CHAPTER 3 METHODS

3.1 Dominican Republic Field Site

The field study was performed in the rural community of La Tinajita in the
province of Puerto Plata, Dominican Republic (Figure 3). The main source of income in

the community is agriculture. The site was suggested by the directors of A Mother’s

Wish Foundation (http://www.amotherswish.org/), a rural clinic located in a neighboring
village. This foundation, run by James Pickard and Rita Rizek, provides medication,
vaccination, prenatal care, and other medical attention free of charge to rural
communities in the vicinity of their clinic located in the municipality of Pedro Garcia.
James Pickard and Rita Rizek also assisted in the initial pre-implementation surveys and

provided logistical support and storage for testing equipment and extra filter supplies.

YPuerto Plata

YcLa Tinajita
“Santiago

%Santo Domingo

Figure 3. Location of Field Site in the Dominican Republic. La Tinajita is located in
the northern province of Puerto Plata, 40 miles north of the large city of Santiago.
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3.1.1 Initial Site Assessment

An initial site assessment took place during June 2010. A pre-implementation
survey (Appendix A) was carried out prior to the distribution of the filters. The survey
included a health assessment and water usage and knowledge questionnaire. GPS
coordinates were also collected to map the community (Figure 4). A community meeting
was also held, facilitated by the directors of A Mother’s Wish, to explain the study to the
community and let them know what was expected of them if they were to participate. The
study protocol was approved by the Institutional Review Board (IRB) of the University

of South Florida (see Appendix B).

Figure 4. GPS Map of La Tinajita Showing Water Sources and House Locations.
House numbers were assigned by A Mother’s Wish Clinic in a census.
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The majority of the 55 houses receive water from one of three spring sources. The
first spring source (Spring Box 1 in Figure 4) has a springbox which is not functioning
correctly and offers little contamination protection. The second and third water sources
(both located near Spring Box 2 in Figure 4) are unprotected spring sources. All three
sources feed separate distribution systems consisting of 1,000 gallon storage tanks which
run to individual taps in homes. Most homes have their taps either outside the house or in
their outdoor kitchens. There are four houses at the end of the community which have
private unprotected water sources (Spring Box 4 and Source5 in Figure 4). These sources
have no distribution system so water is collected at the source. (Table 5 provides a list of
house numbers with the study identification number that is organized by water source.
Appendix C provides more in depth discussion of each water source.) Water from these
five sources is generally not apt for drinking because it comes from unprotected surface
water sources which are located in the same general vicinity as livestock and agriculture.
However, five surface water sources listed in Appendix C, along with rain water, are the
primary sources of drinking water for the community. Large five-gallon bottles
(botellones) of purified drinking water are not available in the community so very few
households drink purified water. Because of the lack of access to purified water and the
poor quality of drinking water in the community, Tinajitas was determined to be an

appropriate candidate for the field study.

La Tinajita has a population of 267 with an average household size of 4.6 people.
Of the household members interviewed in the baseline survey 66% had a primary school

education or below. Of the remaining population 22.5% had some high school education
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or higher. The majority of the houses (83%) had pit latrines. One house had a flushing

toilet and eight houses (15%) had no latrine or shared a latrine with a neighbor.

Table 5. House Numbers Organized According to Water Source. An equal number of
filters of each type were assigned to households at each source. The bottom line gives the
number of house on each source as well as the total number of households receiving
filters.

Unprotected Unprotected Point of

Spring Spring Source
Springbox Intake #1 Intake #2 Spring River
51221 51245 51253 51275 51266
51270 51227 51251 51276 51267
51218 51228 51257
51211 51229 51244
51272 51314 51262
51226 51280 51230
51225 51243 51317
51313 51315 51263
51220 51259 51318
51223 51278 51265
51231 51258 51264
51233 51316 51261
51271 51246 51320
51224 51249 51260
51269 51248 51256
51240
51268
51339
51238
51239
51277
51242 ota
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3.1.2 Filter Distribution and Education

During the week of August 23-29, 2010 100 ceramic water filters (CWF) were
purchased from two different CWF manufacturers in the Dominican Republic; 50 from
Potters for Peace (PFP) located in Yamasa, Monte Plata and 50 from Filter Pure (FP)

located in Moca.

