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1.0 Introduction

1.1  Community

Los Torosis a communityocated in the Southern region of Dominican Republic with
a population of approximateB000 peopleMarquette University was apprdeed by the
Los Toros Foundatiofof Grafton, Wisconsin) to assist with their evaluation of the water
conditons in the communityThe local economy idriven in large part bggriculture
with major crops consisting of tobacco, sugar cane, bananas, tomatoes, and a wide variety
of other smaller crop$n addition to agriculture, the community suppasious
initiatives geared towards early health auldicational development for their children to
be able to attend college in the capitol city, Santo Domihge.Los Toros Foundation
has been working with the community for over 15 years on establishing local teesni
each focusing on a specific discipline such as: Health, Water, Agriculture, High School
Education, Mothers GroupndYouth Group.

1.2  Water Project

Wate in Los Toros is provided bygovernmenfundedaqueducskystenthat serves
4 different coomunities: Guanabana, Tabara Arriba, Los Toros,ZattanoaThe
estimated age of the aqueduct is betwee@®28earsThe system was built by INAPA,
the national government authority on water projetite aqueduct water is utilized for
drinking, cookingpathing, faucets, and toiletspproximately 50 families use an
additional treatment step prior to consumption in the form of strambon filters donated
by a notfor-profit group based out of Florideor members of the community that have
thefinancialmeansb-gallon bottles opurified water is sold at local stores @slmados
for RD$25 (Dominican pesos), and this water is ys@darily for drinking. According
to the Water Committee, the percentage of households who buy bottled water ranges
from 15 b 25% of the vilageT he pur pos e of firdWitaprtalossTorose E WB 06 s
to:

Continue the evaluation ttfie string-carbon bucket filters currently being used

Test the quality of the water used by the commuanity better understand typical

watertreatment and sanitary practices with the community

1 Establish a baseline understanding of water system function and physical
condition of the distribution system.

1 Perform a baseline health assessment of the community.
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2.0 Marquette University Filter Tesng

2.1  Filter Testing Introduction

Testing was conducted tite Marquette UniversityVater Quality Centeduring
theweeksleading to the assessment trip to Los Tofte firstround oftesing took
place on Thursday April'"s 2007with the following atendees:

Mike Dollhopf (Marquette UniversityVWater QualityCenter)
David Bennet{Brown & Caldwell)



Neal Styka (EWB Marquette)
Philip Ritger (EWB Marquette)

The second round of testing took place on Thursday, M3y2007 with the
following attencees:

Mike Dollhopf (Marquette University Water Quality Center)
Neal Styka (EWB Marquette)
Philip Ritger (EWB Marquette)

The purpose of the testing was to determine the effectiveness ofcsdringn
filters currently being uselly a number of familig in
Los Toros to filter and, in conjunction with poiot-
use chlorine treatment, disinfect the aqueduct water
order to make it suitable for drinking.

The water filters consist of two buckets joined
by a PVC casing which holds the carbon filter and |
string elemen{see Figure 2.1 at rightyVater is
placed in the upper bucket and 25 drops of chlorine
are addedo the full bucketn order to disinfect the
water.After the water has passed through the filters,
is collected in the lower bucket and agtia valve
allows the user to fill other containers with the water
once it is treatedl he string element is intended to
remove particulates before passing through the carb
filter, which is intended to remove some of the
residual chlorine and harmful argic compounds in
the water. Figure 1-01: String-Carbon Filter

2.2Procedure
The aim of the experimental procedure waprtzduce coliform levels similar to
those seen in Los Toros as well as to replicate the treatment procedure typically practiced
in the homes with filtersTherefore the following procedure was followedr round 1 of
the testing
1. Aerated tap water samples were induced with a concentrated culture to produce
approximately 5041000 colonyforming units per milliliter (CFU/mL)
concentration in the water prior to treatm@rite contaminatedvater was then
tested for presence/absence of coliforms using the C@litedgent method from
IDEXX Laboratories, Inc. This consisted afllecting a 100 mL sample of the
contaminated water in a sterilized beaker adding one packet @olilert
reagent to thevater. The beaker then was placed in an incubator at 35° C for 24
hours.
2. Half of the contaminated watér2.5 gal)was sent through the filter element
without chlorination. After approximately 1 hour, a 100 mL sample was collected
from the lowerbucket using a sterilized beak@ne packet of Colilert was then



added to the beaker, the beaker was mixed gently, and placed in an incubator at
35° Cfor 24 hours

