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BACKGROUND NOTE \

The results of the technological research reported in this paper are part of
o series of investigations conducted under the Technical Cooperation Agreement

signed between the Inter-Americon Developm-ent Bank (IDB) and the Central Ame-

rican Research Institute for Industry (ICAITI). The one given here refers to tech-

" nological research on "Water Purification for Human Consumption Using Small Fil-

ters". The final report was submi tted to IDB for evaluation, o -
The paper presented at the XIII Central American Congress of Sanitory ond
Environmeni.c| Engineering is based on that technological research, The original
conception for this project was prepared by present Director of ICAIT], Licenciado
Francisco- Aguirre B, (at 'th‘ct time Technical Deputy Director) for submittal to 1DB.

The research work was conducted under the supervision of Licenciado Fernando Ma-

" zariegos Anleu, Head of the Anolys-is ond Testing Division, with the close collabora-

tion of Licenciadq Julia Alicia Amado de Zeissig, of the same Division, who carried
out the field t;nd loboratory experime;ntol work,

Permission to reproduce the technological information contained in the finol
report wos granted for distribution among the participants to the Xl Central Ameri-
con Congress of Sanitary and Environmental Engineering,-in virtue of the fact that
this work received the Central Americon AIDIS Prize, on the ground that its results
could have econom?col anfl social benefits for the rural population by improving their

sanitary conditions. , e et oo e e o
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STATEMENT OF THE PROBLEM

The supply of drinking water is a fundomental aspect in the economic and
social devélopment of o'counfry. As such it should be approoched from all pos-
sible angles so as to identify proctic;ul solutions which could be adopted and sup-
ported by all agencies interested in fostering development with a maximum poten-
tial of social benefits. It is deemed a desirable long-term objective that all Central
American inhabitonts' (c;nd the world) be provided with running drinking-water in

their homes and working sites,

In each Central American country there are agencies, ministries and secre-

tariats directly engaged in development and the introduction of drinking-water systems
in rural communities. - There is full confidence that the contemploted goals would
eventyally be attained. However, the existing programmes have limited human and

M -
[

financial resources.

Consequently, 'thAere are sﬁ“l large populoﬁon.segments (especially rural) that,
becouse they are geogrophics:l!y dispersed and require relatively large investments,
lack drinking water services. |

A rural population without drin-king water services was estimated at 8.7 mil-

lion for all Central America in ]980]. Thanks to efforts of agencies engaged in the

’

| ICAITI, based on statistics of the "Comité Permonente de Sansomiento Ambiental”,
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H introduction of drinking-water services, this population is growing ot a lower
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rote than the populofion in general. Hence, eventuolly all the Central American
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population will be covered].
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While these objectives are being reached, there are ample possibilities
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_and justification for undertaking complementary efforts for drinking-water supply,
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LT especially if these are self-supporting ond at the same time fulfill other economic
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and social development goals.
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ICAITI and the developing agencies share the thought that it is prefen.:'ole

q
S ) in the long run to help those that help themselves, Therefore, the problem of iden-

tifying and developing complementary services of drinking-water supply entails the

need to solve it without requiring permaonent national or international financial sup-

e
- a port.

A third aspect of the problem is the roising of the living standards in the

Central American countries. Undoubtedly the quality of water, especially the mi-

crobiological quality, is an element of utmost importance for improving the health

conditions of the population and thus raise their quality of life.
— Therefore, the potential social benefit arising from .any developing effort is
larger on the short and medium terms if it is addressed to low-income social groups.

A fourth aspect of the problem which is worthy of mention from a holistic

standpoint concerns the present and future Underemployment stemming from the di-

i sappearance of cottage activities that require a special talent. As the agro-industrial

] At the present rates this would occur ofter the year 2020,
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»ic development advances following mainly western patterns, some typical-

ly ¢ N . .
Y Y on activities must compete with cheaper and more convenient products,

Sucl

< the cose of the earthen jars of Guatemala which are being substitued by

las
plosi, jars (lighter and more durable).

Evidently these new products offer advantages to the consumer. However,

- itisy. - - - .
" acceptable assumption that such competition hes forced potters to seek alter-~

naﬁy, . . . ot .
sccupations and in some cases the altematives represent on under-ulilization

of the : |
individual talent of the potters and result in some measure of unemployment.

In the present case, the fourth component of the project is to create new op-

porty,., . . . . . egsT e
fies which will allow a revival of the artisan activities in the Central Ame-

riCGn ,/'gion : i R ) ) R )
oo Briefly, the project attempts to: a) contribute to solve part of the problem of

drinkj,

amon

1-water supply on the short and medium terms; b) spur productive activities
g . . . | . .
Ihie low income economic sector; and c¢) contribute to a revival of artisan ac-

tivitie,
fn the region.

this is the conceptual framework of the project which gooded the present ef-

— forksa
- | towards which were oriented the long term objectives of the investigation,
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OBJECTIVES -

To the conceptual construe of the problem posed in the foregoing pages is

. added the interest shown by the Inter-American Development Bank (IDB) to obtain

a means of drinking water supply by technology tailored 1o the needs and possibili-

ties of the Area, Within the Appropriate Technology programmes the present -proiecf

was conceived with the following objectives:

i) To quontify the potential demond of filters for domestic use in Central
America,

i) To examine and evaluate pote:nHQI alternative models for making domes-
ﬁ;:: filters for water purification, ofter carrying out a preliminary evalua-
tion,

iii) To investigate and evaluate the technologies, raw materials ond materials
available for making the filters, This entails on additional refinemert of
prototypes.

iv) To evaluate the prototypes that offer the best prospects for: a) contribut~

" ing to solve the drinking-water problem in rural areos; b) being self-sup=
porting; c) fostering Tconomic activity at low income economic levels;
and d) vifolizilng the ortisan activities, This evaluation will be effected

.from the physical, microbiological and economic standpoint,

v) To select ond describe the prototype that best suit the objectives.

}
t

'\,






vi) To formulate strategies that lead to the general use of the selected
filter.
Sin;:e it is unlikely that only one type of filter would be the solution to
" all problems, firs;' rating will be given to the filter that contributes to o larger ex-

tent to solve the drinking-water problem and that do not require permanent finan-

‘cial support.

o "‘
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IDENTIFICATION AND EVALUATION OF DESIGN ALTERNATIVES

FOR A LOW COST DOMESTIC FILTER FOR DRINKING WATER

The goal of this stoge of the investigation was to determine the filter ty-

'
111‘

pe which could be best adapted to the general objectives of the project, namely:

.
¥ — . i S
a) produce a domestic filter of svitable capacity; b) in a self-supporting manner; -, ;
1 ® : o ‘ &
P X c) whose production would foster the economic activity ot low income levels, and < &
TR : 2 =
:.;;'J\'?% . ) 8
) d) foster the artisan activity. wons
L Ot
L With this purpose, and after a general review of the existing literature re- " {
. ) l !
lated to the subject, the following models which are discussed below were identified;
. . N . LI
‘ l
1. Glass filter with filtering layers of sand, gravel and charcoal. -
o . Ll
sl G. 2. Filter made of corved stone. o : - -
. - - o b } -
- : by
3. Gypsoum moulded clay filter with filtering lcyers of impregnated _'_ x
.. chorcoal,
4, Tin plate filter with filtering layers of sand, grovel and chorcoal. x - -
T 5. Lothed clay filter with a filtering candle. X~ -
6. Lathed filter with a pumice candle. ) Xo- -~
7. Lothed clay filter with charcoal. : S, N

"

8. Clay filter with filtering layers of charcoal,sand ond grovel in the < - -
upper part.
X 9. Lothed clay filter with feldspar, sowdust and colloidal silver impreg-

nation,

—_—r
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%X 10, Lathed clay filter with sand, sawdust and colloidal silver impreg-
nation,
These. ten models were evaluated on the basis of the following criteria:
a) Filtration flow
b) Bacteriological efficiency
‘c) Ease of rr;ofxufoc_;ure ’
d) Avoilobih;fy of:mofen'ol‘s

| - o
e) Final cost ,

f) Contribution to artisan activity
~n d) Ease of distribution

Since the prime objective of the project was to find an effective filter, the

bocteriological efficiency was tested first, that is, the efficacy in obtaining drinking~

waler, The criteria used were the evaluation of the disoppearance of the coliform

organisms which serve as an indicator of the bacteriological contamination of the

< -

i
o

water,

<3

4
i
J

The World Health Orgonization (WHO) esfcbli\shes standords of bacteriologi~

£

cal quality for treated waters by the method of the most probable number of Coliforms

g"ws

(MPN). The number must be below 1,0 microorganisms per 100 ml of sample., No

sample should exceed 10 MPN. In order to determine the efficiency the filters were

g

tested during @ minimum of 48 hours. If results were satisfactory the sample water

-m

having on initial count of 2 400 coliform groups was recontominated by the method

of the most probable number in 100 ml. These analyses were effected by the Standord

Lissod

T T = e T 7
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Methods for Ekominotion of Water and Woste Water, 14th Edition, 1975, (APHA-

AWWA-WPCF).

models 1, 4, 5, 6 and 8 were eliminated, as well as a variation of filter model 2

-

Results are shown in Toble 5.1. On the basis of these results, the filter

.

