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EXECUTIVE SUMMARY

AN ACT 2006 WORKSHOP REPORT

The Alliance for Coastal Technologies (ACT) convened a workshop on Evaluating Approaches
and Technologies for Monitoring Organic Contaminants in the Aquatic Environment in Ann Ar-
bor, MI on July 21-23, 2006. The primary objectives of this workshop were to: 1) identify the
priority management information needs relative to organic contaminant loading; 2) explore the
most appropriate approaches to estimating mass loading; and 3) evaluate the current status of the
sensor technology. To meet these objectives, a mixture of leading research scientists, resource
managers, and industry representatives were brought together for a focused two-day workshop.
The workshop featured four plenary talks followed by breakout sessions in which arranged groups
of participants where charged to respond to a series of focused discussion questions.

At present, there are major concerns about the inadequacies in approaches and technologies for
quantifying mass emissions and detection of organic contaminants for protecting municipal water
supplies and receiving waters. Managers use estimates of land-based contaminant loadings to
rivers, lakes, and oceans to assess relative risk among various contaminant sources, determine
compliance with regulatory standards, and define progress in source reduction. However, accu-
rately quantifying contaminant loading remains a major challenge. Loading occurs over a range of
hydrologic conditions, requiring measurement technologies that can accommodate a broad range
of ambient conditions. In addition, in situ chemical sensors that provide a means for acquiring
continuous concentration measurements are still under development, particularly for organic con-
taminants that typically occur at low concentrations. Better approaches and strategies for estimat-
ing contaminant loading, including evaluations of both sampling design and sensor technologies,
need to be identified. The following general recommendations were made in an effort to advance
future organic contaminant monitoring:

1. Improve the understanding of material balance in aquatic systems and the relationship between
potential surrogate measures (e.g., DOC, chlorophyll, particle size distribution) and target con-
stituents.

2. Develop continuous real-time sensors to be used by managers as screening measures and trig-
gers for more intensive monitoring.

3. Pursue surrogate measures and indicators of organic pollutant contamination, such as CDOM,
turbidity, or non-equilibrium partitioning.

4. Develop continuous field-deployable sensors for PCBs, PAHs, pyrethroids, and emerging con-
taminants of concern and develop strategies that couple sampling approaches with tools that incor-
porate sensor synergy (i.e., measure appropriate surrogates along with the dissolved organics to
allow full mass emission estimation).
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5. Fund market/needs assessment for new technologies based on ACT and the Cooperative Insti-
tute for Coastal and Estuarine Environmental Technology (CICEET) workshops.

6. Promote standardization of output among sensors and open protocols in sensor technology de-
velopment and improve data management/visualization components when new technology reaches
the commercialization point.

ALLIANCE FOR COASTAL TECHNOLOGIES

The Alliance for Coastal Technologies is a NOAA-funded partnership of research institutions,
resource managers, and private sector companies dedicated to fostering the development and
adoption of effective and reliable sensors and plat-
forms. ACT is committed to providing the informa-
tion required to select the most appropriate tools
for studying and monitoring coastal environments.
Program priorities include transitioning emerging
technologies to operational use rapidly and effec-
tively; maintaining a dialogue among technology
users, developers, and providers; identifying tech-
nology needs and novel technologies; documenting
technology performance and potential; and provid-
ing the Integrated Ocean Observing System (I00S)
with information required for the deployment of
reliable and cost-effective networks.

ACT is organized to ensure geographic
and sector involvement:

- Headquarters is located at the UMCES
Chesapeake Biological Laboratory, Solo-
mons, MD.

- Board of Directors includes Partner In-
stitutions, a Stakeholders Council, and
NOAA/CSC representatives to establish
ACT foci and program vision.

- There are currently eight ACT Partner
Institutions around the country with coast-
al technology expertise that represent a
broad range of environmental conditions
for testing.

To accomplish these goals, ACT provides these ser-
vices to the community:

- Third-party testbed for quantitatively evaluating

the performance of new and existing coastal tech-
nologies in the laboratory and under diverse envi-
ronmental conditions.

