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Executive Summary

The Great Bay Estuary is one of two estuaries in New Hampshire. The system
involves seven rivers, Little Bay and Great Bay, and one-third of the watershed is 1ocated
across the Piscataqua River in Maine,

According to several assessments by various government and state agencies, the
Great Bay Estuary is undergoing stress as is witnessed by the closing of more than half its
shellfish beds for nearly a decade. Although most sewage treatment plants have been
upgraded to at least secondary treatment status, coliform counts are high in some portions
of the rivers and the bays. There is potential for increased nutrient-loading, oil spills, and
toxic pollution from resuspended solids and from several Super Fund sites at the former
Pease Air Force base.

The Great Bay Watch is a volunteer estuarine monitoring group of adults, teachers
and students who have been taking samples and making analyses of several parameters,
including dissolved oxygen, temperature, water transparency, salinity, pH and fecal
coliform bacteria for the past five years, Their mission is to add information to the long
term data base being developed for the estuary by the University of New Hampshire's
Jackson Estuarine Laboratory and the Great Bay National Estuarine Research Reserve.
Activities of the program bring attention to critical problems in water quality that are
developing in the estuarine system. The Great Bay Watch is also an educational program
that has done much to inform communities around the estuary of the need to conserve this
valuable estuarine system. Staff members and volunteers participate in local, regional and
national conferences and workshops, helping the public to become better informed
decision-makers,

The Great Bay %'atch continues to use Quality Assurance/Quality Control
Program to ensure that the volunteers consistently produce and provide useful data.
Attention to both accuracy and precision are important part of the program. Thus far, the
volunteer monitors met the goals set and provide data that is valid.

The data show that while the Great Bay estuary is still fairly healthy, it has some
specific problems that need to be addressed by appropriate actions of individuals and town
and state governments. High fecal coliform counts in some of the rivers define prob1em
areas that should be investigated. Levels of dissolved oxygen below state standards in the
Oyster, Lamprey, and Winnicut Rivers should also be investigated.

The Great Bay Watch intends to continue its monitormg and educational program
and will actively seek funding to support its efforts.
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A. The Great Bay Estuary and the Great Bay Watch

What is the Great Bay Estuary and where is it located?
The Great Bay Estuary is one of two estuaries on the short coastline of New

Hampshire. It is a complex embayment composed of the Piscataqua River, Little Bay, and
Great Bay It drains a watershed of 930 square miles, one-third of which is in Maine. Eight
rivers flow into the estuary, and one of them, the Piscataqua, is part of the boundary
between Maine and New Hampshire.

Coastal New Hampshire



What is the Great Bay Watch?

Currently, the Great Bay Watch is the most wide-ranging program for direct
citizen involvement in monitoring estuarine waters. The Watch includes adults from all
walks of hfe, as well as students and teachers from local high schools. The group was
formed in 1990 with funding from NOAA in response to the Great Bay National Estuarine
Research Reserve Management Plan, which listed the formation of a citizen estuarine
monitoring program as one of its objectives. The Great Bay Watch has been a part of the
educational efforts of UNH's Cooperative Extension/Sea Grant for the past six years. the
number of monitors has tripled, and the Watch now samples at twice as many sites as it
originally covered, The mission of the Great Bay Watch is to gather information about the
state of the estuary and to increase knowledge and interest among its members and
constituents about the importance of conserving it.

The Great Bay Watch has four specific objectives:

To establish a wide spatial array of data on the Great Bay estuarine system
and make the data available to local and regional agencies, consulting
firms, scientists, students, teachers, and to add to Jackson Estuarine
Laboratory's long-term estuarine data base;

To monitor the fecal coliform content of water samples at all sites and
report the results to appropriate individuals and agencies;

To bring the IJniversity research community, interested citizens, and high
school students together in an educational program that develops an
understanding of the estuarine system as an important natural resource to
be conserved;

3.

4, To augment regional, state, and national citizen water monitoring efforts.

The Great Bay Watch is managed by a coordinator and extension specialist Rom
N.H,'s Cooperative Extension. Currently, the Great Bay Watch has 46 adult members,
including businessmen and women, doctors, librarians, secretaries, dentists, homemakers,
planners, and retired engineers. More than 100 adults have been members of the Great
Bay Watch over the past six years, with 23 enrolled in the program since its inception
Involvement of area high schools has grown &om one school in 1990 to seven, by 1994.
The volunteers monitor 15 sites, ranging through riverine, bay and near-coastal locations
within the estuarine system, During the six years, the monitors have driven thousands of
miles and volunteered 11,968 hours to watch over the estrtary.



B. Participants and supporters

Who are the volunteers and monitors of the Great Bay Watch?

In 1995 the Great Bay Watch with members from 19 conununities around the
Great Bay estuarine waters, samples twice a month at 15 diBerent sites. The monitors
range fiom retired adults to high school students. There are more than 50 active members
this year, with a number of adults who are UNH Marine Docents, Each Site team was
composed of about two to four inembers. The Quality Assurance/Quality Control
 QA/QC! team for the 1995 season was established and they checked both field and lab
techniques. An additional 40 people provided support for the Great Bay Watch in many
ways ranging from the use of docks, office help, technical advice and financial
contributions.

Schools '.
Four area schools continued sampling in 1995 for the Great Bay Watch Program.

The Oyster River High School serves the towns of Durham, Madbury and Lee. Laura
Parsons and Barbara Hopkins are the teacher coordinators of students for sampling at
Oyster River Site 1!. Marshwood High School serves the Maine towns of Eliot and South
Berwick. The teacher coordinators of the students sampling are Joyce Tugel and Je6'
Gardner. Exeter AREA School serves the towns of Exeter, Kensington, Brentwood, East
Kingston, Newfields and Stratham. Brian Wazlaw and Peter Stackhouse are the teacher
coordinators of Exeter AREA School for sampling  Site 16!, The final school participating
in the GBW program is Phillips Exeter Academy, The teacher coordinator of the students
for sampling  Site 16! is Chris Matlack.

University of Neo Hampshire Work Study Students

Dave Waltz � Marine Biology Graduate - December 1994
Damon E. Burt - Water Resources Management, Wetland Ecology Minor
Amy Carrier - Life Science and Agriculture Major with concentrations in Soil and
Communications
J. Andrew McMahon - Water Resources Management; Wetland Ecology Minor,
Graduate - Deceinber 1995
Gretel Clarke - Environmental Conservation
Joanne Morziil - Math Statistics

Quality Assurance and Quality Control  QA/QC! Team

Damon E. Burt
Claire Curtis
J. Andrew McMahon
Joanne Momll
Al Pratt
Ann Reid



Monitors:
Dover

Site 9

Site IG

Durham
Site 1
Site 2

Site 7

Eliot, ME
Site 15

Exeter
Site 16 Chris Matlack, Brian Wazlaw, Peter Stackhouse and PEA

and EARS students

Stratham/Greealaud
Site 4 Liz Sizemore, Peggy Mullin, Karen Francis,

Patty Warren, Anne Taylor

New Castle
Site 11

Barbara Hill, Barbara Trow

Robert and Mary Aliard, Don Bassett
Audrey Fortin, Amy Camer
Barry Sloat, Michael Mensh
Audrey Fortin, Arny Camer

Alterttate samplers Jack and Jane Jette, Clarie Curtis

Laborato~ Technician Damon E. Burt, Stan and Reina Ellis and Dave Waltz

Watchers iu traiuiug Sue Babula and Marilyn Young

Video attd graphics Brian Pay and Lisa St.Gelais Graphics Interns, NHTC
Jane Bennett, UNH Marine Docent

Of5ce Support Marion Gray

Newittgtou
Site 6

Newmarket
Site 3

Site 12

Site 13

Site 14

Ports mouth
Site 5

Nell Neal, Leslie Molleur, William Kram, John Munson
Jim and Jeanne McShane, Dr. William McGrew, Barbara
Elkerton

Barbara Hopkins, Laura Parsons, ORHS Students
Dr. William Penhale, Jud Porter
Ahce and Bob Briggs, Ibby Lourie, a few ORHS students

Joyce Tugel, JefFGardner, Steve Sargent and MHS students

Al Pratt, Deb Schulte, Maddy Alana, Joanne and John
Ireland

Barbara Baird, Don Chamberland, Susan McCarthy



Who are the supporters of the Great Bay Watch?

Technical Advisory Committee

The Great Bay Watch was also supported by the Technical Advisory Committee.
They are;

Betsy Franz, Education Coordinator at Sandy Point Discovery Center for the
Great Bay National Estuarine Research Reserve. Previously a teacher of biology at
Skidmore College for 26 years. Presently she develops and delivers educational programs
and opportunities at the Sandy Point Discovery Center.

Dr. Steve Jones, research Associate Professor, Jackson Kstuarine Laboratory,
University of New Hampshire. Bacteriologist in the Department of Natural Resources at
UNH. Conducts research on fate and process affecting nutrient and xnicrobial non-point
sources pollution in coastal areas; shel5sh sanitation and processing; ecology of
indigenous estuarine bacterial pathogens; bioremediation of toxic compounds.

Amy Lindsay, Chemistry Lab Supervisor, University of Neer Hampshire.
Coordinates laboratory courses, keeps inventory, and writes lab curricula.

Chris Nash, Principal Planner, New Hampshire Office of State Planning.
Director of the New Hampshire Estuaries Project  part of the EPA's National Estuary
Program!, focusing in the areas of water quality, she06sh resources and environmental
planning, University of New Hampshire graduate Masters in Hydrology.

Jeff Schloss, Coordinator Lakes Lay Monitoring Program, Cooperative
Extension, University of New Hampshire. Research Scientist with UNH I'reshwater
Biology Group. Volunteer monitoring program management and sampling protocols.
Watershed water quality monitoring and modeling; applied lixnnology GIS apphcations for
water quality analysis.

Joyce Tngd, Science Teacher, Marshwood High School in Kliot, Maine. A
chemistry teacher for 6 years. One of her main interests is incorporating "real life" science
into the existing cumculum, Prior to becoming a teacher, she was a research scientist in
environxnental biogeochemistry for more than 10 years.



Grants Received

The Great Bay Watch major support is from Great Bay Hydrologic Unit USDA!.

Other grants were received from:

l. Great Bay National Estuarine Research Reserve

2. UNH, Cooperative Extension, Water Resources, which provided clerical
assistance for the Five- Year Report, the new display and the coliform video

entitled,

3. Greater Piscataqua Conununity Foundation

4. NH Office of State Planning NH Coastal Program

Private ftmds

Private citizens who contributed to the Great Bay Watch this last year were:

Barbara Baird
Peter and Marjorie Smith
Val England

Jim Fabiano and new Great Bay Watch display,



C. Accomplishments for 1995

%hat have been the major accomplishments of the GBW?

The spatial array of data on the water quality of the Great Bay estuarine system has been
greatly increased, helping to provide a more complete picture of the estuary for scientists,
private and public agencies, and local citizens,

Because of the Great Bay Watch's rigorous quahty control efforts, it has achieved data
results comparable to those achieved by scientists &om UNH's Jackson Estuarine
Laboratory, the N.H. Once of State Planning and Department of Health and Human
Services, and the Newmarket wastewater treatment facility.

Participation in local, state, regional, and national events including conferences,
workshops, and cornrnittees helped to focus public attention and interest on the vital roles
of estuaries in general and Great Bay in particular.

The Great Bay Watch has educated a core of volunteer about the importance of
conserving the estuary and its resources, and has provided a direct avenue for their active
participation in the process.

Expanding the program to include high school students and their teachers has given
educational programs a more direct link to their communities and, in the case of
Newmarket, has contributed to greater community and financial support for the schooL

Participation in the Great Bay Watch has provided science career-related information and
experience for students and has been a direct infiuence on the choice of careers for several
student Great Bay Watchers,

Acquired a modern for "on-line" capabilities with the monitoring groups, student and
teacher, and the "Watchers" themselves.

Finished training video for processing coliform with the assistance of N~ket Kgh
School Students and videography by Robert Michelson.

C R d
government agencies, and other water quality monitoring groups.

Training video Processing Fecal Coliforms" is being used by the schools that are part of
the Great Bay Watch. It has been also requested by other schools, other monitoring
groups and several science centers.

Created a new professional quality portable display which was used at presentation on the
next page:



Preseatatioas
The Great Bay Watch staff and volunteers presented at:

Spring and Fall New Hampshire Science Teacher Association conference
NK'14fE Water Quality Monitoring Fair
Ducker's Day at Wagon Hill Farm
Sandy Point Discovery Center
Newmarket High School Science Fair
Great Bay National Wildlife Refuge
Rachel Carson Wildlife Refuge
Cooperative Extension Spring Meeting
University of New Hampshire Earth Day
National Estuarine Research Reserve annual meeting
National Marine Educators Association Conference

University of New Hampshire Marine Docents
Gulf of Maine Marine Education Association Conference

Elderhostel NH: A Microcosm of New England Shores
Sea Grant Staff an Cooperators meetings
Discover Wild N. H.

Seacoast Science Center

Coastal Clean-up
Farm and Forest Day
St. Thomas Aquinas High School winter term
Cocheco River Fest

Edtteation and Trainiag

Five University of New Hampshire workstudy students joined the part-time stafF of the
Great Bay Watch. Workstudy students were involved in a number of difFerent tasks
including lab testing, QA/QC, field sampling, split sampling, statistical analysis, office
support, publication, and a multitude of other tasks during meetings.

Additional adult volunteer were needed to cover sites because a couple of high schools
were not available to do sampling. Approximately seventeen new members as well as 30
or more high school students were trained. 35 volunteers participated in both QA/QC
sessions as part of our quality program.

F ' rm les video was used to help teach the processing, of
coliform bacteria to six potential laboratory assistants.
During monthly meetings for the GBW and friends several speakers enthusiastically
informed members about the following topics;

l. Chris Nash - New Hampshire Estuary Project
2. Byard Mosher - Nitrogen Deposition with in the Great Bay.
3, Cindy Chase - Lamprey Research from AFARE
4, Welber Bullock - Parasites

5. Khristine Cheetturm - Coast Clean-up
6. United States Coast Guard station at New Castle - Tour of the USS Constitution
7. Rick Langan - Great Bay Conservation Trust



Technical Section



Technical Section

A: Water Quality Data and Analyses

What are the Water Quality indicators that the Great Bay Watch
monitors?

