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Introduction

This report summarizes the activities of the District of Columbia (DC) Water Resources Research Institute
(the Institute) for the period of March 1, 2004 through February 28, 2005. This was a critical year for the
Institute where results from the review panel assessing our five year evaluation report from1998-2002
were not favorable. In fact, the Institute was placed on probationary status without eligibility for additional
grant until remedial actions are completed to ensure that it meets the requirements of the provision of
section 104 of the Water Resources Research Act of 1984, as amended. However, an appeal of this
decision was submitted to USGS by the Director of the Institute who highlighted changes and progress
made within the two years of the new leadership. The appeal was denied, but the provision of probation
was relaxed such that the Institute is now eligible to apply for FY 2005 grant by June 1, 2005. The
application must include:

1. A description of the steps to be taken to: establish an Advisory Committee; establish a technical peer
review committee; and establish an information transfer program, including a regularly updated website.

2. A description of the efforts to be undertaken to draw upon and utilize the expertise at other universities
in the District of Columbia in establishing research and information transfer programs.

The application must include a time line for each action and a monthly progress report provided to USGS
if award is granted. The Institute has accepted the conditions and will submit its application for the 2005
104G grant.

The five research proposals submitted to USGS for 2004 fiscal year were approved and funding provided.
Our matching requirements were met with $300,000 non federal in-kind contributions from the DC Water
and Sewer Authority (WASA). This technical report includes a final report for one completed project and
four progress reports on projects approved for no cost extension until the end of the summer or for projects
continuing into the 2005 fiscal year. These research projects were related to DC drinking water quality,
water chemistry and bio-monitoring of pollutants, vadose zone water quality as related to nutrient
management in vegetable production, and an assessment of soil erosion in a DC Park and its impact on
water quality. These projects provided training for over twenty undergraduate student interns. The Institute
and researchers continue to accumulate valuable experiences in water resource management as related to
water quality and quantity in the District of Columbia.

Water resources information transfer via the Institutes website remains a problem and a major obstacle to
serve our stakeholders. We have submitted all changes to the Universitys webmaster and anticipate a new
site as well as procedures for regular updates. The Institute has completed and electronically disseminated
its first issue of the revamped Water Highlights Newsletter, Winter/Spring 2005. This twenty page
document designed and published by student interns is very informative and highlights current research
and educational projects sponsored by the Institute along with interactions among faculty members and
their student interns on projects and conferences.



A new water quality extension agent hired by UDC Cooperative Extension Service in November 2004, has
had a significant impact on the Institutes outreach capacity already. In collaboration with the Institute, a
strategic plan for implementing a program to monitor DC drinking, surface, and ground water quality has
been established. Our goal of serving as an unbiased monitor of the quality and quantity of DCs water
resources is gradually being implemented. Some fact sheets and brochures related to DC drinking water
problems have been completed and will be published soon.

To compliment the monitoring program, the School of Engineering and Applied Science has provided
space to establish an EPA Certified Water Quality Testing Laboratory that will serve the research,
extension, and training needs of the faculty and students at the University of the District of Columbia. The
Director of the Institute also served on the selection committee to hire a new Environmental Engineering
faculty member with specific expertise in water resource engineering. The environmental engineering
faculty will begin in fall 2005 and will contribute significantly to capacity building of the Institute.

Recent involvement of the Institute with the Chesapeake Watershed Cooperative Ecosystem Studies Unit
(CESU), of which UDC is a partner, indicates a promising future for additional research and technical
funding to address DC water resource problems, educate future water resources experts, and better serve
the residents of DC through outreach programs. For example, Dr. Harriette Phelps of the Biological and
Environmental Science Department at UDC has received two grants from the National Park Service, a
partner in the CESU, through the Institute. The Institute has also taken advantage of the USGS WRRI
Student Internship Program and received internship funds for a junior student from American University.
He is now working with Dr. Nancy Simon at the USGS Reston, VA office on a project entitled
Biogeochemistry of Nutrients and Metals in Sediments.

Strengthening the internal structure of the Institute remains a primary goal. We have hired several student
interns especially in the areas of Accounting and Management Information System to accomplish this
goal. The Institute developed a survey using Flashlight Survey Software to update our Directory of Water
Resources Faculty members in the Consortium of DC Universities. The new electronic directory has over
one hundred experts and is being constantly updated. Seventy five percent of all past publications have
been scanned and are being edited for conversion to pdf electronic files. We have also developed a
Blackboard forum for sharing and discussing water resources related issues with our stakeholders.

Guidelines for forming a Technical Peer Review Committee to complement our new Advisory Committee,
being established, are in progress. This committee will assist and guide the Institute by peer reviewing
proposals, reports and articles with the intent of publishing them in refereed journals.

Collaborations with DC and Federal Agencies, DC Council of Government and the Chesapeake
Watershed Cooperative Ecosystem Studies Unit indicate a promising future for additional research and
technical funding for capacity building to address DC water resource problems, train students, and better
serve the residents of DC through outreach programs.

Research Program

In an effort to assist in ascertaining and maintaining high drinking water quality in the District, the
Institute decided to continue its partnership or collaboration with WASA to assist in providing solutions to
their problems. Critical areas identified for research were:



1. Determining sources and remediation processes of heavy metals, especially lead, in drinking water; 2.
Evaluating biofilm as a process of mitigating heavy metals; 3. Impact of chloramines vs. chlorine as
disinfectants on biofilm; 4. Determining new mechanisms or indicators for identifying and eliminating
dead-ends; 5. Determining or evaluating diagnostic methods of leaks leading to water main breaks; and 6.
Assessing the economic impact of DC drinking water quality.

A commitment for $300,000 non-federal in-kind contributions was again provided by WASA to fulfill the
Institutes matching requirements and our 2005 fiscal year research focus will continue in this direction.
Though a new directory of faculty experts in the consortium of DC universities was established and the
request for proposal sent to this mailing list, the response from researchers outside UDC in term of
proposal submitted or request for additional information was little to none. Our inquiry indicates that the
seed grant funds available, is little and some researcher mentioned, not worth their time. The Institute will
conduct another survey to determine causes of the low responses and implement suggestions to increase
participation of other faculty members in the consortium.

Below are the titles, funds requested and principal investigators of proposals to be submitted for FY 2005
grant.

