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Abstract

Numerous reports by the United Nations and the Wbealth Organization have indicated a significant
worldwide problem with water pollution and accesgib to potable drinking water exists. Due to
technological and economical barriers, the problgth water pollution is particularly more serious f
under-developed and developing countries. Curretempurification systems including sand filterg-b
filters, chlorination units, solar-based systenms] alay-based filters are branded globally as ansi¢a
address this problem. However, these systems hassemted considerable limitations with their
applications including high cost and lack of auaility in rural areas. In conjunction with contimgj and
intensive worldwide efforts to address water patproblems and accessibility to potable drinking
water, researchers at lllinois Institute of Teclogyl and Tecnoldgico de Monterrey have developed
low-cost, clay-based water purification system ezhlKlaraqua for developing countries and sensitive
areas in need of clean water. Focusing on susteirddyelopment, Klaragua’'s mission is to promote
health, hygiene, and economic prosperity. Klaragaa developed taking into consideration local wate
usage issues, cultural factors, and social ecorsoringineering and economic feasibility of Klaraqua
were evaluated during initial study in rural comnti@s of Monterrey in Mexico. Results have indazht
simplicity of design, potentiality for local matatiuse, and ease of production, empower inhabitants
build, commercialize and use this system locallyie system can be easily modified to extend itstrea
beyond Mexico to provide other developing regiohthe world with potable drinking water.
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Introduction

Research studies published in 2000 by the Unitediohs and the World Health Organization
underscored the continued significant, worldwidebpem with water pollution and mortality due to
waterborne diseases. Numerous epidemiological efutiave demonstrated that improvements in water
supply and sanitation reduce the incidence of wadene diseases. The problem with water pollut®n i
more pronounced in under-developed and developingtdes due to economical factors, awareness,
hygiene, and lack of access to appropriate tecigredo On the order of 1.1 billion people in these
countries lack access to safe drinking water, addRlion people do not have access to basic atoit
(WHO/UNICEF 2000). Poor access to safe drinkingawét a major cause of diarrhea-related, the second
leading killer of children under five in most dewping and under developed countries. Improved water
supply and appropriate sanitation systems couldifgigntly contribute to the reduction of diarrhea
mortalities and improved health outcomes. Accordinthe latest WHO reports less than 10 to 20 perce
of the world’s population has access to clean wdtee development of an efficient, stable, low coud
easy to use water purification system is, therefessential for many regions and countries curyentl
suffering from health problems and increasing nitytdue to water pollution.

This paper outlines two design modifications to ¢éiésting ceramic filters. The main goal of thejpob
has been to make these types of filters more @feetdr treating polluted water, and more accetdiyl
poppulations in need of clean water. Cultural fectand social wisdom, therefore, has been consldere
strongly in re- designing filters and developmehtefiective and innovative educational programs for
their applications.

Best Available Low Cost Water Treatment Systems

The most commonly used low-cost water purificaggstems include but are not limited to: sand §lter
bio-filters, chlorination units, solar-based syste(ne. SODIS Solar Pasteurization), bottled orgedy
water, and most recently clay-based filters witld avithout colloidal silver, and Procter & Gamble’s
PUR Powder which is 100 percent drinkable if boiledseven minutes. Most water purification systems
have a variety of limitations: fragility; frequerleaning and maintenance; source of fuel; annual
replacement, inability to remove pollutants; andeotfactors that affect adoption and use on ameuti
basis.

If water purification is needed to kill bacteriaat®r must be boiled all year, which requires sigaiit
and sustained energy use that introduces othetgonsbassociated with limited supply and depletibn o
natural resources. Boiling water has other compdioa that affect its ready availability; the timeeded
to boil is 7-20 minutes and a long cool-down peili®dequired. Other issues include the need fos pmt
boil water, the affect of boiling on taste, the shder a container with a tap to store the wates,rthed for
reliable and plentiful fuel (wood or gas).