Meetings were held beforehand with each of the filter manufacturers to explain
the study and express the importance that all of the filters must come from the same
batch. Each manufacturer acknowledged this requirement. Nevertheless, upon receiving
the filters from the Yamasa PFP factory they appeared to have come from several
different batches, as their serial numbers did not coincide and there was different
coloration in the clay. The filters were stored in their original boxes in a storage container

at A Mother’s Wish Foundation’s rural clinic until they were distributed.

Distribution took place on August 30 and September 1, 2010. Filters were
provided free of charge so as to obtain the largest sample size population. Fifty-five
households were provided with a filter and each of the 55 households was assigned a
number based on the census performed by A Mother’s Wish Clinic prior to the study.
House numbers were sorted by the water source from which they received water
(previously shown in Table 5). Filters were distributed such that each group of homes
connected to a source had an equal number of PFP and FP filters. The remaining filters

were stored at A Mother’s Wish to replace broken or non-functioning filters.

Prior to receiving the filter, the head of each household was required to attend an

education session. Female heads of households were encouraged to attend because they
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are generally in charge of water and maintenance of the filter. Therefore it was most
desirable that they were the individual to receive the initial use and maintenance
education. However, some male heads of household did attend. The author of this thesis
does not believe that there is a bias in households where males attended the initial
education session because follow-up education was provided during the monthly visits to
individual homes. In these visits the author of this thesis dealt almost exclusively with

female heads of household and proper use and maintenance was emphasized.

The initial education session consisted of three parts: The purpose of the study,
the purpose of the filter, and the proper maintenance and use of the filter. In the first part
participants were reminded of the reason for the study and their role in the study, mainly
allowing the investigators access to their filter for monthly testing and answering surveys
to complement the data. The second part of the session explained the function of the filter
and the importance of clean drinking water. Finally, the third part of the session taught
participants how to properly use and maintain the filters. The same set of guidelines, a
hybrid based on both the PFP and FP guidelines for cleaning the filters, were given for

both filters in order to prevent any bias. The guidelines were:

1. Clean the filter every one to two weeks with hot water and the filter brush

provided with the filter.

2. Wash the bucket using cold water with bleach every month.

3. Every two to three months submerge the pot filter in boiling water for two

minutes.
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In the laboratory falling head tests were performed to include data points after 24
hours to see the volume of water filtered in one full day. This is important, as it was rare
to observe filter users in the field who filled their filter more than once per day. These
data were used to calculate the hydraulic conductivity, as well to better understand the
change in cumulative volume based on first hour flow rate. Figure 12 shows the

cumulative volume produced during the March 8 laboratory falling head tests.
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Figure 12. Cumulative Volume Processed by Filters in Laboratory in 24 Hours.

As shown in Figure 12 a 300 ml/hr difference in the first hour flow rates of PFP1
and PFP 2 results in a 2,918 ml difference in the total effluent volume after 24 hours.
PFP1, which has a first hour flow rate of 290 ml/hr, produces 2,515 ml of water in 24
hours. This equates to approximately 0.5 L/person/day for a household of five. PFP2,
which has a first hour flow rate of 590 ml/hr, produces approximately 5,433 ml of water
in 24 hours. This equates to approximately 1.1 L/person/day for a household of five. This

means that a filter that has an initial first hour flow rate of 590 ml/hr could potentially
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produce sufficient water for a household. However if, over time, the first hour flow rate
of the filter decreases by 300 ml/hr it will no longer produce a sufficient quantity of water

for a household of five.

4.3.1 Modeling Flow Rate with Hydraulic Conductivity: Potters for Peace Model

In the laboratory falling head tests the water height was measured over eight
hours. The water height and change in time were compared with the models that were
described previously in the Methods section. The models were then compared to the
actual data and adjusted to provide the best fit. Table 12 provides the measured data used
in the following analysis.

Table 12. Laboratory Falling Head Test Data.