‘e i

€
™

monufoctured in Honduros,
- -+ The following step consisted in discarding those filters whose initial filtra=

tion flow was less than 2 liters/day. By virtue of this criteria the filter model 7 was

. . -
discarded,since its filtration rate was oryly 0.5 lnfers/dcy. u}
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After the filter model 3 was also djscarded because it is not easy to obtakjr

A variety of the filter model 2 manufactured in Guatemala and prototypes .

9 and 10 were submitted to further testing.

" charcoal in Central America unless the production is centralized.

/Lowé

ol

The guatemalon variety of filter model 2 (of carved stone) was discarded for

- the following reasons:

i) Low availability of artisans copable of carving stone filters

i)

i)

(Criterium C);

Relotive scarcity of moterials (Criterium DY);

High unit cost, $US 20.00, although the durcbility of the filter is

procticolly unlimited; from the technical viewpoint, high initial in-

vestment,

Difficult distribution (Criteritm G) because of the limited distribution

.

areas, although the high impact strength eases transportation,

f
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The remaining filters 9 and 10 were subjected to further physical and bac-
teriological tests. The results ore given in the corresponding chapter,

“Toble 5.2 shows a summary of the evoluation of the filter models carried out

at this stage of the investigation. A more detailed description of the models tested

is given in Appendix 1.
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TABLE 5.1
— l . B .
S RESULTS OF THE MICROBIOLOGICAL EVALUATION BY THE MPN METHOD OF

COLIFORMS FOR THE FILTER MODELS EXAMINED IN THE PRELIMINARY INVESTIGATION

——— Contamination Test 1 .~ Test 2 . Test 3 Recontamination

- MPN 24hr  48hr

1. Glass filter with ﬁlferi.ng layers of sand, gravel -

and charcoal, ’ . > 2 400 2 400 "2 400 2 400 2 400
2. 2.1 Filter of carved stone made in Guatemala = "5 2 400 0 . 0 0 0

2.2 Filter of carved stone made in Honduros > 2 400 0 1100 1100 1 100--
3. Gypsum moulded clay filter with filtering layers E \ | 1

of impregnated charcoal, > 1100 . 0 0o - 0 0
4, Tinplate filter with filtering layers of sand, gravel ' - : g

cnd charcoal , > 2 400 2 400 2400 . 2400 : 2 400
5. Lathed clay filter with filtering candle © > 2400 2400 - 2 400 . <1100 2 400
4. Lathed clay filter with a pumice candle > 2 400 ‘ 2 400 2 400 2 400 2 400
7. Lathed clay filter with charcoal > 2 400 0 3.63; | 1100 > 2 400

8. Clay filter with filtering layers of charcoal, sand Lo -
and gravel at the upper part .« > 2400 - 2 400 2 400 0 0

9 ond 10, These results are not included in this chle; since filters 2 and 10 were subjected to further evaluation which is described in the

corresponding Chapter,
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. Glass filter with filtering

layers of sand, gravel and
charcoal

Carved stone filter
2.1 Made in Guatemala
2.2 Made in Honduros

Gypsum moulded clay filter

with filtering loyers of im=
pregnated charcoal

Tin plate filters with filtering
layers of sand, ngvel ond char-
coal

Lathed clay filter with filtering

candle

(

s W

dod hd dad ‘w‘ e% mﬁ

L b

TABLE 5.2

ko S ] ¥
PE%B i sd k{;t 43

SUMMARY OF INITIAL EVALUATION OF THE DOMESTIC FILTER MODELS
FOR DRINKING-WATER (1980)

AvdilcEilHy ) Final

{

£ I ¥
ad e cwad Lo

the manufacture
of the candle is
difficult

. Filtration flow Bdcferlologlccl Ecse of Contribution Ease of
efficiency . manufacture of matericls ; ccost 7 - to artisan ac- distribution
’ 1/ tivity

Good . ‘Bad Filtering layers Yes for filtering High None Difficult
245 1/day must be of suitable materials; no for

size container 1
Good ' Good Only few artisans  Suitable materiols High High DIF"CJ“
8.31/day . * °  can carve this are found only in A 1' |
Good L type of material  certain areas A
8 |/day |
Good . Good . Gypsum moulding The coal used must Fair - Llow Fair
700 1 /day ' is not common in  be mineral and it

all Central Ame- is difficult to ob=

_rican areas. tain as well as the

‘ gypsum for moulds
Good "Bad Welding exper- Charcoal and tin  High Low Fair
13.9 | /day tise is needed to  plate materials

made the con- are difficult to

tainers obtain
Foir Bad Although it is a Readily available Low Large Fair
2.8 | /day pottery process, materials






34 W.»u

TR L

Sind d
E-".

6. Lathed clay filter with pumice
condle

7. Lathed clay filter with charcoal

8. Clay filter with filtering layers of
charcoal,sand and gravel

9. Lathed clay filter with feldspar,
sawdust and lmpregnchon of col~
loidal silver

10, Lothed clay filter with sand, saw-
dust ond colloidal silver impreg-
nation

b
TABLE 5.2
CONTINUATION
Filtration flow  Bacteriological Ease of - Availability Final Contribution Eace of
efficiency manufacture of materials _cost to artison ae=  distribution
, ,_1_/ tivity
Bad Bad Difficult to make  Pumice stone is Low Large Foir
0.6 | /day the lathed candle  found only in :
needed certain zones

Bad Good Easy to make Readily Low Large Eosy
0.5 1/day . ’ obtainable
Good : Bad Like No. 1 Filtering mate=.  Fair Low Fair
9.6 1/day L rials, yes ; ex= *

: cepting charcoal -
Good - Good Easy to make Most material Low Large Casy
10.8 | /day N " and incorporate readily avail '
(initial) T the material cble, except

' feldspar
Good Good Easy to make All material dre.  Low Lorge Eosy
9.3 | /day and incorporate readily availgble
(initial) the materials
i 47,“i/ /I\//U/". °

1/ Low: under US$ 10.00; fair:

between US$ 11,00 and 20.00; high: over US$ 20.00
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INVESTIGATION OF TECHNOLOGY, COSTS, RAW MATERIALS AND MATERIALS

NEEDED FOR THE PROTOTYPE SELECTED

In this Chapter are identified the available technologies for manufacturing

filter .models Nos. 9 and 10 (Lathed clay filters with sand (or feldspar), sawdust and

colloidal silver) and @ summary is given of the results of studies related to availabili-

-ty of raw materials (clays) which were conducted os part of this project.

1. Available Technology

Basically two types of technology were identified for making in Central

* America filter models 9 and 10, These are: i) artisan technology; ii) industrial tech-

- nology. Although the latter involves less potential for fostering independently the

artisan activity (ond probably less effect on income distribution), its potential for
reducing costs and sales prices could be valuable for extending the scope of the

project and for contributing to a larger extent to solve the problem of drinking~water

~ . - -~

in the region,

- In what fallows we will give a brief description of these technological levels,

1.1 .Arﬁscn level
This is labour intensive (that is, no motive power such as electricity or
fuel) and has a relatively small scale of operations (15 filters per doy or less). Its
organization is typically individual (the owner and his assistants) employing no more
1
REFERENCE CENTRE

SN .
LTV WATHR BUPRLY AND

LIRRARY
Foow o

. e
oty ATION GG
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| than five persons. Firewood is used as fuel in the kilns ond the maximum annual
g production is about 4 500 filters.
3 Table 6.1 shows a cost structure for a filter foctory at artisan level, This
‘ Table includes the necessary investment for installing a filter factory with a prod-
:‘ 'ucﬂon capacity oF>4 506 L.mits per y—e-or. " A unit p‘rice' of US$8.69-/ﬁ|ter was esti-
3@ -_ rr;;:fed- usir;g a;fisdfféchnology (1980). | ' R w};dm’) (:jif_..m'.ut
- S Ad_diﬁ9nclly, as part of the investigation, the rr;cic;r‘ pcrlf of fhe;poﬂery.
;‘"'A zones of Central America were visited with o view towords: o) determining the abi-
) _ lity of artisans to make non conventional pottery items; ond b) determining the fea-

sibility or tolerance of incorporating new materials to the clay without affecting the

monufacturing process,

The investigations showed that there was no difficulty in making clay filiers

’; 2
o

N

at the Central American artison level. It was also possible to aggregate 60% of ma-

terials associoted with clay (sand, sawdust, feldspar, infusbricl, earth, charcoal dust,

Co- . i

pulverized pumice, kaolin, etfc,), without modifying the conventional processes of

handling, puddling, lathing and baking.

