Water Quality Improvement

Cerro Alto, Guatemala

Through cooperation with Engineers without Borders-University of Illinois at Chicago student
chapter (EWB-UIC), a relationship was developed with a community in Cerro Alto, Guatemala. In
January 2008, UIC faculty and members of EWB-UIC travelled to Cerro Alto to ascertain the status
of the village’s water supply system. Currently, water is pumped from a well to an elevated
holding tank without any form of treatment. Households receive water three days a week via a
gravity fed, PVC distribution network. Water is then separated at the household for drinking and
washing into a variety of storage vessels. Water samples from representative locations were
collected and tested for water quality parameters, such as alkalinity, total hardness, pH, nitrates,
nitrites, COD, and Coliform bacteria. The water demonstrated qualities consistent with normal
groundwater standards but contained an overwhelming bacterial presence. A health assessment
was performed on the village, which consists of around 1400 citizens. The evaluation, performed
in cooperation with the UIC School of Public Health, revealed numerous cases of gastro-intestinal
(G.1.) related illnesses as well as a high infant mortality rate, which the inhabitants of Cerro Alto
believe to be mainly a result of poor water quality. The goal of this project is to determine the
most effective and sustainable solution to Cerro Alto’s water supply problems; a process that
may include a technical design of an effective water treatment system, best management
policies, and health and sanitary education for the village’s population. Alternatives will be
evaluated based on specific metrics, such as: capital costs, maintenance costs, availability of
materials, sustainability, and health and environmental impacts.
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BACKGROUND

Engineers Without Borders is a humanitarian organization whose goal is to implement
sustainable engineering projects, in collaboration with communities in developing countries. The
organization was originally started in 2000 by Bernard Amadei, Professor of Civil Engineering at the
University of Colorado at Boulder. Today, there are over 250 professional and student chapters
nationwide. A student chapter of Engineers Without Borders was formed at the University of lllinois at
Chicago in 2005. The student chapter of EWB-UIC aims to bring together UIC students, local engineers,
and communities in less developed countries on collaborative projects. Currently, there are
approximately 15 student members that are actively participating in EWB-UIC.

The student chapter of EWB-UIC initially formed a relationship with Cerro Alto, Guatemala in
2006 through the help of a Peace Corps volunteer. Cerro Alto is a small, rural community located
roughly 19 miles from Guatemala City. There are approximately 952 inhabitants and over 80% of the
families live on less than $135 a month. EWB-UIC first traveled to Cerro Alto for an assessment trip in
May 2006. The first project was determined based on the community’s needs and involved a school
renovation, which included the building of an enclosing wall around the perimeter of the school
property. EWB-UIC traveled back to Cerro Alto in January 2007 for an implementation trip and the
project was completed by local villagers in May 2007.

During the January 2007 implementation trip, a health assessment was performed by Professor
Steven Lacey from the UIC School of Public Health. Analysis of this health report determined that many
community members, especially children, were suffering from gastrointestinal related illnesses. EWB-
UIC believes that their quality of drinking water can be directly related to the gastrointestinal illnesses.
Several community members also expressed concern about the quality of their drinking water.
Therefore, it was decided that the next project would focus on the water supply of the community.

Water in Cerro Alto

Water in the Village of Cerro Alto is currently drawn from a groundwater source. Water is
pumped from the aquifer to a storage tank which is located on top of a hill, one of the highest parts of
the village. Water is then gravity fed through a PVC pipe distribution network. The storage tank is used
to provide water to Cerro Alto and also to a neighboring community, Labor de Falla. Between the two
villages, approximately 1400 residents are supplied by the water distribution system. For distribution
purposes, the entire network is divided into three sections. Each section is provided water for a few
hours a day, three times a week. Water is distributed to one section on Monday, Wednesday, and
Friday (MWF) mornings and to another section on MWF afternoons. The third section is provided water
on Tuesday, Thursday, and Saturday mornings. After reaching the homes, water is stored separately for
drinking and washing purposes.
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Testing

