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Dr. Ivan Valiela

Dr. EJin Kinney

Woods Hole Environmental Associates

July 28, 2011

Mr. Tom Irwin

Conservation Law Foundation

27 North Main Street

Concord, NH 03301

Dear Mr. Irwin,

You have requested that we review the Numeric Nutrient Criteria developed by the New

Hampshire Department of Environmental Services (NHDES) rel ative to the Great Bay estuary,

as well as various argument s raised by John Hall & Associates, and that we provide our opinion

regarding the scientific validity of the NHD ES Numeric Nutrient Criteria as a basis for

regulatory decision making. We have conducte d substantial research on the effects of nitrogen

loading on estuarine systems. Dr. Ivan Valiela has been studying the effects of nitrogen loading

on estuarine systems for 41 years. He has published dozens ofpeer-revieweds tudies of the

effects of nitrogen on estuaries, and is well-recognized as a leader in the field. He has been part

ofnational and international board s and panels dealing with these issue s, and has been part of

many oth er key organizations in relevant fields. Dr. Erin Kinney conducted her dissertation

research on the effects of nitrogen loading on Waquoit Bay, MA, Grea t Sippewissett Marsh, MA

and Great South Bay, NY and has published several peer-reviewed studies . She is currently

studying nitrog en management opt ions for Great South Bay, NY and the effects of long-term

nitrogen loading on salt marsh vegetation and sediments, Our curri culum vitae are attached,

Great Bay has been the subject of scientific study for decades, and more recently has

been the subject of studies in regard to water and habitat quality, We have review ed the NHDES

Numeric Nutrient Criteria for the Great Bay Estuary, the two external reviews of that report, the

Draft An alysis of Nitrogen Loading Reductions for Wastewater Treatment Facilities and Non

Point So urces in the Great Bay Estuary Watershed (2009), and the Amendm ent to the New

Hampshire 2008 Secti on 303(d) List Related to Nitrogen and Eelgrass in the Great Ba y Estuary
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(2009). We have also reviewed the technical memorandum prepared by the consulting firm

HydroQual at the request of Hall & Associates (2011), reviewing the NHDES Numeric Nitrogen

Criteria, the Comments from the NHDES on HydroQual' s Technical Memorandum (2011), and

the Memorandum of Agreement between the Great Bay Municipal Coalition and the NHDES

relative to Reducing Uncertainty in Nutrient Criteria for the Great Bay/ Piscataqua River Estuary

(20 11). Finally, we have reviewed Powerpoint slide presentations from the public hearing on the

d raft Exeter wastewater treatment plant permit convened by the EPA on June 9, 2011.

In response to a number of environmental concerns, in 2009, the NHDES developed

numeric water quality criteria for the Great Bay Estuary. The criterion established for

preservation of eelgrass meadows requires median total nitrogen concentrations at or below OJ

mg NIL. In addition, the criterion established for maintaining oxygen concentrations above

critical levels requires median total nitrogen concentrations at or below 0.45 mg NIL.

We found the NHDES Numeric Nutrient Criteria report to be a well organized and

thorough summary of the available nutrient and water quality data for Great Bay. While we

would have preferred to see a watershed nutrient load-based approach, as this would provide a

better basis for interp retations and comparisons of a variety of land-derived I nutrient sources and

drivers of eutrophication, it is our opinion that the use of available data on concentrations was

appropriate and was strengthened by using multip le lines of evidence to arrive at the numeric

nutrient criteria . Below we address the connection between estuarine nitrogen concentration and

load and eelgrass loss as found in Great Bay, the Squamscott River, and by scientific studies in

New England estuaries and elsewhere. Then, we address the concerns raised in by Hall &

Associates and the town of Exeter about dissolved oxygen measurements and the reliability of

the available data.

