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Introduction

The Maine Water Resources Research Institute serves an important function in the state through its support of
research, graduate studies, and outreach. These functions would not exist if Congress did not fund this
federally authorized program. During the FY07 period, the Maine Institute supported five research projects:
(1) Using 31P NMR to study internally cycling of phosphorus in shallow ponds; (2) Surveying wastewater
treatment plants and receiving waters for endocrine disrupting compounds; (3) Developing new molecular
techniques to assess fish response to multiple chemical stressors; (4) Assessing natural flow variability and the
effects on in−stream flow regulations; and (5) Analyzing how natural chloride and natural organic matter
gradients affect the formation of disinfection by−products. In addition to the Maine Institute's direct
Information Transfer activities, two separate projects were supported: (1) Penobscot River education as a
vehicle for sustaining communities; and (2) A map−based bulletin board to identify attributes for sustainable
water use. These projects alone provided support to three graduate students and five undergraduate students.

Institute Director, John Peckenham, also serves as the Assistant Director of the Senator George J. Mitchell
Center for Environmental and Watershed Research. The Mitchell Center provides the administrative home for
the Institute. This structural association greatly enhances our efforts to have the Maine Institute increase the
breadth and accessibility of water research in Maine.

This annual Maine Water Conference was held in March and continues to be a very important event for the
water community. The number of people and organizations who support and contribute to this conference
reflects the importance of water to the people of the State of Maine. Through the hard work of Institute staff,
the Conference Steering Committee, and other supporters, we have been able to address many important water
issues in Maine and to bring together diverse interest groups.

The Water Resources Research Institute affiliation with the Mitchell Center gives us the ability to support
small projects that address important local needs. It also provides us leverage to develop and attract funding
from other agencies. This program is strongly supported by our Vice−President for Research who has
contributed $50,000 to the 104b research projects. In FY07, the Maine Institute had projects funded by state
agencies (Department of Inland Fish and Wildlife, Department of Environmental Protection, Maine Drinking
Water Program), federal agencies (Fish and Wildlife, Environmental Protection Agency, National Oceanic
and Atmospheric Agency), and foundations. None of these projects would be possible without the support of
the federal Water Resources Research Institutes program and the U.S. Geological Survey.
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Research Program Introduction

The Maine Water Resources Research Institutes supports research and information transfer projects using
104b funds. Projects are awarded on a competitive basis using a two−stage selection process. The Research
Advisory Committee, comprised of the Institute Director, Regional U.S.G.S. Chief Scientist, State and
Federal Agencies representatives, and Professionals, set the research priorities based on current state needs
and issues. The Institute issues a call for pre−proposals in the spring. The pre−proposals are reviewed by the
Executive Committee (5 individuals) and full proposals are solicited for 150% of available funds. Full
proposals are sent out for external review (out of state reviewers are required). The full Research Advisory
Committee (12 members) reads the proposals and reviews to provide the Institute Director with a selection of
proposals to fund. Much effort is made to solicit suggestions for themes, to diversify the types of projects
funded, and to include researchers from the small colleges and universities in the state. Preference is given to
support new faculty and projects directly involving students. Investigators are encouraged to collaborate with
state and federal agencies and to seek additional contributions for their projects.
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Enhancing Lakefront Buffer Adoption through Social Marketing  

1.   Problem and Information Transfer Objectives  

Leading causes of impairment to our nation's waterbodies include nutrients (phosphorus and nitrogen), 
silt, and suspended solids (US EPA, 2005). In Maine lakes, phosphorus is the nutrient that most often 
limits algal production.  Runoff from single-family low density development exports five to ten times 
more phosphorus than forested land (Dennis, 1986). The lakefront vegetative buffer area is the last 
opportunity for the removal of phosphorus and other nonpoint source pollutants from stormwater runoff.  
Ribbons of trees and shrubs around a shoreline capture nutrients and pollutants from developed areas, 
stabilize the shoreline and provide wildlife habitat. It is important to preserve and restore damage to 
wetlands and riparian areas because these areas can play a significant role in managing adverse water 
quality impacts (US EPA, 2005).  

Lakes in Maine are under increasing development pressure. Seasonal camps are converted to year round 
use and greatly expanded.  Many new lakefront property owners bring with them ideas and visions of the 
suburban lawn they left behind, failing to realize their vision is actually detrimental to the lake.  To 
further illustrate the increasing threat to Maine lakes from development, there is now a proposal to 
construct resorts and subdivisions in the unorganized territory of the North Maine Woods (Plum Creek 
development proposal for Moosehead Lake Region).  

Residential land use decisions are made on the homeowner scale.  As our lakefronts become more 
developed with seasonal and year-round homes, management becomes fragmented, with individuals 
making decisions based on their own perceptions of what a property should look like.  Volunteers 
conducting a Watershed Survey of Pushaw Lake (UMCE, 2003) found that 181 of the 900 lakefront 
properties (20%) lack a lakefront buffer.  The lack of a lakefront buffer has been documented in many 
lake watershed surveys (e.g. Maine DEP, 2001). This issue needs to be addressed in order to provide 
long-term protection to Maine lakes. While some of these properties may be in violation of shoreland 
zoning regulations, the majority were cleared before those regulations were in effect, and education and 
marketing are the only tools available to effect change on these properties.  

The primary objectives of this information transfer project were to:  

• Determine motivators for lakefront landowners to maintain or enhance lakefront vegetation  

• Determine barriers for lakefront landowners in maintaining or enhancing lakefront vegetation  

• Test social marketing tools (incentives, commitment) developed in order to capitalize on the motivators 
and reduce the barriers to lakefront vegetation maintenance/enhancement.  

 

2.  Methodology  

 

 



In order to understand the motivations for lakefront landowners’ maintenance of their 
landscapes, two focus groups were held in the fall of 2006.  The scripted questions were 
developed in order to better understand what people expected of their lakefront property, 
how they currently maintained that property, and what might motivate them to change the 
way they currently maintain their property. 
 
As a result of the focus groups, we determined that possible barriers to lakefront 
vegetation installation were: 

• Lack of knowledge about plants that would work in their specific 
soil/light/geographic situations 

• Lack of knowledge about plants that worked together in a landscape 
• Needing areas for play/recreation 
• Needing view of lake for safety of children/grandchildren 

 
A surprising motivator for the focus group participants was water quality, however, with 
other sources of pollution to the lake (septic systems, eroding and flooding roads, etc.) 
and misinformation (the belief that by opening a southern outlet to the lake would solve 
all water quality issues in the lake) the water quality/lakefront buffer issue was minimal 
comparatively in the view of the participants.   
 
A survey was then mailed to all lakefront residents on Pushaw Lake, in order to refine 
our insight into barriers and benefits.  Of approximately 300 surveys mailed, 74 
responses were received, for a 25 percent response rate.  The survey questions and 
associated responses were as follows:  
 
General questions about Pushaw and water quality: 
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Figure 1:  Responses to general survey questions:   
1. The phosphorus and nitrogen levels in Pushaw Lake are too high.  
2. I am concerned about the water quality of Pushaw Lake.  
3. I am willing to take action/make changes on my lake property to protect the water quality of Pushaw.  
4. What I do on my lakefront property has little or no effect on Pushaw Lake water quality.  
 
From these answers, we determined that the lakefront landowners who responded to the 
survey do have concerns about the water quality of Pushaw, have some knowledge of 
nutrient and water quality issues, and realize that their lakefront property may be 
contributing to the rising levels of phosphorus in Pushaw.  A large percentage of 



respondents indicated a willingness to make changes on their property in order to protect 
the lake. 

 
Landscaping questions: 
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Figure 2:  Responses to survey questions about landscaping: 

1. I enjoy landscaping and working around my lakefront property.  
2. I am interested in lake-friendly landscaping.  
3. I would like to purchase a package of pre-selected plants for landscaping if it was available 

locally/specific to my area.  
4. I would likely do lake-friendly landscaping if there were a list of helpful plants for my area.  
 

 
As indicated initially by our focus group participants, the survey respondents are 
interested in landscaping, and they indicated an interest in either purchasing pre-selected 
groups of plants, or in being provided a list of plants suitable for their growing 
conditions.  The surveys gave us valuable information about the resident’s concerns with 
the lake, as well as distinguishing residents that were willing to take steps to improve the 
lake. It was found that roughly 65% of the residents were aware of the unusually high 
levels of phosphorus in the lake, and at least 75% of the residents surveyed stated that 
they would take steps to reduce phosphorus introduction through the placement of buffer 
zones or other forms of vegetation.  

 
The focus group participants also suggested that rewards programs such as the Maine 
Department of Environmental Protection’s “LakeSmart” program may act as an incentive 
to landowners, or that landowners would participate in informational meetings or 
workshops.  They suggested that incentives such as food or entertainment could be used 
to increase participation in informational workshops.  These suggestions were also tested 
with the survey: 
 
Additional Survey Questions: 
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Figure 3:  Responses to additional survey questions: 
1. Being recognized with a plaque of having my name appear on a local list for having a lake-friendly 
landscape is important to me, and would motivate me to change my current practices and improve my 
property.  
2. I would likely attend an informational meeting on how I could help protect Pushaw Lake.  
3. I would be more likely to attend such a meeting if food would and entertainment would be provided.  
 
 
From these responses, we determined that using the Maine Department of Environmental 
Protection’s “LakeSmart” program was not a suitable marketing approach with these 
residents.  It is interesting that so high a percentage of respondents indicated willingness 
to attend an information meeting; historically such meetings generate poor turnouts. 

 
Marketing Methods: 
Two social marketing methods (incentives and commitment) were tested with this 
project.  First was the development and marketing of packaged landscapes (pre-designed, 
checked by a landscape designer, and sold at a discount through the Penobscot County 
Soil and Water Conservation District).  The pre-selected plants were meant to overcome 
the “what should I plant” barrier and the incentive to purchase was the discounted price.  
These “Lakeside Landscapes” were created with the following design objectives: 

• Primarily native plants (with the inclusion of non-invasive ornamentals) that 
would do well in the Pushaw Lake area soils and climate, 

• A 10’ wide buffer for a 50’ lakefront lot 
• Three seasons of color/interest 
• A combination of low-growing perennials and medium-sized shrubs, to preserve 

and frame lakefront views 
One package was developed for full sun lots, one for part-shade. 
 
Three methods of advertising the availability of the plant packages were used.  First, the 
availability was advertised via direct mail to all homes on the Cedar Breeze area of 
Pushaw Lake.  A brochure showing the plants and detailing the landscape design was 
sent, along with an order form.  From this method, we had very poor response – only two 
plant packages were sold this way. 
 



Second, door hangers were left for residents of Whitmore Landing Road in Hudson, only 
if the property were lacking a shorefront buffer (more targeted than a general mailing).  
Again, we had poor response from this method, with no plant packages sold. 
 
The third method again targeted the residents of the Cedar Breeze area, with a “Garden 
Party” held at the local town office. About 20% of the individuals invited to the Garden 
Party attended – a higher than anticipated turnout.  Three additional plant packages were 
sold – again lower than we had anticipated. However, residents came prepared with 
questions about the project and low impact lawn care.  Residents also expressed an 
interest in purchasing partial landscape packages, and one resident contacted the 
Penobscot County Soil and Water Conservation District for technical assistance as a 
result of this event.   
 
A second Garden Party was held at the Gould’s Public Boat Launch and Landing, to 
showcase a demonstration landscaping and buffer project developed through the US 
EPA’s 319 project currently underway.  Door hangers were used to advertise this garden 
party to local residents.  Turnout was very light, with only a few residents stopping by to 
ask questions and look at the installed buffer and rain gardens. 
 
Our best results, however, came from a combination of personal contact and the social 
marketing tools of commitment and incentives. A student was sent out into the field with 
a pledge encouraging lake front buffer zones. With their pledge, residents were given a 
$10 coupon to the Penobscot County Soil and Water Conservation District’s 2008 
Wildlife Tree and Shrub sale. People reacted well to the personal contact and we received 
a 21% compliance rate. It was evident while doing this that most of the residents were 
familiar with the project and that many had taken steps towards a functional lake side 
buffer, which they were very eager to express.  
 

3. Principal Findings and Significance 
 
Our primary finding from this information transfer project was that personal, one-on-one 
communication is the best method to effect change.  Our best results were obtained from 
sending a student door-to-door to talk about lakefront buffers (and obtain pledges from 
landowners) and from holding “Garden Parties” where local residents could ask questions 
and get answers from Cooperative Extension and Conservation District.  The method of 
advertising the Garden Parties appeared to be important, with direct mail in the form of 
specialized invitations getting better results than informal door hangers. 
 
We also learned that by developing full buffers for a 10’ x 50’ area, we inadvertently 
caused a barrier to planting.  These buffers were too large for many residents, who 
wanted to enhance vegetation that currently was on their shorefront lot, or who were 
unwilling to take the step from “lawn to the lake” to “full buffer”.  It is important to have 
an intermediate option available to landowners, with smaller plant packages to be offered 
by the District in the future. 
 



We were hoping to use the Maine DEP’s LakeSmart program (providing recognition to 
lakefront landowners who currently maintain their properties in a nonpolluting manner, 
or who make changes to reduce or eliminate the pollution from their property) as one 
social marketing tool for this project.  However, due to the lack of interest in recognition 
received from the survey, we did not use this tool. 
 
Our recommendations for future lakefront buffer projects, therefore, are: 

• Use personal contact as much as possible, 
• If one: one contact is not possible, make any information sent via the mail look as 

personal as possible (in the form of invitations sent to individuals, do not use 
“dear resident”, 

• Use local agency “experts” for events; try to piggyback onto an event that is 
already taking place, 

• Don’t try to market the “big” change – use small steps to get the changes you 
want.  Don’t try to sell full buffers unless you offer a smaller alternative, 

• Try commitment/pledges as a tool, and offer an incentive for signing the pledge, 
• Recognize that each lake, or even each road association, operates differently.  

What works for one may or may not work for another. 
 
 
 
 
 



Student support:  

This project supported three students.  Mr. Theodore Smythe began the project, developed and 
delivered the focus groups and the survey, and compiled the survey results.  Mr. Smythe left the 
University of Maine. 

Ms. Kate Gaudet continued this project, and developed and delivered the Garden Parties and all 
associated materials. 

Mr. William Ball completed this project, by developing the final social marketing 
commitment/pledge project, and showcasing this project at the 2008 Maine Water Conference.  

Notable awards and achievements:  

Mr. William Ball’s poster presentation at the 2008 Maine Water Conference tied for first place in 
the Undergraduate Student Poster Competition. 

Publications:  

Ball, William, Laura Wilson, Christopher Brewer, Kate Gaudet and Theodore Smythe, 2008, 
Enhancing Lakefront Buffer Adoption through Social Marketing, in Maine Water Conference 
2008 (poster presentation). 
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Summary 
                                                           
       This project aims at using a passive sampler, the Polar Organic Chemical Integrative Sampler 
(POCIS) to sample pesticides in surface waters near blueberry fields in Washington and Hancock 
Counties. A laboratory method using solid-phase extraction and GC/MS has been optimized to 
analyze the four pesticides most commonly used on blueberry fields in Washington and Hancock 
Counties: hexazinone, phosmet, chlorothalonil and propiconazole. A calibration experiment has just 
been completed at the University of Maine to determine the sampling rates of those pesticides by 
the POCIS device. Preliminary data treatment yield sampling rate values of 0.732, 0.712, 0.511 and 
0.826 for chlorothalonil, propiconazole, hexazinone and phosmet, respectively. Preparations are 
underway to deploy the POCIS in Pleasant and Narraguagus Rivers during the month of July and 
August 2008. 

 
1. Method optimization 
         The first step in the pesticide research process was the optimization of an analytical method 
for the qualitative and quantitative measurements of the pesticides. Calibration solutions (ranging 
from 0.1 to 20μg/mL) of pesticide standards (> 96 % purity) have been prepared in acetone and 
ethyl acetate and injected into a 6090 GC coupled with 5973 MSD, using two different columns 
(HP-5 and DB 1701) and variable acquisition parameters. After many trials, a selected ion 
monitoring (SIM) method allowed a satisfactory detection of the pesticides, according to the criteria 
reported below (see Table 1a and b): 
Column: capillary DB-1701, 025 mm x 30m x 0.25 μm. Model #: Agilent 122-0732 

Initial flow: 1.5 mL/min; injection vol: 1 μl; solvent delay: 3 min. 

Method: SIM 

Initial temperature: 70 °C (0 min) 

Ramp 1: 90 °C at 30°C/min (0 min) 

Ramp 2: 180 °C at 10°C/min (0 min) 

Ramp 3: 280 °C at 8°C/min (10 min) 

Internal standards: TPP (for propiconazole, hexazinone, phosmet), phenanthere-d10 (chlorothalonil), 

and acenaphtene-d10. 

Surrogate standards: 1,3-dimethyl-2-nitrobenzene, pyrelene d-12, chrysene-d12  

Calibration solutions: 0.1, 0.2, 0.5, 1, 5, 10, 15, 20 μg/mL. 

 
Table 1a. Criteria for the 0.1-1 μg/mL range 
 
Compound 
 

Lowest 
detection 

Mean reference 
factor (RF) 

RSD R2 for Cal 
curve 

Chlorothalonil 0.1 μg/mL 0.042 59.39 0.95 
Propiconazole A 0.1 μg/mL 0.453 10.61 0.997 
Propiconazole B 0.1 μg/mL 0.945 11.90 0.996 
Hexazinone 0.1 μg/mL 1.480 12.93 0.985 
Phosmet 0.1 μg/mL 0.571 47.57 0.99 
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Table 1b. Criteria for the 1-20 μg/mL range 
 
Compound 
 

Lowest 
detection 

Mean reference 
factor (RF) 

RSD R2 for Cal 
curve 

Chlorothalonil  0.284 43.64 0.995 
Propiconazole A  0.313 22.25 0.984 
Propiconazole B  1.420 21.76 0.992 
Hexazinone  2.587 21.50 0.974 
Phosmet  0.685 30.06 0.991 
 
 
2. Calibration experiment 
       To determine the environmental water concentrations of the pesticides, the POCIS must be 
calibrated (i.e. sampling rate experimentally determined). A calibration experiment was conducted 
at the University of Maine from May 29 to June 21 to determine the sampling rates of those 
pesticides by the POCIS device. The sampling rate (Rs) is the volume of water from which the 
analyte is quantitatively extracted by the POCIS per unit time (Ld-1). The features of this 
experiment were as follows: 

• Three different microcosms were set up in 1L of water to carry out the experiments: 
DI water+pesticide (2 beakers), natural unfiltered water (Pleasant River)+pesticide (2 
beakers), natural filtered water+pesticide (2 beakers). After collection, the pH and 
specific conductivity values of the river water were 6.3 and 28.2 μS/cm), 
respectively. The ionic strength of the water, estimated from the specific 
conductivity using the Russel method, was 4.5 x 10-4 M. The conditions of the DI 
water were modified to mimic certain aspects of the natural water except for organic 
matter. Thus, the pH the DI water was buffered at 6.3 using NaHCO3 and the ionic 
strength adjusted with NaCl and CaCl2.  Each of the beakers was spiked with the 
pesticides mentioned above at a concentration of 10 μg/L and allowed to mix via a 
magnetic stir bar. The experiment was carried out under a 14/10 L/D cycle, using a 
timer and light source. The comparison of these treatments will allow for testing how 
organic matter (or DOC alone) affects the amount of freely dissolved contaminants 
in the water and the sampling rate.  

•  One POCIS device was placed in each beaker. The experiment was set up according 
to a completely randomized design. Every morning the device was removed and 
placed in a freshly prepared microcosm. The previously sampled microcosm was 
stirred and the water was solid-phase extracted to measure the sampling rate. The 
sampling rate was calculated by subtracting the measured water concentration from 
the original (spiked water concentration), divided by the original water concentration, 
multiplied by the volume of water in liters (1 L) and then divided by the exposure 
time (1 day). Table 2 shows preliminary data for five days out of the 21 days for 
which data have been collected. 
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Table 2. Sampling rate (Rs) of four commonly used pesticides in Washington and Hancock Counties 
by the POCIS device1 

  
 

                                     Sampling rates (L/d)         
           
           Days 2 Chlorothalonil Propiconazole Hexazinone Phosmet 

1 0.825 0.764 0.454 0.883 
3 0.766 0.697 0.476 0.853 
4 0.771 0.751 0.586 0.883 
6 0.698 0.709 0.575 0.811 
7 0.598 0.638 0.463 0.697 

Mean 0.732 0.712 0.511 0.826 
SD 0.078 0.044 0.057 0.069 

RSD 10.678 6.270 11.219 8.412 
1 Data are from the natural, unfiltered river water treatment only. 
2 Day after the beginning of the experiment. Data presented only for 5 days (out of 21). Missing days are days where 
water was renewed in the microcosms, but no extraction was performed to measure the daily uptake. 
 
       Although the data presented in Table 2 are partial, they show an acceptable level of precision. 
Values found with filtered river water and synthesized DI water (not shown) are practically 
identical to those shown in Table 2. After all the data have been treated, the mean values will be 
considered as the sampling rates of the different pesticides.   
 
3. Field work 
 
Objective: The objective of the field work is to deploy the POCIS device in two water bodies that 
support Atlantic salmon. The masses of pesticide sequestered by the POCIS will be related to the 
sampling rates measured in the laboratory in order to calculate the concentration of those pesticides.  
Deployment sites: Pleasant and Narraguagus Rivers have been chosen as deployment sites this 
summer. The Bureau of Sea-run Fisheries and Habitats suggest potential sites at each river that are 
located near blueberry fields and have free public access. These sites are: 
Narraguagus: The “Ford”, Route 9 Beddington, Deblois Route 193, Schoodic Landing and Little 
Falls Research Station. 
Pleasant: Crebo Flats Bridge, Epping Gauge (Saco Falls), Artie’s Bridge and Route 1 (Weir)    
These deployments will be carried out as follows: 

• Three sampling locations near blueberry fields will be selected in each river to carry out the 
sampling. At each location, duplicates of the deployment scheme will be deployed at about 
1m apart. The deployment scheme will consist of a pair of vegetable steamers (as protective 
devices) that contains 2 POCIS. The scheme will be attached in poles (rebar) driven in the 
stream bed or trees at the river bank, and kept in the water column by buoys. 

• The retrieval time study will be performed by removing and replacing the devices from a 
given sampling point at days 3, 7 and 14 in three subsequent deployments. Given the 
difficulty to match the deployment of the devices with the spraying events, this overlapping 
method would allow us to catch pesticide pulses at the sampling locations. The POCIS as an 
in situ integrative sampler should enable estimates of time-weighted average concentration 
(TWA) of pesticides residues commonly not detected with grab sampling. 
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• Surface water samples will be collected during the deployment and removal of the devices. 
The surface water samples will be analyzed for the environmental variables that may have 
an impact on the freely dissolved concentrations of the contaminants. These variables 
include: TOC, DOC, TSS, specific conductivity and pH. Also, water samples will be 
analyzed to determine pesticide concentrations. 

    After retrieval, the field POCIS will be kept frozen before being processed as follows: 
• Cleaning POCIS-post deployment using warm water and a soft brush. 
• Extraction of POCIS using methanol to wash the admixture through chromatography 

columns into a beaker. 
• Filtration of POCIS extract and composite of the two POCIS (from one vegetable steamer 

scheme) into one sample. 
• Analysis for pesticide detection and quantification by gas chromatography-mass 

spectrometry (GC/MS) and the SIM method mentioned earlier.  
• Pesticide concentrations in water (CW) will be calculated as follows: 

           
tR

M
C

s

POCIS
W ×
=  

     Where, MPOCIS is the mass of pesticide sequestered in the POCIS and t is the deployment 
time (d). 
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RESEARCH PROGRAM: 

Problem and Research Objectives: 

 The traditional focus of lake rehabilitation efforts has been on controlling the sources of 
nutrients that eventually lead to chronic algal blooms, anoxic hypolimnia and degraded water 
clarity.  This ‘bottom-up’ approach is obviously necessary for improving or maintaining lake 
water quality.  However, an increasing body of evidence suggests that ‘top-down’ controls play a 
major role in how nutrient loading is expressed in enriched lakes (Carpenter et al. 1995; Gliwicz 
2002; Stemberger and Miller 2003).  From this perspective, the relative dominance of the fish 
assemblage by planktivores (zooplankton-eating fish) over piscivores (fish-eating fish), 
influences algal biomass and water clarity.  Lakes with intense planktivory tend to have smaller 
cladocerans, which are less efficient grazers of algae.  Under this scenario, algal populations are 
released from control by grazing leading to reduced water clarity (Carpenter et al. 1995).  The 
size structure of the cladoceran community, and especially Daphnia species, has been posited as 
one of the key indicators of the resilience of lakes to eutrophication (Carpenter et al. 1995).  
Over the past century, fish introductions through official and illegal means as well as dispersal 
through hydrologic corridors, have dramatically altered the structure of aquatic communities in 
the Northeast US (Whittier and Kincaid 1999).  By altering food web structure and the associated 
energy transfers between trophic levels, introduced fish may further reduce the resilience of lakes 
to nutrient enrichment and make traditional lake rehabilitation approaches less effective.  The 
landscape-scale implications of these fish community changes and, in particular, their interaction 
with other anthropogenic stressors have important implications for biodiversity, sustainability, 
and management of aquatic ecosystems.   

 Our research has the overarching goal of determining if top-down effects of resident 
fishes mediate the response of lake food webs, particularly cladoceran size structure, to 
eutrophication at the landscape scale. We ask whether heterogeneity in cladoceran size structure 
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across a gradient of lake nutrient status is related to the intensity of planktivory and, whether that 
relationship differs among lakes in predictable ways.  As part of this overarching goal we are 
evaluating a suite of factors that influence cladoceran body size (Fig. 1). 

 

 

 

Figure 1.  Conceptual figure 
showing lake features that 
can potentially influe
cladoceran size structure. 
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Our specific objectives are: 

1) To create a hierarchical model that defines the landscape features and lake characteristics 
(both physical and chemical) that influence lake trophic state variables in order to isolate the 
influence of cladoceran size structure.   

2) Assess the role of top-down processes on lake responses to nutrient enrichment by examining 
the influence of cladoceran size structure (measured as body size indicators and species 
ratios) on water clarity – nutrient relationships in Maine lakes and how that is influenced by 
the assemblage of fish species in the lake.   

3) Develop, test and evaluate outreach materials (websites, presentations) that inform lake users 
of these processes and relationships. 

 
  

Methodology: 

 We are using an extensive dataset and archived zooplankton samples collected by the 
Maine Department of Environmental Protection (MDEP) as part of the Baseline Monitoring 
Program.  The MDEP collected zooplankton samples, nutrient and trophic status data, and water 
chemistry from a widely dispersed set of ~500 lakes between 1996 and present.  From this lake 
set we selected 75 lakes for zooplankton analysis (Fig. 2).  To get a representative set of lakes, 
we distributed the study lakes among classes defined by (1) location within four regions of the 
state, (2) lake area (≤ or > 40.5 ha)  and (3) lake maximum depth (≤ or > 10 m).   
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Figure 2.  Location of the 75 zooplankton 
study lakes. 

 

 

 

 

 

 

 

 

Our efforts are focused on using cladoceran body size as a metric for interpreting the 
influence of top-down controls on algal production.  Our body size metrics span a suite of taxon-
specific and community-based indices.  For taxon-specific metrics we will measure body lengths 
of a target of 20 individuals of each cladoceran genus and of calanoid and cyclopoid copepods.  
Using the 20 measurements for each group we can assess various measures such as the upper 
quartile values, which may be more sensitive indicators of fish predation pressure than the mean.  
One of our community level metrics is the Stemberger index that integrates the mean body 
length for four cladoceran groups; it has been used successfully to account for variation around 
the TP-chlorophyll a relationship (Stemberger and Miller 2003).  We are also analyzing size 
spectra for the cladoceran community by measuring 75 individuals first encountered during 
sample analysis.  Aspects of size spectra have proven useful indicators of top-down effects in 
other broad-scale zooplankton studies (Finlay et al. 2007).  Body lengths will be determined 
through analysis of images collected with a digital camera attached to a dissecting microscope 
using ImageJ software (http://rsb.info.nih.gov/ij/). 

To supplement the zooplankton body size and water chemistry data, we are assembling 
associated hydrogeomorphic data on lake and catchment morphometry, hydrologic position, 
geology and elevation as well as data on human disturbance such as land cover near the lake, 
road density, and population density and ecoregion.  These features define the hydrogeomorphic 
(HGM) framework for classifying lakes, an effort which is currently in progress as part of a 
separate study (Soranno et al. in press).  By accounting for HGM features, we can better 
understand relationships between nutrients and chlorophyll and how this relationship is 
influenced by top-down forces related to cladoceran grazing.  We can also determine which lake 
features are most important influences on cladoceran size structure, a key step in extrapolating 
our results into a landscape-scale tool for lake and fisheries management. 
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Principal Findings and Significance: 

 This study is still in progress but in addition to compiling HGM and fisheries 
information, we have done some pilot studies to test out various aspects of our approach using 
initial results from the study lakes and from zooplankton collected from eight lakes in Acadia 
National Park in 2007 as part of an associated study.   

We first determined among-month differences in the summer in cladoceran genera 
diversity and in metrics related to abundance and body size.  For our larger scale analysis, we are 
using August to early September as an index season.  Using results from the eight lakes in 
Acadia National Park, we found that cladoceran diversity at the generic level appeared to be 
higher in August than in the early part of the summer, supporting our use of late summer as an 
index season.  Based on mean cladoceran body size, we found significant differences in body 
size based on samples collected from the eight ANP lakes in June, July and August, with larger 
body sizes generally found in either June or July (Fig. 3). 

 

 

Figure 3.  Comparison of average 
cladoceran body size calculated 
monthly for eight lakes in Acadia 
National Park, 2007. 

 

 

 

 

 We also did a pilot study of samples from 10 study lakes to assess our target of 75 
individuals for the spectrum analysis.  A representative boxplot comparing sample sizes from 25 
to 200 is shown in Fig. 4.  This study suggested that by 75 individuals, the size spectrum had 
stabilized adequately.  It also allowed us to determine what size differences among lakes would 
be considered significant when testing for the influence of HGM factors. 

 

 

Figure 4.  Boxplot showing median, 
upper and lower quartiles, and upper 
and lower 95% values for body size 
(in mm) of cladocerans determined 
sample sizes from 25 to 200 
individuals.   
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Results of our research will have two immediate benefits, an improved understanding of 
how food web structure interacts with nutrient enrichment on the landscape scale, and 
application of these results in the development of new and novel tools and indices for lake 
assessment and management.  Our partnership between academic and state management 
institutions will further be utilized to develop and test outreach materials to educate the public on 
the importance of preventing fish introductions that alter lake foodweb structure.  As a result, 
management agencies can take a more holistic view that combines the chemical and biological 
integrity of lake ecosystems.  

 

Literature Cited: 

Carpenter, S.R., et al. 1995. Environmental Science and Technology 29: 784-786. 
Finlay et al.  2007.  Can. J. Fish. Aq. Sci.  64:516-529. 
Gliwicz, Z.M.  2002.  Freshwater Bio.  47:2296-2312. 
Kitchell, J.A. and J.F. Kitchell.  1980.   Limnol. Oceanogr. 25:389-403. 
Soranno, P.A., K.E. Webster, K.S. Cheruvelil and M.T. Bremigan.  Verh. Internat. Verein. 

Limnol.   (In press)   
Stemberger, R.S and E.K Miller.  2003.  Can. J. Fish. Aquat. Sci.  60: 1477-1468. 
Whittier, T.R. and T.M. Kincaid.  1999.  Trans. Am Fish. Soc. 128:769-783. 
 
 
 
OTHER REQUIRED DOCUMENTATION: 
  
Student Support: 
 
This research supports Elizabeth Whitmore, an M.Sc. candidate in Ecology and Environmental 
Sciences at the University of Maine.  She began her program in August 2006 and is on target to 
finish her thesis by August 2008.   
 
 
Notable awards and achievements: 
 
Elizabeth Whitmore received an LL Bean Fellowship in 2007 to study the zooplankton 
communities of lakes in Acadia National Park.  As part of that fellowship she did a study of 
melanin production in Daphnia in response to UV-B radiation.  She also produced a video for 
the park on zooplankton ecology. 
 
 
Publications: 
 
N/A 



Biological Effects of Pharmaceutically Derived Estrogens
from Wastewater Effluents in the Penobscot River, Maine

Basic Information

Title:
Biological Effects of Pharmaceutically Derived Estrogens from Wastewater
Effluents in the Penobscot River, Maine

Project Number: 2007ME101B

Start Date: 3/1/2007

End Date: 2/28/2008

Funding Source:104B

Congressional District:ME−002

Research Category:Biological Sciences

Focus Category:Wastewater, Toxic Substances, Water Quality

Descriptors: None

Principal Investigators: Gregory Mayer

Publication

Biological Effects of Pharmaceutically Derived Estrogens from Wastewater Effluents in the Penobscot River, Maine1



MAINE’S LAND GRANT AND SEA GRANT UNIVERSITY 
A Member of the University of Maine System 

 

      

         
       
     
 

 
 

Monitoring estrogen active compounds in wastewater effluent and 
determination of novel biological effects in zebrafish (Danio rerio) 

 
 

FINAL REPORT 
 

2006-2007 
 
 
 
 
 
 
 

A portion of this work was funded by: 

 
United States Geological Survey 

State Water Resources Research Institute Program 
Senator George J. Mitchell Center 

for Environmental and Watershed Research 



Background and Objectives: 
The occurrence of pharmaceuticals and personal care products in the aquatic environment is of growing 

concern in the industrialized world. One class of pharmaceutically derived environmental contaminants 

includes the synthetic estrogens commonly found in oral contraceptives and hormone replacement therapies. 

Synthetic estrogens such as these mimic natural estrogens at the receptor level, but are more resistant to 

degradation by natural processes 1. Because of its greater stability and higher potency in vivo, the synthetic 

estrogen 17α-ethinylestradiol (EE2) may be of disproportional toxicological importance despite being found 

at much lower concentrations than natural steroids such as 17β-estradiol (E2) or estrone (E1). 

POTWs handle domestic and industrial wastes in the state of Maine. Effluents from POTW’s are often 

chemical mixtures of a variety of xenoestrogens 2-4. Domestic wastewater treatment effluent can potentially 

contain significant levels of natural and synthetic hormones such as E2, E1 and EE2 2-4. Estradiol and 

ethinylestradiol are the most potent of the potential estrogenic compounds found in wastewater treatment 

effluent, followed closely by metabolites of E2 E1 and estriol (E3) 3,5. It has been shown that conjugated 

forms of estrogens, such as naturally excreted metabolites, can be activated during wastewater treatment 

processes 6,7. The degree of percent reactivation of conjugated estrogen metabolites is dependant upon 

treatment type, retention time, chemical modulation, and variable other factors in the wastewater treatment 

process. 

Most estrogens are known to exert effects at very low concentrations, in the ng/L range. A USGS survey 

of more than 100 U.S. streams revealed median concentrations of 73ng/L for ethinylestradiol, 30ng/L for 

estradiol, 27ng/L for estrone, 800ng/l for nonylphenol and 140ng/L for bisphenol A, showing these 

compounds are present in the aquatic environment at sufficient concentration to exert biological effects8. 

Many of these compounds are persistent, lipophilic and tend to bioaccumulate in aquatic organisms 9. Roach 

(Rutilus rutilus) downstream of sewage treatment plants in England were found to have a high level of 

intersexuality, fish having both male and female gonadal characteristics 10. Other studies exposing fish to 

wastewater treatment effluent have shown that exposure to even minimal levels of estrogens in effluent result 

in increased plasma vitellogenin in male fish 11. Additionally, xenoestrogens have been linked to changes in 

sex ratio, embryonic damage, and reduced fecundity in various vertebrate species 12 

 The objectives of this study were to: 

 

1.   Determine estrogenicity of undiluted wastewater effluent from multiple publicly owned 
treatment works (POTWs) that discharge effluent into the Penobscot River, Maine. 
 

2.   Determine estrogen-induced, biological effects of undiluted effluent, mixing zone water, 
and river water from downstream transects at multiple POTWs. 



Materials and Methods: 

MVLN Cell Exposure and Luminescence Assay 

MVLNs, MCF-7 human breast cancer cells stably transfected with luciferase reporter gene 

downstream of Xenopus laevis vitellogenin promoter, were developed by Dr. Michael Pons and graciously 

donated by Dr. John P. Giesy 72. Cells were maintained in 1:1 DMEM and Ham’s F-12 media with phenol 

red and exposed to treatments in 1:1 DMEM and Ham’s F-12 media without phenol red to reduce estrogenic 

interference. The vitellogenin promoter region is characterized by four estrogen responsive elements. 