.~ The investigation concluded that it is feasible to make the required designs
:3 -~ and incorporate the non conventional materials to the Central American artisan pot-
E tery.

Some difficulties were foreseen when the potter did not use a lathe or when

*‘Q ‘ he used open kilns with variable temperatures, For this reason a higher technological
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level wos selected involving the use of lathes and kilns as it is shown in the An-

':3 : . nexes to this study. ‘
:3 1.2 Industrial level
m} ' In the Central American confext the pottery activity is considered at

the "industrial level” to be a plant with a production capacity of about 150 filters/

(O

day (450 000 filters/year) which uses some mechanical equipment such os milling

0

machines and belt conveyors. Lathes would be manually operated, but the use of

some machinery increases the productivity of qualified workers which then engage

N’

only in lathing tacks,

Table 6.2 shows costs, profits and possible sale prices for an industrial type

operation. The unit price including profits was -estimated at US$6.95 (1980), that ,

thid

is, 20% lower thon the price of artisan filters by virtue of a larger productivity of

¢

E)

i

the industrial enterprise.

The fixed investmenis and working capital requirements for both technolo-

gical levels are given in Table 6,3. : . .

2. Raw materials .

An evaluation was made of the availability of raw materiols required for
i

manufacturing clay filters in large amounts in Central America, Since the main row

! :g material is clay, an assessment of clay deposits was carried out os regards quantity,

approximate size and present use.

S S o Ry T, TR —T S AT — AT T T s
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This evaluation was conducted by means of direct inspection on site and

a study of available bibliogrophy. In oddition to geological considerations, eco-

nomic criteric were also used such as occesibility, land tenure and possible cost

of extraction,

The assessment covers Guatemala, El Salvador, Honduras and Costa Rica.

An evaluation in Nicaragua was not possible owing to the conditions prevailing in

-~ that country at the time of conducting the field work.

2.1 G'enerol
In mést parts of Central America are clay deposits. However, not many
_ of these deposits are deemed suitable for pottery. There; is a lack of important lake
deposits which are >econ9micc||y the best sources for devel_opment of the pottery ac~
: tivity, both at "rhe» orﬁsor; é:nd \the industrial levels. -
Th.e ,clc’ys!czivdilcble in Central America usually come\from igneous rocks in
-which \feldspors a_n'd c;the;' minerals have been conve‘rfed to clayey minerals by the ac-
tion of roin or;d other environmental agents. These alterations in the components of
~volcanic rocks are usually sources of montmorillonite. In pottery this is preferred to
kaolinite.
Since Pre-Colu‘mbian times an artisan pottery hcsibeen developed in the area
from raw material deposits which, although scant, 'they comF/>|y with requirements for
this type of production. The Central American éloys do not Venfoil on obstacle for

manufacturing drinking water filters of an artisan level,
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- 2.2 Costa Rica i
Costa Rica is the Central American country that has the least impor~

tant pottery in;lustry. Its topography is characterized by a central structure of
high mountains compounded by a sequence of volcanoes (some times active, like
Poos, Iroz( and Arenal) whicl; slop :stee;ply towards the s'éa coast and make diffi-
cult -f-he formation of clayey deposits. The well defined river network, owi ng to
the high moisture of the zone, cannot find ;Iosed depressions where to deposit re-
sidual clayey materials, Because of the petrographycal and climatological condi-
tions, the clays formed in signiﬁcc.lnr quantities run directly to the sea or are mixed
with coarse alluvial mo;eriol (sand, gro-vél) on the river beds gf the coastal plains,

Costa Rica has fhree\ r‘eltoﬁvely important pottery p}oducﬁop»cer‘wf-res, name-~
ly:> Guaiti I, Santa Ana and COI:TOQO. There are other signiﬁcont déposifs which are
not developed as pottery production centres, :Among these we can ‘ngxenﬁon Agua
Caliente, Desamparados, Alajuelita, és.'czﬁ and Cariz (yvith cor;1mor?’c|oys) ond El

Z -~

Arenal, Desamparados and surroundings, Espanta, Juan Viﬁos and surroundings, Tierra
Blanca Cartago, Potrero ‘C:a\rrOdo and Volcon Poas and surrou-ndings (with kaolin),
A summor-y of the characteristics of the main clay deposits in Costa Rica are
shown in Tobie 6.4,
2.3 El Salvador

What follows is a summary of a report prepared by the "Centro de Inves-

tigaciones Geotécnicos (Geotechnical Research Center)], at the request of the Insti-

] -Geologisi Moauricio Retana, 1961
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tuto Salvadoreno de Fomento Industrial (Salvadorean Institute for Industrial De-
velopment - INSAFI), which comprissed 64 field visits, sampling and severol che-
mical ond physicol tests,

Among the main deposits indentified are: Hacienda San Francisco, Puerto

" de Acajutla and Depésito Miraflores, and among the least important one may men-

tion llobasco, Haciendo Son José, Rio Grande, El Pais&;nol,' Aguilares, Atmenia and

La Palma.

1

Table 6.5 gives a summary of the characteristics of the main deposits,

2.4 Guatemalo

This is the Central American country exhibiting a greater geological
diversification. The topped clay deposits are located in the Central and Southern

regions which are hiéhly populated.

The volcanic plateau which runs throughout Central America appeoss only

“in the Southern and Western part of Guatemala. Since the relief is propounced, the

vegetation is poorly distributed and the climate is violent, a strong erosion occurs
which drags the soil material including boulders.

This general conditions (;ontribute to the escarc.ify of large deposits.

The importont alluvial deposits consist of coorse conglomerate, sonds, gro-
vels and rarely cloys, which require still waters withoutond,

Suitable lﬂeposifion conditions are found in small areos,

These deposits are topped by artisan potters both for commerciol and comes-

tic use,






The chief Eostern deposits are Jolopa, San Luis Jilotepeque, Jutiopa and
Santo Catarina Mifo'. The central deposits include Santa Rosa de Limo, Chimal- -
tenango, Chinautlg, Rabinal and Purulha, and the Western deposits are in Totoni-
capan. There are other deposits in Chinoutla, Son Pedro Jocopilas and San Miguel
" Ixtahuacén,

A summary of the characteristics of the main deposits is shown in Table 6.6,

2.5 ’Ho;w'duros _ I
The morphology is favourable cn;i there are deposits in almost the en-~
tire land, The mountain ranges with different strikes, the uneven geology, and the
complex topography with intricate hydrography pemit several clay depositions. There
-ex?st‘o‘bundcymt olr;\.o‘st-clcv;sed depr-essions on wi'xich a l;iver-loke deposition type
occeurs, Siml‘JHc;neously, fhé Hondurean forest octs like a ﬁlfér which only allows
the possogé of fine material and retains the grave-l, sand and stones.
’Mos‘f of the usable clay resources of Central America are located in Hondu-
ras, The main deposits are O]ona,)Orocuino, Lo Arada, San Francisco Cholutecq,
—  Siguatepeque, Jests de Ot;ro-Mosoguorc, La Campa, Yarumela (La Paz) and the
Western part of lake Yojoq; other deposits include Santo- Rosa de Ceopan, Sonta Cruz
de Yojoa and the Northern part of Tegucigalpa.
Table 6.7 shows the characteristics of the main deposits in Honduras.
The conclusion based on the foregoing focts is that in afl the Central Ame-

rican countries studied there ore both significant clay deposits ond pottery communities.
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Pottery trodition is bigh in Guatemala, followed by Honduros, El Salvador ond
Costo Rica, The raw material is not a lmiting factor for developing the project,
but the most-appropriate technology and technological level for each case should
be defined.

A summary of results of the clay study c;re shown in Table 6.8.