- The ACT Stakeholder Council is com-
prised of resource managers and industry
representatives who ensure that ACT fo-

cuses on service-oriented activities.

- Capacity building through technology-specific
workshops that review the current state of instru-
mentation, build consensus on future directions, and enhance communications between users and
developers.

- Information clearinghouse through a searchable online database of environmental technologies
and community discussion boards.

The ACT workshops are designed to aid resource managers, coastal scientists, and private sector
companies by identifying and discussing the current status, standardization, potential advance-
ments, and obstacles in the development and use of new sensors and sensor platforms for moni-
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toring, studying, and predicting the state of coastal waters. The workshop’s goal is to help build
consensus on the steps needed to develop and adopt useful tools, while facilitating critical com-
munication among the various groups of technology developers, manufacturers, and users.

ACT Workshop Reports are summaries of the discussions that take place between participants dur-
ing the workshops. The reports also emphasize advantages and limitations of current technologies
while making recommendations for both ACT and the broader community on the steps needed for
technology advancement in the particular topic area. Workshop organizers draft the individual
reports with input from workshop participants.

ACT is committed to exploring the application of new technologies for monitoring coastal eco-
system and studying environmental stressors that are increasingly prevalent worldwide. For more
information, please visit www.act-us.info.

GOAL FOR THE ORGANIC CONTAMINATION WORKSHOP

The ACT workshop on organic contaminants monitoring was convened on July 21-23, 2006, in
Ann Arbor, MI, to examine the state of current approaches and technologies in monitoring aquatic
organic contaminants. The overall goal of the workshop was to foster the awareness and com-
munication among leaders from industry, resource management, and academia as to the needs
and limitations for bringing new technologies into practice and to foster better monitoring ap-
proaches.

Participants were given the following specific charges to address:

e Identify the priority management information needs relative to organic contaminant load-
ing:
— What resource is being managed (e.g., receiving water, influent, waste stream, non-
point source runoff)?
— What constituents of concern, including emerging contaminants, need to be monitored
to meet your program goals?
— What temporal scale is most important to assess in order to meet program needs (e.g.,
continuous vs. discrete sampling)?
— How is monitoring information used to guide management actions?
— How are monitoring programs limited by current sampling and analytical capabili-
ties?
* Explore the most appropriate approaches to estimating mass loading:
— What is the optimal sampling strategy to capture desired concentration or load relation-
ships (e.g., surrogate or ancillary measurements)?
— How does seasonal variation effect loading estimation (e.g., dry weather, wet weather,
annual loading?
— How important is compound specificity or differentiation of phases (e.g., dissolved vs.
particulate)?
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— What temporal scale is most important to assess (e.g., continuous vs. discrete sam-
pling)?

— What type of detection is required (e.g., passive samplers vs. active sensors, required
detection limits)?

* Recognize the current status of the sensor technology:

— What are the priority needs for new technology development?

— What are the limitations of existing technologies?

— What barriers exist to the development of new technologies?

‘ ORGANIZATION OF THE ORGANIC CONTAMINATION WORKSHOP '