Relative vitellogenin expression was determined by measuring luminescence after cell exposure. Luciferase 

is produced in response to estrogen receptor agonists. To ensure that estrogen agonists activated transcription 

via estrogen responsive elements, the estrogen antagonist ICI-182780 was utilized as a negative control to 

ensure that luminescence was estrogen receptor mediated. Cells were maintained and exposed according to 

sterile technique. All waters were sterile filtered using 0.2µm Acrodisc syringe filters (Gelman Sciences, 

Ann Arbor, MI.). MVLN cells were exposed to media alone or with added fish room water as negative 

controls and 17α-ethinylestradiol (10 nM) as the positive control., Efluent grab samples were sterile filtered 

and appropriate amounts were added to the test system.  Assays were carried out in 96-well polystyrene 

microplates for 72 hours, consistent with protocols designed by the Giesy laboratory of Michigan State 

University 72. All treatments consisted of water in media at 1:5 respectively to ensure adequate nutrients for 

cell growth. Luminescence was determined using the Promega Steady-Glo Luciferase Assay system and 

measured by the Packard Fusion™ plate reader (Perkin-Elmer, Inc., Wellesley, MA.)  

 

Adult Zebrafish Exposures: 

 One year old zebrafish were maintained at the University of Maine zebrafish facility with a light:dark 

cycle of 14:10 hours.  Prior to EE2 exposure, 20 male and 20 female fish were placed in separate 3.5 liter 

tanks for each exposure regime with water from the University of Maine zebrafish facility (carbon filtered 

and UV treated Orono, ME city water, with 7.5 mg/L dissolved oxygen and 42 mg/L hardness) and 

maintained at 27.6ºC.  Aqueous 17α-ethinylestradiol (CAS 57-63-6, Sigma E4876) was diluted in ethanol to 

produce a stock concentration of 2 mg/L and added to tanks to yield final EE2 concentrations of 1 ng/L, 10 

ng/L or 100 ng/L.  Maximum ethanol levels were 0.05%, two orders of magnitude below the lowest observed 

effect concentration of ethanol for zebrafish (Dlugos and Rabin 2003).  Although no discernable difference 

in transcript abundance of NER genes could be detected between 0.05% ethanol exposed and unexposed 

zebrafish (data not shown), control fish were exposed to 0.05% ethanol under the same conditions as 17α-

ethinylestradiol exposed fish for proper vehicle control.  Experimental and control fish were exposed for 7 

days in static water with complete renewal once per day.  During daily water renewal, fish were visually 



inspected for overall health.  Fish were fed commercially available fish food daily, two hours prior to water 

renewal to minimize any adherent interactions between food and 17α-ethinylestradiol. 

 

RNA isolation:  

 Total RNA was isolated from pooled samples of five livers from the same sex adult fish using 

phenol-free total RNA isolation procedures (RNAqueous, Ambion).  Fish were anesthetized by a brief 

immersion in ice water and immediately euthanized by a sharp blow to the head (Beaver et al. 2000).  Liver 

and intestinal tissues were surgically removed, after which the liver was separated from intestinal tissue.  

Liver samples were lysed with 500 µl cold guanidinium thiocyanate lysis/binding solution, manually 

homogenized and diluted with an equal volume ethanol.  Samples were then bound to a glass fiber filter and 

washed three times with ethanol.  Total RNA was eluted with 50-80 µl of 75ºC DNAse/RNAse free water 

(Invitrogen) and stored at -80ºC.  Three to five distinct RNA samples were collected for each experimental 

and control exposure.  RNA integrity and concentration was assessed utilizing micro-capillary 

electrophoresis with an Agilent 2100 bioanalyzer (Agilent).  One microliter of total RNA from each sample 

was compared to 1 µl of RNA ladder (RNA 6000 ladder Ambion) with a known concentration of 150 ng/µl 

and six RNA transcripts of various sizes.  RNA quality was verified by comparing corresponding 18S and 

28S peaks on electropherograms for each sample tested.  Only intact RNA was used for further analysis. 

 

Primer design:  

 Sequences for zebrafish NER genes were obtained from GenBank and Ensembl whole genome 

databases.  cDNA sequences from multiple organisms were aligned and used to validate NER sequences in 

the Ensembl Danio rerio genomic database.  Primer 3 software (http://frodo.wi.mit.edu/cgi-

bin/primer3/primer3_www.cgi) was used to design primers with appropriate quantitative RT-PCR 

specifications: 18-25 nucleotide length and GC content of 40-65%.  NCBI’s basic local alignment search tool 

(BLAST) was used to verify primer specificity.  Amplicons from RT-PCR reactions were sequenced to 

ensure correct gene products.  Primers used for amplification of their corresponding gene products are listed 

in Table 1. 

 

Quantitative RT-PCR: 

 Fluorescence based quantitative RT-PCR was performed using the MX4000 Multiplex Quantitative 

PCR system (Stratagene).  Each reaction contained SYBR green RT-PCR master mix (0.2 mM each dNTP, 

MgCl2, Taq polymerase, 10 nM fluorescein, SYBR green dye and stabilizers, BioRad), forward and reverse 

primers (30 nM – 150 nM final concentration), ROX reference dye (Invitrogen), 25 ng total RNA, iScript 

reverse transcriptase (BioRad) and nuclease free water.  cDNA synthesis was carried out at 50ºC for 10 



minutes, followed by 5 minutes at 95ºC for reverse transcriptase inactivation.  Forty cycles of amplification 

and fluorescence data collection were carried out with a two-step PCR of 10 seconds at 95ºC and 30 seconds 

at 55ºC.  Dissociation curves were created with a 1 minute denaturation step at 95ºC, followed by a ramp of 

41 cycles starting at 55ºC for 30 seconds and increasing 1 degree every cycle.  Relative change in transcript 

abundance was normalized to 18S rRNA and calculated utilizing the 2-ΔΔCt analysis method (Livak and 

Schmittgen 2001).  Prior to analysis, amplification efficiency was examined using LinRegPCR software, 

which calculates efficiency based on raw real-time PCR data (Ramakers et al. 2003).  Efficiencies for 

normalizing gene (18s) and all other transcripts were the same (1.8 ± 0.1).  Control expression levels were 

normalized to a value of 1.  Each RNA sample was run in triplicate with three to five samples per exposure 

regime.  A single peak in all dissociation curves verified production of a single amplicon per primer pair.   

 

Statistics: 

 Quantitative RT-PCR data were analyzed using one way analysis of variance (ANOVA).  Equal 

variance and normality were validated on raw Ct values prior to ANOVA.  Normality of error was assessed 

with Lillifors test.  Equal variance of samples was assessed with plots of estimates versus studentized 

residuals and modified Levene’s test.  One way ANOVA was performed on ΔΔCt values for a given gene for 

all treatments.  When statistically significant differences were found between treatment groups (p<0.05), 

Dunnett’s test was used to determine which experimental treatments were significantly different from 

controls.  To validate that EE2 exposure did not alter 18S rRNA abundance, Ct values were analyzed by one-

way nested ANOVA and p>0.8 was used to determine no significant difference between treatments.  All 

statistical analyses were done using SigmaStat 3.0 (SYSTAT Inc.) or SYSAT 11 software (SYSTAT Inc.). 

 

Results and Discussion: 
In vitro reporter assay based estrogenicity of wastewater 

 Estrogenic potential of wastewater effluent, as assessed by an in vitro reporter assay, was 

significantly elevated compared to control at all three test sites (Figure 1). The amount of relative estrogenic 

potential varied amongst sampling periods with all three treatment facility effluents having the highest 

reporter gene transactivation during the months of October-January. Summer months were not reported, but 

hd a generally lower trend of estrogenicity.  Peak reporter gene expression levels remained below that for the 

positive control of 10 nM 17α-ethinylestradiol. 

 This data was in contrast with in vivo data where estrogenic activity of wastewater was assessed by 

measuring transcription of hepatic vitellogenin mRNA concentrations (Figure 2).  This assay also revealed 

an estrogenic potential for effluent from all treatment facilities.  However, there was no particular temporal 

trend in estrogenicity of the effluents.  Instead, peaks in vitellogenin expression after 7-day exposures were 



random depending upon sample sight.  Interestingly, in February of 2007, estrogenic potential based upon 

reporter gene transactivation was higher in Old Town than in either Bangor or Orono.  In this same 

sampling/exposure series, adult male zebrafish exposed to Old Town effluent also had a significantly 

elevated amount of hepatic vitellogenin.  Together, in vitro and in vivo based assays proved to be a good 

combinatorial approach to determine estrogenic potential of wastewater. 

 Females exposed to wastewater treatment effluent (or positive controls) were not a good in vivo 

model to determine estrogenicity based upon vitellogenin production.  In general, females have a dampened 

response to estrogenic upregulation of vitellogenin (Figure 3).  In this set of experiments, vitellogenin levels 

in female zebrafish exposed to effluent in December/January were depressed indicating a novel control 

mechanism, or more likely confounding factors in the effluent mixture that caused a sexually dimorphic 

response in females.  In future studies, we will only asses the vitellogenin levels of male zebrafish as an 

indicator of estrogen exposure. 

 Taken together, reporter gene analysis and whole animal studies both revealed the presence of 

estrogenic compounds in effluents of Old Town, Orono, and Bangor wastewater treatment facilities.  Levels 

of estrogenic compound were not sufficient over the course of our assessments to elicit an effect greater than 

the equivalent of 10 nM 17α-ethinylestradiol. 

 In addition to vitellogenin analysis, we assayed the transcriptional response of the cytochrome P450 

gene, CYP1A1.  Activity of p450 function is known to be depressed upon estrogen exposure in teleosts.  In 

controlled laboratory experiments with the semi-synthetic estrogen 17α-ethinylestradiol, we have shown that 

transcriptional activtion of CYP1A1 is depressed in the liver after estrogen exposure.  In our assays with 

wastewater effluent, however, this was not the case.  In both males and females CYP1A1 mRNA abundance 

was slightly elevated after wastewater effluent exposure (Figure 4-5).  We have attributed this to one or more 

compounds in the effluent milleau that induces CYP1A1 expression.  This corresponds to the fact that 

CYP1A1 has been shown to be decreased after estrogen exposure, but not in studies where estrogen and an 

inducer of CYP were co-administered. 

 Lastly, our laboratory has recently discovered a novel effect of the oral contraceptive estrogen, 17α-

ethinylestradiol, in the regultion of DNA repair processes.  In brief, ethinylestradiol dampens trnscription of 

several zebrafish hepatic nucleotide excision repair genes and hinders repair of induced DNA damage in 

zebrafish liver cells (data not shown).  To determine if the estrogenic compounds found in wastewater 

effluent elicited the same effects as ethinylestradiol laboratory exposures, we assayed zebrafish livers after 

exposure to effluent from Bangor and OldTown.  Hepatic mRNA levels of the nucleotide excision repair 

gene XPC were decreased after 7-day exposure to wastewater effluent (Figure 6).  This is a significant 

finding because the nucleotide excision repair process repair DNA lesions caused by many ubiquitous 



carcinogens such a benzo(a)pyrene.  In future studies we hope to further elucidate the effects of wastewater 

effluent on nucleotide excision repair processes. 
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Figure 1.  Reporter gene 
analysis showed that effluent 
from Orono, Old Town, and 
Bangor wastewater treatment 
facilities elicited an estrogen 
receptor mediated response in 
vitro. This response varied 
between sampling periods, with 
a trend in higher responses over 
the winter months.  At no 
sampling period did effluent 
induced response surpass that of 
the response generated by 
exposure to 10nM 
ethinylestradiol.  

Figure 2.  Adult male zebrafish 
exposed to wastewater effluent 
exhibited a mixed vitellogenic 
response. Only in February at 
the Old Town treatment facility 
did hepatic vitellogenin mRNA 
concentration rise in great 
enough magnitude to warrant 
concern. For comparison, 
increases in hepatic vitellogenin 
concentrations of ~10,000 fold 
give males a similar mRNA 
abundance as females.  
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Figure 3.:  Adult female 
zebrafish vitellogenin mRNA 
levels were drastically 
decreased after exposure to 
wastewater effluent at Dec. and 
Jan. samplings. This is a 
unknown phenomenon that the 
authors cannot explain except 
to attribute this effect to some 
other compound in the effluent.  
Little to no change in female  
vitellogenin from exposre to 
other month’s sampling is what 
we would expect from estrogen 
exposure. 

Figure 4.  Adult male 
zebrafish are known to have 
reduced mRNA abundance of 
cyp1A1 after estrogen 
exposure. However, estrogen 
does not exhert this effect 
when a P450 inducer is also 
present in the exposure. We 
suggest that the increase in 
cyp1A1 expression is due to 
P450 inducers in the 
wastewater. This is very 
plausible givin the proximity 
of these treatment facilities to 
pulp and paper mills. 
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Adult Male Zebrafish - 7 day Effluent Exposure (October 2006) 
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Figure 5.  As in figure 4, 
females exhibited an increase 
in CYP1A1 levels after effluent 
exposure. Female response was 
generally greater than male 
response to these effluents. 

Figure 6.  Male zebrafish 
exposed to Old Town or 
Bangor wastewater effluent had 
reduced expression of the 
nucleotide excision repair gene, 
XPC. This data corroborates 
our laboratories findings that 
17a-ethinylestradiol dampens 
nucleotide excision repair. 
Although not a part of this 
project, this is significant since 
the pathway controlled by XPC 
eliminates DNA adducts 
caused by a variety of 
environmental carcinogens. 
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Problem and Research Objectives 
 
 The frequency and intensity of algal blooms in East Pond, Smithfield, Maine has 
been increasing in the past two decades. Meanwhile, the trophic status of the 
hydrologically-linked, North Pond has remained relatively constant, even though both 
ponds have similar morphometry and geology. The purpose of this study is to investigate 
the mechanisms that have led to the changes in trophic status of East Pond and suggest an 
appropriate remediation strategy to improve the water quality.  

We will be utilizing several chemical techniques to unmask the trophic history of 
both ponds. We will examine the phosphorus (P) speciation with depth (time) in each 
pond by using 31P NMR spectroscopy and chemical sequential extractions. By knowing 
the P speciation, we will be able to determine whether internal P loading is a possible 
mechanism of the recent trophic shift. 31P NMR speciation can be used to determine 
diagenetic rates for organic P compounds in sediment. If East Pond experiences internal P 
loading, then a faster degradation of the organic P compounds may be expected as 
compared to North Pond as a possibility. These data can also be compared to literature 
values for deeper lakes, since investigations of this kind have not been undertaken for 
shallow lakes. Finally, isotopic carbon and nitrogen signatures in the sediment record will 
be used to elucidate shifts in nutrient supply and source.  

In conjunction with the chemical research, paleoecological investigations are 
being conducted in East Pond sediments as a teaching tool in a School of Biology and 
Ecology spring 2008 course (BIO572) at the University of Maine. The students are using 
two paleo-proxies (diatoms and cladoceran ephippia) to test whether the recent change in 
trophic status of East Pond is a result of stocking white perch. Shifts in diatom 
assemblages will qualitatively show whether increases in nutrient supply or decreased 
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predation have occurred within the last few decades. Shifts in cladoceran ephippia size 
will quantitatively show whether size-selective predation by juvenile white perch is 
occurring in East Pond resulting in less algal grazing by zooplankton. This 
paleoecological project will support the chemical investigation and provide baseline data 
for a matriculating master’s student in biology if she so chooses to continue working on 
these ponds.  
 
Methodology 
 
Sample Collection 
 
 Sediment cores from the profundal zone of each lake were collected using a 10 
cm diameter modified piston corer on January 30, 2008. The cores were 49 and 43 cm 
long for East and North Pond, respectively. Each core exhibited minimal visual evidence 
of sediment disturbance and/or mixing. The cores were sectioned in the field at 0.5 cm 
intervals to 20 cm of depth and 1 cm intervals for the remainder of the core. The core 
intervals were collected in Whirlpak™ bags and stored on ice during transport to the 
laboratory. Upon arrival, sediment intervals were sub-sampled (~5 g wet weight) 
immediately for paleoecological work and 210Pb dating. The remainder of the sediment is 
frozen at -20°C until sequential chemical extraction, isotopic work and 31P NMR 
extraction can be performed.   
 
Laboratory Analysis 
 

Sediments will be dated using 210Pb methods of alternating intervals within the 
core.  Samples will be prepared by measuring 2 to 3 g wet sediment into pre-weighed 
crucibles and dried in an oven for at least 24 hr.  The sample weights will be recorded for 
calculation of water content, and samples will be homogenized with a mortar and pestle. 
Samples will then be transferred into dating vials, weighed, and capped.  After 
approximately two weeks of equilibration, samples will be counted by 210Pb gamma 
activity at facilities in the University of Maine Physics Department.  Dates and 
sedimentation rates will be determined according to the constant rate of supply model.  

Approximately 0.5 g wet weight of sediment from selected sediment intervals will 
be placed into scintillation vials for diatom preparation. Sediment will be treated with 
10% HCl overnight to remove carbonate minerals and then 30% H2O2 for about a week 
to remove organic matter.  When oxidation is complete, samples will be ready for slide 
preparation.  For each sample, a small volume of diatom mixture will be added to the 
coverslip with an applicator stick.  After drying, coverslips will be permanently mounted 
onto slides with Naphrax™.  A total of at least 200 diatom valves will be counted for 
each sample using microscopy. Diatom communities will be qualitatively examined 
throughout the core for any changes indicating fish introduction or increased nutrient 
availability. 

For cladoceran samples, 50 ml of sediment was required to attain the ephippia 
density needed to characterize the sediment interval. In order to preserve the mass needed 
to complete the chemical analyses, archived sediment from a core taken in 2005 by the 
Maine Department of Environmental Protection was used for the ephippia analysis. 
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Approximately 50 ml of sediment was treated with 200 ml of heated 10% KOH solution 
for an hour. After deflocculating the sediment and removing the organic matter, the 
residue was sieved through 212 μm screen to isolate the ephippia fossils. The remains 
were then hand-picked using a dissecting microscope and photographed under 
magnification to measure the pixilated image size. At least 50 ephippia were measured 
for each sediment interval to create a representative size population. If shifts in ephippia 
size do exist at different sediment intervals, then a t-test will be used to determine if the 
differences are statistically significant.  

The sequential chemical extraction procedure is: 1) 1 M NH4Cl for 1 hr to release 
ion-exchangeable species (3); 2) 0.11 M NaHCO3 and 0.11 M NaS2O4  (BD) for 0.5 hr at 
40°C to extract reducible metal hydroxides, some organic matter, and associated P; 3) 0.1 
M NaOH for 16 hr at 25°C to extract organic matter, Al(OH)3(S) and associated P; 4) 0.5 
M HCl for 16 hr to extract acid-soluble species and associated P; 5) 1 M NaOH for 24 hr 
at 85°C to extract residual species.  Each step consists of at least one rinse of equal 
duration.  The extraction is performed on approximately 1 g of wet weight sediment.  The 
supernatant is separated by centrifugation, decanted and analyzed for Al, Fe, and P using 
a Perkin Elmer ICP-OES available at the Environmental Chemistry Laboratory at the 
University of Maine. Alternating sediment intervals will be analyzed in triplicate using 
the sequential chemical extraction until the 210Pb dating is no longer accurate (~150 yrs).  
 For the 31P NMR characterization of the sediment, 10 g of wet weight sediment 
will be extracted with 30 mL of 0.25 M NaOH/0.05 M EDTA solution for 16 hr to extract 
most of the organic P species. The supernatant is separated by centrifugation, decanted, 
neutralized with 6N HCl, and lyophilized. The dried mass will be reconstituted in 3 mL 
of 0.1 M NaOH solution.  One mL of the sample will be for 31P NMR analysis and 
another mL will be analyzed for total P using standard colorimetric methods.  Ten μL of 
deuterium oxide (D2O) will be added to the 31P NMR sample to act as a lock signal. The 
sample will be analyzed on a 500 MHz NMR instrument at Colby College Department of 
Chemistry in Waterville, ME. Alternating sediment intervals will be analyzed using the 
31P NMR until the 210Pb dating is no longer accurate (~150 yrs). 
 The carbon and nitrogen analysis will be done at the Colorado Plateau Stable 
Isotope Laboratory on the campus of Northern Arizona University (NAU). The samples 
will be prepped at the University of Maine by removing inorganic carbon with 10% HCl, 
dried, packaged and shipped to NAU. Approximately, 1 milligram of dried material from 
alternating sediment intervals will be weighed and measured on an EA-CFIRMS 
instrument at NAU.  
 
Principal Findings and Significance 
  
 Since the cores were recently collected, not much data has been acquired or 
synthesized to date. The BIO572 class project is nearing completion and will be 
presented during the first week of May. The preliminary results of the project can be seen 
in figure 1 and 2. The diatom data show stronger evidence for an increase in nutrients 
rather than a decrease in predation by zooplankton. This is characterized by the dramatic 
increase in Asterionella Formosa and Tabellaria Flocculosa which are both strong 
indicator species of high water column phosphorus concentrations. The 210Pb dating 
results for East Pond are satisfactory, though the 137Cs peak is approximately a decade 
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earlier than expected suggesting that bioturbation in the sediment has blurred the dates 
and subsequent sedimentation rates. However, this should not affect the general trends in 
the data. 31P NMR, isotopic analysis, and chemical extraction of sediment samples will be 
performed in the summer of 2008. 
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Figure 1. 210Pb dating results for East Pond.  
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Figure 2. Diatom assemblages of major species in the sediment core of East Pond 
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Abstract 
 
Maine Atlantic salmon (Salmo salar) rivers experience a broad range of stressors, 
including acidity, aluminum (Al), and pesticides, which are present simultaneously but 
whose combined effects on resident salmon are unknown.  Such stressor combinations 
are best tested using multiple concentrations and combinations; however the slow 
developmental rate and seasonal limitations of egg production preclude the use of 
Atlantic salmon early life stages as efficient toxicant screens.  We conducted studies in 
both Atlantic salmon and in zebrafish (Danio rerio), a species with rapid development (5 
days from fertilization to feeding).  Our objectives were to (1) evaluate potential sublethal 
effects of current use and proposed blueberry pesticides, (2) determine whether pesticide-
contaminated, acid/Al rivers pose a greater threat to salmon than pesticide-contaminated 
rivers alone, and (3) evaluate the potential of early life stage zebrafish as a toxicology 
model for early life stage Atlantic salmon. For objective one, we found the blueberry 
pesticides (formulation/active ingredient: VelparTM/hexazinone, ImidanTM/phosmet, 
CallistoTM/mesotrione, SpinTorTM/spinosad) had no significant effect on innate immunity, 
development rate or behavior (spontaneous swimming, prey capture) in zebrafish early 
life stages at environmentally realistic concentrations (0.2-3.0 ppb active ingredient) or 
concentrations 10-fold higher (2 - 30 ppb a.i.).  For objective two, we hypothesized that 
combinations of acid/Al (AA) + pesticides would have stronger sub-lethal effects on 
early life stage salmon than either stressor alone.  We found that in 5 day exposures, 
pesticide treatments alone (0.75-7.5 ppb a.i.) at neutral pH (6.96 ± 0.06 SEM) had no 
effect on the survival of salmon fry relative to untreated controls, but AA treatments with 
or without pesticides (254-573 ppb inorganic Al; pH 4.98 ± 0.25) significantly reduced 
survival. Of the four multiple-stressor (pesticide +AA) groups, three sustained mortalities 
significantly higher than those of the AA control.  However, it is likely that the dramatic 
drop in pH on day 2 (pH 3.8-4.3 across all acid/Al treatments), rather than a multiple-
stressor effect, drove this difference in mortality.  High variability masked potential 
treatment effects on prey-capture; the immune assays were inconclusive. We conclude 
that blueberry pesticide effects on salmon fry may increase in the presence of acid/Al, 
suggesting a multiple stressor effect, but further studies with more replicates and longer 
exposures are needed.  To make firm conclusions regarding objective three, prey capture 
and immune assays must be repeated using optimized protocols to better facilitate 
comparisons between zebrafish and salmon fry responses. 
 
Problem and Research Objectives 
 
Maine rivers and lakes feature a broad range of stressors, including acidity, aluminum 
(Al), endocrine-disrupting chemicals, organochlorines and pesticides.  Many of these are 
present simultaneously.  Exposure to a mixture of contaminants could have effects on fish 
that would not be predicted from exposure to individual stressors alone. For example, co-
exposure of amphibians to the pesticide carbaryl in the presence of predator scent 
increased carbaryl toxicity 2-4 fold relative to carbaryl exposure alone (Relyea and Mills 
2001).  Of particular concern for fish in Maine's Downeast rivers (Washington County) is 
the combination of blueberry pesticides, acidic water and elevated levels of Al, each of 
which has been implicated in hindering the recovery of endangered Maine Atlantic 
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salmon (Salmo salar) (National Research Council 2004). Whether the pesticide mixtures 
alone, or in combination with high acidity and elevated Al levels, adversely affect fish 
health, is unknown. An additional concern is the need to provide input on the effects of 
proposed changes, including alterations in pesticide usage and plans to neutralize river 
acidity.  For example, the Maine blueberry industry currently proposes to supplement two 
of the pesticides found consistently in Maine rivers, phosmet and hexazinone, with 
spinosad and mesotrione, respectively. Plans by NOAA-Fisheries to neutralize the acidity 
of Downeast rivers as a mitigation tool have been put on hold until more information is 
available on the potential beneficial/detrimental effects of this action (D. Kircheis, pers 
comm).  
 
Atlantic salmon are developing in the presence of blueberry pesticides and 
acid/aluminum in some Maine rivers. The Maine Board of Pesticide Control has 
consistently detected blueberry pesticides, including phosmet and hexazinone, in 
Downeast salmon rivers (Jackson 2003).  In addition, during spring and fall rains, these 
rivers experience dramatic fluctuations in acidity, reaching pH levels as low as 4.6. 
Elevated acidity induces the release of sediment-bound aluminum into the overlying 
water (Gensemer and Playle 1999).  One result is that fish are developing in the presence 
of blueberry pesticides (0.2-3 ppb), highly acidic water (pH<5.6) and elevated levels of 
aluminum (Al>70 ppb), a multiple-stressor combination that may seriously compromise 
development, physiological processes and fitness. While acidic conditions toxic to fish 
(Lydersen et al. 2002) can be exacerbated in the presence of aluminum (Driscoll Jr. et al. 
1980; Staurnes et al. 1993), how acid/Al conditions and pesticides interact to affect toxic 
potency is completely unknown.  
 
There are known hazards to fish associated with the current-use pesticides (EPA 1988; 
Nieves-Puigdoller and McCormick 2004), but little information exists on the proposed 
supplements. Phosmet is a cholinesterase inhibitor that affects muscle contractions, 
respiration, is extremely toxic to many fish species (EPA 1988; Orme and Kegley 2004) 
and, like other organophosphates, may deleteriously affect fish immune function 
(Galloway and Handy 2003; Harford et al. 2005) and behavior (Levin et al. 2003; Swain 
et al. 2003).  Phosmet pulses have been detected in July in Downeast rivers in every year 
sampled (2000, 2001, 2003) (Jackson 2003), yet phosmet continues to be used, with 
caution, because of its low water solubility and short half-life (hours to days).  Recent 
work has shown, however, that even short-term exposure to pesticides that degrade 
rapidly in the environment can have lasting, deleterious effects to aquatic life (De Guise 
et al. 2004). Spinosad, the proposed supplement to phosmet, is a bacterial fermentation 
product.  It is considered only slightly toxic to early life stage trout (0.962 ppm lowest 
observable effects concentration). Its effects on the nervous system of insects 
(hyperstimulation of muscle contractions) occur through biological receptors present in 
both vertebrates and invertebrates (Salgado 1998; Salgado and Saar 2004), suggesting it 
could also have sub-lethal, behavioral effects in fish.  The current use herbicide, 
hexazinone, has a long half-life and can have sub-lethal effects on respiration in early life 
stage fish (Nieves-Puigdoller and McCormick 2004). Because of hexazinone’s propensity 
to enter and remain in the groundwater, the herbicide mesotrione has been proposed as a 
supplement (D. Yarborough, Univ Maine Blueberry Extension, pers comm.).  Mesotrione 
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is not persistent in water or soil, but it’s degradates are mobile and may contaminate 
groundwater, particularly in cold climates with low pH soils (EPA 2001), conditions 
which define the Downeast river watershed.  Mesotrione inhibits carotenoid biosynthesis 
in plants but is considered virtually non-toxic to fish based on acute 96 h exposure studies 
(EPA 2001); however, the effects of mesotrione on fish early life stages are unknown. 
Based on the known toxicity of acidic water and inorganic aluminum, and the neurotoxic 
and immunotoxic effects of the blueberry insecticides, we expected the combination of 
low pH, elevated aluminum, and blueberry pesticides to delay hatch, alter immune 
function and affect behavior. 
 
Although it would be preferable to conduct all toxicity studies in the endangered, focal 
species, Atlantic salmon, their prolonged developmental period, intensive rearing 
requirements, and limited seasonal availability, make them difficult to use for screening 
the multiple stressor conditions in Maine's waters.  Hence, there is need for a rapid, 
biological screen in a more easily manipulated surrogate species.  Zebrafish (Danio rerio) 
have a rapid development rate (fertilization to feeding in 5 days), transparent embryos, 
are readily obtainable in all life stages year -round, and are inexpensive to house.  
Moreover, because vertebrate developmental genes are highly conserved, zebrafish are 
widely used for studying toxicity mechanisms in vertebrates, particularly in early life 
stages (Spitsbergen and Kent 2003; Hill et al. 2005).   
 
We evaluated multiple stressor combinations in early life stage Atlantic salmon and 
tested zebrafish as a high through-put screen to evaluate the toxicity of pesticide 
combinations that may be harmful to early life-stage fish.  Since functional impairment in 
early life stages is a more sensitive measure of the response to toxicants than mortality or 
morphological defects (Samson et al. 2001), we evaluated two measures of fitness: 
behavior and immune function. Salmonid swim-up fry (Delonay et al. 1993), and 
zebrafish embryo-fry (Hill et al. 2005), are considered the most sensitive life stages for 
these fishes.   
 
The significance of this study is twofold: an initial assessment of zebrafish as a toxicity 
model for salmon, and an evaluation of multiple stressors in Maine rivers.  Multiple 
stressor approaches are rarely attempted due to the complexity of the experimental design 
and the numerous combination possibilities.  While the effects of acid-aluminum and 
pesticides have been evaluated separately in fish, including Atlantic salmon, there have 
been no studies assessing their combined effects, despite the presence of such 
combinations in Maine salmon rivers.   
 
Hypotheses 
 
1. Combinations of acid-aluminum (AA) + pesticides have stronger sub-lethal effects on 
early life stage fish than either stressor alone. 
 
 2. The zebrafish is a suitable model for assessing toxicant effects in early life stage 
salmon.    
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Objectives  
 
• Evaluate sublethal effects on fish early life stages of ImidanTM (a.i. phosmet) and 

VelparTM (a.i. hexazinone), two current-use blueberry pesticides, consistently 
detected in Maine Downeast rivers and of SpinTorTM (a.i. spinosad) and CallistoTM 
(a.i. mesotrione), the proposed supplemental pesticides. 

 
• Determine if pesticides exacerbate the toxicity of episodic acid-aluminum events in 

Downeast rivers.  
 
• Compare the effects of pesticides on zebrafish and Atlantic salmon using sensitive 

early life stages for each species. 
 
Methodology 
 
Materials 
Pesticide formulations ImidanTM (Gowan), Velpar-LTM (DuPont), CallistoTM (Syngenta), 
and SpinTorTM (Dow AgroSciences) were obtained from the University of Maine 
Blueberry Extension Office, courtesy of Dr. Frank Drummond.  Styrene-divinylbenzene 
(SDB-L) solid phase extraction (SPE) columns (500 mg/6 mL) were obtained from 
Phenomenex (Torrance, Cal.).  Solvents were high purity pesticide grade from Fisher 
Scientific, Inc Pittsburgh, PA.  Dihydrodichlorofluorescein diacetate (H2DCFDA) was 
from Invitrogen (Carlsbad, Cal.), phorbol 12-myristate 13-acetate (PMA) and black 96 
well plates were from Fisher Scientific, Inc. (Pittsburgh, Pa.).  Pesticide standards were 
obtained from the U. S. Environmental Protection Agency's (USEPA) National Pesticide 
Standard Repository (Fort Meade, Md.).  Paramecia were obtained from Carolina 
Biological Supply (Burlington, NC).  Ceriodaphnia dubia, Selenastrum capricornutum 
and YTC Daphnid feed mixture were obtained from Aquatic BioSystems, Inc (Fort 
Collins, CO).  All other reagents were obtained from Sigma-Aldrich (St. Louis, MO).   
 
Source & Maintenance of Fish 
 
Zebrafish 
Zebrafish embryos (AB strain) were obtained from the University of Maine’s Zebrafish 
Core (University of Maine, 2007).  Tanks of 14 females and 12 males were spawned as 
needed to provide these fish.   
 
Atlantic salmon 
One thousand F1 generation of Penobscot River strain Atlantic salmon were obtained as 
swim-up fry, already on-feed, from the Craig Brook National Fish Hatchery (CBNFH, 
East Orland, ME) in mid-May 2007 and transported to the University of Maine 
Aquaculture Research Center (ARC).  They were divided evenly among four 60 liter, 
aerated tanks receiving unchlorinated, flow-through, chilled well water maintained at ~ 
13-14°C.   Fish were fed 3 times daily until transferred into the dosing system with a 
combination of Cyclops EZTM and SkrettingTM feeds provided by CBNFH. To reduce 
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ammonia production from fish feces, urine and decaying food in the static exposure 
system, fish were fed only once per day during the 5 day exposure period. 
 
Pesticide Dosing solutions 
The pesticide formulations used in this study are the actual material applied by blueberry 
growers and contain both the active ingredient and inert substances that can have toxic 
effects of their own.  The active ingredients (trade name in parentheses) in the pesticide 
formulations were as follows: hexazinone (Velpar®), a trizaine-dione (3-cyclohexyl-6-
(dimethylamino)-1-methyl-s-triazine-2,4-(1H,3H)-dione); phosmet (Imidan®), an 
organophosphate (O,O-dimethyl s-phthalimidomethyl phosphorodithioate); mesotrione 
(ZA1296®) (2-[4-(methylsulfonyl)-2-nitrobenzoyl]-1,3-cyclohexanedione); and spinosad 
(Tracer®), a combination of two macrocyclic lactones (spinosyn A + D). These 
pesticides are soluble in water (hexazinone, 30,000 ppm; phosmet 25 ppm; spinosad 
0.495 ppm (spinosyn D) & 89.4 ppm (spinosyn A); mesotrione 160 ppm), allowing us to 
prepare aqueous stock solutions without the need for a solvent carrier.  Dosing 
concentrations were based on the pesticide levels reported in the Pleasant River by the 
Maine Board of Pesticide Control for hexazinone and phosmet (Jackson 2003). Dosing 
concentrations are based on the concentration of active ingredient in the formulation (e.g. 
VelparTM contains 25% hexazinone by weight; Velpar dosing concentration of 2 ppb = 2 
ppb hexazinone + 6 ppb inert ingredients). 
 
Acid-aluminum dosing solutions 
For the salmon studies, pesticide, and pesticide/acid/aluminum treatments, were made up 
in Machias River water.  Water from the Machias River was collected in May 2007 and 
held indoors in an aerated, 500 gallon tank and circulated through a chiller to maintain 
the temperature at ~ 15°C.  The tank was covered in black-plastic to protect the water 
from light with the aim of reducing the breakdown of naturally occurring dissolved 
organic carbon (DOC) in the river water.  River water was essential for the salmon study 
because DOC affects aluminum toxicity both by altering water acidity and complexing 
with the toxic, inorganic aluminum species.  Acid-aluminum water was prepared using 6 
N HCl and AlCl3

.6H20 to achieve a target pH of 5.2 and a target inorganic (toxic) 
aluminum concentration of 200 ug/L, to reflect levels seen in Downeast Rivers (Jagoe 
and Haines 1997). Pesticides were added to all treatment buckets except the neutral 
control and the acid/Al control. Due to the complex interactions of acid, aluminum and 
DOC occurring in natural waters, there is a very narrow range of pH in which aluminum 
speciates into the toxic inorganic form. In the daily preparation of the acid-aluminum 
dosing solutions, the addition of acid was quickly buffered by these interactions.  To 
overcome this, we adjusted the initial pH to ~ 4.5, let the solutions sit for 14 hours at 14 
°C, then readjusted the pH to ~ 5.2 just prior to transfer into 17 liter headtank buckets at 
the start of each exposure day.   
 
Fish Exposures & Endpoints 
The exposure period, treatments and locations for these studies are presented in Tables 1 
and 2. 
 