Title: Integrated Data Acquisition and Sensor Design for Biomonitoring Systems Funds Requested:
$15,000.00

Principal Investigators: Dr. Esther T. Ososanya and Dr. Wagdy Mahmoud Electrical and Computer
Engineering Department University of the District of Columbia

Title: Air-Deposited Pollutants in the Anacostia River Watershed
Funds Approved: $15,000.00

Principal Investigator: Dr. Abiose Adebayo : Dr. Lily Rui Liang Dr. Katya Verner Department of
Engineering, Architecture, & Aerospace Technology University of the District of Columbia 4200
Connecticut Avenue, NW, Washington, DC 20008 Tel: (202) 274-5039

Title: An Economic Impact Analysis of DC Drinking Water Quality
Funds Requested: $15,000

Principal Investigator: Sharron L. Terrell, Ph.D. Department of Accounting, Finance, and Economics
School of Business and Public Administration University of the District of Columbia (202) 274-7064

Title: An Analytical Study of the Anacostia and Potomac Rivers
Funds Requested: $15,000

Principal Investigator: Dr. Julius Anyu Ndumbe Visiting Associate Professor, School of Business and
Public Administration University of the District of Columbia Washington, DC 20008 (202) 274 7175



Title: Effect of Pelletized Poultry Manure and Vegetable Production on Vadose Zone Water Quality
Funds Approved: $13,000

Principal Investigator: James Allen, Ph.D. Agricultural Experiment Station University of the District of
Columbia

The DC Water Resources Research Institute will continue to provide the District with inter-disciplinary
research support to both identify and contribute to the solution of DC water resources problems. These
research and educational projects provide students with essential practical skills required for future job
opportunities and also allow faculty members access to new technologies and equipment that develop their
expertise in water resource management. The Institute and researchers continue to accumulate valuable
experiences in water resource management as related to the social, economic, and environmental aspect of
water quality and quantity in the District of Columbia.
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Effect of Pelletized Poultry manure on Vegetable Production
and Vadose Zone Water Quality

| ntroduction

Poultry produced from the Delaware, Maryland, and Virginia (DELMARVA)
poultry industries in applied on farmland along with chemical fertilizer for crop
production. However, a significant amount of unused manure is stored for future usage or
remains to be disposed of. Perdue AgriRecycle Inc. has cleaned, sterilized, and pelletized
poultry manure for easy handling and movement in crop and vegetable production. This
materia has been analyzed for nutrient content; however, not much data is available to
demonstrate its effectiveness in crop and vegetable production as well as its effect on
ground water quality or pfeisteria proliferation. Residents of Washington DC grow
vegetables in their backyard and could potentially use this material as a soil amendment.
Therefore, this experiment is designed to determine the effectiveness of pelletized poultry
manure as a soil amendment in vegetable production and its potential effect on DC water
resources. Information generated will be used for extension and outreach to benefit the
residents of Washington DC. This project will impact both our sustainable agriculture
project of recycling waste as a soil amendment and our efforts in enhancing
environmental quality.

The Chesapeake Bay Agreement signed by leaders of Delaware, Maryland,
Washington DC, and Virginia promises a 40% reduction in the Bay’ s nitrogen and
phosphorus level by the year 2010. This reduction campaign was initiated particularly
because of a chemical fertilizer and poultry manure in crop production areas.
Eutrophication, caused by excess nitrogen and phosphorus, has also reduced the Bay’s
sub-aguatic vegetation significantly. The most recent Chesapeake Bay report, July 2002,
indicates no improvement in the Bay’s water quality. On a scale of 100, the Bay's
environmental quality was graded as 27, which is extremely low. In fact, this grade did
not change from the previous year regardless of clean up efforts.



Objectives:
1 To determine the extent to which pelletized poultry manure affects water
quality when used as a soil amendment in growing vegetables.
2. To determine the feasibility of using pelletized poultry manure as a substitute

for commercial fertilizer in the growing of vegetables in urban areas.

Progress Toward Achieving Objective 1

To achieve experimental objectives, an experimental plot has been established
with soil of silt loam. The experimental design is arandomized block with three
replications per treatment. This design has six blocks with each block representing one of

Six treatments. This six treatments being used are:

1. 1800 Ibs/acre of chicken manure pellets + 400 Ibs/acre of commercia fertilizer
(10-10-10).
2. 400 |bs/acre of commercial fertilizer (10-10-10) only.
3. 900 Ibs/acre of chicken manure pellets + 400 |bs/acre of commercial fertilizer (10-
10-10).
4. 1800 Ibs/acre of chicken manure pellets.
5. 900 Ibg/acre of chicken manure pellets.
6. No chicken manure pellets or commercial fertilizer. (Control or check plots).
In the experimental design, main plots are the six above named treatments and the crop
varieties are butterbeans and collards as subplots. After clearing seed beds of surface
debris, chicken manure pellets were added by broadcasting over the field surface with a
manually operated garden seed spreader. Each main plot is 60ft. x 15ft. and subplot 15ft.
x 10ft.
After treatments were added (Nov 20, 2004), two lysimeters were added to sample the
water of vadose layer in each main plot at the distance of 20ft. apart. These lysimeters
were each placed at two different depths, one 18 inches and the other 36 inches (Figs. I,
[1, [11). The lysimeters installed were model 1920 FI pressure/vacuum soil water sampler.
Each lysimeter at the 36 inch depth had a 1.5ft. long PV C pipe 1.5 inches in diameter.
They both had a 2 bar porous ceramic cup at the bottom end and two % inch tubes



protruding from the top (area about one foot above the soil surface) which was otherwise
sealed. One of thetubesis

Flgurell-' o Lysmeters being installed in the-poultry pellet amended plot
by William Hare and James Allen.

Figurell. Lysmeter in place at a depth of 18inches.



connected to a 2006 G2 pressure/vacuum hand pump which will be used to collect water

samples. The lysimeters were put in place on November 20, 2004.

FigUré M. Lysimeter placemeht af the experimental' site bei ng reviewed
by James Allen.

To protect the field from erosion, and ordinary cover crop variety of rye was broadcasted
on the field plot at about arate of four bushels per acre. They were planted on December
10, 2004 and the field plot is now well covered with the rye vegetation.