At Water Height (cm)

(hrs) FP1 FP2 PFP1 PFP2
0 24 23.9 21.7 21.4
1 23.3 23 21 20.5
2 22.9 22.4 20.6 19.3
3 22.4 21.8 20.1 18.3
4 21.6 20.9 19.8 17.5
5 21.4 20.4 19.4 16.5
6 20.5 19.3 18.6 15.6
7 20 18.4 18.5 15
8 19.3 17.7 18.1 14.1

For the PFP filters Equation 16 is used to estimate a predicted change in water
level. The equation is used in an Excel spreadsheet (see Appendix F for spreadsheet)
which predicts the water change for intervals of 0.1 hours over eight hours. The

spreadsheet also shows the measured values for the variables o and rp, Which in this case
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are a = 0.152 radians and r, = 9.5 cm. The variable k is used as the fitting parameter. The
value for k is modified until the error between the actual data points and the predicted
line is as low as possible. The estimated and actual height versus time data are graphed

(Figure 13 and Figure 14).
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Figure 13. Water Height versus Time for Filter PFP1. The best fit was achieved with
a hydraulic conductivity of k = 0.0161 cm/hr.
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Figure 14. Water Height versus Time for Filter PFP2. The best fit was achieved with
a hydraulic conductivity of k = 0.0351 cm/hr.
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The modeled line and actual data fit very well for PFP1 and PFP2. Filter PFP1

achieves the best fit when a hydraulic conductivity k = 0.0161 cm/hr is used, while PFP2

achieves the best fit with a hydraulic conductivity k = 0.0351 cm/hr. It was expected that

filter PFP1 would have a lower hydraulic conductivity than filter PFP2 because the

hydraulic conductivity is proportional to the flow rate (Q) and filter PFP2 has a higher

flow rate than filter PFP1.

The k values were used to calculate an estimated flow rate (Q. ) value for each

interval using Equation 10. The estimated cumulative volume processed is then compared

to the actual cumulative volume processed (Figure 15). The actual cumulative volume for

Filter PFP 1 agrees very well with the model. However, the model slightly

underestimates the cumulative volume of PFP2.
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Figure 15. Cumulative Volume Processed vs.
Rates for Filters PFP1 and PFP2.
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4.3.2 Modeling Flow Rate with Hydraulic Conductivity: FilterPure Model

In order to estimate the value for coefficients “a” and “n”, which describe the
geometry of the FP filter, four measurements were taken of the radius of the filter at
different heights. The four data points were plotted and a polynomial equation was fit to
provide an equation in the form of Equation 17 (Figure 16). In this case the values

obtained were a = 13.2 and n = 0.187.
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Figure 16. Graphical Representation of FP Filter Geometry.

The FP filter falling head data was evaluated using Equation 23 to estimate the
water height at At = 0.1 hr from 0 to 8 hours. As with the PFP falling head data, a
spreadsheet was created (Appendix G) which allowed the hydraulic conductivity, k, to be
modified until the sum of the errors between the model and the actual data points was

minimized. The model was graphed with the actual data points (Figure 17 and Figure 18).

The data in Figure 17 provides the best fit when filter FP1 has a hydraulic

conductivity of k = 0.0534 cm/hr. The data in Figure 18 provides the best fit when filter
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FP2 has a hydraulic conductivity of k = 0.0752 cm/hr. As expected, filter FP2 has a

higher k value than FP1 because it has a higher first hour flow rate.
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Figure 17. Water Height versus Time for Filter FP1. The best fit was achieved with a
hydraulic conductivity of k = 0.0534 cm/hr.
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Figure 18. Water Height versus Time for Filter FP2. The best fit was achieved with a
hydraulic conductivity of k = 0.0752 cm/hr.
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4.3.3 Discussion of Hydraulic Conductivity

The same process as in Sections 4.3.1 and 4.3.2 were performed for a second set
of data from falling head tests done on the same four filters in the laboratory. Table 13
summarizes the results for the first hour flow rates and hydraulic conductivities obtained
for the four laboratory filters for the March 8 and March 10 falling head tests. For each
model the hydraulic conductivity is proportional to the first hour flow rate. Filter FP1 has
a lower flow rate than FP2 and therefore it also has a lower hydraulic conductivity. Also,
when first hour flow rates increase for the same filter (e.g. FP1 on March 8 versus FP1 on
March 10) the hydraulic conductivity also increases. The same holds true for the PFP

filters.

Table 13. First Hour Flow Rate and Hydraulic Conductivity for Four Laboratory
Filters

Date PFP1 | PFP2 | FP1 FP2

1st Hour Flow
8-Mar | Rate (ml/hr) 290 590 272 380

k (cm/hr) 0.0161 | 0.0351 ( 0.0534 [ 0.0752

240 640 355 433
0.0094 [ 0.0390 | 0.0720 [ 0.0950

The hydraulic conductivity for PFP filters was lower than that of the FP filters
even when the flow rate of the PFP filter was higher (Table 13). Filter PFP2 had a first
hour flow rate of 590 mi/hr but hydraulic conductivity k = 0.0351 cm/hr. Filter FP2 had a
smaller first hour flow rate of 380 ml/hr but a greater hydraulic conductivity k = .0752
cm/hr. However, as was shown in Figure 12 filter PFP2 produced a greater volume of

water than filter FP2. Therefore, it is determined that the first hour flow rate is a better
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indicator of long term effluent production than hydraulic conductivity by itself. Without
its corresponding modeling equation the hydraulic conductivity (k) cannot predict

whether one filter will produce a greater volume of water over time.