 



 7
 

Zebrafish exposures 
The exposure period, treatments and location for these studies are presented in Tables 1 
and 2. To determine whether pesticide mixtures measured in the Down East rivers of 
Maine have additive, synergistic, or antagonistic effects, we exposed embryos to single 
formulations and to mixtures (VelparTM+ImidanTM, CallistoTM + SpinTorTM), in 
combinations and concentrations measured in the Down East rivers of Maine for 
phosmet+hexazinone (0.2, 0.75, 2.0, 3.0 ppb, (Jackson 2003) and doses 10 times higher 
(7.5, 30 ppb).  Pesticide solutions were prepared in egg water (60 micrograms of Instant 
OceanTM/mL nanopure water) 2 to 3 h (hours) prior to the start of each 5 day experiment.  
Solutions were added to each petri dish and the remaining solutions held at 28°C in the 
incubators with the fish on a 14-h/10-h light/dark cycle to mimic conditions under which 
single-application pesticide exposures 'age' in the field.  To prevent the buildup of 
ammonia in the exposure plates, treatment water was replaced daily using the incubator-
held dosing solutions. Zebrafish embryos were exposed to pesticides or egg water for 5 
days in 100-mm diameter plastic petri dishes (40-50 embryos/dish) at 28 °C on a 14-
h/10-h light/dark cycle from 2 to 3 h post-fertilization (Day 0) to 120 h post-fertilization 
(Day 4), an age where they display immunologic competence (Hermann et al. 2004).  For 
the immune system assays, experiments were terminated on Day 4 (120 h post-
fertilization).  For developmental and behavioral studies, zebrafish were transferred on 
Day 4 from the petri dish pesticide exposures to clean egg water in 250-mL beakers 
suspended in flow-through tanks at 28°C.  Zebrafish fry were held in the flow-through 
system through the end of the experiment (Day 7) with daily feedings of rotifers or dry 
food once per day on Days 5 to 7.  Each replicate experiment used embryos from a 
different spawn.   
 
Salmon exposures 
The exposure period, treatments and location for these studies are presented in Tables 1 
and 2.  Freshly prepared dosing solutions were allowed to equilibrate for at least 14 hours 
before addition to the 17 liter (5 gallon) headtank buckets (Figure 1a), each of which fed 
four 2 liter, gently aerated treatment buckets containing 6 salmon fry each for a total of 
24 fry (n=4 buckets of 6 fry each) (Figure 1b).  Treatments were conducted under these 
flow-through conditions in an environmental chamber on a 14/10 L/D cycle at 14°C. 
Pesticide treatments and pesticide-acid-aluminum treatments were prepared fresh daily; 
fish were fed once daily with hatchery flake food (see Source of fish) throughout the 5 
day exposure period. 
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a         b 
 
Figure 1.  Flow-through exposure system for Atlantic salmon swim-up fry. Ten 
treatments were delivered via (a) 5 gallon headtank buckets containing 17 liters of 
treatment solution that each fed (b) four 2 liter exposure buckets containing 6 fry each, 
individually aerated, draining into 5 gallon waste buckets.  The 5 gallon headtank buckets 
were replenished daily with freshly prepared dosing solutions.   
 
 
 
 
Table 1.  Exposure parameters and locations for zebrafish and salmon studies1. 
Species  life-stages 

exposed 
exposure 
duration 

hatchery 
water 

control 
water 

treatment 
water1 

Zebrafish      
UMaine: Hitchner 

Hall 
embryo thru 

fry 
0-5 days pf  x x 

Atlantic salmon      
CBNFH embryo thru 

swim-up fry 
Oct - May x   

UMaine:ARC swim-up fry 5 days  x x 
1Treatment details are in text and in Table 2.  
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Table 2.  Summary of treatments and endpoints for each species  
     
Species Zebrafish embryo-fry Atlantic salmon  
     
Life stage embryo thru fry fry 
     
Exposure period 5 days 5 days 
     
Treatments Egg Water River Water 
  VelparTM VelparTM 
  ImidanTM   
  CallistoTM CallistoTM 
  SpinTorTM   
  VelparTM+ImidanTM VelparTM+acid/Al 
  CallistoTM+SpinTorTM CallistoTM+acid/Al 
   Acid/Al 
     
Endpoints Survival Survival 
  Days-to-hatch N/A 
  Innate Immunity: Innate Immunity: 
    - RBA    - RBA 
      - Pathogen  resistance 
  Behavior: Behavior: 
    - prey capture   - prey capture 
    - spontaneous swimming   
      

 
 
Pesticide Analysis 
To determine if nominal dosing concentrations reflect actual dosing concentrations, we 
are optimizing protocols for analyzing the concentration of active ingredients in our 
dosing solutions. While protocols for extracting phosmet and hexazinone from river 
water have been established, there are few protocols for the candidate pesticides, 
mesotrione and spinosad.  We conducted preliminary experiments evaluating the utility 
of styrene divinylbenzene-coated silica gel (SDB-L) solid phase extraction (SPE) 
cartridges to capture mesotrione and spinosad from aqueous solutions of CallistoTM and 
SpinTorTM, respectively, and confirmed and optimized the ability of this cartridge 
packing to capture hexazinone and phosmet from aqueous solutions of VelparTM and 
ImidanTM, respectively. We are currently optimizing analysis conditions for spinosad and 
mesotrione by high performance liquid chromatography (HPLC).  Briefly, 500- to 1,000-
mL pesticide dosing solutions (VelparTM, ImidanTM, CallistoTM, SpinTorTM) were pulled 
through SBD-L SPE cartridges under vacuum (25 kPa), the cartridges eluted with 
acetonitrile (CallistoTM, SpinTorTM for meotrione, spinosad) or ethyl acetate (VelparTM, 
ImidanTM for hexazinone, phosmet) and two fractions collected (1 mL, F1; 5 mL, F2).  
Eluates for VelparTM and ImidanTM were dried over sodium sulfate (baked at 600 °C for 
12 h), volume reduced to 900 μL, spiked with 100 μL of chlorpyrifos (10 ng/μL) as an 
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internal standard, and injected onto a Hewlett Packard 5890/5870 gas chromatograph-
mass spectrometry (GC/MS) system (2 μL, splitless), with helium as the carrier gas, 
under the following conditions: 275°C injection port, ramping from 80 °C – 250 °C at 20 
°C/min (minute), 1.2 mL/min flow rate.  Full scan mode was used to identify the 
quantification ions and qualifying ions for hexazinone, phosmet, chlorpyrifos (a surrogate 
for phosmet), and metribuzin (a surrogate for hexazinone).  Eluates for CallistoTM and 
SpinTorTM were dried over sodium sulfate, volume reduced under high purity nitrogen to 
1 mL, and injected (20 μL) onto a Hewlett Packard High Performance Liquid 
Chromatograph Series 1050 fitted with a C-l8 column (100 x 4.6 mm). We used a mobile 
phase of 75 percent acetonitrile/25 percent water, a flow rate of 1 mL/min, and monitored 
the analytes spinodad and mestrione at a wavelength of 271 nm. This wavelength was 
determined to provide the maximum signal by performing a full-UV scan of each analyte 
using diode-array UV detection. 
 
Aluminum and pH  analysis 
Total, organic and inorganic aluminum and pH (by closed-cell) of the treatment solutions 
were analyzed by the Unviersity of Maine's Sawyer Environmental Chemistry Research 
Laboratory using protocols optimized by Ms. Tiffany Wilson and Dr. Stephen Norton.  
Daily monitoring of pH in each treatment was done using a calibrated pH meter. 
 
Mortality, Time to Hatch, Developmental Abnormalities 
Zebrafish embryos were monitored daily from fertilization through the end of each 
experiment for mortality, days to hatch, and evidence of developmental abnormalities.  
Salmon fry were monitored daily during the 5-day exposure period, and throughout the 
prey-capture and immune challenge experiments for mortality, morbidity and/or signs of 
infection.   
 
Behavioral Assays 
 
Zebrafish 
We evaluated two behaviors in zebrafish, spontaneous swimming and prey capture, a 
well-established measure of performance fitness in fish, using the protocols described by 
Samson and others (Samson et al. 2001).  Because larval fish quickly learn to capture 
prey, it is important to track individual fish to determine if there is any effect of pesticide 
treatment on the ability of the fish to learn.  For this reason, prey capture was measured 
twice, on Day 5 and again on Day 7 post-fertilization.  Briefly, on Day 5, fry were placed 
individually into one well of a 12 well microplate to which 4 mL of egg water containing 
40 Paramecium was added.  The number of paramecium consumed within 1 minute was 
observed through a microscope and recorded.  After the test, individual fry were 
transferred to a 6 well plate, one fry per well, and assigned an identification number and 
maintained in an incubator at 28°C on a 14-h/10-h light/dark cycle. On Day 7, each fry 
was re-tested as on Day 5.   
 
For spontaneous swimming, fry were placed individually into 100 mL of egg water in an 
8-cm-diameter finger bowl placed over a 1-cm2 grid.  After a 2 minute acclimation 
period, the number of lines crossed in 30 sec (seconds) by the fry was recorded. Five 
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random fry were tested from each replicate for each treatment on Days 3 and 6, Days 3 
and 5, and Days 4 and 7 post-fertilization.   
 
Salmon 
Prey capture was evaluated in individual fish (12 fish/treatment) as the number of prey 
consumed/unit time/fish using Cereodaphnia dubia as prey for salmon essentially as 
described for rainbow trout (Carvalho and Tillitt 2004). In brief, after the 5 day 
exposures, salmon fry were maintained for 2 days in their 2 liter buckets in clean, aerated 
Machias River water blended 50/50 with unchlorinated well water.  After this period, the 
fry were placed individually into 1 liter beakers fitted with 300 micron mesh screens (to 
allow for water flow though the beakers) in a flow-through water table receiving 
unchlorinated well water and tested individually for prey capture ability.  We tested the 
same individuals each day for three consecutive days to control for 'learning' during the 
trials.  C. dubia adults were size-selected using a 300 micron screen and 30 individuals of 
equal size placed into each beaker.  After 20 minutes, the fish were removed using a 
slotted spoon and the remaining C. dubia collected in the same sequential manner to 
ensure equal exposure periods.  The C. dubia remaining were counted and prey capture 
assessed as number C. dubia consumed/20min/fish.  Data are presented as percent of C. 
dubia consumed per day. 
 
Innate Immune Function 
 
Zebrafish 
For zebrafish, we evaluated respiratory burst, a simple immune system assay, as 
described (Hermann et al. 2004).    Briefly, on Day 4 zebrafish fry were transferred from 
exposure dishes to black 96 well plates, one larva per well, and exposed to either 
substrate alone (H2DCFDA, 6 wells) or substrate plus phorbol 12-myristate 13-acetate 
(PMA) (6 wells). PMA provokes the production of superoxide.  In turn, superoxide 
oxidizes the substrate H2DCFDA (a non-fluorescent dye) to dichlorofluorescein (DCF, a 
fluorescent product).  In fish with a healthy immune system, PMA exposure in the 
presence of H2DCFDA will provoke substantial production of DCF.  PMA thus serves 
both as the stimulant and as a positive control to confirm the assay is working properly.  
Evolution of DCF was monitored for up to 3.5 h in a Perkin Elmer FusionTM fluorescence 
plate reader at an excitation/emission of 485nm/530nm.  Response was evaluated as fold-
change relative to controls (Hermann et al. 2004). 
 
Salmon 
Following the prey capture trials, salmon fry were divided into two groups and evaluated 
for innate immune function by respiratory burst assay or by pathogen challenge.  For the 
respiratory burst assay we tested individual kidneys, essentially as described (Hermann et 
al. 2004).  Briefly, kidneys were removed from salmon fry 2 days after the conclusion of 
the prey capture assays (7 days after the 5 day exposure period) in a laminar flow hood 
under sterile conditions, placed individually into sterilized 96 well black plates, 
H2DCFDA in DMEM/F12 supplemented with an antibiotic/antimycotic agent added with 
or without PMA, and the evolution of DCF monitored as for zebrafish.  Response was 
evaluated as fold-change relative to controls (Hermann et al. 2004). 
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The pathogen challenge experiment commenced 1 day after the conclusion of the prey 
capture assays (6 days after the 5 day exposure period).  It was conducted at the 
University of Maine Aquatic Animal Health Laboratory (MAAHL) under the supervision 
of the Director, Deborah Bouchard.  For this test, fry were immersed, by treatment group, 
in 1 liter beakers containing 500 mL of the highly infectious bacterial agent Aeromonas 
salmonicida at > 105 colony forming units/mL for 15 minutes at 11°C.  A. salmonicida 
causes furunculosis in salmon (Moyner et al. 1993).  Following immersion, fish were 
transferred to 2 liter buckets containing clean, aerated, unchlorinated well water and held 
for 5 days in an environmental chamber at 11°C.  Fish were inspected daily for signs of 
infection.  After 5 days, fish were removed and bagged individually in sterile WhirlpakTM 
bags, and stored at -80°C until evaluated (3 months later) for degree infection using a 
standard heterotrophic plate count method.  
 
Statistical Analyses 
Prey-capture and respiratory burst data were analyzed by one-way ANOVA.  Survival 
analysis, using Kaplan-Meier methods and the log rank test (Bewick et al. 2004), was 
used to statistically compare treatment differences in salmon fry survival. All analyses 
were conducted using a significance level of α = 0.05. 
 
Disposal of pesticide and aluminum-contaminated water  
Pesticides and aluminum treatment water were filtered through activated charcoal and the 
charcoal disposed of as hazardous waste.   
 
Summary of Principle Findings 
 
• Blueberry pesticide formulations (VelparTM, ImidanTM,CallistoTM, SpinTorTM), even 

at doses of active ingredients 10 times higher than those measured in Maine salmon 
rivers, had no significant effect on early life stage (embryo-larval) zebrafish survival 
or development, or on the behavioral and innate immune response endpoints 
measured in this study. 
 

• Pesticide combinations (e.g. VelparTM+ ImidanTM) reported in some salmon rivers 
showed no evidence of additive, synergistic or antagonistic effects on early life-stage 
zebrafish survival, development, behavior or immune function, even at concentrations 
of active ingredients 10 fold higher than those measured in Maine salmon rivers. 

 
• Acute exposure (5 day) to blueberry herbicide formulations (VelparTM, CallistoTM) 

had no effect on Atlantic salmon swim-up fry survival.  
  

• While there appear to be no effects of acute exposure (5 day) to blueberry herbicide 
formulations (VelparTM, CallistoTM) on Atlantic salmon swim-up fry behavior (prey 
capture), the high variability among individuals precludes rigorous statistical analysis.   
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• Acute exposure to acid-aluminum significantly reduced survival of Atlantic salmon 
fry. 
 

• Multiple-stressor effects of blueberry pesticides combined with acid-aluminum were 
not clear.  While some blueberry pesticide/acid aluminum combinations (0.75 ppb 
CallistoTM + acid aluminum, 7.5 ppb CallistoTM + acid aluminum, 0.75 ppb VelparTM 
+ acid aluminum) reduced Atlantic salmon fry significantly more than acid-aluminum 
alone, others (7.5 ppb VelparTM + acid aluminum) did not.  
 

• Blueberry pesticide effects on Atlantic salmon fry prey capture and survival may 
increase in the presence of acid aluminum, but high variability among replicates, and 
the dramatic drop in pH (3.8 - 4.4) on Day 2, confound interpretation of the data. 

 
• The current study does not conclusively support the use of early life stage zebrafish as 

a toxicology surrogate for early life stage Atlantic salmon; future experiments with 
additional common endpoints are needed.   

 
Conclusions & Significance 
 
The results of this pilot study indicate that acute exposure to blueberry pesticides may 
have little adverse effect on early life stage fish while acute exposure to acid aluminum 
can be highly toxic.  Due to high variability among replicates, and a confounding acid 
event on day 2 day of the exposures, multiple stressor effects could not be rigorously 
evaluated.  While the survival and prey capture results with salmon fry are suggestive of 
a possible decrease in both of these parameters when pesticides are combined with acid-
aluminum, additional studies with more replicates are needed to confirm, or dispel, this 
possibility.  Further work is also needed to tease apart the relative toxic contributions of 
acidity and inorganic aluminum.  Additional sub-lethal, pesticide-sensitive endpoints, 
such as olfaction, homing, and/or reproduction, should be tested in future studies 
evaluating multiple stressor effects.  Finally, to better mimic in situ conditions 
experienced by Atlantic salmon developing in Maine rivers, salmon should be exposed 
from fertilization through smolting, a 2 year period, with fish evaluated at several 
developmental points as the effects of early life stage exposure may not be manifested 
until fish reach transitional life stages (e.g. smolting, spawning). 
 
The current study does not conclusively support the use of early life stage zebrafish as a 
toxicology surrogate for early life stage Atlantic salmon because the only common 
endpoint that could be rigorously evaluated statistically in both species was mortality.  
Further studies with more replicates and optimized behavioral and immune endpoints are 
needed to firmly evaluate zebrafish early life stages as a relevant toxicant screen and 
toxicology surrogate for early life stage salmonids. 
 
Detailed Results & Discussion 
 
This study addresses the lethal and sublethal effects on early life stage Atlantic salmon of 
multiple stressor conditions found in some Maine salmon rivers, assesses the effects of 



 14
 

blueberry pesticides on zebrafish early life stages, and provides preliminary information 
on the potential of zebrafish as a toxicant model for early life stage salmon.   

Dosing Solution Concentrations 

Pesticide standards were readily detectable by GC/MS (hexazinone and phosmet), and by 
HPLC (spinosad, mesotrione).  Surrogates for phosmet (chlorpyrifos) and hexazinone 
(metribuzin) were also easily detected by GC/MS.  Preliminary analyses of the pesticide 
dosing solutions indicate that the actual (measured) concentrations are close to, but lower 
than, nominal concentrations for ImidanTM and VelparTM (Table 2). Mesotrione and 
spinosad protocols need to be optimized before analysis of dosing solution extracts 
(stored for later analysis) can be completed. 

Table 3. Preliminary analyses demonstrating that nominal and actual dosing solutions 
concentrations are similar.  [ppb, parts per billion] 

Dosing Formulation Dose Active 
Ingredients Nominal (ppb) Actual (ppb) 

VelparTM plus ImidanTM  Low  hexazinone  0.75 0.35 

   phosmet  0.75 0.21 

  High  hexazinone  7.50 5.6 

   phosmet  7.50 5.0 

ZEBRAFISH RESULTS 

Innate Immune Function 

We found no consistent effects of the blueberry pesticide formulations on the innate 
immune function of developing zebrafish.  The results of initial experiments with 
exposure to single pesticide formulations over a wide range of doses, from 
environmentally relevant (0.2-3.0 ppb) to 10 times as high (7.5, 30 ppb), indicated there 
were no effects of any of the formulations on the respiratory burst response of embryo-
larval zebrafish (Figure 2).  In these initial experiments, the zebrafish response was 
monitored for 2 h.     
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Figure 2.  Preliminary data on the effects of exposure to single pesticide formulations on 
the innate immune system of zebrafish exposed from fertilization through swim-up fry.  
Bars represent means ± SD for n=2-4 replicates of 6 fry per replicate. EW=Egg Water, 
V=VelparTM, I = ImidanTM, C = CallistoTM, S = SpinTorTM.  Doses were 0.2, 0.75, 2.0, 
3.0, 7.5, and 30 ppb.  Respiratory burst was measured for 2 hours. 

To improve and optimize the sensitivity of the assay, we extended the monitoring time to 
3 h.  However, even with the improved signal strength afforded by the longer monitoring 
duration, there appear to be no effects of these pesticide formulations on zebrafish 
respiratory burst (Figure 3). 
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Figure 3.  The effects of exposure to single pesticide formulations on the innate immune 
system of zebrafish embryo-fry exposed from fertilization through the swim-up larval 
stage.  Bars represent means ± SD for n=5 replicates of 6-12 fry per replicate. EW=Egg 
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Water, V=VelparTM, I = ImidanTM, C = CallistoTM, S = SpinTorTM.  Doses were 0.75 and 
7.5 ppb.  Respiratory burst was measured for 3 hours.   

Due to ground-water contamination in the watershed, hexazinone (the active ingredient in 
VelparTM ) is present year-round in the Pleasant River, one of the salmon rivers in Down 
East Maine, and thus is present in July when the insecticide ImidanTM (phosmet) is 
applied.  To determine if pesticide mixtures have additive, synergistic, or antagonistic 
effects, we looked at pesticide mixtures at an average concentration found in the river 
(0.75 ppb) and a dose 10 fold higher (7.5 ppb).  Our results indicate mixtures do not 
affect the respiratory burst response of developing zebrafish (Figure 4).  
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Figure 4.  The effects of exposure to mixtures of pesticide formulations on the innate 
immune system of zebrafish embryo-fry exposed from fertilization through the swim-up 
larval stage.  Bars represent means ± SD for n=5 replicates, 6 fry per replicate. EW=Egg 
Water, V=VelparTM, I = ImidanTM, C = CallistoTM, S = SpinTorTM.  Doses were 
combinations of 0.75 ppb (low) concentrations and combinations of 7.5 ppb (high) 
concentrations.  Respiratory burst was measured for 3 hours. 

Mortality, Time to Hatch, Developmental Abnormalities 

Zebrafish embryo mortality is typically 20 to 50 percent within the first 24 h post-
fertilization (M. Nilan, University of Maine, oral commun, 2007).  We found similar rates 
of mortality in our exposures, with no difference among treatments (data not shown).   

We observed evidence of developmental abnormalities in both the untreated and in the 
pesticide treated groups.  The most common abnormality was scoliosis, with fry curved 
into a 'C' shape; additional abnormalities observed occasionally included large head, 
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small or no eyes, and pericardial edema.  A few individuals were moribund.  All 
individuals displaying these abnormalities failed to hatch.  There were no statistical 
differences among groups (Figure 5). 
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Figure 5.  The effects of single pesticide exposure on the occurrence of developmental 
abnormalities (as percent) in zebrafish exposed from fertilization through swim-up.  Bars 
represent mean ± SD for n=5 fry per treatment.  EW=Egg Water, V=VelparTM, I = 
ImidanTM, C = CallistoTM, S = SpinTorTM.  Doses were 0.75 and 7.5 ppb. 

There were no significant differences in developmental rate (P<0.05, two-tailed Student's 
t-test) as measured by the mean number of days it took the embryos to hatch (Table 3). 

Table 3. Mean days to hatch for zebrafish exposed to pesticide formulations from 
fertilization through swim-up fry.  Mean ± SD for n=3 replicates of 50 embryos per 
replicate.  [n, number; ppb, parts per billion; SD, Standard Deviation] 
 

Treatment Dose (ppb) Mean days to 
hatch SD 

Egg water 
control 

0  2.90  0.33 

VelparTM 0.75  2.95  0.56 

 7.5  3.08  0.42 

ImidanTM 0.75  3.42  0.11 

 7.5  3.18  0.20 

CallistoTM 0.75  3.36  0.71 

 7.5  3.18  0.54 

SpinTorTM 0.75  2.89  0.26 

 7.5  3.11  0.22 
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Prey Capture 
There was no consistent effect of pesticide formulation or dose on the ability of larval 
zebrafish to capture prey (Figure 6).  These data also indicate that the fish were as 
efficient at capturing prey on Day 7 as they were on Day 5, indicating no effect of 
pesticide formulation or dose on learning. 
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Figure 6.  The effects of single pesticide exposure on prey capture by zebrafish exposed 
from fertilization through swim-up.  Bars represent means ± SD for 5 fry per treatment.  
Prey capture was measured in 2 separate experiments on Days 5 and 7 post-fertilization.  
EW=Egg Water, V=VelparTM, I = ImidanTM, C = CallistoTM, S = SpinTorTM.  Doses were 
0.75 and 7.5 ppb for Low and High, respectively. 

 

Spontaneous Swimming 

There was no consistent effect of pesticide formulation or dose on spontaneous 
swimming (Fig. 7).  These cohorts showed little to no spontaneous movement until they 
reached four days post-fertilization.     
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Figure 7.  The effects of single pesticide exposure on spontaneous swimming in 
zebrafish exposed from fertilization through swim-up.  Bars represent means ± SD for 5 
fry per treatment.  Swimming was measured in 3 separate experiments on (A) Days 3 and 
6, (B) Days 3 and 5, and (C) Days 4 and 7 post-fertilization.  EW=Egg Water, 
V=VelparTM, I = ImidanTM, C = CallistoTM, S = SpinTorTM.  Doses were 0.75 and 7.5 
ppb. 
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SALMON RESULTS 
 
Acid-aluminum doses 
 
Levels of toxic, inorganic aluminum (Figure 8) ranged from 254 to 573 ppb and were 
thus somewhat above the target concentration of 200 ppb.  However, these levels were 10 
to 25 fold higher than those of the neutral treatments (19-20 ppb), producing the desired 
strong and significant differences among treatments.    
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Figure 8.  Concentrations of toxic, inorganic aluminum in dosing solutions measured on 
Days 3 and 5 of the 5 day exposure experiment with Atlantic salmon fry.  RW=River 
Water, V=VelparTM, C = CallistoTM, L=low, H= high, AA = acid-aluminum.   
 
Acidity (measured as pH) was significantly different between the neutral and acid-
aluminum treatment groups (Figure 9).  The pH of the neutral treatments averaged 6.96 ± 
0.06 SEM over the 5 day exposure period; the addition of pesticides did not affect pH.  
Although difficult to prepare consistently each day, acid concentrations in the range of 
the target pH of 5.2 were achieved on 4 of the 5 treatment days.  However, on Day 2, the 
pH in the RW+AA and VH+AA was ~ 4.4 while the pH in CH+AA, CL+AA and 
VL+AA fell between 3.8 and 4.0.   
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Figure 9.  Concentrations of acid (as pH) measured daily in the headtank buckets during 
the 5 day exposure period.  RW=River Water, V=VelparTM, C = CallistoTM, L=low, H= 
high, AA = acid-aluminum.   
 
 
Mortality 
 
Salmon fry survival was unaffected by pesticide exposure, at either dose, relative to the 
river water controls (Figure 10, group 1).  In contrast, fry survival was significantly 
reduced in all treatments containing acid-aluminum relative to the neutral treatments 
(Figure 10, groups 2,3 versus group 1, ANOVA p<0.05).  Survival in the acid-aluminum 
treatments partitioned, statistically, into two groups; those treatments in which acidity did 
not fall below pH 4.4 over the 5 day period (Figure 10, group 2), and those in which 
acidity dropped to between 4.0 and 3.8 on Day 2 (Figure 10,  group 3).  The dramatic 
drop in pH on day 2 (Figure 9) likely had lasting effects on survival for all AA treated 
groups, but was particularly toxic to the 3 treatments in which pH was between 3.8 to 4 
(Figure 10, group 3). 
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Figure 10.  The effects of pesticide exposure with and without acid/aluminum on mean 
survival of Atlantic salmon fry exposed for 5 days in a flow-through system. Values 
represent the average number of survivors out of 6 fry/replicate, 4 replicates per 
treatment.  Error bars have been removed for clarity.  RW=River Water, V=VelparTM, C 
= CallistoTM, L=low, H= high, AA = acid-aluminum.  Nominal pesticide doses were 0.75 
ppb and 7.5 ppb. Aluminum and acid concentrations are presented in Figures 8 and 9, 
respectively.  Groupings with different numbers are significantly different at p<0.05. 
 
 
Prey Capture 
 
Statistically, there was no effect of any treatment on the prey capture ability of Atlantic 
salmon fry relative to river water controls (Figure 11).  However, in all cases except for 
VH+AA, prey capture success appeared to decrease when pesticides were added to acid-
aluminum treatments (compare RW+AA versus CL+AA, CH+AA, VL+AA).  However, 
the low number of individuals remaining in some of the treatments (n=2, due to high 
mortality likely in response to the profound drop in pH on Day 2) confounded our ability 
to determine if there is a multiple stressor effect or not. 
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Figure 11. The effects of pesticide exposures with and without acid/aluminum on prey 
capture ability of Atlantic salmon fry exposed for 5 days in a flow-through system.  Bars 
represent mean percent of prey consumed ± SD for (n) fry per treatment.  Prey capture 
was measured daily over three consecutive days on the same individuals.   RW=River 
Water, V=VelparTM, C = CallistoTM, L=low, H= high, AA = acid-aluminum.  Nominal 
pesticide doses were 0.75 ppb and 7.5 ppb. Aluminum and acid concentrations are 
presented in Figures 8 and 9, respectively. 
 
 
Innate Immune Response 
 
For salmon fry, both measures of innate immune response were inconclusive.  Failure of 
the positive control (PMA stimulation of reactive oxygen production in kidneys of 
control fish (data not shown), suggests conditions for the kidney-based respiratory burst 
assay require further optimization.  None of the fish exposed to the salmon pathogen, 
Aeromonas salmonicida, were successfully infected (data not shown).  There are two 
possibilities for this. Either the immersion time (15 min) was too short to be effective at 
such cold temperatures (11°C), and/or the A. salmonicida culture had lost its toxic 
potency, a condition that can occur after the culture has been passaged a number of times 
(Dr. Ian Bricknell, MAAHL pers comm).   
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Discussion 
 
It may be that inorganic aluminum, rather than low pH, is responsible for increased fry 
mortality in the acid-aluminum treatments in the present study.  We cannot statistically 
tease apart the relative toxic contributions of acid and inorganic aluminum as we did not 
have aluminum data for Day 2 when pH levels were at their lowest and mortality spiked.  
However, Smith & Haines found that episodic declines to pH 4.0 did not increase 
mortality in swim-up Atlantic salmon fry, but that increases in inorganic aluminum (200-
225 ppb) were correlated with increased mortality (Smith and Haines 1995). 
Interestingly, Atlantic salmon fry may be more tolerant to inorganic aluminum than 
smolts, at least over short exposure periods, as smolt mortality occurs at much lower 
concentrations of inorganic aluminum (40-50 ppb) when pH < 6 (S. McCormick, USGS, 
pers comm). 
 
The findings in the current study are in keeping with those of others who reported effects 
of hexazinone only at concentrations over 10 times higher than ours.  Exposure to 100 
ppb hexazinone (21 days to the active ingredient) reduced gill Na+/K+-ATPase activity 
in Atlantic salmon smolts and elevated opercular movements in fry, but did not affect 
mortality or development in either life stage (Nieves-Puigdoller and McCormick 2004; 
Nieves-Puigdoller et al. 2007).  In the current study, exposure to 13 to 130 fold lower 
doses of hexazinone (5 days to formulation) had no effect on survival or behavior of 
either Atlantic salmon fry or zebrafish fry.   Exposure to 1.0 and 2.0 ppb atrazine, a 
triazine related to hexazinone, significantly reduced the olfactory response of male 
Atlantic parr to the female priming pheromone (Moore and Waring 1998).  These doses 
are comparable to environmental levels of hexazinone measured in Maine salmon rivers 
(0.18 – 1.85 ppb, (Jackson 2003) and to the low dose used in the present study (0.75 ppb), 
indicating that the olfactory effects of hexazinone should be investigated in Atlantic 
salmon parr.  
 
Mesotrione is considered practically non-toxic, both acutely and chronically, to fish 
(NYS-DEC 2002), and we found no adverse effects in Atlantic salmon fry or zebrafish 
embryo-larval tests. However, as for hexazinone, the olfactory effects of mesotrione 
should be investigated in Atlantic salmon parr.  
 
Phosmet is highly toxic to aquatic organisms but has a short half-life (hours to days) 
(Turner and Mahoney 2003).  However, phosmet persistence and toxicity increases as pH 
decreases, an important factor when studying the acidic rivers in Maine.  A LOEC 
(lowest observed effects concentration) of 6.1 ppb (60 day exposure) significantly 
affected survival and growth of rainbow trout fry has been reported (Turner and Mahoney 
2003), close to the high dose (7.5 ppb) used in the current study. Interestingly, 7.5 ppb 
phosmet (in the formulation ImidanTM) did not adversely affect mortality or behavior in 
the early life stages of zebrafish tested in the current study, although this may be due to 
the acute (5 day) nature of the exposure.   
 
Spinosad is slightly toxic to fish and has a moderate half-life (30 – 200 days in water).  
The spinosad LOEC value for early life stage rainbow trout, 0.962 ppm (EPA 1997), is 
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100 to 1000 times higher than concentrations (0.75 and 7.5 ppb) used in the current study.  
At these low environmentally relevant concentrations, spinosad had no sub-lethal effects 
on early life stage fish in our study. 
 
We were unable to conclusively determine whether or not zebrafish early life stages are a 
suitable surrogate for early life stage salmon due to loss of comparative power during the 
experiments.  Findings for only two of the three common endpoints measured were 
conclusive for both for these species: survival, immune function and prey capture 
analyses were conclusive for zebrafish; but only survival was conclusive for salmon.  
This severely limited our ability to adequately compare the response of these two species 
to the same test conditions.  As mentioned above, future experiments with additional 
timepoints and endpoints are needed to more robustly evaluate zebrafish as salmon 
surrogates. 
 
The long-term goal of our work is to provide risk assessors, blueberry growers, and 
restoration managers with data to aid in making science-based decisions regarding 
blueberry pesticide Best Management Practices in Maine. We have little information to 
determine whether pesticides that are commonly in use now and pesticides that generally 
have fewer environmental effects and might be available in the near future (1-2 years) 
have detrimental effects on fish early life stages, and no information on whether 
combining these pesticides with other stressors, such as temperature or acidity, could 
produce unexpected adverse effects. 
 
The results of this research provide the basis for more extensive studies on the sub-lethal 
effects of blueberry pesticides, alone and in environmentally relevant combinations, in 
the presence and absence of other stressors found in Downeast rivers, such as acid-
aluminum.  The results of such studies could influence which pesticides are used in 
Maine, could indicate whether Best Management Practices for currently-used and 
proposed for use pesticides need to be refined to further reduce potential aquatic 
contamination, and provide information relevant to proposed mitigation of acidic waters 
in salmon rivers.   
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Abstract: The State of Maine’s efforts toward implementing an effective framework for 
water use regulation directly contribute to the broad goal of sustainable use of water 
supplies. The complexity of the problem (hydrologic, ecological, climatic and 
socioeconomic) necessitates an ongoing dialogue with stakeholders, policy makers and 
managers at all levels of decision-making. In this inclusive process of stakeholder input 
and discussion of all concerns, the role of research on pertinent issues is one of filling 
knowledge gaps and providing improved decision support tools for informed 
deliberations. To this end, this project focuses on the assessment of the role of natural 
hydroclimatic variability on Maine’s surface waters, their impact on flow metrics and 
rules for reliable water supply, and finally an assessment of the extent to which new rules 
impact ecosystem health (quantified as ecologically-relevant metrics of flow). Within the 
context of the ongoing rulemaking efforts for water use (co-PI Courtemanch being the 
lead-author of the current draft), this research is firmly embedded in the statewide process 
of responding to stakeholder concerns and promoting sustainable water use to balance 
human and ecological flow needs. 
 

Key Research Tasks and findings 

1. A long-term dataset based on HCDN (largely unimpaired) streamgauges was assembled 
for the northeastern United States. The dataset is comprised of 32 streamgauges with 
daily discharge record for the 1955-2006 water year (Figure 1).  
 
2. Long-term changes in the monthly and regulatory season average flows (per Maine 
DEP Chapter 587) were quantified (Figure 2 and discussion in the next section).  
 
3. A new statistical methodology to detect changes in the annual cycle of streamflow, 
resolved at daily time scales was developed. The methodology exploits the nonparametric 
resampling methods to generate a robust envelope of natural variability, and compares 
favorably with the widely employed Mann-Kendall test for trends (see Figures 1 and 2).  
Season-specific assessment of the changes in the mean, median and variance shows 
changes in variability are quite robust across the region. An increase in the runoff during 
the late-winter and early-Spring season is evident, however, significant geographical 
variations are observed. The new methodology enables isolating the seasonal “windows” 
(resolved at daily time step) where increases and decreases in flow have occurred. For 



each streamgauge, the mapping of the identified windows of change (increases/decreases) 
onto the regulatory seasons was also pursued. A manuscript based on the results from 
this research is being prepared for submission to a peer-reviewed journal.  

 

 
Figure 1. The location of 32 long-term gauges in the northeastern United States that are 
minimally impacted by diversions and abstractions. The analysis presented in Figure 2 is 
based on this network of gauges.  

 
 
Figure 2. Long-term changes in the seasonal cycle of streamflow in the northeastern 
United States. A Mann-Kendall test is employed on normalized daily streamflow for the 
1955-2006 period. Increases (blue) and decreases (red) in runoff during the water year 
seen across a majority of gauges, especially during the January to June period. The shaded 
blocks represent the six regulatory seasons used by the Maine Department of 
Environmental Protection to prescribe season-specific Aquatic Base Flow levels to mimic 
the seasonality of natural flow regime. 