Water sampling of the Vadose layer of each plot will begin in mid-January, 2005 and
continue on aregular basis from that time onward. Collards will be planted from
seedlings on April 15, 2005 and butterbeans from seeds on the same date. The two crop
varieties will be planted in each main plot. These main plots will each have six subplots
15ft. x 10ft. with 36 inches wide rows. Collards will be planted 18 inches apart within
rows from seedlings approximately 4.0 inches high while butterbeans will be planted
from seeds within rows about 12 inches apart. During the growing season plots will be
kept well cultivated with the use of a garden cultivator or by hoeing.

Data to be collected during the growing season will be Vadose water sample, soil Bulk

Density, soil porosity, seed yield of butterbeans and biomass data of both butterbeans and
collards. Vadose water samples will be analyzed for nutrients such as phosphorus,



nitrogen and heavy metals where feasible. Data collected will be statistically analyzed,
using the analysis of variance (ANOVA) to correlate the amount of chicken pellet
manure added to crop yield and water quality (amount of the above named chemicalsin
the soil water samples).

Research findings will be communicated by paper presentations in professional meetings

and the publications of journa articles.

Progr ess Towar ds Achieving Objective 2

Experimental plots seeded to rye as a cover crop in November, 2004 are now well
covered with lush vegetable growth (Fig. 1). Soil samples were taken from experimental
plots on April 26, 2005. Sampling techniques included the following:

a) Sampling at depths 0-6", 6-12" and 12-18".
b) The field was divided into sections and duplicate soil samples were taken from

each treated section in order to increase accuracy of analysis. (Figs. 1V, V, VI,

VI, VIII, 1X).

Experimental plots covered with rye showing early lush spring
growth.

Figur V.



Soil samples are now being air dried and will be sent to analytical labs for
analysis to determine concentration of N, P and organic matter (OM) content of the soil

given the palletized poultry manure compared to that amended with commercial fertilizer.
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Student Assistant Raphil Billy take soil samplesat the 0-6”
depth.

Figure V.
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Figure VI. William Haretaking soil sample at the 6-12” depth.

- .-IH-
Soil samples being collected by researchers James Allen and
William Hare.

Figure VII.
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Figure VIII. Soil Sample being examined befor e sent off toIaboratory
for chemical analysis.
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Water samples from Lysimeters located in each treatment block at depths of 18
and 36°. In addition to the N and P concentrations mentioned for the soil samples, the

water samples will also be tested for coliforms.
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Figure IX. ‘ ng water s%lmpl. '



After soil and water sampling are completed, plots will be planted to collard

greens and lima beans. These two crops varieties were chosen to see if they reduce or

increase the amount of N or P entering the vadose zone of the soil. On along term basis,

different types of crop varieties will be tried so that more detailed comparisons can be

made so that recommendations can be made concerning crop culture when pelletized

poultry manure is used as the soil amendment. Planting of these crops will be done on
May 15", 2005.

PLANSFOR FY 2005-2006

1.

Yield data will be collected from the two test crops collards and lima beans.
Harvesting of collardsis expected to begin by mid-June and that of lima beans by
the end of June to the first week in July. Data to be collected and analyzed will be
exclusively fresh market collard leaves and lima beans.

Soil and water samples will be taken at specific intervals during the year. The
next soil sample will be taken on June 15", Water sampling may be done at the
same time depending on when it rains. Both water and soil sampling will be done
again at the end of August when harvesting is expected to be ended.

In the fall of 2005, plots will be lightly disked and poultry pellets added. The
amount to be added will depend on preliminary soil and water test results.

Soil and water sampling datawill be analyzed statistically and correlated to fresh
weight of marketable yield of collards and lima beans to determine how well the
pelleted poultry manure does as a soil amendment in the growing of fresh
vegetables.

As mentioned before, in the fall, plots will again be seeded to cover crop rye and
more poultry pellets added.

All fresh market yield and soil and water analytical datawill be analyzed using
ANOVA aong with appropriate test of significance techniques.

Test crops for FY 2006-2007 will remain collards and lima beans. However, to
institute a rational rotation system, the crops will be changed to sweet corn and
black-eyed peasin FY 2007-2008.

10
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The Development of Instrumentation and Data Acquisition
System for Bioelectric Signals

| ntroduction

Over the past decade, research has been active in developing methods for
measuring the levels of stress in aquatic animals for the purpose of monitoring water
pollution. This research proposes, in two phases, the design and implementation of an
integrated wireless, low-power embedded biosensor monitoring system for the
acquisition and transmission of biological functions from aquatic animals. These signals
can be used to measure the stress induced in aquatic animals due to water pollution.

The minimization of power consumption is a critical issue in the design of
electronic systems for portable battery-operated applications or remotely powered
applications as employed in biomonitoring systems. In this study, a MEMS-based
biosensor was integrated with a mixed-mode ASIC chip comprising of preamplifier,
band-pass filter, analog amplifier, D/A module, modulator, transmitter, and a digital
controller. The design integrated MEMS, wireless communication, VL SI, and system-on
chip (BioSilico) technologies in the design of a low power environmental monitoring
device. The system will be designed as a solar/battery-powered device.

Techniques for anayzing the acquired data were developed. The embedded
integrated sensors were used in the on-line acquisition of myoneura signals from bivalve
mollusks. This design is expected to miniaturize several discrete modules and eliminate
coaxia cables used in existing biomonitoring setups, and in a significant reduction in the
overal system power consumption. A receiver system will be used to receive the signal

transmitted from the sensor device. The receiver system will be designed and built using



off-shelf components. When completed, the design will be able to automate the process
of in situ environmental data gathering needed to monitor the safety of the drinking water

resources.

Phase | Objectives:
To design instrumentation system for Bio-monitoring
To identify toxins in estuaries
To initialize research to determine types of toxins

This document gives a summary report on the Instrumentation system and the Solar Lab
developed for remote biosensing in the summer of 2004 through the 2005 Spring
semester. The instrumentation board captures myoneural (muscle-nerve) signals from
fresh water bivalve mollusks. Typical signals are in the range 5mV to 20mV. The design

was partitioned into 5 stages:

1 The Pre-amplifier stage with closed loop amplification gain of 10.

2. The Second-order Low-Pass Butterworth Filter which filters out High
frequency noise and el ectronics noise.

3. The Butterworth High-Pass Filter which filters out the unwanted [ow-
frequency noise.

4, The variable-gain main Amplifier stage with signal amplification gain of 100
to 1000.