In January 2008, Cerro Alto and Labor de Falla’s drinking water was assessed by members of
EWB-UIC. On-site testing was performed on the storage tank, local school, and 48 representative homes
(See Figure 1). Tests strips were used to perform numerous on-site tests, including pH, hardness,
alkalinity, nitrite, nitrate, total chlorine, and free chlorine. The qualities demonstrated by the samples
were relatively normal for groundwater. A separate test kit was used to determine the
presence/absence of coliform bacteria. Bacteria was found to be present in every site tested,
confirming speculations that Cerro Alto’s water may be contaminated. On-site test results can be found
in Table A in the Appendix. Approximately 95 water samples also were brought back to the United
States to test in the University of lllinois at Chicago’s Environmental Engineering Laboratory. The
conductivity, total dissolved solids (TDS), and chemical oxygen demand (COD) of the water samples were
determined in the laboratory. These laboratory test results are demonstrated in Tables B, C, and D in
the Appendix.

ALTERNATIVES

In order to best solve Cerro Alto’s water quality issues, a number of options were considered.
While any improvement in the quality of drinking water would be welcomed by the community, the
ideal method would have to be effective and also easy to implement and maintain. Various alternatives
were considered for Cerro Alto, including chlorination, ozonation, UV radiation, ceramic filters, and
education. The conclusion was drawn that education was going to be a necessary component regardless
of the purification method chosen. Residents of Cerro Alto would have to be educated on the method
of purification, and also better all-around handling of the water. This eliminated education as a stand
alone option and narrowed the total to four possible alternatives. To choose the best possible option
for Cerro Alto, a decision matrix was created using several metrics. Some of these metrics included
costs, effectiveness of organism removal, life span of design or product, availability of product, and
whether or not there could be an opportunity for a partnership with a Non-Governmental Organization
(NGO).

The first option was to chlorinate the water supply in Cerro Alto. Chlorination is the most widely
used method of water disinfection, and is accepted in most areas of the world. Initially, chlorine salts
are dissolved into the water supply to disinfect the water. The chlorine then leaves a residual that
continues to disinfect the water as it moves from the main storage area to the point of use. While there
are instances where chlorine can harm those who consume it, the levels of chlorine required to cause
these illnesses are on orders of magnitude larger than what is actually needed for disinfection. This
makes it almost impossible for bodily harm to occur as a result of chlorine disinfection. Chlorination is
very effective in the removal of viruses, bacteria, and protozoa. It is also very inexpensive to obtain and
easy to use. Since this method is very inexpensive, it is likely readily available in the Guatemalan area
and would likely result in an easy partnership with an NGO.
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The next option considered to improve Cerro Alto’s water was ozonation. This process consists
of ozone molecules deactivating the viruses, bacteria, and protozoa. It uses a large disinfection tank
that houses a lamp that creates the ozone molecules. The molecules then move through the tank to
clean the water. The large drawbacks to this alternative is that it has a very large initial cost and does
not appear to very available in developing countries, which would make it almost impossible to find in
Guatemala. Although ozonation is extremely effective in removing all harmful bacteria and organisms,
its high cost and lengthy training make it a very unlikely alternative.

After the ozone disinfection, UV radiation was considered. This is another disinfection process
that uses a lamp. Unlike ozonation, the lamp used in UV radiation is ultraviolet and emits radiation
through a small chamber of moving water. This radiation disinfects the organisms that inhabit the
groundwater. This process is just as effective as ozonation, but unfortunately like ozonation, it is very
high in initial cost, not easily available, and would require an immense amount of training to show the
villagers of Cerro Alto how to use it on a daily basis.

