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The ultimate goal of any source control program is
improvement of environmental conditions as a result of
reductions in pollutant loadings. When these reductions

are associated with residential and commercial sources, measur-
able changes may take place slowly. As the sources become
more diverse and less amenable to traditional regulatory
approaches, source control programs become more complicated
and must rely increasingly on untested strategies. In addition,
nonregulatory approaches rely heavily on public outreach and
voluntary actions, which often yield results in small increments
over a relatively long time frame. Therefore, effectiveness
measurement tools that assess intermediate results are necessary
to make sure programs are heading in the right direction. 

The purpose of this project, which was conducted in two phases,
was to identify, develop and test evaluation tools that are applica-
ble to a range of commercial and residential source control pro-
grams. In the first phase, the project team developed a model
framework for incorporating effectiveness measurement into a
source control program, identifying appropriate tools by assess-
ing existing efforts to measure program effectiveness (Water
Environment Research Foundation 2000). During the project’s
second phase, which is the subject of this report, stormwater and
wastewater agencies conducted demonstration projects for their
pollution prevention programs, using the tools identified in
Phase 1 to measure effectiveness. These include tools used dur-
ing the planning process, as well as tools used to measure
increased awareness, behavior change, and pollutant load reduc-
tions. The report provides a comprehensive look at these tools, in
terms of tool selection, effectiveness and cost. Also discussed are
overall projects regarding the feasibility of measuring the impact
of a source control program.
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ENVIRONMENTAL STEWARDSHIP THROUGH

INNOVATIVE SCIENCE AND TECHNOLOGY

The Water Environment Research Foundation (WERF) is a not-for-profit organization providing a balanced water
quality research program addressing current wastewater research needs and forecasting future directions. WERF
was established to advance science and technology for the benefit of the water quality profession and its customers.
WERF manages research under three major thrust areas: collection and treatment systems, human health effects and
products, and watershed and ecosystems management. 

WERF is funded by its subscribers, which include utilities, municipalities, industrial organizations, and corpora-
tions. Subscribers guide WERF’s research program by participating in agenda-setting exercises and in the research
itself. While WERF coordinates all research-related activities and manages each research project, the investigations
are carried out by individual organizations, primarily municipal water and wastewater utilities, universities, indus-
trial organizations, commercial firms, government laboratories, or a team of these entities. To ensure objectivity in
research endeavors, an independent advisory committee (the Project Subcommittee) of distinguished scientists and
engineers helps select researchers, oversees the studies, and provides periodic review and advice. 

For more information, contact:
Water Environment Research Foundation
601 Wythe Street
Alexandria, VA 22314-1994
Tel: (703) 684-2470
Fax: (703) 299-0742
www.werf.org

© Copyright 2001 by the Water Environment Research Foundation. All rights reserved. Permission to copy must be
obtained from the Water Environment Research Foundation.
Library of Congress Control Number: 2001097166
Printed in the United States of America
ISBN: 1-893664-44-9

This report was prepared by the organization(s) named below as an account of work sponsored by the Water Envi-
ronment Research Foundation (WERF). Neither WERF, members of WERF, the organization(s) named below, nor
any person acting on their behalf: (a) makes any warranty, express or implied, with respect to the use of any infor-
mation, apparatus, method, or process disclosed in this report or that such use may not infringe on privately owned
rights; or (b) assumes any liabilities with respect to the use of, or for damages resulting from the use of, any infor-
mation, apparatus, method, or process disclosed in this report.

Larry Walker Associates

The research on which this report is based was funded in part by the United States Environmental Protection
Agency (U.S. EPA) through Cooperative Agreement No. CR825237 with WERF. Unless an EPA logo appears on the
cover, this report is a publication of WERF, not EPA. Funds awarded under the cooperative agreement cited above
were not used for editorial services, reproduction, printing, or distribution. 

This document was reviewed by a panel of independent experts selected by WERF. Mention of trade names or com-
mercial products does not constitute WERF nor EPA endorsement or recommendations for use. Similarly, omission
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� Demonstrates use of different types of surveys to measure increases in awareness and
behavior change.

� Demonstrates use of a variety of tools to measure behavior change.
� Provides examples of assessing programs for planning purposes.
� Assesses use of water quality monitoring for measuring effectiveness.
� Provides cost information for effectiveness measurement tools.
� Demonstrates approaches to effectiveness measurement for agencies with limited

resources.
� Provides information on advantages, disadvantages, and applicability of effectiveness

measurement tools.

Keywords: Pollution prevention, source control, effectiveness measurement, evaluation,
nonindustrial sources
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ES-1Controlling Pollution at Its Source

EXECUTIVE SUMMARY

Source control programs targeting commercial and residential activities have been imple-
mented around the country in an effort to reduce pollutant levels in stormwater and waste-
water. Programs have been designed to identify pollutants of concern, pollutant sources, and
strategies to control these sources. However, efforts to measure program effectiveness have met
with limited success (Water Environment Research Foundation 1998). Program effectiveness
refers to how successful a program has been with respect to increasing awareness, changing
behavior, decreasing inputs of target pollutants to the environment, or improving ambient
environmental conditions. 

The ultimate goal of any source control program is improvement of environmental condi-
tions as a result of reductions in pollutant loadings. When these reductions are associated with
residential and commercial sources, measurable changes may take place slowly. As the sources
become more diverse and less amenable to traditional regulatory approaches, source control
programs become more complicated and must rely increasingly on untested strategies. In addi-
tion, nonregulatory approaches rely heavily on public outreach and voluntary actions, which
often yield results in small increments over a relatively long time frame. Therefore, effective-
ness measurement tools that assess intermediate results are necessary to make sure programs
are heading in the right direction. The intermediate steps to environmental improvement
through source control can be divided into the following stages of progression:

Figure ES-1.  Steps to Environmental Improvement Through Source Control

If each stage of the process is assessed individually, changes may be measurable and eas-
ier to quantify. It is important to recognize the stage at which the source control program is
operating to apply the appropriate effectiveness measurement method. 

The purpose of this project, which was conducted in two phases, was to identify and
develop evaluation tools applicable to a range of commercial and residential source control
programs. In the first phase, the project team developed a model framework for incorporating
effectiveness measurement into a source control program, identifying appropriate tools by
assessing existing efforts to measure program effectiveness (Water Environment Research
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Foundation 2000). During the project’s second phase, which is the subject of this report, storm-
water and wastewater agencies conducted demonstration projects for their pollution preven-
tion programs, using the tools identified in Phase 1 to measure effectiveness. 

The demonstration projects focused on source control programs that were primarily in the
first three stages listed above: 1) developing a program, 2) increasing awareness, and 3) chang-
ing behavior. It was possible in some cases to assess further progress (e.g., measure reductions
in pollutant loads) and begin to see a relationship between pollution reductions and the
actions taken to increase awareness and change behavior. For a variety of reasons, it may be
difficult for a source control program to assess its impact on the final stages of improving efflu-
ent quality and seeing environmental improvement. At a minimum, such assessments will
require coordination with groups responsible for monitoring effluent and receiving waters.

ES.1 Demonstration Projects

Larry Walker Associates and Harris and Co. (the Project Team) worked with three waste-
water pollution prevention programs and three stormwater programs in California. For each
demonstration project, the agency and the project team each conducted different portions of
the work. The agencies and demonstration projects are described below:

� San Francisco Water Pollution Prevention Program (SFWPPP) Mercury Reduction
Project—The City and County of San Francisco operates two wastewater treatment
plants (the 74-mgd Southeast Water Pollution Control Plant and the 21-mgd Ocean-
side Water Pollution Control Plant) that serve a population of 790,000. The project
team worked with SFWPPP to assess sources of mercury in wastewater. Based on the
assessment, SFWPPP and the project team developed, implemented, and evaluated
programs targeting mercury fever thermometers and dental offices. SFWPPP devel-
oped and conducted the thermometer outreach campaign, and SFWPPP and the proj-
ect team jointly evaluated this campaign. The project team conducted the dental
outreach effort and evaluation.

� Santa Monica Urban Runoff Pollution Prevention Program’s New Development
Program—The city of Santa Monica is a primarily urban area with 85,000 residents
located in the Santa Monica Bay Watershed in Southern California. The city is a co-
permittee with the other cities in Los Angeles County on the county’s National Pollu-
tant Discharge Elimination System stormwater permit, which was issued in 1990. The
project team worked with the Santa Monica Urban Runoff Pollution Prevention Pro-
gram to assess the city’s New Development Program, which seeks to control the dis-
charge of pollutants—including solid wastes, petroleum-based compounds, and
heavy metals—in urban runoff. Based on the assessment, the project team developed,
conducted, and evaluated workshops for city staff and the building community.

� Woodland Pollution Prevention Program Oil and Grease Project—The city of Wood-
land has a population of 47,000 and is located in California’s Central Valley. Its water
pollution control plant has an average daily flow of 5.7 million gal. Woodland has had
ongoing collection-system problems due to oil and grease. The city’s Pollution Preven-
tion Program in 1996 targeted restaurants to address this issue. The project team
worked with the Woodland Pollution Prevention Program to assess the restaurant
program and other sources of oil and grease. As a result of this assessment, residential
sources were determined to be significant, and the project team developed, imple-
mented, and evaluated an outreach effort targeting residential handling of used cook-
ing oil.
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� Davis Pollution Prevention Program Pesticide Education Program—The city of Davis
is located in Northern California and has a population of 60,000. In support of the
construction of a wetlands demonstration project, Davis characterized its stormwater
runoff and identified organophosphate pesticides as potential pollutants of concern,
with residential use determined to be the primary source of pesticides in the city’s
stormwater runoff. Davis developed the Healthy Gardens Program to educate resi-
dents regarding the impacts of pesticide use on stormwater runoff and wetlands. The
project team worked with the city to evaluate this program through surveys (funded
by a Pesticide Environmental Stewardship Grant) and stormwater monitoring con-
ducted with funding from this project.

� Los Angeles County Used Oil Recycling Outreach Campaign—Los Angeles County
has a population of 10 million people and conducts an annual outreach campaign to
encourage residents to recycle used motor oil. The project team worked with Los
Angeles County to evaluate the 1999 campaign using intercept surveys, which are
brief interviews conducted at fixed locations commonly visited by the target audience
(e.g., auto parts stores for “do-it-yourselfers”)

� Los Angeles County Sanitation Districts Lindane Reduction Project—The Los Ange-
les County Sanitation Districts (LACSD) serves 5.3 million people and operates 11
treatment plants that treat a total of 525 mgd. In 1999, LACSD received a U.S. Envi-
ronmental Protection Agency grant to conduct a pilot public outreach program to
reduce the amount of lindane entering the sewer system. LACSD conducted the pro-
gram and evaluated it using surveys and water quality monitoring. The project team
supplemented these evaluation efforts by tracking prescription rates and over-the-
counter sales of lindane-containing and nonlindane-containing remedies for head lice
and scabies.

While the ultimate goal of source control is improving environmental conditions through
reduced pollutant loadings, many source control programs have not reached that point. There-
fore, the demonstration projects primarily focused on effectiveness measurement tools that are
used during planning stages and to assess a program’s impacts with respect to increased pub-
lic awareness, behavior change, and, to a limited extent, pollutant load reductions. The tools
that were used and the stages assessed are shown in Table ES-1.
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Table ES-1. Demonstration Project Effectiveness Measurement Tools

Effectiveness measurement is conducted at three points in a project—during planning,
during implementation, and on project completion. It is equally important at all three stages
and takes on a different focus in each stage, as shown below:

Figure ES-2.  Using Effective Measurement

Tools were tested for their ease of use and range of applicability. In most cases, the tools
worked as expected; however, in certain projects, more could have been learned from the effec-
tiveness measurement. Testing effectiveness measurement tools during the demonstration 
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projects highlighted advantages and disadvantages of each, as summarized in Table ES-2.
Lessons learned from the demonstration projects with respect to effectiveness measurement are
discussed below.

Table ES-2. Advantages and Disadvantages of Effectiveness Measurement Tools

ES.2 Evaluation of Framework and Planning Tools

Tools used specifically for planning were developed and used based on the framework for
developing source control programs, as discussed above. The framework and the planning
tools were tested for the SFWPPP Mercury Reduction Project, the Woodland Oil and Grease
Reduction Project, and the Santa Monica New Development Program assessment. The frame-
work as presented in the Phase 1 report (Water Environment Research Foundation 2000) and
summarized above relies on the ability to assess sources of pollutants quantitatively and assign
estimated loads to each source. This was practical only for the mercury-reduction project.
Developing load estimates for pollutant sources is an approximation of the real situation and
should be used only for planning purposes. A drawback of this approach is that these esti-
mates may be misinterpreted as quantitative results. 

The framework was modified for the Woodland and Santa Monica projects to assess exist-
ing program records to determine program needs. This approach is less quantitative and less
likely to be misinterpreted.

Regardless of whether load estimates or information assessments were used, the frame-
work process provided valuable insights about the programs that resulted in the development
of useful source control programs for each agency. Using the framework required the agencies
to review and compile what they already knew. It also allowed agencies to develop baseline
information that made goal setting and future evaluation very straightforward.

This effort was time consuming for each project and would be even more time consuming
for agencies that needed to gather or develop basic information. However, in each case, the

Controlling Pollution at Its Source ES-5
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planning required by the framework was worthwhile and resulted in development of an effec-
tive source control plan.

ES.3 Evaluation of Tools Measuring Increased Awareness and Behavior Change

The tools that were used to measure program effectiveness in the demonstration projects
during implementation and on project completion are discussed below.

ES.3.1 Surveys
Surveys can be conducted to be quantitative (i.e., able to determine statistical significance)

or nonquantitative. Overall, surveys are more likely to show measurable changes if a campaign
has been conducted long enough for its message to be recalled by the audience. Surveys may
not be the best tools to measure the effectiveness of a brief outreach campaign or one element
of a campaign. For example, in the SFWPPP project, a thermometer turn-in campaign lasting
1 month probably was too brief to raise public awareness to a measurable level. However,
other tools showed that the campaign had made a promising start, accomplishing the collec-
tion of almost 5000 thermometers. On the other hand, the results of the 2-year pesticide out-
reach campaign in Davis were measurable due to the audience’s repeated exposure to the
Healthy Gardens Program message. Some features of different types of surveys used in the
demonstration projects are discussed below.

� Phone surveys. Random, digit-dial phone surveys are the standard tool used by many
outreach programs to characterize their audiences and assess their programs. When
used to assess program effectiveness, it is essential to conduct a preprogram survey
and to use identical questions in the follow-up survey. Many firms specialize in con-
ducting this type of survey. While it is more expensive to hire a contractor to conduct
a survey, the improved question design and data analysis available from an expert
may be worth the cost.

� Mail surveys. These surveys can provide the same type of quantitative information as
a phone survey and can be less labor intensive. Response rates will be highest if the
survey is brief and easy to complete and a preaddressed, stamped envelope is
included with the survey. If mailing addresses are randomly selected and the ques-
tions are the same as those used in a phone survey, results from the mail and phone
surveys can be combined. Mail surveys that were used as follow-up to the dental site
visits and new development workshops were simple to implement and provided use-
ful information.

� Intercept surveys. These typically are nonquantitative surveys but provide useful
insights about trends. They are conducted “face-to-face” as brief interviews at a loca-
tion frequented by the target audience. Intercept surveys can easily be added to
planned outreach activities conducted in a fixed location, such as at special events or
outside a store. Preparation time for an intercept survey can be similar to that
required by a phone survey, particularly if the agency uses a professional marketing
and survey or polling service to design the survey and analyze the results. The advan-
tage of an intercept survey is that it enables project members to come into contact
with a focused audience; the disadvantage is that achieving a statistically reliable
result would be labor intensive, in that the interview team would need to talk with
400 to 500 people.

� Kiosk survey. This is a nonquantitative survey, because participants are not randomly
selected. However, the kiosk survey conducted in Davis provided results similar to
the quantitative surveys conducted there. Also, rotating the location of the display
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and survey receptacle provided useful information on locations conducive to people
stopping long enough to be “educated.” Tasks for implementing this tool included
researching locations, obtaining permission to place the display, checking the display
occasionally to reduce vandalism, and collecting the cards and analyzing the results.
This effort was spread out over several weeks and required only a few hours a week
to maintain.

ES.3.2 Sales Tracking
Sales tracking was a particularly difficult tool to use effectively. It is time consuming and

the data collected may be inconsistent or incomplete, making the data too variable from store
to store. This tool produces more reliable information if the agency has an established relation-
ship or ongoing program with the participating stores (resulting in the store producing more
consistent and complete sales data) and if the stores use electronic inventory methods.

ES.3.3 Tracking Participation Rates
Tracking participation rates takes advantage of a campaign that involves getting the target

audience to do something. For example, SFWPPP tracked participation simply by counting the
number of thermometers turned in. The information obtained can be augmented by asking one
or two questions (for example, “Where did you hear about the program?”). Another way to
use this tool is to offer coupons for something, then track how many coupons are redeemed or
to track phone calls and requests for additional information. A similar type of tracking related
to commercial programs is tracking permit compliance or best management practice (BMP)
implementation rates. One advantage of using this tool is that it requires little additional cost
beyond the cost of the source control program itself.

ES.3.4 Quizzes
Quizzes are simple to implement and incur almost no added cost. However, they are only

useful for certain types of outreach, such as workshops or other strategies that bring the target
audience together for a specific period. Quizzes provide more immediate feedback on the
effectiveness of a single program element, compared to the information provided by surveys,
which focuses on long-term or overall program effectiveness.

ES.3.5 Site Visits
Site visits are part of a source control strategy that can be used as an effectiveness meas-

urement tool if the procedure for each visit is standardized and the same information is
recorded at each location. This is a labor-intensive strategy, but the information that can be
obtained through direct observation may be invaluable to understanding the target audience
and planning future programs. This tool can provide good supplementary information that can
corroborate the results provided by other tools, such as surveys. In addition, if the site visit is
conducted properly, it may help establish a relationship with the target audience that could
lead to future cooperation.

ES.4 Tools to Measure Reductions in Pollutant Inputs

Water quality monitoring is used as an approach for determining the effectiveness of
source control programs in reducing pollutant inputs to the environment. Influent and trunk-
line monitoring were used to assess the lindane-reduction project, and stormwater runoff mon-
itoring was used to assess the Healthy Gardens Program. However, there is not always a clear
relationship between pollutant reductions and source control program activities. Apparent
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reductions may be due to a variety of factors, including variability in limited data sets and
impacts of other programs with similar messages. 

Limited data sets may be addressed by collecting enough data to be representative at a
high level of confidence. This can be expensive and it may be difficult to collect sufficient data
under appropriate conditions to yield statistically valid (i.e., quantitative) results. Monitoring
results that are not statistically significant may be used to evaluate trends and check the results
of other evaluation tools to provide an overall assessment of an outreach program.

Attributing reductions to the program under evaluation may be addressed by using sup-
plemental effectiveness measurement tools that address the other stages (i.e., awareness and
behavior change). Information gained from different effectiveness measurement tools then can
be aggregated. Another approach is to compare the of supplemental measurements to the
monitoring results for a control area.

ES.5 Use of Information Gained From Different Tools

Using more than one effectiveness measurement tool for one program can help strengthen
individual findings. In some cases, the information obtained from different tools can be com-
bined to provide additional information. Comparison of the information derived from different
measurement tools is discussed below for

� the SFWPPP thermometer turn-in campaign,
� the SFWPPP dental practices evaluation,
� the Davis Healthy Gardens Program, and 
� the LACSD lindane-reduction project.

ES.5.1 SFWPPP Thermometer Turn-in Campaign
The thermometer turn-in campaign was evaluated by counting the number of thermome-

ters turned in and conducting pre- and post-campaign phone surveys. The phone surveys indi-
cated that no increase occurred with respect to awareness or behavior regarding the use of
mercury thermometers. On the other hand, 3300 households (approximately 1% of all San
Francisco households) turned in mercury thermometers, which represents a respectable start
for an outreach campaign after 1 month. Tracking collection rates provided additional informa-
tion regarding program effectiveness that could not be observed through the surveys. In addi-
tion, combining information from the survey, the collection rate, and the estimated load
reduction allows improved analysis of the program. In all, 4699 thermometers were turned in.
Assuming each thermometer contained 0.5 g of mercury, a total of 5.2 lb of mercury was col-
lected. According to the survey results, between 2% and 3% of thermometer owners have dis-
posed of mercury from a broken thermometer by pouring it down the drain. Therefore, it
could be estimated that 2.5% of the thermometers turned in, or 0.13 lb of mercury, were kept
out of the sanitary sewer as a result of this campaign. The load reduction that potentially could
be achieved through a thermometer turn-in and outreach campaign was estimated at 1.2 lb.
Therefore, approximately 10% of the estimated load reduction appears to have been achieved
through this program. Considering that the program operated only 1 month, this could be con-
sidered a promising start.

ES.5.2 SFWPPP Dental Practice Evaluation
Practices used by San Francisco dentists were evaluated with respect to BMP implementa-

tion rates using a mail survey and onsite assessments. In both types of assessment, dentists
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were asked if they recycled scrap amalgam, disposable traps, and vacuum-filter waste. As
shown in Table ES-3, both assessments yielded the same overall response with respect to recy-
cling scrap amalgam. However, there were substantial differences in the results provided by
the two measurement tools with respect to the number of dentists recycling vacuum-filter and
trap wastes. This discrepancy probably was due to a misconception among dentists that dis-
posing of trap and filter waste as medical waste is considered recycling (i.e., medical waste
typically is disposed of through incineration, rather than being recycled or reused). By con-
ducting both forms of evaluation, more complete information about dental practices was
obtained.

Table ES-3. Dentist Best Management Practice Implementation Rates

ES.5.3 Davis Healthy Gardens Program
The Davis Healthy Gardens Program was evaluated using phone, mail, and kiosk surveys

and by monitoring stormwater runoff from a residential area. The water quality data, while
showing a downward trend, was inconclusive because of the limited amount of data collected.
On the other hand, the surveys indicated awareness of the Healthy Gardens Program and
some behavior change as a result of the program. The survey results were useful in explaining
which portions of the program were most effective. This type of information is important for
future planning efforts. Another useful result of the Davis evaluation is the demonstration that
the mail and phone survey results could be combined.

ES.5.4 LACSD Lindane Reduction Project
LACSD evaluated its lindane-reduction pilot program using surveys, water quality moni-

toring, and sales tracking. The water quality monitoring results showed lower lindane concen-
trations in the pilot areas than in the control area following implementation of the outreach
program. The survey results confirmed that the outreach program was effective in changing
the practices of healthcare professionals, which may explain the lower lindane concentrations
in the wastewater. On the other hand, sales tracking produced inconclusive results. The use of
more than one evaluation tool provided a more complete assessment of the program and
allowed effectiveness to be measured even though one evaluation approach did not function as
expected.

ES.6 Conclusions

Important findings of the project include the following:

� Planning is critical to conducting successful source control programs. The framework
developed in Phase 1 and the planning tools discussed in Chapter 3 are useful for
assessing sources, control strategies, and existing program structure and using this
assessment to incorporate evaluation into a program from the beginning. 

� When using water quality monitoring as an evaluation tool, consideration must be
given to the statistical significance (i.e., quantity and variability) of the data. It also is
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important to determine if the monitoring results can be related directly to source con-
trol program impacts. 

� Using more than one evaluation approach has the advantage of providing a better
characterization of the program and audience. It also provides protection from relying
on one evaluation method that may yield inconclusive results.

� Ways to reduce evaluation costs include limiting the data collected to items directly
related to evaluating the program (e.g., monitoring only for relevant constituents and
including only survey questions designed to evaluate the program.).

� The results of outreach campaigns, particularly with respect to the general public, will
only be measurable after sufficient time has been allowed for the public to be exposed
repeatedly to the outreach campaign message. In other words, measurable increases in
general awareness should not be expected after 1 month of outreach or limited distri-
bution of outreach materials.

� Agencies have the greatest ability to measure the effectiveness of their source control
programs with respect to program design, increased awareness, behavior change, and
reduction in pollutant inputs using the tools described in this report. Making a con-
nection between source control program activity and improvement in environmental
conditions may require more sophisticated tools, such as modeling, and developing
partnerships with other groups, such as discharge-monitoring staff, ambient monitor-
ing programs, and watershed groups.
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CHAPTER 1.0

INTRODUCTION

Municipal and other agencies around the country have implemented source control pro-
grams targeting commercial and residential activities in an effort to reduce pollutant levels in
stormwater and wastewater. These programs generally are designed to identify pollutants of
concern, pollutant sources, and strategies to control these sources. However, efforts to measure
the effectiveness of such programs have met with limited success (Water Environment
Research Foundation 1998). Program effectiveness refers to how successful a program has been
with respect to increasing awareness, changing behavior, decreasing inputs of target pollutants
to the environment, or improving ambient environmental conditions. 

The ultimate goal of any source control program is improvement of environmental condi-
tions as a result of reductions in pollutant loadings. When these reductions are associated with
residential and commercial sources, measurable changes may take place slowly. As the sources
become more diverse and less amenable to traditional regulatory approaches, source control
programs become more complicated and must rely increasingly on untested strategies. In addi-
tion, nonregulatory approaches rely heavily on public outreach and voluntary actions, which
often yield results in small increments over a relatively long time frame. Therefore, effective-
ness measurement tools that assess intermediate results are necessary to make sure programs
are heading in the right direction. The intermediate steps to environmental improvement
through source control can be divided into the following stages of progression:

Figure 1-1.  Steps to Environmental Improvement Through Source Control

If each stage of the process is assessed individually, changes may be measurable and eas-
ier to quantify. It is important to recognize the stage at which the source control program is
operating to apply the appropriate effectiveness measurement method. 

The purpose of this project, which was conducted in two phases, was to identify and
develop evaluation tools that are applicable to a range of commercial and residential source
control programs. In the first phase, the project team developed a model framework for 
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incorporating effectiveness measurement into a source control program, identifying appropri-
ate tools by assessing existing efforts to measure program effectiveness (Water Environment
Research Foundation 2000). During the project’s second phase, stormwater and wastewater
agencies conducted demonstration projects for their pollution prevention programs, using the
tools identified in Phase 1 to measure effectiveness. 

The demonstration projects focused on source control programs that were primarily in the
first three stages listed above: 1) developing a program, 2) increasing awareness, and 3) chang-
ing behavior. It was possible in some cases to assess further progress (e.g., to measure reduc-
tions in pollutant loadings) and begin to see a relationship between these pollution reductions
and the actions taken to increase awareness and change behavior. For a variety of reasons, it
may be difficult for an agency to assess a source control program’s impact on the final stages of
improving effluent quality and seeing environmental improvement. At a minimum, such
assessments will require coordination with groups responsible for monitoring effluent and
receiving waters.

This report presents the results of the second phase of the project. The framework that
was developed and the tools that were identified during Phase 1 formed the basis for conduct-
ing the Phase 2 demonstration projects. To provide perspective, the following section presents
an overview of the Phase 1 results. A previous publication (Water Environment Research Foun-
dation 2000) provides a more detailed description of Phase 1.

1.1 Summary of Phase 1 Results

This section describes the framework and effectiveness measurement tools identified in
Phase 1 of the project and presents the conclusions and recommendation from Phase 1 regard-
ing the demonstration projects.

1.1.1 Framework
The first step in measuring program effectiveness is to develop a source control program

that incorporates effectiveness measurement from the beginning. During Phase 1, the project
team developed a framework for doing this. The following sections summarize the process
used to develop a source control program, as well as considerations at each step.

