 Survey Data

Question Response

Who collects water for the household? Whoever naedsr
How many times per day do you collect water? Wheneeeded

Do you ever have to wait at the water source? No

Is there always water at this source? Yes

Do you think the water at this source is clean? Poed system is dirty
Do you ever buy water? No

Receptacle type Plastic

How old is the filter? 6 months

How many people use the filter regularly? Eight

6 adults, 2 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter? Purs

When do you drink unfiltered water? Never

How do you clean the filter? Brush, soap
How often do you clean the filter? 1 time per week
What water do you use to clean the filter? Wellawat

What do you use the filtered water for?

Drinkingoking, juice

What do you like about the filter?

Water is clead 8avor is different

after using the bathroom?

Do you wash your hands before cooking, before gatind

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Private Latrine, 7 meters from home

What are the ages of the children who drink filteneater?

7,2

Have any of these children had diarrhea in thentastth?

No
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Table 11-56: Los Piches Home 1 Water Quality Data

Parameter Before Filtration  After Filtration
DO (mg/L) 3.8 6.8
Turbidity (NTU) 0.8 0.0
Temperature (C) 27 29
pH 7.5 8.1
Salinity (ppt) 0 0
Conductivity 1S/cm) 490 490
TDS (ppm) 240 240
Silver (ppb) 0.0 0.0
Flow Rate (L/hr) 1.75

The piped water into this household was contamedhaiéh all three microbiological indicators. This
filter removed HS, but notE. coli.

Table 11-57: Los Piches Home 1 Microbiological Dat

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + - + + + + + +
E. coli - - + + + + + +
H.S + — + — + — + —
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11.6.2 l.os Piches Home 2

This home uses the tap approximately 100 metery,gaait does not have piped water to the house.

Table 11-58: Los Piches Home 2 Survey Data

Question Response

Who collects water for the household? Mother

How many times per day do you collect water? 2 siper day

Do you ever have to wait at the water source? No

Is there always water at this source? Yes

Do you think the water at this source is clean? Wl|s are dirty

Do you ever buy water? Yes, 25 cordobas per month

Receptacle type Plastic

How old is the filter? 6 months

How many people use the filter regularly? 7
3 adults, 4 children

When do you add water to the filter? When half-gmpt

How long does it take for the filter to filter? 8urs

When do you drink unfiltered water? When not in lloene, drink whatever
is available

How do you clean the filter? With a brush

How often do you clean the filter? Every 15 days

What water do you use to clean the filter? Filtenader

What do you use the filtered water for? Drinkingm&times cooking

What do you like about the filter? Water is crystatl healthy

Do you wash your hands before cooking, before gatind Yes, yes, yes

after using the bathroom?

What type of latrine do you have and how far aveay? Private, 200 meters from home — so rnjot
use too much

What are the ages of the children who drink filteneater? 13,11,8,5

Have any of these children had diarrhea in thentemstth? In 5 year old, 2 days ago
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Table 11-59: Los Piches Home 2 Water Quality Data

Parameter Before Filtration  After Filtration
DO (mg/L) 6.3 7.0
Turbidity (NTU) 0.6 0.0
Temperature (C) 29 30
pH 7.2 8.2
Salinity (ppt) 0 0
Conductivity 1S/cm) 500 500
TDS (ppm) 250 250
Silver (ppb) 0.0 0.0
Flow Rate (L/hr) 1.75

The water from the tap was contaminated with totéiform and HS-producing bacteria, but nt
coli. However, after filtration all three microbiologicndicators were positive.

Table 11-60: Los Piches Home 2 Microbiological Dat

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform - - + + + + + +
E. coli - - - + - + - +
H>S - - + + + + T "
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11.6.3: Los Piches Home 3

This family uses a manual tap 80 meters away fitwgir home.