Nit rogen

Nitrogen concentrations and seagrasses

While the interpretation of nitrogen concentrations can be complicated, the data reviewed

in the NHDES report clearly show that nitrogen concentrations in various parts of the estuary are

elevated, especially in the tributary rivers. Below, we compare the nitrogen concentrations in

I As used in this document, "land derived" includes nitrogen from wastewater treatment plants, atmospheric
deposition and non-pointsources.
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Great Bay and the Squamscott River to New England estuaries that have similar nitrogen

concen trations.

There is persuasive evideuce that shading created by increased primary production (of

phytoplankton, macroalgae, and epiphytes) has negative effects on eelgrass (Duarte 1995, Borum

1996, Valiela and Cole 2002, Hauxwell et al. 2003). The NHDES (2009a) finding that the re is

some linkage between chlorophyll and dissolved inorganic nitrogen concentra tions in water in

Great Bay is cert ainly in keeping with what we, and many others, have seen in other systems

with increasing nitrogen loading. We can compare the effect of nitrogen concentrations on

seagrasses by compilations of values of concentrations (Table 1) in a variety of coastal waters.

Great Bay' s median dissolved inorganic nitrogen concentration is similar to the dissolved

inorganic nitrogen concentration in the Quashnet River, for example. The Quashnet River

experiences macroalgal blooms and has no eelgrass remaining. Other estuaries, with

concentrations 2-2.4 fLM, do still contain eelgrass meadows. These comparisons suggest that

Great Bay is in transition in terms of the status of its eelgrass mead ows: from an eelgrass

dominated system to one dominated by macroalgae. We further note that the NHDES proposed

nitrogen criterion related to eelgrass, expressed as DIN concentration, lies close to the DIN

concentra tions found in the Quashnet River. Since no eelgrass survives in that Cape Cod estuary,

the similarity suggests that DIN criteria might presen tly be too high to allow increases in extent

of eelgrass beds in Great Bay as a whole. This observation is consistent with NHDES 's

observation tha t the numeric nitrogen criteria is for the preserva tion of curr ent eelgrass areas and

might not be low enough for expansion of the current eelgrass area (NHDES 2010).

Source
Tomasky Holmes 2008
Olsen et al. 2010
NHDES 2009.

Tornasky Holmes 2008
NHDES 2009a
NHDES 2009.

NHDES 2009a
Tornasky Holmes 2008

N
Y

N
N

Eelgrass
y
y

10
11

11.6

19.7
22

DIN (I' M)
2

2.4
8

Table 1. Measured DINconcentrations (Idvl) in Massachusetts and Great Bay estuaries and concentrations
p rop osed by NHDES numeric nutrient criteria. Squoms cou, Great Bay. and criteria values calculated DIN as
37% a/TN (NHDES 2009).

Estuary
Sage Lot Pond, MA
Jehu Pond, MA
NHDES numeric nitrogen
criteria (eelgrass)
Quashnet Riv er, MA
Great Bay, NH
NHDES numeric nitrogen
criteria (DO)
Squamscott River, NH
Childs River, MA
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More particularly, the NHDES report shows the median DIN concentration in the

Squamscott River system was approximately 20 flM, nearly as high as the Childs River, the most

eutrophic sub-estuary in the Waquoit Bay system (Table I). The Childs River has no eelgrass

area remaining, suffers intensive macroalgal blooms, and frequent hypoxia as a result of its high

nitrogen load (Fox et al, 2008); we might expect similar future conditions in the Squamscott

River. Additiona lly, the nitrogen in the Squamscott River contributes to the total nitrogen in

Great Bay, threatening eelgra ss in the Bay.

Nitrogen lo:,ds and seagrasses

Accordin g to the Powerpoint presentations from the June 9, 2011 publ ic hearing, Hall

argued that there was no evidence for a direct cause and effect ofnitrogen on eelgrass loss.