5. The Voltage Detector which limits or attenuates signals to 5V.

The instrumentation board was designed with discrete components and tested in the
lab. The different stages of the design are shown below:



1. ThePre-amplifier stage

Instrumentation Amplifier (re-amplifier AD521)

_ Provides a variable
gain of 0.1 to 1000

Input feed into is 1 to 500 pVvV

®Non-inverting intend for precise
—Low -level signal amp where low noise,
—Low thermal and time drifts,

—High input resistance,

—Accurate closed loop gain



2. The Second-order Low-Pass Butterworth Filter

First Stage Second-Order Low-Pass
Butterworth Filter (m32a)

=

ﬁ

®Remove high frequency components

—Interest is only on very low signals

—Eliminates all freq. Comp. noise of 60
Hz from power lines.

®Gain 11

®Cutoff Freq. 1.5 Hz



3. The Butterworth High-Pass Filter

Butterworth High-Pass Filter wmsz4

—

®Filter signal DC components & offset voltages

®Cutoff freq. Of 0.03 Hz




4. The variable-gain main Amplifier stage

Variable Gain Amplifier Stage

The above design was also configured and tested using the LabView Data Acquisition
system:



Labview 4.1 —
Schematic Diagram




Front Panel data collection

What is Musde-nerve (Myoneural) signatures—movement, respiratory,
and cardiac activities of Bivalves



Probing of Clam




24 hrs acclimatization after electrode
Implantation




Sampling environment




Data Collection

Scroll Hughl —> lar acopuisition [T T—

Experiment Conditions

® 48 hr acclimatization in lab tank
® \Water at 19+/- 0.5 degrees Celsius
¢ \Water air equilibrated

¢ Solution of dog food mixture



Characteristics of Bivalves that Make Them Suitable
Organisms For Bio-monitoring Application

14 Very Abundant
¢ Relatively Inexpensive

¢ High sensitivity to environmental
Impacts

14 High Filtration Rates
® | imited mobility

Behavior Under Stress

¢ Shell Closure

¢ Adductor Muscle Contraction (Gape
Closing)

¢ Action Potential captured by electrode



Phase Il of Resear ch Project

@ Apply Toxins
@ Compar e results to deter mine toxins types
@ Package the instrumentation circuit in a micro chip

Conclusion:

# Bio-monitoring Applications can be used to determine toxicity in estuaries

# A data acquisition system was designed and implemented to continuously acquire
and display the myoelectric data for multi-species aquatic animals.



Solar L ab Project

The Solar lab was developed to remotely power the Data Acquisition System
when conducting field work at ariver bank.

Objectives:
The primary intention of this project was to show how solar energy is away of

powering devices. In doing so, the following steps were executed:

1) How electricity, solar cells and parels are created
2) How the solar kit was assembled
3) Data gathered, and obstacles encountered

Conversion Of Light
m Nature of Sun Light

* Photons

m Semiconductors
Properties



The Photoelectric Cdl

Fhatan with
mnargy A

—
| | Einatain's photon ploture of "a traveling light wave®



PN Junction, Diode

FRAIE BLOCTROHRS

CURRENT FLOW

JURIITION]

The Structure and Mounting of Solar Cells
m Inside the Céll

* Glass/ protective layers
* Semiconductor P and N type

m Parallel and Series Circuit



INSIDE A
PHOTOVOLTAIC
CELL

Transparant
rmEegatiee
teErminal _ Glass

—— -type layer
(semiconductor)
~ Junction

— p-ty pe layer

Positive [zemiconductor]
parmiinal
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¢ Solar Cell Parallel and Series Circuit

M- (0 0l Gurent =31 (el

Voltage = V (Cell)

Current = | (Cell)
Voltage =3V (Cdl)

Solar Lab

. =,
A, Solar Cell F.  Interconnech RibDon

B. Glass G. Bus Ribbon
C. Encapsulant H. Frarme
O. Back Cowver I Edge Seal

\E. Fiberglass




Solar Lab

Building Solar Lab

m Circuit Diagram
* Wiring the Equipment
m Building the Tower

* Measuring, Cutting, Welding, Painting ... the
structure

® Mounting the Equipment
* Wiring, soldering, testing ... the components



Solar Lab

M easurements




A: Solar Panel
B: Inverter

C: Controller
D: Battery

E: DC Out







Analysis

Solar Lab

[ Data:
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District of Columbia Drinking Water Blind Taste Testing Resear ch
Proj ect

I ntroduction
The largest component of all living matter is water. The human body is approximately 60

to 70% water and 30% solids. However these figures vary with age and sex. Water is
essential for many body functions. Water provides an agueous medium for cellular
metabolism, transports materials to and from cells, acts as a solvent, regulates body
temperature, maintains the vascular blood volume, aids in the digestion of food,

maintains the chemical and physical constancy of the intracellular and extracellular

fluids, and aids in the excretion of waste from the body. Body water balance is essential
for good health. Water imbalances may lead to overload or dehydration. Water
distribution in the adult body consists of: 30% extracellular fluid (6% plasma, 24% tissue
space) and 70% intracellular fluid. A human being deprived of water (fluid) cannot live
for long. Without water (fluid) the skin becomes dry and cracks, temperatures soars to

burning heights, the mind deteriorates, and cells shrivel.

The question consumers are most often faced with is “Is your water safe? Consumers use
many different filtering processes to affect water taste and make the water safe for use
such as: shower filters, water filters, water purifiers, water distillers, water ionizer, water
coolers, counter top ultra violet water sterilizer system, counter top water distiller,
counter top true ionized water ionizer, refrigerator ice and water filters, whole house
water treatment system, and whole house water filtration. One of the important elements

affecting water taste is the amount of chlorine added to the water supply.



An average, healthy person should take in approximately 2600 milliliters of fluid per day
to meet the body’ s water requirements. A standard calculation for water requirementsis
30 milliliters per kilogram of body weight. In order to calculate body weight in
kilograms, divide the individual’s body weight by 2.2. This research project sought to
gather information on consumers’ preferences and consumption of drinking water;

specificaly, District’ s tap water.