The workshop was sponsored by NOAA’s Alliance for Coastal Technologies and hosted by the
University of Michigan. The workshop was organized by Tom Johengen and facilitated by Eric
Stein of the Southern California Coastal Water Research Project, Dwight Trueblood of the Coop-
erative Institute for Coastal & Estuarine Environmental Technology, and Marc Burrows of the In-
ternational Joint Commission. The workshop was held over the course of two days at the Univer-
sity of Michigan and followed a prescribed format that ACT has developed for these technology
workshops. The event opened with an evening dinner reception during which participants were
introduced and two presentations given. The first presentation was delivered by Tom Johengen
and described the structure and goals of the ACT program, and the second presentation, given
by Eric Stein of the Southern California Coastal Water Research Project, was designed to set the
stage for the following two days of deliberations. On the morning of the second day, participants
were briefed on the format and objectives of the workshop by Tom Johengen and then listened to
a plenary talk given by Eric Barnowski of the Ira Township Water Plant. Following the presenta-
tion, the first breakout session was convened to stimulate discussion and address the charges of the
workshop. For each breakout session, three groups of eight to nine participants each were formed
and asked to respond to a set of specific questions. For each session, the groups were mixed to
contain an equal number of members from the three sectors. After each breakout session, all
groups reconvened in plenary sessions to present the responses from each group and to allow for
additional discussion. The second plenary presentation was given by Nate Bosch of the Univer-
sity of Michigan. The second breakout session convened after this presentation with a new set of
discussion questions and new groups. The third and final plenary presentation of the day began
after lunch and featured Debra Deininger of Synkera Technologies. Breakout Session III began
after this presentation. On the final day, the facilitators led a discussion among all participants
to synthesize the main conclusions from prior discussions and to develop a set of specific tasks.
Lastly, participants tried to identify some specific action items or functions that ACT should aim
to accomplish to promote these technology advancements.
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MONITORING ORGANIC CONTAMINANTS: A STATEMENT OF THE PROBLEM

There exists at present two major concerns for quantifying mass emissions and detection of or-
ganic contaminants for protecting receiving waters and municipal water supplies. Managers use
estimates of land-based contaminant loadings to rivers, lakes, and oceans to assess relative risk
among various contaminant sources, determine compliance with regulatory standards, and de-
fine progress in source reduction. However, accurately quantifying contaminant loading remains
a major challenge. Loading occurs over a range of hydrologic conditions, requiring measure-
ment technologies that can accommodate a broad range of ambient conditions. In addition, in
situ chemical sensors that provide a means for acquiring continuous concentration measurements
are still under development, particularly for organic contaminants which typically occur at low
concentrations. Better approaches and strategies for estimating contaminant loading, including
evaluations of both sampling design and sensor technologies, need to be identified. Discussions
are needed that examine trade-offs among the use of available sensor-based contaminant mea-
surement techniques, monitoring for more easily measured surrogates parameters, recommended
frequency/timing for collecting discrete samples for direct chemical analysis, and the use of smart
sensors to make concentration measurements at the most appropriate time points. Secondly, sam-
pling and detection strategies used by managers to detect organic contaminants in water supplies
used for municipal activities and human consumption need to be addressed. The current range
of technologies available to measure contaminants and the requirements for real-time field-based
measurements to provide appropriate response time for protective actions are subjects that need to
be explored.

PLENARY PRESENTATIONS

Four keynote presentations were delivered during the workshop to help set the stage for the discus-
sion breakout sessions. On the first evening of the workshop, Eric Stein presented the introduc-
tory talk, Evaluating Approaches and Technologies for Monitoring Organic Contaminant Load-
ing — Workshop Introduction and Goals, during which he discussed challenges of the accurate
assessment mass loading of constituents, including varying ambient condition and broad ranges
of expected constituent concentrations. The presentation then outlined the workshop goals and
the three primary discussion areas: what are the priority management information needs relative to
organic contaminant loading, what is the most appropriate approach to estimating mass loading,
and what is the current status of the sensor technology? Next, the presentation outlined current
challenges of measuring organics across various temporal scales (i.e., instantaneous measures Vvs.
annual composites) and under different conditions (i.e., storm water, effluent, municipal water
supply). Finally, three alternate strategies for estimating mass loading of organics were proposed
for further discussion; passive samplers, active sensors, and surrogate measures. The presentation
concluded with an overview of the workshop organization to set the stage for the following day’s
breakout sessions.
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On the second day of the workshop, Eric Barnowski gave a stimulating presentation entitled, The
St. Clair River/Lake St. Clair Drinking Water Monitoring and Notification System. This pre-
sentation described the St. Clair River and Lake St. Clair monitoring program. The goals of the
program include; protection of drinking water, development of surrogate detection technology,
development of a water quality database, utilization of existing resources, development of an en-
vironmental training and education platform, and the determent of future spills. The monitoring
program was developed in response to the repeated discharge of toxic pollutants into the river and
lake system. This program is a coordinated effort by Federal, state, county, and local governments
to protect the St. Clair River and Lake St. Clair, as both provide drinking water to many U.S.,
Canadian, and First Nation residents. The monitoring program seeks to place continuous moni-
toring equipment at water plants and other strategic locations to detect changes in water quality.
Detection of measurable contaminants will then trigger an automated alert system notifying all
stakeholders and authorities of a potential contamination event.