Table 11-61: Los Piches Home 3 Survey Data

Question Response

Who collects water for the household? Mother angyfgers
How many times per day do you collect water? 2 siper day
Do you ever have to wait at the water source? Saomet
Is there always water at this source? Almost always
Do you think the water at this source is clean? dmause she sometimes sees small
animals in it
Do you ever buy water? Yes, 25 cordobas every month
Receptacle type Plastic
How old is the filter? 6 months
How many people use the filter regularly? 8
6 adults, 2 children
When do you add water to the filter? When half-gmpt
How long does it take for the filter to filter? Purs
When do you drink unfiltered water? Never
How do you clean the filter? With water
How often do you clean the filter? Every 3 days
What water do you use to clean the filter?
What do you use the filtered water for? Drinkingoking
What do you like about the filter? Water is fresid dlavorful
Do you wash your hands before cooking, before gatind Yes, yes, yes
after using the bathroom?
What type of latrine do you have and how far aveay? Private latrine, 8 meters from home
What are the ages of the children who drink filteneater? 6,1
Have any of these children had diarrhea in thentastth? No
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Table 11-62: Los Piches Home 3 Water Quality Data

Parameter Before Filtration  After Filtration
DO (mg/L) 6.8 7.0
Turbidity (NTU) 0.5 0.8
Temperature (C) 29 29
pH 7.5 8.3
Salinity (ppt) 0 0
Conductivity 1S/cm) 490 500
TDS (ppm) 240 240
Silver (ppb) 0.0 0.0
Flow Rate (L/hr) 1.75

Like in Home 2, this tap showed contamination vtdtal coliform and HS-producing bacteria, but not
with E. coli. Unlike Homes 1 and 2 though, this filter remowadicbf the bacteria indicators.

Table 11-63: Los Piches Home 3 Microbiological Dat

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + - + - + - + -
E. coli - - - - - - - -
HZS - - + — + — + —
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11.7 San Francisco Libre: Villa Esperanza

Home in Villa Esperanza use a rope-pump well incvgter of the community for water supply. All

three homes visited used this same water source.

11.7.1  Villa Esperanza Home 1

The well is 100 meters from the home.

Table 11-64: Villa Esperanza Home 1 Survey Data

Question

Who collects water for the household?

Response

All membénsansehold

How many times per day do you collect water? 2 siper day

Do you ever have to wait at the water source? No

Is there always water at this source? Yes

Do you think the water at this source is clean? , besause MINSA tests
Do you ever buy water? No

Receptacle type Plastic

How old is the filter? 6 months

How many people use the filter regularly? 6

2 adults, 4 children

When do you add water to the filter?

When half-gmpt

How long does it take for the filter to filter?

Purs

When do you drink unfiltered water?

When not in leQuirink whatever
water is available

How do you clean the filter? With a brush
How often do you clean the filter? Every 8 days
What water do you use to clean the filter? Wellawat
What do you use the filtered water for? Drinking

What do you like about the filter?

Because the wiateot contaminated
and the children do not get sick

after using the bathroom?

Do you wash your hands before cooking, before gatind

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Private latrine, 8 meters

What are the ages of the children who drink filteneater?

15,14,12,9

Have any of these children had diarrhea in thentastth?

No
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Table 11-65: Villa Esperanza Home 2 Water QualityData

Parameter Before Filtration  After Filtration
DO (mg/L) 6.4 6.8
Turbidity (NTU) 0.0 6.0
Temperature (C) 30.5 30
Ph 7.2 8.1
Salinity (ppt) 0.0 0.0
Conductivity 1S/cm) 410 390
TDS (ppm) 200 190
Silver (ppb) 0.0 0.0
Flow Rate (L/hr) 3.5

The rope pump well water was positive for totalfoom and HS-producing bacteria, but nét coli.
Duplicate sampling with water originally in thetél was conducted here and results of the duplicate
sampling matched the duplicate sampling — indicgtirat the microbiological results are repeatable i
the same filter. In addition, duplicate samplingsveonducted here by CIRA-UNAN.

Table 11-66: Villa Esperanza Home 1 MicrobiologidaData

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before After
Total Coliform + + + + + +
E. coli - - - — — —
H,S + + + + + +
Original filtered water + + +

— Total Coliform

Original filtered water - - _

—E. coli

Original filtered water + + +

— H,S
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11.7.2  Villa Esperanza Home 2
The well is 200 meters away from the home.