Goal and Objectives

The overall goal of this project was to determine consumers’ preferences and level of
consumption of water; specifically, District of Columbia tap drinking water and to make
recommendations for increase consumption by individuals who live and work in the

District of Columbia

Objectives

1) To conduct drinking water Blind Taste Testing to a cross-sectional sample of 100
individuals who live and /or work in the District of Columbia.

2) To determine consumers preferences for the different types of drinking water:
DC tap water, spring water, distilled water, and mineral water.

3) To determine the types of drinking water being consumed by individuals who live
and/or work in the District of Columbia.

4) To determine factors related to the selection of drinking water by individuas who
live and/or work in the District of Columbia.

5) To develop recommendations for the increased consumption of the District of
Columbia tap drinking water.



M ethods and Procedures

Objective 1

To conduct drinking water blind taste testing to a cross-sectional sample of 100
individuals who live and/or work in the District of Columbia.

Two hundred fourteen (214) individuas who live and/or working in the District of
Columbia participated in the study. Each participant was required to read and sign the
Informed Consent Form. The participant was required to be willing to taste each of the
four samples of water and complete all documents needed by the project. The participant
ranked each sample based upon preference order of 1% choice, 2" choice, 3" choice, and
4™ choice with 1% being the most favorable and 4™ being the least favorable. The
participants were identified through work sites, churches, health clubs, and community
based organizations and agencies. A double blind number unknown to the participant
and researcher identified each sample of water. The participant received and completed
the survey instrument prior to participating in the taste testing of the water samples.
Educational materials on water were provided to each participant. The materias
included: District of Columbia Drinking Water Blind Taste Testing Research Project
brochure, Are Y ou Drinking Too Much Sugar Informational Sheet, What are your Water
Options? Why Drink Water? Myth or Fact about Water, Prices of Water by Brand Name,
Objective 2

To determine consumers' preferences for the different types of drinking water: Dc tap
water, spring water, distilled water, and mineral water.

A short data collection instrument was developed and administered to project participants

as part of the taste testing session. The instrument included some open-ended questionsin



order to solicit additional detailed information. A copy of the data collection instrument
isincluded in the Appendixes as Appendix D.

Objective 3

To determine the types of drinking water being consumed by individuals who live and/or
work in the District of Columbia.

Questions were developed and included on the data collection instrument to collect the
information.

Objective 4

To determine factors related to the selection of drinking water by individuals who live
and /or work in the District of Columbia

Questions were devel oped and included on the data collection instrument to collect the
information.

Objective5

To develop recommendation for the increase consumption of the District of Columbia tap
drinking water.

Upon completion of the analysis and interpretation of the data, recommendations will be

included in the final report. No recommendations are included in this preliminary final

report.

Facilities

The facilities used for the collection and analysis of data included the Center for
Nutrition, Diet and Health located in Building 52, B-O4; New Commandment Baptist
Church, Miles Memorial CME Church, Greater Mount Calvary Holy Church, Shiloh

Baptist Church, Codlition for the Homeless, Gold's Gym, and UDC Fire Bird Inn.



Findings
DEMOGRAPHICS

Table 1: Shows program participants by geographical location, freqguency and percentage

LOCATION FREQUENCY PERCENTAGE
District of Columbia 122 66.70
Maryland 43 23.50
Northern Virginia 6 3.20
Outside of the DC Metro 12 6.60
Area
TOTAL 183 100.00

Table 1 shows the distribution of program participants who live or work in the District
of Columbia metropolitan area; which includes the District of Columbia, Maryland,
Northern Virginia (66.70%, 23.50% and 3.20%) and those from other states outside of the
metropolitan area (6.60%). The majority of the participants who consented to mailing
addresses on the study survey showed they were from the District of Columbia. Chart 1

shows an illustration of the program.

Chart 1: Illustration of geographical distribution of program participants
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Table 2: Shows age ranges of program participants by years, frequency and

percentage
AGE IN YEARS FREQUENCY PERCENTAGE
<10 04 1.87
11-20 23 10.75
21-30 438 22.43
31-40 23 10.75
41-50 43 20.09
51-60 22 10.28
61-70 10 4.67
71-80 03 1.40
81-90 01 A7
No Response 37 17.29
TOTAL 214 100.00

Table 2 shows the ages of the program participants. The mean age of participants
who reported their age was 27 years of age with arange of 10 to 90 years of age. Sixty-
five or 30.37% ranged in age from 41-60 years, and 14 or 6.54% were in the range of 61-
90 years of age. Chart 2 shows anillustration of the range of the number of participants

within atenyear span.




Chart 2: Illustration of participant ages
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Table 3: Shows consumers' preferences for the different types of drinking water by type
with frequency and percentage.

TYPE FREQUENCY PERCENTAGE
SPRING WATER 72 34.29
TAP WATER 63 30.00
DISTILLED WATER 57 27.14
MINERAL WATER 18 8.57
TOTAL 210 100.00

Table 3 shows that seventy two (72) individuals chose spring water as their first
choice (34.29%), sixty three (63) individuals chose tap water as their first choice (30%),
fifty seven (57) individuals chose distilled water as their first choice and eighteen

individuals chose mineral water as their first choice (8.57%) among the four types of




drinking water categories that were taste tested. The preferred types that were chosen by
the study sample (N=210) showed that spring water was the most preferred drinking
water choice, while mineral water was the least preferred drinking water choice.

We can imply as a result of this table that the study participants have a positive
preference for District of Columbiatap water. Despite the negative exposure associated
with District of Columbiatap water, the study participants ranked the District of
Columbia tap water sample as their second most preferred choice. Chart 3isan
illustration of table 3, which shows the range of total participant responses to the four

types of drinking water categories in the study.

Chart 3: llustration of consumers' preferences by water type (N=210)
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Table 4: Shows survey responses to participant sole source of drinking water

TYPE FREQUENCY PERCENTAGE
TAP WATER 42 20.79
TAP WATER W/ 32 1584
FILTER OR WATER
TREATMENT SYSTEM
SPRING WATER 101 50.00
MINERAL WATER 3 1.49
DISTILLED WATER 9 4.46
PURIFIED WATER 0 .00
SPARKLING WATER 1 49
OTHER 4 1.98
INCORRECT 10 4.95
RESPONSE
TOTAL 201 100.00

Table 4 shows the results from the question on the survey that asked participants
details on their preferences prior to the taste test showed the following results for survey
question number two. The results of the responses from participants on the question that
asked, what single type of water source do the participants drink most frequently is
shown below. There were 10 persons who did not answer the question correctly, while
the majority drank spring water most frequently (101) followed by tap water (42), tap
water with afilter system (32), and distilled water (9).