1.1.1.1 Identify the Issue
An effective source control program has a clearly defined issue. Define the issue by

� identifying a pollutant of concern or a wastestream, and
� establishing a baseline by determining pollutant loading or wastestream volume.

1.1.1.2 Identify and Assess Sources
Sources may be identified through monitoring, reviewing agency records, and reviewing

the literature and other agency programs. Once each source is identified,

� determine the source’s significance by estimating its contribution to the total pollutant
load or wastestream volume, and

� assess the agency’s ability to control the source, taking into account such factors as
jurisdictional, political, and other relevant concerns.
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1.1.1.3 Determine Available Control Strategies
To identify possible control strategies for each source,

� consider strategies the agency already is using to target similar sources,
� review strategies used by other agencies for this source, and
� brainstorm to develop new ideas that would work in the agency’s service area.

1.1.1.4 Evaluate and Prioritize Control Strategies
To determine which control strategies are most likely to achieve measurable results, assess

the following:

� Participation—What portion of the targeted audience is likely to make the desired
behavior change?

� Pollutant load—What portion of the source’s total pollutant load will be eliminated if
the entire targeted audience makes the desired behavior change?

� Cost—How much will it cost the agency to implement the program and how much
will it cost the targeted audience?

Determine an estimated load reduction from the estimated participation and loading for
each control strategy and compare it to the estimated cost of the control strategy to determine
which strategies are most worthwhile. 

1.1.1.5 Establish a Goal
A goal may be set at any point prior to program implementation. The goal is the desired

outcome of the program and may be set based on several factors, including

� a reference condition (i.e., the condition that would exist without interference);
� a reduction that realistically can be achieved based on the estimated load reductions

determined in the previous step;
� performance necessary to meet an intermediate goal (e.g., the rate of compliance with

a regulatory request or the response rate to an outreach program); and 
� the reduction necessary to meet a permit limit or environmental standard.

1.1.1.6 Implement and Evaluate the Program
Select implementation strategies based on the prioritization, and develop an implementa-

tion plan and schedule. Part of program implementation is selection of an effectiveness meas-
urement tool to assess the program. Before choosing assessment tools, the agency should
determine what information it is seeking about its program. 

Elements fundamental to effectiveness measurement are put in place at the beginning of
program implementation. For example, the agency should conduct baseline surveying or mon-
itoring, establish a phone number to receive responses to a campaign, or add survey cards to
outreach materials.

1.1.1.7 Evaluate Program Effectiveness
Based on the effectiveness measurement, the agency determines lessons learned from the

program:

� Has the program’s goal been achieved?
� What were the most effective aspects of this project?
� What changes need to be made to achieve better results?
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1.1.1.8 Modify the Program
The results of the effectiveness measurement will help determine future directions for the

program with respect to

� additional strategies to address this source if the desired results were not achieved,
� alternative sources to work with if no further reductions are possible from this pro-

ject’s source, and
� new issues to pursue if this pollutant or wastestream issue was addressed adequately

by this program.

1.1.2 Effectiveness Measurement Tools
Table 1-1 shows the effectiveness measurement tools identified in Phase 1 and the stages

to which they apply.

Table 1-1. Effectiveness Measurement Tools

In addition to the stage of the process, selection of effectiveness measurement tools by
source control programs is also influenced by

� the target audience (i.e., businesses, residents, schools, farms, etc.); and
� timing with respect to project planning and implementation (i.e., before, during, or

after a project is conducted).

Effectiveness measurement tools most appropriate to a source control strategy may be
chosen based on several considerations, as described below.

1.1.2.1 Programs Targeting Business Audiences 
Tools commonly used for programs targeting business audiences include measurement of

participation or compliance rates, effluent sampling, and site visits and inspections. Other tools
that have been used successfully include cost-benefit analysis, estimated load reductions, and
focus groups. Participation rates are a useful measure when the control strategy used is a
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recognition or certification program. Effluent sampling is most effective when a specific busi-
ness category is targeted. Treatment plant effluent or influent sampling is an effective indicator
of program performance only if a single source (i.e., a business category) is responsible for the
major portion of a pollutant’s loading.

1.1.2.2 Programs Targeting Residential Audiences 
Most control strategies used for residential audiences are based on educational outreach

materials and methods of advertising this information to the public. Effectiveness measure-
ment tools commonly used include quantitative and targeted surveys, tracking responses, and
focus groups. Other tools that have been used successfully when adequate data are available
include estimated load reductions, tracking sales, effluent toxicity, and modeling. 

1.1.2.3 Assessment During Program Planning 
Tools most commonly used during the planning process include estimated load reduc-

tions, focus groups, modeling, and quantitative surveys.

1.1.2.4 Assessment While a Project Is Being Conducted 
Certain tools can be used to assess a program as it is being implemented. These include

inspections and site visits, as well as participation rates for business-oriented projects and
tracking responses or sales patterns for residential audience projects.

1.1.2.5 Assessment After a Project Is Completed
Influent or effluent-discharge sampling are conducted to assess the impact of an imple-

mented project that targets a business audience. Targeted surveys are used to assess the impact
of an outreach program targeting the residential sector, specifically with respect to whether
workshops or education materials resulted in positive behavior changes. Quantitative surveys
can also be used to assess the impact of residential outreach, specifically with respect to the
overall impact of an advertising campaign.

1.1.3 Findings and Recommendations From Phase 1
This section discusses findings from Phase 1 of the project with respect to barriers to con-

ducting evaluation and benefits realized from program evaluation. It also recommends ways to
conduct the demonstration projects described in this report.

1.1.3.1 Why Do Agencies Fail To Evaluate Their Source Control Programs?
As shown in many of the case studies for this report, program evaluation can yield valu-

able information. Agencies that have institutionalized effectiveness measurement or conducted
program assessment for a number of years use it to plan their programs, choose where to focus
resources, and improve their programs. They also use assessment results to gain management
support for their programs and obtain additional funding. They have been monitoring the
effectiveness of their programs for so long that they “instinctively” know which strategies will
work best in certain situations. Because their programs are so effective, they appear to have
more resources available to them. While their resources may not be much greater than those
available to programs of similar size, they are able to focus their efforts more effectively and
get more “bang for their buck.”

Even though conducting evaluations is beneficial, many agencies avoid effectiveness
measurement for a variety of reasons. Some of these are discussed below.

“Evaluation is too expensive.” Some tools, including surveys and monitoring that pro-
vide statistically valid results, are expensive. However, less expensive strategies are available.
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These include tracking responses, measuring participation rates, and conducting targeted sur-
veys. While the resulting information may not be scientific, it still can be very informative. If
planned from the beginning, several inexpensive ways are available to modify a program to
allow evaluation. Adding a response card or telephone number to a brochure, providing
switchboard operators with a log sheet to track calls, and color-coding coupons or response
codes can provide useful information at a minimal monetary investment.

Tools also are available that may be worth the expense because they serve the dual pur-
pose of providing effectiveness measurement and helping to implement certain program ele-
ments. Focus groups and site visits and inspections can serve as educational opportunities in
addition to providing effectiveness measurement.

“I don’t have time or energy to do evaluation well, so it’s not worth bothering with at
all.” Having the money but not the time is a terrible excuse. Surveys and monitoring studies
can always be contracted to someone with the appropriate knowledge and experience. Of
course, typically, agencies do not have excess money in their budgets. However, as noted, sev-
eral simple tools exist that require minimal additional time investments to return valuable
information. For example, when Palo Alto, Calif., tracked mercury thermometers that were
turned into the household hazardous waste facility, the “add-on” evaluation method was to
record the number of people turning in the thermometers and the total number of thermome-
ters turned in each day. At the end of the year, the time required to enter the data, analyze it,
and correlate it to outreach efforts was very small, less than 20 hours. If some time is spent ini-
tially, it often is possible to use existing program elements to assess effectiveness with only
slight modifications or add-ons.

“I’m afraid that I’ll find out my program is ineffective. It may look like we haven’t done
anything or wasted money and then we’ll be required to do more.” On the other hand, an
agency could waste more time and money continuing to do the same thing that is having no
impact beyond meeting a permit or other regulatory requirement. In addition, incorporating
evaluation into a project from the beginning increases the likelihood that the program will
have effective elements. The initial step in evaluating a program is establishing a baseline.
Determining a starting point is neither positive nor negative. A well-defined starting point will
help focus efforts effectively. Effective planning involves research that should focus a project
on the appropriate pollutant source or target audience and help identify effective strategies for
that source or audience. 

Another approach to effectiveness measurement is to start small and measure the effec-
tiveness of one element of a program as a pilot study. Therefore, success or failure will not
become a critique of the overall effort. It is also important to realize that poor results for effec-
tiveness measurement provide valuable information about what not to do in the future.

“I won’t learn anything useful from evaluation.” Many agencies that evaluate their pro-
grams do so because it is a requirement. In those cases, the most common use for the evalua-
tion is to report it to management or regulatory authorities. Because they see no benefit to
evaluation, the type of evaluation conducted may be only to track evidence of program imple-
mentation (e.g., the number of brochures distributed or the number of inspections conducted).
There may be no useful information obtained as a result. For the information to be useful, eval-
uation needs to be incorporated from the beginning of a project. The first questions to be asked
should be the following:
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� Where are we starting from and what do we already know?
� What do I want to learn about my program?
� What do I want to achieve with this program?

“I don’t know how to evaluate my program.” Evaluation has not been institutionalized
for source control programs. Therefore, evaluation tools have not been well defined or made
uniformly available. The Phase 1 report for this project and this report address this issue by
compiling a list of tools and examples of how they are used.

“My boss doesn’t care about evaluation and I’ve never had to do it before, so why should
I start now?” This is also a matter of evaluation not being institutionalized. Accountability
with respect to program results needs to be incorporated into project planning in the same way
as budgets and time schedules. The result may be a better program that will get a more posi-
tive response from the targeted audience, management, and regulatory authorities. Incorporat-
ing effectiveness measurement into a project from the planning stage will help to develop a
more focused, results oriented program. A well planned and executed program may get more
support from management even if they fail to realize that evaluation played a critical role. If
the evaluation portion of the program is highlighted, it may encourage management to con-
sider evaluation as an important program element in the future.

“The only meaningful measure of a program’s impact is changes in pollutant levels in
influent, effluent, or sludge.” While the ultimate goal of a program may be to see measurable
changes in influent, effluent, or sludge pollutant levels, intermediate stages to environmental
improvement can be measured. In fact, environmental improvement may be a gradual process
that is difficult to measure. Changes may be easier to observe at some of the intermediate
stages. If scientific, quantitative results are desired, monitoring and surveys can be used. Moni-
toring of individual dischargers can be used to see more noticeable changes than may be
observed by monitoring the influent. Surveys can be conducted to assess changes in awareness
and behavior that ultimately will lead to environmental improvement. However, for these
results to be statistically valid, the surveys or monitoring plans must be developed carefully and
adequate data must be collected. While extremely useful, such strategies also may be costly.

“There are no well-defined indicators to measure stormwater program performance.”
Appropriate methods for measuring stormwater program performance are still being devel-
oped. One approach under development is the use of environmental indicators, parameters
that can be used to approximate overall conditions in receiving waters and provide bench-
marks for assessing the success of management efforts. These indicators can be divided into
the following categories: water quality, physical–hydrological, biological, social, programmatic,
and site-related. Once fully developed, water quality and biological indicators may be the most
direct measures of environmental improvement for stormwater programs. Tools described in
this report may work well for evaluating the intermediate steps of increased awareness and
behavior change as they apply to stormwater programs.

1.1.3.2 Why Should Agencies Evaluate Their Programs?
Benefits realized from effectiveness measurement include gaining support and funding

for a program, identifying the best outreach methods, targeting the program to the right audi-
ence, and keeping the program on track. Following are some examples from the Phase 1 report
(Water Environment Research Foundation 2000):

� Agencies are able to justify their programs and gain support and additional funding
based on effectiveness measurement results. An example from the Volunteer-led
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Investigations of Neighborhood Ecology (VINE) program was the use of evaluation
results to obtain funding to start a VINE program in a new city. An assessment of the
program’s adaptability convinced the potential donor that the program could be
adapted for use in Baltimore, Md., and resulted in the donor funding the program.

� Agencies learn what methods work best to achieve different objectives. For example,
pollution prevention program officials in Palo Alto and San Francisco learned that
newspaper advertising is far less effective than utility-bill inserts for distributing
coupons or communicating offers for free brochures, and that newspaper articles are
more effective than newspaper advertisements. San Francisco also learned that street
signs are effective for creating awareness of environmental issues.

� Agencies learn what audiences are most receptive to certain messages and how to tar-
get outreach campaigns. The King County, Wash., Green Gardening Campaign deter-
mined that suburban homeowners older than 30 and with incomes greater than
$50,000 used the most pesticides in the Seattle–King County area. Focusing on this
audience resulted in a successful, effective campaign. Similarly, another county attrib-
uted the success of its composting program to shaping the campaign based on the
results of initial surveys regarding the community’s attitudes and behavior with
respect to composting.

� Agencies also may use effectiveness measurement to keep a program on track. When
Palo Alto tracked thermometer turn-in rates, the rates increased when newspaper arti-
cles were published on the topic. Additional newspaper articles were published in
response to turn-in rates slowing over the summer months, which then resulted in
another peak in turn-in rates.

1.1.3.3 Recommendations for Demonstration Projects
The purpose of conducting demonstrations with stormwater and wastewater source con-

trol programs was to test the framework and tools presented in Phase 1 of the project. To
obtain as much information as possible about source control program effectiveness measure-
ment, the demonstration projects were developed based on the following recommendations:

� Follow the eight steps of the framework, utilizing one or more of the effectiveness
measurement tools, as described above. 

� Assess costs for each effectiveness measurement tool, with an emphasis on identifying
low-cost approaches. 

� Assess staffing requirements for each tool, with an emphasis on tools that can be used
by agencies with small staffs.

� Make different target audiences and pollutants the subject of each project.
� Employ evaluation tools not previously used by the agency.
� Assess ease of use and applicability to other projects for each evaluation tool.

1.2 Demonstration Projects

Larry Walker Associates and Harris and Co. (the project team) worked with three waste-
water pollution prevention programs and three stormwater programs in California. For each
demonstration project, the agency and the project team each conducted different portions of
the work. The agencies and the demonstration projects are described below:

� San Francisco Water Pollution Prevention Program (SFWPPP) Mercury Reduction
Project—The City and County of San Francisco operates two wastewater treatment
plants—the 74-mgd Southeast Water Pollution Control Plant and the 21-mgd Ocean-
side Water Pollution Control Plant—that serve a population of 790,000. The project
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team worked with SFWPPP to assess sources of mercury in wastewater. Based on the
assessment, SFWPPP and the project team developed, implemented, and evaluated
programs targeting mercury fever thermometers and dental offices. SFWPPP devel-
oped and conducted the thermometer outreach campaign, and SFWPPP and the proj-
ect team jointly evaluated this campaign. The project team conducted the dental
outreach effort and evaluation.

� Santa Monica Urban Runoff Pollution Prevention Program’s New Development
Program—The city of Santa Monica is a primarily urban area with 85,000 residents
located in the Santa Monica Bay Watershed in Southern California. The city is a co-
permittee with the other cities in Los Angeles County on the county’s National Pollu-
tant Discharge Elimination System stormwater permit, which was issued in 1990. The
project team worked with the Santa Monica Urban Runoff Pollution Prevention Pro-
gram to assess the city’s New Development Program, which seeks to reduce dis-
charges of solid wastes, petroleum-based compounds, and heavy metals. Based on the
assessment, the project team developed, conducted, and evaluated workshops for city
staff and the building community.

� Woodland Pollution Prevention Program Oil and Grease Project—The city of Wood-
land has a population of 47,000 and is located in California’s Central Valley. Its water
pollution control plant has an average flow of 5.7 mgd. Woodland has had ongoing
collection-system problems due to oil and grease. The city’s Pollution Prevention Pro-
gram in 1996 targeted restaurants to address this issue. The project team worked with
the Woodland Pollution Prevention Program to assess the restaurant program and
other sources of oil and grease. As a result of this assessment, residential sources were
determined to be significant and the project team developed, implemented, and evalu-
ated an outreach effort targeting residential handling of used cooking oil.

� Davis Pollution Prevention Program Pesticide Education Program—The city of Davis
is located in Northern California and has a population of 60,000. In support of the
construction of a wetlands demonstration project, Davis characterized its stormwater
runoff and identified organophosphate pesticides as potential pollutants of concern,
with residential use determined to be the primary source of pesticides in the city’s
stormwater runoff. Davis developed the Healthy Gardens Program to educate resi-
dents regarding the impacts of pesticide use on stormwater runoff and wetlands. The
project team worked with city officials to evaluate this program through surveys
(funded by a Pesticide Environmental Stewardship Grant) and stormwater monitoring
conducted with funding from this project.

� Los Angeles County Used Oil Recycling Outreach Campaign—Los Angeles County
has a population of 10 million people and conducts an annual outreach campaign to
encourage residents to recycle used motor oil. The project team worked with Los
Angeles County to evaluate the 1999 campaign using intercept surveys, which are
face-to-face interviews conducted at fixed locations commonly visited by the target
audience.

� Los Angeles County Sanitation Districts Lindane Reduction Project—The Los Ange-
les County Sanitation Districts (LACSD) serves 5.3 million people and operates 11
treatment plants that treat a total of 525 mgd. In 1999, LACSD received a U.S. Envi-
ronmental Protection Agency grant to conduct a pilot public outreach program to
reduce the amount of lindane entering the sanitary sewer. LACSD conducted the pro-
gram and evaluated it using surveys and water quality monitoring. The project team
supplemented LACSD’s evaluation efforts by tracking prescription rates and over-the-
counter sales of lindane-containing and nonlindane-containing remedies for head lice
and scabies.
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While the ultimate goal of source control is improving environmental conditions through
reduced pollutant loadings, many source control programs have not reached that point. There-
fore, the demonstration projects primarily focused on effectiveness measurement tools that are
used during the planning stages and to assess a program’s impacts with respect to increased
public awareness, behavior change, and, to a limited extent, pollutant load reductions. The
tools used that were used and the stages assessed are shown in Table 1-2.

Table 1-2. Tools Used in Demonstration Projects

1.3 Report Organization

This report presents the results of the demonstration projects and evaluates effectiveness
measurement tools used in those projects for source control program assessment. In addition to
describing the tools, the report also presents the costs associated with each tool and discusses
the advantages and disadvantages of each. The remainder of the report is organized as follows:

� Chapter 2—Description of Demonstration Projects. This chapter summarizes the
activities conducted in each demonstration project and presents an overview of the
results from each project.

� Chapter 3—Planning Tools. Program planning is an important element of developing
successful source control programs. This chapter describes tools used in the planning
process to determine which source control strategies are most likely to be successful in
achieving a program’s goal. Included are discussions of estimated load contributions
and potential reductions for the SFWPPP Mercury Reduction Project, as well as the
assessments of existing information for the Woodland Oil and Grease Reduction Pro-
ject and the Santa Monica New Development Program.

� Chapter 4—Tools to Measure Increased Awareness. Surveys are the primary tool for
assessing increased awareness as a result of an outreach campaign. Both quantitative
and targeted, nonquantitative surveys can be used to assess awareness. Since increas-
ing awareness is one of the first steps taken to achieve a source control program’s
goals, surveys are commonly used. Surveys and other tools described in this chapter
include phone surveys (for the SFWPPP Mercury Reduction Project’s thermometer
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turn-in campaign, the Davis Healthy Gardens Program, and the LACSD Lindane
Reduction Project); mail surveys (for the Healthy Gardens Program); intercept surveys
(for the Los Angeles County Used Oil Recycling Outreach Campaign and the Wood-
land Oil and Grease Reduction Project); and quizzes (for the Santa Monica New
Development Program). Most of these surveys also assessed behavior change to some
extent, as discussed in this chapter and in Chapter 5.

� Chapter 5—Tools to Measure Behavior Change. A variety of tools may be used to
assess the effectiveness of source control programs with respect to behavior change.
Tools described in this chapter include sales tracking (for the LACSD Lindane Reduc-
tion Project); surveys (the surveys discussed in Chapter 4 and those used in the SFW-
PPP dental outreach project and the Santa Monica workshop follow-up); tracking
responses (used in the SFWPPP thermometer turn-in campaign); and site visits and
interviews (for the SFWPPP dental outreach project).

� Chapter 6—Tools to Measure Pollutant Load Reductions. Reduction in pollutant
inputs to the environment is assessed through environmental monitoring. Two of the
demonstration projects used influent, trunk-line, and stormwater monitoring to assess
effectiveness with respect to pollutant load reductions. While this is a critical step in
the process, it is often difficult to obtain an adequate amount of data to characterize
water quality and, therefore, assess the impact of a source control program on water
quality. Water quality monitoring efforts described in this chapter include stormwater
monitoring (for the Davis Healthy Gardens Program) and wastewater influent and
trunk-line monitoring (for the LACSD Lindane Reduction Project).

� Chapter 7—Conclusions. This chapter assesses the framework and effectiveness meas-
urement tools. Included are comparisons of information that can be obtained from the
different tools, a summary of the costs of source control program elements and effec-
tiveness measurement, a discussion of project findings regarding the feasibility of
measuring a source control program’s impact, and a brief discussion of the tools
needed to assess the final steps in the environmental improvement process (i.e.,
improved effluent and receiving-water quality and improved ambient conditions).
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CHAPTER 2.0

DESCRIPTION OF DEMONSTRATION PROJECTS

Agencies in six California municipalities conducted six demonstration projects as part of
this Water Environment Research Foundation project, Tools To Measure Source Control Pro-
gram Effectiveness. Three demonstration projects attempted to follow the framework devel-
oped in Phase 1 of the WERF project. This included identifying and assessing sources,
planning and implementing programs based on these assessments, and evaluating the pro-
grams. The three demonstration projects that used this approach are

� the San Francisco Water Pollution Prevention Program (SFWPPP) Mercury Reduction
Project,

� the Santa Monica Urban Runoff Pollution Prevention Program’s New Development
Program, and

� the Woodland Pollution Prevention Program Oil and Grease Project.

Three other projects evaluated specific effectiveness measurement tools. These are

� the Davis Healthy Gardens Program (water quality monitoring, surveys);
� the Los Angeles County Used Oil Recycling Outreach Campaign (intercept surveys);

and
� the Los Angeles County Sanitation Districts (LACSD) Lindane Reduction Project (sales

tracking, water quality monitoring).

This chapter summarizes the six demonstration projects.

2.1 SFWPPP Mercury Reduction Project

The purpose of the SFWPPP Mercury Reduction Project was to identify opportunities to
reduce mercury contributions to San Francisco’s wastewater. Project staff estimated load con-
tributions for a variety of residential, commercial, and industrial sources, using data provided
by San Francisco and values available in the relevant literature. Based on the results of this
source identification study and previous work on mercury conducted by San Francisco,
SFWPPP targeted mercury thermometers and dental activities as the best opportunities to
reduce mercury. 

The mercury thermometer outreach campaign revolved around encouraging residents to
turn in mercury thermometers at city-sponsored collection events in May 2000. The events
were publicized through utility-bill inserts, Val-Pak coupons, and a press conference held in
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early May. On each Saturday during the campaign, residents could turn in mercury thermome-
ters at designated fire stations around the city. Residents who turned in thermometers received
digital thermometers as replacements. Project staff evaluated the campaign by using pre- and
post-campaign random-digit-dial phone surveys, tracking the number of thermometers col-
lected, and conducting brief interviews at collection sites. 

Overall, program was successful, in that 4,699 mercury thermometers were collected in a
4-week period. Interestingly, one of the nine fire-station collection sites collected 40% of the
thermometers. Based on interviews conducted at the collections, the most effective methods for
advertising the program were newspaper articles and radio advertisements. Word of mouth
also had a significant effect in the later weeks of the campaign. While a large number of ther-
mometers were collected, the phone survey results indicated no measurable increase in aware-
ness regarding environmental impacts of mercury. Pre- and post-campaign survey results
regarding attitudes and practices relating to mercury thermometers were nearly identical.

Regarding dental activities, SFWPPP has worked with dentists during the last several
years and, in 1997, developed and distributed a brochure describing best management prac-
tices (BMPs) for dental practices. SFWPPP wanted to assess the extent of BMP implementation
and identify effective approaches to achieving mercury reductions in dental wastewater. The
first step of this effort was to assess BMP implementation and the attitudes of dentists, based
on a survey mailed to 900 San Francisco dentists.

Project staff used the results of the mail survey to plan the pilot outreach project (site vis-
its). The survey results indicated dentists are aware of the environmental impacts of mercury
and there is a trend toward using less amalgam in San Francisco dental offices. In addition,
according to the survey results, most dentists recycle their scrap amalgam. However, more
dentists could recycle the materials collected in chair-side traps and vacuum-system filters.
Based on the survey results, SFWPPP developed an outreach campaign focusing on encourag-
ing dentists to recycle all amalgam wastes, change traps and filters regularly, and keep a log of
amalgam wastes generated. The outreach consisted of conducting site visits with the goal of
assessing BMP implementation directly and asking dentists to commit to trying one new BMP.
In return for their cooperation, dentists were provided with a basket of promotional items for
their offices. Many dentists were disposing of their trap and filter waste as medical waste and
were under the impression that this is the proper disposal method. SFWPPP encouraged den-
tists to recycle trap and filter waste with the same recycler that collects their scrap amalgam.
Project staff conducted a follow-up survey a few months after the site visits to assess the
impact of the visits. The results indicated that approximately 25% of the dentists who received
site visits had implemented at least one new BMP.

2.2 Santa Monica New Development Program

The purpose of this project was to assess the implementation of certain elements of Santa
Monica’s New Development Program, specifically the process for implementing urban runoff
mitigation requirements, and to identify future directions for the program. The city requires all
new development projects to submit mitigation plans for reducing stormwater runoff from the
developed site. Project staff audited the Santa Monica Urban Runoff Pollution Prevention Pro-
gram’s mitigation planning process by reviewing program records, interviewing city staff, and
visiting project sites to determine if post-construction BMPs had been implemented. 
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Overall, the process appeared to be working, in that BMPs were being installed at the
project sites in accordance with the submitted mitigation plan. However, the audit identified
certain areas where the process could be improved, including improving city staff’s knowledge
of optimal site design and providing the building community with more information about
mitigation plan requirements. In addition, the Los Angeles Regional Water Quality Control
Board recently had approved more stringent standards for urban runoff. Based on the results
of the program audit and the board’s new requirement, the project staff recommended that
workshops be conducted to provide city personnel and the building community with informa-
tion regarding city and regional board requirements for new development. 

The city conducted the recommended workshops in August 2000. Project staff assessed
the workshops using pre- and post-tests to see if knowledge had improved among workshop
attendees. Based on the test results, both the building community and city staff came into the
workshops with a good understanding of stormwater issues. The workshops successfully com-
municated certain aspects of the regulatory requirements, educating participants about the dif-
ference between construction and post-construction BMPs and exposing participants to a
wider variety of post-construction BMPs. A follow-up assessment conducted a few months
after the workshops were held indicated that workshop participants were incorporating a vari-
ety of post-construction BMPs into development projects.

2.3 Woodland Pollution Prevention Program Oil and Grease Project

The city of Woodland has experienced a continuing problem with collection-system
upsets due to oil and grease. In 1996, the city implemented a restaurant permit program to
address collection-system problems involving oil and grease. In general, restaurants have
implemented the permit requirements and have a 95% compliance rate. However, because col-
lection-system upsets are still an issue, the city made an effort to identify other sources. 