The second plenary talk of the day was entitled, Tributary Loading Estimation Protocols, and was
presented by Nate Bosch. This presentation outlined sampling considerations for estimating an-
nual tributary loads and introduced two different load estimation protocols. Several aspects must
be considered when considering a sampling program that aims at estimating loads. Daily water
discharge measurements (or some other measurement to which the parameter of interest is cor-
related) are needed for the time period of interest. The frequency of sampling (i.e., monthly) also
needs to be considered. Nate advised a sampling program that included stratification based on
flow and season; systematic sampling rather than random, and point (or instantaneous) sampling
as opposed to integrated sampling approaches. The two load estimation protocols introduced were
the USGS Estimator and the Beale Ratio Estimator. The USGS Estimator program develops a
regression based on flow, time, and season in order to estimate missing concentrations. With this
complete set of concentrations and daily stream-flow measurements, daily loads are summed to
give estimates for annual loads. The Beale Ratio Estimator program calculates a ratio between
measured loads and total flow. This ratio is then used to adjust the average measured daily loads
to allow estimation of annual loads. Strengths and weaknesses of each estimation protocol were
then discussed.

The final plenary talk of the day entitled, Acoustic Sensors for Detection of Persistent Organic
Contaminants in Water, was presented by Debra Deininger of Synkera Inc. This presentation
gave workshop attendees an overview of Synkera’s recent work with acoustic sensors for detect-
ing organic contaminants in water. Deininger highlighted current limitations of persistent organic
analyses where a sample is collected in the field and then brought back to the lab for analysis.
These limitations include expense, inefficiency, delayed results, and potential for contamination.
There is a need for a rugged low-cost, and directly submersible field method. Novel approaches
utilizing nanotechnologies and nanofabrication may offer attractive solutions to these limitations.
Deininger described Synkera’s research and development efforts to design a new acoustic wave
sensor for the detection of persistent organic contaminants in water. Acoustic wave devices oper-
ate by propagating an acoustic wave through or on the surface of a piezoelectric resonator. Sensors
utilizing this concept can be configured to measure a wide range of parameters, including torque,
pressure, humidity, temperature, mass, and chemical species. They are particularly attractive as
chemical sensors due to their small size and low cost, inherent durability, reliability, and capabil-
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ity of passive and/or remote operation. An array of these micro-machined sensors will allow for
sensitive and relatively specific response to persistent organic contaminants. Potential commercial
applications of these sensors are extremely promising. These sensors have likely applications in
marine environmental research, environmental monitoring, and municipal drinking water assess-
ment. Not only could these sensors replace existing analysis methods, but this technology would
also likely allow for improvements in the scope and detail in future measurement of chemical
contaminants in gases and liquids.

SYNTHESIS OF DI1SCUSSION QUESTIONS

1) Priority management information needs relative to organic contaminant loading

Workshop attendees identified several different resources that required management oversight and
monitoring, including storm water, coastal margin habitats, tributaries, streams that provide drink-
ing water, and estuaries. Based on these resources, both high and moderate priority constituents of
concern were listed. Constituents, which were highest priority, included legacy chemicals (DDT,
PCBs), organics, sediments, biological constituents (bacteria, harmful algal blooms), heavy met-
als (lead, mercury, copper, zinc), dissolved oxygen, and augmented water discharge (e.g., hydro-
modification). Moderate priority constituents of concern were listed as pharmaceuticals (Tylenol,
estrogen), personal care products (antibacterial soap), fire retardants, PBDE, and pyrethroids.