Chart 4: Illustration of participant preferences for water source most frequently

consumed
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Table5 Showsthe survey responses for participant intakes of 4 (16 o0z.) bottles of water

per day
CATEGORY TOTAL NUMBER PERCENTAGE
(N)
YES 112 55.17
NO 91 44.83
TOTAL 203 100.00

Table 5 shows the responses to the question on the survey that asked participants
details on their preferences prior to the taste test showed the following results for survey
guestion number five. The results of the responses from participants on the question that
asked, if the participants drank at least 4 (16 0z.) bottles of water aday? This question

10




gives us a perspective on whether or not the participants drank the recommended intakes
of water set by the American Dietetic Association for optimal health and wellness. The
majority of the participants who answered this question said yes they did meet the dietary
recommendations for fluid intakes (55.17%) and 91 (44.83%) program participants said
they did not.

Chart 5: Illustration of drinking water intakes of 4 (16 0z.) bottles of water by participant
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Table 6: Shows preferred water types by program participants regardless of usual choices

TYPE FREQUENCY PERCENTAGE
TAP WATER 17 8.59
ACADIA 3 1.51
AMELIA SPRINGS 1 .50
AMELIA SPARKLING 2 1.00
WATER
AQUAFINA 19 9.60
CANADIAN 3 1.51
NATURALLE
CRYSTAL GEYSER 3 1.51
SPRING WATER
DANNON SPRING 7 3.55
WATER
DASANI 13 6.57
DEER PARK SPING 83 41.92
WATER
EVIAN 15 7.58
SPRING WATER
POLAND SPRING 6 3.03
WATER
S. PELLEGRINO 3 1.51
SPARKLING NATURAL
MINERAL WATER
STRATHMORE 1 .50
CARBONATED LOW
MINERAL WATER
OTHER TYPESNOT 13 6.57
MENTIONED
INCORRECT 9 4.55
RESPONSE
(MORE THAN ONE
CHOICE MARKED
TOTAL 198 100.00
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Table 6 shows the responses to the question on the survey that asked participants
details on their preferences prior to the taste test showed the following results in Table 6
for survey question number nine. The results of the responses from participants on the
guestion that asked, what single type of water is preferred regardless of actual type of
water ordinarily consumed isillustrated in chart 6. This question gives us a perspective
on individual preferences for water brands and sources regardless of the circumstances
that may influence someone to drink a specific type of water. Influences for selecting
water types can be economical, geographical, or convenience. The mgjority of the
participants chose Deer Park Spring Water (41.92%) followed by Aquafina Spring Water
(9.60%), Tap Water (8.59%), Evian Spring Water (7.58%), Dasani (6.57%), and another
choice not mentioned was equally preferred as the Dasani (6.57%) type. There were nine

individuals who did not answer the question correctly (4.55%).

Chart 6: lllustration of types of water participants prefer regardless of usua choices
consumed
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Program Photographs:

Program Interns:

Deshawn Williams, DC Summer Y outh Program
Washington, D.C.

Paul Brown Jr., Student
St. John's University, New York

Eugene Williams 111, Student
University of the District of Columbia

L atasha Peace, Student
Towson State University, Maryland

Rebecca Gill, DC Summer Y outh Program
Washington, D.C.

Erin Crawford, Student
Morgan State University, Maryland

Amy Busia, Student
University of the District of Columbia
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DC Drinking Water Blind Taste Testing Project activity on Saturday August 21, 2004
held at the Be Healthy for Life Day at the Greater Mount Calvary Holy Church located
a 601 Rhode Idland Avenue, NE Washington, DC 20001.
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DC Drinking Water Blind Taste Testing Project activity on Saturday August 21, 2004
held at the Be Healthy for Life Day provided by the Greater Mount Calvary Holy Church
located at 601 Rhode Island Avenue, NE Washington, DC 20001.

DC Drinking Water Blind Taste Testing Project activity on Sunday August 28, 2004 at
the Community Resource Day provided by the New Commandment Baptist Church
located at 925 Park Road NW, Washington, DC 20010.
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DC Drinking Water Blind Taste Testing Project activity on Sunday August 28, 2004 at
the Community Resource Day provided by the New Commandment Baptist Church
located at 925 Park Road NW, Washington, DC 20010.
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DC Drinking Water Blind Taste Testing Project activity on Sunday August 7, 2004 at
the Miles Memorial CME Church located at 510 N Street NW, Washington, DC 20001
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Digtrict of Columbia ( ;
Drinking Water ' 1]
Blind Taste Testing Project fll(,ul

Diet and Health

INFORMED CONSENT

The University of the District of Columbia s Drinking Water Blind Taste Testing Project
is designed to determine the comfort level and water intake of the residents and
employees of the District of Columbia. Y ou will be asked to taste 4 types of drinking
water, rank them in order of preference, and complete a questionnaire. Tap water will be
included as one of the taste testing samples. The tap water sample will contain the
minimal levels of minerals that are approved by the Washington Sanitation and Sewage
Commission (WSSC) and Environmental Protection Agency for all residents of the
District of Columbia. You will be randomly assigned an identification number to assure
all of your responses will be kept confidential. This experiment will take approximately 5
minutes to complete.

Agreement to Participate/Consent

| have read the above information and have been given sufficient opportunity to ask
guestions which have been answered to my satisfaction. There will be no costs to me
associated with this Blind Taste Testing Project. | am aware that my participation in this
taste test is completely voluntary. Based upon this information, | agree to participate in
the District of Columbia Drinking Water Blind Taste Testing Project.

| will receive a signed copy of this consent form. If a any time | have gquestions about
this research project, | may cal Lillie Monroe-Lord, Ph.D, R.D, L.D, Principa
Investigator, Head, of the Center for Nutrition, Diet and Health at the University of the
District of Columbia from 9:00 — 5:00p.m. Monday through Friday at 202-274-7115.