Latimer and Rego (2010) and others have demonstrated that increased land-derived nitrogen load

was significantly related to loss of eelgrass habitats (Figure I, and Short and Burdick 1996). Loss

of eelgrass area increases steeply as land-derived N loads increase, and there is a near complete
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Figure 1.Plot ofeelgrass loss (percent) vs. nitrogen loading rate (Kg N !la-J»") (from Latimer and Rego 2010;
other data sources: Valiela and Cole 2002, Steward and Green 2007, Vaudre, 2008); note not all ofthe data
f rom 'he literature are/ or Zostera marina Gray bar is the loading threshold range from the literature 50 - 100
Kg ha: »').

loss of these important habitat s at N loads beyond 100 kg N ha-I yr' . Furthermore, Latimer and
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Rego (20 I0) found that physical processes within the estuary were less important than total

nitrogen load in determining eelgrass loss. Tills is a relevant observation, as there have bee n

claims that hydrodynamic forcing in Great Bay may be more consequential than land-derived

nitrogen loads .

The fact.that eelgrass is still present in certain areas of Great Bay is highly significant. It

means that the nitrogen loads to those areas of Great Bay have not exceeded the threshold at

which eelgrass is eliminated entirely. Land use on the Great Bay watershed has changed in ways

that inevitably increase land-deri ved nitrogen loads (Latimer et al. 2009). Those loads have

increased differently within the subwatersheds of the Great Bay estuary. More detailed modeling

to ascertain the local delivery of nitrogen in the different parts of the Great Bay estuary wi ll be a

useful asset to management. We understand that J. Latimer of US EP A Narragansett has

calculated some of these loads and is in the process of completing others (Latimer et al. 2009) .

R eference
Valiela et a!. (2000)
O'Donohue et a!' (2000)
Bowen et a!. (2007)
Carmichael et a!' (2004)
Bianchi et at. (1999)

Kinney and Valiela (submit ted)

Kinney and Valiela (submitted)

Boynton et a!' (1999)
Kinney and Valiela (2011)
Bianchi et a1. (1999)
Carmichael et at. (2004)
Sfiiso et a!. (1992)
estimate based on NHDES 2010
Nienhuis (1992)
Valiela et a!' (2000)
Nienhuis (1992)
Valiela et a!. (2000)
NHDES 2010
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Table 2. N loads to estuariesper hectare ofestuary in the USA and abroad.
N load Seagr ass

(kg N ha yr")
14
24

24.5-30. 1
25
28
28
29

31
38
56
76

130
161
204
350
500
601
1576

Estu ary
Sage Lot Pond, Massachusetts, USA
Moreton Bay, Australia
Barnegat Bay, New Jersey, USA
Pleasant Bay, Massachusetts , USA
Tampa Bay, Florida, USA

Hamblin Pond, Massachusetts, USA

Jehu Pond, Massachusetts, USA

Chincoteague Bay, Virginia, USA
Great South Bay, New York, USA
Sarasota Bay, Florida, USA
West Falmouth Harbor, Massachusetts, USA
Venice Lagoon, Italy
Great Bay, upst ream of Adams Point
Roskild Fjord, Denmark
Quashnet River, Massachusetts, USA
Wadden Sea, Northern Europe
Childs River, Massachusetts, USA
Squamscott River New Hampshire, USA

To assess the degree of eutrophication of Great Bay and the Squamscott River, it is useful

to compa re conditions to those in other estuaries (Table 2). According to our best-est imate

calcu lat ion, nitrogen load to Great Bay (upstream of Adam 's Point) is 161 kg N ha,l yr"

(Latimer 200 9)2, putting Great Bay in the range of moderate nitrogen loads to estu aries (Table

2) .

2 Area7300 acres, from Great Bay National EstuarineResearch Reserve website



We can then compare this figure to the data of Figure I to see what this may mean in

terms of the fate of eelgrass beds: a load between I00-200 kg N'ha') yr' ) is consistent with our

view that Great Bay is in transition, nearing very high rates of eelgrass loss.

We can also extend these comparisons to more localized geographical areas. NHDES

calculated nitrogen load to Squamscott (Exeter) River as 1576 kg N ha' ) yr" (NHDES 2010),

which is more than twice the nitrogen load per hectare than Childs River (Table 2). As might be

expected, there is no eelgrass today in Squamscott River (NHDES 2009b), although there was

eelgrass there in 1948 and in 1960, and below the railroad bridge as late as 1990 (Short 201 1).

