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Executive Summary

The New Hampshire Department of Environmental Services has developed numeric
water quality criteria for the Great Bay Estuary. Numeric nutrient criteria were needed
because New Hampshire’s water quality standards contain only narrative criteria for
nutrients to protect designated uses. Narrative standards are difficult to apply for
impairment and permitting decisions. DES received considerable assistance with the
criteria development from the Piscataqua Region Estuaries Partnership (PREP). The
PREP dedicated staff time to develop methods, formed a technical working group to
review approaches and proposed criteria, and funded additional research to fill data gaps.

A variety of data sources were evaluated to provide multiple lines of evidence relative to
appropriate thresholds for nutrients in the Great Bay Estuary. Each data source was
chosen because of its relevance to the conceptual model for eutrophication in estuaries
from the National Estuarine Eutrophication Assessment Update. A weight of evidence
approach was used to combine information from the disparate sources. First, water
quality measurements from different sections of the estuary were used to develop linear
regressions between nitrogen concentrations and chlorophyll-a, dissolved oxygen, and
water clarity. Second, continuous monitoring of dissolved oxygen with in-situ sensors
provided detailed information related to dissolved oxygen impairments. Finally,
relationships between water quality and water clarity were quantified based on light
attenuation measurements by in-situ sensors and hyperspectral imagery.

Numeric criteria were developed for the aquatic life use support designated use because
this use is the most sensitive to nutrient enrichment. DES considered low dissolved
oxygen and loss of eelgrass habitat as the most important impacts to aquatic life from
nutrient enrichment for the Great Bay Estuary. For each of these impacts, DES
established a threshold for the total nitrogen concentration and a threshold for a response
variable. Specifically, in order to maintain instantaneous dissolved oxygen concentrations
greater than 5 mg/L and average daily concentrations greater than 75% saturation, the
annual median total nitrogen concentration should be less than or equal to 0.45 mg N/L
and the 90™ percentile chlorophyll-a concentration should be less than or equal to 10
ug/L. For the protection of eelgrass habitat, the annual median total nitrogen
concentration should be less than or equal to 0.25-0.30 mg N/L and the annual median
light attenuation coefficient (a measure of water clarity) should be less than or equal to
0.5-0.75 m™ depending on the eelgrass restoration depth. Thresholds were not established
for phosphorus because nitrogen is the limiting nutrient in the majority of the estuary.

The numeric criteria will first be used as interpretations of the water quality standards
narrative criteria for DES’ Consolidated Assessment and Listing Methodology for 305(b)
assessments. Later, DES will promulgate these values as water quality criteria in Env-Wq
1700.
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Introduction

In 1998, the U.S. Environmental Protection Agency published the Clean Water Action
Plan (EPA, 1998) to improve the water quality in the nation’s lakes, rivers and estuaries.
One component of this plan was the development of numeric criteria for nutrients (i.e.,
nitrogen and phosphorous) in water bodies. National criteria were not considered
appropriate due to the variety of water body types across the country and the diversity of
natural nutrient background concentrations and biotic conditions prevailing in different
ecoregions. Therefore, EPA asked each state to develop numeric nutrient criteria for its
own water bodies. EPA provided the states with technical guidance for developing
nutrient criteria for lakes, rivers and estuaries (EPA, 2000a; EPA, 2000b; EPA, 2001).

In New Hampshire, the Department of Environmental Services is responsible for
developing nutrient criteria for New Hampshire’s estuaries. The Piscataqua Region
Estuaries Partnership (PREP) facilitated the nutrient criteria development process by
dedicating significant PREP staff time to research and develop methods to establish
numeric nutrient criteria, forming a technical working group in 2005 to provide input on
the methods, and supporting additional research to assist in the development of the
criteria. Information from the workgroup meetings is available at
www.prep.unh.edu/programs/nutrient.htm.