Chlorination effectively removes bacteria; butffeats taste and odor of the water and does nobvem
turbidity. It requires training, established progezs, an appropriate container with a lid and taptore
the water, purchase or transport/storage of ctdanra safe fashion, limited supply, and risks eisdéed
with children or others without training. Bottledhter is expensive and occasionally of dubious tuati
could guarantee users quality filtered water quiekid effectively, if available.

Sand filters have ben used for dacades. Thesesfiftave strict maintenance procedures, require fine
sands that cannot be found easily everywhere. Baaee an issue with sand filters as well. A caetel
process requires a container with a tap is neeulstbte the water; and chlorine to kill bacteriagRlar
cleaning is needed and the degree of acceptanearlpus populations is not studied well or dataas
clear.



Solar disinfection systems has been introducedhtlycas a mean for trating water. These systemsineq
at least four hours to purify the water in the sassuming sufficient amount of sun being availabley
also require a cooling period, and storage vdesealater. These systems however, can affect tte tf
the water. They also are not very efficient in rging the turbidity.

Clay filters are low cost filteration units thatche locally produced. These filters have potesmtialbe
utilized easily by a families. If designed propemxisting clay filters can eliminate bacteria frovater.

No fuel is needed (i.e. wood, gas, bio-fuels) f@it application, implementation is easy; no cargais
required for storage of purified water (one systeonfiguration); and equipment needed for its
production can be produced and found locally. Silthation systems can be readily equipped with a
faucet, work all year round ( if design is suffitie They alsocan be used in conjunction with other
methods to remove turbidity (1).

Ceramic water purification technology was develojpeti981 by ICAITI, an industrial research instgut

in Guatemala, and intensively promoted since 139Bditers for Peace, an NGO operating in Nicaragua
(). These filters have the potential to promotaltheand hygiene by purifying and disinfecting wete
household use in developing countries. Thesedilteive been produced and promoted in Africa, Centra
America, and Southeast Aslayt have still not been widely adopted due to do@mncial planning, and
not meeting expected quality and quantity of wateduced

The main filter elements are the container anerfithedium. The filter element is manually filledthvi
water from a contaminated source, which seeps girdloe clay at a rate of two to three liters peurho
The filtering effect of the clay eliminates a largertion of water-borne pathogens. Application thfe
colloidal silver has add on benefits and ensuraspbete bacteria removal. A study funded by USAID in
Nicaragua found that the ceramic filters can rem®&100 percent oE. coli, Cryptosporidium and
Giardia. This study however suggets that only with sigfit education household filters can both treat
water efficiently and meet drinking water standaf2ls Colloidal silver is an anti-bacterial agerithwa
wide range of application in medical practice. distheen used extensively prior to the development o
antibiotics in the 1940s and 50s(1). The amoursileér used and also leached from the filter medisi
estimated to be negligible and therefore shouldoeat health concern (1). Teaching communities toow
use and maintain filters, however, is the mostifiant element of such process.

Due to their low cost and ease of use, clay filtens provide an immediate and effective solutiotht
problem of providing safe drinking water. Strongeation, however, must be given to the Design and
Education elements of water purification prograewelving around clay-filters. If educatioand
training is not sufficient, or design is not congret theseinits will be unefficient and can not be
trusted to treat contaminated water properly. Upgoroper use, filtered water may have a poor ¢yali
and fail to meet needed water quality goals anddstals set for drinking water by the health
organizations and/or governmental agencies.

Table 1 shows a comparison made between varioubodetfor obtaining potable water in rural
communities and presented project (3, 4).



Table 1. Alternatives for obtaining drinking water in rural communities (3, 4).

Method Advantages of this technology over | Disadvantages of this technology versus our
our proposal proposal
e Technique known and e pots or recipient are needed (with lid)
accepted « affects the taste of the water
«  Water can be boiled all year « fuel needed (wood or gas) for every
Boiled Water round. boiling procedure

e turbidity not removed
» Cannot be applied by children

« Effectively removes bacteria « Affects the taste of the water

e Low cost e Set procedures must be followed
Chlorination «  Technology accepted by the «  Container required (with lid)

population e Turbidity is not removed

* Can be used at any time

e This method works in a e Does not remove pollutants
Clay filters similar way than our project. +  Fuel needed for production

without « Needs to be renewed each year

colloidal silver

Disadvantages of Clay Filters and Need for Improvernt.