The Great Bay Watch measures several water quality indicators to track the
overall health of the estuary. These standard parameters are routinely measured in water
quahty studies, and the volunteers use measurement techniques that are cornrnonly
employed in monitoring prograxns throughout the country. All surface waters in the state
are classified as "Class A"  highest quality, potential drinking water supply, discharge of
sewage or wastes prohibited! or "Class 8"  second highest quality, suitable for fishing,
swirnrning, and other recreational uses! by the N.H. Departxnent of Environmental
Services �!. All N.H. tidal waters are Class B waters. General water quahty standards for
each class are established in state law  RSA 485-A:8!, and provides guidelines to
determine if water is "clean" or "polluted". Where applicable, the data are compared to
those standards.

Water tern erature is a basic measurement included in water quality studies not
only because it influences biological activity, but also because it a6ects pH and dissolved
oxygen readings. Warmer water temperatures slightly increase pH, and coMer water has
the potential of holding more dissolved oxygen than warm. It should be noted however,
that in addition to water temperature, pH and dissolved oxygen levels are in6uenced by
many other factors. Water temperature is a seasonal parameter with highs oimering in the
late summer and lows in winter/early spring, Estuarine environments tend to exhibit cooler
and less variable temperatures close to the ocean, and warmer and more variable
temperatures in the inner estuary and tidal rivers. The GBW data represent these
characteristics well.

~Sslini is another parameter ellen measured in tidal areas. Aquatic life, including
when and where di6erent organisms can live in the estrnsry, is affected by var Jqing levels in
salinity. Since estuaries are embayments where fresh water mixes with salt water, it is not
surprising that salinity readings vary with the seasons and weather conditions. Rain and
snow melt cause rivers to swell, decreasing the salinity in the bay. As stream flows
decrease and evaporation from the bay's surface increases during the summer rnorrths,
salinities begin to rise, Sahnities tend to drop again in mid to late M as autumn rains
in~ river flows. This seasonality is reflected weN in the data from the GBW sites.
Likewise, the data also reflects how current weather trends have a6ected the salinity
levels. Salinity is measured with a hydrometer and thermometer, and is expressed in parts
per thousand  ppt: parts of dissolved solids per 1000 parts sea water!.



yH is a measure of the hydrogen ion concentration in water; hence, it is a measure
of acidity. The pH scale ranges from 0 to 14, with a pH of 7,0 being neutral  neither acidic
or basic!. Acidic waters have pH readings less than 7, while basic  or alkaline! waters have
pH readings of greasier than 7. Open ocean waters tend to have a pH just over 8, while
fresh water tends to be slightly acidic. Estuarine waters, a mixture of fresh and salt water,
tend to have pH readings between 7 and 8. The GBW data indicates that there has been a
small increase in the average pH at some sites which may be attributed to a lack of
precipitation. The pH levels in the Great Bay may vary slightly over a year, but in general
show little seasonality. Large changes in pH can have a significant impact an estuarine life,
and readings well above or well below the 7-8 range may indicate pollution. New
Hampshire standards for Class B waters specify that pH readings should be between 6.5
and 8.0, unless naturally occurring. pH is measured with an electronic "pocket" pH meter
 Cole Parmer pH testr 2!.

%6 fd

aquatic animals and plants require it for survival. Several factors affect the oxygen content
of the water. Temperature  cold water holds more oxygen! and salinity  salty water haMs
less oxygen! significantly affect the amount of oxygen in the water. Wind/wave action, as
well as photosynthesis in the water  by phytoplankton and submerged aquatic vegetation!,
can increase D.O. values, Low dissolved oxygen can be an indicator of pollution from high
turbidity  cloudiness of water!, which causes a decrease in photosynthesis. Excessive
nutrient loading can result in a large amount of organic matter in the water, and the
decomposition of this material reduces the oxygen content in the water. Half of GBW
sampling times are scheduled to occur when low tide is in the early morning, as this times
tends to reflect "worst case" conditions, when neither photosynthesis activity nor colder,
high tide water are present to raise the oxygen levels, Dissolved oxygen is measured with
a Micro-Winlder titration kit and measurements are expressed in milligrams of oxygen per
liter of water  rng/L!.

While the overall oxygen content  in mg/L! in the water is important in assessing
the health of a water body, it is also useful to look at dissolved oxygen in terms of
"percent saturation." Percent saturation is the ratio of oxygen concentration that g in the
water to the oxygen concentration that ~~ld e in the water, at given temperature and
sahnity, Expressing dissolved oxygen data in terms of percent saturation makes
observations Rom dU&rent sites taken at different times of the day and year comparable to
one another, and they are a better indicator of whether or not a particular water body is
showing problems. One might expect that the highest obtainable percent saturation value
to be 100 percent; however, "supersaturation"  values greater than 100 percent! can occur
under certain conditions, Very high concentrations of oxygen are possible in areas with a
great deal of aquatic vegetation  oxygen production through photosynthesis!, or in areas
subject to strong wind and wave action  addition of oxygen through "entrainment" of
atmospheric oxygen into the water!. New Hampshire standards for Class B waters specify
that dissolved oxygen readings should be no less than 75 percent saturation, unless
naturally owing.



Trans arenc Secchi de th measurements are used as a measure of the clarity
of the water. Estuarine waters are naturally turbid from the sediments and/or nutrients that
cause increased phytoplankton growth. Turbidity tends to be higher m the tidal rivers and
inner estuary, decreasing somewhat closer to the ocean  farther away &om the sources of
turbidity!. However, excessive turbidity may indicate problems in the estuary. Erosion
&om shorelines and upland areas increases the turbidity of the water, as can plankton
blooms caused by high levels of nutrients, Compounding these problems is the fact that
turbid water decreases the amount of light penetrating through the water column, thus
reducing photosynthesis and lowering dissolved oxygen levels. Kgh turbidity, especially
that caused by sedimentation, can also a6'ect the living resources of the estuary. For
example, oyster larvae require a clean substrate on which to settle, and deposition of
sediment on these substrates can reduce larval recruitment  settlement and growth!. Since
many of the GBW sites are very shallow at low tide  and the secchi disc is often resting on
the bottom and still visible!, only high tide secchi depths are evaluated for all sites in this
report.

Fecal coliform bacteria are used as an indicator of human sewage pollution. While
fecal coliforms are found in the feces of all warm-blooded animals, their presence is taken
to mean that other, more dangerous bacteria are preMnt. Their presence in high numl:hers
can indicate pollution from improperly treated sewage eftluent, waste discharges &om
boats, improperly functioning or failed septic systems, untreated urban storm water, runoff
&om agricultural operations, feces from wildlife, or other sources. New Hampshire water
quality standards for tidal waters utilize another kind of bacteria  enterococci! to
determine if waters are safe for swimming. State standards for tidal shellfish waters,
however, do specify acceptable levels of fecal coliforms. While direct application of
shellfish water standards to GBW data would not be appropriate  see "How Healthy is the
Great Bay Estuary" !, these standards can be used to give a general sense of contmunation
in the estuary. Fecal coliform tests are performed using the membrane filtratio  plate
count! method.

N~te: In a set of bacterial data, the average value is calculated by computing the
geometric mean, rather than the arithmetic mean. This is the conventional manner by
which bacterial averages are reported �!. Unlike the arithmetic mean, the geometric mean
more accurately refiects the nature  or "middle road"! of a data set that has a great deal of
variabihty in the observations  as is often the case with bacterial data!. For example,
consider a set of bacterial data comprised of 10 observtmons, with eight of the
observations equaling two colonies per 100 ml and two observations equaling 500
colonies per 100 ml  indicative of a relatively dean water with occLnonally high bacterial
levels, perhaps caused by wildlife defecating near the site! The arithmetic mean of this
data set would be 102 colonies per 100 ml, which does not reflect the fact that most of the
r ' * . * ' d

100 ml; thus, the geometric mean is a better representation of the bacterial data set, For
sites which indicate minimal variabiTity, we also look at the median  the middle number
when all observations are ordered in increasing order! as an average measure of the
bacterial counts. Appendix K contains a table of comparisons of fecal coliform geometric
means and medians.



In order to calculate geometric means for the GBW data, some adjustments to the
data were necessary. First, on severa1 of the sample dates, there were no fecal coliforms
detected � colonies per 100 ml of water sample!. Zero values cannot be used in
calculating geometric means, so these observations were changed to have fecal coliform
counts of one colony per 100 ml. According to "Standard Methods" for fecal coliform
procedures a colony count between 20-60 is preferred, if a 100 ml of sample produced a
too numerous to count  TNTC! then 60 was entered as the count. When a 10 ml or 1 rnl
water samples were used as the dilution and count was TNTC, 600 and 6000 respectively
were reported since these would be the calculations for colonies per 100 ml. The second
adjustment to the data relates to those samples for which coliforrns were TNTC the
number of colonies on the plate. In the case of high values, the adjustment utilizes the
minimum number of colonies known to be present. By these methods we are prevented
&om overestimating high counts that could not be documented. When calculating the
medians for the GBW data, adjustments to those observations which were too numerous
to accurately count were calculated using the same manner implemented for the
determination of geometric means. Zero values for calculating the median were not
changed.

%hat are the goah of the data malyses?

In looking at the six years of Great Bay Watch activities, there were many options
on how to analyze the data and what to look for specificall, Discussions with the
Technical Advisory Committee and Marie Gaudard of the UNH Mathematics Department
1ed to the foHowing goals for the data analysis;

1. e te-b - ite descri tion d corn ari ns ased on rnunici al 1 cati n � this
involved calculating six-year descriptive statistics  number of potential observations,
number of missing observations, mean, standard deviation, maxunum value, and minimum
value! to characterize each site and make qualitative analyses of differences among the
various municipal estuarine environments in the sampling site network. Graphs of the
means for aH parameters are presented in the text of this section, and tables of descriptive
statistics are presented in Appendix 5.

e im rtant ear-to- ear chan es of s c arameters an

3. ennin the locati n and nature of water r l s � this primarily involved
an analysis to determine ~here the bacterial and dissolved oxygen data indicated water
quality problems in the estuary.

thern-
this involved generating time series graphs to identify trends or changes occurring at aH
sites. Specific interest was focused on dissolved oxygen percerrt saturation levels, fecal
coliform counts and pH Passible explanations for the changes are addressed. Time series
graphs for aH parameters except fecal coliform and turbidity are presented in Appendix C
and graphs of year-to-year changes in mean responses are presented in the text of this
section.



What are the general characteristics of each Great Bay Watch site?

The purpose of this section is to generally characterize each site in the sampling
network. This is accomplished by calculating descriptive statistics  number of potential
observations, number of missing observations, mean, standard deviation, maximum value,
minimutn value! for each parameter, utilizing aH of the data in each site's records
 Appendix 8!. The sites are grouped by their municipal location in order to provide a
picture of the quality of the estuarine water in each town. Graphs of the overall means are
included at the end of this section.

Qualitative analyses of differences among the various estuarine environments in the
sampling site network are made. Graphs of the means for all parameters follow written
descriptions of the sites, and tables of all descriptive statistics are presented in Appendix
C gives a representation of ail the data collected at each site by means of time series plots
which are used to show the variabihty of the data over time as well as to indicate potential
observations of unusuaHy high or low values that may suggest a problem or a change in
natural system function.

Map of the Great Bay Watch Site Location



The GBW monitors two sites in the town over Dover. One is located on the
Cocheco River while the other is on the Piscataqua River.

Site 9: Neal Co heep River

Site 9 is located off the NeaUWilliams property, near the mouth of Fresh Creek on
the Cocheco River and upstream of the Dover Wastewater Treatment Facility, Water
temperature was somewhat lower than other tidal river sites with low and high tide means
of 15.2'C and 16.7'C respectively. However, at both low and high tide, this site was one
of the most variable in regards to water temperature. Both low and high tide salinities
were relatively low  8,9 ppt and 14.1 ppt respectively! and showed moderate to high
variability. Secchi readings were similar to but less variable than other tidal river sites
 mean = 126.6 cm!. Dissolved oxygen levels at high tide were adequate, averaging
94.68% saturation with only four out of 74 observations below the Class B standard of
75%. Low tide conditions were somewhat lower with a mean of 81.70% saturation with

17 observations falling belo~ 75%. This site has shown very high fecal coliform levels at
low tide  mean = 201 colonies and median 215 colonies!. Samples show consistently high
bacteria counts in every year since the site was added to the GBW network High tide
fecal coliform counts are much lower than low tide  mean = 30 colonies and median = 50
colomes!.

ite 10: Cl k 'scat ua River

Site 10 is located off Clark property  moved from Dube next door! downstream of
Site 9, below the outfall to the Dover Wastewater Treatment Facility and downstream of
Sturgeon Creek, which empties into the Piscataqua River 6om the Maine side. The
diluting effects of the Piscafaqua River were apparent when comparing this site's data to
Site 9. Low fide water temperatures were slightly higher than Site 9  mean 16.0'C! but
high tide water temperatures were slightly lower  mean 16.1'C! than Site 9. However the
water temperature tends to be a little less variable at this site probably due to ifs proximity
to Little Bay. Salinities were markedly higher at Site 10, with a low tide mean of 19,0 ppt
and a high tide mean of 25.8 ppt. This site's salinity tended to be more variable at low tide
than srte 9 but less variable at high tide. Transparency readings averaged around 208.5 cm,
Dissolved oxygen levels were more than adequate at both tidal stages with low and high
tide means of 98.54% and 88.60% saturation respectively. To date there have been only 3
observations below 75% all occurring at low tide. Bacterial counts were much lower at
this site with low and high tide geometric means of 19 and 3 respectively. The decreased
bacterial means at site 10, as compared to Site 9, probably represent dilution of
contamination as wafer mixes and moves downstream.



Durham:
The GBW monitors three sites in the town of Durham; one on the Oyster River,

one on Great/Little Bay and one on Little Bay.