New Hampshire’s Water Quality Standards currently contain only narrative criteria for
nutrients to protect designated uses. Narrative standards are difficult to apply for
impairment and permitting decisions. This report contains proposals for numeric nutrient
criteria for different designated uses in the Great Bay Estuary, the largest estuary in the
State, based on the weight of evidence from the multiple sources of information. Several
thresholds for nitrogen and chlorophyll-a concentrations and light attenuation coefficients
were developed because different eutrophication indicators and thresholds were deemed
appropriate for different designated uses and locations in the estuary. The numeric
criteria will first be used to implement the narrative criteria as thresholds for impairment
determinations in the State of New Hampshire 303(d) list in 2010. Later, the thresholds
will be proposed as new water quality criteria in Env-Wq 1700.

The designated uses considered for this analysis were primary contact recreation
(swimming use) and aquatic life use support. For aquatic life use support, DES
investigated nutrient thresholds for the protection of the benthic invertebrate community,
dissolved oxygen, and eelgrass. Chlorophyll-a and nitrogen concentrations were
evaluated for the primary contact recreation designated use.

Regulatory Authority

The narrative standard for nutrients, Env-Wq 1703.14, provides DES with the regulatory
authority to set thresholds for impairments associated with nutrients and other parameters
associated with eutrophication. The narrative standard for estuarine waters, which are
Class B, states that: “Class B waters shall contain no phosphorus or nitrogen in such

Page 2



New Hampshire Nutrient Criteria for the Great Bay Estuary
Department of Environmental Services Final (June 10, 2009)

concentrations that would impair any existing or designated uses, unless naturally
occurring.”

Precedents from Other States

Numeric nutrient criteria have been established for relatively few estuaries but the criteria
that have been set typically fall between 0.35 and 0.49 mg N/L. The criteria have been
used as both water quality standards and modeling targets for Total Maximum Daily
Load studies. In New England, the Massachusetts Estuaries Project has established water
quality thresholds for total maximum daily loads for dozens of estuaries, predominantly
on Cape Cod and in Buzzards Bay (reports available at
http://www.oceanscience.net/estuaries/index.htm). While the thresholds are site-specific,
many of the nitrogen thresholds set for the protection of eelgrass habitat are similar and
fall between 0.35 and 0.38 mg N/L for a tidally averaged concentration at a sentinel site.
Total nitrogen thresholds as low as 0.30 mg N/L have been adopted for some
Massachusetts estuaries. A nitrogen threshold of 0.49 mg N/L has been adopted for
Pensacola Bay in Florida. This threshold was derived from current concentrations
because eutrophication symptoms in Pensacola Bay were not apparent at the current
concentrations.

Methods

The overall approach was to divide the estuary into 22 different segments and to develop
correlations between median values (or other statistics) for nutrients and response
variables in the different segments. States with many different estuaries are able to
compare median nutrient concentrations and response variables across estuaries. New
Hampshire could not follow this approach because there is only one large estuary in the
state, the Great Bay Estuary. However, the Great Bay Estuary is composed of eight tidal
rivers and several distinct embayments. The nutrient concentrations in these different
segments span a wide range and have differing levels of eutrophic response. Therefore,
DES decided to split the estuary into 22 assessment zones of approximately
homogeneous water quality and to look for correlations across the assessment zones. The
advantage of this approach was that variability in the datasets was muted by taking
median values for each assessment zone, which improved the quality of the correlations.
This approach is supported by Li et al. (2008) who observed that correlations between
nitrogen and chlorophyll-a in Canadian estuaries were only evident when data were
aggregated over longer time periods and across biogeochemical ocean provinces. The
disadvantage of the approach is that spatial and temporal variability of water quality
within an assessment zone was lost. However, this month-to-month variability is
typically confounded by the complexity of phytoplankton population dynamics. On
balance, the advantages of this approach outweighed the disadvantages.

Several different nutrient concentration thresholds for different designated uses and
environmental conditions were developed because different eutrophication indicators
occur for different levels of nutrient enrichment. For example, the nutrient concentration
threshold to protect against large phytoplankton blooms would be expected to be higher
than the threshold to maintain submerged aquatic vegetation. In addition to the thresholds
for nutrient concentrations, thresholds for response variables such as chlorophyll-a and
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water clarity were also developed. These response thresholds provide a means to
determine impairments based on measurements of eutrophic effects if nutrient
concentration data are missing. The nutrient and response thresholds will be used
together to make impairment determinations.