Potters for Peace, which has managed many intenaatlay-based (filter) water purification progrs,

in their recent report has clearly identified the=d for cooperation among research organizatiod®an
private enterprises to introduce innovative pragebat encourage sustainable production, implertienta
and commercialization of clay filter-based waterrifization programs. Such programs could benefit
underdeveloped, and developing countries in ame(1) Guarantee clean water at affordable prioes
the poorest population in each country, (2) Assufa) project sustainability, quality control, hea
education, (b) efficient follow-up programs, and Keonitoring and evaluation of process performance,
and (3) Provide easy access to technical assestangarticipating regions, develop effective oaser
service and training programs and strong commuméiworking. Experience has shown that despite
effectiveness and ease of production, people osdyfilters for a fraction of their drinking watétilters
currently have a low flow rate, and may not be catilgle with chlorinated water sources due to
demonstrating the need for better consumer eduratioaddition to clogging and loss of silver which
commonly experienced.

Project Objectives

This paper outlines an approach for improving titgafion system by changing the design, and
developing customized training that creates broaseareness, encourages adoption on a much larger
scale and stimulates local production and support.

The main objective of this research project, thesfavas to improve water purification through £tion

as an affordable, low-tech process. Research, éocas design modification, composition change, and
enhancement of filter potentials to remove multipt#lutants. The specific project objectives, whre

(1) Improve design structure, silver life and baetgemoval capability, and capability for removing
multiple pollutants, (2) Develop and demonstrateighly modular and customizable training program
for using filters, (3) Develop business plans fagation of micro-enterprises to manufacture, andketa



clay pots in local communities, and (4) develodamgor broad implemention of micro- enterprisebeT
overall goal of project was to promote health apgiéne and behavior change.

Focusing on the technical, economic, marketing aniural factors associated with developing an
improved low-cost water filtration system projeddeessed a spectrum of issues begining with rafinin
the design to improve performance and life whilerggthening the possibilities for manufacture using
local materials and labor. An additional innovatagpect of the project is development of a training
program module, customized for various local ceéuto create awareness about the water purification
device, and thus stimulate interest, trial and &dop The project focused on spanding research,
development, design optimization, pilot manufactussting, analysis, training module development,
testing, business planning and finally implemenotati

In order to meet project objectives, researcherlliabis Institute of Technology joined forces Wit
chemical engineering faculty and students at thentietrey Tec. University , monterrey campus, in
Mexico. The research team worked closely on desmglification, business plan development and
conveyance of market research and education.

The ultimate goal of the collaboration is to adwapcoject to the stage of micro-enterprise fornmatio
Mexico using a well developed business plan arautethnology which focuses on using the improved
clay-based water filtration system.

The training module, and business plans for impletation of the filter project were developed
focusing on the need for flexibility and potentidts cusomization. According, business plan, and

educational program will be developed to the neeaghly localized populations in Mexico in need of
clean water.

Methodology

Need Identification

There are several states in Mexico, with in suffitipotable water services. Studies reportetNBGI
(Table 2) clearly indicate the need for clean watea numerous states in Mexico. Particularly, iat&s

like Veracruz or Oaxaca.

Table 2. Percentage of the population with potablevater service by state in 2003. SourcéNEGI

México (national average) 89.4
Lowest level States Highest level States
Veracruz 71.3Coahuila 99.7
Guerrero 71.Bguascalientes 99
Tabasco 71Distrito Federal 99
Oaxaca 738olima 98.3
Chiapas 77Ruevo Lebn 97.4

Design Modification

Two teams of students and faculty at IIT and MaeteiTec. participated in this project. While wordin
closely, teams were advised to approach designficatitbn for the clay-based water filters sepasatel
Following sections provides information on desigadifications performed at the Monterrey Tec. And



IIT. Both research groups concentrated on using atad the saw dust as primary medium for making
filter elements. To prepare filtration units, chags mixed with sawdust prior to shaping and formntimg
units in order to provide sufficient porosity aneleded flow rates. In order to maximize filter @#ncy

in removing bacteria, colloidal silver was appltedhe medium as a varnish.