Site 1: Peninsula ster River

Site 1 is located at the Smith's dock, just upstream of Bunker Creek on the Oyster
River, closer to the river's tidal mouth than to the tidal dam in downtown Durham, This
site is located downstream of the Durham Wastewater Treatment Facihty. Low and high
tide water temperatures were quite moderate with means of 16.0'C and 17.0'C,
respectively, and the variability was quite similar at both tidal stages. Of the tidal rivers,
this site continues to have one of the highest mean salinities at both tidal stages  low tide
mean = 21.3 ppt and high tide mean = 26.0 ppt!, Secchi depths continue to be moderate
compared to other sites with a mean of 155.5 crn, Low tide dissolved oxygen percent
saturation levels had a mean of only 77.11% while high tide levels averaged 98.66%. Of
the 87 observations recorded at this site 35 of them showed conditions of oxygen
depletion  below 75%!. Although the recurring morning oxygen problems at this site are a
cause for concern, it is encouraging that the problem does not tend to persist throughout
the day. Low tide fecal coliform levels tend to be higher  mean = 40 colonies! than at high
tide  mean = 3 colonies! suggesting that bacteria sources are located upstream of the site,
Yearly means indicate that there has been a steady decrease in bacteria counts at both tidal
stages.

Site 2: Jackson Estuarine Laborato Great/Little Ba

Site 2 is located at the Jackson Estuarine Laboratory on Adams Point,
approximately where Little Bay and Great Bay meet. Water temperatures tend to be quite
stable at this site. Both the low and high tide means wc'.e 15.8 C and varied only about
4,5'C to 5.0 C. Mean salinities were relatively high at both tidal stages  low = 25.6 ppt
and high = 27.0! and showed moderate variabihty, High tide secchi readings averaged
166.4 cm. Dissolved oxygen percent saturation levels were substantiaQy above 75 Percent
saturation level at this site with low and high tide means of 91.56% and 97.43%
reqectively, Only one low tide observation fell below the 75% level, Fecal coliform
counts were low averaging 3 colonies at both tidal stages.

Site7: CedarP int i leBa

Site 7 is located at the Roshalt's dock on Cedar Point, across Little Bay &om Fox
Point  Site 6!. Water temperatures were cooler at site 7 than at sites 1 and 2 with low and
high tide means of 15.1 C and 14.6'C, respectively, Salinities were among the highest
measured with low and high tide means of 26.6 ppt and 28.5 ppt re~vely and low to
moderate variability This site showed the third highest transparency level averayng 277.6
cm. Low and high tide dissolved oxygen percent saturation levels were quite similar  low
mean = 91.75 and high mean = 92.82!. Two low tide observations fell below the 75%
level. Bacteria counts tended to show large variability at this site; however, the low and
high tide geometric means were only 6 colonies and 8 colonies respectively. Bacteria
medians compare quite weH with the geometric means � colonies and 8 colonies!.



Ehot, Maiue:
The GBW monitors &om Marshwood High School monitor one site in the town of

Eliot.

a e ch Yar i a aRiver

Site 15 is located in the lower Piscataqua River near the Patten Yacht Yard, Inc.,
in South Eliot. Monitoring of this site began in 1993, thus there are considerably less data
for this location. This site is relatively close to the open ocean; hence, its cool mean water
temperatures  low tide = 13.9 and high tide = 12.2!, high salinities  low = 27.3 ppt and
high = 30.4 ppt! and high secchi depth of 413,5 cm are expected, Low tide salinities are
quite variable though, while high tide shows much less variability. This site shows high
dissolved oxygen percent saturation levels averaging 94,78'/o at low tide and 97.50/0 at
high tide. Two observations, one at low and one at high, fell below the 75'ro Class 8
standard. Fecal coliform counts have been decreasing each year with a low tide mean of 4
colonies and a high tide mean of 2 colonies.

Exeter.

GBW monitors from Exeter AREA High School and Phillips Exeter Academy
cover the one site in the town of Exeter.

'vr Ex

This site, located downstream af the tidal dam in downtown Exeter and just
upstream of the crew docks at Phillips Exeter Academy, is the newest site  added to the
program in 1994! in the Great Bay Watch. This site is characterized by relatively high
water temperatures  low tide mean 16.8'C and high tide mean = 18,3 C!, low salinities
 low tide average = 2. 3 ppt and high tide average = 4,1 ppt!. Another characteristic of Site
16 is high fecal coliform counts  low tide mean of 234 colonies and high tide mean of 93
colonies!. Comparison of bacteria medians and geometric means indicate difFerence at
low tide  mean 234 colonies median = 295 colonies!. This may indicate that on average
the counts tend to be on the high side. Nevertheless both of the measures used to
determine the middle of the road coliform counts, indicate potentially serious low tide
fecal contamination. High dissolved oxygen saturation levels  low tide mean = 96.554/o and
high tide mean 119,834/o! are also found here. Dissolved oxygen levels fell below the
75'/o level on three low tide occasions and one high tide occasion. The dissolved oxygen
levels are high there is some concern with the readings due to the naturally occurring tea
colored water at this site. The GBW intends to pay a considerable amount of attention to
this site during its next sampling season by using a YSI meter as an alternate measure for
the dissolved oxygen levels. If the readings ddFer greatly with those taken by the Winkler
Titration method steps will be taken to modify samphng procedures in order to allow for
more m~e readings.



The GBW watch collects water quality data at one site in the town of Greenland.

Site 4: De t R ad Great Ba Stratham/Greenland

Site 4 is located on the southern shore of Great Bay at the Great Bay National
Estuarine Research Reserve's Sandy Point Discovery Center. Because of the extensive
mudflats exposed at low tide at this location, samples can only be collected at high tide.
This site experiences one of the highest high tide water temperatures out of all the sites in
the network, averaging 18.1'C. The high tide salinity is relatively variable with a mean of
24.1 ppt, Light transparency averages about 63.9 cm, which is low presumably due to the
re-suspension of mudflat sediments from wind and wave action. However this wind and
wave action tends to promote high dissolved oxygen percent saturation levels, the site
mean was 107.73'/o. Bacteria counts are quite low with a high tide geometric mean of 4
colonies.

New Castle:

One site is monitored by GBW volunteers in the town of New Castle. StaF
members of the New Hampshire Coastal Program also sample the water once a month and
the data is compiled with GBW data.

Site11: Coastal Marine Lab iscat uaRiver

Located at the U.S, Coast Guard station and the UNH Coastal Marine Lab in New
Castle, Site 11 is not far Rom where the Piscataqua River meets the Atlantic Ocean. This
site experiences the lowest water temperatures of all the sites in the GBW network with a
low tide mean of 11.9'C and a high tide mean of 12.2'C. In addition, both tidal stages
show low water temperature variability. Salimties are quite high with a low tide average of
29.5 ppt and 29.0 ppt most likely due to the site's proximity to the open ocean, Dissolved
oxygen percent saturation levels are above the standard at this site with low and high tide
means of 91.82'/o and 91.44'/o respectively. A total of eight observations, four at each tidal
stage, fell below the 75'ra level Light transparency depths averaged 375.5 cm and showed
some variability. Fecal coliform counts were quite low at both tidal stages as weil  low
tide mean = 4 colonies and high tide mean = 2 colonies!.



Newington:

The GBW covers one site in the town of Newington.

Site 6: Fox Point ittle Ba

Site 6 is located at Fox Point, where Little Bay's north-south orientation takes a
sharp bend to the east. The mouth of the Oyster River is located just to the west, while the
mouth of the Bellarny River is just to the north. Readings at this site compare quite well
with Site 7 Cedar Point, across the bay. Low and high tide water temperatures were
moderately variable with means of 15.1'C and 13.5'C, respectively. Salinities tended to be
more variable at this site than at other GBW sites. The mean low tide sahnity was 26.4 ppt
and the mean high tide salinity was 28,8 ppt. Secchi depths are relatively high showing
that the water is quite clear average depth being 253.1 cm. Dissolved oxygen percent
saturation levels were quite good averaging 93.07/0 at low tide and 94.28'/o at high tide.
Four observations fell below the 75'/o level, one at low tide and three at high tide Bacteria
counts are low with both low and high tide means of 4 colonies.

Portsmouth:

One site in the GBW network is located in the city of Portsmouth.

Site 5 Portsmouth oun lu unncut 'ver

Site 5 is located on the Winnicut River at the Portsmouth Country Club. Low tide
water temperatures averaged 15.6 C while high tide temperatures averaged 18.0'C. Low
and high tide salinities were quite variable with a low tide mean of 10.5 ppt and a high tide
mean Of 22.8 ppt. Secchi reariings averaged 73.7 crn at high tide which shows a good level
of transparency. Similar to Site 1, Site 5 dissolved oxygen '/o saturation levels were quite
1ow at low tide averaging 73.22/o saturation. My one out of 88 observations feH below
the 75'/o Class B standard. Although this site continuously shows insuf5cient low tide
percent saturation levels, it appears to recover during high tide  mean '/o saturation =
103.184/o!. Bacteria counts tend to be quite high at low tide with a geometric mean of 140
colonies, but high tide counts are much lower with a mean of 9 colonies. Comparison of
the median indicates that on average there may be more fecal coliform co1onies present at
low tide than represented by the geometric mean median = 200 colonies!,



The GBW monitors four sites in the town of Newmarket. All sites are located on
the Lamprey River.

re RiverSite 3: Weinert

Of the four GBW sites on the Lamprey River, Site 3, which is located at the
Weinert's dock, is closest to the river's tidal mouth. Water temperatures are relatively
moderate to high at this site with a low tide average of 17.0'C and a high tide mean of
18.3'C. Salinity readings tend to be more variable than at the three remaining sites on the
Lamprey River with low tide mean of 10.9 ppt and high tide mean of 9,6 ppt respectively.
Secchi transparency readings average 96.9 cm. Kgh tide dissolved oxygen percent
saturation levels are more than adequate averaging 98.20'/o while low tide levels tend to
average 85 084/o. Yet, ten low tide observations and one high tide observation fell below
the 75~/o level Fecal coliform counts tend to be high at this site with a low tide mean of
185 colonies and a high tide mean of 89 colonies. Low and high tide bacteria rnedians are
230 colonies and 95 colonies respectively. Again, the diFerence between the median and
mean at low tide may indicate that the counts tend to be on the high side; therefore it will
require more investigation.

Site 12: Nevjmmrket Water Treatment Plant River

Site 12 is located on the shore just downstream of the Newmarket Wastewater
Treatment Facility and downtown Newmarket. Substantial mud6ats require that low tide
satnples be taken close to the treatment plant's outlet, thus low tide values are a good
indication of the performance of that faaTity. Low tide water temperatures average 18.2'C
and high tide water temperatures average 18.6 C, Salinity values are quite low at this site
averaging 3.7 ppt at low tide and 6.o ppt at high tide However, high tide readings tend to
be more variable than low tide readings. This site has the lowest secchi depth average,
52.G cm. Low tide dissolved oxygen percent saturation levels are extremely poor at this
site averaging only 67.74'/o, However high tide levels are higher with a mean of 95.74/o.
Twenty seven observanons feU below the 754/o level at low tide while only two
obser rations fell below that level at high tide. Again, bacteria counts tend to be high at
high tide at this site  mean = 97 colonies! while at low tide the levels are much lower
 mean = 16 colonies!. This is probably due to the fact that the water sampled at low tide
comes directly Rom the sewage treatment plant outlet.



Falls Landin at Newmarket re Riverit 13:

Site 13 is located at small boat docking facility upstream of the Town Docks in
downtown Newmarket. This site is just upstream from Site 12 and just downstream of the
darn marking head-of-tide. Water temperatures are highly variable at this site with low tide
mean of 17.0 C and high tide mean of 18.3'C The average low tide salinity is 5. 1 ppt and
while the average high tide salinity is lower corning in at 3.4 ppt. Secchi readings average
131.2 crn. Dissolved oxygen levels are more than adequate at this site with a low tide
mean of 93.99'/o saturation and a high tide mean of 95.58% saturation. Two low tide
observations fell below the 75% level. Fecal coliform counts tend to be quite high at this
site  low mean of 122 colonies and high mean of 124 colonies! might be due to the fact
that several birds tend to populate this site. Median comparison indicate that on average
there may be morc fecal coliform colonies present at low tide than represented by the
geometric mean median = 225 colonies!, More investigation needs to be done, Data has
been reported to the town and state agencies.

r ver4 w

Site 14, the only fresh water site in the Great Bay Watch, is just upstream of the
tidal dam  and upstream of downtown Newmarket! at the Fowler's dock. This site shows
much variability in water temperature. The tnean low tide water temperature was 17.2 C
and the high tide mean was 19.1'C. Secchi depths averaged 170.5 cm, Dissolved oxygen
percent saturation levels above standards at both low and high tides averaging 85.09% and
91.28% respectively. StiH there were seven low tide observations and two high tide
observations which fell below the 75% level. Bacteria counts were low  low tide mean
14 colonies and high tide mean 17 colomes!, but the variability was high with respect to
the means.
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What have been the changes in water quality over the past six years~

The purpose of this section is to review the GBW data for any changes in the
measured parameters over time. Mean values of the parameters were calculated for each
year and then compared to one another to detect changes over the period of record. More
rigorous methods may be employed to statistically detect and con6rm trends in the data
but they go beyond the scope of this report. Such methods may be used in the future.

Since dissolved oxygen is such an important indicator of estuarine health, much
attention has been focused on the percent saturation levels at each site. In addition, times
series plots have indicated changes in salinities and pH's so they are covered in this section
as well. Much attention will be focused on fecal coliform bacteria counts also.
Descriptions of the changes follow the graphs in this section.

Joyce Tugel and Marshwood High School students comparing data graphs.
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What have been the changes ia water quality over the past six years.
 coatinued!

AII sites except sites 14 and 15 have experienced an increase in their mean high
salinities since the start of the GBW program. The most dramatic change occurred at site
3 on the Lamprey River, which exhibited a nearly steady increase from about 6 ppt in 1990
to 15 ppt in 1995. One possible reason may be due to periods of below normal rain during
the sampling season. Increases in salinity levels are due to increased intrusion of salt water
farther up river. A similar phenomenon occurred at low tide. In general, the increases in
salinity were more dramatic farther in the estuary and more subtle closer to the ocean.