3. Materials

In the preselected designs the required éomponenrs in odc’Jiﬁ0n to clay are:
a) feldspor, sowdt:sf and colloidal silver for filter No. 9; b) sawdust, sand ond col-
loidal silver for filter No. 10,

_ Although fe;ldspar is abundantly found in mixtures, it is ‘nof readily available

isolated or in sound mixtures easily identifiable which permit a systematic and control-

~

led incorporation b the manufacturing process of a filter, Therefore, the feldspar pro-

" duced by industry would have to be used. At present, a metric ton of granulated felds-

par has a factory price of about US$30 000, in the Southern coast of Guotemala.
Transportation to a pottery ct;nfre in Totonicapan would cost opproximately US$15/
t. The ironsportoti(;n cost to Jalapa would amount to about US$35.00/t. The feldspar
plants are associated or are part of the glass plonts operating in the Central American
area, However, the price and transportation cost will add obout US$0.05 to the final

cost of each filter and the situation would be complicated by the need to install ware-

houses, or to waoste resources by having to place frequent small orders which would

. resylt in increasing costs.






It was found that the river sand availability was not a limiting factor, for
this material abounds in the entire region and it.is mostly found near cloy deposits.

Likewise, sawdust is not an imporfant limiting foctor, although it is neces-
sary that the potters or filter makers assure themselves of an adequate supply by con-
tacfing one or several sawmills so os to prevent a shutdown for lack of this input.

As regards colloidol silver, thi-s is imported at present <.:f a price of US$90.00
per litre, ICAITI estoblished that it could be ;ncde in Guatemala at the Institute, who
would see it to filter manufacturers. This would have the following advantages: o)
lower costs to approximately US$60.00/litre; b) keep ICAITI directly and permanen~-

tly involved in the project; c) yield profits which would allow financing the quality

control programme for the filters and indirectly fostering the use of the filters.






TABLE 6.1

- COSTS, INVESTMENTS AND POSSIBLE SALE PRICES FOR AN ARTISAN
PRODUCTION OF FILTERS FOR DRINKING-WATER (US$)

1. “Possesion Costs e - Us$
1.1 Insuronce and taxes 1243
1.2 Interest o T ] 1600
1.3 Depreciation . - 2133
.- L : o . 4976
2. Service Costs !
2,1 Water and Electricity 350
2,2 Fuel (firewood) 2660 -
2.3 Maintenance . ‘ .- ] 350
: ' 3360
3. Operating Costs
3.1 Manogement and Supervision . . 6000
3.2 Quolified Labour : ) 6000
3.3 Non Qualified Labour 3000
3.4 Fringe Benefits - P 2700
o Y - ‘ 17700
. 4, Row Materials and Auxiliary Materials
4,1 Mud s _ 700
4,2 Sand . : 550
- 4.3 Sowdust . - - _ 125
4.4 Colloidal Silver _ ‘ : 3240
o 4615
5. Other Costs
5.1 Sale Cost g | 3525

5.2 Incidentals o . 340
: 3865
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TABLE 6.1

CONTINUATION

Total Cost

Unit Cost

6. Profits

6.1 Profits of the Artisan-Entrepreneur

TOTAL COST + PROFITS

UNIT PRICE

uss

" 34516

US$7.63

4598

4598

39114

US$8.69
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TABLE 6.2

COSTS AND POSSIBLE SALE PRICES FOR AN INDUSTRIAL PRODUCTION
OF FILTERS FOR DRINKING~WATER (US$)

1, Possesion Costs uUss$
. 1.1 Insurance ond taxes- - . . - 9283

1.2 Interest © 9080

1.3 Depreciation _ 11000

29363

2. Service Costs

2.1 Water ond Electricity : 1000

2.2 Fuel (firewood) - 26600
2.3 Mointenance 3300
‘ 30900

3. Operating Costs

3.1 Management and Supervision 22500

3.2 Qualified Labour . 45000
3.3 Non Qualified Labour ) 22500
3.4 Fringe Benefits 20250

110250

4. Raw Materials and Auxiliary Materials

4.1 Mud . 7000
4.2 Sand ) 5500
4.3 Sawdust 1250

4,4 Colloidal!Silver 32400

46150







TABLE 6.2

CONTINUATION
5. Other Costs -
51 SaleCost - - 26206
5.2 Distribution and Packing Costs ) 18000
5.3 Incidentals ) . T 6650
] ‘ ‘ 50856
TOTAL COST - 267519
UNIT COST US $5.94
6. Profits
6.1 Investor Profits = - - - 45400
L S o 45400
TOTAL COST + PROFITS ) 312919
" UNIT PRICE ‘ : US $6.95
f
~L‘ VoaMAL REFERRNCE CENTRE

U L Y WATER SUPRLY AND
sanlre ON {IRGY
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_ TABLE 6.3

INVESTMENT REQUIREMENTS FOR DIFFERENT TECHNOLOGICAL LEVELS
. - Thousond US$ -

A, Fixed Investments

] " ltem o :' : 'Investmenf» in thousand USS$

_\_ﬂj‘ ’ h A;i-s;a-n " Industrict

o L - . . - 45000/ S - 45000 0/u
i Lond L | 20 a 12.0
) Buildings _ 150 900
= Yards and Civil Works 50 . 20,0
Auxiliary Installations, Water : L ) )

ond Electricity L 2.0 ‘ - . 10,0

| Lothes : 1.5 ) : ‘ ' \5.0 _
I | Kilns - s . 10,0
 Miscellancous 50 : - 18.0
:3* SUB-TOTAL 32.0 R 165.0
s ‘__B. Working Capital 8.0 62.0
| TOTAL g 400 - - 227.0

L34 L
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: | " TABLE 6.5
. EL SALVADOR: CHARACTERISTICS OF THE MAIN CLAY DEPOSITS
Location | Approximate Size Access Ease of Quality Pottery
of Deposit : Extraction Development
1. Hocienda Son Francisco, Department 20 000 - Good . " High Yes
of Cabaiias, Southeast of llobasce - ‘
2. Port of Acajutlo, Department of Son-
sonate -~ 52 500 Good High Yes
3. Miraflores Deposit, Departments of :
San Miguel and La Unién ' 1 400 000 Good . High Yes
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TABLE 6.6 |
(.I“vUATEMALA N(’.Z'HARACTERISTICS OF THE MAIN lC.ZLAY \DEPOSITS
Location Approximate Size Access Ease of QuclilLy Pottery |
of Deposit Extraction Developmen'® .
1. Jalapa * 300 000 Good High Good Yes' |
2. San Luis Jilofepe'que (30 km East of Jclc.pu) . 2 000 Poor Low Low Yes
3. Jutiapo — | 2 000 000 Good High - Good Yes
4, Santa Catarina Mita 150 000 ' Good High Good Yes
5. Santa Rosa de Lima | Good Fair Poor No
6. “Chimaltenango 1 600 000 Good Good - Low Ne
7. Chinautlo | Good Fair High Yes
_ 8. Rabinal 4 000 000 . Good Poor High Yes
9. Purulha 100 000 Good High High N
10, Totonicopén 1 000 000 Good High High- vis

Source: ICAITI
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1 . TABLE 6.8

: CENTRAL AMERICA: QUALIFICATION OF THE MAIN CLAY DEPOSITS
4 , IN EACH COUNTRY :

o - Costa Rico
: \ Guaitil , x
= Santa’ Ana o _ X
s ) Cartago ' L :
. El Salvedor
j Aguilares . . X
Hacienda San Francisco ) . X
= . Puerto Acajutla o ‘ X
E ) Miraflores-El Carmen » ’ . X
Guatemala :
w'} ) ) Son Luis Jilotepeque X-
- : Jalapa X
Jutiapa X
N’E Sonta Catarina Mita © X
o Rabinal . _ X
' ) Purulha : ] o o : X
o (0 — Totonicapdn S R x
Honduras
L-;x\ ) — Ojojona : » X
v | Orocuina o -X
La Arada I X
s San Francisco Choluteca '
E . Siguatepeque X ’
é JesUs de Otoro-Masaguara )
;‘3 Lo Compa x
; . ' Yarumelo g X

j 1 A: Excellent
EM' B: Good
.

!

i

C: Acceptable
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TABLE 6.7

HONDURAS: CHARACTERISTICS OF THE MAIN CLAY DEPOSITS

{

}

¢

Location Approximate Size ‘ Access . Eose of Quality Pottary
of Deposit \ Extroction Deveisnn

1. Ojonag, 30 km South of Tegucigalpa 50 000 Good High Good N
2. Orocuing, 30 km Southeast of Choluteca 5 C00 Good Fair Goed Yos
3. La Arada . 2000 Good' Bad Goed
4, San Francisco, 35 km Northeast of Choluteca 2 500 Fair Fair Foir o
5. Siguatepeque | I] 000 Good High Gocd
6, Jesis de Otoro MoscguT:ro - - - - N
7. Lo Campa o _ | 50 000 ~ Bad ' High High Yot
8. Yorumela 5 000 Good . High. High Yoo
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VARIATION BETWEEN COST OF PRODUCT AND PRICE OF SILVER
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US$/Kg 733
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Price of Silver
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EVALUATION OF PROTOTYPES

15% On the basis of analysis of the possible filter models and the technolegy,

. raw moterials c;nd materials available in Central America for their manufacture, a

- detailed ossessment of the models thot offered the best possibilities of ochieving the

::3 @ goals of the project was made, The selected filters were: thelothed clay filter
.. with feldspar,sand and colloidal s.ilver impregnation (mode-l 9) and the lothed clay

filter with sand, sawdust, and colloidal silver impregnation (model 10).