4. Analysis of long-term changes and temporal variations in hydrologic risk for the 

Piscataquis River 

For the northeastern United States, an important fundamental insight from recent work 
examining the changes in streamflow seasonality is that a larger fraction of the yearly 
runoff is occurring in Winter and early Spring, thus resulting in a advance in the calendar 
date associated with the centroid of Winter and Spring streamflows. Trend analyses of the 
individual gauges reveal an advance in the Winter-Spring center of volume (centroid) 
dates. Analysis of  the long historical record for Piscataquis River, Maine shows that the 
fraction of water year runoff volumes flowing during the Oct 1-April 15 have increased 
over the last century. Substantial decadal scale variations are also seen. A key question 
here is to understand the role of temperature and the larger-scale climate, to the extent 
that climate may be driving these low-frequency variations and trends. Furthermore, 
given the twofold thrust of this project to advance the basic understanding of the regional 
hydrology and making the research accessible to the interested resource managers and 
decision makers, we have also explored the implications of the observed trends (shown in 
Figure 3) for the relative risk of expecting unusually high flow volumes during the 
Winter-early Spring window. This may have some important bearing on how water 
allocation and reservoir drawdowns may be scheduled into the future. A comparison of 
the empirical probability estimates for the 1903-1970 period, contrasted with the 1971-
2005 period reveal some important changes. Figure 4 shows the difference in the long-
term average daily streamflow over the water year. The results highlight that even after 
considering the uncertainty due to sampling, the late-February to mid-April period has 
undergone increases in the flow volumes that are unlikely (at ~90% level) to have been a 
random fluctuation. Thus, the systematic shift toward advance in flows provides impetus 
to pursue the question of the possible climatic origins of this trend and also quantify the 
increased risk of high flow during early Spring. In contrast examining the differences 
between the long-term average estimates for the two periods, we also developed 
nonparametric probability density estimates of the flow volume variations for the two 
periods. Figure 5 shows the somewhat remarkable scale of change, which is masked 
when simply trends or mean changes are assessed. 
 
Results in Figure 5 point to a doubling of the risk of high runoff during early Spring. 
Clearly, a decrease during the May period also implies that reservoir drawdown and 
strategies to attain assured refill must adapt to the changing seasonality and risk of runoff 
volume exceedances. While the relative impact of the changing seasonality will also 
depend on the storage and demand volumes of specific reservoir and water supply 
systems, lower late-Spring and Summer flows may compound the challenges for water 
resources management by increasing the need to augment and maintain flow levels to 
sustain ecosystems and ensure water quality. 
 
 
 
 
 
 



 
Figure 3. Long-term percent runoff volume (as a fraction of the total water year volume) 
flowing during the October 1-April 15 period for the Piscataquis River at Dover-
Foxcroft, Maine. 10-year Lowess smoothed estimates [Cleveland, 1981; Journal of Am. 
Stat Assoc.] are shown in color. The straight line provides an estimate of the linear trend 
over the 1903-2005 period.  



 
 
 
 
Figure 4.  Changes in the long-term daily streamflow for the Piscataquis River over the 
last century. The cumulative runoff volume sequence is shown in the top panel. The 
difference between the two cumulative sequences (for 1903-1970 vs. 1971-2005 periods) 
is shown in red in the lower panel. Positive values during the Oct 1 to April 15 period 
indicate on average an increase in the runoff during the particular period of the year. This 
accumulated increase is then followed by a relative decrease in the runoff volumes during 
the post-April 15 period, indicating that the seasonal cycle of streamflow has likely 
undergone an advance. Grey lines in the bottom panel provide an envelope to 
characterize the uncertainty associated with the computed change. These results are 
obtained by generating 500, 35-year resampled from the 1903-1970 period and then 
computing their difference with the 1971-2005 (a 35 year period) cumulative flows. As a 
result, for each calendar date, 500 estimates of change are computed. These are reflective 
of the changes that may just result from sampling. The 10th and 90th percentile values 
are then picked for each day to develop the envelope. 



 
 
Figure 5. Empirical probability distributions of the year-by-year fraction of flow volumes 
during the Oct 1–April 15 period. The estimates are based on a nonparametric kernel 
density estimator with a Gaussian kernel. The red distributional estimates shows that the 
changes during the recent period (1971-2005) have been toward a decrease in the 
historical mode (from blue distribution) of roughly 20% runoff volume to qualitatively 
bimodal distribution, wherein some year may have as high as 40-50% of yearly runoff 
during the Oct 1–April 15 period. If we take this a step further and compute the relative 
probability of >30% flow in a particular year, the probability has nearly doubled from 
22% to 44%. The “rug” at the bottom of the plot is color coded to show the individual 
observations associated with the two distributional estimates. 
 
 
 
 
 
 
 
 
 
 



5. Exploratory Analysis to understand the role of large-scale climatic drivers of regional 
temperatures variability in the Northeast 
 
A preliminary diagnosis of the large-scale atmospheric and oceanic patterns that co-vary 
with the Winter and early-Spring temperatures in the northeast is provided here. These 
temperatures play an important role in initiating snowmelt runoff and potentially rain 
events during winter and early Spring. Figure 6 shows the patterns of 250hPa 
geopotential heights and the sea surface temperatures associated with February-March 
average temperatures in the northeast. It is important to note that the diagnosed SST and 
geopotential height pattern reflect aggregate linear association between the northeast 
temperatures and large-scale climate. NASA Atmospheric GCM results are also 
examined as a confirmatory analysis to assess and attribute the climatic precursors seen 
in the observational analysis. The next step in this work would be to systematically utilize 
month-by-month climate information and understand the persistence, variability, and the 
potential predictive use of this information for water resources management. 
Furthermore, change in these correlations over time, for example the relative correlation 
maps for the 1950-1970 versus the 1971-2005 period are also of interest in the process of 
systematically understanding the regional hydrologic impacts from the much-studied 
long-term warming trends in the tropical oceans.  
 



 
 
Figure 6. Correlations between the averaged February-April seasonal temperatures for 
the Northeast region and corresponding season sea surface temperatures (SST; left panel) 
and 250hPa geopotential heights (right panel) for the 1950-2005 period. The sea surface 
temperature correlations show a consistent warming along the western Atlantic bordering 
the study region. Also noteworthy is the modest correlation of the regional temperature 
with the east-west SST in the tropical Pacific. These SST are often part of the trans-Nino 
pattern, which is the leading empirical orthogonal pattern of tropical Pacific SST 
variability. The geopotential heights patterns show similarity with the Pacific North 
American patterns and also the circumpolar Arctic Oscillation (AO) and North Atlantic 
Oscillation (NAO). The broader positive correlation of geopotential heights over the 
north east US and the contiguous Canadian region is also noted by Kingston et al (2006; 
Progress in Geography) as being related to the AO and NAO variability. 
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Introduction 
 
Disinfection by-products (DBPs) form in surface waters that are chlorinated during the 
production of drinking water. DBPs are halogenated compounds such as tri-halomethanes 
(THMs) and haloacetic acids (HAAs). Health risks associated with ingesting DBPs 
prompted the U.S. Environmental Protection Agency (EPA) to set maximum contaminant 
levels (MCLs) of 80 ppb for THM and 60 ppb for HAA (U.S. EPA, 2001; Safe Drinking 
Water Act 40CFR 141 and revisions). 
 
A previous study of raw- and finished-water samples from 30 public water systems 
throughout the state of Maine (Peckenham et al., 2006) showed a gradient in total DBP 
concentrations increasing from the coast to inland (Fig. 1). A similar gradient in total 
organic carbon (TOC) concentrations was observed across the state (Fig. 2) that suggest a 
spatial control on the formation of DBPs in water sources. The cross-correlation between 
TOC and DBP concentrations, however, was found to be very weak (Fig. 4).  
 
One of the difficulties with the preliminary study was the reliance of DBP data from 
utility reports that were collected at different times from the other chemical data. A 
second, and much smaller, sampling round obtained DBP concentrations from finished 
water samples, adding a complicating factor of highly variable treatment methods. 
Because of the wide range of treatment variables, it was difficult to make strong 
statements about the relationships between DBP concentrations and other chemical 
parameters. The measurement of DBP formation potential, an analysis of DBP 
concentrations of raw water subjected to identical chlorination treatment, would rectify 
this problem. 
 
Background 
 
TOC and the character of natural organic matter (NOM) are known factors in the 
formation of DBPs (Amy et al., 1987; Kitis et al., 2001; Leenheer et al., 2001; Charrois et 
al., 2004; Xie, 2004; Kim and Yu, 2005). In general, the higher the TOC content of the 
source water the greater the potential to form DBPs (Canale et al., 1997; Charrois et al., 
2004). SUVA254 is used as a surrogate parameter for aromaticity of NOM, which is 
related to a high proportion of humic content (Traina et al., 1990). Specific ultra-violet 
absorbance at 254 nm (SUVA254) correlates positively with DBP formation potential 
(Kitis et al., 2001; Leenheer et al., 2001), and is used to predict DBP concentrations 
within a water system (Chow, 2006). The ratio of absorbance at 465 nm to 665 nm is also 
an indictor of the degree of humification and aromaticity of NOM (Stevenson and White, 
1995; Chin at al., 1994). Korshin et al. (1997) have demonstrated that absorbance at 272 
nm correlates with the formation of total organic halides (TOX) following chlorination. 
SUVA280 was found to be an accurate predictor of the production of DBPs from chlorine 
reactivity with NOM (Kitis et al., 2001). It is therefore expected that DBP concentrations 
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will be greater in waters with higher TOC concentrations and with a higher proportion of 
humic content of the TOC. 
 
According to the Peckenham et al. (2006) results, there was a greater prevalence of 
trihalomethanes (THM) over haloacetic acids (HAA) with increasing distance from the 
ocean in the preliminary data (Fig. 3). TOC concentrations increased (Fig. 2) and 
background chloride concentrations decreased (Cl-b) (Fig. 2) with distance from the 
ocean. Correlations between DBPs and both TOC and chloride concentrations were weak 
(Fig. 3), possibly due to different collection times of the DBP data from the TOC and 
chloride data. A smaller dataset, where DBP concentrations were measured in the same 
samples as the TOC and Cl-b concentrations, showed that DBP concentrations increased 
with increasing TOC and decreasing Cl-b concentrations. The decrease in Cl-b 
concentrations with distance from the ocean could be related to a salt effect caused by 
deposition of marine aerosols, but it is not clear what causes the TOC gradient. 
 
It is well known that catchments are the major contributors of NOM to surface waters, 
hence the controls on the amount and character of NOM is controlled by processes within 
the catchments (Cronan et al., 1999). For example, watershed characteristics and 
properties such as lake volume, ratio of lake area to watershed area, percentage of 
wetland, are related to NOM concentrations. Wetlands are significant contributors of 
dissolved organic carbon (DOC) to streams (Hinton et al., 1998; Garvey and Tobiason, 
2003) although the proportion of wetlands explained more of the variability of DOC in 
rivers than in lakes (Gergel et al., 1999). Houle et al. (1995) found that both the export of 
DOC to lakes and in-lake removal of DOC were important factors in the concentration of 
DOC in lakes. A study by Kling et al. (2000) indicated that while streams consume DOC 
downstream, lakes show an increase in DOC at outlet compared to inlets, indicating a 
production of DOC. Seasonalty is likely to be another factor affecting DOC dynamics. 
 
The color of water (a good proxy for humic content in natural water) in lakes in northern 
United State and Canada is related positively to drainage ratio and negatively to 
watershed slope, mean lake depth, and lake area (Rasmussen et al., 1989; Schiff et al., 
1997). Lake volume was found to correlate negatively with TOC and positively with the 
ratio of phenolic to aromatic relative fluorescence peak intensities and is therefore a 
significant factor in explaining the character of DOC (Vogt et al., 2002) 
 
Certain characteristics of NOM are important in the formation of DBPs. For example, the 
formation potential of trihalomethanes (THMFP) is highly influenced by the hydrophobic 
fraction of NOM, whereas the formation potential of haloacetic acids (HAAFP) is more 
influenced by the hydrophilic fraction (Stepczuk et al., 1998; Kim and Yu, 2005). The 
character of the NOM is also a factor in the effectiveness of water treatment on NOM 
removal and in the formation of DBPs during treatment (Kim and Yu, 2005). Because the 
type of treatment will affect different fractions of NOM, knowledge of NOM 
characteristics will be useful information for treatment plant operators in choosing 
appropriate treatment methods. For example, conventional water treatment removes the 
hydrophobic fraction more than the hydrophilic fraction (Kim and Yu, 2005). 
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Methodology 
 
Fifteen surface waters were sampled in the summer of 2007 and analyzed for major 
anions, cations, dissolved organic carbon (DOC), total organic carbon (TOC), pH, 
temperature, ultraviolet (UV) absorbance, and THM formation potential (THMFP). UV 
absorbance was measured at wavelengths 254 and 436 nm and divided by DOC 
concentrations to obtain specific UV absorbance (SUVA), resulting in SUVA254 and 
SUVA 436, respectively. Four aliquots of each sample were measured using a 
spectrophotometer, then averaged for the final SUVA values. 
 
The pH and specific conductance were analyzed with Hach probes in accordance with 
standard methods. Acid neutralizing capacity was analyzed using an ARAS and TIM900 
titrator system. Cations were analyzed using an Inductively Coupled Plasma-Optical 
Emission Spectroscopy (ICP-OES). Anions were analyzed using an ion chromatography. 
UV absorbance was measured using a UV-VIS spectrophotometer at 254 nm. TOC and 
DOC were analyzed automated persulfate digestion followed by infra-red detection of 
carbon dioxide. 
 
For THMFP analysis, surface-water samples were collected in 500-mL amber glass 
bottles with Teflon-lined caps. The bottles were washed with Liquinox soap, rinsed with 
copious organic-free water, and baked at 400°C in a muffle furnace for one hour. No 
preservatives were added to the sample. The samples were stored at 4°C and tested for 
THMFP within 24 hours using the APHA Standard Method 5710. Chlorine demand was 
measured in each sample in order to estimate the chlorine dose that results in a residual 
chlorine concentration between 3 and 5 mg/L after the sample was held in the dark for 7 
days at 25 ± 2°C. THM concentrations were measured for chlorinated and raw water 
samples and for each site with Fourier Transform Ion Cyclotron Resonance (FT-ICR) 
Mass Spectrometry at the University of Maine. THMFP was obtained by subtracting the 
raw water THM concentration from the chlorinated concentration. Details of the FT-ICR 
method is provided in Appendix A. 
 
Results 
 
There is no correlation between THMFP concentrations and either DOC or Cl-b 
concentrations, although it appears that high THMFP concentrations are associated with 
high DOC concentrations (Figure 5) and low Cl-b concentrations (Figure 6). The THMFP 
appear to cluster at high and low concentrations (Figures 5 and 6). 
 
There is an inverse correlation between Cl-b and DOC concentrations (Figure 7). 
Separating these data into low and high THMFP (based on Figures 5 and 6) shows that 
the high THMFP values are associated with low Cl-b and high DOC concentrations. 
 
As the percentage of particulate organic matter ((TOC-DOC)/TOC x 100) increases, total 
THM concentrations decrease (Figure 8). This association is uncertain because it is 
highky leveraged by the two samples.  
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The source lakes with the greatest average depths have the lowest THMFP concentrations 
(Figure 9), but the relationship between average lake depth and THMFP concentration is 
not linear. Source lakes with the largest surface areas are associated with lowest THMFP 
concentrations (Figure 10). Watershed area for the source lakes has a similar relationship 
(Figure 10), but is not as simple. Watershed and lake surface areas are not linear with 
THMFP concentrations. 
 
Discussion and Conclusions 
 
An inverse relationship between Cl-b and DOC concentrations was observed in samples 
from this study and the previous one (Peckenham et al., 2006). Although no explanation 
for this relationship was revealed in this study, it is clear that there is an inverse 
relationship between Cl-b and DOC in Maine surface waters. It is also clear that THM 
concentrations are connected to either, or both, the DOC and Cl-b concentrations. The 
relationship between DOC and DBPs has been noted in other studies, but the influence of 
Cl-b on DBP formation is enigmatic. This should be distinguished from a different 
process of adding aqueous chlorine to the source that forms THM (Karimi and Singer, 
1991).  It is possible that DOC and Cl-b concentrations are related to distance from the 
coast and have no direct correlation to each other. Future experimental laboratory studies 
on the influence of Cl-b concentrations on the formation of DBPs would help illuminate 
this relationship. 
 
This study has confirmed that existence of a spatial gradient for TOC, Cl-b, and DBPs in 
Maine. The changes observed with respect to distance from the coast were: decreasing 
Cl-b, increasing TOC, and decreasing relative THM content. Additional controls on DBP 
formation appear to be related to lake size and watershed area. Particulate size for TOC 
may also be a controlling factor. Also, the sensitivity and utility of FT-ICR determination 
of DBPs has been documented. A key finding of this study is the apparent independence 
of the TOC and Cl-b contributions to DBP formation. Although not addressed in this 
study, other THM formation processes may be occurring in the coastal regions followed 
by volatilization of THM. This mechanism needs to be investigated in future research. 
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Fig. 1. Total DBP concentrations versus distance from the ocean from the preliminary 
dataset. The data are separated by source type. 
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Fig. 2. TOC concentrations versus distance from the ocean from the initial study. Data 
are separated by source type. 
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Fig. 3. HAA to THM ratio and Cl concentrations versus distance from the ocean for the 
data from the preliminary study. 
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Fig. 4. Relationship between total DBP concentrations versus TOC from the preliminary 
dataset, separated by water source from the previous study. 
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Figure 5. Relationship between THMFP and DOC concentrations for this study. 
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Figure 6. Relationship between THMFP and Cl-b concentrations for this study. 
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Figure 8 
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Figure 9. Total THMFP concentrations versus the average depths in the corresponding 
lake source. 
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Figure 10. Total THMFP concentrations versus watershed area and lake surface area for 
each source. 
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1. Background: 
During chemical disinfection of drinking water, disinfectants (chlorine, ozone, 
chlorinedioxide, chloramines) react with naturally occurring inorganic, organic 
substances, and/or bromide/iodide that are present in the raw water and form disinfection 
by products ((DBPs). The trihalomethanes (THM) are most common routinely measured 
DBPs which include chloroform, bromodichloromethane, dibromochloro-methane, and 
bromoform. We studied water samples from different sites in Maine to identify the most 
abundant halogenated disinfection byproducts that are present in laboratory prepared 
water samples. 

 
2. Experimental Section: 
2.1.   Solid-phase Microextraction (SPME) Sample Preparation Procedure: 

We have used 85 μm carboxen-polies (dimethylsiloxane) (CARPDMS) fiber for 
headspace SPME sampling. Twenty mL of water sample and a magnetic stirring bar were 
placed in a 40 mL septum sealed VOA vial. The SPME fiber was exposed to the 
headspace directly above the liquid to allow analyte molecules to adsorb to stationary-
phase coating while stirring the sample on a magnetic stirrer plate. After 30 min (chosen 
to assure a “near-equilibrium” analyte adsorption and/or absorption) sampling, the fiber 
was simply retracted and exposed in a hot GC injection port to desorb the collected 
analytes for GC/FT-ICR MS analysis.  

2.2. Instrumentation: 
All experiments were performed on an in-house designed {Szulejko, 2002 #17}, 
{Solouki, 2004 #18} 7-T GC/FT-ICR MS (Ion Spec Corp., Forest Lake, CA). The SRI 
model 8610C GC and an in-house configured cryofocuser interface with FT-ICR MS 
based on a Jacoby et al design {Jacoby, 1990 #27}. A 105-m (0.25-mm i.d., 1-μm 
crossbonded 100% dimethyl polysiloxane stationary phase coating) MXT-1 capillary 
column (Restek Corp., Bellefonte, PA) was used for all solid phase micro extraction GC 
experiments. The vacuum chamber surrounding the ICR cell was maintained at ~ 87 ± 5 
°C by a set of DC heating elements {Bennett, 2003 #26}. 

2.3. GC Programming: 
 
The GC programming used for all SPME experiments was as follows: initial temperature 
was set at 40 °C and held for 4 minutes to park the desorbing species at the injection port, 
and ramped at 5 °C per minute to 180 °C and kept isothermal at 180 °C for 12 minutes. 
The carrier gas (He) head pressure was set at 15 psi. 
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2.4. Sample Injection and MS data Acquisition:    
 Analytes extracted by headspace SPME were injected into GC column. The GC/FT-ICR 
mass spectra were acquired using IonSpec Omega Software (version 8.0.294, IonSpec 
Corporation). All MS data were acquired under broadband (16 MHz analog-to-digital 
converter {ADC} rate) mode. The original time domain transient signal contained 256 k 
data points. Blackman window apodization was used for all of the mass spectra included 
in this study.  
 
2.5. Results and Discussion: 
Experiments were conducted using headspace SPME methods for sample preparation. 
The GC/FT-ICR MS total ion chromatogram (TIC), and the mass spectra corresponding 
to the peaks in the GC (from a 20-mL portion of a water sample from different sites 
extracted by headspace SPME with an 85 μm Carboxen/PDMS StableflexTM fiber) shows  
that two most abundant halogenated disinfection byproducts (i.e., chloroform and 
bromodichloromethane) are present at concentration range of (a) between 40 ppb to 100 
ppb,  and (b) above 100 ppb  in different water samples. In order to validate our result, 
we carried out experiment using different reagents, methods, and sample blanks and 
analyzed the data.  The results of the type of DBPs and the concentration value of the 
monitored ions present from different sites in Maine are tabulated in Table 1. 
 
A summary of the GC/FT-ICR MS results for headspace SPME water sample from 
different site is tabulated in Tables 2.1-2.15. In Table 2, for each site (1-15), columns one 
through six contain the observed retention time(RTs), m/z values (experimental and 
theoretical), mass measurement error (MME) in ppm, assigned elemental compositions, 
and potential parent molecules corresponding to the major components present in the 
analyzed sample. In Table 2, all of the theoretical m/z values are calculated by exact mass 
calculator (Version 8.0.1., IonSpec Co, CA) and elemental compositions are assigned 
using the “IonSpec composition calculator” software. 
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Table 1. The result of the type of DBPs and concentration of monitored ions 

(CHCl2+) present in different sites of Maine  

 

Site Final THM Concentration (of 

CHCl2+ion) in ppb 

Dexter CLF, CHClBr+ 60-80 
 

KWD CLF 40-50 
 

NE Harbor CLF, CHClBr+ 
,C2HCl3

+ 
 

40 
 

Portland CLF, CHClBr+ 
 

40-60 

Auburn CLF, CHClBr+  
 

80 

Winthrop CLF, CHClBr+  
 

80-100 

York CLF, CHClBr+  
 

80-100 

Jack man CLF Above 100 

Newport CLF, CHClBr+  
 

Above 100 

Bath CLF Above 100 

Damariscotta CLF, CHClBr+  
 

Above 100 

Millinocket CLF Above 100 

Mars Hill CLF, CHClBr+  
 

Above 100 

Bucksport (Silver Lake) CLF, CHClBr+  
 

Above 100 

SW Harbor CLF, CHClBr+  
 

Above 100 

CLF = Chloroform (82.94, 84.94, 86.938) , ClBrCH+ = fragment ion from 

Bromodichloromethane 
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Table 2.1. Summary of SPME GC/FT-ICR MS Results 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent Molecule
& 
Observed Product Ions  

Jackman       

 22.72 82.9450 
 
116.9083 
 
 129.9140 

82.9449  
 
116.9059 
 
129.9138 

1.2 CH35Cl2
+  

 
CCl3

+ 

 

C2H35Cl3+ 

Chloroform 
CLF ([M + H - HCl]+)  

 
Table 2.2. Summary of SPME GC/FT-ICR MS Results 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Newport       

 22.34 82.9456 
 
116.9080 
 
129.9167 

82.9449  
 
116.9059 
 
129.9138 

 8.43 CH35Cl2
+  

 
CCl3

+ 

 

C2H35Cl3
+ 

Chloroform 
CLF ([M + H - HCl]+)  
 

  
27.49 

 
126.89397  
 
113.8884 
 
90.9197 
 
82.9466 
 
78.9193 
 

 
126.89447 
  
113.8901 
 
90.91779 
 
82.9449  
 

 
-3.94 

 
CH79Br35Cl+ 
 
ClBr+ 

 
CBr+ 

 
CHCl2

+ 

 
Br+ 

Bromodichloromethane 
BDCM ([M +H - HCl]+) 
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Table 2.3. Summary of SPME GC/FT-ICR MS Results 
 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Dexter       

 22.53 46.9676 
 
82.9446 
 
129.9144 

46.9683 
 
82.9449  
 
129.9138 

 
 
-3.61 

CCl+

 
CH35Cl2

+  
 

C2H35Cl3
+ 

Chloroform 
CLF ([M + H - HCl]+)  
 

  
27.54 
 

 
126.8948 
 
82.9455 
 
78.9183 
 

 
126.89447 
 
82.9449  
  

 
3.15 

 
CH79Br35Cl+ 
 
 CHCl2

+ 
 
Br+ 
 

Bromodichloromethane 
BDCM ([M +H - HCl]+) 

 
 
 
Table 2.4. Summary of SPME GC/FT-ICR MS Results 
 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Bath       

 22.10 82.9447 
 
116.9059 
 
129.9142 

82.9449  
 
116.9059 
 
129.9138 

 -2.41 CH35Cl2
+  

 
CCl3

+ 

 

C2H35Cl3
+ 

Chloroform 
CLF ([M + H - HCl]+)  
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Table 2.5. Summary of SPME GC/FT-ICR MS Results 
 
 
 
Site Retentio

n Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Damariscotta       

 22.11 82.9447  
 
116.9059 
 
129.9142 

82.9449  
 
116.9059 
 
129.9138 

-2.41 CH35Cl2
+  

 
CCl3

+ 

 

C2H35Cl3
+ 

Chloroform 
CLF ([M + H - HCl]+)  
 

  
27.25 

 
126.89397  
 
113.8884 
 
90.9197 
 
82.9466 
 
78.9193 
 

 
126.89447  
 
113.8901 
 
90.91779 
 
82.9449  
 

 
-3.94 

 
CH79Br35Cl+ 
 
ClBr+ 

 
CBr+ 

 
CHCl2

+ 

 
Br+ 
 

Bromodichloromethane 
 
BDCM ([M +H - HCl]+)
 
 
 
  

 
 
 
Table 2.6. Summary of SPME GC/FT-ICR MS Results 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

KWD       

 22.34 82.9450 
 
100.9575 
 
129.9132 

82.9449  
 
100.9555 
 
129.9138 

1.2  CH35Cl2
+  

 

CH3OCl2
+ 

 
C2H35Cl3

+ 

Chloroform 
CLF ([M + H - HCl]+)  
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Table 2.7. Summary of SPME GC/FT-ICR MS Results 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Millinocket       

 22.34 82.943 9 
 
116.8829 
 
129.8843 

82.9449  
 
116.9059 
 
129.9138 

-12 CH35Cl2
+  

 
CCl3

+ 

 
C2H35Cl3+ 

Chloroform 
CLF ([M + H - HCl]+)  
 

 
 
 
Table 2.8. Summary of SPME GC/FT-ICR MS Results 
 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent Molecule
& 
Observed Product Ions  

Mars Hill       

 22.57 82.9442  
 
116.9059 
 
129.9129 

82.9449  
 
116.9059 
 
129.9138 

- 8.43 CH35Cl2
+  

 
CCl3

+ 

 
C2H35Cl3+ 

Chloroform 
CLF ([M + H - HCl]+)  
 

  
27.55 

 
126.8994  
 
113.8884 
 
82.9177 
 
78.9196 
 

 
126.8944  
 
113.8901 
 
82.9449  
 

 
0.39 

 
CH79Br35Cl+ 

 
ClBr+ 

 
CH35Cl2

+  
 
Br+ 
 

Bromodichloromethane 
BDCM ([M + H - HCl]+)  

 
 
 
 
 
 
 
 
 

 - 20 - 
 



 
 
 
Table 2.9. Summary of SPME GC/FT-ICR MS Results 
 
 
 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Bucksport 
(Silver Lake) 

      

 22.75 82.9440 
 
116.9059 
 
100.9581 
 
129.9131 

82.9449  
 
116.9059 
 
100.9555 
 
129.9138 

-10  CH35Cl2
+  

 
CCl3

+ 

 
CH3OCl2

+ 
 
C2H35Cl3+ 

Chloroform 
CLF ([M + H - HCl]+)  
 

  
27.49 

 
126.8980  
 
113.8910 
 
82.9461 
 
78.9193 
 

 
126.89447  
 
113.8901 
 
82.9449  
 

 
 

 
CH79Br35Cl+ 

 
ClBr+ 

 

 
CHCl2

+ 

 
Br+ 
 

Bromodichloromethane 
BDCM ([M +H - HCl]+) 
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Table 2.10. Summary of SPME GC/FT-ICR MS Results 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

NE Harbor       

 22.91 46.9683 
 
61.0282 
 
82.9446 
 
100.9551 
 
129.9135 

46.9683 
 
 
 
82.9449  
 
100.9555 
 
 
129.9138 

 
 
 
 
-3.6 

CCl+ 
 
 
 
CH35Cl2

+  
 
CH3OCl2

+ 
 
 
C2H35Cl3+ 

 
 
 
 
Chloroform 
CLF ([M + H - HCl]+)  
 

  
27.55 

 
126.89387  
 
82.9472 
 
78.9199 
 
 
 

 
126.89447  
 
82.9449  
 

 
-4.72 

 
CH79Br35Cl+ 

 
CH35Cl2

+  
 
Br+ 
 

Bromodichloromethane 
BDCM ([M +H - HCl]+) 

 31.63  
 
75.0228 
 
91.0540 
 
128.0621 
 

   
 
C3H7S+ 

 

C4H11S+ 

 

C7H12S+ 

Not known 
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Table 2.11. Summary of SPME GC/FT-ICR MS Results 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

SW Harbor       

 22.28 82.9434  
 
116.9059 
 
 
129.9166 

82.9449  
 
116.9059 
 
 
129.9138 

 CH35Cl2
+  

 
CCl3

+ 

 
 
C2H35Cl3

+ 

Chloroform 
CLF ([M + H - HCl]+)  
 

       

  
27.18 

 
126.8988  
 
113.8904 
 
90.9200 
 
82.9467 
 
78.9194 
 

 
126.89447 
 
113.8901 
 
90.91779 
 
82.9449  
 
 
 
 
 

 
 

 
CH79Br35Cl+ 

 
ClBr+ 

 

 
CHCl2

+ 

 
Br+ 
 

Bromodichloromethane 
BDCM ([M + H - HCl]+) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 - 23 - 
 



Table 2.12. Summary of SPME GC/FT-ICR MS Results 
 
 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Portland       

 22.09 82.9451 
 
116.9059 

82.94498  
 
116.9059 

1.44  CH35Cl2
+

 
CCl3

+ 

 

Chloroform 
CLF ([M + H - HCl]+)  

  
27.22 

126.89397  
 
100.9563 
 
82.9455 
 
 

126.89447 
 
 
 
 82.94498  
 

-3.94 CH79Br35Cl+ 
 
CH3OCl2

+ 
 
CH35Cl2

+ 

 

Bromodichloromethane 
BDCM ([M +H - HCl]+) 
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Table 2.13. Summary of SPME GC/FT-ICR MS Results 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

Auburn       

 22.09 82.9451 
 
100.9556 
 
116.9059 

82.94498  
 
100.9555 
 
116.9059 

 1.44 CH35Cl2
+

 
CH3OCl2

+ 
 
CCl3

+ 

 

Chloroform 
CLF ([M + H - HCl]+)  

  
26.77 

 
126.89397 
 
90.9197 
 
82.9454 
 
 
 
 
 
 
  

 
126.89447  
 
90.91779 
 
82.9449  
 

 
-3.94 

 
CH79Br35Cl+ 
 
CBr+ 

 
CH35Cl2

+ 

 

 

 

 

 

Bromodichloromethane 
BDCM ([M + H - 
HCl]+)  

 
 
Table 2.14. Summary of SPME GC/FT-ICR MS Results 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent Molecule 
& 
Observed Product Ions  

Winthrop       

 22.07 46.9686 
 
82.9451 
 
116.9048 
 
129.9141 

 46.9683 
 
82.94498  
 
116.9059 
 
129.9138 

 
 
1.44  

CCl+ 
 
CH35Cl2

+ 

 
CCl3

+ 

 

C2H35Cl3
+ 

 
Chloroform 
CLF ([M + H - HCl]+)  

  
27.65 

 
126.89358 
  
90.9187 
 

 
126.89447  
 
90.91779 
 

 
-7.0 

 
CH79Br35Cl+ 
 
 CBr+ 
 

Bromodichloromethane 
BDCM ([M +H - HCl]+)  
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Table 2.15. Summary of SPME GC/FT-ICR MS Results 
 
 
Site Retention 

Time 
(min) 

Experimental 
m/z values 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent Molecule 
& 
Observed Product Ions  

York       

 22.05 82.9456 
 
116.9072 
 
129.9148 

82.94498  
 
116.9059 
 
129.9138 

7.4  CH35Cl2
+

 
CCl3

+ 

 

C2H35Cl3
+ 

Chloroform 
CLF ([M + H - HCl]+)  

  
27.41 

 
126.8970  
 
90.9187 
 
82.9458 
 
78.9197 

 
126.89447  
 
90.91779 
 
82.94498  
 

 
 
 
 
 
 
 
 
 
 

 
CH79Br35Cl+ 
 

CBr+  

 

CH35Cl2
+ 

 

Br+ 
 

Bromodichloromethane 
BDCM ([M + H - HCl]+)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 - 26 - 
 



The average retention time and the average experimental m/z value obtained from n =15 

run is tabulated in Table3.  

 
Table 3. Summary of SPME GC/FT-ICR MS Results (Average) 
 
 
Retention Time 
(min) 
(avg 
(n=15)) 

Experimental m/z 
values 
(avg) 

Theoretical 
m/z values 

Calc. 
Mass 
Error 
(PPM)

Elemental 
Composition 

Potential Parent 
Molecule 
& 
Observed Product Ions

      

22.35 82.9448 (n=15) 
 
 
116.9059 
 
129.9132 

82.9449  
 
 
116.9059 
 
129.9138 

-1.2 CH35Cl2
+  

 
 
CCl3

+ 

 
C2H35Cl3+ 

Chloroform 
CLF ([M + H - HCl]+)  
 
CLF ([M - H]+)  
 
CLF ([M - H + CH]+)  
 

 
27.34 

 
126.89397 (n=11)  
 
113.8884 
 
90.9197 
 
82.9448 
 
78.9193 
 

 
126.89447 
 
113.8901 
 
90.91779 
 
82.9449  
 

 
-3.94 

 
CH79Br35Cl+ 
 
ClBr+ 

 

CBr+ 
 
CHCl2

+ 

 
Br+ 
 

Bromodichloromethane 
BDCM ([M + H - HCl]+) 

 

The average experimental m/z value is used for calculating the mass measurement error 

in ppm. Figure 1(a) shows the section (RT= 14-30 min) of total ion chromatogram (TIC), 

and b(i-ii) shows the GC/FT-ICR MS  corresponding to the peaks A and B in the section 

of total ion chromatogram (TIC) from a 20-mL portion of a water sample extracted by 

headspace SPME with an 85 μm Carboxen/PDMS StableflexTM fiber 
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Total Ion Chromatogram (RT = 14-30 min)
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Figure 1(a) : The section (RT= 14-30 min) of  total ion chromatogram (TIC) from a 20-

mL portion of a water sample extracted by headspace SPME with an 85 μm 

Carboxen/PDMS StableflexTM fiber. 
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Figure 1b(i) : The  mass spectra corresponding to the peaks A in the section (RT= 14-30 

min) of  total ion chromatogram (TIC) from a 20-mL portion of a water sample extracted 

by headspace SPME with an 85 μm Carboxen/PDMS StableflexTM fiber.  
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Figure 1b(ii) : The  mass spectra corresponding to the peaks B in the section (RT= 14-30 

min) of total ion chromatogram (TIC) from a 20-mL portion of a water sample extracted 

by headspace SPME with an 85 μm Carboxen/PDMS StableflexTM fiber.  
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The mass spectrum (MS) corresponding to the RT ~ 22.35 min shows the MS assigned to 

chloroform. The observed ions with m/z values at 46.9683, 82.9446, and 116.9067 

correspond to elemental compositions of C35Cl+, CH35Cl2
+, and C35Cl3

+, respectively. The 

observed ions match the expected EI fragments from chloroform (NIST web book MS 

data base). The observed MS pattern closely matches the theoretically calculated isotopic 

pattern.  Electron impact GC/ FT-ICR experiments were performed to confirm the 

retention times of standard chloroform. Under the identical GC conditions used for the 

analysis of water sample, the retention time of chloroform was indeed confirmed as 22.35 

min. The mass spectrum (MS) at RT ~27.34 min shows the MS assigned to 

bromodichloromethane (CHBrCl2). This tentative assignment is based on the EI mass 

spectral appearance. The observed ions with m/z values at 126.89397, 113.8884, 90.9197, 

and 82.9466, correspond to elemental compositions of CH79Br35Cl+, 35Cl 79Br+, C79Br+, 

and CH35Cl2
+ respectively.  The mass measurement accuracy (MMA) is better than one 

part-per-million (MMA < 1 ppm). 