Conceptual Model

The estuarine eutrophication model used by the National Oceanic and Atmospheric
Administration relates external nutrient inputs to primary and secondary symptoms of
eutrophication (Bricker et al., 2007). Phytoplankton blooms (as measured by chlorophylI-
a concentrations) and proliferation of macroalgae are primary symptoms of
eutrophication, while low dissolved oxygen, loss of submerged aquatic vegetation (e.g.,
eelgrass), and harmful algal blooms are secondary symptoms. Harmful algal blooms, the
proliferation of certain species of phytoplankton or cyanobacteria which produce toxins,
typically occur offshore in the Gulf of Maine so this indicator was not considered for the
Great Bay Estuary (Townsend et al., 2005). Instead, the secondary effects of accumulated
organic matter in sediments on benthic infauna were considered. This approach is
consistent with the conceptual model of coastal eutrophication presented by Cloern
(2001) and the guidance for developing numeric nutrient criteria for estuaries from EPA
(2001). DES used a variety of data sources to estimate thresholds for nutrients and
response variables for each of the primary and secondary indicators in the conceptual
model. The methods used for each indicator are described in the following sections.

Nutrient Concentrations

All valid data for nitrogen and phosphorus species from the Great Bay Estuary collected
between January 1, 2000 and December 31, 2008 were queried from the DES
Environmental Monitoring Database. The majority of the data was from the following
programs: Great Bay National Estuarine Research Reserve System Wide Monitoring
Program (http://nerrs.noaa.gov/Monitoring/), University of New Hampshire Tidal Water
Quality Monitoring Program, and the National Coastal Assessment
(http://www.epa.gov/emap/nca/). Results from the Great Bay National Estuarine
Research Reserve Diel Sampling were excluded because of outliers and overlap with the
System Wide Monitoring Program samples taken at the same stations.

For each parameter, the minimum, 10" percentile, median, 90" percentile, and maximum
concentrations were calculated from all the measurements between 2000 and 2008 in
each assessment area shown on Figure 1 and for each trend station shown in Figure 2.
Data from all seasons were used to calculate these statistics. A shorter index period was
considered to constrain the data but the relationships between parameters were found to
be best when using data from all four seasons. Results reported as less than the method
detection level were included with a value equal to the reporting detection limit. This
approach is justified because less than 10% of the results for any parameter were reported
as being less than the method detection level; therefore, percentiles equal to or greater
than 10% would not be affected by the censored results. To generate the complete list of
independent results in each assessment unit and for each trend station, pairs of field
duplicate samples were first averaged (which is equivalent to a median). Then, if there
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were multiple samples taken at the station on the same date (e.g., from different depths or
at different times), the maximum value for the day was calculated. The summary
statistics for each assessment unit were then calculated using this list of independent
samples. A sample size of greater than 20 was preferred to be representative of an
assessment zone. Exceptions to this rule are noted on graphs.

If total nitrogen concentrations were not measured directly, total nitrogen was calculated
from the sum of total dissolved nitrogen and particulate nitrogen. Dissolved inorganic
nitrogen was calculated from the sum of nitrate+nitrite and ammonia or nitrate, nitrite,
and ammonia. If total phosphorus concentrations were not measured directly, total
phosphorus was calculated from the sum of dissolved phosphorus and particulate
phosphorus.

The aggregate statistics for each assessment zone could not illustrate some aspects of
nutrient cycling in the estuary because these statistics did not represent the concentrations
of nitrogen, phosphorus, and other parameters at the same station at the same time. For
example, it is more accurate to calculate the molar ratio of nitrogen to phosphorus in
individual grab samples and then average the ratios, than to calculate the molar ratio from
average concentrations of nitrogen and phosphorus for an assessment zone. The three
topics that required calculations on individual sample data were (1) the percentages of
nitrogen and phosphorus in different fraction types (e.g., dissolved, particulate); (2) the
molar ratios between nitrogen and phosphorus; and (3) the monthly median
concentrations of nitrogen and phosphorus concentrations. For these calculations, the
relevant parameters were queried for a trend station. The necessary calculations were
performed for each date with complete data for all parameters (using daily maximum
values as described earlier) and then the median value of the result was computed for
each station on each date. Measurements reported as below the method detection limit
were included in these calculations and assigned a value of the method detection limit.
Additional information on the methods used for the three different calculations are
presented in the following paragraphs.