The final alternative considered was the ceramic filter. The idea behind the filters is that
protozoa and bacteria will be caught in the tiny pores of the filter. They are then deactivated by
colloidal silver that is painted on the inside of the filter. The filters are already widely used in many
developing countries, making them an ideal option. The initial and maintenance costs for each filter are
very low. While the filter must be cleaned daily, and replaced yearly, the necessary instructions for
these processes would be fairly simple, making the pots easy to sustain. Since the pots were created in
Guatemala, a partnership with an NGO would be easy to create and maintain.

When making the final decision, it was concluded that a combination of two of the alternatives
would provide the best option. Ceramic filters were chosen for use at the household level and
chlorination for treatment at the storage tank. The chlorination would remove the viruses that the filter
would not be able to catch, and also introduce the free chlorines that would continue to disinfect the
water from the tank to the point of use. The filters at the homes would highly reduce the amount of
chlorine necessary to disinfect the water, decreasing the change in taste of the water. Also, if the
chlorine was ever neglected, the water would still be disinfected through the filters, keeping families
from consuming harmful bacteria and protozoa.

Disinfection Design

The design of the disinfection system is based on the system flow rate. During the
implementation trip, the dimension of the tank were measured and based on the time it took the tank
to fill up and the number of tanks distributed daily, the flow rate of the system was calculated to be
approximately 91 m? (24,000 gallons) per day. As stated previously, the disinfection process would
consist of two stages: chlorination and filtration. Typically in water treatment processes, filtration
occurs prior to chlorination, but in the case of Cerro Alto, chlorination would take place at the village’s
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water holding tank and filtration would occur later, in the households. So, in order o determine the
amount of chlorine necessary, the effectiveness of the filtration needed to be established.

Filtration

The Potter for Peace Filtron ceramic filter was chosen for its sustainability in communities, low
cost, and documented effectiveness. Filtron filters can be manufactured by local potters using readily
available materials: clay, sawdust and colloidal silver. In fact, the initial design of this ceramic filter was
invented by a Guatemalan potter. The way the filter
works is bacteria and protozoa are captured in the
pores when water is poured into the filter and the
silver binds to cell membranes, causing cell death.
The effectiveness of these filters has been
thoroughly studied by scientists around the world
and the Filtron has been proven efficient. Filtron
removes 99.9% of bacteria and 99.994% of protozoa
and costs only $10 to purchase and $4 a year to

replace the filter.

The filter consists of an outer container (which can be made of either
plastic or clay), an inner container (the ceramic filter), and a spout for
filtered water removal. Filtron has a typical capacity of approximately

two gallons. The filter is made by adding sawdust to the clay mix and
then forming and firing the filter. When the pot is fired, tiny holes are
created when the sawdust burns off. Then, the clay pot is tested to
ensure a flow rate of 1.5-2 L/hr, the flow rate which was determined to
maximize disinfection. The last step in manufacturing the Filtron filter is
to paint the inside of the pot with colloidal (Ag”) silver. Although the
Filtron is very effective against bacteria and protozoa, viruses are too
small to be filtered out using this process. The U.S. EPA mandates
99.99% removal of viruses from American drinking water, a

requirement that should be met in Cerro Alto as well. In order to
achieve this level of disinfection, further water treatment is required.

Chlorination

Chlorine is extremely effective at deactivating viruses and bacteria. In fact, it was chosen to
supplement filtration in the disinfection process because chlorine is simple to use, locally produced,
inexpensive, and accepted by the population. However, chlorine’s disinfecting effectiveness is affected
by many different factors that need to be accounted for. Specifically, Chlorine's disinfecting power
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increases with temperature and decreases with increasing pH. Water in Cerro Alto is warm (~70 °F) and
has a high pH (8-8.5), metrics that were factored into the disinfection design.

CT calculations were used to determine the amount of chlorine necessary to achieve 99.99%
removal of viruses. The detention time was calculated from the volume of water and the flow rate, but
the baffling coefficient was assumed. The very small 1 mg/L free chlorine residual was chosen to
maintain disinfection levels throughout the distribution system.