Project staff reviewed information on collection-system problems and the existing restau-
rant permit program to identify sources of current oil and grease problems. High-density hous-
ing and apartments were located immediately upstream of all but one of the highest-priority
collection-system problem sites. Based on this assessment, the city, through this project, devel-
oped and conducted outreach targeting residents of apartments and houses in the geographic
areas with the most collection-system problems. 

The residential outreach program focused on providing giveaways of such items as can
lids and potholders bearing messages about proper grease handling. The giveaways were con-
ducted at local grocery stores in July 2000. Project staff conducted intercept surveys with 236
people during the giveaways. While a majority of participants said they put used kitchen
grease and cooking oil in the trash, approximately 16% reported pouring the materials down
the drain. In addition to the grocery store events, staff left promotional materials at apartment
rental offices in the problem areas and asked apartment managers to track oil and grease prob-
lems at their complexes. A follow-up survey conducted in November 2000 to see if awareness
had increased or practices had changed indicated no apparent change in the proportion of peo-
ple improperly disposing of used cooking oil. The outreach program may have been too lim-
ited in scope to result in measurable improvements in awareness or behavior.
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2.4 Davis Pollution Prevention Program Pesticide Education Program

In the mid-1990s, the city of Davis, through its stormwater monitoring program, identi-
fied pesticides (specifically diazinon and chlorpyrifos) as pollutants of concern in its urban
runoff. It also determined that the largest source of pesticides in the city’s runoff was residen-
tial pesticide use. Therefore, in 1998, the city implemented the Healthy Gardens Program, a
residential outreach program promoting integrated pest management and proper use and dis-
posal of pesticides. Program staff developed and distributed a variety of materials for the pro-
gram, including 

� movie theater slides;
� a fan brochure on pest management;
� signs around the city identifying the use of integrated pest management in public

areas; and 
� a sign at North Pond, a wildlife habitat and flood detention basin, describing the con-

nection between stormwater runoff and wetland areas in Davis.

In 1999, under a U.S. Environmental Protection Agency (U.S. EPA) grant, the city used
surveys to assess the effectiveness of the Healthy Gardens Program. It supplemented this effort
by monitoring stormwater runoff for an outfall (the North Pond site) in Davis that drains a res-
idential area. Data on pesticides in stormwater runoff were available for this outfall for three
storms that occurred prior to the initiation of the pesticide outreach program (in 1996 and
1997) and for one storm event that occurred in 1998, after the Healthy Gardens Program began.
In addition, during the 1999–2000 storm season, program staff monitored two storms that
occurred at North Pond for diazinon, chlorpyrifos, and conventional pollutants. The results
show a decrease over time in pesticide levels in stormwater runoff to North Pond. Because of
the limited amount of stormwater data and the fact that such data are influenced by a variety
of factors, it is not clear whether the decrease indicated is significant.

Surveys conducted by the city under the U.S. EPA grant indicate residents were aware of
the Healthy Gardens Program, showed an increased awareness of the connection between pes-
ticide use and water pollution, and had changed their behavior to reduce or eliminate pesticide
use. In addition, North Pond was one of the most effective locations for communicating these
messages, according to survey responses. 

2.5 Los Angeles County Used Oil Recycling Campaign

For the last several years, Los Angeles County has promoted used-oil recycling and, more
recently, oil-filter recycling through a variety of media and public education programs. The
purpose of the WERF project was to assess the 1999 campaign. The Los Angeles County
Department of Public Works launched a 2-month advertising campaign in October 1999 to pro-
mote used-oil recycling. The campaign targeted Latino and African-American men between
16 and 35 years of age. The advertising company hired by the Public Works Department devel-
oped billboards, bus-stop posters, theater slides, and radio public-service announcements. 

In December 1999, campaign staff developed an intercept survey to test whether the tar-
get audience remembered advertising campaigns and determine what effect the campaigns
had on their behavior. The target audience for this survey comprised individuals who change
their motor-oil, oil-filter, and other automotive fluid themselves, a group generally known as
“do-it-yourselfers” (DIYs). The project staff chose automotive stores as the survey location and
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conducted concurrent surveys at four stores. The survey was designed to ask DIYs whether
they had seen the recent campaign and if it had changed their behavior. 

The survey results suggested conclusions similar to those drawn from surveys of other
relatively mature used-oil recycling programs. Specifically, 90% of DIYs were “doing the right
thing” by recycling their used oil and oil filters, and only 10% were improperly disposing of
these materials. While sample sizes are too small to produce statistically reliable results, the
data suggest that those who saw used-oil advertising during the 6-month campaign were less
likely to dispose of their used oil and oil filters in the trash or down the storm drain than those
who had not seen the campaign materials.

2.6 LACSD Lindane Reduction Project

The purpose of the LACSD Lindane Reduction Project was to supplement the county’s
efforts to assess the effectiveness of an outreach and education project discouraging the use of
lindane as a remedy for head lice and scabies. Through a U.S. EPA grant, LACSD developed a
public outreach program targeting healthcare professionals with the goal of reducing the
amount of lindane entering the wastewater collection system. This was a pilot project designed
to determine if such an effort would be effective. Therefore, LACSD measured effectiveness
using surveys and water quality monitoring. Larry Walker Associates and Harris and Co. (the
project team) supplemented this effort by tracking changes in lindane prescription rates and
sales of over-the-counter alternatives. 

LACSD initiated the outreach campaign in October 1999. Project staff conducted surveys
and water quality monitoring before the campaign began and conducted follow-up monitoring
periodically through May 2000. In addition, they also conducted a post-campaign survey to
determine if practices and attitudes had changed on the part of the healthcare professionals.
The project team collected the prescription and sales tracking information at pharmacies in
Pomona (a control group area where no outreach was conducted) and in Burbank (the study
area). A total of 17 pharmacies (10 in the study area and seven in the control area) provided
tracking data. 

During the course of the study, lindane wastewater levels decreased in the outreach areas
and remained stable in the control area. Survey results indicated that fewer doctors were pre-
scribing lindane and more pharmacists were mentioning its harmful effects to their customers.
In addition, the ratio of lindane prescriptions to sales of nonlindane products remained higher
in the control area than in the area where outreach was conducted.
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CHAPTER 3.0

PLANNING TOOLS

Planning is the most important element of developing an effective source control pro-
gram. Before implementing a program, it is critical to identify its goal or purpose, assess the
sources of the pollution problem, and determine the strategies most likely to be successful in
achieving the program’s goal. This chapter describes two approaches that have proved
extremely useful in pollution prevention program planning: estimating load reductions and
assessing existing information.

3.1 Estimated Load Reductions

Estimating load reductions involves identifying sources of a pollutant, quantifying rela-
tive contributions of sources, determining and assessing potential source control strategies, and
estimating the likely success of the identified strategies. The resulting analysis yields estimates
of the reductions that may be achieved by targeting a certain source and implementing a given
control strategy. While this process is by no means quantitative, it is useful in sorting out large
and small sources and identifying appropriate strategies. The San Francisco Water Pollution
Prevention Program (SFWPPP) Mercury Reduction Project used estimated load reductions to
assess mercury sources. The process used and the type of information obtained from it for San
Francisco are discussed below (Larry Walker Associates 2000d).

SFWPPP sought to reduce the quantity of mercury in the influent to its two water pollu-
tion control plants (the Southeast Water Pollution Control Plant and the Oceanside Water Pol-
lution Control Plant). To plan the best approach to achieving these reductions, project staff
developed estimated load reductions using the following steps:

� Identify and quantify sources.
� Determine and assess available control strategies.
� Estimate reductions that can be achieved.

3.1.1 Source Identification
The first step in the process was to identify and quantify the sources of mercury con-

tributing to the influent loading at each water pollution control plant. Table 3-1 lists each mer-
cury source identified by this study and its estimated annual contribution to the influent load.
Project staff determined residential loadings using values developed by other agencies (Larry
Walker Associates 1994, 1997) and adjusting these values to San Francisco based on population
or number of households. Commercial and industrial mercury contributions to influent load-
ing were determined based on wastewater monitoring data collected annually by SFWPPP.

Controlling Pollution at Its Source 3-1
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Data on contributions from dental offices were based on monitoring conducted by SFWPPP.
Details of the load calculations are presented elsewhere (Larry Walker Associates 2000d).

Table 3-1. Mercury Sources and Estimated Annual Loads

Project staff identified approximately 80% of the mercury sources for the San Francisco
influent. The identified sources were divided fairly evenly between residential and commercial
–industrial sources. The largest residential sources include human waste, laundry graywater,
thermometers, and contact-lens solutions. The largest commercial sources include dental and
medical facilities and educational institutions. It should be emphasized that the calculated
loadings incorporate several assumptions and, therefore, are very approximate. For example,
the estimated loading from improper disposal of broken thermometers is based on a survey
result (Larry Walker Associates 1994) indicating that 1.8% of households dispose of mercury
from thermometers by pouring it down the drain. However, the portion of this 1.8% that break
a thermometer in a given year is unknown. Therefore, 5.9 lb/yr is a maximum value, while the
actual loading from improper thermometer disposal possibly is much lower.

In addition to quantifying sources, a source’s controllability is another important factor to
consider. SFWPPP has established programs for permitted facilities and commercial businesses
making these sources well within its ability to work with and control. Other sources, such as
household products, may be addressed through education and outreach and are considered
controllable to some extent. On the other hand, certain sources are considered to be essentially
uncontrollable. These include soil, which reaches the water pollution control plants via 
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laundry, shower, and wash water; food discarded in garbage disposals; and human waste. The
controllability of mercury sources is summarized in Table 3-2.

Table 3-2. Controllability of Mercury Sources

3.1.2 Available Control Strategies
Strategies used to address mercury sources include building on existing programs and

developing new strategies.

3.1.2.1 Existing Programs
Between 1994 and 1996, SFWPPP collected more than 100 wastewater samples from

dental-related facilities and found them to be a significant source of mercury to the city’s sew-
erage system. Based on the sampling results, SFWPPP developed a mercury outreach program
in cooperation with the San Francisco Dental Society and the California Dental Association.
The program encouraged implementation of best management practices (BMPs) for dental
facilities. Brochures distributed to more than 1200 San Francisco dentists presented details
about the BMPs.

Other existing programs in the area include a permanent household hazardous waste col-
lection facility for San Francisco residents, a waste pick-up program for very-small-quantity
generators of hazardous wastes, and other services for small businesses. 

3.1.2.2 Developing New Strategies
In addition to the existing efforts targeting dental facilities and household hazardous

waste, other potentially controllable mercury sources exist within the service area. Additional
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measures also might be taken to control discharges from dental facilities. General control
strategies and their application to specific sources in San Francisco are described below.

Source control strategies generally fall into four categories:

� technology-based strategies;
� local regulatory strategies;
� public and business outreach programs; and
� regional, national, and international strategies.

Technology-Based Strategies. Technology-based strategies involve a process modification
or the use of equipment or chemicals to achieve reductions in mercury discharges. For exam-
ple, installing household laundry graywater systems would effectively eliminate discharges of
mercury in laundry graywater. The effectiveness of such strategies depends on the technol-
ogy’s ability to remove mercury from the source or the mercury discharge from the collection
system, as well as sufficient cooperation and participation necessary to implement the strategy.
Although graywater systems would eliminate laundry graywater as a source of mercury dis-
charges, installing such systems would involve changes in the construction and design of
houses, renovations of existing residences, and participation by planning and building officials,
builders, developers, landscapers, and homeowners.

Local Regulatory Strategies. Local regulatory strategies include local ordinances and con-
trols on specific industries or sources. These may include product bans or restrictions or
enforced discharge limits and site visits for businesses. The feasibility of this strategy is limited
by state and federal law (for example, the Federal Insecticide, Fungicide and Rodenticide Act
prohibits many local restrictions on pesticides) and the ability of dischargers to control sources
of the mercury in their discharges. The effectiveness of this type of strategy depends on the
ability of SFWPPP to enforce the regulation.

Public and Business Outreach. In the Southeast and Oceanside treatment plants’ service
areas, the largest source of mercury is residential activity. Regulatory strategies generally are
not applicable in the residential sector, and technology-based strategies are difficult to imple-
ment on a large, residential scale. Therefore, public education and outreach often are the most
effective ways to implement source reduction in the residential sector. Outreach and education
to businesses can be a cost-effective way of raising awareness and changing business habits for
source control without the difficulties and time involved in implementing legislative or
technology-based controls.

Public and business outreach can be accomplished in many ways. Brochures, point-of-
purchase and event displays, and media advertisements all can present clear, concise informa-
tion to a broad audience. School programs can create awareness in children, which they can
pass on to their parents. Business outreach can take the form of education about alternative
products and BMPs. Incentive programs in which businesses are recognized for following pol-
lution prevention guidelines or providing educational materials to their customers are effective
ways of educating both business owners and the public about environmental issues.

Regional and Other Strategies. Some mercury sources are not easy for SFWPPP to control,
but program staff can approach other entities to advocate the reduction of mercury from these
sources. Strategies falling into this category may include working with regional or national
groups to reduce mercury levels in air emissions or advocating the reduction of mercury levels
in clothing and other products.
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Sources considered to be controllable by SFWPPP include

� dentists;
� residential sources, such as household products and food wastes; 
� hospitals and other medical facilities; and
� residential and commercial laundries.

Dentists are the largest identified source for which SFWPPP has a high level of control,
and SFWPPP has conducted outreach to dentists in the past. Follow-ups to this outreach could
be conducted and focus on increasing implementation of selected BMPs. In addition, while
working cooperatively with dentists is the recommended first step, it would be possible for
SFWPPP to regulate dentists by requiring permits for dental wastewater discharges. Permits
could be modified to require implementation of mercury-amalgam handling and disposal
practices, propose a reduction in the use of amalgam, or include effluent limitations on the
amount of mercury contained in wastewater. The regulatory program could include reporting
and monitoring requirements, site visits, and penalties for violating permit requirements.

Household products, including thermometers and contact lens solutions, are responsible
for approximately 9% of the mercury load to the treatment plants’ influent. Mercury thermom-
eters constitute one of the largest estimated sources of mercury from residents to the treatment
plants, approximately 6 lb/yr. Therefore, an outreach campaign could be developed to encour-
age residents to turn in mercury thermometers and use digital or other mercury-free thermom-
eters instead. Several contact-lens solutions available to consumers contain thimerisol, a
mercury-containing preservative. Viable, cost-effective alternatives to these solutions are read-
ily available to consumers.

Disposing of food waste down the drain results in mercury loads to the water pollution
control plants. SFWPPP has no direct control over mercury levels in food. However, the pro-
gram could encourage residents not to use garbage disposals to dispose of food waste and to
compost such wastes instead. SFWPPP could assemble and distribute outreach materials on
household composting of food waste for the public and provide references for more informa-
tion. Such an outreach program should be conducted in conjunction with local solid-waste pro-
grams that encourage composting. SFWPPP should consider encouraging the use of kitchen
storage containers or in-kitchen worm boxes as an element of the program. This would reduce
the amount of mercury from food waste reaching the wastewater collection system by divert-
ing the waste and its associated mercury to individual gardens. Diverting food waste from the
pipeline could affect wastewater treatment operations at the water pollution control plants.
SFWPPP would need to investigate potential operational consequences before initiating a
large-scale program of this type.

Mercury from medical facilities, particularly hospitals and nursing homes, accounts for
approximately 5.5% of the total mercury loading to the water pollution control plants. Control
strategies for hospitals and medical facilities include instituting policies regarding mercury-
containing equipment and cleaning wastewater collection lines.

Under a recent local resolution, the city is required to encourage all medical facilities
within San Francisco to eliminate the purchase and use of mercury-containing products. To
accomplish this, SFWPPP could provide information to hospitals and laboratories on alterna-
tives to mercury-containing equipment and information that helps eliminate remaining barri-
ers to the use of alternative equipment. While alternative equipment often is no more
expensive than mercury-containing equipment, the capital expenditure needed to replace 
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existing equipment can be a significant barrier. Another barrier to the use of alternatives to
mercury thermometers involves concern about the accuracy of alternative thermometers.
SFWPPP could gather information on this and other pros and cons of alternatives to mercury-
containing equipment. It could share information on these issues and the environmental
impacts associated with mercury releases with managers at hospitals and laboratories.

Historical use of mercury may have caused a mercury buildup in sink traps and collection
lines in hospitals and laboratory buildings. However, the magnitude of this source is uncertain.
SFWPPP could support implementation of a demonstration project at a hospital or laboratory
to determine the effectiveness of pipeline cleaning to remove mercury buildup. Mercury waste-
water effluent concentrations should be measured before and after the cleaning to determine
whether line cleaning is an effective tool for reducing mercury loads to the collection system.

Graywater (wastewater from washing machines, showers, and sinks) from residential and
commercial laundries constitutes a significant load of mercury to the water pollution control
plants, approximately 12.8 lb/yr. However, mercury sources in the graywater have not been
identified. It may come from dirt, air deposition, or chemicals applied to cotton or finished
clothing (Larry Walker Associates 1994). SFWPPP has no direct control over any of these
sources. However, it can encourage actions that prevent the mercury-containing graywater
from entering the pipeline. Graywater can be used to irrigate lawns, trees, bushes, and flowers.
Graywater systems could be recommended and promoted to residents, contractors, and
builders for use in feasible locations.

Although graywater systems can divert significant loads of mercury, several problems
interfere with SFWPPP’s ability to implement the use of these systems in the service area. One
is that the San Francisco area provides very little opportunity for new construction. This means
the program primarily would involve retrofits of existing houses. In addition, a certain amount
of landscaped area is needed, and the systems are complicated to install and maintain.

To address such barriers, SFWPPP could work with local building departments to resolve
issues surrounding graywater system use and develop a local supplement to the California
Department of Water Resources Graywater Guide. SFWPPP could select appropriate geographic
areas and building types in the service area to target for an educational program on graywater
systems.

Drought or other water conservation restrictions could make graywater systems more
financially attractive to homeowners. SFWPPP could prepare to work with local water utilities
to promote the use of graywater systems in retrofits and new construction if water restrictions
occur in the future.

3.1.3 Assessment of Source Control Strategies
Load reductions from each of the control strategies identified can be estimated by deter-

mining the potential effectiveness of each strategy. A strategy’s effectiveness can be estimated
on the basis of the level of participation expected and the maximum load reduction the strat-
egy achieves. The Phase 1 report for this project described in detail the development of partici-
pation and loading factors (Water Environment Research Foundation 2000). This is
summarized below.

3.1.3.1 Participation Factor
Ideally, implementing a control strategy results in eliminating the source the strategy was

designed to address. In reality, however, only a percentage of the people and procedures
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addressed by the control strategy will be changed. The participation factor estimates the
amount of participation that can be achieved for a given control strategy. 

Because available data on participation levels are limited, the participation factors used in
this study and described here should be considered rough estimates. Surveys conducted by
SFWPPP indicate that public education campaigns will increase awareness among 10% to 30%
of the general public and result in behavior changes for 5% to 15%. Lower awareness and
behavior change rates can be expected during the first year of a campaign, with numbers
increasing over time and with repetition of the message. Data on participation in programs for
businesses show approximately a 50% compliance rate for completely voluntary, education-
based programs. When some sort of accountability—such as annual sampling or inspections,
or a regulatory requirement—is included, compliance or participation rates can increase to
90%. Initial compliance rates (during a program’s first year) will be between 30% and 50%,
with rates increasing in the second and third years to 90% or more.

3.1.3.2 Loading Factor
The loading factor is the amount of mercury load reduction from a source that could be

expected if there were 100% participation. The loading factor varies depending on the sources
of mercury the strategy addresses. For example, all programs related to thermometers and con-
tact-lens solutions have a loading factor of 100%, because control strategies aimed at these
sources would effectively eliminate the source.

Loading factors were determined by estimating the amount of mercury coming from indi-
vidual sources within a category. For example, sources of mercury from hospitals include mer-
cury-containing equipment, mercury solutions, and mercury present in wastewater collection
lines. SFWPPP examined each control strategy to determine the individual sources it
addressed. Business outreach and public education strategies were assumed to address all
individual sources. In the case of dentists, project staff determined that, based on current tech-
nologies, a maximum of 90% of the mercury could be removed from amalgam used at dentists’
offices. 

3.1.3.3 Estimated Load Reduction
Table 3-3 shows the estimated participation and loading factors and the resulting load

reduction for each control strategy addressing the largest identified sources. If all strategies
listed in Table 3-3 were implemented, it is estimated that a reduction of 26 lb could be
achieved, corresponding to a 30% reduction in the influent loading. The simplest strategies to
implement would be the thermometer outreach campaign, outreach to dentists, and outreach
to medical facilities. An estimated 17% reduction in influent loading could be achieved by
implementing these strategies.
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3.1.4 Information Obtained From Estimated Load Reductions
Several pieces of information useful in pollution prevention program planning can be

obtained from estimated load reductions. First is identification of the most significant sources,
which in this case include improper disposal of thermometers, human waste, laundry graywa-
ter, dental practices, and medical and educational facilities. Another important piece of infor-
mation obtained from this analysis is which sources are amenable to controls. While human
waste and laundry graywater are large sources, it is unlikely that there is an effective control
strategy for either. Initial efforts should focus on other sources, including thermometers, den-
tists, and medical and educational facilities. Specifically, San Francisco chose to develop an
outreach and turn-in campaign for mercury thermometers and to conduct outreach encourag-
ing dentists to increase BMP implementation. Other information obtained from this exercise
includes an estimate of how much of the total pollutant load can be accounted for by the iden-
tified sources. In this case, about 20% of the load may be attributed to unidentified sources.
Finally, the reduction estimates give an agency a sense of how much it may achieve through
source control. For example, for San Francisco, 17% is the absolute maximum reduction SFW-
PPP can expect to achieve by implementing the selected strategies. This allows the agency to
set goals, compare program results to planning estimates, and assess whether source control
alone will allow it to achieve the reductions necessary to meet regulatory requirements.

3.2 Existing Information Assessment

Some programs and pollutant issues do not lend themselves to the method described
above because the sources are difficult to quantify, the necessary information is not readily
available, or source identification is not applicable. However, most programs can benefit from
an assessment of existing information. Once again, an essential first step in using this approach
is to identify the specific pollutant issue of concern and determine the goal of the pollution
prevention program. Assessment of existing information was used to plan pollution preven-
tion strategies for the Woodland Oil and Grease Reduction Project and the Santa Monica New
Development Program.

3.2.1 Woodland Oil and Grease Reduction Project Assessment
The Woodland Pollution Prevention Program Oil and Grease Reduction Project was initi-

ated to identify and correct the source of oil and grease upsets in the collection system. For this
purpose, project staff identified the collection-system sites with the most frequent problems,
then traced backward to possible sources. Once various sources were identified, the team
developed control strategies to forestall future problems, prioritized the strategies, imple-
mented initial strategies,  and evaluated the results (Larry Walker Associates 2000c). The steps
in this process were similar to those followed for the estimated load reduction and included
the following:

� Identify and assess sources.
� Determine available control strategies.
� Evaluate and prioritize strategies.
� Implement the program.

3.2.1.1 Identify and Assess Sources
In 1996, Woodland implemented a restaurant permit program to address oil and grease

upsets in the city’s wastewater collection system. Area restaurants generally have implemented
the permit requirements and have a 95% compliance rate. The city also identified sources other
than restaurants to address current collection-system issues. 
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City staff identified 21 specific problem locations in the collection system, then inspected
areas within a few blocks of each site to identify the types of activities occurring upstream (i.e.,
those associated with single- or multiple-family residential neighborhoods, commercial or
industrial areas, etc.). In addition, the staff reviewed callout records from January 1996 through
August 1998 to quantify the issue, tabulating callouts coded as 0.33 (“clean plugged sewer
main”), 0.32 (“clean plugged sewer service”), and 0.39 (“grease breaker”). For the period evalu-
ated, 222 callouts were coded 0.32, 376 were coded 0.33, and 73 were coded 0.39. The staff
mapped the locations of the 376 callouts coded as plugged sewer mains and found that 205
were associated with one of the problem sites. 

Table 3-4 presents the results of the callout assessment and the site descriptions. The prob-
lem sites are listed in order of total plugged sewer-main callouts associated with each site.
Eight sites had 16 or more of these callouts and, with one exception, all were in residential
areas, located primarily near apartment buildings or high-density housing. The site with the
most callouts was in an industrial area. Two of the top problem sites had restaurants immedi-
ately upstream in the collection system.

Table 3-4. Assessment of Woodland’s Oil and Grease Problems

3.2.1.2 Determine Available Source Control Strategies
The source assessment identified restaurants, apartments, and other residential areas as

possible sources. Existing programs included the restaurant permit program, with a high com-
pliance rate. Staff identified new strategies for restaurants, as well as strategies for apartments
and other residential areas, including
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� conducting additional outreach to restaurants,
� developing BMPs and distributing outreach materials to residents,
� educating apartment complex managers, and
� installing grease-collection bins at apartments.

3.2.1.3 Evaluate and Prioritize Strategies
Analysis showed that, due to the existing restaurant program, restaurants were a less sig-

nificant source than residential areas. Therefore, the residential strategies were implemented
first. Staff evaluated the option of installing grease-collection bins but considered it too expen-
sive and difficult to maintain. They decided instead that outreach to and education of home-
owners and apartment managers would be a better strategy.

3.2.1.4 Implement the Program
City staff implemented the program by producing promotional materials associated with

cooking (potholders and can lids). These materials were imprinted with the slogan, “Grease
goes from the pan to the can,” and a comical illustration of a pan pouring grease into a can.
Staff also distributed a card containing information on proper grease handling, as well as a
flier printed in English and Spanish bearing the following message: “Cooking oils, grease and
fat are great for frying and coating pots and pans. But, they also clog drain pipes and cause
sewer pipes to back up. Keep your pipes running free! Cool down your cooking oil, grease and
fat and pour them into a can—not down the drain. Trash the can—not your pipes. Also, please
wipe out pots and pans with a paper towel before doing dishes—you will use less soap and
decrease clogs.” The cards also bore the City of Woodland Pollution Prevention Program logo,
along with a phone number to call for more information. Staff distributed these materials at
local grocery stores and three apartment complexes located in the problem areas. The outreach
materials developed for the project are shown in Appendix B.

3.2.2 Santa Monica New Development Program Assessment
Santa Monica's Urban Runoff Pollution Prevention Program sought to improve its process

for implementing mitigation requirements for new development projects. By city ordinance,
each new development project must submit an Urban Runoff Mitigation Plan (URMP) that
includes appropriate post-construction BMPs to reduce stormwater and urban runoff at project
sites. To plan improvements for the New Development Program, city staff assessed the existing
program with respect to how BMPs are implemented at new development sites and, overall,
how well the current program was working (Larry Walker Associates 2000b). Based on the
assessment, project staff developed a plan to improve the implementation process. The steps in
this assessment included the following:

� Review the URMP process.
� Review records of submitted URMPs.
� Conduct site inspections.
� Assess the program and prioritize issues.
� Develop a plan to address the issues.

3.2.2.1 Review the URMP Process
The project team worked with Santa Monica staff to review the process by which URMPs

are developed and submitted to the city. The team used this information to evaluate the cur-
rent urban runoff mitigation planning process, which includes the following steps:

� A developer consults with the city planning office to determine the steps necessary to
ensure that the development project complies with all city ordinances. The city 
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planning office will inform the project developer, among other things, if it is necessary
to complete a URMP Worksheet and submit it with the development plans. 