Likewise, it appears that this lack af rain may have caused an increase in the pH at
many sites, especially the tidal river sites. pH levels at sites located closest to the open
ocean and on Little and Great Bays tended to fluctuate from high to low. Site 12, at low
tide, was the only site which appeared to be unaffected by exhibiting a constant mean pH
throughout it history in the network. The most dramatic changes in low tide pH occurred
at sites 1 and 13 which exhibited an overall increase from a pH around 7.1 in 1992 to 7 5
in 1995. High tide pH's have shown an increase on average with the most marked
increases at sites 9, 10, 11 and 13

Some sites have shown a decrease in fecal coliform counts over the years, while
levels tend to fluctuate or increase at other sites. Site 3 has experienced an overall
decrease in bacteria at both tidal stages, Site 12 has seen a decrease in low tide fecal
coliform counts as weil. These changes at sites 3 and 12 may be attributed to the work
being done at the sewage treatment plant. Fecal coliform counts have decreased during
both tidal stages at site 14, however, on average, the high tide counts tended to be a little
higher in 1995 than in 1994. Site 5 seems to be experienced a low tide bacteria problem in
1993 and 1994 appears to have been lessening. In 1995 this site showed its lowest mean
fecal coliform count ever. While this is encouraging, the counts stiU tend to be much
higher than desired. Fecal coliform counts increased at Site 16 during low tide, but
decreased at high tide. Counts appear to be decreasing at Site 9 during both tidal stages,
However, this site still exhibits an undesirable amount of bacteria. Site 1 fecal coliform
counts have been steadily decreasing at both low and high tides.

Changes in the mean values of percent saturation give a good indication of
whether or not there are oxygen problems developing in the estuarine system. Low tide
percent saturation levels have been decreasing at Sites 3, 12 13 and 14  all located in
Newnrarket!. Site 12's levels are becoming very low. Site 15 and Site 16 low tide levels
have decreased since 1994 but are still well above the Class 8 standard. Dissolved oxygen
levels at the Portsmouth Country Club, Site 5, continue to be problematic at low tide, as
well as low tide levels at Site 1 on the Oyster River, The renuming sites have experienced
some fluctuation at low tide but all means are well above the 75 la saturation level,

Yearly mean high tide percent saturation levels for all sites have consistently been
above the 754io level. Most sites have experienced an actual increase, with only sites 10,
12, 14 and 16 showing a small to moderate do~+.



Ho~ Heajthy is the Great Bay Estuary?

The Great Bay Estuary appears to have qurte healthy levels of dissolved oxygen,
indicating that it is not experiencing significant "eutrophication" as are some of the
estuaries in the country, Most sites showed average percent saturation values well above
the Class B standard of 75%, although ahnost every site showed at least one "violation" of
the standard. These violations typically occurred at low tide, but aII sites showed
ace~able levels of oxygen at high tide, indicating the observed oxygen depletion are not
persistent throughout the day. Annual means suggest that Site 1 on the Oyster River, Site
5 on the Winnicut River and Site 12 on the Lamprey River are potential low tide hot
spots. Violations of Class 8 standard below 75% at high tide, although there have been
only twenty occurrences in the past six years, could indicate potential problems within in
the area. Low saturation levels less than 75% could indicate potential environmental
sources, but others may be due to possible sampling error. While GBW volunteers only
sample from the water surface, the rneasurernents are likely good indicators of the oxygen
content in the entire water column. The physical characteristics of the bay, such as
relatively shaUow depths and strong tidal currents, ensure good mixing of surface and
bottom waters, especially in Great and Little bays and in the Piscataqua River. This mixing
is certainly a factor in preventing persistent low oxygen conditions,

Some of the most commonly asked questions that we hear are "Are the bacteria
levels in the estuary too high?", "Is it safe to swim in the Great Bay?" and "Are the
shellfish safe to eat?" It is important for the reader to understand the intended purpose of
the Grert Bay Watch when asking these questions. The volunteers' data are useful for
giving generalized information about water quality in the Great Bay Estuary, identifying
"hot spots" where state/local regulators should investigate further, and tracking changes in
the estuary's water quality over time. GBW monitoring and data might also prove useful
in locating the sources or activities that are creating the pollution that impacts shellfish
beds. Many of the above questions are specific "regulatory" issues that are best answered
by the regulators themselves, For example, state regulations for determining if tidal waters
are safe for sv,timrning use the bacteria enteroamg not fecal coliforms, and direct
comparisons between the two cannot be made. Determining if ~aters are safe for
sheUfishing is a complicated process that involves much more than taking water samples.
Real and potential shoreline sources of pollution must be evaluated and other factors that
affect the performance of the pollution sources and their efFects on shellfish beds
 hydrographic, meteorological, and other influences! must be determined. Furthermore,
water samples must be tested by a laboratory, certified by the U. S. Food and Drug
Adnmustration, using specific anal yticaI methods that are difFerent t'rom those used by the
Great Bay Watch. Thus, it would be inappropriate for one to use the bacterial data
generated by GBW to make a definitive conclusion on the safety of shellfish beds
However, GBW data can be viewed in the context of water quality standards for
shellfishing to get a generaI sense of how clean or polluted the waters of the estuary are.



Shellfish water reguhtions state that for an area to be classified as
"Approved" harvesting can occur at any time, regardless of weather conditions or other
factors!, the geometric mean of several samples should not exceed 14 fecal coliform
colonies per 100 rnl, and not more than l0 percent of the samples should have counts that
exceed 43 fecal coliform colonies per 100 ml. Only sites 2, 6, l 1 and 15 would pass this
test based on the GBW data collected to date. It is important for the reader to understand
that although many of the sites would not meet the "Approved" classification, shellfish
water criteria are very strict. Waters determined to be unfit for shellfish harvesting are not
necessarily severely polluted and may be perfectly safe for other activities, such as
swtrnmjJlg.

In general, the data indicate that sites located in the Town of Newmarket exhibit
the most widespread bacterial contamination out of ail the sites in the GBW network.
However as indicated by the graphs below, the levels of contamination at each site have
been steadily decreasing since their entrance into the sampling network. Site 16 in the
town of Exeter also shows a high degree of fecal contamination at low tide which appears
to be increasing based on the data collected to date, There is some indication that levels
are decreasing at high tide at this site. The Cocheco River site in Dover, Site 9, also
exhibits high fecal coliform levels at both tidal stages. However levels at Site 10,
downstream on the Piscataqua River are much lower. This would indicate sources of the
pollution upstream of Site 9. Most of the Sites in Durham exhibit low levels of fecal
coliform. However Site 1 shows somewhat high bacteria counts at low tide. Data shows,
however, that the low tide levels are decreasing at Site 1 over the last four years.

Alice and Bob Briggs at Cedar Point  Site 7! completing GBW data sheet.
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These figure shows yearly geometric mean values calculated for each of the Great Bay
Watch sites at low and high tide respectively, and allow comparison among years at a
single tidal stage.

When comparing fecal coliform levels within years at high versus low tide it
becomes clear that most of the serious fecal cohform problems arise at low, rather than
high tide.





The results on the previous page are quite encouraging. Calculations for precision
among the volunteers shows that variation among volunteers was fairly low and in all
cases the pre-set GBW goals were met. Accuracy calculations indicate that, for the most
part, the di8erence between the known values and the averages of those obtained by the
volunteers was small with the exception of the third salinity test. However the first two
sahnity tests indicate that the volunteers are capable of accurately measuring this water
characteristic. Nevertheless, we should continue to address the potential problem
concerning the accuracy of measuring salinity with hydrometers by focusing more time on
the training  and retraining! of the volunteers on the proper methods for using
hydrometers. Finally, the results from our QA/QC sessions do indicate that the most active
and dedicated volunteers can collect quality data.

Since there are many methods of collecting the types of data the Great Bay Watch
measures, it is often a concern to know how our methods compare with the others. At our
August l995 QA/QC meeting we had the opportunity to tests each of our methods for
measuring dissolved oxygen, pH, and salinity with another method for measuring these
quantities. QA/QC oKcers simultaneously sampled with the volunteers using a YSI meter
to test dissolved oxygen, an Ienco pH meter, and a Orion salinity meter to test salinity.
The statistical sofbvare package Minitab, was used to perform statistical sign tests to
determine if the methods for measuring the above water characteristics were difFerent.
Complete results can be found in Appendix G. We found that we had little reason  954%%d
confident! to beheve that our method for testing dissolved oxygen levels was di8erent
Som the YSI method. Likewise, we determined that we had little reason  again, 95'%%d
con6dent! to believe that the Cole Parmer pocket pH Testr2 used by the volunteers was
dNerent from the Jenco pH meter method. However, we have good reason to believe that
there was a difference between the hydrometer method and the Orion salinity meter
method. We performed three tests at three diferent known salinity values using each of
these methods, We found that when we tested in low salinity water we could be 95'%%d
con6dent that the two methods were not difFerent. However at an intermediate and a high
salinity level the two methods did not give the same close results. The measured values
indicate that the average salinity reading was higher for the Orion salinity meter in both
cases. At next seasons QA/QC and retraining sessions the proper use and reading of
hydrorneters wiR be a important focus.
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This year we made a conscious efFort to evaluate the volunteers by use of split
sampling in the field. QA/QC officers performed split sample tests at least once at both
low and high tides at each site throughout the sampling season, Again, Minitab was used
to analyze the data collected by both the volunteers and the QA/QC officers. Complete
results can be found in Appendix 8, The results indicate, that based on 95% confidence
levels,  we have no reason to believe that the values measured by the volunteers for each
parameter were difFerent from those measured by the QA/QC ofncers in all but one
instance, high tide water transparency!. After careful observation we came up with two
possible reasons for the discrepancy between the monitors and the QA/QC teams. First of
all, the secchi measure is a highly subjective type of measurement which can be afFected by
the individuals eyesight or shadows on the water surface. Secondly, the location at which
the measurements were taken may influence the values obtained by the observer. It is
highly likely that if the two ineasurements were taken one after the other, that sediments
may have been disturbed enough to cause variable readings in turbidity, Overall the
volunteers are doing well in the field. They are accurately and precisely estimating all of
the remaining parameters with respect to the QA/QC officers.

What corrections has the Great Bay Watch made fo its data?

The QA/QC ofncers have spent a considerable amount of time reviewing the data
for potential posting errors. Through the use of time series charts, several outlying
observations were noticed and investigated. It was found that in some instances the data
reported was improperly entered into the GBW data archives. Thus, all the data was re-
checked and corrected where necessary. In many instances, the mean values and standard
deviations for the first five years of the program changed. Appendix D Tables 1-13
includes complete tables of the corrected values and a comparison to those reported in the
five year report.

For the 5 year report mean percent saturation values were calculated a8er
removing observations with percentage greater than 120 percent. This was done because
the authors of the 5 year report felt that it was highly unhkely percent saturation values
greater than 120 percent to be naturally occurring. However, after further discussion with
the technical advisory committee, the authors of the 1995 annual report decided to keep
all values observed in when calculating our means. Since tea-colored water at site 16 and
other sites could be due to the leaching of tanic acid from the tree covered river banks
and/or suspended materials.



l aoie OI Low 11ae MeanS and htandara UevtanonS IOr 1'erCent haturattOn
 with and without observations greater than 120 percent!

Standard Deviation

Site ¹Site Name

10.4711,5676,5777.11
7.848.6991.1591,56
9.919.9185.084unprey River 85.08

10. 1810,1873.2273.22
7.927.9293,0793.G7
7.688,5191.3391 75

8.958,9581,7081.70Neal
9.859.8588,6088.6010

10.1710.1791.8291.82

19,7424 0965.8767.7412

9,8011.9292,7213

11.7811.7885,0914 85.09Fowlers' Dock

15.95 13.7015 94.78 92,91

11.6891,65 21.3996.55

Table of High Tide Means and Standard Deviations for Percent Saturation
 with and without observations greater than 120 percent!

Standard DeviationMean

with all with >120%

observations removed
Site ¹Site Name

98.66 98.03 9.5510.26

97.1597.43 7.487,88

98.20 95.98 12.32 7.34

107.73 1G1.85 14,13

103.18 98.47PCC 10.4415.81

94.28 94.28 8.80 8.80

92.82 92,82 9.03 9,03

94.68Neal 91.51 14.89 11.10

98.5410 8,66 7.52

91 44 91.44 10.4410.44

95.7412 92,59 16.46 11.72

Marina Falls Landing 13 95.58 8.21

Fowlers' Dock 91.2814 91.28 13.14 13 14

97.50 16,37 16.11

119.83 94.63 44.50 869

Pattern Yacht Yard

Exeter Docks

Fox Point

Cedar Point

Pattern Yacht Yard

Exeter Docks

with all

observations

with all

observations

with >120%

removed

with >120%

removed

with all

observations

with ~120%

removed
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Appendix A

Table of Great Bay Watch Sites, locations, towas and year started



Appendix B

Site Data

Great Bay %atch equipment kit,







888«SR«SRSS Rg «S ' R RS 8

«VS«SR-8-SS ' ' «AS' SS«8'

0

I

Ii;I4
R

cg
lj I;jjt-lj !