Management of these aquatic resources requires not only the identification of constituents of con-
cern but also the temporal scale of assessment that is of greatest management importance (e.g., an-
nual loading vs. instantaneous concentrations). Attendees quickly made clear that the question of
temporal scale was system-dependant. Different resources and concerns would dictate importance
of either acute or chronic considerations or both. For example, drinking source water operations
would likely require continuous sampling, while tributary loading estimates require only weekly
or event-based measurements. Workshop participants were very excited about the possibilities
of “smart” sampling where a continuous surrogate measure allowed for warning to indicate more
intense sampling was needed.

The monitoring information gathered can guide management actions in three ways — quick re-
sponse, information feedback, and longer-term planning. Examples of quick responses would
be shutting down drinking water intakes, rerouting storm water, or posting a citizen advisory.
Monitoring also allows information feedback pertaining to early detection of new contaminants,
local land management decisions, or direction of future research. Long-term planning may also be
aided in various ways, such as using compliance monitoring data to drive models, making coastal
environment management decisions based on regional monitoring, and evaluation of impacts from
certain dischargers into an aquatic environment.

Despite the promise of these monitoring efforts, there are many limitations related to both sam-
pling and analysis. The high cost of monitoring equipment impedes the quality and quantity of
sensors one can afford. Environments that are hard to access require sensors that are remotely
operated and can relay data back to users and are rugged and have low maintenance requirements.



ACT Workshop: Evaluating Approaches and Technologies for
Monitoring Organic Contaminants in the Aquatic EnVIironment................c.cccccoccevvvenvieoiniennann. 8

For constituents of concern that require lab analysis, the analysis often takes too long to make
rapid-response decisions. Because many sensor technologies are constrained by detection limits
and limited ability to discern specific chemical species, the specifications of the sensor should
match the management need (e.g., higher detection limits may be acceptable for early warning of
contamination of drinking water supply). A “one size fits all” is likely not the most efficient strat-
egy to pursue. The final limitations relate to the user or operator themselves. There must be a high
level of competence in using a sensor technology or completing a lab analysis. Likewise, there
needs to be a comfort and trust with new methods or technologies before they will be acceptable.

2) Appropriate approaches to estimating mass loading

When optimal sampling strategies were discussed, workshop participants quickly concluded that
the strategy would be dependant on constituents of concern and management priorities. Two more
concepts of interest were determination of the spatial scale of interest and exploration of the possi-
bilities of using surrogate measures. Determining the spatial scale may be dependant on the extent
of patchiness and microstructure in the system; e.g., lake depth contour for lake sampling, tributary
network in river systems for source identification, or the level of detail one wishes to estimate mass
loading at a watershed mouth. Many helpful surrogates were discussed, as well as the possibility
of using these measures to trigger changes in sampling frequency. Some examples include use of
total suspended matter for legacy organics, caffeine for sewage, and various bio-indicators. Coor-
dinating multiple surrogate indicators seems especially promising. Limits to uses of surrogates do
exist and need to be recognized. In scientific studies, specificity is important, so surrogates may
have limited usefulness.

Seasonal variation will also significantly effect loading estimation, and the importance of know-
ing one’s own system was highly stressed. This variation also depends on dominant seasonal
meteorological patterns. These drivers would include wave events, precipitation events, in-stream
processing, ephemeral streams, stagnant flow, and low flow conditions.

Just as spatial resolution needs to be defined, so to does the temporal resolution of chemical mea-
surements. As determined before, multiple time scales are required depending on management
priorities or constituents of interest. Continuous sampling is often useful for the short term but not
needed for long-term. Time-integrated sampling is necessary for many low-level organics due to
detection limit capabilities. Discrete sampling is most useful for event-based or annual loading
estimates. Adaptive, or “smart,” sampling is ideal; the frequency and even types of measurements
can be changed as needed based on real-time information.