� Based on computations specified in the URMP Worksheet, if the estimated runoff from
the property is greater than the specified maximum allowable runoff, urban runoff
mitigation will be required. 

� The developer submits the URMP Worksheet to the plan-check engineer in the Engi-
neering Division of the Department of Environmental and Public Works Management
for preliminary approval. If the engineer does not approve the worksheet, the devel-
oper must complete another one and resubmit it until it is approved. City staff indi-
cated that initial worksheets submitted for single-family residences are approved
about 85% of the time, and virtually all worksheets that were rejected the first time
were accepted the second time. Worksheets for multiple-family and commercial proj-
ects were approved on first submission only 30% of the time. City staff say this is
mostly due to the greater complexity of these projects, resulting from spatial con-
straints. (Unlike multiple-family and commercial plots, single-family residences do
not take up the entire plot, so there is open space to work with.) Approximately 15%
of multiple-family and commercial projects require more than two worksheet
submissions.

� Once approved by the plan-check engineer, the developer must submit the URMP
Worksheet to the Department of Environmental and Public Works Management’s
Engineering Division for final review and approval. 

� The developer must call the city urban runoff coordinator before construction of the
BMP is complete, so that it may be inspected. According to city staff, since 1999, more
than 90% of all projects have been inspected.

� Assuming the BMP passes inspection and there are no other problems with the site,
the city issues a Certificate of Occupancy.

3.2.2.2 Review Records of Submitted URMPs
Santa Monica staff supplied an urban runoff mitigation database containing information

on mitigation projects in Santa Monica from 1993 through 1999. The database included infor-
mation on 237 mitigation projects for which BMPs were identified. Table 3-5 summarizes the
post-construction BMPs employed by the projects. 
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Table 3-5. Urban Runoff Mitigation Plan Review

Table 3-5 lists 13 different post-construction BMPs. More than 70% of the plans reviewed
used one of four BMPs (subsurface/depression pit, retention basin, landscaping, dry well).
Although designed differently, subsurface pits, dry wells, and gravel pits are all used for the
same purpose.

3.2.2.3 Conduct Site Inspections
The project team selected a representative group of post-construction BMP project sites

from the urban runoff mitigation database to inspect. The project sites chosen were representa-
tive in terms of type of project (government, commercial, single family, multiple family), type
of BMP (e.g., dry well, gravel pit, French drain), and geographical location.

The project team selected 13 project sites. Five were on commercial property, seven were
on residential property (five single-family and two multiple-family residences), and one was
on government property (a large project covering 26 blocks). In all, the sites employed nine dif-
ferent post-construction BMPs. The sites were geographically dispersed throughout the city.

The project sites were inspected to determine whether the BMPs had been implemented
according to the mitigation plan filed with the city. Table 3-6 summarizes the inspection
results. 
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Table 3-6. Best Management Practice (BMP) Assessment

1Verification - Was the BMP present?
2Maintenance - If the BMP was verified and completed, was it properly maintained?

Of the 17 BMPs inspected, 15 (88%) were verified. At two sites, the project team and city
staff were unable to verify the existence of a BMP mitigation, but this does not necessarily
mean that it did not exist. In both cases, the BMP mitigation project type was a residential, sin-
gle-family dwelling surrounded by a fence. To avoid trespassing, the inspection was limited to
what could be observed from the street. Additionally, with the exception of one BMP mitiga-
tion site, all of the completed BMPs seemed to be well maintained. However, two BMPs were
not optimally designed or placed, limiting their effectiveness. Nevertheless, city staff approved
these designs. Finally, in a purely subjective assessment, no BMP mitigation had a negative
impact on the appearance of a site; all were either invisible or (in the case of planters, biofilters,
and some types of permeable pavement) improved the site’s aesthetics.

3.2.2.4 Assess the Program and Prioritize Issues
The project team evaluated the BMP mitigation planning process to identify issues and

needs. The results showed that while the urban runoff mitigation process is generally effective,
the efficiency of the process could be improved in some areas. Based on BMP mitigation site
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inspections and interviews with city staff, the project team identified four potential areas for
improvement: 

� Educating city staff.
� Educating applicants.
� Redesigning the URMP Worksheet.
� Initiating onsite inspections.

Educating City Staff. City staff could be better educated regarding BMPs. This problem
was apparent at two inspection sites where planners had approved BMPs that were poorly
designed or placed. The most direct way of dealing with this weakness would be to develop
an educational program (such as an in-house workshop or reference literature) for the city staff
members with authority to approve URMPs. The program’s purpose would be to familiarize
the staff with current requirements regarding the necessity, simplicity, aesthetics, and effective-
ness of various BMPs.

Educating Applicants. Applicants (architects and engineers) could be better educated
about BMPs. This problem became apparent in interviews with the city plan-check engineers,
who have the authority to approve URMP worksheets. Particularly in the commercial develop-
ment sector, and to a lesser extent in the residential sector, the worksheets that applicants sub-
mitted were not approved the first time. As with the previous area for improvement, this issue
could be handled most directly by developing an educational program targeting applicants.
The program’s purpose would be to enlighten the architects and engineers who design the
BMPs regarding the specific BMPs and designs that will be approved. City staff indicated that
in the commercial sector they deal with many of the same architects and engineers from project
to project. A one-time educational program targeting these architects and engineers could
improve the percentage of worksheets approved following their initial submission.

Redesigning the URMP Worksheet. The URMP Worksheet could be redesigned to be eas-
ier to follow. City plan-check engineers indicated that, of the worksheets that are rejected, a
significant number were filled out improperly. Perhaps a more thorough description or a sim-
plification of the worksheet would improve applicant performance in this area.

Initiating Onsite Inspections. Onsite inspections are needed to ensure that BMPs are con-
structed properly. In some cases, the city engineer approves an effective design, but the BMP is
constructed in a way that is contrary to the design. This situation can be addressed only
through onsite inspections. The city has increased its inspection rates, but educating staff
regarding proper BMP design is also needed.

3.2.2.5 Develop a Plan To Address the Issues
Of the issues identified, the project team determined that the need to educate city staff and

the building community should be assigned higher priority than the need to redesign the URMP
Worksheet. In addition, the Los Angeles Regional Water Quality Control Board recently had
approved more stringent standards for urban runoff that would impact the New Development
Program. Therefore, project staff decided to develop and conduct workshops for city staff and
the building community regarding stormwater regulatory requirements and post-construction
BMPs for new developments.

3.2.3 Information Obtained From Existing Information Assessments
Using information obtained from assessing existing information sources may seem obvi-

ous. At one level, compiling information in one place provides a good overview of the program
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and may be useful in identifying gaps and future program directions. The information will also
be useful for establishing a baseline or starting point for future work, making future program
evaluation simpler. With respect to facilitating evaluation, information assessment also can be
used to identify types of information that may be collected easily, as well as simple steps that
can be taken to improve the quality of information obtained in the future.

3.3 Assessment of Planning Tools

The planning tools described above in each case were useful in identifying major sources
of pollutants of concern or, in Santa Monica’s case, major program needs. Obtaining the infor-
mation typically is straightforward but may be time consuming. The assessments described
cost between $8,000 and $10,000. This expense is primarily associated with the staff time
required to gather and analyze the information and assumes the information needed for these
approaches can be obtained through the literature or agency records. If the type of information
required to assess a program issue is not available electronically, this approach is more time
consuming. Costs associated with water quality monitoring that may be necessary to develop
some of the information used in the estimated load reduction approach are not included.

The estimated load reduction approach requires gathering a great deal of information
about a service area, such as the numbers and types of businesses, and flows and concentra-
tions associated with residential and business wastewater discharges. If this information is
available, this tool can be extremely valuable for assessing a pollutant issue and determining
the best strategies to address the issue. Information on numbers and types of businesses often
is obtainable through pretreatment program industrial-user surveys, city business-license
records, and telephone yellow-page directories. The information obtained through these types
of records should be verified by physical inspections and site visits to commercial areas. Con-
centration and flow of wastewater discharges from nonindustrial activities may be more diffi-
cult to obtain. In some cases, other agencies may have monitored commercial or residential
sources, and the data may be used as estimates of pollutant levels associated with these
sources. Appendix A includes a list of resources providing good starting points for obtaining
pollutant source data from other agencies. If applicable data are not available from outside
sources, an agency may need to conduct its own monitoring in order to employ this technique.
Water-use and billing records often are available and provide good estimates of wastewater
flowrates. Otherwise, flow data may be obtained using estimates from other agencies.

Assessing existing information requires a clear description of the issue to be addressed
and clear identification of the program’s goal. Once this is accomplished, the type of informa-
tion that would be useful to characterize the issue can be determined and the appropriate
information gathered. For Woodland, the problem was that collection-system backups contin-
ued to be a problem despite a restaurant program with high compliance rates. The approach
was to try to quantify where and how often backups were occurring. This required obtaining
and reviewing collection-system records and organizing them by locations, followed by visit-
ing those locations and recording what activities were occurring immediately upstream. For
Santa Monica, the issue was to understand the New Development Program better by determin-
ing whether builders understood the process and were using appropriate post-construction
BMPs to meet the city’s requirements. Therefore, project staff reviewed city records with these
issues in mind, which resulted in sorting projects by BMPs. 
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TOOLS TO MEASURE INCREASED AWARENESS

The goal of reducing pollutant inputs to the environment often relies on residents or com-
mercial activities voluntarily making a change. The first step to achieving this goal is to
increase public awareness of the pollution issue. The survey is the primary tool used to assess
increases in awareness. Surveys may take various forms, including telephone, mail, and inter-
cept surveys. In addition to measuring an audience’s awareness, these effectiveness measure-
ment tools can gather information about members of the target audience, who they are, what
they like, and how advertising has influenced them to change behavior. Whatever tool is
selected, the process begins by determining what specific information should be collected to
accomplish a project goal. The method used will vary depending on the research objectives. As
Table 4-1 shows, each type of survey was used in at least one demonstration project to measure
increased awareness.

Table 4-1. Awareness Surveys Used in Demonstration Projects

This chapter describes these surveys and their use in the demonstration projects. In addi-
tion to measuring increased awareness, several surveys attempted to measure behavior
change. This also is discussed as part of the survey results.

Another tool related to surveys described in this chapter was used to assess the effective-
ness of increasing awareness with respect to Santa Monica’s New Development Program
requirements. The project used workshops to educate city staff and members of the building
community about these requirements. Workshop participants took tests before and after the
workshop to assess their knowledge. 

Controlling Pollution at Its Source 4-1
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4.1 Phone Surveys

Phone surveys are often conducted to assess public awareness of environmental issues.
Such surveys are considered quantitative (statistically valid) when they are conducted using a
randomly selected group large enough to be statistically representative of the overall target
audience. Three demonstration projects used phone surveys. In two cases, the Davis Healthy
Gardens Program and the Los Angeles County Sanitation Districts (LACSD) Lindane Reduc-
tion Project, surveys were conducted under separate funding not associated with the overall
project; however, they are directly relevant to the other effectiveness measurements conducted
for the larger project.

4.1.1 Healthy Gardens Program Evaluation
As discussed in Chapter 2, the City of Davis used surveys and water quality monitoring

to evaluate its pesticide education campaign, the Healthy Gardens Program (Larry Walker
Associates 2000a). 

To answer questions regarding residents’ awareness of the environmental impact of pesti-
cides and the availability of less-toxic alternatives, university students first conducted a tele-
phone survey under the direction of a professor with expertise in survey administration and
statistical analysis (see Appendix C for the text of the survey). The initial goal was to conduct
250 interviews. However, responses to the survey were lower than expected, with 120 inter-
views completed. The surveys also were time consuming (requiring between 5 and 10 minutes
per call) and labor intensive. Therefore, the team devised a mail survey to supplement the
phone survey, then combined the results. These are discussed in greater detail in the section on
mail surveys, below.

Some questions included in the phone survey were not asked in the mail survey. These
questions were used to assess overall changes in Davis residents’ awareness regarding water
pollution. The same questions had been asked as part of a water use survey conducted in 1996.
Since that time, the city has engaged in a variety of efforts, including the Healthy Gardens Pro-
gram, to increase public awareness of water pollution and watershed issues. The 1996 and 1999
responses to these questions are compared below.

4.1.1.1 Practices for Disposing of Hazardous Household Products
The survey team compared responses to general questions regarding disposal of various

household products to responses to the same questions in the 1996 survey, with some interest-
ing results. Both telephone surveys used open-ended questions to ask participants how they
dispose of motor oil, house paint, pesticides, and cleaning products. A significant portion of
survey respondents in both 1996 and 1999 indicated that they used the city disposal programs.
However, in each case, the percentage that reported using the city program decreased between
the two periods. With respect to used motor oil, in 1996, 47% of respondents reported using the
city disposal programs; in 1999, only 38% reported doing so. At the same time, respondents
who reported using a commercial garage to change their oil increased from 26% to 38%, and
the number who reported not using motor oil increased from 3% to 13% between 1996 and
1999. There were slight decreases in the proportions of survey respondents who reported using
the city disposal programs for house paint (from 50% to 45%) and pesticides (from 38% to
35%). There was an increase in the proportion of respondents who reported not using these
items (from 3% to 26% for house paint and from 2% to 26% for pesticides)
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4.1.1.2 Knowledge About Differences Between Wastewater and Stormwater
The team also compared answers to questions about the destinations of wastewater and

stormwater in the 1996 and 1999 surveys. In response to the open-ended question, “When you
take a shower, do laundry, or flush a toilet, where do you think the wastewater goes after it
disappears down the drain in your house?” 37% of survey respondents in 1996 said it went to
a wastewater treatment plant; in 1999, 82% of the respondents gave that response. With respect
to the destination of stormwater runoff (“When you wash your car and the water runs into the
gutter and storm drain, where do you think the water goes from there?”), 39% of the survey
respondents in 1996 thought that stormwater also receives treatment; the proportion decreased
slightly, to 34%, in 1999. However, the percentage of respondents who thought stormwater
runoff goes to ponds in Davis increased from 3% to 14% between 1996 and 1999. In addition,
the percentage saying that stormwater goes to the river, ocean, or other waterway increased
from 14% to 29% between 1996 and 1999.

4.1.2 Thermometer Turn-In Campaign Evaluation
As discussed in previous chapters, after considering the results of its source analysis, the

San Francisco Water Pollution Prevention Program (SFWPPP) decided to pursue a program to
encourage residents to stop using mercury thermometers. In partnership with the Solid Waste
Management Program, the Department of the Environment and the San Francisco Fire Depart-
ment, SFWPPP initiated an extensive public education and outreach campaign designed to
encourage residents to turn in mercury thermometers for recycling and thereby keep mercury
out of San Francisco Bay and the ocean. Every Saturday in May, anyone who turned in a mer-
cury thermometer at one of nine fire stations received a new digital thermometer. Outreach
activities included the following:

� distribution of 400,000 water-bill inserts and Val-Pak direct-mail marketing pieces sent
to San Francisco residents; 

� a large media event held at a fire station near the San Francisco Bay Bridge, with
prominent city dignitaries distributing new digital thermometers to more than
70 school children;

� a news advisory and press kits sent to 403 media outlets; 
� local television news stories featuring the event on four channels, including local

Spanish- and Chinese-language stations; 
� print coverage by the city's two major daily newspapers and several ethnic and neigh-

borhood newspapers;
� 30- and 60-second public service announcements; 
� distribution of $2-discount coupons for a new, mercury-free thermometer; 
� posters, brochures, and newsletter articles for reprint; and
� banners for collection events.

Most of the written materials were available in English, Chinese, and Spanish. The ther-
mometer turn-in campaign was evaluated using a before-and-after phone survey (David
Binder Research 2000). The following sections describe the procedure used, the survey results,
and an assessment of the information obtained.

4.1.2.1 Procedure
A public opinion firm conducted two random-digit-dial phone surveys to assess knowl-

edge and attitudes regarding mercury thermometers and determine the impact of the public
awareness campaign. The two surveys each randomly polled 400 San Francisco residents and
were identical in content. The first survey, conducted in March, was conducted prior to the
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SFWPPP public awareness campaign regarding mercury reduction; the second survey was con-
ducted in June, following the campaign (see Appendix C for the text of the surveys). 

The following questions were asked in each survey:

� Do you own at least one thermometer?
� What type of thermometer do you use most of the time?
� Why do you use this type of thermometer?
� What would make you more likely to buy a digital thermometer instead of a mercury

thermometer the next time you buy one?
� Have you ever broken a mercury thermometer?
� How have you or how would you dispose of a broken mercury thermometer?
� Have you received any information from the City of San Francisco regarding the use

of mercury thermometers?

4.1.2.2 Survey Results
According to the survey results, about 69% of San Francisco households own thermome-

ters. Of these, about half (52%) use mercury thermometers, while a somewhat lower portion
(40%) use digital thermometers. Less than 10% of residents owning thermometers use either
alcohol-based thermometers, “fever strips,” or ear thermometers. These percentages were
essentially the same (within two percentage points) for both the pre- and post-survey. The mar-
gin of error for both surveys is 4.9%. 

Table 4-2 shows the demographic subgroups exhibiting above average usage of mercury
thermometers.

Table 4-2. Groups Most Likely To Use Mercury Thermometers

Table 4-3 shows the demographic subgroups most likely to use digital thermometers. The
data show a significant increase between the precampaign survey and the post-campaign sur-
vey in the number of households with children that are most likely to use digital thermometers
(from 48% to 61%).
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Table 4-3. Groups Most Likely To Use Digital Thermometers

Table 4-4 shows the results of responses to an open-ended question regarding why resi-
dents who own thermometers chose the type of thermometer they currently use. 

Table 4-4. Reasons for Using Thermometer Types

Table 4-5 illustrates how responses to the same question vary according to the type of
thermometer the respondent uses. Table 4-5 presents the responses as averages of pre- and
post-campaign responses because, except as noted, the responses were similar.

Table 4-5. Reasons for Owning a Thermometer (Average Responses, Pre- and Post-test) 

*Pre- and post-campaign survey results were significantly different.
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Mercury thermometer owners were more likely than others to say they owned a mercury
thermometer because it was the “one I’ve always had.” Digital thermometer owners were
more likely than others to say they owned a digital thermometer due to its ease of use and
accuracy and less likely to cite cost as a factor. Mercury thermometer users would buy a digital
thermometer the next time they need to purchase a thermometer if it cost less (24% to 29% of
survey respondents), was more accurate (10%), or was easier to use (10% to 20%). Between
17% and 20% said they would not buy a digital thermometer under any circumstances.

Based on responses from the post-campaign survey, residents over the age of 50 have an
above-average likelihood of saying they definitely will not change the type of thermometer
they use (30%), while those under 50 are much less likely to provide this response (10%).

About two-fifths of San Francisco households (39% in the post-campaign survey and 42%
in the precampaign survey) say they have broken a mercury thermometer in the past. Larger
households, those with four or more members, are more likely to have broken a mercury ther-
mometer (45% in the post-campaign survey). When asked how they would dispose of a mer-
cury thermometer if it broke, well over half of the respondents (60% in the post-campaign
survey and 58% in the precampaign survey) said they would throw the entire thermometer
and its liquid in the garbage. Another one-fourth of the respondents (25% and 26% in the post-
and precampaign surveys, respectively) say they do not know what they would do, while
about 10% offer several other disposal alternatives, including between 2% and 3 % who say
they would wash it down the drain.

In response to the final nondemographic question in the survey, 4.4% of San Francisco the
respondents say they have received information from the city regarding the use of mercury
thermometers, a 3.8% increase over the first survey and within the surveys’ margin of error.

4.1.2.3 Information Obtained
The phone surveys provided an assessment of thermometer owners’ attitudes, knowl-

edge, and practices regarding mercury thermometers. The responses characterized the type of
people most likely to own mercury thermometers and what might convince them to buy mer-
cury-free thermometers. It also indicated that 2% to 3% of thermometer owners are likely to
dispose of mercury from a broken thermometer down the drain. While this is a small portion,
it is sufficient to have an impact on wastewater mercury loadings. The portion of the total pop-
ulation disposing of mercury thermometers this way, as used in the estimated loading reduc-
tion described in Chapter 3, is 1.8%. This is consistent with 2% to 3% of thermometer owners
(thermometer owners comprise 69% of San Francisco’s population). Using 1.8% resulted in the
loading from improper disposal representing a maximum of 7% of the total annual wastewater
influent mercury loading (depending on the portion of the 1.8% that break a thermometer in a
given year).

The findings from both surveys, which are remarkably similar, suggest that while the pub-
lic awareness campaign successfully took almost 5000 mercury thermometers out of circulation
from approximately 3300 households, public awareness among the citywide population regard-
ing mercury thermometers did not increase significantly. This finding is logical, considering
there are approximately 335,000 household in San Francisco. Therefore, 3300 households
responding to the public awareness campaign and turning in mercury thermometers represents
less than 1% of total households in San Francisco. Coincidentally, this is consistent with the sur-
vey responses to the question regarding whether residents had received information from the
city about mercury thermometers. It is likely that a much larger, longer public awareness cam-
paign is necessary to change public awareness and opinions in such a large population. 
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Furthermore, the relatively unchanged level of public awareness regarding mercury ther-
mometers observed in this project provides important information for structuring future public
awareness projects. It suggests that in a focused public awareness campaign, polling (phone
surveys) may be more valuable in identifying a target audience for the campaign than in gaug-
ing an overall change in awareness among a large population as the result of one brief cam-
paign. Surveys may be more effective in measuring the effects of long-term outreach efforts.

4.1.3 LACSD Lindane Reduction Project Survey
LACSD conducted a pilot project to determine if an outreach campaign could reduce

wastewater influent levels of lindane. Project staff used a variety of tools, including a phone
survey, to measure the campaign’s effectiveness.

4.1.3.1 Procedure
LACSD conducted pre- and post-outreach surveys of the target audiences—doctors, phar-

macists, daycare centers, and school nurses—to quantify changes in behavior as a result of the
campaign and determine which outreach materials the audiences found most useful. Project
staff conducted the pilot project in two cities in Los Angeles County, Long Beach and Burbank.
Therefore, for the survey, the staff contacted approximately 30 people (15 in each city) to repre-
sent each type of target audience. When possible, the same persons surveyed prior to the out-
reach program were surveyed after the program’s conclusion. 

4.1.3.2 Survey Results
The most important information came from the doctors surveyed, as lindane is only avail-

able by prescription. If doctors do not prescribe lindane, then it will not be present in the
wastewater collection system. Of the 27 doctors contacted for the pre-outreach survey, 22 (81%)
said they prescribed lindane, while 13 (57%) of the 23 doctors contacted for the post-outreach
survey said they did so. Pharmacists also indicated a behavior change caused by the outreach
program. In the pre-outreach survey, only half of the pharmacists said they would mention to
doctors that lindane is harmful to humans and the environment, while in the post-outreach
survey, 14 of 15 said they would mention this information.

The survey results also indicate a strong change in awareness among the target audiences
with respect to lindane’s harmful properties. In the pre-outreach survey, 69% of the target
audience respondents were aware that lindane is highly toxic to humans and 32% were aware
that it pollutes the environment. In the post-outreach survey, 95% were aware that lindane is
highly toxic to humans and 95% were aware that it pollutes the environment. All of the doc-
tors, pharmacists, and school nurses indicated awareness in the post-outreach survey that lin-
dane is highly toxic to humans and pollutes the environment; the only respondents unaware of
these facts were a few daycare providers. 

The surveys were also used to assess the outreach material designed for the project. Of
those surveyed, 76% stated that they used the outreach materials. Nurses were most likely to
use the outreach materials, with 86% stating they had used them. Daycare providers were least
likely to use the materials, with only 67% stating they had used them. The projects’ flyers were
the most commonly used items; 46 of those surveyed said they had used them. The LiceMeis-
ter combs were also found to be useful, with 29 survey respondents saying they used them.
Thirteen respondents said they used the posters, six reported using the refrigerator magnets,
four said they used the videos, and three reported using the Rolodex cards.
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The surveys further indicated that the hotline and Web site for the project were not much
used by the target audience. Only one school nurse and one daycare provider said they had
called the hotline. Two school nurses indicated they had visited the project’s Web site. 

4.1.3.3 Information Obtained
The phone surveys conducted for the lindane-reduction project were not based on a ran-

domly selected sample, in that an attempt was made to contact the same people for the pre-
campaign survey and the post-campaign survey. On the other hand, the survey team contacted
a significant portion (more than 10%) of the target audience. Although the surveys were not
strictly quantitative, they provided a good characterization of the target audience and valuable
information for the project. LACSD used the precampaign survey results to guide planning of
the campaign, especially with respect to messages. Comparison of pre- and post-campaign sur-
vey results showed significant changes in practices regarding lindane by doctors and pharma-
cists, and a significant increase in awareness regarding lindane’s health and environmental
impacts. In addition, LACSD was able to identify the most effective outreach items (flyers,
combs, posters) and the least effective methods (the hotline and Web site). 

4.2 Mail Surveys

Mail surveys can be quantitative like phone surveys but are less labor intensive and there-
fore may be less expensive than phone surveys. In addition, they can be used to supplement
the results of a phone survey, as was done for the Davis Healthy Gardens Program. 

To supplement the phone survey, the Healthy Gardens Program evaluation used a written
survey containing questions identical to a portion of the phone survey questions. The purpose
of the surveys was to answer the following questions:

� Do Davis residents recognize the logo and title of the program?
� Do they remember the message of the program?
� Do they understand the connection between pesticide use and pollutants found in

local waterways?
� Where have they seen this information displayed?
� Have they made any changes in their gardening or pest control practices as a result of

the program?

4.2.1 Procedure
The survey was printed on two sides of a single page, with questions on one side and

examples of the outreach materials on the other (see Appendix C for the text of the survey).
The survey and a preaddressed, stamped return envelope were mailed to 500 randomly
selected Davis residents. Within 2 weeks after the surveys were mailed, 198 people (40%)
responded.

The survey’s objectives were to determine the impact of the Healthy Gardens Program on
Davis residents’ awareness of pesticide water pollution and their behavior associated with pes-
ticide use, and to determine the most effective methods of providing pesticide information. A
total of 340 surveys were completed (142 telephone and 198 mail surveys). For most questions,
there was no significant difference between responses to the telephone and mail surveys, so
the responses were combined. 
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4.2.2 Survey Results
This section summarizes the survey findings.

4.2.2.1 Sources of Pesticide Information 
When asked where respondents received information about pesticide use, the largest por-

tion (36%) of 208 respondents indicated they received information from the University of Cali-
fornia–Davis, through extension education or environmental classes, or both. The second most
frequently mentioned sources of pesticide information were local nurseries and pesticide retail-
ers (mentioned in 16% of responses). In addition, a significant portion of respondents (14%)
reported receiving information from gardening magazines, many of them specifically mention-
ing Sunset magazine.

4.2.2.2 Recall of Receiving Pesticide Information From the City
Approximately 23% of 269 survey respondents remembered receiving information about

pesticide use from the city or community, primarily through the city’s newsletter and pamphlets. 

4.2.2.3 Recall of Healthy Gardens Program
Of the 180 respondents who answered questions regarding their recall of Healthy Gardens

Program elements, 47% recalled the program and most frequently mentioned the North Pond
signs (13%) and movie theater slide (11%). The ladybug logo and demonstration signs were
recalled almost as frequently (9% each).