~j ii ~ I 3
$!

jj!c 'I g
WP

~! I jjj j j jili l

EmE P.
I

Ij5ilj
ERE:5 8
II ISIIIIt ~

llllt IP IIIWIIIWWC
Cf
Sg S RaScca

i as t.ast.a. I
0 4C CCC «02roc

oo1 ~ os ~ a ea cosa
gg g 8

1444sserrf e 0 e 4 sa 4 1 4 1 1 0 0 4 1 t 0 4 tl ~ 4e e oa 4 4 e oaaa
«gggg «--- "Xgg gg-gg «CSI"

40ea «1 4 14tlaaseeeoaaea=--«ggg«g«g g 4« gg« g got at a -ffgg

okee04010000
gee« sag«g gee ass ea ace as1 os 4ffeae oeaeerereor e eeo aooa so 4 0 ~ sess as aeoaaaaa ~ essa««as Aaoafft 1 egaeegff ~ eoa ggge ttef A I ejg arsstlegg g effreo

0 aoOa as o ceo ~ os a sea erasesaaaeoaoooll
ggIHSRRRR

ea a
«R-g Si-R«6 RRS-55i-KÃK --gis-

so seas ~ ~ - ~ eea aoaaaaa40418asSassess sea
gggggg«S«g 8-SS««8SSS

IsRSRHIRISS
coast ocr ace a
ieiRRSR-iR«g

eseeaoreeeeaeooaaaaaaaaeoaeaaaaaaaOOraO
SR ~ RSRS«iigsggagsiR«sgiiiR«eggiSSgsliRi«
044 00 ~ 0400040 t 10404444aao eaaaaooe«SSSRS«S«SSSS i «SR RR88888 RSVP« 8 «

jljjj!fSSRSRjgjjSSSS''

I t ff I Aa easesRSR- ttf toseoeaSa RC SSSS"
aa 0
RS g ee ' ' ' e'eo

Sw
assoc ~ csea

SS R«QS
aaa'8 ea eAs es

0 4040e ~ ~ os a areas e 0 ~ sores tj>' gggiiSRRIRR f«

seeks sa eaeoae egkkksa
jl 8 jlSi

assoc e as aeejj5%«S/!8 RKSI«g I AHRI= R« g"
ee ~ ~ O rr sew 4 AAA 1 1 Aea 00 A A keffffes el atl 40 t Offry yeaOI ~ rraesaaoe

ke fteAe1 a afft ft0 1 rraa ~ a geff 1 ae~ I ~ ~ I ~ Wf Of 441 Of I OAIAf A ~

8««CROSS «--So«8488' XSRCRS
tesgggeRRRRCS88888- RRffcsc
' SRSSASS08«SS' ff Cgg RQSSRS

SS«S«SSRASRR 'RSSS« «SSSRR

R«R«SSSRRRRRRCRRSSS
yCRSRSSCRRCCRiC-SR
S«XORC CQ«ftVQ«SR
igiaCS«CRS«RCCSR «R

SSSS«8-SV««SS«g«g SSC-
-8 ASRXSigiSSSSRSSSQSR 8 SCSR«R R«ggg«S

SSSSCz SCISSOR
XSZ-SR«8«S' «gggeggSCA 8
SRSCS«QS/Q SCSSRSg«SSSSC S S

8 «Qg SSS
01 1 1 ktsooff egatl A tl tt fl 1 1 0 1 1 I a tl ~ tl 1 ft 1 4 0 0 0 tl I A 0 fl 0 0 4 1 k k k t~ ttff4 SR«[set 000««t ««t eff t Ilf eog R«ge ftftf ra Ogeeaa

eeeasoae e a t aaeaerreee aerffee A, 0 ~ rare a el aaas arekffoffkaak~ eeoc «roe 4 fetl ge«A ~ 0 440014A4tl0000 f114 1 1tf f A A
OAAt

4A 40 41 el 4044A 111 0 ftt 0 ltf aeo oaf ef 0 asset 0000 ekeeof 0 0 44 tie ef St 4 I 114 40 ~0A4 44 4 sf eaffAs a Sea
ear 1
«ger 04 oea ee sees saff se O,A 4ae l ~ a Aarttkeeat ~ 1a ka ~sos 11 44 'a 1 aaoekkkkkA0 eegr04 et aaeees erases 4 4 p 0 4 1 4 01004 0 0 Oee etl

reaaeeaeaaeaoeOoOeaseas sess a esca re 1Oa os are aeeooeoeeeooaee
g«LX««gg «««g«gg � gg gg«gg g ggg SSS eg gg «"

re 4 44 caesar aeaaee a easooog ASrfIga« 'I' A g

eaaeaeeeeoaeeako eeaaoaeooaea ooa aeaoaaee eekoeaee roses e eee aoeoaeg gg«« fleece 1 eggs 00 ftr g«gg 0 aa I 4 ~ gff 8 4 roe 00 A«410 4gg
40 akakkaaOt Ot 0

R~RRiRRii~ijji$8j! j$5QRjjjj R RRjjRtlR~iiiiiiikigiiiV> R VR C i R jj i i
RS>RR Sjj~~ RRRS~R RiiiRRiiiii i i eaiS eaaeiaaemiiis
8

~ l 0
>W%R%i<iei~ZR~RZ, iii>R~>RRiiii Rijjjj<SRRRRRljjihiiimiaisiiiRRs>RI>ss~~i ssi>iaiiisRR> ~i<%i;RsaRRsiialls>~>~isaiah-sg

5
iSiii I %i~»-
4

3$i. RoijjRRjj

iiHl! HHlH,';-;-;*vmtiiiiillll8KNjiiijiili! IiiHH@iiilljtljRPIKitjlP
AAt fl A fl A 92 t tl ~ Ill ttAtlA tf A A A A A ~ tlt ttA A 1 A A A 4

RRSSSSRSSRSSSS1rSCsoee00000e0RRRRRRSSRRSRRaRSSSRSSSSSRRQQQRSSSSRRSSRRRSSSSSSSSSSRRSRSR

jljlllljjll "lijj il N jjjif jjj'j : Itltll
lljlllfljtlt;lI jjil jlljj Il jjjl lttfff jjf
~' =!~~!.".n>l$$$ Vu! >»> j>V< Nu>ji

4:!»! !/! $~l ~»~!!»» n > H~m>I>

0
I ll

8

!yg igEIl-

i! 4~i>s s
~II IIIIR d V V







$88 8$' $8 8 CSirCi$$$$$8
aaS rao4 T
$$$ 8' $$8$ $$$'' $$$$8$SCRRC'
$$$ 8 888

i <ilji!! I Irl!!!II!!I IIIIII !'I'!I!jl!!II!!~I!II!II!I=�'I
j

'-'I':I:: ." 1,""I<.-I'! I.V I"' I!! jnII!! lj! I!! jn':! I!! I-'In! I'.

jlltIIIIIIIIII!III!cli!I jjjiljcj!IIIII L!Ilj  PI>IIII!!!,!II!,II,I!PI
jlltIIIIllllll! III!IIIIIjpj!IIIIIIIIIIIIII lip!tie!IIIIj!Ig» IIj~jj!jij.-,'Ijij!I
I..I...IIII.I.IW! IIII' .I.IIi! Ii'.I - I -jiiii! ijjiii!'Ii! Ijii! iiiji!!
Ict!ttI!tl!IIII IIIIIM!IIIIIIIII!IIIII IIIIIIIIIV5!I!!!!I!IBHI!ilili!II

of err ea. Oea or ra- sere free eoaaaaearoeaaoae f ctaf os a of f e toe as sf 0 0 ~ eoaeesee or 004 f f 0 tees oaf to
R-R- -- $$ 8 8" RRRR 8 J $$ rRRR $8$$$$ - $$ CCRC JIRR 8 - RCCARRR

oeaaoao 0 0 of f fa ooaaoaeaeeoeeeeaeaoefoeoasefeoaeaaoefefeoessaaeet ~ soaaf ff eoaeoof ofeffre~ stoat oassaie ~ 'iea iire 4 I oro root oeeasyaa szoc aaa arRri RiReesaoretcoeaaaj i erZatrt A AA ~ Ctttt

RRRRRRCiigiiiK5$55$iiiiii!iiiiiiii:i"-iiiiiii

aoeraef f eef aeooeeeecjo4aaeaaf eeeeaaff eetaaaf
$$$8$$$8t$$$$-CIIRRCi 4$$$888$RRRRSRRRRRRRS

igiRiijj j=Rji�j,-jjiiRis RiaiR!jhgbjRj jghjlj"�8
88$$ $$-$=$$:$=$$iRCR-:C=RCCII!5 hhhhikkllhhRtffctfe 44 fffffft!f04r40ef

i8$-RS CS $8 $$8$$88$$ 8

ease
xiii

SII-:R
f 000 eoaaaefef af 0 f. 0 0 oeesof 0 0 oaf eeoreof reeertof 0 20 oar 00 aattat A e ass frere stairs Arorerijta 0 4 a otter Arri sat aI 8

0 f of 0 eaa f f 00 eaaeeeof f 0 ~ oeese f 00 of ereeeof Ctf 0 0 0 fI rose[ra aaa sass aart rr re 'st «4 ra I- 't ac ~ ar 8 I 0 Or
i

iefaf f ffotfftjfffffffl fffferoer ft ~ t feefc ffffeflfffefffofeff feat ft to fa,et fr tffffeeff iefiot a t t t ~ t ~ ~ ~ I ~ I ~ 'I ii ~ t ~ ~ ~ ~ ~ ~ ~ ai ~ ~ I I ~ icj ~ iiij ~i~ ~ ~ se ~ itiit i iiit

$$8$8$tiSSRRSRS+$88$88$ 44$-.$$$8,$$$$$$%$8,$8888-.8$ A0$ $8$$8$tS Rattf St  JS JSRRRrSiRrt etttiyCJRRCSJSSSCRii!CJSSiZRRRRiRSiRZRRSZZZ$$$488$$$$88gNQ!$8888!CQR RRRRCCar JR!!ii$4$iCCJRRJAS
CACRJJ 4$ JRSRSSRCR a AS-R 8 SSSSSSSSSR $8888$8$$$888$ SCRSSSRSSStcRSRCCSSSSRRR

8 RRRRJ $$8$8eSRSCJRCRCRCRSSR $8$$85$$$$$$$$8$8$$$8iJRCRJJSSRSR $$$$$$feiRQe$$ ~ $$$$4$$8
Ate tffe r, raiererfff eeef aaeaeef eet ffsraasf fff el te eoaf 0 440 aaif f ef ffae .aff ffotcfff eeecjreef f ffo .4
R JCI RR ttta ttaCCAAIIRC IaaaRRRRARRRRCRRRSRRAQ ~ t JRRRR JAR'RctRtRRRctRR R JIRR t ~ tRR'RR RIIRRRRRRatIRC J
ffaaaf ~ 0 ' f aef aaoi ffffaeeef arrear artt tff fftfff rffrffri .Aaff t!it,e'c Itff ff ecjie'tffectff'c . ~ Af oaeffffge ~ terrffR=RJRRR $$8$$$$ ~ RSRRRJJRJRRRR RCRRCJNRRRRRRR-iJC-'$$$='$$$$$R=H$3$$$$$$$88$$$$$$$$8$$$$
ef f fffff ff jff tieeejffaoretcttsf rf ff,ee ~ I I tt ~ I, 0 ~ to is, f octet,f 0 efff otf of of 0 Afff f f 0 0 f f f 8 i 0 ref f ff f 'oteeSass@a aaj ~ 0410I aaa oat ~ assess saoat ~ at soaaaoat ttac oaoaiaj iiat I t iircjror iaii'i

aaeect' esf ff safe rAaaf sr I c ' 0 tteaj,ttl f f ~ .0 ef fftf a ff effffffet etr eef t1a ~ iiit a tote .0 le fort aoiat. rat I sees '0 it ot assi asaieaet e far ses it ioiaoaers ' ~ oj I zrrieorre et.oiiiot aa
rf 04'0'eaof ~ tf f f 1000000 ~ ef f f 0 ~ f ~ 0 ~ f'lf aaf aee ~ cere rojf 0 oeef eref 0 of 0 reef ectf't'cef ff 00 ter tre !4rrosie aer 4 torsi ~ asa ai rat A rreosf ariose irr or aiii a roarer Itasca aag Oerraec 0IC A tt

t irrt sierras sooereee eseeeosrreetta

IZttSSt.""888 i ." ~ SZg".Zss!! t'zzziazaztsas,sSS~SZCC zSSJS.scfiztizzzz-iaSZ"SSSSZZZZZZZ!ZSZPggZZZZJSSg Lgg <g<Zttt~iiZSZ ZZZSZZqg Z88 Zi KZZZ5 ! 8 z i 80
8 0

ZZ~~StgSS~SSSZZjZ8% RSSZSRRZZJoSZ~ZSqhqtissq 88tSteo~isSZZZ gt Zssziiz R!!ZZZZZZZZ ZZ 2! Zi!ZZRRZZZ Ztzat  Z<Z!ttt ZZZSZ!IZZ SZZ siioi ~ ZSOSogios
8 8

Il !heal! !lljllli! IIPIIII! il! IIIIII! IIII! il!!IIIIIIIIIIII! IIIII!! Ihl! IIIIIIII! IIIIII-
aaarraaroararraaoeeasoraaarrsaeesosoossoresoooooeeeOaesa0eeeessoeoseosooaaee0seaao«aro

B-7RCRSRRSRRSRRRRiaaat JRJJaiaJaJ$$$$$$$$$$$$$$$$$CCQRSRCRRCCSJRJJJJJJJJJJJRSSSCCRCRCRRRRSR

.o»' ffefafffis .off- ries t sfrooeaoeft I terat 0 eirff,fferf»- ieoffeffft ieeif f fff 4-oiirasraoefI ~ ~ ~ ~ rj I ~ at t it I I 0 ~ ~ it I ~ ~ ~ at I I I iij t e 0 I I t ij











a eooaseoo sos
Htg SSSS 8 $$$$$$otgSSC
aa seas

444

goag ~ shoe ~

k/ kgeo' e okk 3k!k' kgkeo'

!kgkgk' ' kkkkkk k'a a aaaaaa 0 a g

koa ~ ~ ~ as a ~ ~ o ~g ksag so o o 4 $4 0$$000

a sees aoo ~ o
$$4$$$$ g

aa tla 0tlI ~ 92 ~ ~ it ~ t ~

S
S.ff.%
goff Va

Nag

E> 4

o "ff"-

5~%5tS
«55' ~ 4

55g
ff ff
ft 0

o 0
og ao

4' kg

4 I g
Sit tf oo44

0 gQ ~ ORg
444
0 tf 0

0

B-l2

$ 3 3
I

$8

It

g5

 I

$1

hS

j 58

$$8 8 $ g~gg» $8$$8$$$8 8

I

II.-',I" f ! f" f:..iiffiti*'tAf!!If ;'" i-,'- "," fl iiif f Nf
8
I

~ II tl 4 4

tii!'f ~fi-l.".."fItf 4k.fffI!f.IIf Ii l-w-j . Ij-ffffkff--f
f

lfllI fkff l. f. ~. ff fNfiiii~fkf~ffmkmffkmilf. I. k/IfIPkkf f flan
fjj,*If IIPl;.. l;fll;-iiftl,f f fffIPf fIIE.. PNI>mfPkf f1. fm

�jjjjgjjj< j. - Qjggjjj jjjjjjfiajajijiiiij- @iaaf. jjjiaiiia

jj'XfpSXj... j'j!jjjg' 8'jg 8/fjf3~~ gj=p. "'IC~
elteeeeeetleases ~ SeOeseeaasoeeaaaaaasaaaOaqa OaaqOOeeaaaeasa
i 4 4 M g M a g g g $ 4 4 M 4 92 g J tP g g 0 g I 0 g i g g g g t g J r tl 0 ti Og 0 g g J p $ r jr It h

oa 4 a 4 0 0 a a a o 0 o p 4 a q a 0 e 4 0 q 0 o 4 a 0 4 a 0 o a a o a o a a a q ltl q q 0 ~ q s q 4 Ill e 4 y a ~ 0 qAM egg 8 J» j 'Siit Oi ig jg g g jgigi 'i al '8 j j gieeasese tl 0 0 g eri

kao ~ ~ ~ ao ~ a ~ ~ a ~ ~ ~ ~ ~ aa ~ eaoseaaaaaaa
-$$ -- - = 8$ SSSSSSSCSygg

kayak 0000 ~ ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ ~ S~g ~
aoeeaaeoeeeeeeaeaesase ~ ~ ~ assess ~ ~ e ~ ~ qaqqqoaoeoeqoaeCgiIligigi$$1jejg$1jSIS gigSS- " Sm!jiggigggg

a oso os os ct ho ~ ~ ~ ~ oo qo qo- - o ~ - - - - >a ~ a ceases os sa$8$$aaogeag a jgae$ a xi as Sgie Ii%00s