Another consideration is compound specificity or differentiation of phases. There is a clear goal
of being specific, but this goal needs to be balanced with other goals of spatial and temporal reso-
lution as discussed above. The level of specificity is also driven by chemical behavior. Organic
compounds may change over time to more or less harmful chemicals for example. Specificity is
critical for source tracking. For proper risk assessment and toxicity concerns, the specific com-
pound needs to be identified. Nutrients, for example, have different species with widely different
sources and different effects.

The type of detection and detection limits are other considerations for determining the best ap-
proach for mass loading estimates. Passive samplers work well on week or month time scales or
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for integrative measures, but the time necessary to achieve equilibration limit their use for event-
scale monitoring. Active samplers, on the other hand, have the advantages of being real-time,
continuous, reversible, and interactive. Detection limits are an important concern because some
regulatory limits are below current detection limits. Estimating loads is also severely limited by
non-detects, so there is a need to improve detection capabilities at low levels. Appropriate detec-
tion limits should be based on meaningful biological endpoints and specific management needs.

3) Current status of the sensor technology for organic contaminants

Workshop participants started their discussion about the current status of sensor technology with
an identification of priority needs for new technology development. They identified general, pa-
rameter-specific, application-specific, and technology-specific needs. General needs identified
included chemical selectivity, assessment versus ability to determine effectiveness of treatment,
ability to do monitoring in real-time, sensitivity to low levels, reliability and stability, accuracy,
cost, low energy consumption, ability for adjustment to specific sites or conditions, and possibility
of using “smart” technology. More specific needs in relation to specific parameters were also iden-
tified. Despite the workshop’s focus on organic contaminants, participants recommended better
sensors for a variety of constituents, including total organic carbon, biological, total phosphorus
and total nitrogen, particle size/concentration, particle density, and dissolved organic matter. Ap-
plication-specific needs were also discussed. For drinking water protection, the goals are to under-
stand when contamination will be present near water intakes, where it is coming from, how much
is there, and how effective treatment measures were for mitigating the contamination. These goals
translate into needs for lower detection limits, real-time detection, and sensing of broad spectrum
of parameters. For understanding receiving waters and to allow for ecosystem forecasting, the
needs include continuous observations during episodic events, post event mapping, quantification
ability, better auto-sampling (in-field sample prep), and field serviceability. The final category dis-
cussed by workshop attendees was technology-specific needs. Two specific needs identified were
liquid chromatography/mass spectrometry in the field and acoustic sensors, which can tell not only
what compounds are present but also the concentrations for those compounds identified.

After laying out a list of general parameter-specific and technology-specific needs, the limita-
tions of existing technology became readily apparent. General limitations that were discussed
included turbidity interfering with analyses, lack of chemical selectivity, poor power management,
data management inefficiencies, biofouling, and lack of a rugged design. Limitations associated
with specific parameters were also identified. For dissolved oxygen, limitations of slow response
speed, biofouling, a limited duty cycle, and low sensitivity were recognized. Organic sensors have
identified limitations of being very expensive and highly technical. For biological sensors, exist-
ing limitations include: complexity, not readily available off-the-shelf, and cost. Particle/turbidity
sensors have limitations of being expensive, not allowing for concentration measurements, and
biofouling. Cost is the major limitation for hydrodynamic sensors. In addition to general limita-
tions and limitations associated with certain parameters, there are also limitations that pertain to
specific technologies. In situ mass spectrometers are limited due to high power consumption,
extremely high cost, an inadequate chemical size limit, and analysis of dissolved phase only. Sur-
face enhanced Raman spectroscopy is similarly limited in its usefulness because of its high cost,
use of dissolved phase only, and low sensitivity. Limitations associated with lab-based analyses
often include high cost, low capacity to run large numbers of samples, and a long turn-around time.
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Passive sampler technologies have their own limitations, such as long equilibration times, course
temporal resolution, lack of a proven track record, and poor flow estimation.