4y 1. Evaluation Methodology

—

Nine different variants of filter model 10 and 2 different variants of model

ig,‘.‘x ; i

9 were made with a view towards refining the previous identified prototypes. These

Tia

variants are summarized in Table 7.1.

’
[{

The different variants permit the following observations: i) the tolerance of

el

the filters to contain different proportions of clay, sand (or feldspar) and sowdust,

Mead
®

taking into account that artisan work with a larger margin of error than industrialists;

-

i1 ) the tolerance of filters for sawdust of different origin; iii) the advontoges or dis-

advantages of impregnating the filtering elements using o brush instead of simply cd-

N

ding the colloidal silver to the first water filtrate, stir and let impregnotion take
ploce; iv) the influence of the colloidal silver concentration on the bacteriostatic
R 1

efficiency of the filter,

scod  Mucad  daead

Two basic criteria were taken into occount for the evaluction: 1) the filter

)

,.
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efficiency to retain microorganisms; ii) the rate of filtration,

This evaluation was conducted firstly on the total of filters subjected to
test, then comparatively on model 9 and 10, and finally on each of the variants
(combinations) examined.

The standard of comparison for estoblishing the filters efficiency in mi- ,
croorgonisms retention was the "International Standard for Drinking-Water".
This Standard specifies that "In 90% of the samples examined throughout any year,
coliform bacteria shall not be detected or the MPN index of coliform microorganisms
shall be less than 1.0. None of the samples shall have an MPN index of coliform
bacterio in cxcess of 10,

An MPN index of 8-10 should not occur in consecutive semples., With the

examination of five 10-ml portions of a sample, this would preclude three of the five

10-ml portion (on MPN index of 9.2) being positive in consecutive somples.”

Regarding the rate of filtration, the criterio adopted was to discard those
filter voriants with an overage rate below 2 litres/day or those having in 365 days
o rate of filtration lower than two litres/day.

The analysis was conducted os follows:

1. The formula for making each model /filter voriant wos given to an artisan potter
(see Table 7.1).

2. Such model /variont was impregnated with colloidal silver of 3.2% Ag at different

concentrations by different methods.

Q
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A source of water with on average contamination of 390 coliforms was identi-
fied ond onalysed by the MPN method (s = 415).

The filters vere placed on wooden scafolds which supported them by the upper
port ond mode eosier the filling, the measure of the rate of filtration and san ple
taking for microbiological analysis (Figure 7.1).

0
The filters were filled with contominated water and samples were toking during

!

3 to 10 month periods. ‘;
Somples were analysed by the most ;;roboble number of coliforms (MPN) and a
record was kept of the total accumulated filtration and the daily rete of filtra-

tion.

Filling of the filters was continued accoiding to the need.

Upon completion of the first analyses, it was noted that the first 1-2 scmples

token from a filter were frequently contaminated. Of the 51 filters on observation,

21

(41%) showed contamination in the first sample, and of the 48 contaminated sam~

ples, 29 (60%) occurred in the first sample or in the first and second consecutive

samples.

Analysis of the handling and manufacturing process of the filtering element

showed that it wos contominated when new and, therefore, it was concluded that:

i) it wos recommendoble that ofter the baking cnd cooling the filter element should

be placed in o plastic bag which must be sealed by a simple methed; ii) as an ad-

N O .
ditional precoution, the handling instructions of the filter should stipulate that the
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woter should be discarded during the first filtration day so as to eliminate the con-
taminaticn inherent in the manufacturing ond handling of on artisan filter.

For purposes of analyses it wos decided to discard the contaminated sam-
ples in the first filtrote or in the first and second consecutively. This is deemed
reasonable in view of the foregoing considerations, '

2. Results of the physical and microbiological evaluation
g

The general results by filter model ond by variant within the same model
are given in whot follows,
2.1 General resulis of evaluation
In general, the filters .in study (51 in total) showed a satisfactory ef-
ficiency with respect to microorganisms retention. Of the 302 samples analysed
only 6.3% reached coliform levels over 1 by the MPN method . In eight coses the
coliform content exceeded 10, but it was concluded that the contamination stemmed
from manual handling of the filtering element during sampling. The taking of sam-
ples required a slight tilting of the filter and in some coses the filtering element
vas ocgidenfolly touched (see Figure 7.1). None of the filters whose somples re-
corded coliform vdues over 10 showed contamination in subsequent samples or a
consistently high contemination in comparison with other filters (variance onalyses
indicated a low probability (57.7%) thot the group averoges were different).
Therefore, the conclusion was drawn that contamination over 10 was ac-

cidental and caused by the sampling method. This indicates: 1) the need fo os-
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certoin that the user refrains from handling the filtering element during its useful

- life; 2) the omniprese-nce of contamination in the environment and the health

:} hazards involved (mainly in the rural orea at a low social and economic level) in~

— dependently of the ovailability of drinking-water. Usage of the filter must be ac~
1

o companied by sanitary and hygienic proctices in order to moximize the potential

“‘; - benefits to health,

«.. The analyzed filters showd in general an adequate rate of filtration. The
< daily O\Ie;oge filtrate during a total of 7726 days /filter was 2.11 litres/day. On
_: ) the other hand, the avercge daily rate of filtration ot 72 days of life of the filters
-3 wos 2,62 liires/doy and o projection to 365 doys indicates o rate of 2.14 |itres/doy

§
- for the model filters 9, and 1.97 litres /day for the model! filters 10,
M
-4 . Since the goal was to produce ?'r least 2 litres per day of drinking-water,
73 the varieties that offer the highest daily rates of filtration must be selected. Like-

wise, the varieties of filters with the best bacteriological choracteristics will be
‘;'. selected, -
AL 2.2 Comparative Evaluation of Filter Models 9 and 10
) - In order to evalucte as a first opproximation whather wes a significant
difference between filter models 9 and 10, o comparison of the microbiologica! be-
hovi\our (coliforms refention) wos made, as well as the rate of filtrotion of two va-
rieties of filter 9 coupled with variants of filter 10, which were the most similar

. -0 .
os rege'ds formulation. Numbers 2 and 3 of Figure 7.1 were first compared and

—

then nunber 1 ond 4.

}
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Toble 7.2 shows a comparison between the results of the microbiologicel
ono—lyses on filters Nos. 3 (models ? and 2 (model 10)). Note the sporadic (cnd
some times initial) nature of contom%noﬁons. A varionce analysis shows no signi-
ficant difference between the models (F = 1.116 and P () = 0.36; a significont
effect would obtain if P (F) 2 0.95). )

When no significant effect wos found between models 9 and 10 from tohe
microbiological standpoint, experiments were conducted to establish if a chenze
in the sawdust origin in filters 9 caused some different behaviour or if this charze
in the mixture did not affect the results, Fo:' this purpose filiers 9 (No. 4) ond fi-
ter 10 (No. 2) were compared {variant No, 3 contained conacaste sawdust instsca
of pine sawdust).

Table 7.3 shows the results of microbiological analyses of filters 9-4 and
10-2, Note the presence of contaminated samples at the >stcrt of operating the
filters; this suggest discarding the first filtrations and protecting the filtering ele-
ment. No significant difference were found between the biological behaviour of
filters 2 ond 10 as the type of sawdust was altered (F = 1,105; P (F) = 0,371).

The second important aspect in filter evaluation was the rate of filtrcticn,
In order to determine if there wos difference between the models. @ and 10, voriont
Nos. 3 ond 2 were compared again, but this time os o parameter the daily rote of
filtration measured in litres/day vas taken,

The results of analyses are summarized in Table 7.4, Observe the snucll

decreose of the rates of filtration with time, Variance analyses indicoted no s'5-

I PSR VAP RY ¢ Y

L aar B o 2 2






r
E "

45

nificant difference be.fween the rates of filtration (F = 0.551; P (F) = 0.77). How-
ever, the coefficient P (F) was close enough to fh'e accepted differential value
(0.95) as to warront a more specific analysis,

At o glonce it was noted that model filters 10 dropped to lower filtration
levels/day thon the model filters 9. In order to control this difference the filtration
rates on the lost observation day vere compared. On the avercge these were 2.3
Iifres/doy_ for model 9 and 2.0 litres/day for model 10. Comparison of these ave-
reges gave very signficant results (t = 8, df = 2;, = 0,0074).