OOltO,a,oaraaROt ralsaa OqetSO qaa offaaqtlae«I 'oaa ~ t I ~ aot I I I t I I I ~ I I Oat il il I ~ I I I t ~ I i40iit I I
Stiff 1,st asti tttloaa estlsa 4 MIIOteo tl 4 tha aaaa e asst r ait i st.tt it t. «4t, ~ «i P 4it. ot ~ ot I ~ t t,eel I iil I t oil ~ I I 0 oil so it 4 ol

$$ Jggogggqg-Ctgaqg JCJMCCCM--CCM«8$$»$8$$$ Cqgg JS J«M 8$$8r«g
CS JaC ~JSSJSSSSsiISaS8$8iiigiCC*k: js$$0$$4$$ SCAPI'$$$iggigi JC
CM-8» $$$8gggagpgffQggpgSSQQQS-Sgsggggggagg $$8$$$$8$$"=='gg-""$$$$$$=8$$$8$='iggdgg-'ig gi$$$$7i~=' "."'.$$8$ggff".:- $$
0 oso lttlatll 4 ooltsl I A 40g ssh Rqooaeo .ff galff !g � 4+4$ ff 00 tff offhotstii teel'ii Sit 'i«i«it' ~ ' os Pie 'O Cietiiii ai«aaa aaa 'tioiiii a aaa tl gt M
, eeet;a,s .Raffff atq .40 qaasoet rqaffeff Sff ffeqr r aeayeea Oaetltess aaaotlootliaaatsaatla Ot 0 4gtlt44 4 4 I 0440040440 Oi4 44

,ff4ff 4ffllloffgpgoapp Has tothaoresaagffotl440 4 ol I ol ol Meoirtlaoo 4 4 4 4 0 ci a e a 0 0 i e a ii i i i i 0 0 i a 4 i 0 0 ci i 4 r a i i 0 i 0 4 0 o 0 ii i i s iP-' 4 -' e e 0 -'

04ffogotatl atla !toe olttt ~ 'tooo oat tl 04t R004 to ~ 00«sffeto otoiia iaiioiil iiiaiii eiie r vial�'iiitisi tii aiiiria ti it iio 'a tii i «ie
soaeeeaoaeaaoaaoaoaoqoaoooaaoaooosaosoaoqo hoostlaeoseeaoeo
il Ogtigggagget a«et 4 gggggitiio Oo gggggg ttl sap�'egggg Cga stls

tel 40 0 aseaeeeoee oo OH 00 oeae oos ooee ossas 0O os aq ss so 0 oooo sos- 04re«i«a g I i«a«JP oggggggir I otl 'rot 0$$$$ gl o4 tir04 Sgg 40 or

t
4 00 gs It ay rs 5 Ygy zoeo OS $004
~S��SPSS"V�gqffxf.",S,�buffa egg,qvffgg;=~~go

SaflmoQ0«5aff %8	44%MPff< %%5%5QQ!$$w%% gs
PR~SPsaoR 5~ NffQPgy$$$y L$1$$

llllll! fllll-'lfNIllfNlllPllllll! fllllll-'! lllll!:'lP! ll-f
htlh» tl tlatl aa aa tla tl At ha ha tth hit A RltAh tltttthah Mlhtthh hAhAhh tltlhhtlha tlh tla

CCQCC CCSSQSSSSCCCCCCCCCCCCCC 8 8 8 8 8 JJ JJ888888$$8$$$$$$$$$$$







1 1 X

UcI

58
4

58

X

X
t a
CE

sa- ~ oooo ~ soaoo e coo cosa oaoooooaoeoooo p ooeooaa
o5

ci oooo asser ss rooahnohoarhoe 1 rio Ui no8 8
4 4o

a
4 Clh.U. O

st s seen est.rear»
RRRnn«88n88Ãn$!Iic88

444»«nt n rsrhnne
A888888888888ARA8

oooeeeoaseeo«easeo 4 4 A 4 r I ~ 4 A n 4 A A 1 1 rt

ezc3 EUNDO 14 CO z I EO 4 4 > s.
X X 1

1 Z IU UI 44 W 4 r r COZe X>s COXXXXA

ZO rX» 5N en 6<84 U.~~X»Z»X~«>xEO~CO
r Z ITI Z IL

n U. 0 Ca 4 g CC ItccigCE X IZ
Qzzeen XX

58

IU U, r ~ n

OX Kr>4%
I-I- 14Zrz UI ~4 CO
$@COX X 4g -c X r

Ul

B-15

l

I

XI-

ooaoooeaosoa ~ ceo»ossa ~ oeo»eeo
RRS $/8888!R Sg RRRpg 888 888
EEeoeaoeooeoa oooeoooeooooooeo
$8!888RR48RR RseR8Vge8488 RRR'

' -=x~4<>>>>~hi-jk Hb~jks'~!f6~ j'>~~'~
IO 4gggg g wmzgQSRSS Sjerc-wwwRgz~cUEUel-wgcU

$X! R Rg' jjI$ I!Q0 ~!!U~$ $EOgg XXXgj! ZXOOO~~X
I

ffC!!If!i!!!!'.OP;$'fj$$'J/!EIEitfj $E! $!IE

j f;;~;>j;; f f fP jghSh . P~ 3 PB~PPjgE
W N Uce IUICIUI OcxtcUUIOEO UICO IOCO IO Ul X UCUI O!H$!MllkjH'.=l lE l'-.'.=;"".-lf!E j'.-EPEE Ej'.Ill=

$'l'~!'~!! "~n-'.~i:~B ~h=b~~ib~pbb«
oooaeooe«oooaoaaaooooeaaooooooaaea ~ ~ ooaaoorg8j jgri-'negetisvit'jar joe jg»isr'an»Ag'e gcU»4UCtC

oeaoooooeooaoooooooeae«os»oooo»oaoeooaao«o» I'ot' I '»iree etc ti 4 cia 1' '4 Ui An so A'aticci 414 o 4 evi arc t' se»asrc rc rc A rc 8

oooo ooeeaoooaeaaeeoo ooaaaa ~ ooooee. ~ o oooo o.
5=55==55=955=R5a85555=.5":H 5863855 8-Si8R
oaaaaaoooooaaoooooooaoaaeo ~ o oaeaooooooooo
R5==RH%%588=58=555=.=5555""5 5 "-f5=RSR=-55"8
aaaoooooooooooeo«oaaeooooo asaooe ~ ~ oeoooopgrtg»gssggsegogg&cti»gsgs«6 gAItco8lg gA«gsg
oooooaaooeooeaaaooeoeooooo. oooo«aaaa»»«e«a
R»RRNj Rc QQ APPPggrgPj gp88 ~ t88gRQg!RP

oooeea oooooeoaooo ~ ooooooaoooooooooooooooa'aria»so oonoertiss»X nr'sent Aa 'ohtinh aear'nriari

eee easooansht seeeaeooeessooooor- s»e nsaxt At ~ Aesket I As@ A ~ AAI Al eexAI I 44441x I Aas ~

reae ~ rtaeeear ana«SI SqreOnaeaaae Wt-arrreeeAst 4I I 4 ~ eAAp ~ I ~ I I I I I Sr et seel I SS ~ ~ t I I St At

gLtcto88RI »IXI 88»UE»88$et ÃoR IER888tw8 n88 A88
-8888-85 Res»$8Ai888 So@888 8 oo8o 888 es

e.85RUII' re888$88oSn' 8s SP8»IQS8«AIR»Ã88~Rssr
8888 8 8 8 888 8 8 8$ 88G 8 844$RXRe »88'

esAeao reassess norns,rer
88888888nn88888nR 888888

ttaesae eeeno«sn ~ e se I As
8888»88ÃRRÃ"88AARRLnnnRAR

scene» nwrsrhssst nooertrt esse«»hos ~ 4 r «ss404poooepnshsooa 4sneenoa 410141441 ~ et sl AI

rhrrao ~ onasorsnhan err«aeeneernnnassnas«hs4 1 4 s 4» ~ n 4 o 4 4 a 1 a I' 4 4 4 A' A' A' A CE 4 a o 4 a I ' e I ' 4 4 r ri ~ ' r ~ ' 4

saaoooooo ~ anoseoo aas ~ eootc ~ Vcl »UIIICAA 1»eo Wr I tiri rC ~

sass»s«so»sees»sos»eqasooooaoaasoooooaaesaAorist'»Seen» '»t-'-'A»et-eet.'r'SAA '4»nnrt'ICi '»c ieriA

 !P~EEigP~PEjEBj!Etjj'.,EHPEP5P�P
s s s «s e «s s s s s s 4 s 4» e e s 4 4 4» e s s e e «e 4 4 e s 4 s s s rc e «

888888888888888488888888CL88$888$888888$888





Appendix C

Time Series Plot Explanation
The following appendix consists of graphs known as Time Series Plots because the

data is depicted over time  i,e. the data is plotted starting with the erst sampling taken through
the last ever sample taken!. These plots are intended to give an overall representation of the
data collected ta date. You will notice that each graph shows a general pattern depending on
the parameter involved. The best way to look at these graphs is to try to distinguish a
common pattern within a sampling season and cotnpare to other seasons and then look for any
unusual observations which alter the general pattern. These observations are either outliers or
indicate that some outside influence caused a change in the process.

Sampling years are separated by a bold line. It should be noted that the G8%'
only samples during the months of April though November. No sampling is performed
during the months of December through March.

The observation ¹ refers to the location in time at which the particular sample was
taken. Missing observations are not depicted on the graphs. The observations are connected
by either solid or dashed line for a visual aid not to imply that continuity exist between
observations.

Joanne Momll and Audrey Fortin check the hydrometer reading.
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Table 3: Low Tide Dissolved Oxygen  mgtl!

6,9 6.9 1 1,34.24,2 13.4
7,9 8.G 1.4 5,7 1 1.45,7 11.7
8.0 8.0 4,61.7 4.6 12.G 12.0

7.0 1.6 4,2 10,94.2 10.9
8.1 1 1,61.2 6.06.0 11.6

7.9 7.9 5.8 1 1.65.8 11.6
7.9 7,9 1.6 4.61,6 4,6 1 1.3 11.3
8.010 8,0 6.06,0 1 1.2 11.2
8,3 1.3 4.71.3 4.7 1 1.9 11.9
6.6 6.7 10.13.31.7 2.2 3.3 16.5

13 9,2 1.81.8 13.8 13.8
8.114 8,3 1.6 1 1.81.5 5.95.9 12.0
8.515 8.6 1.7 3.3 11.G 12.81,5 3.3
8.7 10.616 9.4 1.0 7.42.1 7.4 14.3

Table 4t High Tide Dissolved Oxygen  mg/l!

1995 Corrected 1995
Reported 1995 Mean Reported

Site 4 Mean Std. Dev.

8.2 12.9 12.91.2 5.45,4
8.38.3 6.5 1 1.4 ll 46.5

8.8 1.6 12.6 12.616 5,65.6
8.7 12.0 12.59.G 6.51.4 6.51.3
8.3 12.0 12.08.5 1.3 6.06.0
8.2 10.9 10.95.55.5
7.9 10.9 10.98,0 5.35.3

11.98.3 1 1.95.68.5 1.4 5.6
7.01.0 1 1.2 11.210 8.5 1.0 7.0

12.3 12.38.2 4.74.71.3
15 12.412 8.8 4.84.8

12.5 12 59.0 1.6 7013 9.0 1.6 54

1281.6 12.814 1.7 3.38.5 8.4 3.3

10.81.9 11.51.78.6 3,38.5 3.3

1 1,2 19.07.73.2 7.716 10.8 1.29.2

D-2

Corrected
199S Mean

1995
Reported
Std. Dev.

Corrected
1995 Std.

Dev.

Corrected
1995 Std.

Dev.

1995
Reported

Min

1995
Reported

Mia

Corrected
1995 Min

Corrected
1995 Min

1995
Reported

Mar

1995
Reported

Max

Corrected
1995 Max

Corrected
1995 Max



Table 5: Low Tide Salinity  ppt!

199$
Corrected Reported
1995 Min Max

31.03.53.5 31.06.96.921.0 21.0
32.55.6 32. 57.37.35,625.3 25.3
25.00.0G.G 25.06310.410.4

24.324.30.17.2 G.l7,210.5 10.5
33.49.79726.1 33.426.1

4.8 33.19.79.726.4 33.126.4
0.0G.G 20.05,4

28.928.90.30.318.5 18,510
34.234.229,329.5 23.32.5

25.4 25.40.05.44,5 5.44.312
14.214.20.1 0,13.14.7 3.147

14
33.533.57,95,827.6 7.95.827.615
727.21.71,9 0.51.916 05

Tab!e 6: High Tide Salinity  ppt!

Corrected 1995
1995 Std. Reported Corrected

Dev. Mia 1995 MiaSite ¹
32.932.97.66.025.7 7.625.7
33.133.126.8 1G.94.6268 10.94.6
28.528.57.5 7.59.09.0
31931.96.8 1.223,7 23.7
3236.6 32.34.46.622,4 4.422.4
32.93.6 32.916,23,628.7 16.2

33.9 33,913.93.828.4 13.93.828,4
27.20.0 27.20,07.513.8 7.513.8
33233.23.53.56,425.510 6.4
33.233.23,2 19.33.228.728,7 19,3
23.023 00.05.8 005.96.0 6.0
13.8

13 0.02.72.73,0 13,80.03.0

14

15
33.433.424,724.72,02.030.930.9
11.3G.216 0,2 11.33.93.4 3.4

1995
Reported

Site ¹ Mean

l995
Reported

Mean

Corrected
1995

Mean

Corrected
1995 Mean

1995
Reported
Std. Dev.

1995

Reported
Std. Ilev.