The percent of the total nitrogen in different fractions was calculated in order to
determine how much of the nitrogen was bioavailable or associated with phytoplankton.
The fractions that were considered were dissolved inorganic nitrogen, dissolved organic
nitrogen, nitrogen in phytoplankton, and nitrogen in all other particulate organic matter.
Dissolved inorganic nitrogen is the sum of nitrate, nitrite, and ammonia, which were
measured directly. Dissolved organic nitrogen was calculated as the difference between
total dissolved nitrogen (measured directly) and dissolved inorganic nitrogen. Nitrogen in
phytoplankton was calculated from the chlorophyll-a concentration in the sample and
assuming that chlorophyll-a, carbon, and nitrogen comprised 5%, 50%, and 6% of
biomass by dry weight, respectively. The percentages for chlorophyll-a and carbon were
taken from EPA modeling guidance (EPA, 1985). The percentage for nitrogen was
calculated from the ratio of particulate carbon to particulate nitrogen in 127 water
samples from the estuary. This calculated percentage is consistent with estimates from
the EPA modeling guidance (EPA, 1985). While this percentage can change, the median
value should be sufficiently accurate for the purposes of this report. Finally, nitrogen in
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other particulate organic matter was calculated as the difference between total particulate
nitrogen (measured directly) and the estimates of nitrogen in phytoplankton. The
percentage of phosphorus in different fractions was calculated using similar methods. The
percent of phytoplankton biomass dry weight that is phosphorus was calculated to be
1.3% based on the measured ratio of particulate phosphorus to particulate carbon in 83
water samples. This percentage is consistent with modeling guidance from EPA (EPA,
1985). Otherwise, the assumptions used for the phosphorus fractionation calculations
were the same as those used for the nitrogen calculations described above.

The concentrations of nitrogen and phosphorus vary over the course of the year. The
seasonal patterns in the concentrations of these parameters provide information about
critical periods and which nutrient is limiting growth. To illustrate the seasonal patterns,
the median monthly concentrations for total nitrogen, dissolved inorganic nitrogen, and
orthophosphate were calculated and graphed versus month.

The molar ratio of nitrogen to phosphorus is an indicator for which nutrient limits
primary productivity in a waterbody (Howarth and Marino, 2006; NRC, 2000).
According to the Redfield Ratio, nitrogen is the limiting nutrient for ratios less than 16
and phosphorus limits for ratios greater than 16. This ratio is best interpreted as an
indicator rather than a definitive determination of the limiting nutrient. The ratio can
change due to cycling of nitrogen and phosphorus between different fractions (e.g.,
dissolved, particulate) and media (e.g., water, sediment). Therefore, N:P ratios greater
than 16 do not necessarily mean phosphorus limitation or visa versa. Concentrations of
nitrogen and phosphorus in units of mg/L were converted to units of mmol/L using the
atomic masses of nitrogen (14.0067 g/mol) and phosphorus (30.9738 g/mol). The ratio
was calculated for total nitrogen and total phosphorus as well as for dissolved inorganic
nitrogen and orthophosphate for each date with complete data. The latter of these two
ratios is more representative of bioavailable fractions. The median value of the ratios was
computed for each station and plotted against the median salinity for the station. In
addition, the chlorophyll-a concentration in samples from trend stations in the tidal rivers
was plotted against the N:P ratio from the same sample to provide more information on
whether nitrogen or phosphorus was the limiting nutrient during phytoplankton blooms.