Y our Name (please print)

Your Signature (please sign Date

The investigator or his’/her designee has explained the Blind Taste Testing Project to the
participant and has answered any questions.

Investigator’s or designee’ s name (please print)

Investigator’ s or designee’ s signature (please sign) Date

In cooperation with the U.S. Department of Agriculture and District of Columbia Government Cooperative Extension Service and Agricultural Experiment Station programs and
employnent opportunities are available to all people regardless of race, color, national origin, gender, religion, age, disability, political beliefs, sexual orientation, marital status
or family status.
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Cooperative Extension Services (CES)
University of the District of Columbia (UDC)

DISTRICT OF COLUMBIA DRINKING WATER
BLIND TASTE TESTING PROJECT

This survey will collect information to help determine what types of water sources you or your family
consume on a routine basis. Our goal is to help promote recommended intakes of water for healthy living.
We appreciate your assistance in completing and returning this form to one of the representatives of our
taste test. If you would like more information on the project, please contact: Dr. Lillie Monroe-Lord,
Ph.D., Head Center for Nutrition, Diet, and Health or Ms. Dawanna James, Program Coordinator at the
University of the District of Columbia— Center for Nutrition, Diet, and Health, 4200 Connecticut Ave. NW,
Building 52, Room 322, Washington, DC 20008 or Phone (202) 274-7115 Fax (202) 274-7130.

PROFILE

ID Number TELEPHONE

ADDRESS

CITY STATE ZIP CODE
AGE

1. What drinking water type (brand) do you drink most frequently? Circle One
A. Evian (Spring Water)
B. Poland Spring (Spring Water)
Aquafina (Spring Water)
Deer Park (Spring W ater)
Dannon (Spring Water)
Amelia Springs (Spring Water)
Crystal Geyser (Alpine Spring Water)
Perrier (Sparkling Water)
Amelia Sparkling (Sparkling Water)
Canadian Naturalle (Spring Water)
. Acadia (Distilled)
Strathmore (Carbonated Low Mineral Water)
. Tap Water W/ Filter or Filtration System 9Brita or other brand)
Over the Counter (Giant, Safeway, CVS, etc.)
Other (write in brand name)

0OZZrA“TIEMmMOUO

2. What type of water source do you drink most frequently? Circle One

Tap Water

Tap Water w/ Filter or Water Treatment System (Brita System)

Spring Water (Evian, Poland Spring, Aquafina, Deer Park, Over the counter brand)
Mineral Water (S. Pellegrino)

Distilled Water (Over the Counter or other brand)

Purified Water (Dasani)

Sparkling Water (Amelia Sparkling, Perrier)

Other (write in brand name)

>

TOMMODOD
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3. How many 8 0z (1 glass) glasses of water do you drink in one day (24 hours)?Circle One

A. One E. Five

B. Two F. Six

C. Three G. Seven

D. Four H. Eight or More

4. What quantity of drinking water do you purchase most frequently? Circle One
A. 8oz at atime
B. 16 0z. at atime
C. 200z. a atime
D. 24 0z. at time

E. 1liter at atime

F. 1gdlonatatime

G. 2 or moregalons at atime

H. | do not purchase drinking water, | drink Tap

5. Doyoudrink at least 4 (16 o0z.) bottles of water aday? Check One

Yes No

6. Doyoufind water to be arefreshing drinking beverage? Check One

Yes No
7. Haveyouin the past few months drank water froma DC Water Fountain or other
DC Tap Water Source? Check One

Yes No__
8.  Which of the following storesis the store you most frequently buy your water
Giant Food Stores
Safeway
CVs
Walmart
Target
Cosco
Sams Club
Local corner store
Other (write in name):

~IOTMOUO®>

In cooperation with the U.S. Department of Agriculture and the District of Columbia Government, Cooperative Extension
Service and Agricultural Experimert Station programs and employment opportunities are available to al people regardless of

rece, color, national origin, gender, religion, age, disability, political beliefs, sexual orientation, marital status or family status.
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District of Columbia CJH
1

Drinking Water Il(
Blind Taste Testing Proj ect Diet and Health

Which type of water would you prefer to drink?

ID Number:
Please check one;

Q

Q

Q

Tap Water

Acadia

Amelia Springs

Amelia Sparkling Water

Aquafina

Canadian Naturelle Spring Water

Crystal Geyser Spring Water

Dannon Spring Water

Dasani Spring Water

Deer Park Spring Water

Evian Spring Water

Poland Spring Water

S. Pellegrino Sparkling Natural Mineral Water
Strathmore Carbonated Low Mineral Water

Other

This program is funded from a Department of Interior / USGS grant through the DC Water Resources Research | nstitute

In cooperation with the U.S. Department of Agriculture and District of Columbia Government, Cooper ative Extension Service
and Agricultural Experiment Station programs and employment opportunities are available to all people regardless of race,
color, national origin, gender, religion, age, disability, political beliefs, sexual orientation, marital status or family

status.
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District of Columbia _ u
Drinking Water 11T

Center for Nutrition,

Blind Taste Testing Proj ect Diet and Health

What type of drinking water do you prefer to drink-

ID NUMBER:

RANK IN ORDER:

1St

2nd

grd

4th
OPTIONS:
Al-A8 = Red
B3 =Orange
C1=_Green
D1-D2 =Blue

This program is funded from a Department of Interior / USGS grant through the DC Water Resour ces Research Institute

In cooperation with the U.S. Department of Agriculture and District of Columbia Government, Cooperative Extension
Service and Agricultural Experiment Station programs and employment opportunities are available to all people regardiess
of race, color, national origin, gender, religion, age, disability, political beliefs, sexual orientation, marital status or
family status.

24



Myth:

Fact:

Myth:

Fact:

Myth:
Fact:

Myth:

Myth or Factd

You do not have to drink as much water in the winter monthsasin the
summer months.

The human body requires water all year long. The requirement is greater during the summer
because people perspire more due to humidity and higher temperatures. The fluid lost must be
replaced to maintain proper hydration. At least 70% of our body iswater'; therefore, it is essential
that we consume enough water for proper bodily functions.

You can consume eight glasses of any beverage to fulfill the fluid intake
requirement.