Table 11-67: Villa Esperanza Home 2 Survey Data

Question Response

Who collects water for the household? Mother

How many times per day do you collect water? 3 siper day

Do you ever have to wait at the water source? Evace in a while

Is there always water at this source? Yes

Do you think the water at this source is clean? Yes

Do you ever buy water? No

Receptacle type Plastic

How old is the filter? 6 months

How many people use the filter regularly? 6
2 adults, 4 children

When do you add water to the filter? When half-gmpt

How long does it take for the filter to filter? d 2 hours

When do you drink unfiltered water? Never, excemhdand drinks whateve
there is at work

How do you clean the filter? With a brush

How often do you clean the filter? Once per week

What water do you use to clean the filter? Filtenader

What do you use the filtered water for? Drinking

What do you like about the filter? Because the wiateich and good for
health

Do you wash your hands before cooking, before gatind Yes, yes, yes

after using the bathroom?

What type of latrine do you have and how far aveaiyd Private latrine, 8 meters from home

What are the ages of the children who drink filteneater? 9,532

Have any of these children had diarrhea in thentemstth? No
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Table 11-68: Villa Esperanza Home 2 Water Qualitypata

Parameter Before Filtration  After Filtration
DO (mg/L) 5.6 7.8
Turbidity (NTU) 0.0 0.0
Temperature (C) 30 30
pH 7.3 8.2
Salinity (ppt) 0.0 0.0
Conductivity 1S/cm) 420 400
TDS (ppm) 210 200
Silver (ppb) 0.0 0.0
Flow Rate (L/hr) 3.5

The results from the rope pump well water are #maesas in home 1: positive total coliform arngbH
producing bacteria and negatizecoli. However, this filter filtered out 6-producing bacteria, both in
the original water in the filter when we arriveddeahe filtered water after we ran the filter. addition,
duplicate sampling was conducted here by CIRA-UNAN.

Table 11-69: Villa Esperanza Home 2 MicrobiologidaData

12 hours 24 hours 36 hours 48 hours

Before After Before After Before After Before Afte
Total Coliform + + + + + +
E. coli - - - — — _
HzS + — + - + —
Original filtered + + +
water — P/A
Original filtered - - —
water —E. coli
Original filtered - - —
water — HS
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11.7.3 Villa Esperanza Home 3

Table 11-70: Villa Esperanza Home 3 Survey Data

Question Response

Who collects water for the household? Mother
How many times per day do you collect water? 1 eeday
Do you ever have to wait at the water source? No
Is there always water at this source? Yes
Do you think the water at this source is clean? Yes
Do you ever buy water? No
Receptacle type Plastic
How old is the filter? 6 months
How many people use the filter regularly? 9
4 adults, 5 children
When do you add water to the filter? When empty
How long does it take for the filter to filter? Purs

When do you drink unfiltered water?

When not in tloene, drink whatever
is available

How do you clean the filter?

How often do you clean the filter? Every day
What water do you use to clean the filter? Wellerat
What do you use the filtered water for? Drinking

What do you like about the filter?

The taste of water

Do you wash your hands before cooking, before gatind
after using the bathroom?

Yes, yes, yes

What type of latrine do you have and how far aveaiyd

Do not have a latrine

What are the ages of the children who drink filteneater?

14,13,11,5,3

Have any of these children had diarrhea in thentemstth?

No
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Table 11-71: Villa Esperanza Home 3 Water Qualitypata

Parameter Before Filtration  After Filtration
DO (mg/L) 5.6 6.
Turbidity (NTU) 0.0 2.0
Temperature (C) 30.5 29.5
pH 7.4 8.5
Salinity (ppt) 0.0 0.0
Conductivity 1S/cm) 420 420
TDS (ppm) 210 210
Silver (ppb) 0.0 0.0
Flow Rate (L/hr) 1

Here, all three microbiological indicators testedifive for both before and after filtration. addition,
duplicate sampling was conducted here by CIRA-UNAN.

Table 11-72: Villa Esperanza Home 3 MicrobiologidaData

12 hours 24 hours 36 hours 48 hours
Before After Before After Before After Before Afte
Total Coliform + + + + + + + +
E. coli — — — — + +
H,S - + + + + + + +
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