The relationships between median nutrient concentrations and other parameters were
explored through univariate regressions using summary statistics for each assessment
area and trend station. A regression was deemed acceptable for setting thresholds if it met
the following criteria. First, the regression had to be statistically significant (p<0.05).
Second, the regression could not be used to extrapolate beyond the range of available
data. Third, assessment zones or trend stations included in the regression had to have
sample sizes for summary statistics greater than 20, unless noted otherwise. Fourth, the
data for both variables in the regression were limited to the 17 trend stations and only for
the years during which both parameters were measured at each station. This last criterion
was adopted to avoid false correlations due to mismatched data. Some parameters were
not measured every year during the 2000-2008 period. It would be inappropriate to match
the median total nitrogen concentration from 2003-2006 at a station with the chlorophyll-
a concentrations for 2000-2008. To make this process explicit to the reader, each point on
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the regression curves has been labeled with the station name and the years of data used to
calculate the statistics. Finally, the standard error of the regression was used to estimate
95™ percentile confidence limits around the regression line (Helsel and Hirsch, 1992).
These confidence limits were used to determine the uncertainty in any threshold derived
from the regression. The goal was to have uncertainty less than 0.1 mg N/L for nitrogen
thresholds and 3 ug/L for chlorophyll-a thresholds. These values were chosen because
they are approximately 20% of the observed range for total nitrogen and chlorophyll-a,
respectively.

Figure 1: Assessment Zones in the Great Bay Estuary
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Figure 2: Trend Monitoring Stations for Water Quality in the Great Bay Estuary
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Table 1: Trend Monitoring Stations for Water Quality

Station Location Latitude Longitude

GRBAP JACKSON ESTUARINE LABORATORY 43.0922 -70.8650
GRBCL CHAPMANS LANDING 43.0394 -70.9283
GRBCML COASTAL MARINE LABORATORY 43.0724 -70.7103
GRBGB GREAT BAY DATASONDE 43.0722 -70.8694
GRBLR LAMPREY RIVER DATASONDE 43.0800 -70.9344
GRBOR OYSTER RIVER DATASONDE 43.1340 -70.9110
GRBSF SALMON FALLS RIVER DATASONDE 43.2142 -70.8172
GRBSQ SQUAMSCOTT RIVER DATASONDE 43.0417 -70.9222
NH-0023A | LITTLE HARBOR 43.0538 -70.7202
NH-0025A | LAMPREY RIVER 43.0638 -70.9096
NH-0029A | BACK CHANNEL 43.0682 -70.7366
NH-0043A | LOWER PISCATAQUA RIVER 43.0933 -70.7712
NH-0045A | LITTLE BAY 43.1056 -70.8542
NH-0049A | OYSTER RIVER 43.1270 -70.8805
NH-0052A | BELLAMY RIVER 43.1340 -70.8470
NH-0057A | UPPER PISCATAQUA RIVER 43.1589 -70.8302
NH-0058A | COCHECO RIVER 43.1950 -70.8580
NH-0062A | SALMON FALLS RIVER 43.1970 -70.8210

Primary Indicators

Chlorophyll-a

All valid data for chlorophyll-a from the Great Bay Estuary collected between January 1,
2000 and December 31, 2008 were queried from the DES Environmental Monitoring
Database. The majority of the data was from the following programs: Great Bay National
Estuarine Research Reserve System Wide Monitoring Program
(http://nerrs.noaa.gov/Monitoring/), University of New Hampshire Tidal Water Quality
Monitoring Program, and the National Coastal Assessment
(http://www.epa.gov/emap/nca/). Results from the Great Bay National Estuarine
Research Reserve Diel Sampling were excluded because of outliers and overlap with the
System Wide Monitoring Program samples taken at the same stations.

The minimum, 10" percentile, median, 90" percentile, and maximum chlorophyll-a
concentrations were calculated from all the measurements between 2000 and 2008 in
each assessment area shown on Figure 1 and for each trend station shown in Figure 2.
The data reduction methods used for the nitrogen and phosphorus concentrations were
also used for the chlorophyll-a results.

The concentrations of chlorophyll-a vary over the course of the year. The seasonal
patterns in the concentrations of these parameters provide information about critical
periods and which nutrient is limiting growth. To illustrate the seasonal patterns, the
median monthly concentrations for chlorophyll-a were calculated and graphed versus
month.
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The relationships between 90" percentile chlorophyll-a concentrations and other
parameters were explored through univariate regressions using summary statistics for
each assessment area and trend station using the methods described in the “Nutrient
Concentrations” section.