The higher hydraulic conductivity of FP filters might be due to the production
variables influencing pore size and consistency as was discussed in Section 4.1.5
concerning the first hour flow rate. This is the most likely explanation for both the higher

hydraulic conductivity of the FP filters and their higher overall first hour flow rate.

The range of k values for the PFP filters is similar to the hydraulic conductivity
values obtained by the van Halem model (2006) which estimated a range of 0.0157 —
0.0433 cm/hr. The hydraulic conductivity values for Lee (2001), Fahlin (2003), and
Miller (2010) were all an order of magnitude higher (Table 14). However Miller and Lee
were observing different types of filters and the filters in the Fahlin (2003) study had

higher flow rates (1,400 to 2,700 ml/hr) than in the van Halem study and this study.

Table 14. Comparison of Hydraulic Conductivity Results with Previous Research.

Hydraulic
Conductivity | Flow Rate
Study (k) (cm/hr) (ml/hr)
n/a

Lee(2001) disk 0.162

Fahlin (2003) PFP 0.171-0.325 1,400-2,700 *

van Halem 0.0152 —

(2006) PFP 0.0433 600-1,500 *
Parabaloid

Miller (2009)  Filter 0.227-0.272 1,000 (avg. n=6)

Peabody

(2012) PFP .0094 - .0390 240 -640

Peabody

(2012) FilterPure .0534 -.0950 270-430
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CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS FOR
FUTURE RESEARCH

5.1 Conclusions for the Field and Laboratory Studies

The research objectives of this study were to determine (1) if the hydraulic
properties of the FilterPure and Potters for Peace filter models changed over time and (2)
if there was a difference in hydraulic performance between the two different filter
models. One finding in the field study is that during months 7 — 13 of use the FP filters
did not see a noticeable change in first hour flow rate, whereas the PFP filters showed an
overall increase of 31 ml/hr per month. It is believed that the increase in the overall first
hour flow rate of PFP filters was mainly due to a large increase in the individual first

hour flow rates of two specific filters.

During the field study 26% of the PFP filters decreased to unacceptable or zero
flow rates within nine months of use showing that PFP filters have a significant problem
with slowing flow rates. FP filters performed better than PFP overall in terms of first hour
flow rate. FP overall first hour flow rate averaged 550 ml/hr while the PFP filters
averaged 450 ml/hr. The difference in production variables, especially burnable material
and silver application, along with quality control at the manufacturing facilities, are likely
reasons for this. However, neither the FP nor PFP filters met the recommended water
production standards set by Howard and Bartram (2003) or the Institute of Medicine

(2004) of approximately 3.3 L/person/day. The filters also did not meet the minimum

57



flow rate expectations of 1.0 L/hr suggested by the filter manufacturers. First hour flow
rate measurements obtained in the laboratory during the first 10 week equivalent of filter
use, when fitted with a linear trend line showed a slight overall increase in first hour flow

rate for both FP filters and an overall decrease for both PFP filters.

The hydraulic conductivity was determined for the four filters in the laboratory
using two different hydraulic models for the two types of filters. FP filters had a
measured hydraulic conductivity range of k = 0.0534 - 0.0950 cm/hr while PFP filters
had a hydraulic conductivity range of k = 0.0151 — 0.0390 cm/hr. The hydraulic
conductivity was greater for the FP than for the PFP filters, even when the first hour flow

rate and 24 hour total effluent volume were less.

5.2 Recommendations for Future Research

More research is recommended to determine the mechanisms of flow rate
decrease in the filters. Different mixes and pore sizes should be tested for hydraulic
properties over the long term to determine which experiences the smallest decrease in
flow rate. The FP filters experienced less of a problem with inadequate flow rate and one
possible explanation is the smaller pore size. Research could be done on the variations in

pore size and consistency and their effects on long-term flow rate.