Therefore, it was concluded that the rate of filtration of models 9 decreased
at a slower pace and thus the drinking-water yields are higher (0.3 litres/dcy at
275 doys) than those of model filters 10, This difference seemsto be stable during
a period between 230 and 275 days of life of the fiiter (Table 7.4).

: j

In summary, there is no significant difference between the bacteriolegical
efficiency of filters 9 and 10, or between the average rates of total filtration dur-
ing the first 290 days of life of the filters; however, the rates of filtration of fil-
ters 9 d=crease at a slower pace, that is, fheyl sustain a higher filtration rote with

’—ﬁme (0.3 litres/day over filters 10 at 275 days).
2.3 Evcluotizh:»n of the Most Favourable Design Alternarives
From the standpoint of project implemeniction, it is imporiant to os-

certain the effect of modifying the basic design of the filters, so cs to give a mar-

gin of sofety to the aifsans both in the composition of the filiering element (namely,
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proportions of clay, sand and sawdust in models 10, or clay, feldspar ond sawdust
in model 9) and the origin of materiols (sawdust), the manner of application, and
the concentration of the colloidal silver solution.

A series .of experiments and analyses were carried out for this purpose and
the results are given below, - 0

2.3.1 Proportions of the mixture of sand, sawdust and clay
The physical and microbio]oglicol fes;fs of model filters 10 were com-

pared with different composition of sand, clay and sawdust. One filter (No. 7)
contained 70% clay, 18% sand and 12% sowdust; this could be considered a clayey
filter. The other (No, 8) had 55% clay, 46% sand ond 5% sawdust; this was o sandy
filter,

Results are shown in Table 7.5, No significant difference was detected be-
tween the microbiological behaviour of a sandy ﬁlfef and a clayey filter (F = 0.57;
P (F) = 0.78). An apparent margin of 12% exists in the proportion of clay; 38% in
the proportion of sond and 41% in the proportion of sawdust, keeping always in mind
H:ne inferdependence between the three components,

As regards physical behaviour (Table 7.6), it is also cl’ear that there is no
difference both in the total average filtration and the filtration variation with time.

2,3.2 Type of sawdust
In section 2.2 it was indicated that there was no difference between

using conacaste sawdust and pine sowdust in manufocturing the filters.  That eval-
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vation covered only the microbiological aspects, Now the effect of the type
of sawdust on the total average rate of filtration o-nd the finol rate, that is, the
last one observed, will be analysed,

For this purpose filters 9, 3 and 4 will be compared again. Model 9.3
(with pine sawdust) showled o realtively higher overage rate of filtration, 2.46

. litres/day, compared with 2,39 litres/day for the filter made with conacaste saw-

. dust (model 9.4). However, this difference was not very significant(P (F) = 0.69)

{see Table 7.7).

Neveriheless, this slight difference becomes larger if one corsiders that
the conacaste sowdust impart to the water a colour and odour sui generis, especial~-
ly during the first filtrations, Thus, the use of sawdust from soft woods (pine, cy-
press) will be recommeded whenever it is possible,

2.3.3 Concentration of the colloidal s'ilver solution
Colloidal silver (at 3.2% Ag) is one of the most expensive inputs in
manufacturing the filters, It is also the most important, for without it contomina-
tion levels cannot be reduced to the desired levels. Hence, different concentration
) o;colloidcl silver in solution were tried so os to optimize uﬁlizcﬁon.

Maoximum levels of 18.3ml of colloidal silver at 3.2% Ag in 200 ml of wo-
ter and minimum levels of 6,1 m1/200 ml were tried, Results were parodoxical, since

the filters with the simple solution proved to be the most effective. This filter

shadyed an average contamination of 2.33 coliforms by the MPN method, whereos

those of the filter with triplesolution had 3.42 (difference of 1.04 significative to

a = 0.33).
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However, upon examination of Table 7.8 it was ascertained that such
difference was produced by accidental contamination of the filters, hen .« there
was no significant difference between both groups.

2,3.4 Impregnation method
When the use of colloidal silver was decided the first tests were made
0pp!yiné the solution with a sponge or o brush. Afterwards a simpler system wos
designed, which consisted in dissolving the colloidal silver in the first filtrate batch,
that is, simply adding the colloidal soluﬁqn to the filtering container ofter the warer,
then letting the water to be filtered, sﬁrri'ng occasionally with a clean instrument,
This first batch was then filtered cgain.

In order to establish whether this procedure was as effective as the traditio-
nal method on experiment was conducted whereby the only variation in the filters
was the impregnation method, Two ﬁlte-rs of model 10 wei'fe made and impregnated
by brush (model 10.1) and four filters impregnoted by the solution method. Results
. are summarized in Table 7.9. Clearly, the application method has no significont

e.ffecfs on the bacteriological efficiency of the filters, However, it was noted that
J ;P;e solution method tends to increase the colloidal silver contentration in the low- ‘
er paris of the filtering element, Consequently, the brush method is recommended

because it is more uniform, even though results obtained are equally satisfactory

with both methods.
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3. Economic Evaluation

_In this section models 9 and 10 are compared with respect to their eco-

nomic efficiency, ond the entire programme at national level is evoluated.

3.1 Economic comparison between model filters 9 and 10

According to estimates made in Chopter 2,'the cost of model filter
10 was US$7.63/unit, whereas the cost of a filter 9 wos calculated to be US$7.70/
unit, including the cost and transportation of feldspar to the pottery centres
(US$0.07). Figure 7.1 shows the daily rate of filtration for model filters 10, ond
Figure 7.2 give those of model 9. The equotion is: Y= 1.78+20.23 ; w.here,

X
Y, . = rate of filtration/day of model 10 and X = days, is the relation which best

10
suits the experimental data, and the equation Yg is the one that best fits the data

for mode! 9.

The odditional benefits of filter ? (expressed in litres) are given by:

365 365
-0.12
Yin=1.78 +20.23 - Y, =4.20 X
10 == 9
) X
0 0

which is equal to: 649.7 - 755.2= - 105.5 litres in 365 days.

According to colculations, filter No. 9 yields annually 105.5 litres more
than filter No.10. Experimentally, this diffeience was 107,9 lifres in 290 days, but
the theorelicol value is used because it reduces fluctuation effects and sampling

errors among the filters,

NN e e e e e e
—






50

Assuming thot an inhabitant in the Central America rural area is willing

to pay US$7.50 for o model filter 10 whose useful life is one year, he is implicitly

paying US5$0.011544 (US$7.50/649.7) for each litre of filtered water.
Consequently, the 105.5 additional litres produced by model 9 render a
net beneﬁtoof US$1.22 per filter per year versus and additional investment of on-

ly US$0.07. Thus, even though the use of feldspar would double or triple the costs,

.; on the long run the benefits would be greater, If the usage level of the filters
l . k

¢ stonds at 350 000 filters/year, the additional benefit obtained from model 9 amounts
E ) to USS$426 254 /year, in com-porison with an: additional cost of only USS24 500, that
Il is US$400 000 net, a significant figure,
| In economic terms, the use of filter No. 9 is recommended, seeking the
: ways to solve the problem of obtention and distribution of feldspar,

3.-2 National Evclucﬁor;
. From the economic standpoint, the chief benefits are: 1) fostering

l } the economic activity among the low income segments, and 2) revitalization of

<

the ortisan activities.
) — Only the second item is quentified. For this purpose Htu‘a difference between

salaries paid for qualified labour in pottery (US$250/month) ond what a potter

would earn in alternative occupations (US$150/month) wos calculated, This ren-

ders o benefit of USS$0.78/filter o;ving to a better utilization of human resouices,

To this are added the potter profits cvehis salary os manoger-supervisor of the ope-

rations (USS1.02 /ffilter), which gives a total of USSI.80/filter os a net benefit.

e e —— e e,
e ————e

—————— e e s .