4.2.2.4 Where Program Information Was Seen
Of the 88 people who remembered seeing Healthy Gardens Program material, 24%

recalled seeing it at North Pond and 19% remembered seeing it at the farmers’ market. Another
16% mentioned seeing the material at the Davis movie theaters and local stores, while 10%
mentioned seeing it in the newspaper. There was no relationship between where people live in
Davis and which program elements or locations were mentioned. This is true even for North
Pond, which was mentioned equally by people living in all areas of Davis, not only in North
Davis, where the pond is located.

4.2.2.5 Knowledge of the Program Message
Of 180 survey respondents, 18% knew that the Healthy Gardens Program message was to

reduce pesticide use and prevent pesticides from entering local waterways. 

4.2.2.6 Behavior Changes Resulting From the Program
In addition to raising awareness, another goal of the Healthy Gardens Program was to

encourage residents to reduce pesticide use and handle pesticides properly. Of 105 mail survey
respondents, 17% indicated that information they had received from the city caused them to
change their gardening or pesticide-use practices, while 4% of 69 telephone survey respon-
dents responded in this way. 

4.2.2.7 Awareness of Pesticides as a Water Pollution Source
Davis residents did not seem to be very aware of the relationship between pesticide use

and water pollution. Respondents said they rarely used pesticides, rarely think about water
pollution, and rarely use integrated pest management. In addition, few respondents seem to
know what integrated pest management is, based on responses to a question asking for a defi-
nition of the concept. Respondents indicated that they think about water pollution when
applying pesticides “sometimes,” as opposed to “rarely.”
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4.2.3 Information Obtained
Davis used the results of the telephone and mail surveys to assess the impact of its out-

reach efforts. The results indicated an awareness of the program and some behavior change as
a result of the program. In addition, the survey provided information regarding the types of
outreach and locations that work best in Davis. The city has used these results to plan outreach
in subsequent years of the program.

4.3 Intercept Surveys 

Intercept surveys involve conducting short interviews from a fixed location, typically a
place where the target audience is likely to be found. Intercept surveys are not quantitative
and are limited to whoever visits the selected survey location. Even so, useful information
regarding the target audience can be obtained through this approach. As with other types of
surveys, planning is important and focuses on how to conduct and frame the survey.

4.3.1 Considerations in Developing and Conducting Intercept Surveys

4.3.1.1 Appropriate Venue
Once the target audience is known, the question becomes, “Where can they be found?”

Project staff should take some time to brainstorm this, listing all possible venues. Once
reviewed and fleshed out, some locations will show greater promise, for one reason or another.
If the survey area is large, it may be important to conduct the survey concurrently at different
locations, keeping the type of venue the same (e.g., auto parts stores). This maintains consis-
tency between the surveys and enables development of a profile describing the target audi-
ence. From a logistical standpoint, it may be necessary to complete request forms or secure
appropriate permits to conduct the survey at the location chosen.

4.3.1.2 Appropriate Timing
When is the best time to reach the target audience? The answer will include the day of the

week and the time of day. Holidays, sporting events, and local observances and events affect
turnout.

4.3.1.3 Appropriate Survey Staff
It is important to select individuals to conduct the survey who are personable and

approachable. This involves the issue of what makes people comfortable talking to a stranger.
Individuals who face a language barrier are more comfortable talking with someone who
speaks their language. Others are more approachable by someone the same age or “appropri-
ately” attired. Someone recognizable, such as a person who is “out and about” in the commu-
nity and knows many in the neighborhood, will make potential respondents comfortable and
may even motivate them to approach the project staff member, rather than waiting to be
approached. 

4.3.1.4 Survey Type
The type of survey used will be a function of the target audience and conditions of the

survey location. Surveys can be oral or written. To ensure responses, survey questions should
be focused. Questions that cannot be answered with a simple yes or no should be accompanied
by a list of possible answers from which the respondent can choose. 

4.3.1.5 Coding Surveys 
If the same survey is administered in multiple locations, it may be necessary to distin-

guish among the surveys conducted at different locations. Coding the survey can accomplish
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this. The coding need not be complicated and can be as simple as using different colored paper
for different locations. 

4.3.1.6 Survey Language
If different members of the target audience speak different languages, it is important to

make the survey available in the predominant languages. Commercial services exist that can
provide the appropriate translations. It also may be useful to use surveyors who can speak the
languages involved.

4.3.1.7 Motivation
It may be worthwhile to consider incentives to motivate the target audience to participate

in the survey. These need not be expensive. In some instances, products that remind people of
best management practices (BMPs) are appropriate, including such items as magnets, pens,
and bookmarks; other times, an incentive such as a lottery ticket can be effective.

4.3.1.8 Conducting the Survey
Factors to consider when conducting the intercept surveys include

� establishing a survey location that allows the greatest contact with the target audience; 
� if appropriate, using screening questions to ensure that the target audience is being

surveyed;
� asking people to complete the survey (if the questions are few and uncomplicated, the

survey may be completed without asking the person if they wish to participate); 
� for written surveys, remembering to retrieve the survey before the respondent leaves;

and
� remembering to thank respondents and present them with the predetermined

incentive.

The following sections discuss how these principles were used to conduct intercept sur-
veys for the Woodland and Los Angeles County projects.

4.3.2 Woodland Oil and Grease Reduction Project
Woodland developed an outreach program to encourage residents to throw used cooking

oil in the trash instead of pouring it down the drain. Project staff developed outreach materi-
als, which they distributed at grocery stores and apartment complexes, and conducted inter-
cept surveys to measure the campaign’s effectiveness (Larry Walker Associates 2000c). The
staff conducted surveys during an event in July, when the outreach materials were first distrib-
uted, then conducted follow-up surveys in November to determine if any change in behavior
had occurred. 

4.3.2.1 Procedure
Project staff scheduled four events to distribute outreach materials to Woodland residents.

Two grocery stores, the Woodland Super Saver and Food-for-Less, were chosen based on their
proximity to problem sites, and two dates (one weekday evening and one weekend morning)
were scheduled for each. The surveyors sat behind a card table in front of a poster printed
with the program information and slogan and handed out potholders, can lids, and fliers to
interested shoppers. At least one Spanish-speaking surveyor was present at each event. An
identical procedure was used to conduct the follow-up interviews in November. Table 4-6 sum-
marizes responses to the events.

98-WSM-2.qxd  1/2/02  1:02 PM  Page 4-11



4-12

Table 4-6. Intercept Survey Respondents

In each case, more people were interviewed on the weekend morning than on the week-
day evening.

4.3.2.2 Survey Results 
Project staff developed seven survey questions to determine how often people living in

Woodland cook with oil or grease and how they dispose of the material after cooking. One
question was designed to determine whether the respondent lived in a house or an apartment,
and if in an apartment, whether it was one of three known to have relatively frequent grease
clogs. People who did not live in Woodland were not included in the survey, but were thanked
and given the handouts. The same procedure was used for the follow-up event, except people
were also asked if they had seen the outreach materials previously. Table 4-7 summarizes the
results.
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Table 4-7. Grocery Store Intercept Survey Responses

The majority of respondents (69% in June, 59% in November) said they put their oil and
grease in a can and dispose of it in the trash. However, a significant portion (19% in June, 24%
in November) said they dispose of their oil and grease down the drain. No decrease occurred
from June to November in the proportion of respondents indicating disposing of oil down the
drain. Rather, the proportion of those reporting disposing of oil improperly increased, while
the proportion of those reporting proper disposal decreased. This is consistent with the small
number of respondents (9 out of 214) who recalled the outreach materials.

Beyond the basic information provided by the survey responses shown above, the survey
allowed additional characterization of the target audience. Project staff used the responses to
determine if a relationship exists between disposal practices and size of household, frequency
of cooking with oil, and type of housing. There was no obvious correlation between disposal
practices and the number of times per week respondents reported cooking with oil or the num-
ber of people in their households. However, as shown in Table 4-8, the results of both the June
and November surveys indicate that people who live in apartments are more likely to dispose
of oil down the drain.
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Table 4-8. Oil Disposal in Houses Versus Apartments

4.3.2.3 Information Obtained
The objectives of the grocery store intercept surveys were to characterize the target audi-

ence and assess the effectiveness of the outreach campaign. The survey results indicated that a
significant portion (19% to 24%) of the residents in the areas evaluated dispose of used cooking
oil improperly by pouring it down their sink drains. In addition, the results indicated that
apartment dwellers are more likely than people living in houses to pour oil down the drain.
While the intercept surveys are not strictly quantitative, the fact that the results were similar
during two separate survey events would make one more confident in using these results to
guide future program planning. Specifically, it appears that a significant portion of residents
near the problem areas dispose of oil and grease improperly and targeting apartment com-
plexes for future outreach is an appropriate approach. With respect to outreach effectiveness,
there was no indication that people had changed their practices to dispose of used cooking oil
in the trash, and only 4% of those surveyed recognized the outreach materials. This is not sur-
prising, because even though the right audience was targeted, the amount of outreach was lim-
ited. Future campaign efforts should include additional exposure to the message, perhaps
through radio or newspaper articles and additional communication to apartment complexes. 

With respect to the outreach approach, using a Spanish-speaking person turned out to be
advantageous. In several instances, people only agreed to participate after they were spoken to
in Spanish. This is useful information for Woodland when planning future outreach efforts.

4.3.3 Los Angeles County Used Oil Recycling Outreach Campaign
For the last several years, Los Angeles County has been promoting used-oil recycling and,

more recently, oil-filter recycling through a variety of media and public education programs.
The county selected an intercept survey to obtain information about whether the general pub-
lic remembered the advertising campaigns and determine what effect the campaigns had on
people’s behavior (Flint 2000). In this instance, the intercept survey was focused to determine
whether respondents who saw or heard advertising in the last six months had altered their
recycling and disposal behavior within that period. 

4.3.3.1 Procedure
To measure the campaign’s effectiveness, a marketing research specialist developed a

questionnaire for an intercept survey designed to determine whether the target audience saw
and remembered any of the advertising campaign elements. The target audience for this sur-
vey was individuals who change their motor-oil, oil-filter, and other automotive fluids them-
selves—i.e., “do-it-yourselfers” (DIYs). The initial list of potential venues for the survey
included car shows, speedways, monster car rallies, local car shows, and automotive stores.
After considering the possible venues, project staff chose auto parts stores, evaluated locations
throughout the county, and decided to conduct surveys concurrently at four stores. Staff deter-
mined that the best day and time to reach DIYs was Saturday morning and that bilingual
males from two age groups (18 to 30 and 30 to 40) should conduct the survey. Staff prepared a
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written questionnaire in English and Spanish, which was printed using four different colors of
paper to distinguish among the four survey locations. 

A bilingual community relations specialist contacted and made arrangements to conduct
the intercept study in four Kragens Auto Supply stores throughout Los Angeles County. She
and three bilingual (English–Spanish) colleagues spent approximately 3 hours in each store on
Dec. 11, a Saturday and the busiest day of the week for this type of store and the target audi-
ence. To encourage store customers to participate, the survey team offered two lottery tickets to
each person who completed the questionnaire. The team collected a total of 188 completed sur-
veys (99 in English and 89 in Spanish). Table 4-9 presents the screening and sampling data for
each survey location.

Table 4-9. Intercept Survey Screening and Sampling Results

DIYs = “Do-it-yourselfers.”

The survey team approached 328 potential respondents. Of these, 86 refused to answer
any questions. Among those who agreed to answer screening questions, 203 (84%) were identi-
fied as DIYs. Once identified as DIYs, a small number at each location refused to complete the
interview. Overall, the survey team obtained 188 completed interviews. The incidence of DIYs
in the population averages about 25%. As Table 4-9 shows, the incidence of DIYs at the auto
parts stores covered by the surveys is extremely high (84%).

One limitation of intercept surveys is that they are not quantitative. The survey sample
(N=188) is not representative of all Los Angeles County DIYs targeted by the advertising cam-
paign. Rather it is a sampling of those who were visiting an auto parts store to purchase auto
supplies or perhaps recycle used-oil or oil filters on the day the survey was conducted. While
the results are not representative, they nonetheless mirror certain expectations concerning DIYs
based on past used-oil recycling research—in particular, the demographic profile of DIYs and
their used-oil recycling and disposal habits.

In addition, there are limitations to surveying people about advertising recall. Respondents
typically have limited ability to recall exactly where or what they heard or saw. In the absence
of specific recollection, they usually answer based on the medium they use most (e.g., television
or newspapers). Also, because used-oil recycling, storm drain pollution prevention, and general
recycling messages have been disseminated throughout Los Angeles County for some time
using a variety of media, respondents may have been exposed to messages from several cam-
paigns. In the absence of vivid recall, there is no way to distinguish among the campaigns
respondents saw or heard. The analytical measure used in this survey is whether respondents
who saw or heard advertising during the last 6 months have altered their recycling and disposal
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behavior during that time. It is an imprecise measure that, nonetheless, is the best available,
given the methodology and sample size for this study.

4.3.3.2 Results 
Survey participants provided information regarding disposal of used oil, oil filters, trans-

mission fluids, and radiator fluid. The following points summarize the survey’s findings:

� Ninety percent of Los Angeles County DIYs surveyed properly dispose of their used
oil; 69% take it to a used-oil collection center, 13% take it to a household hazardous
waste (HHW) collection event, and 9% put it out at the curb for collection.

� Ten percent of those surveyed said they dispose of their used oil improperly by stor-
ing it (4%), pouring it down the street gutter catch basin (3%), or putting it in the 
trash (3%).

� Ninety percent of those surveyed said they properly dispose of their used oil filters;
63% take them to a used-oil collection center, 17% take them to a HHW collection
event, and 10% put them out at the curb for collection.

� Eight percent of those surveyed said they dispose of used oil filters improperly by
putting them in the trash (5%) or storing them (3%). Two percent said they “didn’t
know” or did not say how they disposed of used oil filters.

� Forty-four percent of DIYs surveyed indicated that they change their own transmis-
sion fluid. Seventy-four percent of those dispose of it properly by taking it to a used-
oil collection center (59%) or HHW collection event (15%).

� About 19% of those who change their own transmission fluid said they dispose of it
improperly by putting it in the trash (11%), storing it (5%), or pouring it on the
ground (1%), on weeds (1%), or down the storm drain (1%).

� Forty-two percent of DIYs surveyed indicated they change their own radiator fluid.
Sixty-five percent of those dispose of it properly by taking it to a used-oil collection
center (50%) or HHW collection event (15%).

� Twenty-nine percent of those who change their own radiator fluid said they dispose
of it improperly by putting it in the trash (14%), storing it (5%), or pouring it on the
ground (4%), on weeds (3%), or down the storm drain (3%).

The survey also questioned respondents regarding their recall of the advertising cam-
paign and the impact of the campaign on their disposal practices. The following summarizes
the survey’s findings from answers to these questions:

� Thirty-nine percent of the DIYs surveyed said they recalled seeing or hearing advertis-
ing within the previous 6 months about how to dispose of used oil, while 61% said
they did not.

� Among those who said they saw or heard something, 30% said they saw it on televi-
sion, 30% said they saw it at an auto parts store, 8% said they saw it in the newspaper,
11% said they saw a billboard, 10% said they heard something on the radio, and 5%
mentioned the storm drain stencils.

The used-oil campaign materials did not appear on television, nor were they placed in
auto parts stores or newspapers. However, the high incidence of DIYs who visit auto parts
stores (which also tend to be used-oil collection centers) makes them an ideal and cost-effective
location for placing such advertising.

Among those who recalled seeing or hearing used-oil advertising in the previous
6 months, 22% said the message was to “take oil to a recycling center or specific recycling 
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location,” while 14% recalled a “recycling” message generally, and 10% said the message was
“Don’t dump in the storm drain.” Other messages mentioned were: “Dumping in the drain
pollutes the ocean” (5%); “Don’t pollute—protect the environment” (5%); “Recycle to avoid
pollution” (3%); “People dig holes to put oil in the ground” (3%); “proper disposal” in general
(1%); and “Don’t throw oil in the trash” (1%). The nature of the messages mentioned suggests
respondents were recalling advertising from a variety of programs.

The survey’s sample size was too small to produce statistically significant differences in
used-oil and used-oil-filter recycling behavior between those who had seen or heard advertis-
ing and those who had not. However, the data imply that those who saw advertising are less
likely to dispose of their used oil or oil filters in the trash or to pour oil down the storm drain
than those who had not.

Survey results also provided information on the target audience:

� The DIYs surveyed resemble the profile of DIYs identified in prior research. They tend
to be young (median age of 32), male (69%), and predominantly Latino (52%). Many
speak Spanish. Their median annual household income is $22,300.

� Those who dispose of used oil improperly have slightly lower incomes and tend to be
slightly younger than DIYs generally.

� DIYs who change their own transmission and radiator fluids are even more likely to
be Latino, have a slightly lower household income, and tend to be younger than DIYs
generally.

� Fifty-nine percent of the DIYs surveyed said they owned one car; 20% owned a van;
22% owned a truck; 4% owned a recreational vehicle; 7% owned a motorcycle; and 1%
owned a boat. Twenty-five percent said they owned two or more vehicles.

� Taking into consideration all of the vehicles they own, 33% of DIYs said they perform
three oil changes a year, 30% said they perform four, and 11% said they perform two.
Another 4% said they change oil 6, 8, or 10 or more times a year. The median number
of oil changes performed each year was three.

4.3.3.3 Information Obtained
The information obtained from this survey includes assessments of the target audience's

behavior, their recall of the advertising campaign, a characterization of the target audience, and
directions for planning future campaigns.

The survey results suggest conclusions similar to those drawn from surveying other rela-
tively mature used-oil recycling programs. Specifically, 90% of DIYs are “doing the right thing”
by recycling their used oil and oil filters. Only 10% are improperly disposing of used oil and
oil filters. While sample sizes are too small to produce statistically reliable results, the data sug-
gest that those who saw used-oil advertising during the 6-month campaign were less likely to
dispose of their used oil and oil filters in the trash or down the storm drain than those who
had not seen the ads. In addition, only a portion of oil-change DIYs also change their own
automotive fluids, and these DIYs are particularly likely to be Latino. Improper disposal was
more prevalent among those who change and dispose of transmission and radiator fluids.
Many who said they properly dispose of used oil and oil filters reported disposing of other
automotive fluids improperly. 

Altogether, the results suggest that the used-oil and used-oil-filter recycling “market” has
been effectively penetrated with the proper disposal message. Some marginal gains may be
achieved by continuing this focus. However, consideration should be given to shifting to a

98-WSM-2.qxd  1/2/02  1:02 PM  Page 4-17



4-18

used-oil and used-oil-filter recycling message maintenance strategy, while refocusing the cam-
paign to proper disposal of other used automotive fluids. The result that many DIYs dispose of
used oil properly and other fluids improperly suggests lack of awareness. Therefore, there is a
need for greater emphasis on communicating the toxicity, health, and environmental impacts
of automotive fluids and how to dispose of them properly. Messages in English and Spanish
should target the Latino community in particular.

4.4 New Development Workshop Quizzes

Santa Monica's Urban Runoff Pollution Prevention Program is assessing the city's process
for implementing runoff mitigation requirements for new development projects. The intent of
these requirements is to reduce the quantity of urban runoff and improve its quality. By city
ordinance, each new development project is required to implement BMPs to reduce urban
runoff at project sites. As discussed in Chapter 3, the assessment of the city’s New Develop-
ment Program identified four areas for potential improvement in the BMP mitigation planning
process:

� City staff could be better educated regarding BMPs.
� Applicants (architects and engineers) could be better educated regarding BMPs.
� The Urban Runoff Mitigation Plan (URMP) Worksheet (a form used to calculate the

BMP sizing) could be redesigned to be easier to follow.
� City inspections should be conducted to ensure that BMPs are constructed properly.

One conclusion of the assessment was that the city should hold two workshops to address
the first two items. Two workshops were held, one for city staff and another for the building
community (see Appendix B for the workshop agendas). The goal of both workshops was to
educate participants regarding the requirements of the city ordinance, as well as pending
requirements for the Los Angeles Regional Water Quality Control Board’s Standard Urban
Stormwater Mitigation Plan (SUSMP), and to improve participants’ understanding of options
and proper design for BMPs. To achieve these goals, several presentations were made:

� A Regional Water Quality Control Board representative spoke about the SUSMP
requirements at both workshops.

� City staff spoke about city ordinance requirements and provided background on
stormwater new development programs.

� City staff spoke about post-construction BMPs at the city staff workshop.
� An expert on urban design spoke about post-construction BMPs at the building com-

munity workshop and led an onsite design participatory exercise. 

While the content covered in the two workshops was similar, there were two differences.
City staff covered post-construction BMPs in the city staff workshop and an outside expert on
urban design covered this topic for the building community. In addition, the city staff work-
shop lasted a half day, while the building community workshop lasted a full day and included
the interactive exercise on post-construction BMP design.

To assess the effectiveness of these workshops, project staff tested participants before and
after they attended the workshop regarding their awareness of urban runoff issues and knowl-
edge of pertinent state and city runoff mitigation requirements and BMPs. 
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4.4.1 Procedure
Project staff distributed pretests as workshop participants registered and collected them at

the beginning of the workshop. Staff then administered post-tests at the end of the workshop
and collected them as participants were leaving. The tests were identical, except that the post-
test included a section added for evaluating the workshop. Scores were compared to determine
if, and to what extent, the workshops were successful in attaining the goals (see Appendix C
for the content of the tests).

4.4.2 Test Results 
The following sections describe the workshops and results of the effectiveness

measurements.

4.4.2.1 City of Santa Monica Staff Workshop 
An estimated 90 city employees were invited to the workshop and 30 participated. Partici-

pants included staff from the following organizational units: Water Division, Building and
Safety, Transportation, Library, Engineering, Industrial Waste, Parks and Recreation Open
Space Management, Beach Maintenance, Solid Waste, Police (Animal Control), and Big Blue
Bus Maintenance. Each workshop included four presentations and each presentation was fol-
lowed by a question and answer period. 

The pre- and post-tests included nine questions. Two questions (1 and 9) were open-
ended, while the remainder were multiple-choice items. Table 4-10 presents responses to ques-
tions 1 through 8 for the pre- and post-tests (22 pretests and 23 post-tests were collected).
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Table 4-10. City Staff Workshop Results

SUSMP = Standard Urban Stormwater Mitigation Plan

Questions 1 and 2 focus on general knowledge of stormwater and urban runoff issues.
Workshop participants were well informed in this area, with most people identifying at least
one urban runoff pollutant and recognizing sources of runoff pollution. The most often cited
pollutant was “oil and grease,” which was mentioned by more than half the workshop partici-
pants in both the pre- and post-tests. The workshop appeared to be successful in making par-
ticipants aware of the variety of pollutants present in urban runoff. For example, 22% more
participants mentioned metals and 13% more participants mentioned pesticides on the post-
test than on the pretest. 

Questions 3 through 8 focused on requirements of the city ordinance and SUSMP. There
was very little change between the pre- and post-tests in the number of correct responses to
questions 3, 4, 7, and 8. However, the number of participants answering correctly regarding the
penalty for failing to implement a URMP and the amount of runoff that must be captured
under the SUSMP requirements increased significantly between the pre- and post-test. More
than half the respondents answered questions 5 and 6 correctly on the post-test, an improve-
ment of 34% for Question 5 and 42% for Question 6 over the pretest.
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Both tests also included two open-ended questions. Participants were asked on the pretest
to list BMPs they have recommended for projects in the past. On the post-test, they were asked
to list the new BMPs they learned about in the workshop and would now recommend for proj-
ects. Table 4-11 summarizes the responses to these questions for both tests.

Table 4-11. Identification of Post-construction BMPs

BMPs = best management practices.

There was a substantial increase in the proportion of people responding to Question 9 on
the post-test compared to the number answering the related question on the pretest. The pro-
portion correctly listing a post-construction BMP (as opposed to a construction or nonstruc-
tural BMP) and the number of BMPs mentioned also increased. Table 4-12 lists the BMPs
mentioned and the number of times each was mentioned. Several participants listed more than
one BMP in response to Question 9. The most frequently mentioned BMPs in the post-test were
dry wells, permeable paving, and retention basins.

Table 4-12. BMPs Listed by City Staff

BMPs = best management practices.

Participants rated the workshop highly. Using an incremental scale of 1 to 5 (disagree to
agree), participants were asked to rate the workshop. Table 4-13 presents the average rankings.
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Table 4-13. City Staff Workshop Evaluation

BMPs = best management practices.

4.4.2.2 Building Community Workshop 
Eighty-one participants representing 45 companies and municipalities attended the build-

ing community workshop. Participants included staff from nearby municipalities and from
engineering, architecture, and landscape architecture firms. 

Fifty-seven pretests and 44 post-tests were collected. The results are presented in
Table 4-14. The disparity between the number of pre- and post-tests collected is due to the fact
that a large number of participants left the workshop after lunch. The tests are identical to
those used for the city staff workshop.

Table 4-14. Building Community Workshop Results

SUSMP = Standard Urban Stormwater Mitigation Plan.

The overall results for the building community workshop were similar to those of the city
staff workshop. Questions 1 and 2 focused on general knowledge of BMPs. Similar to the city
staff workshop, most building community workshop participants could identify at least one
urban runoff pollutant and recognize sources of runoff pollution. The most often mentioned
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pollutant was “oil and grease,” which was cited by more than half of workshop participants in
both the pre- and post-tests. There was a substantial increase in those answering “metals” in
the post-test, compared to the pretest (9% in the pretest, 18% in the post-test). 

Questions 3 through 8 focused on requirements of the city ordinance and SUSMP. There
was very little change in the proportion of correct responses to Question 3 between the pretest
and post-test. For questions 4, 7, and 8, there was a 12% to 15% increase in the number of cor-
rect responses on the post-test. Similar to the city staff workshop results, the greatest increases
in correct answers between the pre- and post-test were for the questions regarding the penalty
for failing to implement a URMP Plan and the amount of runoff that must be captured, accord-
ing to SUSMP requirements. Almost half the respondents answered Question 5 correctly on the
post-test, an improvement of 34% over the pretest. The proportion of respondents answering
Question 6 correctly increased to 86% on the post-test, a 44% improvement.

The open-ended questions asked participants on the pretest to list BMPs they have used
for projects in the past and, on the post-test, to list BMPs they learned about in the workshop
and would now recommend or use for projects. Table 4-15 summarizes the responses to these
questions.

Table 4-15. Identification of Post-construction BMPs

BMPs = best management practices.

More people responded to Question 9 on the post-test than on the pretest. In addition, the
proportion of people correctly listing a post-construction BMP (as opposed to a construction or
nonstructural BMP) was higher on the post-test than on the pretest. The number of BMPs men-
tioned decreased, however. Table 4-16 lists the BMPs mentioned and the number of times each
was mentioned. Several participants listed more than one BMP in response to Question 9.
Swales, fossil filters, dry wells, and permeable pavement were mentioned most often. 
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Table 4-16. Best Management Practices Listed by Building Community

Participants rated the workshop highly. Using an incremental scale of 1 to 5 (disagree to
agree), participants were asked to rate the workshop. Table 4-17 presents the average rankings.

Table 4-17. Building Community Workshop Evaluation

4.4.3 Information Obtained
The results of the workshop tests provided information to Santa Monica regarding gen-

eral knowledge of urban runoff, awareness of pertinent regulations, and understanding of
post-construction BMPs. In addition, based on responses to different questions, it was possible
to see which parts of the workshop worked best. 
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Based on responses to questions 1 and 2, both the building community and city staff seem
to have come to the workshop with a general understanding of runoff issues. The pretest
scores indicate that members of the building community entered the workshop with greater
knowledge of BMPs, the city ordinance, and SUSMP than the city staff. This may be due, in
part, to the departments represented in the city staff workshop. Over half the participants were
from departments (such as Parks and Open Space, Library, Police Department, and Solid
Waste) that do not regularly deal with construction and post-construction BMP issues. In con-
trast, participants in the building community workshop deal with post-construction BMP
requirements as part of each job and, therefore, the information presented has a direct bearing
on their work. 