Free Chlorine Disinfection

Theoretical Detention Time (min) T 411.4
Baffling Coefficient (unbaffled condition) 0.3
T10 (Min) contact time 123.4
Free chorine concentration (mg/L) 1
CTap for free chlorine residual (Table 12-6) 3
Concentration of chlorine (mg/L) 0.024
Conservative Value of chlorine (mg/L) 0.05

Based on the calculated and assumed parameters, 0.05 mg/L of chlorine is needed to maintain a
1 mg/L free chlorine residual. Calcium hypochlorite (7 g/d) will be the chosen method of chlorine
application based on the availability in Guatemala.

Careful design of a method of applying the chlorination treatment was necessary to maximize
safety. Once a day, the citizen charged with maintaining the village’s water system turns the pump on,
allows the tank to fill, and walks up to the holding tank and opens the valve to release the water,
beginning the Cerro Alto’s water distribution cycle. The most efficient method of applying chlorine
would be to apply at the holding tank while the water system operator is there. Therefore, a
chlorination dilution chamber was chosen as an effective method of applying hypochlorite salts to the
water supply.

i

The proposed chlorine application system requires construction of a small concrete basin on top
of the existing water holding tank. Water would be fed from the holding tank’s water intake line directly
to the dilution basin. This would be accomplished by tapping the intake line with a valved pipe that
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would run up to the basin atop the holding tank. The citizen charged with maintaining the village’s
water system would simply add one day’s amount of Ca(OCl), powder, then open the valve feeding
water from the intake line into the dilution basin to the desired volume, and hand mix the solution. The
chorine solution would then be gravity fed into the village’s water holding tank at a predetermined fixed
flow rate that ensure the solution will be dispensed equally throughout the distribution cycle.

Dilution Chamber Calculations

Flow rate (L/d) 90490
Amount of Ca(OCl), Needed (g/d) 6.77
Atomic Weight Ca(OCl), (g/mol) 143
Amount of Ca(OCl), Needed (mol/d) 0.047
Chamber size (10 gallon tank in Liters) 37.8
Solution Molarity at half full (mol/L) 0.00251
Solution Molarity at full (mol/L) 0.001253
Feed rate (mL/s) 10.5
Feed rate (m*/s) 0.0000105
Chamber diameter (m) 0.4
Chamber surface area (m?) 0.126
Chamber depth (m) 0.301
Pipe Diameter (mm) 2.0
EDUCATION

Increase awareness of water quality issues.

Educate community on new water treatment system.

Emphasize the importance of separating water for different uses.
Encourage sustainable development.

El

Increase awareness

It is important that everyone in the village realize there is a problem and the first step to make sure
we release the health report. Discuss within EWB-UIC whether it is appropriate to give out results of
health report; certain people are identified, is it appropriate to quote them? This can be done at one of
the committee meetings, where we will read out loud the results (even if some people are already
aware) and pass out the translated copies. Make enough copies for each household and encourage
spreading the information by word of mouth since some people cannot read. Also, identify and explain
link between unsafe drinking water and their diarrhea problems.
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Furthermore, hands-on lectures and demonstrations should be implemented. These are aimed
toward children and the teachers but can involve any member of the village. One such demonstration
involves the use of non-toxic bacteria presence/absence kits. These kits involve putting a chemical on
your hands then placing your hands under a black light; the bacteria will show up fluorescent green.
This is a good demonstration to compare the difference between washed and unwashed hands.

Other demonstrations highlighting the importance of water quality can involve comparing different
sites. The same testing kits utilized during the EWB-UIC 2008 Assessment trip can be used. Possible
sites to compare include treated water at the tank with water tested at the nearby river. The nearby
river’s source is Chimaltenango and is very polluted as noticed by the stench and turbidity and should
show a distinct difference in quality.