B e






erern oed

s R |

i

5}

These net benefits compored with the project costs are summarized in
Table 7.10, Since the project is self-supporting there are no costs, in addition
to those of prometion, from 1982, The up-dated v-clue of benefits is U558.5 mil-
lion in 20 years, which compares favourably with the up~dated national costs
(US$2.152 million and B/C = 3.95) in case (1), ond USS3.461 million, B/f = 2.48
in cose (2). The cost flow assumes all investment and development expenses in-
cluding the cooperotion of the institutions involved and an initial promotion in-
vestment of USS100000/country, which would drop to US$50 000 the second year
ond to US$25 000 from the fh'ird yedr in case (1), end in case (2) this amount stays

at USS$50 000, This amount would be invested by the regional goverments in in-

-corporating the filters to their existing programmes of promotion of rural heolth,

All other benefits resulting from a redistribution of income, health and

sanitary conditions, etc., would be additional to those quantified in Table 7.10,

" and would consolidate the soundness of the project,






TABLE 7,1

VARIANTS OF EVALUATED FILTERS 2 AND 10

No. Model Number %A %R? %FS %S TS né S/
] 10 2 61 35 0 4 ‘P 8 10
2 ¢ 0 4 61 35 0 4 P S e
3 % 3 57 Q 32 11 P S 10
4 9 3 62 0 34 4 CcO S 10
5 10 3 71 19 0 10 Cl S 10
6 10 4 83 Q. 0 17 P S ool
7 10 5 70 18 0 12 P S 6,1
3 \ 10 10 55 40 0 5 P S 6.1
9 10 3 55 40 0 5 P S 12.2
10 10 2_ 55 40 0 5 P S 12,3
11 10 4 55 40 0 5 P B 12,2
1 Clay % Tn the composition of the filtering element 5 Type of sawdust, P=pine; CO = Conacaste; Cl = Cypress

2 Sond 9o in the composition of the filtering element 6 Type of impregnation, B = brush; § = filtered solution

3 Feldsper % in the composition of the filtering element 7 Sol = solution concentration in ml of Ag at 3.2% dissolved

4 Scwidust % in the composition of the filtering element in 200-250 ml of water, in the case of impregnation by brush

and in entire filtering-container in cases of impregnc ion by

filtered solution,
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TABLE 7.2

COMPARISON BETWEEN RESULTS CF MICROBIOLOGICAL ANALYSES OF
MODEL FILTERS 9 (No. 3) AND 10 (No. 2)

Source: ICAITI . @)

R e S U I

Model 9 (Number 3) _ Mode! 10 (Number 2)
— 0
3.1 3.2 3.3 2.1 2.2 2.3 2.4
Ry 0 0 0 0 0 0
{ 0 0 0 o 3.6 0 9.1
) 0 0 2 o 0 0 43
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
. 0 0 0 0 0 0 0
® 0 0 3.6 0 e 0 0
( .
) 0 0 273 1/23 4 0 5.79
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TABLE 7.3

COMPARISON BETWEEN MICROBIOLOGICAL ANALYSES OF FILTERS
9 (No. 4: CONACASTE SAWDUST) AND FILTER 10 (No. 2: PINE SAWDUST)

F = 1.105; P (F) = 0.371

Source: ICAIT}

Model @ (Conacaste No, 4) — Model 10 (Pin; No. 2)
@ Al A2 43 21 _2.2 2.3 24
9.1 9.1 0 2 0 0 0
() 0 0 0 9,1 3.6 0 9.1
0 0 0 0 0 0 43
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
) 0 0 0 0 0 0 0
'L 0 - 0 0 0 0 0 0
g 1.01 1,01 0.0 123 0.4 0.00 5.79
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TABLE 7.4

COMPARISON BETWEEN RATES OF FILTRATION OF FILTERS 9 AND 10
(VARIANTS 3 AND 2)

Rate of filtration, litres per day
Age of filters Model 9 -3 Model 10 - 2
(days) R 3.2 3.3 2.1 2.2 2.3 2.4
15 3.5 3.8 35 3.5 5.5 5.5 3.8
38 - 2.9 2.9 2.8 2.9 4.0 3.7 2.8
95 2.8 2.8 27 27 3.1 2.8 2.4
140 2.7 2.8 27 26 2.7 2.6 2.4
187 2.5 2.6 2.5 2.3 2.4 2.3 2.1
229 2.3 2.4 2.3 2.1 2.1 2.1 1.9
241 2.3 2.5 23 21 22 2.0 1.9
261 23 2.3 2.3 2.1 2.1 2.0 1.9
275 2.3 2.3 2.3 2.1 2.0 2.0 1.8
365 2.14 214 214 1,97 .97 LS7 197
_ x= 2.6 27 2.6 25 2.9 2.8 2.3

F = .551; P(F)=0.77
t = 4,3657; 5v; .50

]Proiected by odjusting dota of filters 9 and 10 (Figure 7.2 and 7.3).
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COMPARISON OF MICROBIOLOGICAL RESULTS BETWEEN MODEL FILTERS 10

WITH DIFFERENT PROPORTIONS OF SAND, CLAY AND SAWDUST
IN THEIR COMPOSITION

Cloyey Filters! Sandy Filters> °
7.1 7.2 7.3 7.4 7.5 8.1 8.2 8.3
{ 3.6 11 0 0 0 1 0 21
Iz 0 0 0 0 0 3.6 7.3 0
) nd° 0 0 0 0 0 0 0
0 0 0 3.6 0 0 0 0
Z 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
S<~ 72 1.8 0 .6 0 2.43 1.22 3.5
® F = 0.567677; P (F) = 0.777
Ty —
' Model 10, No. 7
2 Model 10, No. 8
] This observotion wos eliminated owing to contamination of somple ot moment of
taking it.

Source: ICAITI
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TABLE 7.6

COMPARISON OF PATES OF FILTRAT!ION BETWEEN MODEL FILTERS 10 WITH
DIFFERENT PROPORTIONS OF SAND, CLAY AND SAWDUST IN
THEIR COMPOSITION

Clayey Filters » Sandy Filters
®7.1 7.2 73 7.4 7.5 8.1 8,2 8.3
2.06  1.94  2.06 1.94  2.17 217 2.7 2,26
1,56 1.49 .56 1.49  1.67 1,61 1.61 1.80
1.45 1,40 .45 1,40 - 1.55 1.51 1,55 1,46
.55 1.5 .55 1.46  1.62 1.46 1.51 1.5]
152 1.45 .49 141 1.63 1.45 1,49 1,49

Source: ICAITI, previous Table
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TABLE 7.7

COMPARISON BETWEEN RATES OF FILTRATION BETWEEN MODEL FILTERS 9

WITH SAWDUST FROM DIFFERENT ORIGIN
(CONACASTE AND PINE)

L

fmd tmnd beed  Cemnd

Model 9-3 oModel 9-4
- 3.1 3.2 3.3 4,1 4,2 4.3
9 2.83 2.83 2.71 2.33 2.37 2.23
¢« 2.47 2,57 . 2.47 '2.52 2.48 2.45
B ] ' H
) ) 2.33 2.43 2.33 2,45 \ 2.45 2,43
"3; 2.29 2.45 2,31 2,39 2.39 2,37
2.29 2.33 2.29 2.34 2.36 2,34
X 2.44 2,52 2.42 2.41 2.41 2,36
! <
I
) _
F = .6118; P (F) = 0.69

s i

A
LIBRARY :
e T TTNATIONAL RFFERENCE CENTRE
o - W TY V/ATER SUPPLY AND

a0 ATIGH (IRC)
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TABLE 7.8

COMPARISON OF BACTERIOLOGICAL EFFICIENCY BETWEEN FILTERS

IMPREGNATED WITH COLLOIDAL SILVER (at 3.2% Ag) AT

CONCENTRATIONS OF 6.1 ml /200 m! OF WATER AND
18.3 ml /200 m! OF WATER

Simple Solution (6.19%)

Triple Solution (18.3%)

8.1 8.2 8.3 10.1 10.2
1 0 21 23 0
3.6 7.3 0 0 n.d
0 0 0 0 15
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

X - 2.43 1.22 3.5 3.83 3.0
F = 0.135; P (F) = 0.967

et e = tan e eyt e o e et £ ——
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TABLE 7.9
} COMPARISON BETWEEN TWO VARIANTS OF FILTER 10 IMPREGNATED WITH
y COLLOIDAL SILVER BY TWO DIFFERENT METHODS
i . (BRUSH AND SOLUTION)
1 ‘
o
Impregnation by Brush -« 0 Impregnation by Solution
} 1.1 1.2 2,1 2.2 2.3 2.4
@ 0 0 2 : 0 0 0
T 0 n.d 9.1 3.6 0 9.1
o .
b)) 43 0 0 0 0 43
: 0 0 0- 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
| 0 0 0 0 0 0
) 0 0 0 0 0 0
® 0 0 0 0 0 0
X 4.78 0 1.23 A 0 5.79

A

F = 0.82405; P (F) = 0,538
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TABLE 7.10