With respect to increased understanding of regulatory requirements, both groups showed
the most improvement on the same two items: the penalty for failing to implement a URMP
and the amount of runoff that must be captured, according to SUSMP requirements). These
two points were clearly presented effectively in both workshops. This may be because of the
manner in which they were presented. The information about the penalty for failing to imple-
ment a URMP (Question 5) was brought up during the question and answer period in both
workshops, so it may have “stood out.” The runoff volume to be captured under the SUSMP
(Question 6) was mentioned in two presentations and brought up in the question and answer
period. The proportions of correct responses to Question 7 (the date by which SUSMP require-
ments take effect) were the same for the pre- and post-tests for the city staff workshop. How-
ever, correct answers to this question increased by 12% for the building community workshop.
This change may be due to the difference in how this information was presented. No special
attention was brought to this point in the city staff workshop, but the point was emphasized in
the building community workshop, because the deadline recently had been extended and the
speaker elaborated on the topic for this reason. Concepts that may not have been as clearly
communicated include certain city ordinance and SUSMP requirements that were not empha-
sized or only mentioned by one speaker. 

Both groups also demonstrated an increased understanding of post-construction BMPs,
based on responses to Question 9. In both cases, the proportion of people answering this ques-
tion increased from pretest to post-test, as did the proportion of people correctly identifying
post-construction, rather than construction, BMPs. The most frequently mentioned BMPs in the
workshop post-tests were swales, fossil filters, dry wells, and permeable pavement for the
building community, and dry wells, permeable pavement, and retention basins for city staff. It
is interesting that swales were mentioned on one-third of the post-tests from the building com-
munity workshop and on only one post-test from the city staff workshop. This may be because
this a BMP was discussed by the urban design expert, who only spoke at the building commu-
nity workshop. The most frequently used BMPs, based on the assessment of city records dis-
cussed in Chapter 3 (and listed in Table 3-5), were subsurface pits, retention basins, dry wells,
depression pits, landscaping, and permeable pavement. The fact that the most often mentioned
BMPs in the post-test are different than those used in Santa Monica, according to the assess-
ment described in Chapter 3, may indicate workshop participants learned about BMPs not pre-
viously used.

Some of the differences in test scores between the building community and city staff may
be associated with the interactive exercise conducted by the urban design expert for the build-
ing community workshop. As a result of this exercise, the building community workshop par-
ticipants were provided with more information than the city staff workshop participants.
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The workshops were most successful in attaining the goal of increasing participants’
knowledge regarding the requirements of the SUSMP and post-construction BMPs. The work-
shops could have done better in communicating city ordinance requirements, however. “Cus-
tomer satisfaction” was good for both workshops, based on the high ratings (greater than 4.0)
given by participants. Some elements that contributed to the workshops’ success include pro-
viding folders with copies of the presentations, conducting the interactive activity at the build-
ing community workshop, and providing refreshments. In particular, providing a break from
formal presentations and an opportunity for audience participation seems to increase work-
shop effectiveness. Including the pre- and post-test did not detract from the workshop and
worked best when the pretest was handed out at registration and collected before the work-
shop began. The workshop could have been improved by having a moderator that was famil-
iar with all topics and kept the day flowing smoothly. The half-day staff workshop had some
advantages over the all-day builders’ workshop, where several people left after lunch. It is
possible that 6 hours is too long to expect people to stay. Another problem with the builders’
workshop is that about one-third of the people who registered did not attend. If a fee had been
charged, perhaps a higher percentage of those registered would have attended.

4.5 Assessment of Tools for Measuring Increased Awareness

Phone surveys used to measure awareness typically cost between $15,000 and $20,000.
The phone surveys conducted to evaluate the thermometer turn-in campaign cost $7,000 each.
The phone survey conducted for the Davis Healthy Gardens Program evaluation cost $5,000.
One of the best ways to limit the cost of a phone survey is to limit the number of questions
asked and, therefore, the time it takes to complete each survey. This means planning the ques-
tions asked carefully to accurately reflect what information the survey is intended to provide.
Part of the planning process is to start by identifying project goals, including what information
is being sought, then designing questions that will provide those answers.

The mail surveys are similar in expense to the shorter phone surveys ($5,000 to $10,000).
They are somewhat simpler to implement and may be a good approach to conducting a survey
without hiring a consultant. Mail surveys work best if they are easy to complete (mostly check
boxes with some brief answers) and brief (one page printed on both sides or less). Including a
preaddressed, stamped envelope also will help increase the response rate. Based on the experi-
ence in Davis, mail surveys can be conducted to provide quantitative results that are compara-
ble to random-digit-dial phone survey results. However, phone surveys may be more limited
than mail surveys in terms of the number of questions that can be asked. In Davis, one set of
questions (those regarding general awareness of hazardous waste disposal and the difference
between wastewater and stormwater) had to be eliminated to make the survey brief and easy
to complete.

Intercept surveys also can be conducted by agency staff and can be much less expensive if
conducted that way. The Woodland intercept surveys cost about $4,000 to conduct and analyze.
The Los Angeles County intercept surveys cost approximately $13,000 to conduct and analyze,
including $7300 for the consultant. Intercept surveys are not random and, therefore, not statisti-
cally valid. However, they still can provide useful information about a target audience. 

The workshop quizzes were a relatively simple and inexpensive add-on to the workshops.
The cost to conduct the quizzes was about $4600 and associated with staff time to develop the
quizzes and analyze the result. Quizzes are not applicable to a wide range of source control
strategies, because they take advantage of the workshop format.
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While the surveys discussed in this chapter can be conducted by agency staff at less
expense, there are advantages to hiring a trained professional. Professional polling companies
are better trained to design questions that will be answered objectively and to conduct statisti-
cal analysis of survey results. The decision to “do it yourself” or hire a consultant may depend
on available staff time and the complexity of the information being gathered. 

All the tools discussed in this chapter were extremely useful in characterizing the target
audience and helping plan future outreach. With respect to measuring increases in awareness,
better results were seen for campaigns that were able to provide the target audience with
repeated exposures to the campaign message. These included the Los Angeles County Used
Oil Recycling Campaign, the Davis Healthy Gardens Program, and the LACSD Lindane
Reduction Project. The Los Angeles County campaign is repeated annually and includes a vari-
ety of outreach methods. Similarly, the Healthy Gardens Program was evaluated after a year of
outreach in Davis. The LACSD project was conducted over a shorter term but relied on
repeated communications with its target audience. Smaller efforts that were assessed after a
shorter period showed no significant increase in awareness. This was true for the Woodland
Oil and Grease Reduction Program and the SFWPPP thermometer turn-in campaign. The out-
reach in Woodland was limited to four grocery store events and distribution of materials at
three apartment complexes. Repetition of the message needs to occur through additional out-
reach for a measurable change in behavior to occur. Similarly, in San Francisco, the thermome-
ter turn-in campaign was assessed after 1 month of outreach. This may be too short a time
frame to see a measurable increase in awareness occur. 

The workshop quizzes were an exception with respect to successfully assessing a smaller
effort. This is probably because the quizzes were designed to assess the effectiveness of only
one program element, rather than an overall campaign.
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CHAPTER 5.0

TOOLS TO MEASURE BEHAVIOR CHANGE

A variety of tools may be used to measure source control program effectiveness with
respect to behavior change. Some of these were used in the demonstration projects and include
the following:

� tracking prescription rates for the Los Angeles County Sanitation Districts (LACSD)
Lindane Reduction Project,

� conducting “kiosk” surveys for the Davis Healthy Gardens Program, 
� tracking turn-in rates for the San Francisco Water Pollution Prevention Program

(SFWPPP) thermometer turn-in campaign,
� conducting surveys (dental practices, workshop follow-up), and 
� conducting site visits for the dental outreach program.

Each of these tools capitalized on a specific feature of the source control program being
evaluated. This chapter describes how the tools were developed.

5.1 Lindane Reduction Project Pharmacy Sales Tracking

As discussed in Chapters 4 and 6, LACSD measured the effectiveness of its lindane-reduc-
tion pilot project using surveys and wastewater monitoring. These measures of effectiveness
were supplemented by the project described in this report. Larry Walker Associates and Harris
and Co. (the project team) assessed the effectiveness of the LACSD outreach campaign by
working with pharmacies to track the sales of lindane-containing and alternative products
used to control head lice and scabies. 

5.1.1 Procedure
LACSD provided a list of pharmacies located in a study area where outreach was con-

ducted (Burbank) and a list of pharmacies in a control area where no outreach was conducted
(Pomona). The project team contacted these pharmacies and asked them to participate in the
assessment.

In Pomona, 16 pharmacies were asked to participate in the study; 13 initially agreed and
provided baseline data. Of these, eight pharmacies successfully completed the study. The attri-
tion rate was due to many factors: two pharmacies asked to be dropped from the study; one
was destroyed in a fire; one logged the data incorrectly, keeping a cumulative tally of prescrip-
tions filled during the entire study period instead of on a month to month basis; and two did
not provide any usable data.

Controlling Pollution at Its Source 5-1
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In Burbank, 10 pharmacies successfully completed the study. Of the 17 pharmacies origi-
nally asked to participate, 14 initially agreed and provided baseline data. Of these, two later
asked to be dropped from the study and two did not provide any usable data.

In an effort to determine baseline prescription and sales rates, the participating pharma-
cies were asked to estimate the number of lindane-containing prescriptions they had filled dur-
ing the past year. They also were asked to estimate their sales of head-lice combs and
nonprescription head-lice and scabies control products. While other prescription products used
for head lice and scabies control—including malathion, permethrin, and crotamiton—were not
included in the baseline estimates, they were included in the project’s sales tracking effort.

The pharmacies were asked to track the number of prescriptions filled between October
1999 and March 2000 for prescription medications containing lindane, malathion, permethrin,
and crotamiton. They also were asked to track the sales of head-lice combs and other over-the-
counter treatments. The tracking effort began at the same time as the outreach campaign.
Monthly log sheets were provided for each month of the study.

5.1.2 Assessment Results 
The following sections present the results of the baseline estimates and prescription and

sales rates assessments. 

5.1.2.1 Baseline Estimates
Table 5-1 shows the baseline estimates for lindane, head-lice combs, and over-the-counter

treatments for the control area (Pomona) and the outreach area (Burbank). Lindane prescrip-
tion estimates are for 1 oz of 1% lindane. In some cases, the pharmacists stated they could not
estimate these values; in those cases, the baseline estimate was assumed to be equal to the
mean baseline estimate of the pharmacies that responded. Table 5-1 shows the total estimates
for the pharmacies that completed the study.

Table 5-1. Estimates of Prescriptions Filled and Products Sold per Month

The estimates in the control area were much higher than the estimates in the study area.
Although this is consistent with the sales data collected during the study, estimates for both
the control and outreach areas are much higher overall than actual sales, based on the sales
data collected.

5.1.2.2 Prescriptions and Sales Rates
Table 5-2 summarizes the number of prescriptions filled and other products sold for head

lice and scabies control during the study period.
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Table 5-2. Products Sold for Head Lice and Scabies Control (Units/Month)

Figure 5-1 shows lindane prescription rates during the course of the study for the control
and outreach areas. The number of prescriptions was normalized by assuming that a prescription
was a 1-oz prescription. Therefore, if a prescription was reported as 8 oz, it was counted as eight
prescriptions. Most prescriptions were for 1- or 2-oz containers. Figure 5-2 shows nonlindane
prescription and sales rates during the course of the study for the control and outreach areas. 

Figure 5-1.  Lindane Prescription Rate

Figure 5-2.  Nonlindane Prescription/Sales
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Figure 5-3.  Ratio of Lindane/Nonlindane Sales

The objective of the outreach campaign was to increase the rate of nonlindane remedies
sold and decrease the rate of lindane prescriptions filled. Therefore, the ratio of lindane to non-
lindane remedies should be lower in the outreach than in the control area. Figure 5-3 compares
this ratio for the control and outreach areas. The ratio was higher in the control area than in the
outreach area during the course of the study.

5.1.3 Information Obtained
Lindane prescription rates and the ratio of lindane to nonlindane product sales decreased

slightly during the study period (see figures 5-1, 5-2, and 5-3). In addition, nonlindane product
sales increased slightly over time. There is no apparent difference in sales patterns between the
control and outreach areas. However, the average lindane to nonlindane sales ratio was greater
in the control than in the outreach area over the course of the study. Ideally, sales patterns
would have been monitored for a few months prior to the start of the outreach campaign.
While it was hoped that using a control area would be adequate, the results from this effective-
ness measurement tool might have been clearer if precampaign data had been available.

The desired behavior change for this study was for doctors to switch from recommending
lindane products to recommending nonlindane products. While the sales tracking results are
inconclusive, the assessment based on wastewater data and survey results indicate that the
behavior change occurred. 

The sales tracking method was labor intensive, and it was difficult to persuade the phar-
macists to record or provide the information. The data were highly variable and difficult to
interpret. 

Other approaches to sales tracking can make the method more effective. The Bay Area
Regional Integrated Pest Management Partnership used sales tracking of a variety of pesticides
as one measure of effectiveness of its “Our Water, Our World” promotion (Regional Integrated
Pest Management Partnership 2000). The program focused on training store personnel and
conducting store promotions of outreach materials that encourage using less-toxic pest-control
methods. Of the 115 stores participating throughout the San Francisco Bay Area, sales tracking
was attempted with stores that had fully implemented the “Our Water, Our World” program
and that also had electronic inventories. Sales data were obtained for 1998 and 1999 from 20
stores meeting these two criteria. The data showed decreases in sales of diazinon and increases
in sales of less-toxic pest controls. The factors missing from the lindane-reduction project were
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an established relationship with the pharmacies that was separate from the sales tracking effort
and the requirement for electronic inventories. Even with these two elements present, the Bay
Area effort appears to have also been time consuming and relied on the efforts of several
agency staff to keep track of a few stores each.

5.2 Davis Kiosk Surveys

The 1998 Davis Healthy Gardens Outreach Campaign was developed to heighten public
awareness of the effects of pesticides on local waterways and wetlands. To achieve the pro-
gram’s objectives, staff distributed information about alternative pest-control practices at sev-
eral locations in and around Davis, including Redwood Barn, Davis Lumber, local movie
theaters, the public works department, the City Hall, and the farmers’ market. 

One approach to determining which public outreach materials and outreach locations
were effective was to take advantage of the various locations in Davis where outreach had
taken place. A short survey was printed on cards and distributed at these locations during May
and June 1999. The survey was not intended to be quantitative but rather to indicate trends. It
also was intended to assess both increased awareness and behavior change. It is discussed here
because a unique feature of the approach—placing a display at various locations in Davis—
was useful to some extent in assessing behavior by helping to identify locations where people
go to get information on pesticides and environmental issues.

5.2.1 Procedure
To conduct the survey, project staff prepared a survey card with a $2 coupon toward the

purchase of beneficial insects or organic pest controls attached. One side of the card was
printed with 11 questions, while the other side provided delivery instructions for the card, an
informational phone number, and blank spaces for a name, mailing address, and phone num-
ber. The cards were placed next to a poster showing five examples of the Healthy Gardens Pro-
gram material. People were asked to complete the survey, then leave it in a plastic suggestion
box placed nearby. The box was untended at all survey sites except the farmers’ market, where
a representative of the Davis Pollution Prevention Program was present (Appendix C includes
a picture of the display and an example of the survey card).

The survey included questions on gardening (questions 1–4), the Healthy Gardens promo-
tion (questions 5–7), behavior change (Question 8), and basic demographic information (ques-
tions 9–11): 

1. Do you garden or work in your yard (every weekend, occasionally, or never)? 
2. Do you use a garden service (yes or no)? 
3. Do you use pesticides (yes or no)?
4. If you use pesticides, do you remember the name (blank provided)?
5. Have you seen any of the items shown on this display before (yes or no)?
6. If yes, which items on the display have you seen before (four blank spaces were pro-

vided for write-in answers)?
7. If you have seen any of the items on the display, where have you seen them (mark all

that apply: on the Internet, before a movie, in the newspaper, on television, at a local
store, at the North Pond, at City Hall, at Davis Farmers’ Market)?

8. After seeing or reading the Healthy Gardens Program information: (check one: I use
less or don’t use pesticides at all; I have not made any changes regarding pesticide
use; I have never seen the program information before).
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9. Are you over 21 (yes or no)?
10. Full-time Davis resident (yes or no)?
11. Which area of Davis do you live in (choose between: North, East, South, West, Cen-

tral, outside Davis)?

A total of 124 people turned in survey cards, although one of these was left blank except
for the name and address. Table 5-3 shows the survey site locations, time periods, and number
of surveys collected at each site.

Table 5-3. Survey Collection Results

The Wednesday and Saturday farmers’ markets had the fastest rate of survey collection
and the North Pond site collected the largest number of surveys. These three sites are the most
prolific.

5.2.2 Survey Results
The survey results are presented in the following sections:

� Gardening Practices
� Recall of Healthy Gardens Program
� Behavior Change
� Demographic Information

5.2.2.1 Gardening Practices
Table 5-4 lists the responses to the gardening questions. 
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Table 5-4. Gardening Questions

Most people responding to the survey were gardeners. Many were frequent gardeners
and most said they do all their own gardening. These people comprise the Healthy Gardens
Program target group. Approximately half the survey participants use pesticides. Table 5-5
shows the types of gardeners using pesticides or a garden service.

Table 5-5. Comparison of Gardening Frequency and Pesticide Use

Responses in Table 5-5 indicate that frequent gardeners use pesticides more often than
occasional gardeners. 

5.2.2.2 Recall of Healthy Gardens Program
Approximately half the survey participants recalled seeing the Healthy Gardens outreach

materials. About one-third of those who recalled the materials reported seeing the logo, the
North Pond sign, the guides, and the movie theater slide. The smaller “demonstration site”
signs were recalled less frequently. On average, survey participants recalled seeing 1.6 items
each. Table 5-6 summarizes the responses regarding the outreach materials.
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Table 5-6. Which Items on the Display Have You Seen Before?

Table 5-7 summarizes responses regarding where respondents had seen the outreach
materials. Each person seeing the Healthy Gardens information recalled seeing it at an average
of 1.9 locations. 

Table 5-7. Where Have You Seen Those Items?

Table 5-7 indicates the information was seen most often at North Pond. Several people
also recalled seeing the information at the farmers’ market, before movies, in the local stores,
and in the newspaper. Sightings on the Internet, at the City Hall and on television were less
frequent. 

The target audience for the Healthy Gardens Program is Davis residents who garden and
use pesticides. Responses regarding gardening practices and pesticide use (questions 1–3) were
compared to responses regarding recall of the Healthy Gardens information (questions 5–7) to
determine if the target audience was reached. Of the 114 respondents who indicated they gar-
den frequently or occasionally, 55% saw the Healthy Gardens information. Out of a total of 79

98-WSM-2.qxd  1/2/02  1:02 PM  Page 5-8



5-9Controlling Pollution at Its Source

pesticide users (answering yes to Question 3), 60% saw the information (answering yes to
Question 5).

5.2.2.3 Behavior Change 
Out of 124 surveys, 104 people responded to the behavior change question (Question 8)

regarding whether their pesticide use practices had changed, as shown in Table 5-8.

Table 5-8. Behavior Change 

The purpose of asking Question 8 was to determine if the Healthy Gardens Program had
been effective in changing people’s behavior with respect to pesticide use. Approximately 28%
of the survey respondents apparently changed their behavior as a result of seeing the program
materials. 

5.2.2.4 Background and Demographic Information
Most of the people surveyed were over age 21 and full-time Davis residents. About 40%

of the survey participants lived in North Davis, while the others were almost evenly distrib-
uted throughout the rest of the city. Of the 124 people surveyed, 13 did not live in Davis. 

Table 5-9 shows the number of surveys collected at each location from each area of Davis.
In general, survey responses at each location were evenly distributed with respect to the
respondents’ place of residence in the city. The one exception is North Pond, where more than
80% of the responses came from people living in North Davis, where North Pond is located.

Table 5-9. Where Survey Participants Live 
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5.2.3 Information Obtained
The objective of the card survey was to determine the following:

� Success of the Healthy Gardens Program in creating awareness (Do people remember
seeing the program materials?).

� Success of the Healthy Gardens Program in changing behavior (Did the Healthy Gar-
dens Program reach the target audience, and did the program cause people to change
their pesticide use practices?).

� Elements of the program that worked best (Which types of outreach were most effec-
tive, and which locations in Davis are best for communicating the Healthy Gardens
Program message?).

� Plans for the future (What should we do next in the Healthy Gardens Program, and
what works best for outreach on environmental issues in Davis?).

It should be emphasized that these survey results are not statistically valid, because the
survey respondents are self-selected and therefore do not necessarily represent a true cross-
section of Davis residents. In addition, for assessing differences based on geographic location,
the number of respondents is too low to provide statistically meaningful results. Nevertheless,
some interesting trends were observed that, when used in combination with results from the
quantitative survey discussed in Chapter 4, should be useful to the city for planning future
outreach efforts. 

Approximately half (59) of the survey respondents recalled seeing the Healthy Garden
Program materials. In general, people remembered seeing more than one item (an average 1.6
items seen per person) at more than one location (an average 1.9 locations seen per person). It
appears that the target audience was reached, as most of the survey respondents (95%) were
gardeners and approximately 66% of the survey respondents reported using pesticides. There-
fore, the survey reached the target audience. In addition, 55% of the gardeners recalled the
information and 60% of the pesticide users recalled the Healthy Gardens Program. The pro-
gram’s impact on pesticide use was addressed by Question 8, which offered respondents three
choices to complete the sentence, “After seeing the Healthy Gardens information, I … .”
Approximately 28% of the people answering this question indicated that they now use fewer
or no pesticides. 

The three outreach items most often recalled by survey participants were the program’s
ladybug logo, the North Pond map, and the pesticide management guides. Almost as many
people remembered the movie theater slide. However, the hybrid roses sign was recalled less
frequently. 

The issue of which locations are best for outreach was assessed by evaluating where sur-
vey participants reported seeing the materials and the number of card surveys collected at the
various survey locations. Almost half of the 63 survey respondents who recalled seeing the
Healthy Gardens materials recalled seeing them at North Pond. This is consistent with the
North Pond map being one of the most commonly recalled outreach items and North Pond
being the location where the most surveys were collected. Other locations recalled by more
than 20% of respondents who saw the materials include the farmers’ market (30%), “before
movies” (27%), and at local stores (25%). This is consistent with the result that the pesticide
management guide (distributed at local stores and the farmers’ market) and the movie theater
slide were two of the more commonly remembered outreach items. Locations recalled less
often include the newspaper (19%), City Hall (11%), the Internet (8%), and television (3%).
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With respect to the number of surveys collected at different locations, the Wednesday and
Saturday farmers’ markets had the highest rate of surveys collected per day, with 42 collected
in 2 days. For the rest of the sites, surveys were collected for a week. The farmers’ market was
the only location where a person sat with the display and surveys. The North Pond Site had
the second highest number of surveys (41). The farmers’ market and North Pond may be sites
where people are more likely to spend the time it takes to complete a survey or, similarly, to
obtain more detailed information about a topic. In addition, the farmers’ market may be more
conducive to people thinking about gardening and integrated pest management, and the
North Pond site may be more conducive to people thinking about the environment and local
water resources. 

While the survey results are not statistically valid, the results suggested future directions
for the programs with respect to what types of information interest Davis residents and what
types of outreach methods to use in the future.

The survey results suggest that gardeners and pesticide users are aware of the program
and may be interested in receiving more specific information from the city about alternative
pest-control methods. While more specific information is available on the Healthy Gardens
Web site, through the demonstration signs, and in the pesticide management guide, awareness
of the Web site and the demonstration signs is limited. Future promotional efforts could high-
light these program elements.

Two items that were reasonably effective were the movie theater slide and the North Pond
sign. In addition, the farmers’ market was a good location for distributing Healthy Gardens
information. As the city develops new programs, it should consider capitalizing on its local
wildlife habitats to help residents make the connection between their actions and resulting
impacts on the environment. In addition, the city should make use of unique local attractions,
such as the farmers’ market and local movie theaters, to impart information. 

5.3 Thermometer Collection Tracking

During the San Francisco Water Pollution Prevention Program (SFWPPP) thermometer
turn-in campaign described in Chapter 4, participants were asked to provide their ZIP codes
and indicate where they had heard about the turn-in events. In addition, the number of ther-
mometers turned in by each participant was tracked. While this information was not collected
from every station, approximately 2,200 people were surveyed. On average, each person
turned in 1.4 thermometers. Based on this, approximately 3,300 people participated to turn in
4,699 thermometers. Therefore, the intercept surveys were conducted for approximately two-
thirds of the participants in the program

SFWPPP collected 4,699 thermometers at nine fire stations, far more than the original goal
of 1250. Almost 40% of the thermometers were collected at one station in the “Chinatown”
area. Table 5-10 shows the number of thermometers collected at the different stations during
the campaign.
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Table 5-10. Thermometers Collected at Each Station

Overall, 42% of those surveyed said they had heard about the program through the news-
paper, while 26% said they heard about it on the radio. The next most often mentioned method
was “word of mouth” (18%). Five percent of respondents mentioned television and 3% cited
utility-bill inserts. Street posters, the fire stations, and Val-Packs each was mentioned by 2% or
fewer respondents. At stations where more than 100 people were surveyed, some geographic
differences were found with respect to how people had heard about the program. (Responses
from stations where fewer than 100 interviews were conducted may not be representative of
the geographic area.) A higher than average percentage of respondents at the Chinatown sta-
tion (42%) reported hearing about the program on the radio. In the Marina district, the vast
majority said they had read about the program in the newspaper (74%), with far less than
average proportions mentioning “word of mouth” (4%) and the radio (10%). Table 5-11 shows
the proportion of responses at each fire station in terms of how respondents reported hearing
about the program.

Table 5-11. Reported Source of Program Information, by Location

When reviewing the responses by week, some changes were seen over time with respect
to where people had heard about the program. During weeks 1 and 2 of the campaign, 64%
and 53%, respectively, reported reading about the program in the newspaper. For the final two
weeks of the campaign, these proportions dropped to 24% and 29%, respectively. Those who
said they heard about the campaign on the radio constituted 6% of the responses in the first
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week. This proportion increased to 25%, 40%, and 30% in the second, third, and fourth weeks,
respectively. Word-of-mouth responses accounted for 14% and 9% of the responses in weeks 1
and 2, respectively, but increased to 27% and 24% , respectively, in the final two weeks.
Table 5-12 summarizes this information. 

Table 5-12. Reported Source of Program Information, by Week

This effectiveness measurement tool was a simple add-on to an existing element of the
outreach campaign. It provided SFWPPP with information on effective outreach methods
(newspaper articles, radio), as well as insight into what types of approaches work best in dif-
ferent San Francisco neighborhoods.

5.4 Surveys

As mentioned in Chapter 4, surveys can also be used to measure behavior change. In
addition to assessing awareness levels, several surveys attempted to assess behavior changes
resulting from an outreach program. The information obtained about behavior changes is dis-
cussed in Chapter 4 and summarized below. In addition, SFWPPP used a mail survey to assess
implementation rates of dental best management practices (BMPs) as a result of outreach and
education efforts. Santa Monica also used a mail survey to assess the impact of the New Devel-
opment Program workshops on the building community’s use of post-construction BMPs. 