Macroalgae

The coverage of nuisance macroalgae in the estuary was mapped in 2007 by UNH with
funding from EPA. On August 29, 2007, hyperspectral imagery was collected by plane
with a visible near infrared spectrograph. The imagery was collected during a spring low
tide and had a spatial resolution of 2.5 meters for the area of interest. For each pixel,
calibrated irradiance from 64 spectral channels with a nominal spectral resolution of 10
nm between 430 nm to 1000 nm was reported. Ground truth data on eelgrass and
macroalgae beds were collected in 2007 for a different study (Short, 2008). UNH
processed the imagery to generate maps of macroalgae cover and eelgrass in Great Bay.
The 2007 macroalgae cover in Great Bay was also plotted over eelgrass cover in 1996
and 2007 as mapped by UNH for a separate project (Short, 2008) to determine the
locations where macroalgae has replaced eelgrass. Important details on methods used for
these analyses are provided below and in a technical report from UNH (Pe’eri et al.,
2008).

Pe’eri et al. (2008) reported a problem with the hyperspectral imagery in the spectral
range below 550 nm wavelength. The problem was that the spectral calibration was
incorrect, not that the remote sensing equipment was faulty or the data were lost. The
result was that below 550 nm the absolute values for reflectance and irradiance were
incorrect; however, relative differences between wavelengths were still accurate.
Therefore, Pe’eri et al. (2008) avoided classical remote sensing algorithms which rely on
absolute values and instead used algorithms based on relative differences. The reported
problems with the imagery below 550 nm only prompted a change in the data analysis
procedures. The reported problems did not mean the hyperspectral imagery dataset was
fully compromised and not useable.

The hyperspectral imagery was collected on August 29, 2007. Weather conditions were
ideal: Clear skies, light winds, and no rainfall in the previous 12 days. Haze was only
observed over land in a couple of flight lines in the northern part of the dataset over
Dover, NH. Moreover, the imagery was corrected for haze and cirrus clouds using the
TAFKAA algorithm. The flight coincided with spring low tide (-0.6 feet at Dover Point),
as planned, to maximize opportunities for mapping submerged aquatic vegetation. The
recurrence interval of this spring low tide is not relevant to the quality of the imagery
because it only served to make visible more of the submerged aquatic vegetation that was
present already.

Since hyperspectral imagery was only collected for the Great Bay Estuary, it was not
possible to calibrate the algorithms on one estuary and validate them on another.
However, eight flight lines of imagery were collected for the Great Bay. Pe’eri et al.
(2008) used one of the flight lines to calibrate the algorithms based on ground truth data
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and then validated the algorithms with the other seven flight lines. Therefore, for most of
the mapped area, the same imagery was not used to both calibrate and validate the results.

Ground truth observations for eelgrass and macroalgae in Great Bay were made in
August 2007 by Fred Short of UNH as part of the annual eelgrass survey of the Great
Bay Estuary (Short, 2008). These observations were not made on the exact day of the
hyperspectral overflight but eelgrass and macroalgae beds are not likely to have changed
over a matter of weeks. The ground truth observations were used to calibrate the
algorithms on one flight line and then validate the algorithm output on the other seven
flight lines. There was good correspondence between the ground truth observations and
the algorithms in the validation step. Fringing salt marsh boundaries from a 2004
mapping survey were also used to calibrate the algorithms to discriminate between salt
marsh and submerged aquatic vegetation.

The algorithms from Great Bay were used to predict locations of macroalgae in other
sections of the estuary including the tidal tributaries; however, there were no ground truth
observations in areas outside of Great Bay. In the lower salinity, tidal river environments
it is possible that the algorithms would not perform as well as they did in Great Bay.
Therefore, only the macroalgae maps for Great Bay were considered valid and used in
this analysis.