 

Method Detection Limit of Car/PDMS Headspace SPME Analyses of standard 

trihalomethane (THM):  

Experiments were carried out to estimate the headspace SPME GC/FT-ICR MS detection 

limit for THM, which include chloroform, bromodichloromethane, 

dibromochloromethane, and bromoform. The known concentrations of standard THM 

were analyzed with headspace SPME. The amplitude of signal (an analytical response) of 

m/z = 82.94 (i.e, CHCl2
+ fragment ion of   chloroform), m/z =126.89 (i.e, ClBrCH+ 

fragment ion of bromodichloromethane), and m/z = 172.84 (i.e., CHBr2
+ fragment ion of 

dibromochloromethane) were monitored as a function of concentration. The GC/FT-ICR 

MS analysis indicated that our method detection limit for standard THM was 35 ppb.  No 

Signal of m/z = 82.94, m/z = 126.89, and m/z = 172.84 were detected below 35ppb.  

Relative abundances of both ions (i.e., CHCl2
+, and CHClBr+) from standard THM were 

very weak. After closer examination, we found that standard THM solution was prepared 

in methanol. During SPME process, the SPME fiber was saturated with methanol and 

THM adsorption is less from standard solution than from water sample. The amplitude of 
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THM signal is very low. The higher signal at 40 ppb than the 50 ppb is associated with 

introduction of methanol (in excess from SPME, which results in high pressure and lower 

signal at 50 ppb).  

 

Method Detection Limit of Car/PDMS Headspace SPME Analyses of standard 

chloroform and dibromochloromethane:  

 

In order to over come the matrix problem, standard chloroform,  and 

dibromochloromethane were ordered from Sigma Aldrich and electron impact GC/ FT-

ICR experiments were performed to obtain the calibration curve. The calibration curve 

for standard chloroform and dibromochloromethane mixture is shown in Figure 2. 

Calibration Curve for Mixture of Chloroform and Dibromochloromethane 
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Figure 2 : The calibration curve for  standard chloroform and dibromochloromethane 

mixture 

The GC/FT-ICR MS analysis indicated that our method detection limit was 4 ppb. The 

linear concentrations range (over which detector response is proportional to 

concentration) is 4 ppb to 100 ppb (at filament turn at 7.5).  
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We monitored the CHCl2
+ fragment ion of chloroform and CHClBr+ fragment ion of 

bromodichloromethane in water sample. The experiments for water samples were done a 

few months before the experiment used for the calibration curve. Relative abundances of 

both ions (i.e., CHCl2
+, and CHClBr+) shows that the concentration of these halogenated 

compounds in water samples fall into two ranges: (a) between  40 ppb to 100 ppb, and (b) 

above 100 ppb. The concentrations range above 100 ppb of CHCl2
+ fragment ion of 

chloroform and CHClBr+ fragment ion of bromodichloromethane from different sites 

have measurable responses but do not fall in the linear range. This makes it difficult to 

find out the exact concentration of these halogenated compounds in the water sample. 

Though there are many ways to overcome this, such as sample dilution, etc., further 

experiments will be necessary to develop a fully quantitative method.   

 

Conclusion: 

 Based on experimental results, it is concluded that the two most abundant halogenated 

disinfection byproducts (i.e., chloroform and bromodichloromethane) are present in 

different water samples. The concentration of monitored ions (CHCl2+) in different water 

samples vary from site to site and categorized into two ranges:  (a) between  40 ppb to 

100 ppb,  and (b) above 100 ppb.   
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Introduction

The Maine Water Research Institute serves a key role in linking the academic community with state agencies,
environmental organizations, private companies, and the citizens of the State of Maine. Our water resources
are of great importance because of their value for ecosystem service, recreation (tourism), fisheries, and
industry. The Water Research Institute serves the State of Maine as a point of access to the substantial
technical abilities of the University of Maine on issues relevant to water resources. The importance of
providing timely and accurate information transfer continues to grow. Our information transfer mission is
being conducted using part−time staff and additional non−federal funding. We work closely with the Mitchell
Center to link knowledge to action and to support projects that include strong stakeholder involvement. In this
effort the Water Research Institute has worked to disseminate research results through various media,
organized meetings and conferences, participated in statewide forums, served on committees dealing with
water resource issues, worked with teachers to bring water science into the classroom, and provided
opportunities to build new partnerships.
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2007 USGS-Maine WRRI Information Transfer Project  

 

Interim Report - April 30, 2008 

 
Information Transfer Project Title: Penobscot River Watershed Education Program: 

Celebrating and Strengthening Community Connections to the River that Sustains Us 

 

PI:   Beth Bisson, Education Coordinator, Maine Sea Grant Program 

Co-PIs:  Cheryl Daigle, Community Liaison and Outreach Coordinator, Penobscot 
River Restoration Trust 

Ruth Hallsworth, Outreach and Development Manager, Senator George J. 
Mitchell Center for Environmental and Watershed Research 

 

Problem Statement and Information Transfer Objectives: 

 

Problem Statement: 

With the Penobscot River Restoration Project underway, communities within the 
Penobscot River watershed have a unique opportunity to explore past and present human 
values for local riverine resources at the cusp of momentous changes on the river. The 
restoration project is an unprecedented collaboration between federal, state, tribal, non-
profit, and for-profit entities, touted by former Interior Secretary Gale Norton and others 
as a leading example of “cooperative conservation” for the nation.1 Restoration activities 
slated for the project include removal of two dams and fish passage enhancement at three 
others. These changes are anticipated to restore 11 species of sea-run fish, and renew and 
revitalize cultural traditions and economic opportunities up and down the river.2  

The Penobscot River Restoration Trust (Penobscot Trust), a coalition of conservation 
organizations and the Penobscot Indian Nation, is working with the hydroelectric industry 
and state and federal government agencies to implement the restoration project. As part 
of the effort, members of the Penobscot Trust are working to educate Maine citizens and 
state and federal legislators about the project’s objectives and its expected benefits to the 
public. However, until the Penobscot River Watershed Education Project began, parties 
involved in the restoration project, and other interested organizations did not have access 
to a program or curriculum specifically designed to engage the skills and energy of 
another important audience in this historic effort: K-12 students and teachers.  

Few locally or nationally relevant educational programs have been developed specifically 
to help K-12 teachers prepare the types of multidisciplinary curriculum units that 
complex natural resource management issues require. Yet, for young students to start 
learning how to appreciate the complexity of community values for natural resources, or 
the purpose, scientific basis, and expected benefits of resource management efforts such 
as river restoration, students need a multi-faceted look at a locally relevant issue that they 

                                                
1 Miller, K. 2006. River group seeks more federal aid. Bangor Daily News. June 1. 
2 Penobscot River Restoration Trust. 2006. Frequently Asked Questions. URL: 

http://www.penobscotriver.org/content/4011/FAQ/, accessed September, 2006. 
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feel connected to. In recent years, education research has produced many compelling 
studies that show links between place-based learning (PBL) programs, and increased 
student performance in the math, science, social studies, or other subjects covered by a 
particular PBL program.3 In addition, a collaborative study is currently underway through 
Antioch University New England, Harvard Medical School, Massachusetts General 
Hospital, and Program Evaluation and Education Research Associates, Inc., that seeks to 
quantify a link between environmentally-focused place-based learning programs and 
environmental quality.4  

The project team for this one-year pilot information transfer project consisted of the three 
principal investigators listed above, a University of Maine graduate assistant, and five 
teachers and administrators from the project’s partner school, Old Town Elementary 
School, in Old Town, Maine. The group succeeded in designing, piloting, and evaluating 
a place-based multidisciplinary curriculum unit and two related community projects that 
provide the instructional framework and contact with local professionals that is necessary 
for K-12 students and teachers in the watershed to understand and contribute to this 
exciting period of change and renewal on the Penobscot River. Through the remainder of 
this project term (through August 2008), the project team will finish its work to finalize 
and package this place-based curriculum unit, so that it may be extended to other schools 
in the Penobscot River Watershed and beyond. 
 

Project scope: 

For this pilot the Penobscot River Watershed Education Program involved interested fifth 
grade students, teachers, administrators and the school librarian at Old Town Elementary 
School (OTES). The project began with planning sessions with OTES teachers and 
administration during the summer of 2007, and has continued with active student and 
teacher participation throughout the entire 2007-2008 school year. During the 2007-2008 
school year, the OTES fifth grade included three classes of students, for a total of 60 
students participating in the pilot. The school uses an integrated team approach for their 
fifth grade. The three fifth grade teachers share time with all 60 students and each 
concentrates in one subject area: Science (Sandy Daniel), Math (Kristy St. Peter), and 
Social Studies (Cathy Lucas). In addition, the school librarian (Lynn Mayer) worked 
closely with Mrs. Lucas to support the social studies-related content in the program. The 
project PI (Beth Bisson), Co-PIs (Ruth Hallsworth and Cheryl Daigle), and graduate 
assistant (Hannah Webber), collectively, the “project staff,” worked closely with all four 
OTES staff members and the school Principal (Jeanna Tuell) to coordinate the group and 
support the project through the planning, development, implementation, and evaluation 
phases.  
 
Information Transfer Objectives: 

                                                
3 Chawla, Louise, 2007. Student Gains from Place-based Education. Children, Youth and Environments 

Center for Research and Design. Retrieved 2008-04-25 from URL: 
http://www.promiseofplace.org/why_pbe_matters/documents/studentgainsfrPBEfactsheet2Sep2007web.pdf 
4 Duffin, M. , Murphy, M. and Johnson, B. (2007, Nov) "Quantifying a Relationship Between Place-based 

Learning and Environmental Quality" Paper presented at the annual meeting of the North American 

Association For Environmental Education Online Retrieved 2008-04-23 from URL: 

http://www.allacademic.com/meta/p188077_index.html 
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• Create a collaborative, multi-disciplinary education program on watershed 
communities’ cultural, social, economic, and ecological connections to the Penobscot 
River, with a central focus on sea-run fisheries, river restoration, and community 
connections to river resources.  

• Increase student opportunities to learn about current issues in the watershed and 
explore riverine history through interviews with family and community members, 
visits to local historical collections, and interactions with guest speakers.  

• Strengthen institutional connections and increase the flow of educational information 
between K-12 schools, faculty and staff at the University of Maine, federal resource 
management agencies, Wabanaki resource agencies and cultural organizations, the 
Penobscot Trust, local museums and historical societies, and other professionals in 
the Penobscot River watershed.  

• Provide students with an opportunity to engage the public in learning about issues 
that are important to them and their communities by creating lasting public education 
kiosks. 

• Provide increased opportunities for professional networking and interdisciplinary 
collaboration for participating teams of K-12 teachers. 

 
 

Methodology: 

 
Project Components: 

The pilot consisted of two different components: 1) a set of five classroom and field-
based curriculum units, and 2) two related community projects. The five classroom and 
field-based curriculum units were developed for the following topics: 

1. Watershed ecology and hydrology 
2. Sea-run fish ecology 
3. Industry and commerce on the river (past and present) 
4. Cultural history and human ecology in the watershed 
5. River restoration, and the Penobscot River Restoration Project 

Each unit included classroom and field-based lessons led by OTES fifth grade teachers, 
with planning, standards alignment, and logistical assistance from the project staff. Cathy 
Lucas and Lynn Mayer taught the cultural history and human ecology unit lessons during 
the students’ social studies blocks, and Sandy Daniel taught the science-related lessons in 
her classroom during the students’ scheduled science blocks. Kristy St. Peter helped to 
plan all five units, provided support for Sandy, Cathy, and Lynn, and assisted the students 
with their homework and follow-up assignments for each unit.  

To enrich and add value to the content in the lessons, the project staff arranged for guest 
speakers from a wide variety of professions to provide guest lectures and classroom 
activities related to each of the curriculum unit topics. In addition, the project staff 
arranged and coordinated one or more field trips during each unit. The educational 
content covered by this program was designed to complement and expand upon existing 
OTES 4th and 5th grade curriculum on the Penobscot River watershed, fish ecology, 
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cultural history, and social studies. All of the lessons and field activities were aligned 
with learning standards from a range of disciplines in the newly revised Maine State 
Learning Results and the National Science Education Standards. 

The second component of the project, included the following two community projects: 

Oral History Project: 
During this project, the students learned how to conduct oral history interviews through a 
series of classroom lessons and by practicing with questions for their teachers and family 
members. They then conducted seven formal interviews with community members who 
were chosen for their different personal and professional perspectives on the Penobscot 
River and its watershed. The students tape-recorded these interviews, took written notes, 
and took photographs of each interviewee.  

Educational Kiosk Poster Project: 
This second project is ongoing, and will be completed in June 2008. This is a culminating 
project for the entire program. The students are working in three mixed-class teams to 
compile information they learned during their oral history interviews, field trips, guest 
lectures, and classroom lessons to create three large posters (2’x3’), which will be 
installed in two permanent educational kiosks constructed on the waterfront in Old Town. 
The City of Old Town has agreed to build and maintain the kiosks for ongoing display of 
the students’ work. The poster content will be carefully reviewed for scientific and social-
cultural accuracy and sensitivity by the project team, the program’s guest lecturers and 
visiting professionals from each unit topic area, and the City of Old Town. In addition to 
the larger kiosk posters, the team will print smaller (11”x17”) versions of the kiosk 
posters for display in other public venues in Old Town and the surrounding area, such as 
public libraries, schools, and other municipal buildings. This component of the project 
ties together the oral history and public education elements, giving students a unique 
opportunity to become educators within their communities, and helping to preserve and 
share community stories of past and current connections to the river. 

Project Design and Evaluation Planning: 

To plan the full-year, multidisciplinary unit of study, the project budget included funding 
for curriculum development support that allowed participating OTES classroom teachers 
to work with the principal investigators and graduate assistant to develop the classroom 
lessons and field activities during June, July, and August of 2007. The team started by 
meeting for three days in June 2007 to develop an outline for the scope and sequence of 
the program. During these meetings, the group decided upon the five topics for the 
classroom and field-based curriculum units. We reviewed existing curriculum resources 
and identified appropriate lessons for each topic, and gaps where new lessons would need 
to be created. To take advantage of excellent existing curriculum resources covering our 
unit topics, we used or adapted lessons from existing field-tested curricula whenever 
possible, and created new lessons only when high quality lessons were not already 
available. We used or adapted lessons from the following K-12 curriculum resources: 

• Project WET: K-12 Curriculum and Activity Guide (1995) 
• Fish Friends, Atlantic Salmon Federation (1995) 
• Ridges to Rivers: Watershed Explorations in Math and Science (GEMS), 

Lawrence Hall of Science, University of California, Berkeley (1989) 
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• Healthy Water, Healthy People: Water Quality Educators’ Guide, A joint project 
of The Watercourse and Project WET International (2003) 

• Making a Bigger Splash, The Groundwater Foundation (1999) 
• Smithsonian Folklife and Oral History Interviewing Guide, Smithsonian Center 

for Folklife and Cultural Heritage (2003) 

We chose a core group of lessons to pilot for each unit, and mapped these lessons to the 
2007 Maine Learning Results for Social Studies and Science and Technology and the 
National Science Education Standards.   

We also developed a list of potential and preferred field trips for each unit, and a list of 
potential oral history interviewees, classroom guest lecturers, and other professionals we 
hoped would accompany us or participate in each of our field trips. 

It is noteworthy that when OTES was originally approached as a potential partner in this 
project, the scope and scale of the project was originally described as a 4-week 
curriculum unit that would be introduced in the fall. During the project planning sessions, 
it quickly became apparent that the school’s enthusiasm and interest in the project content 
far outstretched the original scale of the project. It was during these planning sessions 
that the project grew from a 4-week unit into a full-year pilot, which was an exciting 
development for the project staff. 

As mentioned above, the new units of study were designed to compliment and expand 
upon existing Old Town Elementary School 4th and 5th grade curriculum on watershed 
and fish ecology, cultural history, and social studies. Because the OTES curriculum is 
developed according to the Maine Learning Results, the topics and content we chose 
should be relevant in other school systems in the watershed as well. For example, 5th 
graders at OTES and many other elementary and middle schools in Maine are already 
engaged in a series of lessons created by the Atlantic Salmon Federation’s excellent “Fish 
Friends” program, in which they learn about Atlantic salmon biology, habitat, and 
migration, raise salmon in their classrooms, and take a trip to a local hatchery.3 The pilot 
Penobscot River Watershed Education Program was designed to complement these 
existing lessons by introducing students to the biology and migration cycles of some of 
the other 10 sea-run fish species that historically inhabited the Penobscot River, such as 
alewives, shad, blue-back herring, and Atlantic and shortnose sturgeon. 

The project supported a graduate student from the University of Maine Center for 
Mathematics and Science Education Research, who worked with the project staff, 
UMaine College of Education faculty, and OTES teachers to develop evaluation tools to 
assess student learning before and after participating in this pilot project. This student, 
Hannah Webber, designed three pairs of pre- and post-instruction assessments to evaluate 
the following concepts: 

• Understanding of the watershed as a system 

• Understanding of fish passageway designs as they relate to ecology and 
adaptations of different sea-run fish species 

• Understanding of the Atlantic Salmon life cycle 

Hannah’s background is in science education, so the student assessments were focused on 
the science content in the project, rather than on the social studies content, for this pilot. 
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In the future, a similar evaluation design could be used to assess student learning in social 
studies or other content areas. 

Each pilot assessment used a specific 2007 Maine Learning Results fifth grade level 
Science and Technology standard as a benchmark for student learning gains. The 
assessments were scored with a rubric designed by Hannah and OTES teachers, and the 
students were give an score between 1 and 4, indicating: 

1. Does not meet the standard 
2. Partially meets the standard 
3. Meets the standard 
4. Exceeds the standard 

In addition to these student learning assessments, Hannah also developed post-
instruction/post-participation evaluation tools to evaluate student attitudes about each of 
the lessons we piloted, and each of the field trips we arranged. This information will be 
very useful for future use of these curriculum units at OTES, and at other schools in the 
Penobscot River watershed. 

Please refer to the Principal Findings and Significance section for a summary of the 
results of these evaluation tools, or to Appendix A, to read the full evaluation summary. 

 

Project Implementation: 

As the OTES teachers began introducing the pilot curriculum in their classrooms, the 
project staff (principal investigators and graduate assistant) supported OTES teachers by 
purchasing and delivering the necessary supplies for each classroom lesson, assisting 
with some of the lessons in the classroom, and arranging for guest presentations by 
professionals working in the Penobscot River watershed who could speak to the topic 
areas covered in the lessons. The guest speakers were either asked to provide 3, 45-
minute classroom sessions (one for each class), or to accompany the group on field trips, 
where they spoke to the whole group at once. The guest speakers included professionals 
from the following organizations:  

• NOAA Fisheries 
• Penobscot Indian Nation’s Department of Natural Resources 
• The Penobscot Nation Museum 
• The Penobscot River Restoration Trust 
• Veazie Salmon Club 
• Penobscot Salmon Club 
• Maine Lakes Conservancy Institute 
• Crag Brook National Fish Hatchery 
• Trout Unlimited, Augusta Chapter 
• PPL Corp. 
• Penobscot Marine Museum 

Please refer to the program activity schedule included as Appendix B to this report for 
more detail. 

The field trips for each unit were organized and attended by project staff, who 
communicated with each trip host ahead of time, arranged for student bus transportation, 
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and scheduled and/or led activities at each site. All three classes of OTES 5th graders 
participated in the following field trips:  

• Trip to Pushaw Lake in Orono, where the students gathered water quality samples 
from the Maine Lakes Conservancy Institute’s pontoon boat, learned how to 
conduct aquatic invertebrate surveys, and how to navigate using GPS receivers. 

• Trip to the Craig Brook National Fish Hatchery in Orland. 

• Tour (interpreted by numerous guest speakers along the way) of the Veazie Dam, 
the Veazie Salmon Club, the Penobscot Salmon Club, and the Great Works Dam. 

• Trip to the Penobscot Marine Museum in Searsport 

• Trip to the Old Town Museum in downtown Old Town 

• Trip to the Penobscot Nation Museum on Indian Island. 

Please refer to the program activity schedule included as Appendix B to this report for 
more detail. 

The oral history classroom lessons and preparation for the formal oral history interviews 
with community members took place in October in November. Cathy Lucas (OTES 5th 
grade social studies teacher), and Lynn Mayer (OTES librarian) prepared the students for 
their formal interviews by introducing classroom activities outlined in the Smithsonian 

Folklife and Oral History Interviewing Guide (Smithsonian Center for Folklife and 
Cultural Heritage, 2003). The students developed practice questions to use for 
preparatory interviews with one another, with their families and with their teachers. They 
learned through this practice, the importance of guiding interviewees through carefully 
written questions and taking clear notes, and they developed confidence they needed to 
interview community members in the formal interviews. 

In total, the three classes of students interviewed 7 members of the local community. 
These individuals were chosen for their diversity of perspectives on local social, cultural, 
and commercial connections to the Penobscot River watershed, and they included: 

• Dan Bird, Human Resources Director, Red Shield Environmental, LLC (paper 
mill and mixed-use industrial facility in Old Town) 

• Sally Gilbert, Ambassador for the Penobscot River Restoration Project, artist, 
naturalist 

• Maria Girouard, Director, Penobscot Nation Cultural and Historic Preservation 
Department, and member of the Penobscot Indian Nation 

• Scott Phillips, Owner, Northeast Outdoor Sports (company specializing in canoe, 
kayak, and other water sports equipment), and member of the Penobscot Indian 
Nation 

• Linwood Parsons, Certified Maine Guide from the upper Penobscot River 
watershed 

• Valerie Osborne, Maine State Library Consultant, Bangor Public Library, Old 
Town resident, and founder of the Old Town Canoe Hullabaloo festival 
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• Anita Haskell, grand-daughter of the inventor of the Peavey, an indispensable 
logging tool, and symbol of the cultural history of logging in the Penobscot River 
watershed 

Each student had a role in one of the interviews, and the three classes shared information 
from their interviews with one another. The interviews were tape recorded, and students 
also took written notes and photographs to document each interview.  

The oral history interviews, field trips, and classroom lessons all provided the 
background information and photographs necessary for the students to be able to produce 
the three large posters for their kiosk project. To kick off student work on the poster 
project, the project staff put together a slide show for the students of all of the project 
activities throughout the fall, and showed it to the three classes in December. They then 
facilitated a brainstorming process in which the students identified information they 
wanted to share with their community about what they had learned, and themes 
underlying the entire unit. When they met again in January, the students chose three 
broad themes for their posters and broke themselves up into three groups: 1) river 
restoration and dam removal, 2) cultural history and human values for the watershed, and 
3) watershed ecology/water quality. The students chose sea-run fish as a single unifying 
theme for all three posters, and they have been working on design elements to thread this 
theme through the content of all three posters. 

Since January, the OTES teachers, project staff, and Maine Sea Grant science 
publications designer have been working with the students to help them solidify their 
ideas for poster content and design, illustrate some of their ideas with student artwork, 
choose relevant photographs (current and historical), and write captions for each section. 
Each group has submitted a final design with illustrations, photographs and captions to 
the Maine Sea Grant science publications designer (Kathlyn Tenga-Gonzalez), and she is 
working on drafts of the final posters. The students will review the drafts in May, and the 
final draft will also reviewed by municipal officials at the City of Old Town, and many of 
our project guest speakers and participating professionals for scientific, historical, and 
cultural accuracy. 

The City of Old Town is currently in the process of constructing two waterfront kiosks to 
permanently house the posters (one at the waterfront park, and one at the boat landing), 
and a kiosk opening celebration is planned for the first or second week in June, when the 
students will present their posters to the Old Town City Council and community, and 
install them in the kiosk. 

 

Principal Findings and Significance: 

Summary: 

As a place-based education program with the nationally-relevant theme of river and sea-
run fishery restoration, the project has helped students and their communities develop a 
shared sense of the historical and ongoing significance of the ways in which local river 
resources support and sustain growth in this region. The term of the project is not 
complete, yet the project has achieved all of the information transfer objectives listed 
above, save the completion of the kiosk poster project, and the final effort to compile and 



 9 

extend the new curriculum to other schools in the watershed. The OTES teachers kept 
detailed logs of their classroom lessons and activities, which will be used to compile and 
finalize the curriculum. 

The pilot at Old Town Elementary School was so successful that the teachers and 
administrators in the project have elected to continue offering the new curriculum during 
the 2008-2009 school year. They have applied for service-learning funding from the Old 
Town School District to pay for their classroom supplies and bus transportation. 

As proposed, the project developed a successful framework for linking professionals 
working in water resources management and related cultural and social studies, with K-
12 students and teachers, and their watershed communities. The program created an 
educational network for sharing information on the scientific, social, and cultural benefits 
and impacts of the Penobscot River Restoration Project, a water resources management 
issue of local and national importance. Participating teachers, the principal investigators, 
and participating guest speakers and community members created new avenues for 
multidisciplinary professional collaboration. The curriculum itself and accompanying 
students’ and teachers’ guides for conducting the community projects will be compiled, 
finalized, and extended during the summer of 2008. The final report for this project will 
contain more information on plans for its continued use in the watershed and beyond.  

As a starting point, the project staff put together a budget for what it would cost to 
conduct two teachers’ professional development workshops during the fall of 2008, as a 
first step toward introducing the curriculum to additional schools. The draft budget 
includes funds for a part-time coordinator for the workshops and follow-up assistance for 
teachers, and for teachers’ materials costs. A final budget for these activities will be 
included with a final report, along with an update on the project staff’s efforts to obtain 
funding for the workshops and plans for any workshops that may be in development at 
that time.   

Project Evaluation Findings: 

The project evaluation data gathered and compiled by graduate assistant, Hannah 
Webber, indicate marked increases in student comprehension in two of the science 
content areas evaluated, and average increase in the third. As noted above, due to limited 
funds for student support and her particular strengths, we chose to evaluate student 
learning in only three of the science content areas of this multidisciplinary program. As 
this curriculum is extended to additional schools in the future, the project team intends to 
build upon the excellent evaluation tools Hannah has developed, by developing additional 
tools to evaluate the social studies content learning and additional science content. Any 
future evaluation efforts will follow the design that Hannah developed, would incorporate 
her suggested changes, and would also use the 2007 Maine Learning Results standards as 
learning benchmarks to ensure comparability with the evaluation data presented here. 

In addition to the pre-and post-instruction assessments Hannah also designed and 
implemented post-instruction evaluation tools to measure student attitudes about each of 
the lessons and field trips in the pilot program. The results clearly indicate which lessons 
and activities were received with most interest and enthusiasm, and which ones the 
project staff should consider replacing or adapting for the final curriculum unit. 
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Please find below a summary of the full evaluation report. For the full report, please refer 
to Appendix A.  
 

Penobscot River Watershed Education Program Evaluation Summary 

1. Activity and Field Trip Assessment 

1.1. Classroom activities 

The classroom scientific component of the Penobscot River Watershed Education 
Program included 14 activities (Table1.1). The activities encompassed three units of the 
curriculum- Basic River Hydrology and Ecology, Fish Ecology, and Industrial Uses of 
the River and Resource Management. 
 
Table1.1: Penobscot River Watershed Education Program classroom activities 

Unit Activity Source Description 

Just a Drop Fish Friends 
Measuring the different reservoirs of the 

Earth’s supply of fresh water 

Creek carvings 

Ridges to Rivers: 

Watershed 

Explorations, San 

Luis Obispo County 

4-H Center 

Building a model of a creek, examining 

the effect of flowing water on the 

landscape 

Build a well in a cup 
Making a Bigger 

Splash 

Building a model groundwater well  

Incredible journey Project WET 
Simulate the movement of water through 

Earth’s systems 

Basic River 

Hydrology/Ecology 

Macroinvertebrate 

mayhem 
Project WET 

A game of tag to illustrate how 

macroinvertebrate populations indicate 

water quality 

Sea-run fish life cycle  Examine different sea-run fish life cycles 

Fish adaptation Fish Friends 

Examination of external features of fish 

and a comparative dissection of Atlantic 
salmon and alewives  

A long way home Fish Friends 
Guided imagery which asks the students 

to imagine the Atlantic salmon migration 

Lots of diversity Fish Friends 
Investigation of living organisms that 

share the same fresh water resource 

Fish Ecology 

Where have all the 

salmon gone? 
 

A look at the challenges faced by the 

Atlantic salmon 

Sum of the Parts Project WET Demonstrate non-point source pollution 

Sediment control 

Sourcebook for 

Watershed 

Education 

An investigation of different types of run-

off (point and non-point) 

Sparkling water Project WET Develop strategies to clean wastewater 

Industrial Uses of the 

River and Resource 

Management 

Pucker effect Project WET 
Simulate ground water testing to discover 

the source of contamination 

To assess student interest in the classroom activities we asked students to rank the 14 
individual activities on a Likert-type scale, with a rank of 1 being “Did not like the 
activity” and 5 being “It was excellent” (Table 1.2).   
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Table 1.2: Classroom activity ratings 

Rating 

Activity 

Did not 

like it 

It was 

dull 

It was all 

right 

It was 

good 

It was 

excellent Sum 

 Number of responses  

Fish Adaptation     5 2 32 39 

Macroinvertebrate 

Mayhem   1 5 3 33 42 

Pucker Effect 1   2 8 30 41 

Incredible Journey   3 3 7 28 41 

Creek Carvings     9 8 31 48 

Sparkling Water     2 14 26 42 

Build a Well in a 

Cup     5 20 18 43 

Sum of the Parts   1 7 17 13 38 

Just a Drop   2 13 16 10 41 

Lots of Diversity   12 10 11 4 37 

Sediment Control 2 6 11 15 4 38 

Where Have All the 

Salmon Gone? 1 4 21 12 4 42 

Sea-run Fish Life 

Cycle 1 8 16 14 3 42 

A Long Way Home 3 15 15 7 2 42 

 
There were between 37 and 48 rankings for each activity- the difference in number is 
explained by student absences for a particular activity.  There were six activities that 
were rated “Excellent” by a majority of students (>50% responses). These activities 
included: Fish adaptation, Macroinvertebrate mayhem, Pucker effect, Incredible journey, 
Creek carvings, and Sparkling water. Additionally, there were five activities which were 
rated either “Excellent” or “Good” by a majority of students. These activities included: 
Build a well in a cup, Sum of the parts, Just a drop, Lots of diversity, and Sediment 
control. There were three activities rated “All right”, “Dull”, or “Did not like it” by a 
majority of the students- Where have all the salmon gone?, Sea-run fish life cycle, and A 
long way home. 
 
Overall, the students were enthusiastic about the classroom activities- comments 
provided by the students included “It was fun”, “It was great”, “Oh I loved that”, 
“Excellent!” (Appendix A). However, as all three activities that rated poorly involved the 
sea-run fish segment of the curriculum there may be room to reconsider those activities 
and implement different activities which may engage students more. Although it is not 
the goal of a curriculum to only have learning activities that students find fun, if students 
are more engaged the learning gains may be greater.  
 



 12 

1.2. Field Trips  

Similar to the classroom activity assessment, we asked students to rank the six field trips 
on a Likert-type scale, with a rank of 1 being “Did not like the field trip” and 5 being “It 
was excellent” (Table1.3). There were between 39 and 43 rankings for each field trip- the 
difference in number is explained by student absences for a particular trip. All of the field 
trips received high marks. 
 
Table 1.3: Field Trip ratings 

Rating 

Location 

Did not like 

it It was dull 

It was all 

right 

It was 

good 

It was 

excellent 

 Number of responses 

Pushaw Lake   2   10 29 

Penobscot Marine Museum     5 8 26 

Craig Pond National Fish Hatchery     7 13 23 

Penobscot River (Dam and Salmon Club Trip)     2 23 16 

Penobscot Indian Nation Museum   1 6 17 15 

Old Town Historical Society 1 6 10 12 12 

 
2. Unit assessments 

2.1. Basic River Hydrology and Ecology 

2.1.1. Basic River Hydrology and Ecology overview 

The Basic River Hydrology and Ecology unit of the curriculum was comprised of five 
classroom activities (Table1.1) and, arguably, all six field trips.  

To assess learning gains in watershed understanding, both from classroom instruction and 
field trips, the students were given a pre-instruction/post-instruction couplet (Table 2.2).  
By examining response to assessment prompts and measuring them against Maine 
Learning Results Science and Technology content standards as benchmarks we are able 
to attribute gains to the curriculum unit. The pre-instruction assessment was given at the 
beginning of the curriculum unit. The post-instruction assessment was given at the end of 
the unit. The students were asked to create a comic strip story of a drop of water moving 
through the watershed. This assessment was designed to probe student understanding of 
the watershed as a dynamic system. The non- static format of a comic strip was chosen to 
assess understanding of the motion of water through the system as a demonstration of the 
constancy of a watershed, and the changeability of water in the hydrologic cycle. This 
assessment assumed that students understood the story-telling format of a comic strip.  
 
Table 2.2: Basic River Ecology and Hydrology assessment 
Assessment Prompt 

Pre-instruction 

Write a comic strip about the watershed. 

One afternoon there is a rain shower that covers the entire Penobscot River 

watershed. Create a cartoon about the adventure of one drop of rain as it travels 

through the watershed (from where it lands to the ocean). Remember! In your story 

line, this drop could fall anywhere in the watershed and follow any one of many 

different paths- use what you know about watersheds, and your creativity, to create 
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a realistic path through (part or all) of the watershed for your water drop.  

Post-instruction 

Write a comic strip about the watershed. 

One afternoon there is a rain shower that covers the entire Penobscot River 

watershed. Create a cartoon about the separate adventures of two drops of rain as 

they take different routes through the watershed. Remember! In your story line, 

these drops could fall anywhere in the watershed and follow any of the many 

different paths- use what you know about watersheds, and your creativity, to create 
two different and  realistic paths through of the watershed for your water drops.  

modified from: “Water cycle adventures,” Making Discoveries: Groundwater Activities for the Classroom and Community,  The 

Groundwater Foundation, 2000.  

 
2.1.2. Basic River Hydrology and Ecology Assessment Results 

There were 22 paired pre- and post-instruction assessments. Additionally, there were 19 
unpaired pre- and 7 unpaired post-instructional assessments.  

Prior to watershed instruction 18% of students demonstrated little to no knowledge of 
water movement through the watershed (4 of 22 paired student responses-Figure 2.1). 
After instruction, the percentage of students demonstrating that level of knowledge 
declined to 9%. Prior to instruction, 82% of students demonstrated at least partial 
knowledge of the water movement through a watershed. That percentage increased to 
91% after instruction- with 55% of students exceeding the standard.  

 
Figure 2.1: Summary of pre-instruction and post-instruction Basic River Hydrology and 
Ecology Unit assessment scores 
 

2.2. Fish Ecology  

The Fish Ecology unit of the curriculum was comprised of five classroom activities 
(Table 1.1) and- as all six field trips emphasized a human relationship with sea-run fish 
and their habitat- all six field trips.  
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To assess learning gains in the understanding of sea-run fish ecology, with emphasis on 
Atlantic salmon and American eels, both from classroom instruction and field trips, the 
students were given a pre-instruction/post-instruction couplet (Table 2.4). By examining 
response to assessment prompts we are able to attribute gains to the curriculum unit. The 
pre-instruction assessment was given at the beginning of the fish ecology unit. The post-
instruction assessment was given at the end of the unit. The students were asked to 
recount the migratory pathway of the Atlantic salmon. This assessment was designed to 
probe student understanding of the life history of the salmon. Using this assessment tool 
we also probed knowledge of some of the reproductive needs of the Atlantic salmon and 
the cyclic nature and temporal and spatial scale of salmon migration. Using the narrative 
and map-based prompt allowed for both verbal and visual response to the prompt. This 
assessment assumed that students possessed basic map reading skills.  
 
Table 2.4: Fish Ecology assessment 
Assessment Prompt 

Pre-instruction 

A group of young Atlantic salmon comes into your travel agency and tells you that 

they have been born without migratory instincts. They would like you to create a 

travel package (an itinerary) that will allow them to migrate with other young Atlantic 

salmon. They need the itinerary to start where they live as young fish, head next to 

where they spend their adulthood, after that move onto where they will reproduce, and 
finally end with where they will go after reproducing. Your job is to develop an 

itinerary for these young Atlantic salmon. 