3. After the contaminated water was sent through the filter, the other b of
water (~2.5 gal) was poured into the upper bucket. After pouring the water into
the bucket, the recommended chlorine dosage for drinking water as indicated on
the package (5 drops per gallon or 13 drops total) was added and the bucket was
lightly agitated to facilitate mixing of the chlorine with the waikfter
approximately 1 hour, a 100 mL sample was collected from the upper bucket
using a sterilized beaker. One packet of Colilert was then added to the beaker, the
beaker was mixed gently, and pldde an incubator at 35° for 24 hours.

4. In addition to the chlorinated only water, a 100 mL sample was collected from the
lower bucket (chlorinated and filtered watgr)a sterilized beakeat the same
time. One packet of Colilert was then added to #ekbr, the beaker was mixed
gently, and placed in an incubator at 35fo€24 hours.

5. Steps2-4 were repeated for anothegallon contaninated water sample.

The procedure was repeated for round 2 of the testing, except for the following

modifications:

1 Pror to performing the test, the filter was shock chlorinated, flushed and allowed
to dry for 2 weeks in order to kill any residual bacteria in the string filter element
that may have been affecting the results of round 1 of the testing.

1 The contaminated vi@r was chlorinated in a separate container for 1 hour in
order to allow the disinfection process to occur prior to filtration and prohibit
contaminated water to pass through the filter into the lower bucket.

2.3 Resultsand Discussion
The results of theoliform presence/absence testing are tabulated below:

Table 2.1: Round 1 Testing Results

L Sample | Coliform Fecal Coliform
Treatment Description
Number| Presence Presence

Contaminated Water 1 Yes Yes

(No Treatment)

Filtered Only 2 Yes Yes
Run A | Chlorinated Only 4 No No

Filtered & Chlorinated 5 Yes Yes

Filtered Only 3 Yes Yes
Run B | Chlorinated Only 6 No No

Filtered & Chlorinated 7 Yes Yes

Table 2.2: Round 2 Testing Results

- Sample | Coliform | Fecal Colifom
Treatment Description
Number| Presence Presence
Aerated Tap Water (No 1 No No
Treatment)
Run A Fllter(_ad Only 2 Yes Yes
Chlorinated Only 4 No No




Filtered & Chlorinated 5 No No
Filtered Only 3 Yes Yes
Run B | Chlorinated Only 6 No No
Filtered & Chlorinated 7 No No

For round 1 othe testing, there are a few suspected causes as to why the filtered
and chlorinated water tested positive: 1) A significant amount of contaminated water

passed through the filter before coming into contact with the chlorine, 2) The filter
element alreadizad significant levels of bacteria present and the chlorinated water

simply flushed these bacteria to the lower bucket, and 3) A combination of the two

scenariosThe results from round 2, in which the treatment method was slightly

modified, suggest thdit chlorination is performed prior to filtration, the effectiveness of

bacteria removal is increased. Both cases indicate that the biggest factor in ensuring that

the bacteria are properly killed off ¢hlorinatng at the proper dosage rates (5 drops per

gallon of water)