NATIONAL EVALUATION OF MANUFACTURE OF-ARTISAN FILTERS FOR

DRINKING-WATER (IN THOUSAND -OF US$ IN 1980)

e o e —eas o SR ewmas —mmno e e S e Toeee - -

Year Costs (1) Cos'ts (2) Benefits

: 1980 100 100 -

® 1981 500 500 -
1982 250 250 659.2
1983 125 250 675.7
{ 1984 125 250 692.6
) 1985 125 250 709.9
1986 125 250 727.7
1987 125 : 250 745.9
1988 125 250 764.5
1989 125 250 783.6
1990 125 250 803.2
1991 125 250 823.3
1992 125 250 843.9
1993 125 250 865.0
1994 125 250 886.6
1995 125 250 908,8
. 1996 125 250 931.5
. 1997 125 250 954.8
- 1998 . 125 250 978.7
1999 125 250 1003.1
2000 125 250 1028.2

)_ — —_— ' —_—
' VPN =  2152,0 VPN = 3461,2 VPN = 8530,0
B/C] = 3,95; B/c2 = 2,46
Source: ICAITI
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FIGURE 7.2

- Model Filters 10 -

Rate of-Filtration (average)

Operating Days
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DESCRIPTION OF THE FILTER MODELS THAT ARE BEST

ADAPTED TO CENTRAL AMERICAN NEEDS

@]
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DESCRIPTION OF THE FILTER MODELS THAT ARE BEST ADAPTED

TO CENTRAL AMERICAN NEEDS

The analyses and evaluotion performed indicate that filter model 9 is to
'

be promoted, except in cases in which by reosonsoof accesibility the feldspar avail-
ability is o limiting factor. In such coses the promotion of model 10 is recommended.

The model filter 9 is a filter compounded of three parts: 1) a eylindrical
clay container of opproximately 40 cm height, 28 cm diometer ond walls with an
avercge thickness of 1 cm and having a bambu tap near the base for extracting wa-
ter; 2) a mud cover with a semiespherical Ecndle at the center; 3) an almost semi-
cylindrical filter element with maximum upper diameter of 31 ecm and a lower dia-
meter of 24 cm, an external height of 24 ¢cm and 5 e¢m rim around the entire 31 cm

|

of the upper part, Internal diameter and heigh are 21 cm and 22 cm, respectively.

The rim holds the filtering element when it is placed inside the cylindrical contai-

ner.
]
When using the filter the cover is lifted and impure water is added to the

filtering element (obout 7.2 litres capacity), then one waits a few hours until enough
filtrate fills the container in the space between the bottom of the filtering element
and the base of the container.

Then the stopper is removed and the taps is opened perpendicularly so that

the water falls vertical into the gloss, bottle or "tecomate" (a container commoSily
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used by Central American pcosants).

The filtering element of mode! 9 contoins about 55 to 65% clay, 30 to
35% granulated feldspar and 5 to 10% pine or cypres sawdust,

The total weight of the ﬁlfe\r is about 6.5 Kg oF'which nearly 55% corres~
pond to the container, 5% to the cover and 30% to the filtering element,

6.1 ml of co“oido‘l plate at 32% Ag diluted in 200 ml of pure waier
(equivalent to one glcss.) are odded to the filtering element with a sponge or brush,
After impregnation the ﬁlte; is allowed to dry for 24 hours and at the beginning it
is recommended to discard the first filtrate, for it may be contaminoted by hendling
the filter during its manufacture,

This impregnation has a useful life of one year. Afterwards, ihe filtering
element must be changed.

Reimpregnation of the element is not recommended owing to the drop in fil-
tration rates after a year of use,

.+ The model filter 10 is identical to model 9, except that the filtering element
contains river sand instead of fedlspar. Sand is more readily avaizble than feldspar,
but lif produces a lower water flow (100 litres less in one year, that is, 15% of the
total filirate of model filters 10). The proportions recommended for the filtering ele-
ments of model 10 are 55 to 70% clay, 20 to 40% sand and 5 to 10% scwdust,

The impregnation method is identical for both models,

Figure 8.1 shows a diagram of models 9 and 10 and Figure €.2 chows @ plioto-

graph.
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The use of feldspar is recommended whenever possible ond river sand when

feldspar is not obtainable,
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Two Complate Diffcrent Frototypes which Consist of Container, Filtering

Element, Cover und Tap
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ANMNEX D
DESCRIPTION OF THE FILTER MODELS COMSIDERED AS FPOSSEBILE

PROTOTYPES IIN TEHE PROIECT






[

r

L

| | hd

L.

fois ed

[

| S

L rmrered Soremicd A | 1

72

DESCRIPTION OF THE FILTER MODELS CONSIDERED AS POSSIBLE

PROTOTYPES IN THE PROJECT

1. Glass filter with filtering layers of sand, gravel and charcoal.

The filter design wos based on experiences in other parts of the world, The
container holding the filtering beds is not emphasised. Barrels like those used for

gosoline ore commonly ufilized. In the cose of the test conducted at ICAITI, a glass

1 _
(2%

container wos selected which fulfilled all requirements, namely: size, wall thic
riess, shope and a design which readily allowed placing the filtering beds ond -va-

cuating the filtrate,
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Filter made in Guotemala

J a) Excessive weight
] b) Difficult to mcke and uncommon
c) Transporiation and marketing are difficult
. - \j
] d) High cost (approximately US$20.00)
®
e
_,. Filter made gn Honduras
-1 . In addition to the foregoing reosons, microorganisms retention is in-
J s
( ) adequate,
R
J

. r r . 1
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This prototype was discorded for the following reason:

a) No microorganism retention occurred

by The preparation of filtering beds required certain technical know-

' how. It wos necessary to ascertoin the size of the filtering mote~
rials (gravel, charcod). .

¢) Troncportation and marketing is cifficult (it is nccessary to make it

‘

where it is going to be used).

2. lathed Stone Filter

Two types of these filters were studied. They were obtained in different
zones where fh‘e)‘f cre manufactured, The first was acquired in the Northern zone
of Guatemola, and the second in the Northern part of Honduras, This type of fil-
ter is mcde only in certain zones of both countries (it is not kno;ﬂn whether they
are made in Costa Rica, El Salvador and Nicaragua).

Their manufacture requires much ability, since stone blocks-generally vol-
_c.onic oggregates - must be lathed to import them an cdeguate shope. Very few per-
son engage in this type of work and they do it in zones where the materiel is avail-
cble, Its manufacture requires also a sound knowledge of the appropriate type of
rock,

In both cases the prototypes were discorded for the following reasons:
Q
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3. Gypsum Lothed Clay Filter with Filtering Loy\er mode of Impregnated Charcoal,

The design of this prototype hod its roots in the need to investigate the
retention capocity of mineral coal impregnated with colloidal silver and to explore
the feasilility of making filters by a moulding process using gypsum.

Gypsum m%ulds were made at the Arﬁs‘an Centre of llobasco, in El Salvador,
The filter was made with clay only and without any aggregate. Mineral coa! im-

pregnated with colloidal silver was used as filtering material,

|
|
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This profotype was discorded for the following reasons:
a) The filter monufocture is neither a simple operation nor a common

one in the artisan areas,

b) Mineral coal is required which is not readily available in Central
c) Some alvanced technology is required for its manufocture.
4. Tin Plote Filter with Filtering Beds of Sond, Gravel ond Charcoal

This is a variant of prototype design 1, The difference resides in investigat-

ing the feasibility of using tin plate containers made by artisans occording to a sui-

table design.

L

America and needs an adequate preparation.
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This prototype wos .discorded for the rcasons given below:
a) The manufacture of tin plote containers involve a more advanced
thechnology (welding, tin plateete.)
b) T.he manufocturing process is slow
¢) Involves the obtention of material and rew moterials thot are not

readily available,

d) Tronsportation and marketing are difficult,

5. Lathed Cloy Filter with Incorporation of a Filtering Condle of Same Materiul
The chief goal of this design was to oppreciate firstly the ability of ortisans
to make, in addition to the filter, o filtering candle like the one manufuctured in-
dustrially, and also to obtain a larger filtering surface. Both the filter and candle
were made with the some r;ncteriols, and it was possible to oscertain that making two
parts with the same material, the filter proper and the candle seporately, they cculd

be readily joined together and that the baking process was effective.

©
Even though manufacture is possible the prototype was discarded for the fol-

loewing reasons:
a) Although the manufacture is feasible, the process is slow ond re-
guires much ability to make the candle.

b) Microbial retention is poor owing to the maierial or the proportion

of materials reded to make the candle,
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6. Lathed Clay Filter with Incorporation of a Pumice Filtering Candle
The conceptual construe for this prototype was to evaluate the filtering
O

capacity of the pumice storie and the feasibility of moking o filtering candl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>