 

Use the attached map to create a tour route and write descriptions of the locations 

along the itinerary (make sure that you let your young salmon know how long they 

need to stay in each place!). 

Post-instruction 

Using a map, which you can get from your teacher, show the migration of wild 

Atlantic salmon. Start where the fish hatch from eggs, and then include where the fish 

spend their juvenile time, their adulthood, where they go to reproduce and, finally, end 

with where the fish will go after reproducing. Include how long the fish stay in each 

area.  

Students were asked the additional extension questions: 

• How is the life cycle of the American Eel different from the life cycle of the 

Atlantic salmon? 

• How is the life cycle of the American Eel the same as the life cycle of the 

Atlantic salmon? 

modified from: “Long Distance Swimmers,”  Fish Friends: A curriculum supplement for grades 4, 5&6,  

Atlantic Salmon Federation, 1995. 

 
While most of the information necessary to answer the post-instruction prompt was 
contained in the “Long way home” activity, the students could also draw from their visit 
to Craig Pond National Fish Hatchery, as well as numerous visual cues (in the form of 
informational posters) around their classroom.  Additional extension questions were 
asked in the post-instructional assessment to determine whether the students were able to 
discern differences in the Atlantic salmon versus the American Eel life histories.  

2.2.1. Fish Ecology Assessment Results  

There were 34 paired pre- and post-instruction assessments. Additionally, there were ten 
unpaired pre- and five unpaired post-instructional assessments. The unpaired assessments 
are not considered in this discussion. 
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Prior to Fish Ecology instruction 59% of students demonstrated a level of knowledge 
about the migratory pathway of the Atlantic salmon that did not meet the standard (20 of 
34 paired student responses-Figure 2.2). After instruction, the percentage of students 
demonstrating that level of knowledge declined to 3%. Conversely, prior to instruction, 
41% of students demonstrated at least partial knowledge of the salmon migratory 
pathway. That percentage increased to 97% after instruction.  
 

 
Figure 2.2: Summary of pre-instruction and post-instruction Fish Ecology Unit 
assessment scores 
 

2.3. Industrial Uses of the River and Resource Management 

The Industrial Uses of the River and Resource Management unit of the curriculum was 
comprised of four classroom activities (Table 1.1) as well as field trips Penobscot River, 
Penobscot Marine Museum, Penobscot Indian Nation Museum, Old Town Historical 
Society. Table 2.5: Classroom activities and applicable Maine Learning Results 
Standards 

To assess learning gains in understanding the nature of resource management and 
industrial uses of the river, both from classroom instruction and field trips, the students 
were given a pre-instruction/post-instruction couplet (Table 2.6).  By comparing 
responses to the assessment prompts we are able to attribute learning gains to the 
curriculum unit. The pre-instruction assessment was given at the beginning of the 
Industrial Uses of the River and Resource Management unit. The post-instruction 
assessment was given at the end of the unit. The students were asked to create a fish 
bypass for a dam on the Penobscot River. This assessment was intended to probe student 
understanding of the nature of dams and the design of fish passageways. The “draw and 
explain” format of the assessment allowed the students to apply knowledge gained during 
the field trips as well as understandings gained during the previous unit on sea-run fish 
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ecology. This assessment assumed that students understood basic dam design and 
function. 
 
Table 2.6: Industrial Uses of the River and Resource Management assessment 
Assessment Prompt 

Pre-instruction 

Near the Old Town Elementary School there is a dam that spans the entire width of 

the river. Eleven species of sea-run fish need to get past this dam to reach their 

spawning ground. How will these species get past the dam and to their spawning 

grounds to reproduce? 

 

Use the space below to draw and then explain how you would get any of these fish 
species past the dam to their spawning ground. 

Post-instruction 

Design a fishway to by-pass a dam spanning the width of the Penobscot River. 

Indicate what fish species you are targeting, what time of the year you will have to 

run your fish passageway. Also include information about whether other fish 

species will be able to use the passageway and whether you will need to make 

changes to the passageway if the water flow is higher or lower than you expected. 

 
A drawing prompt with writing can be used to uncover mental models that may not be 
expressed simply with words (Wandersee 1994). The assessment asked students to 
synthesize information about fish migration, impediments to migration, and engineering 
solutions to problems.  
 

2.3.1. Industrial Uses of the River and Resource Management Assessment 

Results  

 
There were 37 paired pre- and post-instruction assessments. Additionally, there were 
eight unpaired pre- and six unpaired post-instructional assessments. The unpaired 
assessments are not considered in this. 

Prior to Industrial Uses of the River and Resource Management instruction 14% of 
students demonstrated a level of knowledge about dam and fish passageway form and 
function that did not meet the standard (5 of 37 paired student responses-Figure 2.3). 
After instruction, the percentage of students demonstrating that level of knowledge 
declined to 4%. Prior to instruction, 86% of students demonstrated at least partial 
knowledge of dam and fish passageway form and function. That percentage increased to 
91% after instruction.  
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Figure 2.3: Summary of pre-instruction and post-instruction Industrial Uses of the River 
and Resource Management Unit assessment scores 
 
3. Assessment Summary 

The watershed dynamics and salmon migration assessments demonstrate that students 
partaking in this curriculum did experience knowledge gains. The images created to 
convey students’ ideas of scientists expressed both conventional and unconventional 
views of the work of scientists. But as the scientists were smiling, and the research that 
they was depicted as undertaking was varied and imaginative, there is a suggestion that 
the students perceive that being a scientist is exciting and fun. The learning gains implied 
by the industrial uses of the river assessment were not breathtaking. However, as 
information to answer this particular assessment was not contained in any classroom 
instruction, we must conclude that the information came from field trips and from 
nonspecific sources. With that in mind, one could view the gains as impressive. The 
Industrial Uses of the River and Resource Management unit’s classroom instruction and 
its assessment should agree better with each other.  

Whether or not the summary assessments show the best work of these students is 
unknown. It may be better in future uses of this curriculum to have the assessments be 
more formative in nature. For example: Instead of giving a pre- and post- instruction 
couplet it may be better to have students adjust their response to the pre-instruction 
question after each classroom activity (i.e. adding a “What I know now…” statement). 
Should these assessments be kept as part of this curriculum their wording should be 
addressed (Table 3.1) Please see Appendix B to read the recommendations in Table 3.1. 

To read the rest of the project evaluation report, please refer to Appendix A. 

 

Student Support: 

We were very pleased with the high quality of work contributed to this project by our 
graduate student assistant, Hannah Webber, a Masters in Science Teaching graduate 
student with the University of Maine Center for Mathematics and Science Education 
Research. The project budget included $1500 for student support, which was used to pay 
for our Hannah’s time in May and June of 2007. With these funds, Hannah conducted a 
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review of existing curriculum resource materials and produced a thorough list of lessons 
from each that fell under our 5 curriculum unit topics. She and the principal investigator 
worked together to align each of the lessons that OTES teachers chose to use for the pilot 
with the 2007 Maine Learning Results and the National Science Education Standards. 

We were so appreciative of Hannah’s support and her enthusiasm for the project, that we 
decided to research other sources of external funding to pay for her time during the fall 
semester of the 2007-2008 academic year. She qualified for a tuition waiver for a 
graduate assistantship, which left about $4500 in funding needed to cover ten hours a 
week of her time from September through December. We made arrangements with the 
UMaine Center for Mathematics and Science Education Research to pay for this time 
with additional program matching funds contributed by Maine Sea Grant ($3000) and the 
UMaine Senator George J. Mitchell Center ($1500). These additional matching funds 
were not part of the original program budget. 

With these funds, Hannah helped the rest of the project staff with content and logistical 
support for the classroom and field-based curriculum units and the two community 
projects. In addition, she worked with OTES teachers, the project staff, and UMaine 
College of Education Faculty to design and implement the program evaluation tools 
described above. Hannah’s contributions were invaluable to this pilot, and we feel 
fortunate to have been able to support this additional work. 

 

Notable Awards and Achievements: 

This grant is ongoing, yet we can report on three notable awards and achievements to 
date: 

1. Our pilot school, Old Town Elementary School, in Old Town, ME, has 
demonstrated an extremely high level of support for this program. Before the 
program even got underway in the fall of 2007, the participating teachers and the 
school principal elected to supplant their entire fall science curriculum and part of 
their fall social studies curriculum with the science and social studies content 
covered in this multidisciplinary program. This decision was entirely introduced 
by OTES, and came as a strong endorsement of our collaborative program 
planning and design process in the spring and summer of 2007, and of the 
program content. 

2. The year-long pilot at OTES has been so successful, and so well-received by the 
participating teachers, the school principal, the students, and student parents, that 
the school has already made a decision to continue offering the curriculum on 
their own, without external coordination or funding, during the 2008-2009 school 
year. The participating teachers have already applied to the Old Town School 
District for service-learning funds to cover the classroom supplies and bus 
transportation funding they will need to carry out the program for a second year.  

3. The project team worked with OTES Principal, Jeanna Tuell, to introduce the new 
program to the City Manager of Old Town, and request advice and planning 
assistance as we began to plan the kiosk poster project. Originally, we had 
intended to raise funds for the kiosk building supplies and request volunteer 
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support from the community to build them in the spring of 2008. The City 
Manager and Public Works Director were impressed with the service-learning 
project the students were engaged in, and with the timely, relevant content that 
would be in the student’s education posters. The project fits nicely with the City’s 
current community development and shoreline revitalization plans, and as a result, 
the City offered to pay for and build two permanent kiosks for ongoing display of 
the students’ work. This level of support was unexpected and much appreciated. 
The City’s willing involvement and support underscores the potential benefits of 
linking K-12 students’ academic curricula with community service-learning 
efforts that can forge new and long-lasting connections within a community. 

 

Publications: 

To date, we have created a poster that was presented at the 2008 Maine Water 
Conference in Augusta. Please refer to Appendix C to see a copy of this poster. 

Through our planning efforts, the group also created a comprehensive list of existing 
curriculum resources aligned with the topic areas in the Penobscot River Watershed 
Education Program. Please refer to Appendix D to see a copy of this document. 

By the end of the project (August 2008), the project team will have produced a final 
curriculum packet, which will be available electronically on all of the pilot project 
participants’ websites. The packet will include the list of existing lessons mentioned 
above, along with those we adapted or created for the project. The list will include 
citations for where other educators can obtain copies of the lessons this group did not 
create. The curriculum packet will also include a teachers’ guide and a students’ guide to 
developing and implementing community service-learning projects that complement the 
content areas in the curriculum. It will include a list of all of the project activities and 
field trips outside of classroom lessons, along with a list of contacts and information for 
each activity and trip. 



Appendix A: 

Penobscot River Watershed Education Program Evaluation 

1. Activity and Field Trip Assessment 

1.1. Classroom activities 

The classroom scientific component of the Penobscot River Watershed Education Program included 14 
activities (Table1.1). The activities encompassed three units of the curriculum- Basic River Hydrology 

and Ecology, Fish Ecology, and Industrial Uses of the River and Resource Management. 

 

Table1.1: Penobscot River Watershed Education Program classroom activities 

Unit Activity Source Description 

Just a Drop Fish Friends 
Measuring the different reservoirs of the 

Earth’s supply of fresh water 

Creek carvings 

Ridges to Rivers: 

Watershed 

Explorations, San 

Luis Obispo 

County 4-H 

Center 

Building a model of  a creek, examining 

the effect of flowing water on the 

landscape 

Build a well in a cup 
Making a Bigger 

Splash 

Building a model groundwater well  

Incredible journey Project WET 
Simulate the movement of water through 

Earth’s systems 

Basic River 

Hydrology/Ecology 

Macroinvertebrate 

mayhem 
Project WET 

A game of tag to illustrate how 

macroinvertebrate populations indicate 

water quality 

Sea-run fish life 

cycle 
 

Examine different sea-run fish life cycles 

Fish adaptation Fish Friends 

Examination of external features of  fish 

and a comparative dissection of Atlantic 

salmon and alewives  

A long way home Fish Friends 
Guided imagery which asks the students 

to imagine the Atlantic salmon migration 

Lots of diversity Fish Friends 
Investigation of living organisms that 

share the same fresh water resource 

Fish Ecology 

Where have all the 

salmon gone? 
 

A look at the challenges faced by the 

Atlantic salmon 

Sum of the Parts Project WET Demonstrate non-point source pollution 

Sediment control 

Sourcebook for 

Watershed 

Education 

An investigation of different types of run-

off (point and non-point) 

Sparkling water Project WET Develop strategies to clean wastewater 

Industrial Uses of 

the River and 

Resource 

Management 

Pucker effect Project WET Simulate ground water testing to discover 



 the source of contamintation 

 

 

To assess student interest in the classroom activities we asked students to rank the 14 individual activities 

on a Likert-type scale, with a rank of 1 being “Did not like the activity” and 5 being “It was excellent” 

(Table 1.2).   

 

Table 1.2: Classroom activity ratings 

Rating 

Activity 

Did 

not 

like 

it 

It 

was 

dull 

It was 

all 

right 

It 

was 

good 

It was 

excellent Sum 

 Number of responses  

Fish Adaptation     5 2 32 39 

Macroinvertebrate 

Mayhem   1 5 3 33 42 

Pucker Effect 1   2 8 30 41 
Incredible 

Journey   3 3 7 28 41 

Creek Carvings     9 8 31 48 

Sparkling Water     2 14 26 42 

Build a Well in a 

Cup     5 20 18 43 

Sum of the Parts   1 7 17 13 38 

Just a Drop   2 13 16 10 41 

Lots of Diversity   12 10 11 4 37 

Sediment Control 2 6 11 15 4 38 

Where Have All 

the Salmon Gone? 1 4 21 12 4 42 

Sea-run Fish Life 

Cycle 1 8 16 14 3 42 

A Long Way 

Home 3 15 15 7 2 42 

 

 

There were between 37 and 48 rankings for each activity- the difference in number is explained by 

student absences for a particular activity.  There were six activities that were rated “Excellent” by a 

majority of students (>50% responses). These activities included: Fish adaptation, Macroinvertebrate 

mayhem, Pucker effect, Incredible journey, Creek carvings, and Sparkling water. Additionally, there were 

five activities which were rated either “Excellent” or “Good” by a majority of students. These activities 

included: Build a well in a cup, Sum of the parts, Just a drop, Lots of diversity, and Sediment control. 

There were three activities rated “Alright”, “Dull”, or “Did not like it” by a majority of the students- 

Where have all the salmon gone?, Sea-run fish life cycle, and A long way home. 



Overall, the students were enthusiastic about the classroom activities- comments provided by the students 

included “It was fun”, “It was great”, “Oh I loved that”, “Excellent!” (Appendix A). However, as all three 

activities that rated poorly involved the sea-run fish segment of the curriculum there may be room to 

reconsider those activities and implement different activities which may engage students more. Although 

it is not the goal of a curriculum to only have learning activities that students find fun, if students are 

more engaged the learning gains may be greater.  

 

1.2. Field Trips  

Similar to the classroom activity assessment, we asked students to rank the six field trips on a Likert-type 

scale, with a rank of 1 being “Did not like the field trip” and 5 being “It was excellent” (Table1.3). 

 

There were between 39 and 43 rankings for each field trip- the difference in number is explained by 

student absences for a particular trip. All of the field trips received high marks. 

 

Table 1.3: Field Trip ratings 

Rating 

Location 

Did not 

like it 

It was 

dull 

It was 

all 

right 

It was 

good 

It was 

excellent 

 Number of responses 

Pushaw Lake   2   10 29 

Penobscot Marine Museum     5 8 26 

Craig Pond National Fish Hatchery     7 13 23 

Penobscot River (Dam and Salmon 

Club Trip)     2 23 16 

Penobscot Indian Nation Museum   1 6 17 15 

Old Town Historical Society 1 6 10 12 12 

 

There were between 39 and 43 rankings for each field trip- the difference in number is explained by 

student absences for a particular trip. All of the field trips received high marks. 



2. Unit assessments 

 

2.1. Basic River Hydrology and Ecology 

2.1.1. Basic River Hydrology and Ecology overview 

The Basic River Hydrology and Ecology unit of the curriculum was comprised of five classroom 

activities (Table1.1) and, arguably, all six field trips. The applicable Maine Learning Results standards for 

this unit are summarized in Table 2.1.  

 

Table 2.1: Classroom activities and applicable Maine Learning Results Standards 

Activity Applicable Maine Learning Result Standards 

Just a drop A4: Unifying Themes- Scale 

Creek carvings 
A2: Unifying Themes- Models  

A3: Unifying Themes- Constancy and Change 

Build a well in a cup A2: Unifying Themes- Models 

Incredible journey 
A1: Unifying Themes- Systems  

D2: The Physical Setting-Earth 

Macroinvertebrate mayhem E1: The Living Environment-Biodiversity 

 

To assess learning gains in watershed understanding, both from classroom instruction and field trips, the 

students were given a pre-instruction/post-instruction couplet (Table 2.2).  By examining response to 

assessment prompts we are able to attribute gains to the curriculum unit. The pre-instruction assessment 

was given at the beginning of the curriculum unit. The post-instruction assessment was given at the end of 

the unit. The students were asked to create a comic strip story of a drop of water moving through the 

watershed. This assessment was designed to probe student understanding of the watershed as a dynamic 

system. The non- static format of a comic strip was chosen to assess understanding of the motion of water 

through the system as a demonstration of the constancy of a watershed, and the changeability of water in 

the hydrologic cycle. This assessment assumed that students understood the story-telling format of a 

comic strip.  

 

Table 2.2: Basic River Ecology and Hydrology assessment 

Assessment Prompt 

Pre-instruction 

Write a comic strip about the watershed. 

One afternoon there is a rain shower that covers the entire Penobscot River watershed. Create a 

cartoon about the adventure of one drop of rain as it travels through the watershed (from where it 

lands to the ocean). Remember! In your story line, this drop could fall anywhere in the watershed and 

follow any one of many different paths- use what you know about watersheds, and your creativity, to 

create a realistic path through (part or all) of the watershed for your water drop.  

Post-instruction 

Write a comic strip about the watershed. 

One afternoon there is a rain shower that covers the entire Penobscot River watershed. Create a 

cartoon about the separate adventures of two drops of rain as they take different routes through the 

watershed. Remember! In your story line, these drops could fall anywhere in the watershed and 

follow any of the many different paths- use what you know about watersheds, and your creativity, to 

create two different and  realistic paths through of the watershed for your water drops.  

modified from: “Water cycle adventures,” Making Discoveries: Groundwater Activities for the Classroom and Community,  The Groundwater 

Foundation, 2000.  



A drawing prompt with writing can be used to uncover mental models that may not be expressed simply 

with words (Wandersee 1994). The assessment asked students to synthesize watershed information 

including information about groundwater (from Build a well in a cup), surface water (from Creek 

carvings), and water movement (from Incredible journey). Additionally, because the post-instructional 

assessment was given at the end of the whole curriculum, the students could also apply information from 

the Fish Ecology unit and the Industrial Uses of the River and Resource Management unit. 

 

2.1.2. Basic River Hydrology and Ecology Assessment Results 

The Basic River Hydrology and Ecology unit assessment was scored with a rubric (Appendix B) and the 

students given a score between one and four, indicating the following: 

Score Indicating Determined in the following manner 

1 Does not meet the 

standard 

The answer was not understandable, did not pertain to the question, was 

illogical or consisted of one word. 

 

2 Partially meets the 
standard 

The answer was brief or partial, did not demonstrate complete understanding 

of the concept or question, or showed little thought. 

3 Meets the standard The answer was satisfactory, thorough, demonstrated basic understanding of 

the concept or question. 

 

4 Exceeds the standard The answer was not only satisfactory but also contained details or extensions 

of thought showing mastery of information. 

 

The Basic River Hydrology and Ecology-specific rubric-developed scores reflect the following:  

Score Indicating Determined in the following manner 

1 Does not meet the 
standard 

Makes no sense, has water flowing against gradient, no detail 

2 Partially meets the 

standard 

Some, but incomplete, demonstration of flow and connection of bodies of 

water  

3 Meets the standard Demonstrates water flow and connectedness 

4 Exceeds the standard Detailed demonstration of flow, connectedness and has realistic human 

element (for example: waste water getting cleaned in the wastewater 

treatment plant then rejoining the natural flow of water) 

 

 

There were 22 paired pre- and post-instruction assessments (Appendix B). Additionally, there were 19 

unpaired pre- and 7 unpaired post-instructional assessments.  

 

Prior to watershed instruction 18% of students demonstrated little to no knowledge of water movement 

through the watershed (4 of 22 paired student responses-Figure 2.1). After instruction, the percentage of 

students demonstrating that level of knowledge declined to 9%. Prior to instruction, 82% of students 

demonstrated at least partial knowledge of the water movement through a watershed. That percentage 

increased to 91% after instruction- with 55% of students exceeding the standard.  



 
Figure 2.1: Summary of pre-instruction and post-instruction Basic River Hydrology and Ecology Unit 

assessment scores 

 

Individually, one of the students increased their level of knowledge in watershed dynamics from “Does 

not meet the standard” to “Meets the standard”, two increased from “Does not meet the standard” to 

“Exceeds the standard”, two increased from “Partially meets the standard” to “Meets the standard”, two 

increased from “Partially meets the standard” to “Exceeds the standard”, and eight of the students 

increased from “Meets the standard” to Exceeds the standard”. Four of the students were unchanged in 

their assessed level of knowledge; three students demonstrated a loss in watershed dynamics knowledge 

(see Appendix B).   

 

2.1.3.  Basic River Ecology and Hydrology Unit Summary 

Most of the students began the Penobscot River Watershed Education Program with a good understanding 

of water movement through a watershed. The gains seen after the entire watershed program were 

evidenced in richer detail in the comic strips as well as an increased number of students who included a 

man-made element in their post-instruction assessment. The diversity of pathways in the post- instruction 

assessment versus the pre- instruction assessment also indicates a variety of ways the students perceive 

their watershed. Additionally, the number of students who included themselves in their comic strips 

demonstrates a change from an abstracted view of watersheds to a more personalized view. 



2.2. Fish Ecology  

The Fish Ecology unit of the curriculum was comprised of five classroom activities (Table 1.1) and- as all 

six field trips emphasized a human relationship with sea-run fish and their habitat- all six field trips. The 

applicable Maine Learning Results standards for this unit are summarized in Table 2.3.  

 

Table 2.3: Classroom activities and applicable Maine Learning Results Standards 

Activity Applicable Maine Learning Result Standards 

Sea-run fish life cycle E1: The Living Environment- Biodiversity 

Fish adaptation E1: The Living Environment- Biodiversity 

A long way home 

A3: Unifying Themes- Constancy and change 

A4: Unifying Themes-Scale 

E1: The Living Environment- Biodiversity  

E4: The Living Environment- Reproduction 

Lots of diversity 
E1: The Living Environment- Biodiversity  

E2: The Living Environment- Ecosystems 

Where have all the salmon 

gone? 

E2: The Living Environment- Ecosystems 

 

To assess learning gains in the understanding of sea-run fish ecology, with emphasis on Atlantic salmon 

and American eels, both from classroom instruction and field trips, the students were given a pre-

instruction/post-instruction couplet (Table 2.4). By examining response to assessment prompts we are 

able to attribute gains to the curriculum unit. The pre-instruction assessment was given at the beginning of 

the fish ecology unit. The post-instruction assessment was given at the end of the unit. The students were 

asked to recount the migratory pathway of the Atlantic salmon. This assessment was designed to probe 

student understanding of the life history of the salmon. Using this assessment tool we also probed 

knowledge of some of the reproductive needs of the Atlantic salmon and the cyclic nature and temporal 

and spatial scale of salmon migration. Using the narrative and map-based prompt allowed for both verbal 

and visual response to the prompt. This assessment assumed that students possessed basic map reading 

skills.  



Table 2.4: Fish Ecology assessment 

Assessment Prompt 

Pre-instruction 

A group of young Atlantic salmon comes into your travel agency and tells you that they have been born 

without migratory instincts. They would like you to create a travel package (an itinerary) that will allow 

them to migrate with other young Atlantic salmon. They need the itinerary to start where they live as 

young fish, head next to where they spend their adulthood, after that move onto where they will 

reproduce, and finally end with where they will go after reproducing. Your job is to develop an itinerary 

for these young Atlantic salmon. 

 

Use the attached map to create a tour route and write descriptions of the locations along the itinerary 

(make sure that you let your young salmon know how long they need to stay in each place!). 

Post-instruction 

Using a map, which you can get from your teacher, show the migration of wild Atlantic salmon. Start 

where the fish hatch from eggs, and then include where the fish spend their juvenile time, their adulthood, 

where they go to reproduce and, finally, end with where the fish will go after reproducing. Include how 

long the fish stay in each area.  

Students were asked the additional extension questions: 

• How is the life cycle of the American Eel different from the life cycle of the Atlantic salmon? 

• How is the life cycle of the American Eel the same as the life cycle of the Atlantic salmon? 
modified from: “Long Distance Swimmers,”  Fish Friends: A curriculum supplement for grades 4, 5&6,  Atlantic Salmon Federation, 1995. 

 

While most of the information necessary to answer the post-instruction prompt was contained in the 

“Long way home” activity, the students could also draw from their visit to Craig Pond National Fish 

Hatchery, as well as numerous visual cues (in the form of informational posters) around their classroom.  

Additional extension questions were asked in the post-instructional assessment to determine whether the 

students were able to discern differences in the Atlantic salmon versus the American Eel life histories.  



2.2.1. Fish Ecology Assessment Results  

The Fish Ecology unit assessment was scored with a rubric (Appendix C) and the students given a score 
between one and four, indicating the following: 

 

Score Indicating Determined in the following manner 

1 Does not meet the 

standard 
The answer was not understandable, did not pertain to the question, was 

illogical or consisted of one word. 

 

2 Partially meets the 

standard 

The answer was brief or partial, did not demonstrate complete understanding 

of the concept or question, or showed little thought. 

3 Meets the standard The answer was satisfactory, thorough, demonstrated basic understanding of 

the concept or question. 

 

4 Exceeds the standard The answer was not only satisfactory but also contained details or extensions 

of thought showing mastery of information. 

 

The Fish Ecology-specific rubric-developed scores reflect the following:  

Score Indicating Determined in the following manner 

1 Does not meet the 

standard 

Makes no sense, has fish going all over the map 

2 Partially meets the 

standard 

General fresh/sea/fresh (written or from map) migratory pathway inferred, 

little to no time reference, or has general migration route on map but does not 

define all the steps in writing (leaves out stage(s)) 

3 Meets the standard Specific river/northern Atlantic/river migratory pathway, there is reference to 

times and specific locations. 

4 Exceeds the standard Specific river/northern Atlantic/river with reference to life stages, times, 

specific locations, has fish returning to Labrador Sea after spawning. 

 

There were 34 paired pre- and post-instruction assessments. Additionally, there were ten unpaired pre- 

and five unpaired post-instructional assessments. The unpaired assessments are not considered in this 

discussion but are summarized, along with the paired assessments, in Appendix C. 

 

Prior to Fish Ecology instruction 59% of students demonstrated a level of knowledge about the migratory 

pathway of the Atlantic salmon that did not meet the standard (20 of 34 paired student responses-Figure 

2.2). After instruction, the percentage of students demonstrating that level of knowledge declined to 3%. 

Conversely, prior to instruction, 41% of students demonstrated at least partial knowledge of the salmon 

migratory pathway. That percentage increased to 97% after instruction.  



 
Figure 2.2: Summary of pre-instruction and post-instruction Fish Ecology Unit assessment scores 

 

Individually, 29% of students increased their level of knowledge in salmon migration from “Does not 

meet the standard” to “Meets the standard”, 4% increased from “Does not meet the standard” to “Partially 

meets the standard”, 15% increased from “Partially meets the standard” to “Meets the standard”, 24% of 

students were unchanged in their assessed level of knowledge. One student improved from partially 

meeting the standard to exceeding the standard, and one student showed a loss in salmon migration 

understanding (see Appendix C).   

 

2.2.2.  Fish Ecology Unit Summary  

The pre-instruction assessment results were imaginative and outlandish, they suggested enthusiasm and 

creativity. Most were incorrect. The post test results were thorough and realistic. While many of the 

responses contained good to excellent morphological information about one or more life stages there was 

less detail on the time and location spent by the salmon at the different life stages. As the prompt asked 

specifically for information about time scale involved with the salmon life cycle it was unfortunate that 

there was not more information regarding the temporal scale of migration. Additionally, as many of the 

students used the word “chubby” when referring to the adult salmon feeding in the Labrador Sea their 

answers may have simply been a recitation of the facts that they knew. 



2.3. Industrial Uses of the River and Resource Management 

The Industrial Uses of the River and Resource Management unit of the curriculum was comprised of four 

classroom activities (Table 1.1) as well as field trips Penobscot River, Penobscot Marine Museum, 

Penobscot Indian Nation Museum, Old Town Historical Society. The applicable Maine Learning Results 

standards for this unit are summarized in Table 2.5.  

 

Table 2.5: Classroom activities and applicable Maine Learning Results Standards 

Activity Applicable Maine Learning Result Standards 

Sum of the Parts A4: Unifying Themes- Systems 

Sediment control 
A2: Unifying Themes- Models  

E2: The Living Environment- Ecosystems 

Sparkling water 
B2: The Skills and Traits of Scientific Inquiry and Technological 

Design- Skills and Traits of Technological Design 

Pucker effect 
A1: Unifying Themes- Systems  

A2:Unifying Themes- Models 

 

To assess learning gains in understanding the nature of resource management and industrial uses of the 

river, both from classroom instruction and field trips, the students were given a pre-instruction/post-

instruction couplet (Table 2.6).  By comparing responses to the assessment prompts we are able to 

attribute learning gains to the curriculum unit. The pre-instruction assessment was given at the beginning 

of the Industrial Uses of the River and Resource Management unit. The post-instruction assessment was 

given at the end of the unit. The students were asked to create a fish bypass for a dam on the Penobscot 

River. This assessment was intended to probe student understanding of the nature of dams and the design 

of fish passageways. The “draw and explain” format of the assessment allowed the students to apply 

knowledge gained during the field trips as well as understandings gained during the previous unit on sea-

run fish ecology. This assessment assumed that students understood basic dam design and function. 

 

Table 2.6: Industrial Uses of the River and Resource Management assessment 

Assessment Prompt 

Pre-instruction 

Near the Old Town Elementary School there is a dam that spans the entire width of the 

river. Eleven species of sea-run fish need to get past this dam to reach their spawning 

ground. How will these species get past the dam and to their spawning grounds to 

reproduce? 

 

Use the space below to draw and then explain how you would get any of these fish species 

past the dam to their spawning ground. 

Post-instruction 

Design a fishway to by-pass a dam spanning the width of the Penobscot River. Indicate 

what fish species you are targeting, what time of the year you will have to run your fish 

passageway. Also include information about whether other fish species will be able to use 

the passageway and whether you will need to make changes to the passageway if the water 

flow is higher or lower than you expected. 

 

A drawing prompt with writing can be used to uncover mental models that may not be expressed simply 

with words (Wandersee 1994). The assessment asked students to synthesize information about fish 

migration, impediments to migration, and engineering solutions to problems.  



2.3.1. Industrial Uses of the River and Resource Management Assessment 

Results  

The Industrial Uses of the River and Resource Management unit assessment was scored with a rubric 

(Appendix D) and the students given a score between one and four, indicating the following: 

Score Indicating Determined in the following manner 

1 Does not meet the 
standard 

The answer was not understandable, did not pertain to the question, was 

illogical or consisted of one word. 

 

2 Partially meets the 

standard 

The answer was brief or partial, did not demonstrate complete understanding 

of the concept or question, or showed little thought. 

3 Meets the standard The answer was satisfactory, thorough, demonstrated basic understanding of 

the concept or question. 

 

4 Exceeds the standard The answer was not only satisfactory but also contained details or extensions 

of thought showing mastery of information. 

 

The Industrial Uses of the River and Resource Management -specific rubric-developed scores reflect the 

following:  

Score Indicating Determined in the following manner 

1 Does not meet the 

standard 

Dam form and function: Responses do not demonstrate an understanding of 

dam function  

Fishway design and function: Response includes holes in the bottom of the 
dam or does not involve a human designed and engineered solution 

2 Partially meets the 

standard 

Dam form and function: Response indicates that student considers dam to be 

immoveable but does not need to be impermeable 

Fishway design and function: Suggests quasi-appropriate response- 

mechanical doors, fish jumping short dams but a human-made solution for 

taller dams 

3 Meets the standard Dam form and function: Student expresses understanding that dams are 

immoveable and impermeable 

Fishway design and function:  Design takes the form of a fish ladder, ramp, 

elevator 

4 Exceeds the standard Dam form and function: Recognition that dam is immoveable, presents and 

impediment to migration and that a human solution is necessary to help fish 

migrate. 

Fishway design and function: Human designed fish ladder, ramp, elevator. 

Addresses specific migratory needs of the fish species mentioned 

 

 

There were 37 paired pre- and post-instruction assessments. Additionally, there were eight unpaired pre- 

and six unpaired post-instructional assessments. The unpaired assessments are not considered in this 

discussion but are summarized, along with the paired assessments, in Appendix D. 

 

Prior to Industrial Uses of the River and Resource Management instruction 14% of students demonstrated 

a level of knowledge about dam and fish passageway form and function that did not meet the standard (5 

of 37 paired student responses-Figure 2.3). After instruction, the percentage of students demonstrating 

that level of knowledge declined to 4%. Prior to instruction, 86% of students demonstrated at least partial 



knowledge of dam and fish passageway form and function. That percentage increased to 91% after 

instruction.  

 
Figure 2.3: Summary of pre-instruction and post-instruction Industrial Uses of the River and Resource 

Management Unit assessment scores 

 

Individually, 56% of students showed no change in their level of knowledge in dam and fishway form and 

function.  Eleven percent of students improved from “Does not meet the standard” to “Meets the 

standard”, 24% increased from “Partially meets the standard” to “Meets the standard”. Five students 

showed a loss in dam and fishway form and function understanding (see Appendix D). 

   

2.3.2. Uses of the River and Resource Management Unit Summary  

Learning gains were not dramatic. But because students did not have specific classroom activity on dams 

and fishways the scoring of the pre- and post- instruction assessment was not stringent. It came as a 

surprise that some pre-test responses exposed a lack of understanding about the mechanics of how dams 

work. Additionally, although the prompt asked for an engineered solution many responses did not address 

a human solution to get fish over the dam, rather emphasized the fish getting themselves over the dam. 

Students in the post-test who indicated that their design was for both salmon and eels (or sturgeon and 

eel) may not have recognized the differing needs of these two species with regard to overcoming a dam as 

an obstacle for migration. There appears to be a demand for increased classroom focus on dams and fish 

passageways.  In future, if dams and fish passage continue to be a stated primary focus of this curriculum 

then those topics need greater coverage in the classroom. If engineering solutions for water-related issues 

becomes the focus of the industrial portion of the curriculum then the assessment needs to reflect that 

emphasis.  

 

 

3. Summary 

The watershed dynamics and salmon migration assessments demonstrate that students partaking in this 

curriculum did experience knowledge gains. The images created to convey students’ ideas of scientists 

expressed both conventional and nonconventional views of the work of scientists (Appendix A). But as 

the scientists were smiling, and the research that they was depicted as undertaking was varied and 

imaginitive, there is a suggestion that the students perceive that being a scientist is exciting and fun. The 



learning gains implied by the industrial uses of the river assessment were not breathtaking. However, as 

information to answer this particular assessment was not contained in any classroom instruction, we must 

conclude that the information came from field trips and from nonspecific sources. With that in mind, one 

could view the gains as impressive. The Industrial Uses of the River and Resource Management unit’s 

classroom instruction and its assessment should agree better with each other.  

 

Whether or not the summary assessments show the best work of these students is unknown. It may be 

better in future uses of this curriculum to have the assessments be more formative in nature. For example: 

Instead of giving a pre- and post- instruction couplet it may be better to have students adjust their 

response to the pre-instruction question after each classroom activity (i.e. adding a “What I know now…” 

statement).  

 

Should these assessments be kept as part of this curriculum their wording should be addressed (Table 

3.1). 



Table 3.1: Suggested changes to the pre-nstruction and post-instruction assessments 

Assessment Pilot assessment wording Proposed change 

Ideas about scientists pre-test none Draw a picture of a scientist at work. Explain what the 

scientist in your drawing is doing. 

Fish Ecology pre-instruction 

assessment 

A group of young Atlantic salmon comes into 

your travel agency and tells you that they have 

been born without migratory instincts. They 

would like you to create a travel package (an 

itinerary) that will allow them to migrate with 

other young Atlantic salmon. They need the 

itinerary to start where they live as young fish, 

head next to where they spend their adulthood, 

after that move onto where they will reproduce, 

and finally end with where they will go after 

reproducing. Your job is to develop an itinerary 

for these young Atlantic salmon. 