This statement contains some truth. However, other beverages like coffee, tea, and fruit juices
contain calories and additives that may contribute to weight gain if consumed in excess’. Water
does not contain any calories or carbohydrates. It contains very little sodium, depending on the
source. If you do not like the taste of water, try mixing it with other beverages. For example, try
drinking half a glass of water mixed with half aglass of juice®. You could also try ahint of lemon
in your water to provide it with flavor.

Water only helps us get rid of wastes.

The organs that benefit most from our adequate water consumption are the kidneys. Water allows
the kidneysto filter out waste products that are later excreted into the urine. If we do not consume
the proper amount of water, our kidneys are unable to do their job adequately and they must
recruit help from the liver. The liver compensates for the kidneys and has to compromise the
breakdown of fats. This process diminishes the amount of fat your body is about to burn during
the course of the day. Therefore, water is also essential in weight loss. (Also see handout, “Why
Drink Water”)

You will know when your body needs water because you will feel thirsty.

Fact: Sometimes, thirst may be confused with hunger. We may think we are hungry when we are

Myth:
Fact:

Sour ces:

pODNPE

actually thirsty. The older we are the less reliable our thirst gauge becomes?. We may lose
considerable amounts of water before we even feel thirsty. Therefore, it isimportant to consume
water throughout the day whether we are thirsty or not to remain hydrated. After drinking coffee
or tea (diuretics), our bodies begin losing water and it must be replaced to maintain abalance. To
drink more water throughout the day, try keeping awater bottle handy®. War ning signs of
dehydration are excessive thirst, fatigue, headache, dry mouth, little or no urination, muscle
weakness, dizziness, and lightheadedness®.

During exercise, water only replacesthe fluid lost.

Water does not contribute to energy like carbohydrates, proteins and fats, but it does aid in the
transformation of energy”. Water carries nutrients to the areas they are needed in the body. Water
isalso essential to building muscle. The electrolytes naturally found in water are needed to
conduct a nerve impulse to the muscle for contraction. Without an adequate amount of water, itis
harder to control and increase muscle mass’. Water also cushions and Iubricates the joints. During
exercise, the joints are being taxed. With enough water, stress on the joints decreases.

www.mhcs.health.nsw.gov.au/heal th-public-affai rymhcs/publication/3055.html
www.mayoclinic.com

www.nutrition.about.com/od/hydrati onwater

www. building-musclel01.com/drinkingwater-for-health.html
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District of Columbia
Drinking Water
Blind Taste Testing Project

Prices of water in Giant Food Stor es:

Brand Name Type of Water Cost per Cost per
80z Bottle
Strathmore Carbonated 50.7 0z = $1.79 $1.12 per qt
Low Mineral Water 8 0z = $0.28
Acadia Distilled 6pk 160z = $2.59 $0.817 per qt
8oz = $0.22
Poland Spring Spring Water 6pk 90z = $2.99 240z = $0.69
8oz = $0.44 $0.937 per qt
Canadian Naturelle Spring Water 12pk 16.90z = $4.99 $0.937 per qt
8oz = $0.20
Dasani Purified Water 240z = $1.09 20 oz bottle =
Non-Carbonated 8oz = $0.36 $1.09
Dannon Spring Water 24pk 16.90z = $7.99 $0.634 per qt
8oz = $0.16
Amelia Springs Spring Water 6pk 16.90z = $3.99 $1.25 per gt
8 0z = $0.32
Evian Spring Water 6pk 11.20z = $4.59 $2.19 per qt
8oz = $0.55
Aquafina Spring Water 6pk 16.90z = $3.29 200z = $0.99
8 0z = $0.28
Deer Park Spring Water 24pk 16.90z = $7.59 | 240z sport pack =
8oz = $0.15 $1.09
Crystal Geyser Alpine Spring Water 28pk 8oz = $7.99 $1.14 per qt
8oz = $0.29
S.Pellegrino Sparkling Natural 25.3 0z =$1.89 $2.39 per qt
Mineral Water 8oz = $0.60
Amelia Sparkling Sparkling Water 4pk 120z = $1.69 $1.25 per qt
8oz = $0.14
Perrier Sparkling Minera 4pk 11oz= $2.99 $2.17 per qt
Water 8oz = $0.54
Poland Spring Sparkling Water 33.80z=%$1.29 $1.22 per qt
Sparkling 8oz = $0.30
Acadia Distilled $0.229 per gt

Formula 1: Total Cost /Sze of the pack = N
Oz of one container/8 oz= N,
N/N, = Price per 8 oz

Formula 2: Oz of the container/ 8 oz= N

Total Cost/ N = Price per 8 oz

In cooperation with the U.S. Department of Agriculture and District of Columbia Government Cooperative Extension Service and Agricultural Experiment Station programs and
employment opportunities are available to all people regardless of race, color, national origin, gender, religion, age, disability, political beliefs, sexual orientation, marital status

or family status.
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Prices of water in CVS;

District of Columbia
Drinking Water
Blind Taste Testing Project

Brand Name Type of Water Cost per Cost per
80z Bottle
Aquafina Spring Water 6pk-16.9 0z = $2.89 200z = $1.19
8oz = $0.23
Dasani Purified Water 12pk-120z = $4.99 200z = $1.19
Non-Carbonated 8oz = $0.28
Evian Spring Water 80z.=.56 16.90z = $1.19
CVSBrand Natural Spring 8o0z=.42 16.90z = $0.89
Gold Emblem Water
Penta H,0 — Ultra Purified 80z=.85 16.90z = $1.79
Premium Purified Drinking Water
Drinking Water
Poland Spring Spring Water 80z=.56 16.90z = $1.19

Formula 1: Total Cost /Sze of the pack = N
Oz of one container/8 oz= N,

N/N, = Price per 8 oz

Formula 2: Oz of the container/ 80z= N

Total Cost/ N = Price per 8 0z

In cooperation with the U.S. Department of Agriculture and District of Columbia Government Cooperative Extension Service and Agricultural Experiment Station programs and
employment opportunities are available to all people regardless of race, color, national origin, gender, religion, age, disability, political beliefs, sexual orientation, marital status

or family status.
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DC H,O: What’son Tap?

| ntroduction

Recent issues of lead and bacteria contamination in the District’s drinking water
have become a majo