More evidence of a direct link between increases in N loads and loss of eelgrass is given

in many peer-reviewed papers. Increased N, as nitrate or ammonium, has been argued to be

detrimental to eelgrass via shading of growing meristem by macroalgae (Hauxwell et al. 2003)

and shading by epiphytes and plankton (Valiela and Cole 2002, Hauxwell et al. 2003).

Hauxwell et al. (2003), in studies in Cape Cod estuaries, found that the mean annual

irradiance reaching eelgrass decreased with increasing nitrogen load when they evaluated the

light interception by the water column, epiphytic growth on eelgrass, and macroalgal growth for

established shoots and for new growth of eelgrass (Figure 2). In the estuary with highest nitrogen

load (Hamblin Pond, 28 kg N ha' l yr'\ macroalgae and epiphytes had the potential to intercept

close to 100% of sunlight available to eelgrass. The results from Waquoit Bay corroborate our

earlier observations (see pages 3 - 4) that that the higher nitrogen loads in Great Bay could result

in higher macroalgal and epiphytic growth, and therefore higher potential intercepti on of

irradiance, In Great Bay, macroalgal abundance, currently at 137 acres of macroalgal mats

(NHDES 2009a, Figure 18), is increasing and threatening eelgrass beds. The maps and trends

again suggest that the Great Bay ecosystem is in transition. In addition, the amount of epiphytic

biomass growing (and further shading eelgrass leaves) is higher in Great Bay than is found in

Massachusetts estuaries (Short 2003). The inference is that the trend in macroalgal and epiphytic

growth is diminishing eelgrass beds.

The amount of light in the water column of the Squamscott River has also been much

discussed in the various documents we have read. Squamscott River has a history of eelgrass

grow ing as far upstream as Chapman's Landing as recently as 1960. This suggests that

transparency of the water column was adequate for eelgrass growth. We have no reason to

6
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Figure 2. Percentage ofsurface irradianceattenuated through the water column (top) , by epiphytes (middle), and by
macroa /gal canopies (bottom) for estab lished (left) and newly recruiting (right) eelgrass shoots between November
1997 and November 1998 in 4 estuaries ofWaquoit Bay subject /0 different rates a/nitrogen loading f rom, lowest (0

highest, (T: Timms Pond, S: Sage Lot Pond, J: Jehu Pond, H: Hamblin Pond). Epiphyte and macroolgol light
attenuation were based on incoming irradiance after water-column attenuation (from Hauxw ell et al. 2003 ).

assume that natura! color, organic Dr inorganic dissolved matter in the Squamsco tt River have

changed since that time. However there is evidence that nitrogen inputs have increased.

Dissolv ed oxygen

Hall argued that there was uncertainty as to the extent that nitrogen is causing IDw

dissolved oxygen (DO) in Great Bay, and also stated that DO was not changing due to plant

growth, but due to physical factors. It is our opinion that, instead, the data presented in the

NHDES response tDthe HydroQual report , which showed daily increased dissolved oxygen
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during the day, and decreased oxygen concentrations during the night, are an evident signature of

the influence of increased primary production, and this, in turn, is almost certainly a result of

increase d nitrogen loading.

DO is highly sensitive to a variety of factors that affect plant, fish, and benthic

communities (Howarth review ofNHDES report) . Hourly and daily variation can make sampling

technically challenging, but the use of continuo us sampling devices has greatly increased the

scope and accuracy of DO measurements in the field. The continuous measurements of oxygen

concentrations in Great Bay and the Squamscott River (NHDES 2009a) consistently showed that

DO begins to increase in the moming, peaks during mid-day, and becomes lower at night,

reaching low values early in the moming: the simplest explanation of this repeated daily effect is

that concentrations of DO are largely influenced by the daily activity of the plants and algae

within the estuary . This clear diurnal pattern would definitely not be so evident if tida l exchange

or other hydrodynamic processes were controlling DO concentration (because changes in

daylight and tides are not synchronous). A completely similar pa ttern, governed by producer

daily act ivity, was reported from the estuaries of Waqu oit Bay, Massachusetts (D'Avanzo et al

1996), which highlights the strong control that producers have on oxygen concentrations in

sha llow coastal waters. NHDES ' s comments on HydroQual ' s techni cal memorandum also

clearly demons trate that the data show that physical factors are less important than primary

productivity in controlling DO .