 

Use the attached map to create a tour route and 

write descriptions of the locations along the 

itinerary (make sure that you let your young 

salmon know how long they need to stay in each 

place!). 

Imagine that you are a travel agent. A group of young 

Atlantic salmon comes into your travel agency and tells 

you that they have been born without migratory instincts. 

They would like you to create a travel package (an 

itinerary) that will allow them to migrate with other 

young Atlantic salmon. They need the itinerary to start 

where they live as young fish, head next to where they 

spend their adulthood, after that move onto where they 

will reproduce, and finally end with where they will go 

after reproducing.  Your job is to develop an itinerary for 

these young Atlantic salmon. 

 

Use the attached map to create a tour route and write 

descriptions of the locations along the itinerary (make 

sure that you let your young salmon know how long they 

need to stay in each place!). 

  

Do you know another animal that migrates? What animal 

is it? How is its migration the same as the salmon’s? 

How are their migrations different? 

 

Fish Ecology Post-instruction 

assessment 

Using a map, which you can get from your 

teacher, show the migration of wild Atlantic 

salmon. Start where the fish hatch from eggs, and 

then include where the fish spend their juvenile 

time, their adulthood, where they go to reproduce 

and, finally, end with where the fish will go after 

reproducing. Include how long the fish stay in 

each area.  

How is the life cycle of the American Eel 

different from the life cycle of the Atlantic 

salmon? 

How is the life cycle of the American Eel the 

same as the life cycle of the Atlantic salmon? 

Answer the following three questions: 

1. Using a map, which you can get from your teacher, 

show the migration of wild Atlantic salmon. Start 

where the fish hatch from eggs, and then include 

where the fish spend their juvenile time, their 

adulthood, where they go to reproduce and, finally, 

end with where the fish will go after reproducing. 

Include how long the fish stay in each area.   

2. How is the life cycle of the American Eel different 

from the life cycle of the Atlantic salmon? 

3. How is the life cycle of the American Eel different 

from the life cycle of the Atlantic salmon? 

Industrial Uses of the River and 

Reource Management pre-

instruction assessment 

Near the Old Town Elementary School there is a 

dam that spans the entire width of the river. 

Eleven species of sea-run fish need to get past 

this dam to reach their spawning ground. How 

will these species get past the dam and to their 

spawning grounds to reproduce? 

 

Use the space below to draw and then explain 

how you would get any of these fish species past 

the dam to their spawning ground. 

Near the Old Town Elementary School there is a dam 

that spans the entire width of a river.  Eleven species of 

sea-run fish need to get past this dam to reach their 

spawning ground.  As the dam designer how will you get 

these species past the dam and to their spawning grounds 

to reproduce?  

 

Use the space below to draw and then explain your 

design solution for getting the fish to their spawning 

grounds. 

 

Industrial Uses of the River and 

Reource Management post-

instruction assessment 

Design a fishway to by-pass a dam spanning the 

width of the Penobscot River. Indicate what fish 

species you are targeting, what time of the year 

you will have to run your fish passageway. Also 

include information about whether other fish 

species will be able to use the passageway and 

whether you will need to make changes to the 

passageway if the water flow is higher or lower 

than you expected. 

Design a fishway to by-pass a dam that spans the width 

of the Penobscot River. Describe your fishway and 

explain why you chose this design. What fish species 

you are targeting? What other fish species can use your 

fishway? 



Appendix B: 

Penobscot River Watershed Education Program Schedule 

 
~ Fall Schedule – Guest Speakers and Fieldtrips ~ 

 
September: 
Monday, Sept. 17 Parent Meeting: 6 – 7 pm, at OTES  

 

Tuesday, Sept. 18 Fieldtrip: 8:15 am – 1:45 pm, Trip to Pushaw Lake, at Gould 

Landing in Orono 

Boat trip with the Maine Lakes Conservancy Institute, aquatic 

insect sampling, and GPS activities. 

 
October: 
Tuesday, Oct. 2 Classroom Guests: 8:30 – 11:30am, NOAA Fisheries 

Fisheries Biologists from the NOAA Fisheries Field Station in 

Orono will lead a fish dissection activity  

Tuesday, Oct. 9 Fieldtrip: 8:15am – 1:30pm, Trip to the Orland Fish Hatchery 

Presentation and tour of the hatchery. 

Wednesday Oct. 17 

 

Fieldtrip: 8:15am – 1:30pm, Industry and Fisheries Tour  

Stops to meet local industry/ river resource professionals and 

fishermen at the Veazie Dam, the Penobscot Salmon Club, and the 

Great Works Dam.   

Tuesday Oct. 23 Classroom Guests: Oral History Interviews, 9:00-10:00am  

Students will conduct recorded interviews with two members of the 

local community 

Tuesday October 30  Classroom Guests: Oral History Interviews, 9:00-10:00am  

Students will conduct recorded interviews with two members of the 

local community 

 
November: 
Tuesday, November 6 Classroom Guests: Oral History Interview, 9:00-10:00am  

Students will conduct recorded interviews with one member of the 

local community 

Thursday, November 8 

 

Fieldtrip: Visit to Local Historical/Cultural Museums, 8:30am 

to 12:45pm (Trip to Old Town and the Penobscot Indian Nation 

Museum) 

Tuesday, November 13 Classroom Guests: Oral History Interview, 9:00-10:00am  

Students will conduct recorded interviews with one member of the 

local community 

Thursday, November 15 Fieldtrip: Visit to the Penobscot Marine Museum, 8:00am – 

1:45pm 

Students will look at historical photos, do a fish printing activity, 

and learn about the history of sea-run fisheries and fishing 

communities on the Penobscot River and Bay 

Monday, November 19 Classroom Guests: Oral History Interview, 9:00-10:00am  

Students will conduct recorded interviews with one member of the 

local community 



Thursday, November 29  Classroom Guests: Penobscot River Restoration Project 

Presentations by Penobscot River Restoration Trust (PRRT) staff 

and other PRRT member organizations that is part of the PRRT  

 
December: 
Thursday, December 6 Classroom Guests: Penobscot Indian Nation Department of 

Natural Resources, Water Quality Program Presentation and 

class room activity led by water quality scientist, Angie Reed, with 

possible additional guests: Dan Kusnierz (water quality program 

director, and Lee Francis (Indian Island School’s native studies 

teacher)   

Thursday, December 13  

 

Classroom Guest: Edwards Dam Removal Presentation and 

Fly-Tying Activity 

Presentation by members of the Augusta areaTrout Unlimited on 
the Edwards Dam removal project, and a fly-tying activity for the 
students 

Weeks of December 10-

21 

Student Poster Project: Classroom work time and family photo 

research 

Students will be asking to see old family and community photos as 

they work on their ideas for the large public educational posters 

that will be displayed in a permanent waterfront kiosk 

 
 

~ Spring Schedule – Kiosk Poster Project Completion ~ 
 

January and February: 
Throughout Students generating ideas for their group posters, based on 

December brainstorming meeting, and beginning to gather images.  
 

 

March and April: 
Throughout Student Poster Project Work Sessions: Four two-hour sessions 

planned, in which program staff review ideas generated during 
earlier meetings, and facilitate the students’ collaborative decision-
making and narrowing down of poster themes and content. Final 
designs are delivered to the Maine Sea Grant publications designer 
by mid-April  
 

 

May: 
Throughout Student Poster Project Work Sessions: Two, two-hour sessions 

planned, in which students will review proofs of their poster 
designs, complete any remaining artwork and content, and approve 
the final draft. The Old Town City Manager, project guest speakers, 
local scientists, and cultural historians will be given an opportunity 
to review the final content as well, before it goes to print. 
 



June: 
Thursday, June 5, with 

Thursday, June 12 as a 

back-up date  

Kiosk Opening Celebration: 10:00am – 12:30pm Public 
celebration at the new Old Town waterfront kiosk, in which 
students will present their posters to the Old Town City Council 
and members of the public, and instill the posters in the new kiosk 
built by the City of Old Town. All will have lunch together at the 
waterfront. 
 





Appendix D:

Penobscot River Watershed Education Program - List of Relevant Existing Lessons and Activities

Activity Summary Source Pages

Notes and Assessment 

ideas MLR Standard

Basic River Hydrology/Ecology

group work primer Let's Work Together Ensure that groups work well Project WET pp. 9-11

B1-skills and traits of scientific 

inquiry

background/skill 

development/water quality 

knowledge Mapping it Out

Teaches the basics of concept 

mapping within the framework of 

water quality (could be adapted to 

watershed concepts) Healthy Water/Healthy People pp. 6-8

Give a list of watershed, water 

quality, and organism terms, have 

students create a concept map 

linking the terms… do at the 

beginning and end of each section

B1-skills and traits of scientific 

inquiry

background/water availability How Wet is our Planet?

Gives students an understanding 

of the scale of freshwater 

availability

Making Discoveries: Groundwater 

activities for the classroom and 

community pp. 22-23

Similar to "Just a Drop" (Fish 

Friends) and "A Drop in the 

Bucket" (Project WET) A4-scale

background/water availability Just a Drop

Gives students an understanding 

of the scale of freshwater 

availability Fish Friends pp. 12-13

Similar to "How wet is our planet?" 

(Making Discoveries) and "A Drop 

in the Bucket" (Project WET) A4-scale

background/water availability A Drop in the Bucket

Students divide global water by its 

availability/location Project WET pp. 238-241

Similar to "Just a Drop" (Fish 

Friends) and "How wet is our 

planet?" (Making Discoveries) A4-scale

background/water cycle Idea Pool

Using index cards, students share 

knowledge that they already have 

about watershed and questions 

that they may have Project WET pp. 7-8

use this to understand prior 

knowledge and preconceptions A1+D2-systems

background/water cycle Water Cycle Adventures

Students create a comic strip 

about the adventures of a drop of 

water. Change this to a drop of 

water through a watershed, giving 

each student a different starting 

point.

Making Discoveries: Groundwater 

activities for the classroom and 

community pp. 24-25

This might be better as an 

assessment of student 

understanding of the 

connectedness of the different 

elements of a watershed. A1+D2-systems

background/water cycle Imagine!

close eyes, imagine the different 

parts of the water cycle Project WET pp. 157-160 A1+D2-systems

background/water cycle The Incredible Journey

game about where water 

goes/residence time Project WET pp. 161-165

see also "Pollution-take it or leave 

it" from Healthy Water/Healthy 

People (pp. 21-28) A1+D2-systems

mapping Watershed Mapping- Create a Map

Locate stream and high points of 

land around stream to delineate 

the watershed

Sourcebook for Watershed 

Education p. 120

"Locate the boundaries of this 

watershed"… provide topo map of 

area watershed with clearly 

delineated watershed partitions.

A2-models, social studies D1-

geographic knowledge

mapping Rainy Day Hike hike around school in the rain Project WET pp. 186-189

A2-models, social studies D1-

geographic knowledge

mapping Watershed and Map Reading

Dig up a meter of dirt, form into 

mountains and then make it 

"rain"… what happens? 

Sourcebook for Watershed 

Education p. 118

Given a piece of clay, water and 

some sand make a model of a 

watershed with a stream and a 

lake (and some groundwater)

A2-models, A4 scale, social 

studies D1- geographic knowledge

mapping Totally Topography

Using topo maps and play dough 

students make a 3-D model of 

their watershed Making a Bigger Splash pp. 97-98

A2-models, A4 scale, social 

studies D1- geographic knowledge

watershed modelling Creek Carvings

Ridges to Rivers: Watershed 

Explorations, San Luis Obispo 

County 4-H Center pp. 13-24

This comes from River Cutters 

(GEMS). Could students creat a 2-

D map of the wtarshed that they 

have just created?

water quality/sampling A Snapshot in Time

Primer on water quality sampling, 

used before taking students out 

sampling (the data in the activity 

are for Cooper River, but we could 

get similar data for Penobscot 

River) Healthy Water/Healthy People pp. 61-69

B1-skills and traits of scientific 

inquiry

wetlands Capture, Store, and Release

use sponges to understand the 

role of wetlands Project WET pp. 133-135 A2-models
wetlands: bog People of the Bog create a bog Project WET pp. 89-92 A2-models
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Appendix D:

Penobscot River Watershed Education Program - List of Relevant Existing Lessons and Activities

Activity Summary Source Pages

Notes and Assessment 

ideas MLR Standard

wetlands: marsh Salt Marsh Players

Students role-play the salt marsh 

story Project WET pp. 99-106 A1+D2-systems, E1-biodiversity

ground water Build a Well in a Cup

how we get water from ground 

water Making a Bigger Splash pp. 3-5 A2-models

ground water Get the Ground Water Picture

create different types of aquifers, 

helps to understand ground water 

flow and importance Project WET pp. 136-143 A2-models

ground water Going Underground

student-created ground water 

model Healthy Water/Healthy People pp. 187-193 A2-models

acid rain Where are the Frogs?

Effects of acid rain on frog 

reproduction Project WET pp. 279-286

Extension: Are fish sensitive to 

changes in pH? What would 

happen to fish reproduction?

B1-skills and traits of scientific 

inquiry

field study Ecosystem Investigation

Field study to include physical 

chemical and biological parameters 

of the pond, bog and stream: flora: 

collected from bogs, stream side, 

and pond side

none, need appropriate protocols 

for field sampling

Note: See also "Carts and Horses" 

from Healthy Water/Healthy 

People (pp.  42-48)

A1+D2- systems, B1- Skills and 

traits of scientific inquiry, E1-

biodiversity

field study Ecosystem Investigation

physical parameters: stream flow, 

width, depth??

none, need appropriate protocols 

for field sampling A1+D2- systems
field study Ecosystem Investigation quadrat study: what is here? none, need appropriate protocols E1- biodiversity

field study Ecosystem Investigation

stream sampling: siening  (or 

another student-friendly method) 

for fish, amphibians, leeches

none, need appropriate protocols 

for field sampling

field study Ecosystem Investigation

data presentation: How to present 

data? Categorization, graphing…

B1-skills and traits of scientific 

inquiry

field study/macroinvertebrates/ 

bioassessment Macroinvertebrate mayhem

What do macroinvertz tell us 

about stream health? Project WET pp. 322-327

see also "Habitat, habitat" 

(activity B and community service) 

from Ridges to Rivers: Watershed 

Explorations, San Luis Obispo 

County 4-H Center

E1- biodiversity, B1- skills and 

traits of scientific inquiry

field study/macroinvertebrates/ 

bioassessment Benthic Bugs and Bioassessment

simulates bioassessment for 

stream water quality Healthy Water/Healthy People pp. 154-163

E1- biodiversity, B1- skills and 

traits of scientific inquiry

field study/macroinvertebrates/ 

bioassessment Biodiversity

Collect invertebrates and calculate 

biodiversity index

Sourcebook for Watershed 

Education p. 132-135

Summary: Is this stream healthy… 

why/why not?

E1- biodiversity, B1- skills and 

traits of scientific inquiry

Stream Flow How Fast is the River Flowing?

Calculate the flow of water in a 

stream

Making Discoveries: Groundwater 

activities for the classroom and 

community p. 116

When researching fish ask if there 

are any spots in the stream that 

would be best for any particular 

fish species (based on their need 

of slow/fast moving waters), Look 

at stream gauging data from Geo. 

Mitchell Ctr.?

B1-skills and traits of scientific 

inquiry

Fish Ecology

water quality needs of fish Water Quality Windows

Water quality parameters for fish 

species. Adapt this to include the 

water quality parameters for sea-

run fish. Healthy Water/Healthy People pp. 164-169

For some of these fish the water 

quality parameters are unknown, 

what would be important 

parameters to test for in 

determining the habitat 

requirements for these species?

B1-skills and traits of scientific 

inquiry, C1- understanding inquiry, 

E2- ecosystems, E1- biodiversity

introduced species (Pike and 

Central Mudminnow?) Introduced Species Activity

none, need to find/create an 

activity  (but look at "Nab the 

Aquatic Invader" website from 

SeaGrant http://sgnis.org/kids/)

fish morphology/adaptations Fish Adaptations

Dissect fish and become familiar 

with different body parts of the 

fish. Fish Friends pp. 56-58

Do all the fish look the same? 

Why/why not? E1- biodiversity

ecosystems/food webs Lots of Diversity

Who eats what/interactions of 

freshwater organisms Fish Friends pp. 16-20 note: include Indra's web (p. 18) E1-biodiversity, E2- ecosystems

habitat We are not alone

What other living things share our 

habitat? Fish Friends p. 7 E1-biodiversity, E2- ecosystems

Note: Because "Build a Well in a 

Cup", "Get the Ground Water 

Picture", and "Going Underground" 

are very similar they might be used 

by different groups or by different 

classes. A very good concept 

check list can be found at:
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Appendix D:

Penobscot River Watershed Education Program - List of Relevant Existing Lessons and Activities

Activity Summary Source Pages

Notes and Assessment 

ideas MLR Standard

habitat change Flow Gently

Change up original activity to have

students reflect on changes to 

Pushaw Stream if a) a road was 

widened, b) trees were taken down 

and new houses built, c) a beaver 

built a dam, or d)several large 

trees fell into the river Fish Friends pp. 24-25 E1- ecosystems

migration A Long Way Home

Students imagine salmon migration 

(and, as contrast, eels?) Fish Friends pp. 42-45

Note: create map to show where 

scientists think each of the sea-

run species goes when it goes out 

to sea. 

A3- constancy and change, A4- 

scale, E1- biodiversity, E4- 

reproduction

paper research What Fishway Should We Use?

Students research different types 

of fishways and where/why they 

are used.

none, this may have to be created, 

but check with the Conte Fish 

Center for information?

"Your job is to create a fishway for 

species X on stream Y, what kind 

of fishway would you use and why" 

(which fish gets referrential 

treatment?)

A1- constancy and change, A2- 

models, B2- skills and traits of 

technological design
A day in the life of the fish A

short story about the students' 

species including elements such as 

what it ate, and what it might be 

hiding from (and how). (ssee: "A 

Day in the Life of a Fish" from Fish 

Friends, p. 10).  Returning to the Pushaw

Watershed (mentally)… map 

where you would expect to see 

any of the Penobscot sea-run fish 

during any part of their life cycle 

(e.g., where would you be most 

likely to find glass eels, elvers, 

yellow eels? would you ever expect 

to find a sturgeon in Pushaw 

Lake?)
How do you think scientists know 

where fish go when the fish go out 

to see? How would you find out? 

Make a map of where all the sea-

run fish species are found (in the 

ocean)

fish and contaminants Fish Olympics

a game of tag with fish 

contaminated with different 

waterborne contaminants. Making a Bigger Splash pp. 21-22

Could this be adapted to 

something with sea-run fish? E2- ecosystems

Industrial Uses of the River 

and Resource Management

nonpoint source pollution Nonpoint source pollution activity

dams Dams and Toxic Waste

Using the watershed model from 

"Creek Carvings" put in a dam and 

observe changes River Cutters (GEMS) pp. 49-53

Have to do "Creek Carvings" to do 

this

regulatory control

Who's in Control? Regulatory 

Agencies and Water Control

Investigate the roles of EPA, ACE, 

FEMA, USFWS, USGS, NOAA etc. in 

managing the resources of the 

Penobscot watershed

Sourcebook for Watershed 

Education pp. 148-150

(I am sure there is something here 

about government)

runoff Sediment Control

Examine the effect of surface on 

runoff.

Sourcebook for Watershed 

Education p. 124-125 A2- models, E2(a)- ecosystems

land use/industrial changes Common Water

simulates changes in water 

demands over time Project WET pp. 232-237

A1(b)-systems, A3- constancy and 

change, D1 (a,d)- geographic 

knowledge, E1 (b)- history of the 

community

land use/industrial changes Color Me a Watershed

Map land use changes...for high 

school but maybe there is a way 

to adapt this for 5th graders Project WET pp. 223-231

A1(b)-systems, A3- constancy and 

change, D1 (a,d)- geographic 

knowledge, E1 (b)- history of the 

community

land use/industrial changes

Look at the history of wells/public 

water supply in Old Town

Where does our drinking water 

come from? Has it always come 

from that source? none

A1(b)-systems, A3- constancy and 

change, D1 (a,d)- geographic 

knowledge, E1 (b)- history of the 

community

ground water contamination Pucker Effect

Study groundwater 

contamination/flow Project WET pp. 338-343 A1- systems, A2- models

A3- constancy and change, A4- 

scale, E1- biodiversity, E2- 

ecosystems, E4- reproduction

paper research Adopt-a-Fish

In groups, students adopt and 

research one of the sea-run fish 

and give a presentation about their 

fish (to each other? To a younger 

grade?)
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Appendix D:

Penobscot River Watershed Education Program - List of Relevant Existing Lessons and Activities

Activity Summary Source Pages

Notes and Assessment 

ideas MLR Standard

technology Energetic Water

Students engineer tools that use 

water for power Project WET pp. 242-245

B2- skills and traits of 

technological design

technology Sparkling Water

How water gets cleaned up at the 

WWTP Project WET pp. 348-352

B2- skills and traits of 

technological design

technology Washing Water

models water through the "other" 

water cycle… source, water 

treatment, drinking/household use, 

clean up, discharge Healthy Water/Healthy People pp. 145-152

A1- systems, A2- models, B2-skills 

and traits of technological design

technology  The Groundwater Challenge

Students (in groups) build a water 

filteration device

Making Discoveries: Groundwater 

activities for the classroom and 

community pp. 

Compare designs and ask "Now 

that you have done this exercise 

what would you do differently? 

How would you redesign?"

A1- systems, A2- models, B2-skills 

and traits of technological design

people and water Sum of the Parts

Students simulate different 

upstream/downstream uses of the 

river and consequences of 

upstream actions on downstream 

users. Project WET pp. 267-270 social studies: C1(a), D2 (a,b)

people and water Water Meter

Students record their daily/weekly 

use of water Project WET pp. 271-273 

people and water Water Works

Understand the needs/demands of 

multiple water users Project WET pp. 274-278 social studies: C1(a), D2 (a,b)

people and water

Watershed Observation and 

Interviews interview a water quality scientist

Sourcebook for Watershed 

Education p.137

people and water

Choices and Preferences, water 

index rank of different water users Project WET pp. 367-369 social studies: C1(a), D2 (a,b)

people and water

Where did the water in your 

shower come from? Where is it 

going to?

people and water Wet-Work shuffle

role play different water resource 

jobs Project WET pp. 360-364

Oral History

Oral History Conduct Oral History

Guidelines for Oral History 

Interviews The History Channel

Oral History Voices from the Past

The Pennsylvania Historical 

Society 

(http://www.hsp.org/default.as

px?id=517)

Oral History

Reconfigure NOAA Local Fisheries 

Knowledge for 5th grade

Local Fisheries Knowledge Project 

(http://www.st.nmfs.gov/lfkprojec

t/)

see what the Maine Folklife Center 

has, also Save Our History (History 

Channel)

The Penobscot River 

Restoration Project

Investigating complexity and 

different Points of View What Would You Do?

Students research a couple of 

dilemmas, and discuss what they 

would do. Fish Friends pp. 72-77 social studies: A1 (a-e), A2 (a,b)
Investigating complexity and 

different Points of View Multiple Perspectives

students investigate a stream 

turbidity issue via a WebQuest Healthy Water/Healthy People pp. 55-59
Investigating complexity and 

different Points of View Perspectives

investigate different approaches 

to water management issues Project WET pp. 397-339

Public Attitude Survey What's Happening?

Students conduct a survey about 

the general public's attitude 

toward river/watersheds/water 

management Project WET pp. 425-428

social studies: A1 (a-e), A2 (a,b), 

A3, C1 (a)?, D2 (a,b)

Ecological Restoration Humpty Dumpty Ecological restoration game Project WET pp. 316-321

Very similar to "Picking up the 

Pieces"

Ecological Restoration Picking up the Pieces

Ecological restoration game with 

success stories 

(www.cleanwater.gov/success…. I 

cannot get to this website, maybe 

there is another website similar to 

this one) Healthy Water/Healthy People pp. 182-186 Very similar to "Humpty Dumpty"

Complexity Six Bits

Traces the history of Love Canal, 

has students work together to 

appreciate the complexity of an 

environmental issue

Sourcebook for Watershed 

Education p. 157-158
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Appendix D:

Penobscot River Watershed Education Program - List of Relevant Existing Lessons and Activities

Activity Summary Source Pages

Notes and Assessment 

ideas MLR Standard

Kiosk Development

Continuous

portfolio and self evaluation… 

"Water Log" Project WET pp. 19-22

Other/Community Outreach

Stencil the stormwater drains, 

create bumper stickers, post signs 

about water usage, create a 

learning unit for younger students

develop a restoration garden
interview someone from the 

Pushaw Lake monitoring group
map with dams and industrial sites 

on the Penobscot
Debate about a beaver dam 

(remove/not remove)
Find a small stream in Old Town 

that could use some cleanup and 

have students do their own 

ecological restoration

resources needed: 

life history information about the 

catadromous, diadromous, 

anadromous fish species of the 

Penobscot

Field guides to stream 

invertebrates
Field guides to wetland plants (and 

animals)

Sampling gear
GPS units (if students record 

where they are sampling)
Access to historical and present 

day records of:

Fish catches

Factories

Tanneries

Dumps

Mills

Dams

Population growth

Useful Websites:

http://pearl.maine.edu/window

s/penobscot/

Clearinghouse of Penobscot River 

informtaion and people doing 

research in the Penobscot River 

watershed.

http://pearl.maine.edu/educati

on_resources/sg_fish_in_maine

_B.htm

Introduced fish species list and 

summary
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INTRODUCTION 

The original focus of this project was development of a bulletin board and an on-line GIS 
interface to serve water resources data and “experience-based” information for selected areas of 
the State of Maine. Supplementary work carried out by student interns hired for the project and 
by co-PI Longsworth has resulted in a more ambitious Web-based infrastructure which we term 
the “Maine Water Atlas”. This report provides an overview of the Maine Water Atlas, including 
the bulletin board and on-line GIS interfaces. The report includes examples of Web-based 
products developed during the project and describes their current status. 

 

PROBLEM and RESEARCH OBJECTIVES 

The goal of this project is to develop a user-friendly, map-based, Maine Water Atlas to broadly 
disseminate a diverse array of multi-sourced information associated with water resources in 
Maine. Information includes both “traditional” numeric data sets and also “experience-based” 
information that typically does not reside in formal databases. Integration of diverse information 
sets provides a critical base for an ecosystem-based approach to water resource management. 
The Atlas includes the following core components: 

(i) A bulletin-board catalogue designed to store and serve experience-based knowledge. 
The generic nature of the bulletin board infrastructure ensures that information content 
can extend to all Maine watersheds. 

(ii) Interactive mapping interfaces to access both the experience-based information and 
also environmental data sets hosted on the PEARL Web site (www.pearl.maine.edu). 

(iii) An on-line geo-referenced bibliographic database. This feature was pre-existing but 
is now accessible via the Maine Water Atlas interfaces. 

 

METHODOLOGY & PRODUCTS 

The bulletin board and interactive mapping interfaces are accessed from the home page of the 
Maine Water Atlas, a draft of which is shown in Figure 1. Final revisions to the design of this 
page will be implemented in 2008. Each component of the Atlas is briefly described below. 
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Figure 1. Home page of Maine Water Atlas 

 

Lake & Watershed Search: Bulletin Board & Lake/Watershed Overviews 

The lake and watershed search interface provides a simple text box in which the user types a 
search string (Figure 1). Entering “Echo” displays a list of all waterbodies in the state that 
contain the string “echo”; these waterbodies are displayed in a dynamically generated map 
(Figure 3). Mapping uses a “slippery maps” technology that is highly user-friendly and 
responsive. 

 

Figure 2. Search page for lakes and watersheds 
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Figure 3. Display produced when the search string “echo” is submitted. All waterbody names 
containing this string are displayed in the dynamically generated map. 

 

The search operates on lake, watershed and town names, and also MIDAS code. Thus, entering 
“Rangeley” displays not only Rangeley Lake, but also all waterbodies that are in the town of 
Rangeley. Entering “Rangeley Lake” displays only the lake (Figure 4). 

Once the user arrives at the desired lake, there are two options for obtaining information: (i) 
Community Forum, and (ii) Lake Facts & Data. The latter link brings the user to PEARL’s Lake 
Overview page (Figure 5) which provides key statistics for the lake, access to lake-specific data 
sets, data visualization tools, and references. References are obtained from the on-line 
bibliographic database, KnowledgeBase (http://references.pearl.maine.edu/kb/search.asp). When 
the “Find References for this Lake” link is clicked, a query is executed to extract any records in 
the KB database that have been tagged with the MIDAS code for (in this case) Rangeley Lake 
(note that, although no Rangeley-associated references are currently spatially tagged with this 
lake’s MIDAS code, this spatial indexing will occur in 2008). 
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Figure 4. Display for Rangeley Lake. 

 

Figure 5. PEARL’s lake overview page for Rangeley Lake. 

 

When the Community Forum link is clicked, the user is brought into the Bulletin Board 
component of the Maine Water Atlas. As discussed above, this feature is designed to host 
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spatially-referenced “experience-based” information about lakes and watersheds. Examples of 
such information might include fish introductions, observations on water level fluctuations and 
their impacts on a lake’s flora and fauna, impacts of low stream flows on the stream’s 
biodiversity, barriers to fish passage, etc. The Forum page for Rangeley Lake is shown in Figure 
6. The slippery map zooms to the Rangeley Lake area and the target lake is highlighted. An 
example post is shown – in this case the post is on fish introductions and contains information 
derived from a series of expert interviews conducted by The Nature Conservancy and the Maine 
Aquatic Biodiversity Project in the early 2000s. The database of experience-based information 
developed from these interviews is currently being organized for batch-upload to the Community 
Forum database. 

  

Figure 6. Community Forum page for Rangeley Lake, with example of post. 

 

To make a post to the Forum, the user must log into the system. Once this is done, the posting 
page is accessible (Figure 7). The user enters the post title, the body of the text, and then assigns 
the post to one of a short series of core posting categories (water, animal, plant, land and 
general). The “land” category is intended for any observations associated with the terrestrial 
watershed, while the “general” category is for any topic that does not clearly fit within any of the 
others. Posts related to water quality and quantity, lake and stream level fluctuations, stream 
barriers, etc. would go into the “Water” category. A post that addresses the inability (or ability) 
of a particular fish species to pass a particular stream barrier would be added to the “Animal” 
category. We have intentionally made the category list small to enhance simplicity and overall 
user-friendliness. 
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Figure 7. Posting page for Rangeley Lake. 

 

 

 7



Interactive Mapping 

We have developed two interactive mapping interfaces. Both provide access to the Community 
Forum and to PEARL’s lake and watershed overview pages. 

Google Earth: This interface was developed by incorporating Maine lake and watershed 
centroid points to Google Earth and associating these points with lake/watershed descriptors and 
links to PEARL overviews and Forum pages. At the state level, the user sees a mass of lake and 
watershed points and labels (Figure 8). Clearly, at this scale, the map is not very useful. 
However, the user can implement a Google Earth-based search. While some lakes are locatable 
with this search (i.e. those lakes whose names are ‘embedded’ in the default Google map), not all 
lakes can be found in this way. A better search mode is to search by town. Google Earth then 
zooms to the town and regional lakes are clearly viewable, along with their labels. The example 
of Rangeley is shown in Figure 9. Clicking on the star symbol in the lake reveals lake descriptors 
and links to both Forum and PEARL pages for that lake. 

 

 

Figure 8. Google Earth interface for Maine Water Atlas. All named lakes and HUC-10 
watersheds are shown. 
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Figure 9. Rangeley Lake is displayed in Google Earth. When the star at the center of the lake is 
clicked, a pop-up appears with provides selected locational and morphometric information, as 
well as links to the Community Forum and PEARL lake and watershed overview pages. (Note 
that links will be updated in the near future to reflect the new IP address for the MWA server.) 

 

On-line GIS: We have used an ArcServer platform to develop a GIS-based on-line mapping 
interface to access both PEARL and Forum data. This interface opens with a view of the State of 
Maine in a regional context (Figure 10). Lake searches can be carried out by either lake name or 
MIDAS code. A search for Rangeley lake displays locational and morphometric information, 
along with the same links that are displayed in the Google Earth interface (see above). Right-
clicking on the lake name enables the user to zoom the map to (in this case) Rangeley Lake. 
Analogous searches can be carried out for watersheds. 
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Figure 10. On-line GIS interface for Maine Water Atlas. A search for Rangeley Lake reveals 
locational and morphometric information for this lake as well as links to Forum and PEARL 
pages. 

 

Figure 11. Rangeley Lake area displayed in the ArcServer interface. 
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PROJECT STATUS 

The Web infrastructure for the Atlas is essentially complete – only a few design details / 
revisions remain to be implemented. The core databases that support the mapping interfaces are 
all complete. Additional “experience-based” data will be added to the Forum site in 2008 – much 
of this material is derived from TNC expert interviews, as described above. In addition, we plan 
to add to the ArcServer project supplementary data coverages that are associated with selected 
topics within the arena of sustainable water use. 

 

STUDENT SUPPORT 

Two intern students with the Mitchell Center at UMaine were supported by this project. These 
individuals developed the Forum and ArcServer components of the Atlas, as well as the home 
page. The Google Earth interface is a value-added product contributed by Gordon Longsworth 
(COA GIS lab). 
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Maine WRRI IT FY07  

Publications 

Peer- Reviewed Journal Articles 
 
Johnson, T.E. J.N McNair, P. Srivastava, and D.D. Hart. 2007. Stream ecosystem responses to spatially 
variable land cover: an empirically based model for developing riparian restoration strategies. Freshwater 
Biology 52 (4), 680–695. 
 
Kahl, J.S., S.J. Nelson, et al., 2007. A conceptual framework for control of stream water geochemistry by 
landscape factors, Acadia National Park, USA. Environ. Monit. Assess., 126 (1−3): 9−25. 
 
Nelson, S.J., K.B. Johnson, J.S. Kahl, T.A. Haines, I.J. Fernandez, 2007. Mass balances of mercury and 
nitrogen in burned and unburned forested watersheds at Acadia National Park, Maine, USA. Environ. 
Monit. Assess., 126 (1−3): 69−80. 
 
Nelson, S.J., I.J. Fernandez, J.S. Kahl, 2008. Mercury concentration and deposition in snow in eastern 
temperate North America. Hydrological Processes, submitted. 

Nelson, S.J., 2008. Mercury in snowfall and snowpack mercury dynamics in forested watersheds at 
Acadia National Park, Maine. Park Science, in review. 

Nelson, S.J., K.B. Johnson, K.C. Weathers, C.S. Loftin, I.J. Fernandez, J.S. Kahl, D.P. Krabbenhoft, 
2008. A comparison of winter mercury accumulation at forested and no-canopy sites measured with 
different snow sampling techniques. Appl. Geochem., 23(3), 384-398.  

Kahl, J.S., S.J. Nelson, et al., 2007. A conceptual framework for control of stream water geochemistry by 
landscape factors, Acadia National Park, USA. Environ. Monit. Assess., 126 (1-3): 9-25. 

Schauffler, M., S.J. Nelson, J.S. Kahl, G.L. Jacobson Jr., T.A. Haines, W.A. Patterson III, K.B. Johnson, 
2007. Paleoecological assessment of watershed history in PRIMENet watersheds at Acadia National Park, 
USA. Environ. Monit. Assess., 126 (1-3): 39-53. 

Peckenham, J.M., J.S. Kahl, S.J. Nelson, K.B. Johnson, T.A. Haines, 2007. Landscape Controls on 
Mercury in Streamwater at Acadia National Park, USA. Environ. Monit. Assess., 126 (1-3): 97-104. 

Heffner, C., I. Silwal, J. Peckenham, T. Solouki (2007) Emerging technologies for identification of 
disinfection byproducts: GC/FT−ICR MS characterization of solvent artifacts, Environmental Science 
&Technology. 10.1021/es062441. 
 
Peckenham, J. M., (2007) The persistence of MtBE in groundwater, World Water(May). 
 
Peckenham, J. M., J. Nadeau , R. Behr and A. Amirbahman (in press) Release of Nitrogen and Trace 
Metal Species from Field Stacked Biosolids, Waste Management and Res. v.25: 1−11. 
 
Peckenham, J.M., G. Lipfert, and A. Tolman, and S. Kahl (in review) Natural chloride gradients and the 
formation of disinfection by−products, Journal Amer. Water Works Assoc. 
 



Peckenham, J.M., J.S. Kahl, S.J. Nelson, K.B. Johnson, T.A. Haines, 2007. Landscape Controls on 
Mercury in Streamwater at Acadia National Park, USA. Environ. Monit. Assess., 126 (1−3): 97−104. 
 