Corrected
l995 Std.

bev.

1995
Reported

Mia

1995
Reported. Corrected

Maa 1995 Max



Table 7: Low Tide % Saturation

Site ¹

76.5 77.4 9.4 10,8 48.6 96.2 123.5
91.4 91.9 8.0 72.59,0 72.5 112.3 127.0
85.3 85.5 97 48.4 48.410.2 104.7104.7

73.4 73,5 10.2 52.810. 1 52,8 101.5 101,5
93.3 93.3 63.88,3 8.2 63,8 113,7 113,7
91.0 91.6 7.8 88 70.1 70.1 119.4 125,6
82.6 8,782.6 8,7 52.5 95.752.5 95,7
88,910 9,4 67.09.4 67,0 115.5 115.5

91.1 10.7 10.7 49.2 49.2 118.6118.6
12 71.3 23,673.8 36.3 36.3 111,318.5 172.0

139.3
13 76.0 111.08.4 1 1.6 76.0

85.614
109.81 1.3 I 1.2 109.8

95.415 97,1 13.6 15.9 40.6 142.2111.5
91.1 67.7 173.8

16 100,6 28.2 67.7 119.914.0

Table 8: High Tide % Saturation

1995
Reported Corrected

Max 1995 Max

1995 Corrected 1995
Reported 1995 Reported

Site ¹ Mean Mean Std. Sev.

125.656.4 116,297.4 9.6 10,6

121.483.5 113.783.598.0 7,87.3

151.565,3 118.565.495.4 98.0 13.07.0

117.2 141.9101.2 �7.5 14.39.9

75.6 152.575.6 118.297.9 101.7 15.210.4

109.6 109,662.7 62.793.4 93,8 9.6

113,762.9 113.762.99.592.4 9.5

131.567.1 116.267.191.8 14.511,2

113.1 134.G
10 8.97.6

112.455.2 55.2 112.410.890,0 10,7

118.5 145.557.6 57.615.193,4 11.097.2

62.9 115.657.8 115.613 879.394,9

29.829.8 112.9 112.9
14 13.891,5 92.3 14.6

117,G 121.518.318.315 97.2

108.672.8 253.772.816 49.093.0 10,9121.9

D4

1995

Reported
Mean

Corrected
1995

Mean

1995
Reported
Std. Dev.

Corrected
1995 Std.

I!cv.

Corrected
!995 Std.

bev.

1995
Reported

Min

1995
Reported

Min

Corrected
1995 Min

Corrected
1995 Min

1995
Reported

Max
Corrected
1995 Max



Table 9: Lovv Tide pH

Site ¹
8.26.5 8.27.3 0.3 0.37.3
8.46.76.77.7 0.3 8.40.37.7
8.15.90.3 5.90.37.37.3

787,00.2 7.07,3 0.27.3
6,56.57.6 8.50.30.37.6

5,6 8,30.4 0.47.6
7,86.6 7.80.3 6.67.2 0.37.2
10.010,06.97.6 6.97.610 0.40,4
8.26.0 6.0047.6 7.6 0.4
7,67.66.403 6.47.1 0.37.112
7,97.95.75.77.213 0.47.2
8.28.26.20.4 6.27.2 0.47.2

7.3 8.2020.2 7.37.715 7,7
9.19.17.20.5 0.57.7 7.716

Table 10: High Tide pH

Site ¹
8.25.67,7 7.0 8.20.27.6 0.4

6.57.7 8.46.50.37.7 0.3
845,9 8.46.2047.3 0.47.3

6.9 6.90.37,9 0.37.9
8.47.27.8 8.47,20.27.8 0.2

6.77.7 8.10.27.7 6.70.2
6.3 8.16.30.47.6 0.47.6

8.7647.3 0.47.3 0.4
8.56.9 8.56.97.7 037.7 0.3

8,16.8 8.16.8047.6 7.6
6.012 7.86.07.2 7.2 0.3

13 7.66.6 7.66.60.27.2 0.2
7.77,76.96.90,27,2 0.27.2
9,56.90.47.8 0.4 6.97.8

16 7.8 9.5957.00.8 7.0

1995

Reported
Mean

Corrected
1995 Mean

Corrected
1995 Mean

1995
Reported
Std. Dev.

Corrected 1995
1995 Std. Reported

Dev. Min

Corrected
1995 Std.

Dev.

Corrected
1995 Min

Co~
1995 Min

1995
Reported Corrected

1995 Mar

Corrected
1995 Maz



Table 11: Low Tide Air Temperature  'C!

Site 0

13,5 -7.013.9 13.5 25.26.8 25.2-7.0
15.2 15.2 15,2 -2 07.2 -2.0 36.0 36,0
15.4 15.4 15.4 6,7 0.0 0.0 28.0 28.0

14,5 14.5 14.5 6.7 4.0 o.O 25.0 25.0
14.0 14,0 14.G 29.0-2.06.7 29.0-2.0
14,2 14.214,2 -2,06.5 -2.0 26.0 26.0
12.7 12.7 12.7 7.1 4.0 -8.0 30.0 30.0
14.210 14.2 4.0 -8.014.2 32.0 32.0
13.5 13,6 13.5 5.4 0,0 25.00.0 25.0

12 18,7 187 18.7 30.57.0 1.5 30.51.5
13 18.3 -2.018.8 30,0-2.08.2 30.0
14 17.9 17,9 17.9 34.0-2.57.2 34.0-2,5
15 15.8 158 15.8 6.0 27.0 27.0
16 16.0 16.0 5,016.0 5.0 29.07.1 29,0

Table 12: High Tide Air Temperature  'C!

Corrected 1995
1995 Mean Reported

Std. Dev.

Corrected 1995
1995 Std. Reported

Dev. Min

35.035.021.8 21.3 '7.3 2.07,1 0.5

31.020.5 6.8 3.5 31.06,7 3.520.4

32.0-2.G20.3 7,4 32,0-2,020.3 7.4

37.07.8 37.021,2 21.2 7,8 4.0 4.0

34.07.6 1.0 34.07.6 1.019.3 19,3

37.037.04.020.2 7.420,0 7.4

37.00.0 37.00.07.622.1 7.6

32.04.0 32.018.8 4.018.8 7.4

34.05.0 34.010 5.020.6 7.320.6 7.3

28,0-2.0 28.0-2.017.0 6.617.3 6.8

39.539.52.512 2.522,8 23.1 8.4

39.539.52.513 2.58.1

36,02.5 36.02.57.521.1 21.1 7.5

2.0 32,02.0 32.020.0 6,26.220.0

8,0 32.58.0 32.520.1 7.920.1 7.9

1995
Reported

Mean

Corrected
1995

Mean

1995
Reported
Std. Dev.

CorTected
1995 Std.

Dev.

1995
Reported

Min
Corrected
1995 Min

Corrected
1995 Min

1995
Reported

Max

1995
Reported

Max

Co~
1995 Max

Co~
1995 Max



Table 13: High Tide Light Transparency  cm!

75.0157,7 157,7 59.6 60.0 75.0 385.0 385.0

75,0166,5 69.2 69,6 75.0 460.0166.5

99,1 99,1 24.2 24.4 45,0 45,0 195.0195.0
25.6 26.0 4,0 4.0 120.065.5 65.3 12G.G

71.2 71.2 27.4 276 18.5 18.5 135.0135.0

247.0 53.0 55.9 140.0 355.0249.8 140.0 355.0
277.7 277.8 89.7 90.3 115.0 570 0115,0 570.0

47.6134.1 126.2 41.G 13.0 13 0 228.0 205.0

67.4 68.210 213.1 213.2 60.0 345.0 345.0

368.6 368.6 108.2 109.5 120.0 120 0 535.0 535.0

12 35.9 38.1 5.0 5.0 90.090.0

135.5 47,1 47.7 287,513 135.5 287.5

14 176.9 175.4 527 52.1 300 017.0 17.0 300.0
15 407.7 79.9 81.4 265.0 610 0265.0 610.0

74.0 37.6 157.516 74.0 39.0 34.5 34.5 157.5

1995

Reported
Site ¹ Mean

Corrected 1995

1995 Mean Reported
Std. Qev.

Corrected 1995
1995 Std. Reported

Dev. Min
Corrected
1995 Min

1995
Reported

Max
Corrected
1995 Mar



Appendix E

Note: In a set of bacterial data, the average value is calculated by computing the
geometric mean, rather than the arithmetic mean. This is the conventional manner by which
bacterial averages are reported �!. Unlike the arithmetic mean, the geometric mean more
accurately reflects the nature  or "middle road"! of a data set that has a great deal of
variability in the observations  as is often the case with bacterial data!. For example, consider
a set of bacterial data comprised of 10 observations, with eight of the observations equaling
two colonies per 100 ml and two observations equaling 500 colonies per 100 ml  indicative of
a relatively clean water with occasionally high bacterial levels, perhaps caused by wildlife
defecating near the site!. The arithmetic mean of this data set would be 102 colonies per 100
ml, which does not rellect the fact that most of the observations are quite low. The geometric
IItean of this data set would be six colonies per 100 ml; thus, the geometric mean is a better
representation of the bacterial data set. For sites which indicate minimal variability, we also
look at the median  the middle number when all observations are ordered in increasing order!
as an average measure of the bacterial counts. Appendix E contains a table of comparisons of
fecal coliform geometric means and medians.

In order to calculate geometric means for the GBW data, some adjustments to the data
were necessary. First, on several of the sample dates, there were no fecal coliforms detected
� colonies per 100 rnl of water sample!, Zero values cannot be used in calculating geometric
means, so these observations were changed to have fecal coliform counts of one colony per
100 ml. According to "Standard Methods" for fecal coliform procedures a colony count
between 20-60 is preferred, if a 100 rnl of sample produced a too numerous to count  TNTC!
then 60 was entered as the count, When a 10 ml or 1 ml water samples were used as the
dilution and count was TNTC, 600 and 6000 respectively were reported since these would be
the calculations for colonies per 100 ml, The second adjustment to the data relates to those
samples for which coliforms were TNTC the number of colonies on the plate. In the case of
high values, the adjustment utilizes the minimum number of colonies known to be present. By
these methods we are prevented from overestimating high counts that could not be
documented, When calculating the medians for the GBW data, adjustments to those
observations which were too numerous to accurately count were calculated using the same
manner implemented for the determination of geometric means, Zero values for calculating the
median were not changed.



Table of Fecal Coliform Geometric Means vs. Medians



Appeadix I

Water quality indicators and number of sampling days

Table it Low Tide Water Temperature  'C!

Site
¹

¹ of ¹ of Miss
Sampling Obs. Mean

Da s
Site Name

Peninsula 16.088

2 Great

3 Lam River

15.889

17,087 10

4 Great

5 Winnicnt RiverPCC 15.6 5.58 25.0 1.G

6 Little

7 Little

9 Cocheco River

Fox Point

Cedar Point

4.40 22.015.1 4.5

85 15.1 4.17 22.5 6.5

5.88 24.0 -1.015.273

10 U r Pisca na River 5,32 24.5 4.416,067
3.43 18.0 4.011 Lower 11.974
4.13 26,0 7,5

5.93 26.5 3.0
12 Lam River 18.259

Marina Falls Land. 13 Lam River 17.0

5.64 25,0 4.014 Lam River 17.2Fowlers Dock 58

Patten Yacht Yard 15 Lower 3.51 21.0 7.013.943
6.02 27.0 4.0uamscatt River 16.82916

Std.
Mean Dev.

Site
¹

¹of
Sampling

Da s
Site Name

5,3Pernntatla 17.0 5.13

15.8 4.52

26.5

5,223.5
4.029.5River

Great B

Winnicnt River

18.3 6.15

18.1 5.90

18.0 6,14

87
3,529.5
3.029.5
5.0Fox Point

Cedar Point

13.5 3,76

14.6 3.84

20.0Little B

Little 6.021.085
27,5Neal -1,016.7 6.2773

5.026.016.1 4.95

12.2 3.59

18.6 5.91

6710
4,019.074
6.029.05912

Marina Falls LanrL
Fowlers Docile

4.018.3 6.29

19,1 6.25

29.013
30.0

6.G17.012.2 3.354315
3.529.518,3 6,702916

Table 2: High Tide Water Temperature  'C!

Std.
Max Min

5.49 24.5 1.3

4.98 24.0 5.0

5.00 25.0 5.5



Std.
Dev.

¹of ¹of Miss
Sampling Qbs. Mean

Da s

Site
¹ Location

88

89

1.78 13.5 4.67.987

88

Fox Point 88

Cedar Point 85

73

67

74

6,2 2.23 16.512 59 1,9
13 Latn River

14 Latn River 58
Patten Yacht Yard

Exeter Docks
1.64 12.8 3.343

16

Site
¹

¹ of Miss
Obs.

Std.
Dev.Location

8.3 1,24 12.9 5,4
Great B 89 8.3 1,07 11,4 6.5

87 1,60 13.0 5.6

1,33 12.5 6.59.0

1.30 12.0 6.0
Fox Point

Cedar Point
Linle 8.3 1.12 10.9 5.5
Little

Cocheco River
85 10.9 5.3
73 8.6 13.6 5.6

10 8.467 12.2 67
74 8,3 1.28 12.3 4.7

12 59 1.678.7 12.4 3.7
Marina Falls Land. 13 58 9,0 1.71 12.9 5.4

14 58 8.4 1.63 12.8 3.3
Patten Yacht Yard 15 43 8.7 1.61 11.5 3.3

16 29 10.8 2.82 19.0 7.5

Table 3: Low Tide Dissolved Oxygen  mg/I!

2 Great

3 Larn River

4 Great Ba

5 Wianicut River

6 Little

7 Little

9 Cocheco River

10 U

11 Lower ua River

15 Lower Pisca River

Table 4: High Tide Dissolved Oxygen  sng/I!

¹of

Saxnp ting
Da s

6.9 1.75 13.4 4.2

7.9 1.38 11.7 5.7

7.0 1,67 10.9 4.2

8,1 1,18 11.6 6.0

7.9 1.11 11.6 5.8

7.9 1.57 11.7 4.6

7.9 1.20 11.2 5.3

84 1.26 119 47

9.0 1.89 13,8 5,3

8.3 1.71 12.0 5.2

9.3 1.79 14.3 6.1



Table 51 Low Tide Salinity  ppt!