5.4.1 Behavior Change Assessment Through Surveys
Behavior change was assessed using surveys for the Davis Healthy Gardens Program, the

LACSD Lindane Reduction Project, the Woodland Oil and Grease Reduction Project, and the
Los Angeles County Used Oil Recycling Outreach Campaign: 

� The phone and mail survey used in the Healthy Gardens Program project assessed
whether the program had been effective in getting people to use less pesticides.
Results indicated that some change had occurred (between 4% and 17% of survey
respondents had reduced their pesticide use). 

� Phone surveys conducted before and after the LACSD lindane-reduction outreach
campaign were used to determine if healthcare professionals had changed their prac-
tices with respect lindane prescriptions. The results indicated that, following the cam-
paign, doctors were prescribing lindane less often and pharmacists were mentioning
the harmful effects of lindane to their customers more often.

� For the Woodland Oil and Grease Reduction Project, intercept surveys were con-
ducted before and after an outreach campaign to determine if residents were less
likely to pour used cooking oil down the drain. The results indicated that no behavior
change had occurred.

� For the Los Angeles County Used Oil Recycling Outreach Campaign, intercept sur-
veys were used to determine the proportion of the target audience disposing of used
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vehicle fluids properly. Results indicated that, for the most part, used oil and used oil
filters were disposed of properly. However, a lower proportion of “do-it-yourselfers”
disposed of used transmission and radiator fluids properly. The results implied that
survey participants who recalled the campaign were more likely to dispose of used
vehicle fluids properly than those who did not recall the campaign.

5.4.2 SFWPPP: Dentists’ BMPs
As a result of the source analysis described in Chapter 3, SFWPPP decided to assess previ-

ous outreach efforts targeting dentists and use this information to develop additional outreach
for this group (Larry Walker Associates 2000e). In March 1999, SFWPPP mailed a two-page
survey to all San Francisco dentists. The purpose of the survey was to

� assess the effectiveness of the brochure, “Never Down the Drain,” developed by
SFWPPP and distributed to dentists in 1997;

� determine the extent to which practices are implemented that are intended to mini-
mize the discharge of dental amalgam; and

� assess attitudes and practices associated with the use of non-amalgam fillings.

5.4.2.1 Procedure
The survey was printed on both sides of a single sheet of paper and was designed to be

brief and easy to complete. SFWPPP mailed the surveys, along with a stamped, preaddressed
envelope and an introductory letter signed by the SFWPPP manager and the president of the
San Francisco Dental Association. Two medical buildings in San Francisco house large num-
bers of dental offices: one building, at 450 Sutter St., includes about 70 dental offices; the other,
at 490 Post St., contains about 40 such offices. SFWPPP was considering these locations for
focused outreach, making survey responses from these buildings of particular interest. Project
staff used postage stamps with different designs on the return envelopes for surveys sent to
these buildings so that the responses could be tabulated separately, if desired. 

Surveys were mailed to 843 San Francisco dentists, and 231 surveys were completed and
returned, for a 27% return rate. Of the 231 responses, 83% were from dentists practicing gen-
eral dentistry, 2% were from pediatric dentists, and 1% were from dentists practicing endodon-
tics. On average, respondents practicing general dentistry reported seeing 64 patients per
week, endodontists reported seeing 92 patients per week, and pediatric dentists reported see-
ing 93 patients per week. The remaining 14% of the responses were from dentists whose prac-
tices require them to handle very little amalgam, including periodontists, orthodontists, and
oral surgeons. Appendix C includes  the text of the letter that accompanied the survey and a
survey response summary.

5.4.2.2 Survey Results
The following sections discuss the survey results with respect to brochure effectiveness,

BMP implementation, and use of non-amalgam fillings.

Brochure Effectiveness. The brochure “Never Down the Drain” contains information
about hazardous wastes and water pollutants that are generated by activities conducted in
dental offices. The two wastes of primary interest are mercury-containing dental amalgam and
silver-containing photoprocessing and X-ray wastes. The brochure provided information on
proper handling and disposal of these materials. In response to a question asking where den-
tists get information about managing dental wastes, more than 80% said that they obtained
this type of information from either the California Dental Association or the San Francisco
Dental Society. In comparison, 31% said they obtained the information from a government
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agency and 38% indicated they obtained the information from a brochure. (Many dentists
checked more than one answer.) Other responses to this question included journals (47%), sem-
inars (54%), and conferences (38%).

When asked if they specifically remembered the “Never Down the Drain” brochure, 60%
answered yes. To determine if the information presented in the brochure was useful, an open-
ended question (”What did you learn from the brochure and what practices have you imple-
mented from the brochure?”) was asked. 

Of the 136 survey respondents who remembered seeing the brochure, 35% indicated they
were implementing all the practices in the brochure, although a substantial portion (20% of
those who had seen the brochure) said they had been implementing all the BMPs mentioned
before receiving the brochure. The practices listed most often in response to this question were
proper disposal of hazardous wastes (21 responses), cleaning traps regularly (11 responses),
recycling amalgam scrap (seven responses), and limiting the amount of amalgam prepared or
using pre-encapsulated amalgam (six responses). Another eight respondents who had seen the
brochure indicated amalgam is not used in their offices. Three of these respondents are in
fields that do not typically place fillings, but the other five are general dentists.

While BMP implementation is discussed in more detail below, the brochure’s impact also
may be assessed indirectly by comparing the proportion of survey respondents who reported
implementing each BMP based on whether or not they had seen the brochure. For example,
67% of all respondents reported recycling scrap amalgam. However, of those respondents who
said they had seen the brochure, 72% reported recycling scrap amalgam. By comparison, 58%
of those respondents who said they had not seen the brochure reported recycling amalgam.
Table 5-13 presents data on BMPs for which more than a 10% difference in implementation rate
exists between those who had seen the brochure and those who had not. These results suggest
that information from the brochure encouraged dentists to implement these BMPs. Increased
implementation of the BMPs for amalgam recycling and limiting the amount of amalgam pre-
pared after reading the brochure is consistent with the responses to the question about what
had been learned from the brochure.

Table 5-13. Best Management Practice Implementation Rates, by Brochure Recall

BMP Implementation. The brochure recommended 17 BMPs for managing amalgam and
other hazardous wastes. The survey asked respondents to indicate which of these practices they
used in their offices. The results are summarized in Table 5-14. The most frequently implemented
BMPs (88% to 90%) are those regarding general knowledge of material safety data sheets and
applicable waste disposal requirement. Approximately 75% of the respondents provide annual
training, use disposable traps, limit the amount of amalgam prepared, use pre-encapsulated
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amalgam, and store amalgam in airtight containers. About 66% recycle scrap amalgam and
change filters and traps regularly. About half of the respondents report storing broken or unused
amalgam with other scrap amalgam, separating disposable traps from other waste, and dispos-
ing of pump-filter amalgam as hazardous waste. Less than a third of the respondents keep a log
of amalgam waste, recycle pump-filter amalgam, or use reusable amalgam traps. Only 7% report
using amalgam separators and 25% have never heard of amalgam separators.

Table 5-14. Overall Best Management Practice Implementation Rate

MSDS = material safety data sheet.

As noted previously, 35% of the survey respondents who recalled the brochure indicated
that they were implementing all the BMPs recommended in the brochure. This corresponds to
21% of all survey respondents. Based on the responses regarding specific BMPs implemented,
12% of survey respondents indicated they were implementing at least 15 of the 17 recom-
mended practices. In addition, 46% reported implementing between 11 and 14 of the BMPs. On
average, survey respondents indicated they were implementing 10 BMPs. Respondents who
said they were implementing all practices in response to the question regarding what they had
learned from the brochure reported implementing, on average, 12 BMPs.

Non-amalgam Filling Usage. Replacing amalgam fillings with alternative materials is one
approach to reducing mercury in wastewater discharges. Therefore, the survey explored atti-
tudes towards non-amalgam fillings. The survey questionnaire asked respondents how often
their patients inquire about non-amalgam fillings and how often the respondent recommends
non-amalgam fillings to patients. Responses to these questions were similar. Overall, more
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than half (56%) of the respondents recommend amalgam fillings often or always. Only 8% said
they never or rarely recommended non-amalgam fillings, while 26% indicated they sometimes
recommend non-amalgam fillings. The remaining 10% did not answer these questions. 

These questions did not ask how often dentists recommend non-amalgam fillings for situ-
ations traditionally requiring amalgam, such as large or posterior fillings. However, responses
to the open-ended question about the circumstances under which the respondent would dis-
courage the use of non-amalgam fillings partially addresses this. About 60% (141) answered
this question. Approximately 27% of those who answered this question indicated there are no
circumstances under which they would discourage the use of a non-amalgam filling. This is
consistent with the fact that 26% answered “always” to the question about how often they rec-
ommended non-amalgam fillings. The most common reasons mentioned for not using non-
amalgam fillings are large cavities (23%) and cavities in the back of the mouth (18%). Other
issues mentioned in more than 5% of the responses include cost, poor oral hygiene or cavity
prone, and poor moisture control.

When asked what would make dentists more likely to recommend non-amalgam fillings,
more than half the respondents answered improved durability (56%) and improved aesthetics
(53%). Being easily covered by insurance (32%) and improved ease of handling (30%) were the
next most common responses. Environmental impact (24%) and decreased costs (20%) were
cited less often.

Finally, dentists were asked how many fillings they placed and removed each week. Of
the 231 respondents, 23% reported placing no fillings in their practice. Of the 173 who reported
placing fillings, 95% were general dentists and the remaining 5% were divided evenly among
endodontists, pediatric dentists, and “other” types of practice. 

On average, these 173 offices reported removing 17 amalgam fillings per week. Interest-
ingly, dentists reported placing, on average, more non-amalgam fillings (21 per week) than
amalgam fillings (11 per week). Of the survey respondents who place fillings, 18% reported
placing only non-amalgam fillings and 47% reported placing more non-amalgam than amal-
gam fillings. Slightly more than 1% reported placing only amalgam fillings, while 14%
reported placing more amalgam than non-amalgam fillings. The remaining 12% indicated they
place an equal amount of amalgam and non-amalgam fillings.

5.4.2.3 Information Obtained
SFWPPP used the results of this survey to plan a pilot outreach program. In addition,

these results, in combination with results from onsite interviews with dentists, will be used to
plan future programs for dentists. 

The results indicate that dentists look to their professional societies far more than to gov-
ernment agencies for information on environmental topics. Therefore, whenever possible,
efforts to work with dentists should be coordinated with professional societies. 

The reported BMP implementation rates indicate that dentists are aware of many of the
recommended waste management practices. However, more dentists could implement prac-
tices associated with recycling amalgam. Based on BMP implementation rates, SFWPPP
decided to focus future outreach to dentists on reinforcing messages regarding recycling amal-
gam wastes, changing traps and filters regularly, and maintaining a log of scrap-amalgam gen-
eration and disposal. 
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With respect to non-amalgam as an alternative material, a large portion (at least half) of
the respondents said they are comfortable with using non-amalgam for most applications. In
addition, several reported using no amalgam. Based on this result, it may be possible for SFW-
PPP to work with dentists on increasing their use of non-amalgam fillings.

5.4.3 Santa Monica New Development Workshop Follow-Up
The workshop quizzes used for the Santa Monica New Development Program discussed

in Chapter 4 did not assess behavior but rather increased awareness. However, the city con-
ducted follow-up to assess the workshop’s impact with respect to the building community’s
use of post-construction BMPs. Project staff mailed a survey to 46 members of the building
community who registered for the workshop. According to workshop attendance records,
approximately 26 of the people receiving the survey attended the workshop and 20 did not.
The survey asked what type of post-construction BMPs had been included in recent projects.
Fifteen builders who participated in the workshop and six who had not participated
responded to the survey. Of the 15 who attended the workshop, 11 said they had recently
begun development of a project that included at least one post-construction BMP. The BMPs
used included landscaping, permeable paving, dry wells, cisterns, oil–water separators, infil-
tration trenches, French drains, swales, and catch basin inserts. Of the six who did not attend
the workshop, one reported having recently begun a development project that included post-
construction BMPs—catch basin inserts, swales, and infiltration trenches. Table 5-15 compares
these responses to BMPs included in development plans submitted to Santa Monica in fall 2000
(after the workshop).

Table 5-15. Post-construction Best Management Practices

Workshop participants apparently are using a greater variety of post-construction BMPs
than those indicated in development plans submitted to Santa Monica.

5.5 Dental Site Visits

The results of the dental practices survey described in Chapter 4 were used to plan tar-
geted outreach to individual dentists for SFWPPP. The project team planned a pilot study as
the initial step of this targeted outreach and focused on a large medical–dental building in
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downtown San Francisco. The building, at 450 Sutter St., contains mostly medical and dental
offices. About 200 dentists practice in 110 offices at this location. Of these, 74 offices house gen-
eral or endodontic practices. Of the 231 responses to the mail survey, 48 were from the Sutter
location. 

The mail survey results for 450 Sutter were similar to the overall survey responses, mak-
ing them an apparently representative group. Approximately two-thirds of the survey partici-
pants from the Sutter building reported storing amalgam scrap properly and recycling it. With
respect to chairside traps, 37 dentists (77%) reported using disposable traps and 14 (29%)
reported using reusable traps. With respect to amalgam collected from the vacuum-pump fil-
ters, 27% reported recycling this material, while 48% reported disposing of it as hazardous
waste. Only 21% indicated that they keep a log of scrap-amalgam generation and disposal.

The outreach goal at 450 Sutter was to increase the proportion of dentists who recycle
traps and other amalgam wastes and to increase the proportion who keep a log or written
record of amalgam disposal. The outreach was conducted using scheduled site visits at general
dentistry and endodontic practices. Interviews conducted as part of the site visit were also
used for evaluation. 

5.5.1 Procedure
Site visits were scheduled over 3 days at 34 of the 74 general dentistry and endodontic

practice offices at 450 Sutter. When initially contacted, several offices indicated the building
handled all hazardous waste disposal. Upon investigation, it was learned that the building
offers a service to pick up photographic wastes but does not currently handle disposal of amal-
gam. Adding an amalgam pick-up service is in the planning stages, according to building
management.

The survey team conducted interviews at each office with the dentist or staff person
responsible for hazardous waste management, reviewing the extent to which BMPs were being
implemented and asking the interviewee specifically about how often traps and filters are
changed and how the waste amalgam is handled. The team also asked interviewees if they
would be willing to start recycling amalgam collected from traps or filters, maintain a log book
of waste generation, or evaluate an amalgam separator. Interviewers left promotional materials
targeting these practices with the dentist or staff member. These materials included pens, post-
it notes, a logbook, BMP brochures, and apples. Pictures of the promotional materials are
shown in Appendix B. The pens and post-it notes contained the following messages:

� Recycle mercury containing amalgam waste.
� Change traps and filters regularly.
� Keep a logbook of recycled mercury waste

5.5.2 Site Visit Results
The first topic covered during each site visit was the handling of scrap amalgam. Most

offices reported handling this material properly, with 74% recycling the scrap amalgam and
15% reporting they use no amalgam in the practice. On the other hand, 6% report that amal-
gam goes down the drain in their offices.

With respect to chairside traps, most dentists use disposable traps (76%), while the
remainder use reusable traps. Handling of traps varies, with 38% reporting they dispose of
traps with their medical (“red-bag”) waste, 38% saying they throw the traps in the trash, and
16% saying they recycle trap material with scrap amalgam. Again, 6% reported rinsing trap
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material down the drain. Most dentists were not aware there is a difference between medical
waste disposal and hazardous waste disposal. Project staff discussed these differences, as well
as proper trap disposal, during the site visits.

Vacuum-filter sludge was handled in a similar manner to the chairside traps. Most offices
disposed of this material as medical waste (38%) or in the trash (26%). Some offices recycled
the vacuum sludge with the scrap amalgam (12%) and some rinsed it down the drain (15%).
When asked about the type of filter used on the vacuum system, most interviewees indicated
they used the standard vacuum-system filters, but two or three offices had added larger, finer
filters to these systems.

Office staff were also asked about the rate of composite-filling use. Most offices reported
using more composites than amalgam in their practices. Approximately 40% said more than
90% of the fillings they place are composite fillings. Another 30% reported rates between 60%
and 80%, while the remainder said 50% or fewer of the fillings they place are composites. 

During the site visits, project staff suggested certain additional BMPs, including recycling
trap and filter waste with the scrap amalgam, asking vendors about finer filters for the vac-
uum system, and keeping a log of wastes generated in the office. Most offices were willing to
try at least one of these suggestions.

In addition to being an effectiveness measurement tool, the site visits were a source con-
trol strategy. Project staff conducted a follow-up survey in January to determine if the site vis-
its had been effective in increasing BMP implementation rates. A copy of the follow-up survey
is included in Appendix C. The survey asked dental offices if they had begun using one of the
following practices in the last 6 months:

� Recycling scrap amalgam.
� Recycling chairside trap waste.
� Recycling vacuum-filter waste.
� Keeping a log of amalgam waste.

Table 5-16 summarizes response rates for the 105 follow-up surveys mailed to dentists.

Table 5-16. Site Visit Follow-Up

Of the 14 dentists who received a site visit, four indicated they had started at least one
new practice in the last 6 months. On average, each of these four dentists implemented 2.8 new
practices. Responses were proportionately lower from dentists at 450 Sutter who had not
agreed to a site visit. Of the five responses from dentists at 450 Sutter who had not received a
site visit, none indicated having started a new practice within the last 6 months. Of the 13 den-
tists from 490 Post, three indicated they had started a new practice in the last 6 months. On
average, each of the three dentists implemented 1.3 new practices. 
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5.5.3 Information Obtained
Site visits are time consuming both with respect to the time required to schedule them

and the time required to conduct them. This method combines outreach and effectiveness
measurement, making the time investment more worthwhile. 

Because dentists’ offices are small, each visit was brief (10 to 15 minutes), but the informa-
tion obtained was extremely valuable. A site visit provides a much clearer assessment than a
survey response about the attitude in each office toward environmental issues. In addition,
there may be misconceptions that can only be identified through a physical inspection. One
important item in this regard is that the automatic response regarding disposal of chairside
traps is that they are disposed of as hazardous waste, which sounds like an appropriate dis-
posal method. However, during the site visits, it became clear that what dentists think of as
“hazardous” is “biohazardous” or medical waste. Medical waste is incinerated or sterilized
and disposed of as solid waste. Neither practice is an acceptable disposal method for mercury.
This only became clear as a result of the site visit interviews. Site visits may confirm informa-
tion obtained elsewhere. These site visits confirmed a trend that had been observed toward
decreased use of amalgam. As noted above, a significant portion of those interviewed reported
using very little amalgam in their practices. 

While the number of responses to the follow-up survey was small, the site visits appar-
ently were effective with respect to encouraging dentists to implement new BMPs. The dentists
visited onsite implemented more new BMPs, on average, than the dentists at 450 Sutter who
had not received site visits or those at 490 Post, who were never contacted. Also, based on the
response rate of dentists from the two locations, some dentists apparently are open to making
changes and, therefore, more easily reached. These easily reached dentists agreed to site visits
at 450 Sutter and responded to the follow-up survey at both the Sutter and the Post locations.
A much lower proportion of dentists who would not schedule site visits responded to the fol-
low-up survey than the other two groups.

5.6 Assessment of Tools To Measure Behavior Change

In general, the tools used to measure behavior change were developed to take advantage
of a unique feature of the source control strategy they were being used to evaluate. Therefore,
they may not be as widely applicable as surveys or water quality monitoring. The exception to
this is using a mail survey to assess BMP implementation. A mail survey may be used to assess
a variety of programs. However, even this tool clearly took advantage of certain features of the
outreach program, specifically the illustrations and BMPs listed in the brochure distributed to
dentists. In general, the behavior change measurement tools are examples of how to add some-
thing simple to allow evaluation and how a program may be developed if evaluation is kept in
mind from the beginning. 

The costs associated with effectiveness measurement tools are not much more than the
cost of the outreach itself for tools such as the thermometer tracking, workshop tests, and site
visits. Costs are associated with compiling and analyzing the information collected using these
tools. The cost of the sales tracking was associated with staff time to contact and collect infor-
mation from the pharmacies, then analyze the information collected. The cost of the kiosk sur-
vey also was primarily associated with staff time to place the kiosk, collect the cards, and
analyze the information on the cards. The cost of the mail survey included costs to produce
and mail the survey, in addition to staff time needed to compile and analyze the survey results.
Table 5-17 shows the estimated costs of using each of the tools described in this chapter.
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Table 5-17. Costs of Behavior Change Measurement Tools

The workshop tests, thermometer collection, and site visit analyses were fairly simple
tools to include in their respective source control programs. The dental mail survey required
much effort to develop, produce, and distribute but in many respects was simpler to use than a
comparable phone survey. The workshop follow-up survey was simpler to implement than the
dental survey because it was mailed to fewer people (about 90 workshop participants) than the
dental survey (about 900 dentists). While implementing the kiosk survey also was more
involved, this tool was fairly straightforward to use. However, as discussed above, the sales
tracking technique was difficult to implement and yielded inconclusive results in the demon-
stration project.
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TOOLS TO MEASURE POLLUTANT LOAD
REDUCTIONS

The ultimate goal of any pollution prevention program is to improve the environment.
Source control programs can directly measure the reduction in pollutant inputs to the environ-
ment by measuring changes in pollutant concentrations in treatment plant influent, collection-
system trunk lines and, in the case of stormwater, urban runoff. Due to data variability and
expense, this approach has limitations. In addition, reductions in pollutant inputs may or may
not provide an indication of ambient changes. 

Two projects used water quality monitoring for effectiveness measurement:

� the Davis Healthy Gardens Program; and
� the Los Angeles County Sanitation Districts (LACSD) Lindane Reduction Program.

This chapter describes the results of these monitoring efforts.

6.1 Healthy Gardens Program Stormwater Monitoring

As part of its Pollution Load Reduction Program, the city of Davis since 1996 has moni-
tored stormwater runoff at three outfalls and two receiving-water locations. One of these loca-
tions is North Pond, a flood detention basin that also serves as a wildlife habitat. The pond
drains an area that has only residential land uses. The data collected at North Pond were used
to assess the effectiveness of the Healthy Gardens Program.

Data on pesticides in stormwater runoff were available for this outfall for three storms
that occurred in 1996 and 1997, prior to the initiation of the pesticide outreach program, and
one storm that occurred in 1998, after the program had been initiated. To supplement the exist-
ing data, the city monitored two additional storms at North Pond during the 1999–2000 storm
season for diazinon, chlorpyrifos, and conventional pollutants. An automatic sampling station
permanently installed at North Pond collected flow-based composite samples. Clean sampling
techniques were used to collect the samples.

Table 6-1 summarizes the results of the two monitoring events.

Controlling Pollution at Its Source 6-1
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Table 6-1. North Pond Monitoring Summary, 1999–2000

These results were compared to monitoring data collected at this site between 1996 and
1998 (see Figure 6-1). The results show a decrease in pesticide levels in stormwater runoff to
North Pond over time. Because stormwater data are influenced by a variety of factors, it is not
clear if the decrease is significant. It is interesting that the rainfall levels show the same pattern
as the pesticide levels. However, data on total suspended solids collected during the same
period show a very different trend, as shown in Figure 6-1b.

Figure 6-1.  City of Davis North Pond Assessment
(a) North Pond Assessment First Flush Events (b) North Pond Assessment
TSS = Total suspended solids

6.2 LACSD Lindane Reduction Project Influent Monitoring

As discussed in previous chapters, LACSD used several approaches to measure the
impact of the lindane-reduction outreach campaign in the pilot areas. One indicator of the pro-
gram’s impact was the change in lindane concentrations in the wastewater collection system,
as the purpose of the project was to reduce these concentrations. To determine the impact of
the program in the Long Beach outreach area, LACSD collected samples from a trunk line in
Long Beach. The trunk line carries approximately 4 mgd of wastewater and services to about
40,000 residents. Sampling was performed in Long Beach in August 1999 to establish a baseline
and again in January, March, June, and October 2000 to see if lindane concentrations had
changed. Each sampling episode consisted of seven 24-hour composite samples taken during a
1-week period. To determine the impact of the outreach program in Burbank, LACSD sampled
influent to the Burbank Water Reclamation Plant. The baseline was established from 18 influ-
ent samples taken between February 1997 and September 1999. Post-outreach concentrations

98-WSM-2.qxd  1/2/02  1:02 PM  Page 6-2



6-3Controlling Pollution at Its Source

were determined by an intensive sampling episode consisting of seven consecutive 24-hour
composite samples taken during a 1-week period in March 2000.

Sampling was also performed at a control location, on LACSD’s Pomona Water Reclama-
tion Plant influent, to determine if changes in lindane concentrations in the outreach areas also
occurred in areas where no outreach was performed. No direct outreach was done upstream of
the Pomona plant, although area residents may have been exposed to some of the mass media
outreach. The Pomona facility treats 13 mgd of wastewater and serves approximately 130,000
residents. Initial sampling was performed at the Pomona plant in September 1999 to establish a
pre-outreach baseline, and again in December 1999 and February and May 2000 to determine if
concentrations changed. Each sampling episode consisted of seven 24-hour composite samples
taken during a 1-week period. 

The sample data are summarized in Figure 6-2. Median lindane concentrations remained
essentially constant in the control area, at 30 to 35 parts per trillion, but dropped by half in the
Long Beach outreach area, from 30 to 15 parts per trillion. Average lindane concentrations also
were reduced by half in the Burbank outreach area, from 17 to 8 parts per trillion.

Figure 6-2.  LACSD Wastewater Lindane Levels (1999-2000)
LACSD= Los Angeles County Sanitation Districts

6.3 Assessment of Monitoring To Measure Pollutant Reductions

Monitoring can be relatively expensive and sufficient data often are not available to pro-
vide statistical certainty. For example, Davis spent $7,000 to collect and analyze two samples
from one site for the pesticide assessment. LACSD spent about $10,000 to analyze 56 waste-
water samples for lindane, not including costs associated with collecting the samples.
Approaches to addressing the uncertainty of water quality results are sampling more fre-
quently or supplementing water quality monitoring with other types of evaluation. Other
types of evaluation were used for all the projects described above. 

In addition, for the LACSD project, monitoring frequency was good, in that more samples
were collected. For one sampling location, Burbank, there was 2 years’ worth of sampling data
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were available for use as a baseline. Each post-outreach event at each sampling location con-
sisted of collecting seven composite samples during a 1-week period. In this case, confidence
levels for the results are much higher than for the Davis project, for which six samples were
collected during a 4-year period. This highlights an advantage of wastewater monitoring over
stormwater monitoring: Wastewater can be sampled routinely, whereas stormwater sampling
is event driven.

Overall, water quality monitoring is a potentially valuable tool if programs are designed
properly and adequately funded.
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CHAPTER 7.0

CONCLUSIONS

Numerous tools exist to assess the effectiveness of source control programs. As stated in
previous chapters, the progressive stages involved in achieving source control program goals
are

� program design and implementation,
� increased awareness,
� behavior change,
� reduction in pollutant inputs,
� reduction in effluent loadings, and
� changes in environmental conditions.