Con clusi ons

.There is very strong, emp irical evid ence that there have been increases in land-derived

nitrogen loads and nitrogen concentrations and that eelgrass habitat and minimum dissolved

oxygen concentrations are lowered as a result, in global (Waycott et al. 2009) and regional

(Latimer and Rego 20 10) term s. The Great Bay estuary shares this fate, judging from the

evidence we have seen, and does not differ at all from wh at we have seen elsewhere.

We therefore agree with the opinion giv en by Dr. Robert W. Howarth, and Dr. Wa lter R.

Boynton, who were aske d by the Environmental Protection Agency (EPA) to provid e

independent peer reviews of the report by NHDES. Dr. How arth and Dr. Boynton are highl y

regarded expert s in the field of estuarine biogeochemistry and eutrophi cation, have publi shed

dozens of peer-reviewed studi es of the effects of ni trogen on estuaries, and have been well-



recognized as leaders in these fields. Both have been part of national and internat ional panels

dealing with these issues, both have been Presidents of the Coastal and Estuarine Research

Federation, and have been part of many other key organizations in relevant fields. Their

opinions have to be taken as authoritative.

We agree with Howarth' s and Boynton ' s assessments that the Numeric Nutrient Criteria

for the Great Bay Estuary provides an excellent basis for protecting the estuary and is an

improvement over narrative nutrient criteria. Both opined that the NHDES report was easy to

follow and the methods were transparent. We also agree with Howarth and Boynto n that a

nutrient load based approach might have been stronger, but add that we believe that long-t erm (9

years) extensive empirical datasets on several key indicators of eutrophication status that are

available from Great Bay and several of the tributary rivers give considerable strength to the

conclusions drawn by NHDES .

Eelgrass is a rather sensitive indicator of effects of nutrient loads, so that the nutrient

criteria advanced by NHDES, based on protec tion of eelgrass habitats are, as a consequence, a

reasonable conservative standard to use as an assessment of the health of the estuary in general.

Moreover, owing to the ecological services furnis hed by eelgrass meadows, as Dr. Boynton

clearly stated, "preventing the loss of SAV and preventing the proliferation of macroalgae is of

. pr ime importance," as well as serving as a conservative sentinel of the status of Great Bay.

The Great Bay estuary appears to be a system transitioning from threatened eelgrass

habitat into habi tats dominated by other kinds of estuarine producers (macroalgae), and the

transition seems closely linked to increases in land-derived nitrogen loads. There can always be

more study, to more fully understand every factor contributing to the health of the estuary, but

we believe that the evidence for the need to decrease the land-derived nitrogen load is

overwhelming. No amount of hydrodynamic modeling or larger data sets will change the fact

that the amount of nitrogen entering the Great Bay estuary is increasing and there must be

substantial nitrogen reductions if the eelgrass habitats, and all of the ecosystems services that

they provide, are to survive. The solution to the eutrophication of the Great Bay estuary is going

to require control of wastewater nitrogen-a significant and controllable source of nitrogen. The

plan to deal with the problem also will need to include a combination of point and non -point

nitrogen sources, and future changes in land use (NHD ES 2010). The conclusions of NHDES

regarding Numeric Nutrient Criteria of the Great Bay estuary are supported by studies in other

9



New England estuaries and can provide a sound basis for permitting decisions, including those

for the Exeter wastewater treatment plant.

10

-
Ivan Valiela

~rf.~
Erin Kinney
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