It is also recommended that the effect of various types and particles sizes of solids
loading be investigated. The flow rate of PFP filters in van Halem’s (2006) study
decreased to as low as 210 ml/hr from 710 ml/hr within a few weeks due to being loaded
with canal water with turbidity up to 31 NTU. The field study represented in this thesis
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rarely experienced turbidity levels greater than 3 NTU and observed a time period of 5-9

months for the flow rates of PFP filters to decrease to comparable levels.

As mentioned previously in Section 4.1.4, the difference in long term flow rate
decrease should be analyzed in filters with and without silver impregnation to determine
if the silver has an influence on flow rate decrease. Due to the large variation in overall
performance seen between filters of the same manufacturer, it is recommended that
researchers obtain a large enough sample size to ensure that the results are representative

of the majority of filters.

More research on the user influence on the performance of filters should be
conducted. The proper maintenance and use of filters should be monitored in field studies
as it is important in the long-term performance of the filters. It is possible that much of
the variability in filter performance in the field has to do with variability in the degree to
which the filter is properly cared for. The effect of the gender of the member of the
household that cares for the filter should be considered. Women are generally in charge
of the household chores. The amount of drinking water consumed in sites where ceramic
filters are used should also be analyzed, both before implementation and after. Although
flow rates are often below manufacturers’ claims, very little discontent with flow rates
was observed in this field study, among users with filters that had first hour flow rates
above 250ml/hr. This suggests that households in the field study do not drink as much
water as is suggested in previous studies (Howard and Bartram, 2003). Thus the
discrepancy between suggested water ingestion and the actual demand should be
examined. It should be determined if an increase in water production will result in an

increase in water consumption.
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Appendix A Pre-Implementation Field Survey

DATE:

House Number:

Baseline Survey (Pre-

intervention/education)

A. Person who obtained consent B. Interviewer
C. Date D. Time
E. Country/Region/Village F. GPS
G. Gender 1 Male 0 Female |
H. Age
I. Level of Education 1 Primary 2 Junior 3 High School 4 Other
High (higher)
J.  Years of School
K.  Number living in
household
L. List Age and Gender Age Gender Sick or I1I? With what?
Diarrhea?
1. 1Yes 2 No
2. 1Yes 2 No
3. 1Yes 2 No
4. 1 Yes 2 No
5. 1 Yes 2 No
6. 1Yes 2 No
7. 1Yes 2 No
NOTES:
1.Where do you usually collect the water for the house?
1 Dam 2 River 3 Well 4 Canal 5 Spring 6 Rainwater
7 Water Tap | 8 Water Tap 9 Bottled 10 Other 11 Don’t
Inside Outside water Know/ No
(attached to (brand?) Response
house, on
plot, off plot)
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Appendix A (Continued)

2. Who is the primary person who collects drinking water?

1 Mother

‘ 2 Father

‘ 3 Young girl

4 Young boy

IE

Other

3. a. How many times per day do you collect water?

b. How many times per week do you collect water?

4. How long does it take you to travel to your drinking water source?

1- <30 min

‘ 2- 30 min

S

30- 60 min

4-

> 60 min

5. Approximately how much water do you use per day for:

Drinking:

‘ Cooking:

‘ Cleaning:

‘ Washing:

‘ Bathing:

’ Farming:

6. What do you think are the biggest health problems currently facing your family (or village)?

7. Do you think your current water is safe to drink?

‘ 1yes 2 No 3 DK
8. How do you know your water is safe to drink?
1 water is 2 water comes 3 no 4 water is 4
clear from tap bacteria cold/warm Other
9. How do you know your water is not safe to drink?
1 water is 2 from bad 3 has bacteria | 4 water s 5
dirty source cold/warm Other

10. What are the different methods for treating water at household level? Have you used any of

the following before and if yes, how often?