Secondary Indicators

Benthic Invertebrates and Sediment Quality

Grab samples of sediment have been collected throughout the Great Bay Estuary for the
National Coastal Assessment (http://www.epa.gov/emap/nca/) (Figure 3). The sediment
quality measurements that are relevant to eutrophication are the benthic index of biologic
integrity (B-1Bl), total organic carbon content, and grain size. Elevated total organic
carbon in the sediments can result from accumulation of organic matter when
phytoplankton and other organisms die and settle to the bottom (Cloern, 2001). Low
dissolved oxygen and elevated total organic carbon in the sediments can disrupt the
normal community of benthic invertebrates (Diaz and Rosenberg, 2008). To measure the
quality of the benthic community, DES used a benthic index for Gulf of Maine sediments
developed by the Atlantic Ecology Division of EPA. The index was calculated as
follows:

B-1BI = 0.494 * Shannon + 0.670 * MN_ES50.05 — 0.034 * PctCapitellidae
where:
Shannon = Shannon-Wiener H’ diversity index
MN_ES50.05 = Station mean of 5th percentile of total abundance frequency
distribution of each species in relation to its ES50 value, where ES50 is the
expected number of species in a sample of 50 individuals
PctCapitellidae = percent abundance of capitellid polychaetes
The benthic index was considered poor for values less than 4
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Median values for B-IBI, total organic carbon, and grain size were calculated from all the
sediment samples collected from each assessment zone of the estuary between 2000 and
2005. These average values were compared to statistics for nutrients, chlorophyll-a, and
salinity in these assessment zones to identify causal relationships.

The benthic macroinvertebrate B-1BI1 used in this report was developed by EPA for the
Acadian Province using the 2000-2001 dataset from the National Coastal Assessment.
The Acadian Province index was developed because the B-IBI for the Virginian Province
did not perform well for sediment samples from the Acadian Province. EPA selected
stations with high and low benthic environmental quality based on non-biological data
and then used discriminant analysis to identify the best metrics from a list of 40 candidate
metrics from the literature. The combination of metrics used in the B-IBI correctly
classified over 80% of stations in the calibration dataset and approximately 75% of sites
in validation datasets. The selected metrics were the Shannon-Weiner H’ Diversity Index,
percent abundance of capitellid polychaetes, and a species tolerance value calculated
following Rosenberg et al. (2004). Because the National Coastal Assessment collected
few samples from oligohaline and mesohaline areas, EPA cautioned that the applicability
of the B-1BI to low salinity areas was unknown. EPA subsequently developed another
version of the B-1BI which found the same metrics to be important but combined them
using logistic regression rather than multivariate regression (Hale and Heltshe, 2008).
The new B-1BI did not have improved discriminatory power for New Hampshire’s
estuaries and was still unproven in low salinity areas, so DES opted to continue with the
old B-1BI to maintain year to year consistency. DES investigated the utility of adding
other metrics that might be more sensitive to nutrient enrichment (e.qg., tubicifids,
Streblospio sp., etc.) without success. Therefore, despite the limitations of the B-1BI for
low salinity areas, DES believes this index is the best available currently. Additional
research is needed at the regional level to develop an index for low salinity environments
but that work is beyond the scope of the nutrient criteria development process.
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Figure 3: Sediment Stations Monitored by the National Coastal Assessment between 2000 and 2005

NEW
HAMPSHIRE

MAINE

; 0 1 2 3 4 5 Kilometers _*_
1 ™ ™ i .

Dissolved Oxygen

Two data sources were used to evaluate the relationship between nutrients and dissolved
oxygen: Grab samples of dissolved oxygen and datasonde measurements of dissolved
oxygen.

All valid data from grab samples for dissolved oxygen from the Great Bay Estuary
collected between January 1, 2000 and December 31, 2008 were queried from the DES
Environmental Monitoring Database. The majority of the data was from the following
programs: Great Bay National Estuarine Research Reserve System Wide Monitoring
Program (http://nerrs.noaa.gov/Monitoring/), University of New Hampshire Tidal Water
Quality Monitoring Program, and the National Coastal Assessment
(http://www.epa.gov/emap/nca/).
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The minimum, 10" percentile, median, 90™ percentile, and maximum dissolved oxygen
concentrations were calculated from all the measurements between 2000 and 2008 in
each assessment area shown on Figure 1 and for each trend station shown in Figure 2.
The data reduction methods used fo