Different tools are used to assess progress in each of these stages. In the demonstration
projects described in this report, most of the tools used to assess program effectiveness were
aimed at progress made in the first three stages and, to some extent, in the fourth stage. The
tools used to assess source control program effectiveness in the final three stages may require
collaboration and a sharing of resources with other groups. For example, assessing the impact
on effluent quality resulting from source control efforts may require working with personnel
responsible for monitoring treatment plant operations. Similarly, determining the impact of
source control on environmental conditions may require forming partnerships with watershed
groups involved in ambient monitoring programs and using modeling or other tools.

Effectiveness measurement tools typically are employed at three points in a project: dur-
ing program planning, during implementation, and on project completion. Effectiveness meas-
urement during planning focuses on audience characterization, development of baseline
information, and review of the existing program. Evaluation during implementation focuses
on tracking information and ensuring that milestones are achieved and selected strategies are
operating as expected. Evaluation on project completion focuses on determining if the project’s
goals were achieved and which elements worked best. The project timing and stages for
demonstration project effectiveness measurement tools are shown in Table 7-1. 

Controlling Pollution at Its Source 7-1
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Table 7-1. Demonstration Project Effectiveness Measurement Tools

The demonstration projects tested effective measurement tools for their ease of use and
range of applicability. In most cases, they worked as expected. In some cases, more could have
been learned from the effectiveness measurement. Table 7-2 summarizes the advantages and
disadvantages of the various tools used in the demonstration projects.
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7.1 Evaluation of Framework and Planning Tools

Tools used specifically for planning were developed and used based on the framework for
developing source control programs, as discussed in Chapter 1. The framework and the plan-
ning tools were tested for three projects: the San Francisco Water Pollution Prevention Program
(SFWPPP) Mercury Reduction Project, the Woodland Pollution Prevention Program Oil and
Grease Reduction Project, and the Santa Monica New Development Program assessment. The
framework, as presented in the Phase 1 report (Water Environment Research Foundation 2000)
and summarized in Chapter 1 of this report, relies on the ability to assess sources of pollutants
quantitatively and assign estimated loads to each source. This was only practical for the mer-
cury reduction project. Developing load estimates for pollutant sources is an approximation of
the real situation and should be used only for planning purposes. A drawback of this approach
is that these estimates may be misinterpreted as quantitative results. 

The framework was modified for the Woodland and Santa Monica projects to assess exist-
ing program records to determine program needs. This approach is less quantitative and less
likely to be misinterpreted.

Regardless of whether load estimates or information assessment were used, the frame-
work process provided valuable insights about the programs that resulted in the development
of useful source control programs for each agency. Using the framework requires an agency to
review and compile what they already know. It also allows agencies to develop baseline infor-
mation that make goal setting and future evaluation straightforward.

This effort was time consuming for each project and would be more time consuming for
agencies that need to gather or develop the basic information. However, in each case, the plan-
ning required by the framework was worthwhile and resulted in development of an effective
source control plan.

7.2 Evaluation of Tools Measuring Increased Awareness and Behavior Change

This section discusses the tools used to measure program effectiveness in the demonstra-
tion projects during implementation and on project completion.

7.2.1 Surveys
Surveys can be conducted to be quantitative (statistically valid and reliable) or nonquanti-

tative. Overall, surveys are more likely to show measurable changes if a campaign has been
conducted long enough and its message repeated enough times for it to be recalled by the
audience. Surveys may not be the best tools to measure the effectiveness of a brief outreach
campaign or one element of a campaign. For example, a 1-month thermometer turn-in cam-
paign probably was too brief to raise public awareness to a measurable level. Other tools
showed that the campaign had made a promising start (i.e., collection of almost 5000 ther-
mometers). On the other hand, the results of the 2-year pesticide outreach campaign in Davis
were measurable due to repeated exposure of the audience to the Healthy Gardens Program
message. Selected features of different types of surveys used in the demonstration projects are
discussed below.

7.2.1.1 Phone Surveys
Random-digit-dial phone surveys are the standard tool used by many outreach programs

to characterize their audiences and assess their programs. When used to assess program 
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effectiveness, it is essential to conduct a preprogram survey and use identical questions in the
follow-up survey. Many firms specialize in conducting this type of survey. While it is more
expensive to use a contractor, the improved question design and data analysis available from
an expert may be worth the cost.

7.2.1.2 Mail Surveys
Mail surveys can provide the same type of quantitative information as a phone survey and

can be less labor intensive. Response rates will be highest if the survey is brief and easy to com-
plete and if a preaddressed, stamped envelope is included with the survey. If addresses are ran-
domly selected and questions are the same as those used in a phone survey, results from the
two surveys can be combined. Mail surveys used as follow-up to the dental site visits and new
development workshops were straightforward to implement and provided useful information.

7.2.1.3 Intercept Surveys
Intercept surveys are nonquantitative but provide useful insights about trends. They are

conducted as “face-to-face” interviews at a location frequented by the target audience. They
can be easily added to planned outreach conducted in a fixed location, such as a special event
or outside a store. 

7.2.1.4 Kiosk Surveys
Kiosk surveys are nonquantitative, because the participants are not randomly selected.

However, the kiosk survey conducted in Davis provided results similar to the quantitative sur-
veys that also were conducted there. In addition, by rotating the location of the display and
survey receptacle, useful information on locations conducive to people stopping long enough
to be “educated” was obtained. Tasks for implementing this tool included researching loca-
tions, obtaining permission to place the display, checking the display occasionally to reduce
vandalism, and collecting the cards and analyzing the results. This effort was spread out over
several weeks so it only required a few hours a week to maintain it.

7.2.2 Sales Tracking
Sales tracking was a particularly difficult tool to use effectively. It is time consuming and

the data collected may be inconsistent or incomplete. This tool produces more reliable informa-
tion if the agency has an established relationship or ongoing program with the participating
stores (resulting in the store producing more consistent and complete sales data) and if the
stores use electronic inventory methods.

7.2.3 Tracking Participation Rates
Tracking participation rates takes advantage of a campaign that involves getting the target

audience to do something. For example, SFWPPP used this tool by simply counting the num-
ber of thermometers turned in. The information obtained can be augmented by asking one or
two questions (for example, “Where did you hear about the program?”). Other ways to use
this tool include offering coupons for something, then tracking how many coupons are
redeemed, or tracking phone calls and requests for additional information. A similar approach
related to commercial programs is tracking permit compliance or implementation rates for best
management practices (BMPs). Another advantage of tracking participation rates is that it
requires little additional cost beyond that of the source control program itself.

7.2.4 Quizzes
Quizzes are simple to implement and require almost no added expense. However, they

are only useful for certain types of outreach, such as workshops or other strategies that bring
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the target audience together for a specific event. Quizzes provide more immediate feedback on
the effectiveness of a single program element than information provided by surveys on long-
term or overall program effectiveness.

7.2.5 Site Visits
Site visits are a source control strategy that can be used as an effectiveness measurement

tool if the procedure for each visit is standardized and the same information is recorded for
each visit. This is a labor-intensive strategy, but the information that can be obtained through
direct observation may be invaluable to understanding the target audience and planning
future programs. Site visits can provide good supplementary information that can corroborate
results provided by other tools. In addition, if the visit is presented properly, it may help estab-
lish a relationship with the target audience that could lead to future cooperation.

7.3 Tools To Measure Reductions in Pollutant Inputs

Water quality monitoring is an approach for determining the effectiveness of source con-
trol programs in reducing pollutant inputs to the environment. Influent and trunk-line moni-
toring were used to assess the Los Angeles County Sanitation Districts (LACSD) Lindane
Reduction Project, and stormwater runoff monitoring was used to assess the Davis Healthy
Gardens Program. However, there is not always a clear relationship between pollutant reduc-
tions and source control program activities. Apparent reductions may be due to a variety of
factors, including variability in limited data sets and the impacts of other programs with simi-
lar messages. 

Limited data sets may be addressed by collecting enough data to be representative at a
high level of confidence. This can be expensive and it may be difficult to collect enough data
under appropriate conditions for the results to be statistically valid. Monitoring results that are
not statistically valid may be used to evaluate trends and check the results of other evaluation
tools to provide an overall assessment of an outreach program.

Attributing reductions to the program under evaluation may be addressed by using sup-
plemental effectiveness measurement tools that address the other stages (i.e., awareness and
behavior change). Information gained from different effectiveness measurement tools then can
be aggregated.

7.4 Use of Information Gained From Different Tools

Using more than one effectiveness measurement tool for one program can help strengthen
individual findings. In some cases, the information obtained from the different tools can be
combined to provide additional information. Comparison of information derived from differ-
ent measurement tools is discussed below for

� the SFWPPP thermometer turn-in campaign,
� the SFWPPP dental practices evaluation,
� the Davis Healthy Gardens Program, and
� the LACSD Lindane Reduction Program. 

7.4.1 SFWPPP Thermometer Turn-In Campaign
The thermometer turn-in campaign was evaluated by counting the number of thermome-

ters turned in and conducting pre- and post-campaign phone surveys. The phone surveys 
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indicated no increase occurred with respect to awareness or behavior regarding the use of mer-
cury thermometers. On the other hand, 3300 households (approximately 1% of all San Fran-
cisco households) turned in mercury thermometers, which represents a respectable start in an
outreach campaign after 1 month. Tracking collection rates provided some additional informa-
tion regarding program effectiveness that could not be obtained through the surveys. In addi-
tion, combining information from the survey, the collection rate, and the estimated load
reduction allows improved analysis of the program. A total of 4699 thermometers were turned
in. Assuming each thermometer contains 0.5 g of mercury, 5.2 lb of mercury were collected.
According to the survey results, between 2% and 3% of thermometer owners have disposed of
mercury from a broken thermometer down the drain. Therefore, it could be estimated that
2.5% of the thermometers turned in, or 0.13 lb of mercury, were kept out of the sanitary sewer
as a result of this campaign. As noted in Chapter 3, the estimated potential load reduction
achievable through a thermometer turn-in and outreach campaign was 1.2 lb. Therefore,
approximately 10% of the estimated load reduction seems to have been achieved through this
program. Considering that the program lasted only 1 month, this could be considered a prom-
ising start.

7.4.2 SFWPPP Dental Practice Evaluation
Practices used by San Francisco dentists were evaluated with respect to BMP implementa-

tion rates using a mailed survey and onsite assessments during site visits. In both assessments,
dentists were asked if they recycled scrap amalgam, disposable traps, and vacuum-filter waste.
As shown in Table 7-3, information obtained from the mail survey and the site visits yielded
essentially the same result with respect to recycling scrap amalgam. However, there were sub-
stantial differences in the results obtained by the two methods with respect to the number of
dentists who recycle vacuum-filter and trap wastes. This discrepancy was probably due to a
misconception among dentists that disposal of trap and filter waste as medical waste is an
acceptable practice. Using both forms of evaluation yielded more complete information about
dental practices.

Table 7-3. Dentist Best Management Practices Implementation Rates 

7.4.3 Davis Healthy Gardens Program 
The Healthy Gardens Program was evaluated using phone, mail, and kiosk surveys and

by monitoring stormwater runoff from a residential area. As noted previously, the water qual-
ity data, while showing a downward trend, were inconclusive due to the limited amount of
data collected. On the other hand, the surveys indicated awareness of the Healthy Gardens
Program and some behavior change as a result of the program. The survey results were useful
in explaining which portions of the program were most effective. This type of information is
important for future planning efforts. Another useful result of the Davis evaluation is the
demonstration that the mail and phone survey results could be combined. It was helpful to be
able to modify the evaluation method partway through the program.

7.4.4 LACSD Lindane Reduction Project
LACSD evaluated its lindane-reduction pilot program using surveys, water quality moni-

toring, and sales tracking. The water quality monitoring results showed lower lindane concen-
trations in the pilot areas than in the control area after the outreach program was conducted.
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The survey results confirmed that the outreach program had been effective in changing the
practices of healthcare professionals, which may explain the lower lindane concentrations in
the wastewater. On the other hand, the sales tracking produced inconclusive results. Using
more than one evaluation tool provided a more complete assessment of the program and
allowed effectiveness to be measured even though one evaluation approach did not perform as
expected.

7.5 Pollution Prevention Planning and Tools Selection

In addition to testing how well effectiveness measurement tools work, the demonstration
projects provided information that can be used in planning source control programs. This
information includes development of participation factors (i.e., the portion of a target audience
that will respond to a source control program), costs associated with pollution prevention pro-
grams, and costs associated with evaluation.

Table 7-4 presents the participation factors, based on the results of the effectiveness meas-
urements conducted for the demonstration projects.

Table 7-4. Participation Factors
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Table 7-5 shows the costs associated with the pollution prevention programs conducted
for the demonstration projects, as well as the amount spent on evaluation. Based on demon-
stration project expenditures, effectiveness measurement costs between $5000 and $20,000 and
typically accounts for 5% to 20% of total project costs. Factors influencing these costs include
whether agency staff or a contractor does the work and the number of evaluation methods
used. 

Table 7-5. Pollution Prevention Program Costs

* Includes agency (non-Water Environment Research Foundation grant) costs.
SFWPPP = San Francisco Water Pollution Prevention Program.
LACSD = Los Angeles County Sanitation Districts.

Costs of the effectiveness measurement tools used in the demonstration projects are
shown in Table 7-6. Lower-cost tools typically are those that are simple “add-ons” to existing
outreach, such as the quizzes, the site visit analysis, and tracking the number of thermometers
collected.
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Table 7-6. Cost of Effectiveness Measurement Tools

7.6 Conclusions

Some important findings from this project include the following:

� Planning is critical to conducting successful source control programs. The framework
developed in Phase 1 and the planning tools discussed in Chapter 3 are useful for
assessing sources, control strategies, and existing program structure and using this
assessment to incorporate evaluation into a program from the beginning. 

� When using water quality monitoring as an evaluation tool, consideration must be
given to the statistical significance (i.e., quantity and variability) of the data. It is also
important to determine whether the monitoring results can be related directly to
source control program impacts. 

� Using more than one evaluation approach has the advantage of providing a better
characterization of the program and its audience. It also provides protection from
relying one evaluation method that may yield inconclusive results.
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� Ways to reduce evaluation costs include limiting the data collected to items directly
related to evaluating the program (for example, conduct monitoring for only the rele-
vant constituents and include survey questions only designed to evaluate the
program).

� Results of outreach campaigns, particularly with respect to the general public, will be
measurable only after sufficient time has passed to allow repeated exposure of the
public to the outreach campaign message. Measurable increases in general awareness
should not be expected after only 1 month of outreach or limited distribution of out-
reach materials.

� Source control programs have the greatest ability to measure the effectiveness of their
programs with respect to program design, increased awareness, behavior change, and
reduction in pollutant inputs using the tools described in this report. Making the con-
nection between source control program activity and improvement in environmental
conditions may require more sophisticated tools, such as modeling, and developing
partnerships with other groups (e.g., watershed groups, ambient monitoring pro-
grams, and discharge monitoring staff).
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APPENDIX A

POLLUTANT SOURCE DATA RESOURCES

Where to get information on sources—some starting points

� Bay Area Pollution Prevention Group, Selina Louie: stl@rb2.swrcb.ca.gov.
� Bay Area Stormwater Management Agencies Association: http://www.basmaa.org.
� California Water Environment Association Industrial and Hazardous Waste Commit-

tee: http://www.egroups.com/group/cweaihw.
� Center for Watershed Protection: http://www.cwp.org.
� EIP Associates. “Mercury reduction menu.” 2000. Prepared for the Bay Area Pollution

Prevention Group, April, 13.
� King County (Wash.) Local Hazardous Waste Management Program:

http://www.metrokc.gov/hazwaste.
� Massachusetts Water Resources Authority: http://www.mwra.state.ma.us.
� Palo Alto (Calif.) Regional Water Quality Control Plant: 

http://www.city.palo-alto.ca.us/cleanbay.
� Stormwater Managers Resource Center: http://www.stormwatercenter.net.
� Water Environment Research Foundation. 1998. Residential and commercial source control

programs to meet water quality goals. Project 95-IRM-1. Alexandria, Va.: Water Environ-
ment Research Foundation.

� Water Environment Research Foundation. 2000. Tools to measure source control program
effectiveness. Project 98-WSM-2. Alexandria, Va.: Water Environment Research
Foundation.

� Western Lake Superior Sanitary District: http://www.wlssd.duluth.mn.us. 
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APPENDIX B

DEMONSTRATION PROJECT OUTREACH MATERIALS

Outreach Materials Developed for Dental Site Visits
Flyer designed by Bay Area Pollution Prevention Group
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Outreach Materials for Woodland Oil and Grease Reduction Program
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DEMONSTRATION PROJECT SURVEYS
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Example Phone Survey
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Phone Survey
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Davis Kiosk Survey Display
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Woodland Grocery Store Intercept Survey
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Subscriber List

*Represents New Subscribers for 2001

UTILITY SUBSCRIBERS
Adrian, City of, MI
Akron, City of, OH
Alexandria Sanitation Authority, VA
Allegheny County Sanitary Authority

(ALCOSAN), PA
Amarillo, City of, TX
American Bottoms Wastewater Treatment

Plant, IL
Ames, City of, IA
Anchorage Water and Wastewater Utility, AK
Ann Arbor, City of, Water Utilities Dept., MI
Anne Arundel County, MD
Atlanta Wastewater Services, GA
*Augusta, City of, GA
Austin, City of, TX
Bangor, City of, ME
*Boston Water & Sewer Commission, MA
Broward County Water Services Division, FL
Butler County Department of Environmental

Services, OH
*Cabarrus County, Water & Sewer Authority

of, NC
Central Contra Costa Sanitary District, CA
Charleston Commissioners of Public Works, SC
Charlotte-Mecklenburg Utilities, NC
Clackamas County, OR
*Clayton County Water Authority, GA
Clean Water Services, OR
Cleveland, City of, TN
Cobb County Water System, GA
Colorado Springs, City of, CO
Columbus, City of, OH
Columbus Water Works, GA
Contra Costa Water District, CA
Crestline Sanitation District, CA
Dallas Water Utilities, TX
Delta Diablo Sanitation District, CA
*Denton, City of, TX
Des Moines Wastewater Reclamation

Facility, IA
Detroit, City of, MI
District of Columbia Water & Sewer Authority,

Washington, D.C.
Dublin San Ramon District, CA
Dupage County Department of Public

Works, IL
Durham, City of, NC
East Bay Municipal Utility District, CA
Edmonds, City of, WA
El Dorado Irrigation District, CA
El Paso Water Utilities, TX
Escondido, City of, CA
Eugene/Springfield Water Pollution

Control, OR
Everett, City of, WA
Fairfax County PWD, VA
Fairfield - Suisun Sewer District, CA
Fort Lauderdale, City of, FL
Fort Wayne, City of, IN
Fort Worth, City of, TX
Fox River Water Reclamation District, IL
Frederick County, MD
*Fulton County, GA
Gainesville Regional Utilities, FL
Glendale, City of, AZ
Grand Rapids, City of, MI
Greater Peoria Sanitary District, IL
Green Bay Metro Sewerage District, WI
*Griffin, City of, GA
Gulf Coast Waste Disposal Authority, TX
Gwinnett County Dept. of Public Utilities, GA
Hampton Roads Sanitation District, VA
*Hanover, County of, VA

Henderson, City of, NV
Henrico County, VA
Holland Board of Public Works, MI
Honolulu, City and County of, HI
Houston, City of, TX
Howard County Department of Public

Works, MD
Independence, City of, MO
*Indianapolis, City of, IN
Irvine Ranch Water District, CA
Jacksonville Electric Authority, FL
Johnson County Unified Wastewater

Districts, KS
Kansas City Water Services Dept., MO
King County Department of Natural

Resources, WA
Kissimmee, City of, Department of Water

Resources, FL
Knoxville Utilities Board, TN
Lansing, City of, MI
Las Virgenes Municipal Water District, CA
Lincoln Wastewater System, NE
Little Blue Valley Sewer District, MO
Little Rock Wastewater Utility, AR
Littleton/Englewood Water Pollution Control

Plant, CO
Lodi, City of, CA
Los Angeles, City of, CA
Los Angeles County, Sanitation Districts of, CA
Loudoun County Sanitation Authority, VA
Louisville & Jefferson County Metropolitan

Sewer District, KY
Macon Water Authority, GA
Madison Metro Sewerage District, WI
Massachusetts Water Resources Authority, MA
Mesa, City of, AZ
Metro Nashville Water Services, TN
Metro Wastewater Reclamation District, 

Denver, CO
Metropolitan Council Environmental Services,

Twin Cities, MN
Metropolitan District of Hartford, CT
Metropolitan Sewer District of Greater 

Cincinnati, OH
Metropolitan Sewerage District of Buncombe

County, NC
Metropolitan St. Louis Sewer District, MO
Metropolitan Water Reclamation District of

Greater Chicago, IL
Miami-Dade County Water & Sewer 

Department, FL
Milwaukee Metropolitan Sewerage

District, WI
*Monterey, City of, CA
Montgomery Water Works and Sanitary Sewer

Board, AL
Mount Pleasant Waterworks, SC
*Murfreesboro Water & Sewer

Department, TN
New Haven, City of, WPCA, CT
New Orleans, Sewerage & Water Board, LA
New York City Department of Environmental

Protection, NY
Northeast Ohio Regional Sewer District, OH
Orange County Sanitation District, CA
Orange County Utilities Department, FL
Orange Water & Sewer Authority, NC
Orlando, City of, FL
Owosso, City of, MI
Palo Alto, City of, CA
Passaic Valley Sewerage Commissioners, NJ
Philadelphia, City of, Water Department, PA
Phoenix Water Services Department, AZ
*Pima County Wastewater Management, AZ

Pine Bluff Wastewater Utility, AR
Prince William County Sewer Authority, VA
Racine Water & Wastewater Utiltiy, WI
Reedy Creek Improvement District, FL
Richmond, City of, VA
*Riverside, City of, CA
Sacramento Regional County Sanitation 

District, CA
Safford Utiltities, City of, AZ
Saginaw, City of, MI
Salt Lake City Corporation, UT
*San Antonio Water System, TX
San Diego, Metropolitan Wastewater Dept.,

City of, CA
San Francisco Public Utilities Commission, CA
San Jose, City of, CA
Santa Barbara, City of, CA
Santa Rosa, City of, CA
Seattle Public Utilities, WA
Seminole County Environmental Services, FL
*Servicios de Agua y Drenaje de Monterrey,

I.P.D., N.L., Mexico
Sheboygan, City of, WI
South Bayside System Authority, CA
Spartanburg Sanitary Sewer District, SC
St. Petersburg, City of, FL
*Stuart Public Utilities, FL
*Sydney Water Corporation, NSW, Australia
Tallahassee, City of, FL
*Tampa, City of, FL
*Toronto, City of, Ontario, Canada
Trinity River Authority, TX
Tulsa, City of, OK
Unified Govt. of Wyandotte Co./Kansas City,

City of, KS
Union Sanitary District, CA
United Water Florida Inc., FL
University Area Joint Authority, State 

College, PA
Upper Blackstone Water Pollution Abatement

District, MA
Washington Suburban Sanitary 

Commission, MD
Wausau Water Works, WI
Wayne County Department of Environmental

Services, MI
West Palm Beach, City of, FL
Wheaton Sanitary District, IL
Wyoming, City of, MI

CORPORATE SUBSCRIBERS
*ADS Environmental Services
*The ADVENT Group
Ag-Chem Equipment Company, Inc.
Alan Plummer & Associates
Alpine Technology, Inc.
American Electric Power (AEP)
Anglian Water Services Limited
Aquateam - Norwegian Water Technology

Centre A/S
Barr Engineering Inc.
Black & Veatch
Boyle Engineering Corporation
BP Amoco Corporation
BPR CSO
Brown and Caldwell
Burns & McDonnell
The Cadmus Group
Camp Dresser & McKee, Inc.
Carollo Engineers
*Carpenter Environmental Associates, Inc.
CDS Technologies Inc.
CH2M Hill
Chemtrac Systems, Inc.

Chevron Research & Technology Company
Clancy Environmental Consultants, Inc.
Damon S. Williams Associates, LLC
Dow Chemical Company
DuPont Company
Earth Tech, Inc.
Eastman Chemical Company
Eastman Kodak Company
EMA, Inc.
Equilon Enterprises, LLC
The ERM Group, Inc.
The Eshelman Company, Inc.
Finkbeiner, Pettis, & Strout, Inc. (FPS)
Frontier Geosciences, Inc.
ftn Associates, Ltd.
Gannett Fleming, Inc.
Golder Associates Ltd.
*Greely & Hansen
The HACH Company
Hazen and Sawyer, P.C.
HDR Engineering, Inc.
HNTB Corporation
*HydroQual, Inc.
Institute for Environmental Technology &

Industry (IETI)
International Technology Associates, LLC
Jacobs Sverdrup Corporation
Jacobson Helgoth Consultants, Inc.
*Jason Consultants, Inc.
Jordan, Jones, & Goulding, Inc.
KCI Technologies, Inc.
Kelly & Weaver, P.C.
Kennedy/Jenks Consultants
Komline-Sanderson Engineering Corporation
Lawler, Matusky and Skelly Engineers, LLP
Limno-Tech, Inc. (LTI)
*Lombardo Associates, Inc.
Lyonnaise des Eaux
Malcolm Pirnie, Inc.
*McKim & Creed
Merck & Company, Inc.
Metcalf & Eddy
MWH
Odor & Corrosion Technology Consultants,

Inc. (OCTC)
ONDEO Degremont, Inc.
ONDEO Services
PA Government Services, Inc.
Parametrix, Inc.
Parsons Engineering Science, Inc.
Post, Buckley, Schuh, & Jernigan (PBS&J)
Procter & Gamble Company
*Reliant Energy
Roy F. Weston, Inc.
Royce Instrument Corporation
Sear-Brown
Severn Trent Services, Inc.
*SJE-Rhombus
Stantec Consulting Inc.
Synagro Technologies Inc.
Tetra Tech MPS (McNamee, Porter & Seely,

Inc.)
Thames Water Plc
Trojan Technologies Inc.
United Water Services LLC
URS Corporation
USFilter NATC 
Wade-Trim Inc.
Woodard & Curran
*Woodruff & Howe Environmental

Engineering, Inc.
WRc/D&B LLC
*WWETCO LLC

The ultimate goal of any source control program is
improvement of environmental conditions as a result of
reductions in pollutant loadings. When these reductions

are associated with residential and commercial sources, measur-
able changes may take place slowly. As the sources become
more diverse and less amenable to traditional regulatory
approaches, source control programs become more complicated
and must rely increasingly on untested strategies. In addition,
nonregulatory approaches rely heavily on public outreach and
voluntary actions, which often yield results in small increments
over a relatively long time frame. Therefore, effectiveness
measurement tools that assess intermediate results are necessary
to make sure programs are heading in the right direction. 

The purpose of this project, which was conducted in two phases,
was to identify, develop and test evaluation tools that are applica-
ble to a range of commercial and residential source control pro-
grams. In the first phase, the project team developed a model
framework for incorporating effectiveness measurement into a
source control program, identifying appropriate tools by assess-
ing existing efforts to measure program effectiveness (Water
Environment Research Foundation 2000). During the project’s
second phase, which is the subject of this report, stormwater and
wastewater agencies conducted demonstration projects for their
pollution prevention programs, using the tools identified in
Phase 1 to measure effectiveness. These include tools used dur-
ing the planning process, as well as tools used to measure
increased awareness, behavior change, and pollutant load reduc-
tions. The report provides a comprehensive look at these tools, in
terms of tool selection, effectiveness and cost. Also discussed are
overall projects regarding the feasibility of measuring the impact
of a source control program.
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