Using what nature provides brings plenty of advgesaand even more if is a material that can bedoun
in almost at every place. Clay, therefore was $eteas primary material used to produce the Filtke
capacity for fabrication of filter units, dependa the grains, particle size, and plasticity of ¢key. Due

to the need of market, filter making was pursedggnaterials found in Mexico. Small pilot study
identified existing and locally available resourcéghe clay for this project. The most logical egpgch
was to use common surface clay which is the mash@dnt, and using clays that can be found all over
the country. Pilot study also indicated that thggkst clay deposits are located in the state ohilyo, at
the north. This clay is mainly of bentonite natu@her important deposits are in Puebla, Oaxaca,
Tlaxcala, Zacatecas and Guanajuato. Clay in thtaessis ferruginous, contains great amounts af iro
and its color changes from red ochre to blackHg]. 1 shows the main clay dregs in Mexico.

Figure 1. Location of principal clay deposits in Mgico

Silicium and aluminium are the main components @&xiMan surface clay; also the soil is rich in iron,
explaining the red color of the earthware of thgioe.

Monterrey Tec. approach

Design modification in Monterrey focused on filioat mechanism. Accordingly study focused on the
filter medium, filtration rate and surface Ioadi('rg3/min/n12), contact time, and solid loads. Following
procedure outlined by Potters for Peace, reseaditethe Monterrey Tec. used the pot shaped filters
(Fig. 2) and decided to build filter elements ambuhe PFP design. The pot shape provides a large
filtration area, and potentials to filter a high@mt of water (10 L) with a sufficient hydraulicgssure
and flow rate. However, since flow rate has a ifigant impact on the contact time needed for the
purification (time for water and filter medium torttact), its value needs to be evaluated and mmeito
carefully. The other expected advantage has bemnafgroduction for these types of filters. Pattare
expected to be familiar with these pot-shaped gietterefore they would not have great difficultrggh
building it.

A




a) Initial sketch design b) Actual form of filter
Figure 2. Monterrey Tec. Initial Filter design

In order to provide a sufficient contact time, filier configuration was used to develop a new ndde
the filter at Monterrey. This new configuration etsted of multi-stage pots (Figure 3.). The main
objective of the multi-stage filtration unit is twake sure sufficient contact is provided betwedloictal
silver and polluted water. Disadvantage of thisigle is its weight, potential for contamination,dan
breakage.

Figure 3. Filter design in Monterrey Tec.

The flow rate for a series of filters produced aoriierrey Tec. Varied between 0.25-1.5 L/hour
depending on the filter media composition (i.e.ceet of clay and saw dust). A grain analysis faycl
and sawdust was performed in order to identifyiparsize distribution and particle diameter of thes
materials. Analysis indicated a bimodal behaviorifoth clay and saw dust used in this study (Figuye
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Figure 4. Particle size distribution (differential) for a) Clay and b) Sawdust

The size of clay and sawdust is significant becaifects the pore’s dimensions. A balance should be
reached between porosity and residence time. Tiheation on the water taste is one of the social
reasons of why several cleaning methods are rejeddormal flowing water was poured into the clay



filter, already varnished with colloidal silver,dthen the filtered water was tasted, no changeslir,
odor or taste were identified.