Type Knew | Used

Boiling | 1 1 Never 2 Rarely 3 weekly 4 Daily
Chlorine | 2 1 Never 2 Rarely 3 weekly 4 Daily
Filter 3 1 Never 2 Rarely 3 weekly 4 Daily
Other 4 1 Never 2 Rarely 3 weekly 4 Daily
Other 5 1 Never 2 Rarely 3 weekly 4 Daily
Other 6 1 Never 2 Rarely 3 weekly 4 Daily
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Appendix A (Continued)

11. May | see your current | 1Yes | 2 No ‘ drinking water?
12. What 13. Source 15. What 16.Do | 17.Isthe | 18. What 19. How
source is of Primary container do you | you water is it long ago
this water drinking store it in? cover | treated? | treated was it
from? water? it? with? treated?
(hrs)
1 Dam 1 Dam 1 Bucket 1Yes | 1Yes2 1 Chlorine
2 NO NO 2 filter
3 Other
2 River 2 River 2 Jerry Can 1Yes | 1Yes2 1 Chlorine
2 NO NO 2 filter
3 Other
3 Well 3 Well 3 Barrel/Drum 1Yes 1Yes2 1 Chlorine
2 No No Appendix E
Continued2
filter
3 Other
4 Canal 4 Canal 4 Clay pot 1Yes | 1Yes2 1 Chlorine
3 Other
5 Spring 5 Spring 5 Saucepan 1Yes | 1Yes2 1 Chlorine
2 NO NO 2 filter
3 Other
6 Rainwater | 6 Rainwater | 6 Jug 1Yes | 1Yes2 1 Chlorine
2 No No 2 filter
3 Other
7 Water tap | 7 Water tap | 7 Kettle 1Yes | 1Yes2 1 Chlorine
inside inside 2No | No 2 filter
3 Other
8 Water tap | 8 Water tap | 8 Bottles 1Yes | 1Yes2 1 Chlorine
outside outside (materials:__) 2 No No 2 filter
3 Other
9 Bottled 9 Bottled 9 No container, 1 Yes 1Yes?2 1 C_hlorine
water- water- water not stored | 2 No No 2 filter
3 Other
brand brand
10 Other 10 Other 10 DK 1Yes | 1Yes2 1 Chlorine
3 Other
11 DK/NR 11 DK/NR 11 NR 1Yes 1Yes?2 1 Chlorine
2 NO NO 2 filter
3 Other
20. What do you use the treated water for?
1 2 3 washing 4 5 6 7 8 other
drinking | cooking | fruits/veggies | washing | bathing washing | washing
hands dishes clothes
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Appendix A (Continued)

21. Who drinks the treated water?

1 Everyone

2 Only elders

3 Only
children

4 Only sick 5 No one 6 Other

people

22. Can you give me some of the
treated water?

23. Can you give me some of the ‘ 1 yes (collect)
water you use for drinking now?

24. Can you collect water from the drinking water
source now?

Time at end of Interview:

Length of interview:

| 1 yes (collect)

| 2No

‘ 99 Don't have

| 2No

‘ 99 Don’t have
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Appendix B Institutional Review Board Approval Letter

[ITVIETON OF RESEARGH INTEGRITY ANT: CIOMPT TAMCE
S lo. CO0C1669

UNIVERSITY OF bl
SOUTH FLCRID

May 12, 2011

James Mihelcic, PhD

Crvil and Environmental Engimeanmg

EMBI11E

EE: Expedited Approval for Conbmng Review

IFB#: ProQ0001074
Tiile: Donumcan Republic Cerammc Filter Study

Study Approval Peniod: 6/10/2011 to 6/10/2012

Deear Dr. Mihelcie,

Omn 5/11/2011 the Institutional Review Board (IRB) reviewed and APPROVED the above protocol for
the period indicated above. It was the determination of the IRB that your study qualified for expedited
review based on the federal expedited catepory mumber:

(6) Collection of data from voece, video, digital, or 1mage recordings made for research purposes.

(7)) Besearch on mdrvidual or group charactenisties or behavior {including, but not lomited to, research on
perception, cogmiion, motivation, dentity, lansuage, commumication, cultural beliefs or practices, and
social behavier) or research employing swvey, interview, orzl histary, focus group, program evaluation,
mnan factors evaluaton, or quaklity assurance methodologies.

Also approved was the warver of documentation of mformed consent.

Pleasze reference the above IRB protocol number in all correspondence regarding this protoce] with
the IEB or the Dirvision of Research Inteprity and Comphance. It 15 vour responsibility to conduct this
study o accordance with IRB policies and procedures and as approved by the IRE.

We appreciate your dedication to the ethucal conduct of human subject research at the University of South
Flonda and your contimued commitment to lnman research protections. If yon have any questions
regarding this matter, please call 813-974-5638.