In addition to identifying the needs and current limitations in existing technology, workshop par-
ticipants also composed a list of barriers which thwart the development of new technologies. The
first barrier identified was the time required for implementing any new technology. A lack of good
technology in the “pipeline” increases implementation time. Time is also lost due to poor coor-
dination of new sensor research and development. Certification of new technologies adds more
time to development. There also needs to be a better pairing of research and development with
test implementations in order to reduce development time. The second major barrier identified
was lack of funding for research and development. New technology is nurtured with funding that
supports costs associated with this development. The third and final barrier identified was the lack
of a market for some technologies. There is often a disconnect between the technology needs of
the research community and the broader market community to which the industry responsible for
developing new technologies needs to respond. Industry needs to weigh the risk associated with
technology development against the potential strength of a new market. The market is hard to pre-
dict because it is fragmented with different types of technology requirements that are continuously
changing according to the users’ needs.

Specific Workshop Recommendations

* Improve the understanding of materials balance in aquatic systems and their relationship
between potential surrogate measures (such as DOC, chlorophyll, particle size distribution)
and target constituents.

* Develop continuous real-time sensors to be used by managers as screening measures and
triggers for more intensive monitoring.

e Pursue surrogate measures and indicators of organic pollutant contamination, such as
CDOM, turbidity, or non-equilibrium partitioning.

* Develop continuous field deployable sensors for PCBs, PAHs, pyrethroids, and emerging
contaminants of concern, and develop strategies that couple sampling approaches with
tools that incorporate sensor synergy (i.e., measure appropriate surrogates along with the
dissolved organics to allow full mass emission estimation).

* Fund market/needs assessment for new technologies based on ACT and the Cooperative
Institute for Coastal and Estuarine Environmental Technology (CICEET) workshops.

* Promote standardization of output among sensors and open protocols in sensor technology
development and improve the data management/visualization component when new tech-
nology reaches commercialization point.
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‘ Specific Recommendations for ACT '

* ACT/CICEET should have a follow-up workshop that focuses specifically on a given ap-
plication and better defined set of sensor technologies.

* ACT can work with industry to promote exposure and acceptance of new technologies
through Performance Demonstrations and/or Training Workshops.

* ACT needs to leverage other initiatives, such as NSF CLEANER and Integrated Ocean
Observing System test-bed activities and workshops to have a broader impact and promote
new technologies coming to market.
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APPENDIX I. WORKSHOP PARTICIPANTS

Eric Barnowski
Ira Township Water Plant

waterplant@iratoawnship.org
586-725-7231

Steve Bieber
Metro WA Council of Gov

sbieber@mwcog.orga
202-962-3219

James Bonner
Texas A&M
bonner@tamu.edu
979-845-9770

Nate Bosch

University of Michigan
boschn@umich.edu
734-741-2398

Mark Burrows
International Joint Commission

burrowsm @windsor.ijc.org
313-226-2170 ext 6709

Debra Deininger
Synkera Technologies

ddeininger @synkera.com
720-494-8401 ext 105

Jon Dettling
Great Lakes Commission

dettling@glc.org
734-971-9135

Chuck Dvorsky

Texas Commission on Environmental Quality

cdvorsky @tceq.state.tx.us
512-239-5550

Mike Dziewatkoski
YSI, Inc.

mdziewatkoski @ysi.com
937-767-7241 ext 266

Steve Fondriest

Fondriest Environmental, Inc.
steve @fondriest.com
937-426-2151

Nancy French
University of Michigan
nfrench@umich.edu
734-302-4719

Tom Johengen
Alliance for Coastal Technologies
University of Michigan

tom.johengen @noaa.gov
734-741-2203

Craig Just
University of lowa

craig-just@uiowa.edu
319-335-5051

Dan Lafferty
LA Dept Public Works

dlaff@ladpw.org
626-458-4325

Keith Maruya
Southern California Coastal Water Research Project

keithm @sccwrp.org
714-372-9214

Kalle Matso

The Cooperative Institute for Coastal and Estuarine Envi-
ronmental Technology

kalle.matso@unh.edu

603-862-3508

Lester McKee
San Francisco Estuary Institute
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