1T approach

IIT design concentrated on production of a nevefittonfiguration and a program for its implemeiotadti
Filter designed at IIT is identified as KlarAquaglie 5 shows overall configuration of the Klaragua
Similar to Monterrey Tec., IIT design was inspiregd PFP clay-based ceramic filters. Work at IIT,
however, was focused on taking PFP design to tkeleeel providing opportunities for ceramic fileto

be used at much broader spectrum. Klaraqua is erititation system for personal or household use
which is made completely from locally available eréls. It consists of a bowl, and up to threeanéc
disks housed in a cone shaped casing. Local waiteoured in the top of the bucket; the water passes
through the three tiers of filters, and is collect the bottom of the bucket. The filtering diacs made
from clay and sawdust through a simple processahwgtlocal potter can master. These discs are then
brushed with colloidal silver, which acts as thetbaa-killing agent. Colloidal silver can be faum
many rural areas, but if it cannot be purchasedlljpca simple process of using a battery to sudpen
silver ions in solution can be used to produceTite inner casing, which holds the three filterdde the
bucket, can be made using any scrap piece of phkastivacuum formation.

I

Figure 5. Filter design and configuration at IIT.

In urban areas, industrial manufacturing technologyld be used for this portion, but in rural arga&sn

be done locally use recycled materials. The tbrees can be manipulated to meet the needs ofcifispe
community. For example, bacterial contaminants mayemoved by one filter, while the next filteryma
remove nitrates form fertilizer residues and thaalfifilter may remove bad taste and odor. This
flexibility of interchanging the discs addresses tliverse nature environmental issues throughaut th
world.

This filter has potentials to provide sufficienvwl rate and bacteria removal from contaminated ngate
Our studies indicated that disks and bowl are dapabremoving 80-100% of bacteria by only by
filtration mechanism. Silver application would pide an added value to the filter. The flow ratestigh
the disks are impacted by the disk composition @rdiguration, therefore, it has been varying betve
0.5-1 L/hour.

Filter design and associated training program dged at IIT has focused on both Effectiveness and
Education. Teaching communities on how to make,argk maintain filters have been the focus of the
project. It has become evident that the most diganit element of a successful household based water
purification program is the education and avaiigbibf a “Know How” manual. lIT Klaraqua team is
working closely with the Monterrey Tec. to devel@eeffective, and innovative educational program f
implementation of the filter project in selectetbpiareas of Mexico. Social wisdom and culturatdas



are the core of the educational program and “kncswHmaterial developemnt. The focus of this
collaboration, therefore, has been on not onlygiesiodificastion but also development of strategpes
ensure effective household usage/treatment, aedssafage of water in areas of need in Mexico. dihe
of our efforts is to ensure efficient use of fiteand treatment of contaminated water to a le\atlittcan
meet water quality standards set for drinking watehealth organizations and/or governmental agsnci
in Mexico.

Conclusion and Future Work

In continuing efforts to address global problemhwitater pollution, researchers at [IT and Monterrey
Tec. initiated a study of existing ceramic filtensd have designed two new clay-based water filfdre
proposed designs were inspired by the work of Hrlration is one of the most used techniques for
water purification. It is an economically sound gges which requires no chemicals, energy, or éégtr

to purify the water (water pressure is used to dottte water though the filter). The only required
maintenance for the designed filters is the replese of the filter element due to clogging or
deactivation. As long as the cost of the replacerfitar elements is reasonable, owning a clay dase
filter can be very inexpensive if the long termtsoare observed and compared it with other solgtion
The composition of mixture for filters, which praoks a filtrate flow that satisfies the regular wate
consumption in the rural communities of the countquld vary significantly. There has been a gjron
link between results of a pilot study conductedaieas close to the Monterrey and final design
configurations. The proposed filter shape, pot-typas suggested by potters in Mexico. Thereforsetha
on our data, we are confident that both IIT and Mmey Tec. filters can be easily produced by Mamic
local potters.

Future activities associated with this project e but is not limited to modifying filter configation,
and testing its capacity for removing other polhiséa Change in filter medium composition and
configuration calls for new tests. Example testiuide but are not limited to flow rate measuremémnits
the prototype, determination of the filter life.i#t also important to measure the quality of therid
water, in order to determine filter efficiency aedamine its potentials for meeting requirementsbyet
Mexican government agencies for drinking waters.
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