Sincerel

Jobn Schinka PR, Chawperson
USF Instritutional Review Board
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Appendix C Water Sources of La Tinajita

Source Spring Spring Spring Spring River
Picture
EWB-U of No
Kentucky [ springbox
constructe or intake .
Agric
d a tank structure.
. . ultural
and rebuilt | Spring is
) . lands
a crude fenced in No springbox or No and
Details spring box | but in the intake structure. springbox or other
in 2009. | middle of a | Aqueduct constructed intake
. comm
Agueduct cow by community. structure. unities
built by pasture. Uorive
the Agueduct pr
communit | constructed '
y in the by
90s. community.
Households 18 19 14 ) 3
Served
Service Household | Household Point
Household taps Point Source | Sourc
Level taps taps o
System 1.800
Storage a’IIons 600 gallons 600 gallons None None
Capacity g
Contamin- | Intermedia . . . .
ation Risk | te to High High High High High

Table provided courtesy of Ryan Schweitzer, University of South Florida
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Appendix D Regular Field Survey

Fecha: Hora:
Cuestionario (Regular)
Numero de Casa
A. Numero de Filtro B. Edad
C. Entrevistador D. Tipo de Filtro ( 1-FP or 2-
PFP)
F. Género (1-Hombre, 0-
E. # Personas/Casa Mujer)
G. Educacion (1-Primaria, 2-Colegio, 3-Secundaria, 4-Otra)
Edad Género | ¢Enfermo? ¢De que?
(1-Si, 2-No) (1-Diarrea,
2- Otra
enfermedad)
1. A. ;Para que usa el agua tratada/limpia? Estimar Cantidad/Actividad.
1-Tomar 2- 3-Lavar comida | 4-Lavar las
Cocinar Manos
Preguntas
3. Esta usando el filtro?
4. Da suficiente agua?
5. Con que frecuencia lo llena?
6. Todos los miembros de la casa beben este agua?

7. Le gusta el sabor del agua?

8. Problemas o comentarios?

2. Observaciones sobre el filtro
(Describe)

a. El filtro esta seco?

(Si esta seco, porque?)

b. La cubeta tiene agua?

c. La cubeta esta sucia?

d. Otras observaciones

Agua No Filtrada

Muestra

Turbidez

Coliformes E. coli

Totales
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Appendix E Calculation of Volume/Month Laboratory Equivalent

The following explains how the monthly field equivalent volume was arrived at

for use in the laboratory experiments:

In household surveys conducted on January 27, 2012 (n=14hh) the question was

asked, "How often do you fill up your filter?"

The average response was every 2.8 days PFP and 2.4 days FP. With volumes of
8.5 L and 7 L respectively that corresponds to 91 L for PFP and 87.5 L for FP per month.
That is assuming that the filter was empty when they added more water. We found that
this was often not the case as many of the filters still had water in the filter remaining
after three days. Thus, an estimate of 80 L per month was calculated for the average

water processed per filter per month in the field.
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Appendix F Excel Spreadsheet for PFP Hydraulic Conductivity

Experimental data

time

(hr)

0 214

O N O ol WDN K-

h

(cm)

20.5
19.3
18.3
17.5
16.5
15.6
15
141

Mathematical model

d=
R b=
alpha =

k =
error =

dt=

time

(hr)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

11
1.2
13
14
15
1.6
1.7
1.8
19

2.1
2.2
2.3
8.0
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1.3 Cm
9.65 Cm
30 degrees =0.152

cm/hr
cm”2
0.1 Hr

h error"2
(cm) (cm”2)

21.4 <€known
21.29
21.18
21.07
20.96
20.85
20.74
20.63
20.53
20.42
20.32 0.033825
20.21
20.11
20.00
19.90
19.80
19.70
19.60
19.50
19.40
19.30 2.24E-06
19.20
19.11
19.01

14.41

radians



Appendix G Excel Spreadsheet for FP Hydraulic Conductivity

Experimental data

Time

(hr)

Mathematical model

d= 15
k= 0.0752
error =
time Height
() (cm)
0 23.9
0.1 2381
02 2372
03 23.63
04 2354
05 2345
0.6 23.36
0.7 2327
0.8 2318
09 23.09
1 2301
11 2292
12 2284
13 2275
14 2267
15 2258
16 2250
17 2242
18 2234
19 2226
2 2217
21  22.09
22 2201
23 2194
24 2186
25 2178
26 2170
8.0 19.60
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Cm

cm/hr
cm/2

error

<--- this one will be
known

0.00

0.050795