Physical filtration by means of the string filter may still be a beneficial step in the
process in that it can help to remove larger matter and particulates that may be in the
water. However, over time the filter may actually cause rhare than benefits if

bacteria begin to be retained in the filter and thrive in the moist, hot environment. For this

reason,

changing

fi

ter

el

ement s-1Aat

months) is an important maintenance requirement thatéhotibeignored

24  Conclusions
The testingf thestring-carbon filters in a controlled environment at Marquette

University revealed some important considerations in regards to usage and maintenance.
The first consideration is the importancedddinfection in order tdkill off the coliforms

and bacteria present in the water sources in Los Tohestecommended amount

displayed on the instructions of locally available Clorox Bags15drops per gallon,

t he

depending on whether the water is used fi@ight consumption or for washing produce.
Although the chlorine will help to kill off some of the harmful organisms present in the

water, a possible obstacle to widespread acceptance is objectionable taste and odor when

consuming the chlorinated watd@ie price ofthe bagof Clorox (4 0z) is RD$5, which

translates to roughlyS$0.15. Thereforeghe amount of water that can be disinfected
using onet ozpacket of Cloroxanges from 180 380 gallonsSome estimates put
annual household income at around®® for the DominicafRepublic; thereforef a

family were to use 100 gallons of disinfected water per tthégywould translate to

US$14.50 $30.0Q meaning a modest percentage of income (a little more than 1 percent)

would go a long way towards bettgater quality

manu



3.0 Physical System Description

3.1  AgqueductFunction

Theaqueducts approximately 5 km long from the source of the water (the dry sand filter

and the smaller stream in the mountains) to Los Toros. The dry sand filter and stream are
collected in a large caption tank and enterafpgeductThe dry sand filter consists of a

rock and sand dam which traps the rainwater running down the mountain. This trapped

water then provides pressure to force the water througha4 | ayer onfitor ocks an
trap sediments (see photo below).

Fiagure 3-01: River Bed Sand Filter

Sand Filter

In the caption tank, there are three separate sections. The first is the actual collection
tank, where water moves swiftly (see photo)
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Figure 3-02: Collection Tank

The second section, which is closethe dry river sand filter bed, contains the pipe from

sand filter to thdirst collection tank. There is also a bypass pipe which conveys water
directly from the sand filter to the main ag
manual gate valves to aette the individual lines. Kinko keeps the valves closed during

normal operating conditions order to maintain moisture in the sand fil#&ccording to

Kinko, letting the sand filter go dry will damage it in the futdreerefore, whenever it

rains, Kirko travels up the dry river bethd opens the valve manually to allow sufficient

flow to the community.

Kinko opening the
Main Gate Valve to
the Collection Section

To collection

Figure 3-03: Valve Access Tank



Accordingto the Kinko, thevater that enters this exits through a central pipe at
the bottom of the tank, below a thin layer of rocks and ¢§ard4 Thiy layer of rocks is
nota designed component, but rather stray matter that has settled in the tariknfégoor
third section is a backup if the main collection tank does not Wodin here, the water
is conveyed down the mountain, along therirgr bed. The next major junction is at the
secondary storage tank. At this junction, the water is split, with one main line going to
Los Toros and Guanabana, and the rest of the water going to the secondary storage tank
which serves Tabara Arriba and 3aba.

There was a large valve that was leaking upon our inspection. Accoading t
Kinko, the valve isometimesrokendeliberately by the local farmers for irrigating the
fields. Part of the reason this problem exists is thatihspection door for thiwlve is in
disrepair and there is no lock for the door. The fence leading up set¢badary storage
tank is also in disrepair and can easily be bypas3atihg the aqueduct inspection, the
remaining lines to Tabara Arriba and Sahanoa were not ingpecte

The secondary tank is in good physical condition, with no visible signs of leakage from
the concrete structure.
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Figure 3-04: Broken Aqueduct Valve



Figure 3-05: SahanoaTabbara Storage Tank

According to Kinko, all of the piping from the Caption tank to the secondary tank
is Ductile Iron.The piping from this tank tde towns of Tabara Arriba and Sahanoa
appear to be PVC (see photobelods i ng a di ameter tape, this p

Figure 3-06: SahanoaTabbara Storage Tank Outlet Valve

The water for usage in Los Toros is conveyedtlre other branch of this
aqueluct junction. There is a caseta (maintenance shaek)ich you can access the
agueduct leading to Los Tor¢see photo below)