Community Edcetion

Educate every member of the community on their new water treatments system including the
chlorine treatment at the main tank and the filters at home. Develop and pass out flyers explaining
chlorine treatment. Develop and pass out flyers explaining new water distribution system; a draft flyer
has already been developed, see “Water Distribution System — Version 1.4”. Electronic copies of these
flyers should be saved and copied onto all computers in both villages or saved onto portable discs.
Current computers include a desktop computer at the Cerro Alto School and a desktop computer at the
Cerro Alto Community Center. Copies should also be sent to current foreign volunteers with laptops.
During the implementation trip, all flyers and materials should be explained verbally toilliterate
residents.

Improve Existing Infrastructure

This goal is a subset of the water treatment system education but requires emphasis. No water
treatment system will be successful if the treated water is mixed back in with unsanitary water or
contaminated at some point. Currently, some residents understand the importance of separating
drinking water. Their methods involve storing it in separate containers such as clay jugs or plastic
garbage cans. These containers should be inspected; the families should be questioned on whether or
not they regularly clean the containers. Families without adequate containers should be provided with
one. Residents who are provided a container or who do not regularly clean them should be informed of
proper techniques (how to clean, frequency, etc...). All water discharge from filter should be stored in
approved containers.

Ercourage sustainable development

Sustainable development for this project means establishing a program or organization which can
provide for the long-term purchasing and maintenance of filters or chlorine salts. The first step is setting
up a chlorine purchasing program through TPS or one of the village’s community groups. The group will
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be responsible for obtaining the specified chlorine salts from a provider EWB-UIC will arrange. EWB-UIC
will provide initial funds and the group responsible will provide transport.

The second step is to arrange for manufacture, purchase or distribution of the filters. The best idea
would be to arrange a filter manufacturing program at TPS. This may not be viable for this NGO as
attempts to establish filter programs at other NGO’s and rural areas around Central America have failed.
If it is deemed unviable, then arrange for a group to purchase and transport filters to the community on
an annual basis. This group should also oversee distribution of filters to each household. There is
currently a filter manufacturing workshop in Guatemala but communication with them is still being
attempted.

Budget

The budget for this project includes funds to provide for a two year supply of chlorine and filters
for the entire village as well as transportation costs for five EWB-UIC members. The costs were
estimated and tabulated. The two important items are the filter costs and the chlorine. The $1500 for

the filter costs includes purchasing a filter for each of

Initial Project Costs (USD) the 150 households. The printer costs include paper
$500 costs for the flyers and other materials that need to

- B g SRS be distributed. The test kits item covers the costs of
3400 =mixbasin construction  testing kits for the educational aspect of the trip and

:::,n:::nmmion to leave future kits in the village. The mix basin

u test kits construction includes the estimates of $100 for
Senpmnita forms, $100 for cementitious materials, and $300 for

$3,000 piping.

Implementation
The implementation of the project will be split into four different phases as follows:

Phase I: Locate local supplier of chlorine and establish relationship with NGO and Cerro
Alto, summer 2008.

Phase Il: Coordinate the purchase of locally manufactured ceramic filters, summer 2008.

Phase lll: Construct chlorine solution basin on top of the existing storage tank, summer
implementation trip 2008

Phase IV: Educate community on chlorine use, filter maintenance, and proper handling of
water, summer implementation trip 2008
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APPENDIX: Figures and Tables
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Tank dimensions

Measured U.S. Customary  Metric
Length (ft) 29.17 8.89
Width (ft) 14.3 4.37
Wall Thickness (ft) 0.75 0.23
Adjusted Length (ft) 27.67 8.43
Adjusted width (ft) 12.83 3.91
Area (ft2) 355.06 32.99

Assumed
Water depth 1 (ft) 6 1.83
Water depth 2 (ft) 9 2.74
Tank Volume 1 (ft3) 2130 60.33
Tank Volume 2 (ft3) 3196 90.49

Water parameters

Measured

pH 1 8.00

pH 2 9.00
Assumed

Water temp 1 (°C) 15

Water temp 2 (°C) 20
Assumed

Fill time (d) 0.15
Calculated

Fill rate (m3/d) 413.7
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