¹ of ¹ of Miss
Sampling pbs. Mean

Davs
Site Name Location

88 21.3 6.73 31.0 3.5

25.6 5.32 32.5 7.3

10.9 6.82 27.1 0.0

Peninsula er River
89
87 10

Road

5 Rinnicut River

6 Little Ba

10.5 7.45 26,0 0,1

26.4 4,63 33.4 9.7Fox Point

Cedar Potnt 7 Little 26.6 4,57 33.1 9.7

9 Cocheco River 8.9 5,40 20,0 0.073Neal

10 U Piscata River 67 19.0 6.85 28.9 0.3

29.5 2.33 34,2 22,811 Lower Pisca River 74

3,7 5.06 25,4 0,0

5.1 4.43 29.2 0.1

1.6 1.50 6.6 0.0

12 Lam River 59

58
58

Patten Yacht Yard 15 Lower 27.3 6.51 38.1 2.043

2.3 3.16 13.6 0.016 u;ms' River 29

Table 6: High Tide Salinity  ppt!

Site Name

260 5.70 32.9Petard 88
10.927.0 33.189

29.69.6 8.2287
32.0 1.26.6124,1

6.43 32.322.8
16.23.38 32,928.8Little 88
13.933,928.585

27,8 0.0Neat 73
5.97 3.533.22586710
2.97 19.3332290
645 23 5 0.06,012 59
4.31 28.0 0.03.413
1.29 5.7 0.01.614

17.42.71 33.915
16.7 0.02916

Fax Potnt

Cedar Point

Patten Yacht Yard

Exeter Docks

Site
¹

Little
Cocheco River

¹of

Sampling
Da s

¹ of Miss
Oba.

Std.
Dev.



Std.¹ of Miss

Obs.

Site
¹ LocationSite Name

77.1188

91 56Great 89

87 85.0813

88 73.22

93.07Little Ba

Little

Fox Point

Cedar Point 91.7585

73 81.70Neai

67 S8.6010

74 91.82
12 67.74

58 93.9913

5814 85.09
Fatten Yacht Yard

Exeter Docks
15 94.78
16 29 96.55

Site ¹ of ¹ of Miss
Sampling Obs. Mean

Da s

Strl
Dev.

r River 56.37125.63
2 Great 81.0097,43 7.878

98.20 12.320

107.73 14.130

103.18 IS.&10

94,28 8,803

121.37
r River 87 151.46 65.35

80 141.87

152,51 75.61

109 56 62.68
Cedar Point 85 92.82 9.033

94.68 14.890

98.54 8.660

91.44 10.440

62.87113.65
73 131.50 67.13
67 133.98 81.29

112.38 55.2G
12 59 95.74 16.460

95.58 9.740
146.18 50,12

58 134.58 62.&6
14 91.28 13.140 112.93 29,84

97.50 16.37043 121.48 40.85
16 29 119.&3 44,500 253.70 72.83

Table 7: Low Tide % Saturation

Cocheco River

U r Pisca ua River

Table S: High Tide % Saturation

4 Great

5 Winnicnt River

6 Little

7 Little

9 Cocheco River
10 U

11 Lower

Marina Falls Land. 13 Lam River

Patten Yacht Yard 15 Lower

¹of

Sampling
Da s

11.560 123.47 4S.57

8.694 127.01 72.49

9.910 109.16 48.37

10.180 101.49 52.83

7.921 113.73 63.83

8.514 125,56 70.15

8.950 98,09 52.48

9.850 115.48 67.02

10.170 118.62 49.24

24.090 172.03 22,59

11.92G 139,31 63.96

11,780 109.80 57.22

15.950 142.01 40,63

21.390 173.8 67 66



Table 9: Low Tide pH

Std.
Site Nwne Location

er River 7,3 0,35 8.2 6.5

7,789 0,30 8,4 6.7

River Lam River 7.3 0.30 8.187 5.9

7,4 0.15 7.8 7.0

Fox Point 7.6 027 8.5 6.5

Cedar Point Little 7 6 0.37 8.385 56

Neal 7.2 0.29 7,973 6,6

10 7.5 0.46 10.067

7.7 0.40 8.2 6.074

River12 7.1 G.24 7.6

7.3 0.36 7.9
59 6.4

13 58 5.7

7.3 0.32 8.2

7.8 G.26 8.4
58 6.2

43 7.1

16 7.6 0.37 9.1 7.2

Table 10: High Tide pH

¹ of ¹ of Miss
Sampling Obs. Mean

Da s
Site Natne

8.3 7.00.2477
6.52 Great 8.47.7 0.3089

8.4 5 90.3587River 7.3
6.98,50.264 Great

5 Winnicut River

6 Little

7.8

8,4 7.27.8 0.24
6.7Fox Point 7.7 0.24

8.1 6.37.6 0.34857 Little
640,4073Neal
6,9River 67 0.327.710

7.7 0.367411 Lower
0.297,25912

Marina Falls Land. 13 7,3 0.2958
7.258Fowlers Dock
7.843Patten Yacht Yard 15 Lower

0,657.82916

Fowlers Dock

Pattett Yacht Yard

Site
¹

Site
¹

Great Ba

Winnicut River

Little

U r Pisca River

¹of

Satnpling
Da s

¹ of Miss
Obs.

8.1 6.8

7,8 6.0

8,2 6.6

7.7 6.8

9,5 6.8

95 70



Table 11: Low Tide Air Temperature  'C!

Site
Std.

Location

er River 14.1 -7,025,2
15.2 -2.07.01 36.0

87 15.1 0,028.0
Great

Winnicut River 14.5 6.55 25.0
88 13.9 29.0 -2.06.47

Little &5 14. 1 26,0 -2,0
73 12.5 6 93 3G.O
67 14,1 32.06.89

25.074 13.2 -2.0

30.5
12 59 6.75 1.51&.4
13 58 -2.030.07.70

34.0
14

7.4217.2
15 14.5 5,75 27.043 1.0
16

29.0 4,016,0 6.3629

Table 12: High Tide Air Temperature  'C!

-1,0

1.G

-2,0River &7
4 Great

5 Winnicut River

6 Little

7 Little

9 Cocheco Rtver
85

13

River 6710 U

-2.01 1 Lower Pisca River 74

-2,05912

1.0
Marina Falh Land. 13 5&

1.05814

Fatten Yacht Yard 15 Lower Pisca River 43
19.6 8.54 35,0 -1.G2916

Site Name

Penixn ada

Marina Falls Land.
Fowlers Dock

Patten Yacht Yard

Site
¹

Great 8

Laru River

U r Pisca ua River
Lower River

¹of

Sampling
Davs

¹of
Satnpling

Da

¹ of Miss
Obs.

¹of
Miss.
Obs.

Std.
Dev.

21.0 7.75 35.0

19.8 7.0& 31.0

19.9 7.64 32.0

20.7 8.30 37.0 0.0
19.1 7.63 34.0 0.0
19.5 7.57 37.0 1,0
21 6 7.78 37.0 0.0
18.3 7.42 32.0 A.G
20.3 7.59 35,0 4.0
17.3 6.85 28.0

22.1 8,65 39.5

21.5 8.29 39,5

20.6 7.71 36.0

18.& 6.49 32.0 2.0



Table 13; High Tide Light Transpareltcy  cm!

Std.
Dev.

¹of
Miss.
Obs.

¹of
Sampling

Da s

Site

Site Natne

ster River 88

2 Great B 89

River 87
2380t Road

88PCC
13Fox Point

Cedar Point 85
4773Neal

67
1674

3959

13
300.0 17.05814Fowlers Dock

43

16 River 29 77.8 39.43

Marina Falls Land.

Patten Yacht Yard

4 Great

5 Winnicut River

6 Little

7 Little

9 Cocheco River

10 U r Pisca River

11 Lower

12 Latn River

15 Lower Piscata River

155.5 55-83

166.4 64.19

96,9 23.91

63.9 24.39

73 7 2882

253.1 59.39

277.6 84.23

126.6 36.1.7

208.5 63.36

375.5 103.60

52.0 29.91

131.2 44.39

170.5 47.12

413.5 76.60

Max Min

385.G 75.0

460.0 75.0

195.0 45,0

120,0 4,0

135.0 18.5

355.0 100.0

570.0 115.0

205,0 13,0

345,0 60 0

545,0 120.0

92.50 5.0

287.5G 60.0

610.0 265.0

172.5G 32.5



Appendix G

Minitab Statistical Analysis Printouts for water Quality Indicator
Methods dnriag the QA/QC session

Note: Statistical sign tests were performed to determine if difFerent methods for measuring
dissolved oxygen, pH and salinity difFered from the methods used by the Great Bay Watch
monitors. All tests were performed at a 954/p confidence level. This means that based on the
results we want to be 95'/o confident that the difFerences between the two methods was not

di8erent from zero. Or, in other words, there is only a 5/o chance that we would accept that
the differences were zero when they really were not. Each of the foHowing tests give what is
called a p-value. If this value is higher than 0.05 we are 95'/o confident that the two methods
did not difFer.

Sign Test for Median for Salinity Test One

Sign test of median = 0.00000 versus N.E. 0.00000

N BELOW EQUAL ABOVE P-VALUE MEDIAN
sal I dif 27 0 7 20 0,0000 0.5000

Sign Test for Median for Salinity Test Two

Sign test of median = 0.00000 versus N.E. 0.00000

N BELOW KQUAL ABOVE P-VALUE MEDIAN
sa12diff 27 10 I 16 0.3269 0.2000

Sign Test for Median for Salinity Test 3

Sign test of median = 0.00000 versus N.E. 0.00000

N BELOW EQUAL ABOVE P-VALUK MEDIAN
sal3di8' 27 l4 2 11 0.6900 -O. INN

Sign Test for Median for pH Test

Sign test of medi m = 0.00000 versus N.E. 0.00000

N BELOW EQUAL ABOVE P-VALUE MEDIAN
pHdiff 27 10 3 14 0 5413 0.02000

Sign Test for Median for Dissolved Oxygen Test

Sign test of median = 0.00000 versus N.K. 0.00000

N BELOW EQUAL ABOVE P-VALUE MEDIAN
DOdiff 27 17 I 9 O. I686 -0.1000

G-



Appendix H

Minitab Statistical Analysis Primtouts for Field Split Sampliag Data

Note: Statistical sign tests were performed to determine if QA/QC split sampbngs differed
&otn volunteer saxnplings. All tests were performed at a 95% confidence level This means
that based on the results we want to be 95% confident that the differences between the
QA/QC values and the volunteer values were not different fi.orn zero. Or, in other words,
there is only a 5% chance that we would accept that the differences were zero when they
really were not, Each of the following tests give what is called a p-value, Ef this value is
higher than 0.05 we are 95% confident that the QA/QC values did not differ fiom the
volunteer values.

Sign Test foz Median of Low Tide Aiz Tengmzatnres

Sign test of median = 0.00000 versus N.E. 0.00000

N BELOW EQUAL ABOVE P-VALUE MEDIAN
14 4 7 3 1.0000 0.00000AIRLDIFF

Sign Test for Median of Low Tide Water Temperatures

Sign test of median = 0.00000 versus N.E. 0-00000

N BELOW EQUAL ABOVE P-VALUE MEDIAN
WATLDIFF 14 5 8 1 0.2187 0.00000

Sign Test for Median of Low Tide Dissolved Oxyym Values

Sign test of median = 0.00000 versus N.E. 0.00000

N BELOW EQUAL ABOVE P-VALUE MEDIAN
14 4 0 10 0.1796 0.1000DOLDIFF

Sign Test foz b5edian of Low Tide Salinity Valnes

Sign test of median = 0.00000 versus N.E. 0.00000

N BELOW EQUAL ABOVE P-VALUE MEDIAN
14 8 1 5 0. 5811 -0. 3500SALLDIFF



Sign Teat for Medi. an of Leer Tide pH Values

Sign test of median = 0.00000 versus N.E. 0.00000

N BELOW EQUAL ABOVE P -VALUE
14 7 3 4 05488

MEDIAN
-0.05000pHLDIFF

Sign Teat for Median of High Tide Air Teeperatures

Sign test of median = 0.00000 versus N.E. 0.00000

EQUAL ABOVE P-VALUE MEDIAN
9 4 0.7539 O.GOOOG

Sign Test for Median of High Tid» Water Temperatures

Sign test of median = 0.00000 versus N.E. 0,00000

EQUAL ABOVE P-VALUE MEDIAN
9 5 1.0000 0. 00000WATHDIFF

Sign Teat for Median of High Tide Dissolved Oxygen Values

Sign test of median = 0.00000 versus N.E- 0.00000

P-VALUE MEDIAN.
0.4240 -0.05000

DOHDI FF

Sign Test for Median of Righ Tide Salinity Values

Sign test of median = 0.00000 versus N.E. 0.00000

EQUAL ABOVE P-VALUE MEDIAN
1 9 1.0000 0.00000SALHDI FF

Sign Teat for Median of High Tide pH Values

Sign test of median ~ 0.00000 versus N.E. 0.000GO

BELOW EQUAL ABOVE P-VALUE
8 6 4 0.3877pHHDIFF

N BELOW
19 6

N BELOW
19 5

N N+
18 1

N BELOW
19 9

N N*
18 1

BELOW EQUAL ABOVE
9 4 5

MEDIAN
0.00000



Sign Test for Median of Low Tide Water Depth

Sign test of median = 0.00000 versus N.E. 0,00000

N N" BELOW EQUAL ABOVE P-VALUE
13 1. 5 7 1 0.2187DPLDIFF

Sign Test for Median of High Tide Water Depth

Sign test of med.ian = 0.00000 versus N.E. 0.00000

Sign test of median = 0.00000 versus N.E. 0.00000

TBLDIFF

Sign Test for Median of High Tide Turhidity

Sign test of median = 0.00000 versus N.E. 0.00000

N N~ BELOW EQUAL ABOVE P-VALUE
16 3 9 6 1 0.0215

N N ~ BELOW EQUAL ABOVE
DPHDZFF 18 1 5 8 5
Sign Test for Median of Low Tide Turhidity

N N* BELOW EQUAL ABOVE
13 1 6 6 1

P-VALUE
l. 0000

P-VALUE
0.1250

MEDIAN
0.00000

MEDIAN
0.00000

MEDIAN
0.00000

MEDIAN
-1.750



Appendix j

Graphs of Monthly precipitation 1990-1995
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