Schauffler, M., S.J. Nelson, J.S. Kahl, G.L. Jacobson Jr., T.A. Haines, W.A. Patterson III, K.B. Johnson, 
2007. Paleoecological assessment of watershed history in PRIMENet watersheds at Acadia National Park, 
USA. Environ. Monit. Assess., 126 (1−3): 39−53. 
 
Skalak, K.J., J. Pizzuto, and D.D. Hart, in review. Predicted long−term recovery of bedrock influenced 
streams from dam removal in the mid−Atlantic region. Journal of the American Water Resources 
Association. 
 
Wagner, T., P. Soranno, K. Spence Cheruvelli, W.H. Renwick, K.E. Webster, P.D. Vaux and R.J. Abbitt. 
Quantifying sample biases of inland lake sampling programs in relation to lake surface area and land 
use/cover. Environmental Monitoring and Assessment.(submitted 2007) 
 
Webster, K., P.D. Vaux, T. Asplund, L. Bacon, and J. Connor. (submitted 2007). An empirical evaluation 
of the nutrient color paradigm for lakes. Limnology and Oceanography. 
 
Conference Proceedings 
 
Peckenham, J., J. Pinette, and G. MacDonald (2007) The Maine Biosolids White Paper: Making Science 
Accessible, Proceedings International Water Association Specialist Conference, Moncton, NB, June 
2007. 
 
Lilieholm, R.J., D. Hart, K.P. Bell, S. Sader, G. Zydlewski, C. Cronan, and N. Briggs. 2007. Alternative 
Futures for the Penobscot River Watershed: A Collaborative Approach to Sustainable Resource Use. 
Pages 126-130 in Proceedings of the Conference on Emerging Issues Along Urban/Rural Interfaces II, 
Auburn University, Georgia. 
 
Other Publications 
 
Mitchell Center newsletters are published on−line and include news and information on current 
environmental activities at the Mitchell Center and UMaine. The newsletter is emailed to over 1,500 
subscribers including over 1,400 external constituents. 
 
Waterlines…in brief. Web−based news sheet, January 18, 2008. 
http://www.umaine.edu/waterresearch/outreach/in_brief_1_08.htm. 
 
Waterlines…in brief. Web−based news sheet, December 5, 2007. 
http://www.umaine.edu/waterresearch/outreach/in_brief_12_07.htm. 
 
Waterlines…in brief. Web−based news sheet, April 4, 2007. 
http://www.umaine.edu/waterresearch/outreach/in_brief_4_07.htm. 
 
Waterlines…in brief. Web−based news sheet, April 25, 2007. 
http://www.umaine.edu/waterresearch/outreach/in_brief_4_07_II.htm. 
 
PEARL newsletters are published on−line and include updates and information for the PEARL Web site. 
The newsletter is emailed to over 1,200 subscribers including over 1,100 external constituents. 
 
PEARL News. Web−based news sheet, Mar. 2007. http://pearl.maine.edu/about/news.htm. 



Modeling Riverbank Stability and Potential Risk to Development in the Penobscot River Estuary of 
Maine, USA (pdf document from EES 590 Course) Nathan A. Briggs, Robert Freeman, Sarah 
LaRochelle, Holly Theriault, Robert J. Lilieholm, and Christopher S. Cronan 
 
Reports 

Vaux, P.S., S.J. Nelson, J. Peckenham, K. Bell, N. Rajakaruna, G. Mittelhauser, B. Kopp, G. 
Longsworth, J. Perez Orozco, 2008. Assessment of natural resources and watershed conditions in and 
adjacent to Acadia National Park. Draft report to the National Park Service. 

Nelson, S.J., K.B. Johnson, E.A. Dziezyk, J.S. Kahl, 2007. Determining trends in water chemistry for two 
salmon rivers and their small tributaries, 1985-2006. Final Report to the Maine Atlantic Salmon 
Commission. 

Nelson, S.J., K. Johnson, C. Schmitt, May, 2007. How much is enough? Developing a citizen-based 
monitoring plan for mercury in gauged watershed streams at Acadia National Park. Report to the L.L. 
Bean Acadia Research Fellows Program.  

Nelson, S.J., J. S. Kahl, I. J. Fernandez, K. D. Sheehan, A. Grygo Diamond, K. B. Johnson, K. C. 
Weathers, February, 2007. Final Report: Understanding atmospheric deposition to complex landscapes at 
Acadia National Park, Maine, 2002-2005. National Park Service, Northeast Region, Technical Report 
NPS/NER/NRTR-2007/080. 

Presentations 
 
March 21, 2007. Peckenham, J. and G. Lipfert (2007). Approximating the Fate of Arsenic−Bearing 
Residuals (ABR) From Maine’s Drinking Water, Maine Water Conference, March 21, 2007. 
 
March 21 2007. Kahl, S., K. Webster, D. Sassan, C. Rosfjord, S. Nelson, M. Greenawalt−Yelle, 2007. 
Increasing Cl in northeastern surface waters: an indicator of increasing development pressure. Maine 
Water Conference, Augusta ME, March 21, 2007. 
 
March 21, 2007. Hart, D., Johnson, T.E., McNair, J.N., and Srivastava, P. (2007). Developing a 
Watershed Planning Tool to Prioritize Riparian Restoration Activities, Maine Water Conference, March 
21, 2007. 
 
Nelson, S.J. 2008. Evaluating spatial patterns in mercury and methyl mercury in northeastern lakes: 
landscape setting, chemical climate, and human influences. Maine Water Conference, Augusta, ME, 
March 19, 2008.  

Kahl, S., K. Webster, D. Sassan, C. Rosfjord, S. Nelson, M. Greenawalt-Yelle, 2007. Increasing Cl in 
northeastern surface waters: an indicator of increasing development pressure. Maine Water Conference, 
Augusta, ME, March 21, 2007.  

Nelson, S.J., J.S. Kahl, 2008. Tracking mercury through snow, rain, heat, and gloom of night: What do 
Acadia's forests have to do with it? Schoodic Education and Research Center “Second Saturdays” lecture 
series, January 12, 2008.  



Nelson, S., K. Johnson, B. Zoellick, R. Ahearn, A. Chenevert, J. Dolan, A. Jarrett, N. Jimenez, N. 
Jimenez, C. Keen, I. Macomber, K. Stenberg, S. Buraceski, 2007. Does melting snow contribute mercury 
to vernal pools? Student-led research in the Schoodic Watershed. Student research poster, Dixon awards 
ceremony, August 5, 2007 

National and International Meetings 
 
Peckenham, J. (2007). The Maine Biosolids White Paper: Make Science Accessible, 
International Water Association Specialist Conference, Moncton, NB, June 24−27, 2007. 
 
Hart D. D., J. Ashley, A. Bednarek, R. Brown, K. Bushaw− Newton, D. Charles, R. Horwitz, J. Pizzuto, 
D. Velinsky. Dam removal: Research needs for guiding effective conservation strategies. In: Annual 
meeting, North American Benthological Society, Columbia, South Carolina. June 4, 2007. 
 
Hart, D.D. 2007. Strategies for increasing the chances that environmental decision−making is guided by 
sound science. Institute of Ecosystem Studies, Millbrook, NY. April 27, 2007. 
 
Fingerut, J., J. Thompson, D. Hart.  2007. Larval settlement in benthic environments:  The effects of 
velocity and bed geometry.  Society for Integrative and Comparative Biology Annual Meeting, san 
Antonio, TX 
 
Flinders, C.A., D.F. Charles, O. Gibb, D.D. Hart, R.J. Horwitz, R.L. Thomas, D.J. Velinsky and J. Salack. 
2007. Controlling lotic periphyton using pulsed flows in the Jackson Rover: Spatial effects of a planned 
and natural pulsed flow event on biomass.  North American Benthological Society Annual Meeting, 
Columbia, SC. 
 
Horwitz, R. J., D.F. Charles, C.A. Flinders, D.D. Hart, D.H. Keller, R.L. Thomas, D.J. Velinsky and J. 
Zalack. 2007. Controlling lotic periphyton using pulsed flows in the Jackson Rover: Effects of high flow 
refuges on periphyton biomass during a pulsed flow experiment. North American Benthological Society 
Annual Meeting, Columbia, SC. 
 
Lilieholm, Robert J. D. Hart, and K. Bell. 2007. Land Use Change in the Penobscot River Watershed. 
Emerging issues along urban/urban interfaces II. Atlanta, GA. April 10, 2007. 
 
Peckenham, J. (2007). Estimating the Production of Arsenic−Bearing Residuals (ABR) From Maine’s 
Drinking Water, Northeast Section Geological Society of America, Durham, NH, March 12−14, 2007. 
 
Lipfert, G. and J. Peckenham (2007). Cycling of arsenic through human water usage and water treatment, 
Northeast Section Geological Society of America, Durham, NH, March 12−14, 2007. 
 
Nelson, S.J., I.J. Fernandez, J.S. Kahl. 2008. Mercury concentration and deposition in snow in eastern 
temperate North America. Eastern Snow Conference, Fairlee, VT, May 28-30, 2008. 

Nelson, S.J., 2007. Studying mercury in snow at Acadia National Park, Maine, USA.  Keynote lecture, 
Canon National Envirothon, Geneva, NY, August 3, 2007. 

Presentations for Lay Audiences 
 
May−June 2007. Peckenham, J. (2007). Penobscot River Keepers Expeditions, presentations to students 
in grades 7−12 on rivers, watersheds, history, and ecology. 



 
May 18, 2007. Hallsworth, R. and Wilson, L. (2007). Project WET workshop, presentation to K−12 
teachers, University of Maine, Orono, Maine. 
 
May 3, 2007. D. Hart. 2007. Environment Solutions Initiative, Phase II: The Implementation Plan. ESI 
Seminar, Mitchell Center, University of Maine, May 3, 2007. 
 
September 06 – May 07. Peckenham, J. and Thornton, T. GET WET! Experiential project to raise 
community awareness about groundwater quality and to provide data for a study of gravel mining and 
water quality, presentations to students in grades 7−12 and the general public, Lamoine and Ellsworth, 
Maine. 
 
 
Conferences and Annual Meetings  
 

Maine Water Conference 2007  

The annual Maine Water Conference took place on Wednesday, March 21, 2007 at the Augusta Civic 
Center, Augusta, Maine.  The 2007 conference was co−chaired by Mitchell Center Director David Hart 
and Glen Hodgkins from USGS. Keynote speaker Professor Reds Wolman from John Hopkins University 
is a member of the National Academy of Sciences and one of the world’s leading experts in water 
resource science, management, and policy. Our second keynote speaker Cameron Wake from the 
University of New Hampshire was the co-lead author on the "Climate Change in the U.S. Northeast" 
journal articles and white paper that were done in collaboration with the Union of Concerned Scientists. 
Sessions at the conference included speaker-focused sessions on water resources and climate change, 
landscape change, contaminants and toxic metals, and sustainable water use, and facilitator led sessions 
with panel discussions covering volunteer monitoring, models for municipal planning, and water science 
education. The poster session was extended to give attendees more time to view entries. It included 
judging categories for high school, undergraduate and graduate students. 

The Maine Water Conference is one of the largest environmental conferences in Maine attracting over 
350 water resource professionals. It provides unprecedented opportunities to promote both the Mitchell 
Center’s and Water Institute's role in environmental research and problem-solving throughout Maine and 
to build stronger relationships with state and federal agencies, NGOs, and the private sector. The MWC 
Steering Committee is made up of key state water resource stakeholders including two representatives 
from USGS.   
 
Sponsorship for the Maine Water Conference is provided by: U.S. Geological Survey, Senator George J. 
Mitchell Center for Environmental and Watershed Research and the Maine Water Institute, Maine 
Drinking Water Program/Dept. of Health &Human Services, Portland Water District, Aqua Maine, Maine 
Coastal Program/State Planning Office, Maine Dept. of Environmental Protection, Maine Geological 
Survey, Maine Rural Water Association, Maine WasteWater Control Association, Maine Water Utilities 
Association, Maine Congress of Lake Associations, Maine Volunteer Lake Monitoring Program, and 
University of Maine Cooperative Extension. 
 
 

 

 



Public Service  

Media/Press   

• Stone, M. Snowpack no guarantee of spring flood. Portland Press Herald, February 17, 2008. 
• Owen, B. Old Town Elementary students get hands-on ecology lessons. The Penobscot Times, 

October 18, 2007. 
• Walsh, T. Young Scientists to Study Mercury Pollution. Ellsworth American, January 11, 2007. 
• Staff Writer. Commission Gets $1,500 Grant (Gravel Pit research). Ellsworth American, March 8, 

2007. 
• Schmitt, C. Researchers at Acadia Trace Mercury Through Forests, Streams. Mitchell Center 

press release, March 2007. 
• Schmitt, C. Award-winning scientist to speak at UMaine. Mitchell Center press release. March 

2007. 
• Schmitt, C. Water, climate change featured at Maine conference. Mitchell Center press release. 

March 2007. 
• Staff writer. Mitchell urges resolve on global issues. Bangor Daily News, Friday, September 28, 

2007. 

Committees and Service  

 David Hart  

• Member, Science and Technical Advisory Committee, American Rivers 

 • Member, Sustainable Oceans, Coasts, and Waterways Advisory Committee, Heinz Center for Science, 
Economics, and the Environment, 2004 – present. 

 • Member, President’s Advisory Committee on Water Information (representing the Ecological Society 
of America), 2003 – present.  

John Peckenham 

 • Penobscot River Keepers (~500 students on the river) 

 • GET WET! (~125 students, water quality testing). 

 • River Flow Advisory Commission- Drought Task Force 

 • Maine Water Conference Organizing Committee  

• Maine Water Utilities Association- Water Resources Committee  

• Sustainable Water Withdrawal- Land and Water Resources Council  

• Maine Waste Water Control Association- Residuals Management Committee 

 • Penobscot River and Bay Institute- Board of Directors  



• Northern Maine Children’s Water Festival 

 • DEP-Consulting Engineers of Maine Task Force  

• New England Private Well Initiative  

• New England Water Quality Extension Advisory Board  

Sarah Nelson 

 • MDI Water Quality Coalition student mentor, 2006-2007  

• January Intersession for High School Students at Schoodic Education and Research Center - Winter 
watershed geochemistry field class: Geochemical signatures across the landscape, January 2008.  

• Appalachian Trail Environmental Monitoring Program, Water Quality Working Group, 2006-present 

 • Coordinator, University of Maine Mercury Research Group, 2006-present 

 • Maine Water Conference Organizing Committee  

Peter Vaux 

 • Board member and Treasurer, Maine Volunteer Lake Monitoring Program 

• Development of databases and on-line data resources Union River Watershed  

Catherine Schmitt 

 • Editor, Penobscot and Eddington Salmon Clubs  

Workshops and Other Activities  

2007 Senator George J. Mitchell Lecture on the Environment   

On Thursday, September 27, 2007 Mitchell Center hosted the inaugural Senator George J. Mitchell 
Lecture on the Environment (Mitchell Lecture). This event was free and open to all and took place at 
Hauck Auditorium, University of Maine, Orono. James Gustave Speth, Dean, School of Forestry and 
Environmental Studies, Yale University and Senator George J. Mitchell were the keynote speakers at the 
event. President Robert Kennedy provided the welcoming address. The lecture was Senator Mitchell’s 
first speech at the University of Maine in almost seven years. 

Our vision for the Mitchell Lecture is to bring together people from across Maine who seek a clearer 
understanding of the environmental challenges and opportunities we face, and to present constructive 
options that will facilitate a renewed commitment to the development of collaborative approaches to 
environmental problem-solving.  

Almost 500 people attended the lecture with over half of the attendees coming from off-campus. External 
attendance included representatives from state agencies, congressional delegations, NGOs, corporations 
and other educational institutions as well as private citizens. The event drew people from across the state 



including several groups who travelled from as far away as Parsonsfield, Fort Kent, Falmouth and 
Presque Isle. On-campus attendance included staff, faculty and students from a wide cross-section of 
departments. 

Environmental Solutions Initiative (ESI) 

The central goal of the Environmental Solutions Initiative is to help search for, implement, and evaluate 
policies and practices that protect ecosystems while improving economic well-being and fostering strong 
communities in Maine, New England and beyond. Our overall strategy for achieving this goal is to 
transform the way we create and support interdisciplinary teams within the university as well as work to 
meet the needs of stakeholders. In essence, we want to link knowledge to action more effectively. 

ESI Seminars 

In order to meet its mission and goals, ESI offers related seminars and workshops each semester. 
Following is a list of relevant seminars for FY07. 

Monday, January 28, 2008 
Talking about the earth: Environmental communication in the 21st century 
Stephen Depoe, Assoc. Prof. of Communication, Univ. of Cincinnati 

Tuesday, February 26, 2008 
Environmental Forum with Maine Attorney General Steve Rowe 

Tuesday, February 26, 2008 
The Environmental Solutions Initiative: Linking Knowledge to Action for a Sustainable Maine 
Kathleen Bell, School of Economics; Aram Calhoun, Dept. of Wildlife Ecology; David Hart, Mitchell 
Center for Env.& Watershed Research; Rob Lilieholm, School of Forest Resources 

Friday, December 14, 2007 
Workshop: Learning by Doing: Lessons learned from current ESI projects 
Facilitator: Terry Porter. Project presenters: Aram Calhoun, Chris Cronan & Rob Lilieholm, Jessica 
Leahy, John Peckenham, Gayle Zydlewski 

Friday, September 21, 2007 
Journalists are from Venus, Scientists are from Mars - Bridging the Two Worlds  
Nancy Baron and Ken Weiss  

Thursday, May 3, 2007. 
Environmental Solutions Initiative, Phase II: The implementation plan 
David Hart, Director, Senator George J. Mitchell Center for Environmental and Watershed Research 

Thursday, April 19, 2007 
Alternative futures modeling approaches for the lower Penobscot River watershed. 
Kathleen Bell, Resource Economics and Policy, and Rob Lilieholm, School of Forest Resources. 

 



Thursday, March 29, 2007 
Creating partnerships between Cooperative Extension and ESI to facilitate environmental problem-
solving. 
Ron Beard, UMaine Cooperative Extension 

ESI Graduate Course 

In fall 2007, ESI offered a new graduate course, EES 590 Interdisciplinary Environmental Solutions: 
Improving Shoreland Management in Maine. This innovative, hands-on course was facilitated by a 
diverse faculty team, including: Aram Calhoun, Wetland Ecology & Conservation; Chris Cronan, 
Watershed Analysis; David Hart, Aquatic Ecology; Malcolm Hunter, Wildlife Ecology and Conservation 
Biology; Jessica Leahy, Parks, Recreation and Tourism; Rob Lilieholm, Forest Resource Economics & 
Policy; Joseph Westphal (course coordinator), Political Science & Environmental Policy.  

ESI Grant Projects 

The ESI grant program was initiated in summer 2007. This interdisciplinary research effort is intended to 
help address key environmental, economic, and social challenges facing Maine. The grant program builds 
on one of ESI’s central principles — to work in close partnerships with stakeholders, thereby increasing 
the chances that our research is relevant to their needs and that the solutions we develop can be put into 
action.  

• Conserving Vernal Pools through Collaborative Local Initiatives 
PI: Aram JK Calhoun, Wildlife Ecology 

• Conservation Planning at Multiple Scales in the Maine Landscape: Modeling the Impacts of 
Ecological, Economic, Social, and Political Factors on Alternative Open Space Futures 
Co-PIs: Christopher Cronan, Biology & Ecology; Tim Glidden, Land for Maine’s Future 
Program; Robert Lilieholm, Forest Resources. 

• Land Use Change in the Lower Penobscot Watershed: Implications for Public Recreation Access 
PI: Jessica E. Leahy, Forest Resources. 

• Tracking Stormwater Quality Using Real-Time In-Situ Fluorescence 
PIs: John Peckenham, Maine Water Institute; Howard Patterson, Chemistry; Collin Roesler, 
Bigelow Labs. 

• Penobscot River, Penobscot Bay: State of the Watershed 
PIs: Gayle Zydlewski, Marine Sciences; Catherine Schmitt, Mitchell Center. 

Penobscot River Synthesis 
 
The plan to remove two dams on the Penobscot River by the Penobscot River Restoration Trust is widely 
viewed as one of the most ambitious river restoration projects ever attempted. In summer 2006, the 
Mitchell Center was asked by the Trust to lead the Science Steering Committee that serves to identify 
research needs and coordinate research activities that will guide this unprecedented project. Under the 
Center’s leadership, the committee has been reenergized and refocused and has made significant progress 
in meeting its goals.  
 
The Penobscot River Restoration Trust and The Nature Conservancy provided funding to the Mitchell 
Center for a coordinator for the Science Steering Committee for 2007-2008. Information on the role of the 
steering committee and past and current research on the river is hosted on the Center’s PEARL Web site. 
 
 



Maine Aquatic Biodiversity Project – public brochure 
 
The Mitchell Center is working in partnership with The Nature Conservancy, Maine Department of 
Environmental Protection, and Maine Department of Inland Fisheries and Wildlife to produce a booklet 
based on the information published in the Maine Aquatic Biodiversity Project report. This booklet is 
designed to highlight information contained in the report and make it more accessible to the general 
public. Final publication is anticipated in summer 2008. 
 
Project WET 
 
The Mitchell Center is working with the Maine Project WET coordinator and the northern Maine 
facilitator to increase awareness of Project WET across the state and provide regular educator training 
workshops. The Mitchell Center continues to provide communication and outreach support for Maine 
Project WET. 
 
 
GET WET! 
 
Groundwater Education through Water Evaluation and Testing (GET WET!) is an experiential project to 
raise community awareness about groundwater quality and to provide data for a study of gravel mining 
and water quality. There are three key objective categories: science, community, and education. 
 
Scientific goals include: 

• Create long-term water quality databases in towns through annual well monitoring and sampling. 
• Utilize students to sample. The wells sampled are located in, over, or next to the sand and gravel 

aquifer. 
• Include in the database: 1) Water chemistry of nitrate, alkalinity, chloride, conductivity, and 

turbidity. 2) Locations of wells mapped into a GIS program. 3) Operational excel spreadsheets 
with all information gathered. 4) Statistics and charts to graphically represent information. 

 
Community goals include: 

• Increase awareness, understanding, and interest in water resources within towns. 
• Involve local citizens in the sampling, monitoring, and maintenance of water quality within their 

town. 
• Generate a water quality database that can be used by the community to formulate productive 

choices in planning, management, and development. 
 
Education goals include: 
 

• Create an interdisciplinary study focusing on natural resources water and development. 
• Employ all grades and educators involved in chemistry, geology, geodesy, mapping, GIS, 

statistics, computer programs, and environmental studies. 
• Encourage student development in: 1) Field sampling techniques. 2) Laboratory skills. 3) 

Computer competence. 4) Internet research capabilities. 5) Mapping abilities in both interpolation 
of hard copy topographic maps and interpretation of computer based topographic maps. 6) 
Recognition and identification of locations by latitude and longitude on topographic maps. 7) 
Comprehension in terminology and function of water chemistry testing for nitrates, alkalinity, 
chloride, conductivity, and turbidity. 8) Understanding of why conservation and commitment to a 
healthy environment takes an entire community. 9) Public presentation. 

  



 
Penobscot River and Bay Institute May−June 2007: Penobscot River Keepers Expeditions. 
 
These day−long canoe expeditions on the Penobscot River provide students in grades 7 to 12 an 
opportunity to learn about rivers, watersheds, history, and ecology. In 2006 over 450 students took part in 
the expeditions. 
 
Waterlines…in brief mailings 
 
The Mitchell Center has moved its newsletter almost exclusively to an on−line format 
(http://www.umaine.edu/waterresearch/outreach/waterlines.htm) with e−mail notification to its 
subscription list. An effort has been made to keep newsletter content shorter which enables mailing on a 
more frequent basis. This allows us to provide readers with updates on upcoming seminars, conference 
and event information, proposal notification and more in a more timely fashion. A total of four 
“Waterlines…in brief” were distributed in FY07 to a mailing list of over 1,500 readers. 
 
 
PEARL — the source for environmental information in Maine 
 
(Live site: www.pearl.maine.edu. Production site: www.pearlmaine.com) 
The PEARL Web site, which began as a repository for data on Maine lakes, continues to evolve as other 
environmental information and data is included. The Maine Department of Environmental Protection and 
Acadia National Park provide long−term support for the project.  
 
New content for 2007 includes development of the Maine Water Atlas in collaboration with College of 
the Atlantic (release in summer 2008) and the addition of a bibliography of research publications from 
Acadia National Park. 
 
PEARL is also the home of the Penobscot River Synthesis, a project that aims to provide scientists, 
educators, and communities with needed information on Penobscot River ecology and environmental 
history. The site has developed as the information center for the Penobscot River Science Steering 
Committee. 
 
Environmental seminars at UMaine 
 
As part of a larger initiative to have the Mitchell Center become the focus of environmental initiatives on 
campus, Center staff worked with other departments and institutes to put together a comprehensive list of 
all the environmentally-related seminars taking place at UMaine each semester. This initiative has been 
very well received by staff, faculty and students, and several faculty members noted that this was an 
important role for the Mitchell Center. 

Professional Partnership and Praxis 

Sarah Nelson is participating as a partner in the project “Professional Partnership and Praxis: Connecting 
Teachers, Working Scientists, and College Education Faculty to Attain New Learning Results” through 
Maine Title II, Mathematics and Science Partnerships program.  Although Nelson is involved with all 
goals of the project through collaboration with Acadia Partners for Science and Learning and other 
partners, her primary activities relate to planning and design sessions, lesson and research program 
planning and design, direct engagement between students, teachers, and working scientists, and statewide 
outreach and invitation to participate. 



Research Coordination Network: Diadromous Species Restoration Research Network 
 
A research team, including members from the Mitchell Center,  University of Southern Maine and the 
USGS has been awarded funding from the National Science Foundation for the creation of the 
Diadromous Species Restoration Research Network.  The goal of this project, which begins in July of 
2008, is to develop and sustain facilitated interactions of multiple research, government and stakeholder 
entities focused on restoring diadromous fish populations throughout the North Atlantic region. 



Student Support

Student Support

Category
Section 104 Base

Grant
Section 104 NCGP

Award
NIWR−USGS

Internship
Supplemental

Awards
Total

Undergraduate 4 0 0 0 4

Masters 6 0 0 0 6

Ph.D. 2 0 0 0 2

Post−Doc. 0 0 0 0 0

Total 12 0 0 0 12

Student Support 1



Notable Awards and Achievements

2007 Senator George J. Mitchell Lecture on the Environment

On Thursday, September 27, 2007 Mitchell Center hosted the inaugural Senator George J. Mitchell Lecture on
the Environment (Mitchell Lecture). This event was free and open to all and took place at Hauck Auditorium,
University of Maine, Orono. James Gustave Speth, Dean, School of Forestry and Environmental Studies, Yale
University and Senator George J. Mitchell were the keynote speakers at the event. President Robert Kennedy
provided the welcoming address. The lecture was Senator Mitchell's first speech at the University of Maine in
almost seven years.

Our vision for the Mitchell Lecture is to bring together people from across Maine who seek a clearer
understanding of the environmental challenges and opportunities we face, and to present constructive options
that will facilitate a renewed commitment to the development of collaborative approaches to environmental
problem−solving.

Almost 500 people attended the lecture with over half of the attendees coming from off−campus. External
attendance included representatives from state agencies, congressional delegations, NGOs, corporations and
other educational institutions as well as private citizens. The event drew people from across the state including
several groups who travelled from as far away as Parsonsfield, Fort Kent, Falmouth and Presque Isle.
On−campus attendance included staff, faculty and students from a wide cross−section of departments.

Feedback from the event was very positive and included the following unsolicited comments from attendees:

A tour de force!
Joe Wishcamper, The Wishcamper Companies

Outstanding. Now everyone is going to expect you to top it!!!

Dave Courtemanch, Environmental Assessment, Dept. of Environmental Protection

I attended the lecture yesterday by Gus Speth and am wondering if you'll be posting it on your website? I
loved it and would like a copy of it.

Beth Nagusky, Energy & Climate Director, GrowSmart Maine

I thought it (Mitchell's speech) was a great, even touching speech.

Alex Hammer

Environmental Solutions Initiative Graduate Course

In fall 2007, the Environmental Solutions Initiative offered a new graduate course, EES 590 Interdisciplinary
Environmental Solutions: Improving Shoreland Management in Maine.

Our goal for this course was to give students an opportunity to go beyond classroom discussions about
environmental issues by:

• Working in diverse teams that include students, faculty and stakeholders
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• Engaging with local communities to understand their environmental concerns and needs

• Searching for improved solutions to complex and controversial environmental problems

Students examined the intersecting social, economic, and ecological dimensions of environmental planning by
focusing on shoreland management in Maine. Shorelands are characterized by increasing development
pressure, rising economic value, and high ecological sensitivity. Interdisciplinary student teams worked with
faculty and key stakeholders (e.g., local and state government, non−governmental organizations, and the
private sector) to assess the effectiveness of current shoreland management policies and practices, and
develop recommendations for improving shoreland management.

This innovative, hands−on course was facilitated by a diverse faculty team including experts in terrestrial and
aquatic science, sociology, forestry, economics, recreation, political science, and public policy . Members of
this interdisciplinary faculty team included: Aram Calhoun, Wetland Ecology & Conservation; Chris Cronan,
Watershed Analysis; David Hart, Aquatic Ecology; Malcolm Hunter, Wildlife Ecology and Conservation
Biology; Jessica Leahy, Parks, Recreation and Tourism; Rob Lilieholm, Forest Resource Economics &
Policy; Joseph Westphal (course coordinator), Political Science & Environmental Policy.

Environmental Solutions Initiative Grant Projects

The ESI grant program was initiated in summer 2007. This interdisciplinary research effort is intended to help
address key environmental, economic, and social challenges facing Maine. The grant program builds on one
of ESI's central principles — to work in close partnerships with stakeholders, thereby increasing the chances
that our research is relevant to their needs and that the solutions we develop can be put into action. The initial
area of focus for these projects was the Lower Penobscot Watershed.

Following is a brief description of two water resource related projects that were funded through the ESI grant
initiative. Full project reports will be available in summer 2008.

Conserving Vernal Pools through Collaborative Local Initiatives
Principal Investigator: Aram JK Calhoun, Wildlife Ecology

Significant Vernal Pools (pools meeting specific biological criteria for pool−breeding biota) will be regulated
by the Maine Department of Environmental Protection (DEP) in collaboration with the Maine Department of
Inland Fisheries and Wildlife (DIFW) in September, 2007. The DEP does not have the personnel to handle the
demand for vernal pool assessments or to monitor permits once they have been granted. The most efficient
and cost−effective way to ensure the long−term viability of our vernal pool resources is through local
planning initiatives that move management from a reactive crisis mode to a proactive planning mode. The
Investigator and a Master's student will work with officials and citizens in Orono, Maine, to inventory and
assess its vernal pool resources (using trained citizen scientists) and will help the Town to build a natural
resources database, including vernal pools, using NatureServe software Vista. At the termination of the
project, the Orono will have a GIS database of its vernal pool resources and the option to incorporate other
planning layers into the Vista software in order to aid in conservation and development planning. The vernal
pool data layer will also be shared with the DIFW for the Beginning with Habitat database for towns.
Beginning with Habitat (BwH) is a state−federal−NGO partnership program that brings current data and
information about high value plant and animal habitat to towns across the State so they can better plan for
both growth and habitat protection. The PI and student will work with the town planner and manager to
develop conservation initiatives through ordinances or other tools in the comprehensive planning process.

Tracking Stormwater Quality Using Real−Time In−Situ Fluorescence
Principal Investigators: John Peckenham, Maine WRRI; Howard Patterson, Chemistry; Collin Roesler,
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Bigelow Labs.

Communities along the lower Penobscot River in the Bangor metropolitan area need to reduce the effects of
stormwater runoff to the river and its tributaries. The factors that contribute to water quality degradation are
complex and hard to identify because of their transient nature. While much is being done to manage
stormwater to minimize these effects, help is needed to characterize the areas most needing remediation and
also to gauge the effectiveness of best management practices (BMPs). Our sensor technology uses
fluorescence and light scattering to characterize algae, particles, and colored organic matter. These attributes
are expected to vary with storm−related nutrient availability and sediment loading so that hot−spots can be
mapped in streams receiving stormwater in real−time. This is beneficial because residual effects of
stormwater will change the amount and location of algae in the river and tributaries so that the locations of
effects may not be fixed in space (or time). The sensor technique has already been demonstrated to be
sensitive to changes in algae populations in lakes, and it can provide measurements of both organic matter and
particle concentrations. In collaboration with several municipalities in the Bangor area, this project will help
advance the management of stormwater effects on water quality.

Penobscot River, Penobscot Bay: State of the Watershed
PIs: Gayle Zydlewski, Marine Sciences; Catherine Schmitt, Mitchell Center.

The Penobscot River is on the verge of many dynamic changes, not the least of which is a restoration effort
involving removal of two major dams that have been in place for over 150 years. Additionally, land use and
sense of place in this region are changing rapidly. In the face of these changes, stakeholders in the watershed
have expressed a need for information that would be met, in part, by a “State of the Watershed” report. With
an anticipated publication date of 2009, the report would represent the first comprehensive documentation of
past and present environmental conditions of the Penobscot River watershed in over a decade. The proposed
project will take the first steps toward creating such a report. The intent is to include as many partners and
stakeholders at the inception of the report as possible, in order to ensure that the report is a useful tool to raise
awareness of historic, present, and future status of the watershed. With sections on the geologic origins, land
use and land cover, fish, birds, wildlife, flora, threatened and endangered species, pollution history, and
demographics, among others, the State of the Watershed report will represent the state of our knowledge of
Maine's largest river at a critical point in its history.

Other Research
The USGS base grant provided a basis for the Senator George J. Mitchell Center to secure other research
funding. The following projects were funded in 2006:

Title: PEARL (on−going).
Investigator: Vaux
Agency: Maine Department of Environmental Protection

Title: A hydrogeomorphic lake classification system for refining lake assessment at multiple spatial scales
(on−going)
Investigators: Webster, Vaux, Bell, Bacon
Agency: EPA

Title: Can Gravel Mining and Water Supply Wells Coexist? (on−going)
Investigator: Peckenham
Agency: Island Foundation

Title: SWWAT – Source Water Analysis and Warning Technology (on−going)
Investigator: Peckenham
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Agency: EPA

Title: Kenduskeag Salmon Recovery Project
Investigator: Vaux
Agency: National Fish and Wildlife Foundation

Title: Maine Woods Online: An Information Sharing Forum for Educators and Students
Investigator: Vaux
Agency: Maine Forest Bioproducts Research Project

Title: Penobscot River Science Steering Committee Coordination
Investigator: Schmitt
Agency: Penobscot River Restoration Trust/The Nature Conservancy

Title: How much is enough? Developing a citizen−based monitoring plan for mercury in gauged watershed
streams at Acadia National Park
Investigator: Sarah Nelson
Agency: L.L. Bean/Acadia Partners

Title: Research Coordination Network: Diadromous Species Restoration Research Network (awarded)
Investigators: Hart, Wilson, Vaux, Elskus
Agency: National Science Foundation

Title: Are we under−estimating mercury burdens in winter soils? A case study at Schoodic Peninsula, Acadia
National Park, Maine (awarded)
Investigator: Nelson
Agency: Schoodic Research Fellowship Program

Title: Assessment of natural resource conditions for Boston Harbor Islands National Park, Cape Cod National
Seashore, and Saugus Ironworks National Historic Site
Investigators: Vaux, Nelson, Catherine Schmitt
Agency: National Park Service

Title: Professional Partnership and Praxis: Connecting Teachers, Working Scientists, and College Education
Faculty to Attain New Learning Results
Investigators: Zoellick, Saunders, Nelson
Agency: Maine Department of Education

Title: Assessment of Natural and Watershed Conditions in and Adjacent to Acadia National Park
Investigators: Vaux, Peckenham, Bell, Nelson
Agency: National Park Service

Title: Evaluating spatial patterns in mercury and methyl mercury in northeastern lakes: landscape setting,
chemical climate, and human influences
Investigator: Nelson
Agency: USDA Northeastern States Research Cooperative

Title: Determining the effectiveness of the Clean Air Act and Amendments for the recovery of surface waters
in the northeastern US
Investigators: Kahl, McDowell, Nelson , Webster
Agency: EPA/U.S. Geological Survey
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Publications from Prior Years

2004ME29B ("Metal mobilization from municipal biosolids stockpiles: The role of dissolved organic
matter.") − Articles in Refereed Scientific Journals − Peckenham J.M., J.A. Nadeau, R. Behr, and A.
Amirbahman, “Mobilization of Nutrients and Metals form Field−Stacked Municipal Biosolids.”
Waste Management and Research. In press.

1. 
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