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Abstract:  

This study was made possible thanks to contributions and support from ReMain Nantucket and the 

UMass Boston Nantucket Field Station.  This study was a continuation of a preliminary exploration into 

the nutrient loading of Nantucket Harbor made at the end of August, 2009.  The goal of this study was to 

establish a baseline nutrient concentration for Nantucket Harbor and study its changes throughout the 

summer.  In order to better understand the inputs of nutrients into Nantucket Harbor, testing was 

conducted at the daytime high and low tides during the selected test dates.  This testing demonstrated the 

flushing effect of the tides and the differences in nutrient inputs on a spatial scale. 



 

 

Introduction:  

Nitrate is a derivative of nitrogen, which acts as a limiting element (i.e., it is the nutrient whose ratio of 

supply to demand is lowest) in many ecosystems. In nature, nitrogen levels occur in low concentrations as 

it is consumed and recycled continuously by organisms as part of the nitrogen cycle.   In situations where 

nitrogen loading occurs in concentrations which exceed an aquatic ecosystemôs ability to capture and 

integrate nutrients, the ecosystem enters what is known as a eutrophic or hypereutrophic state.  In this 

state, excessive amounts of nitrogen can lead to blooms of algae.  During this time, algae growth reduces 

the depth of the photic zone and decreases the amount of sunlight which is available to native bottom 

vegetation such as eelgrass.  In some areas of the harbor, especially in the deeper basins, this material 

collects as it decomposes and consumes oxygen, creating pockets of anoxic or low oxygen environments.   

This is a result of the population boom of decomposing organisms that feed on the large amount of 

detritus and deplete available oxygen in the water, creating anaerobic conditions, or oxygen depleted 

ñdead zones.ò  One well known example of a dead zone, where excessive fertilization and nutrient 

loading resulted in large scale eutrophication and eventual algae death, is located in the Gulf of Mexico.  

The majority of the nitrogen in Nantucketôs waters is deposited from the atmosphere.  The Nantucket 

Harbor Study (1997, Woods Hole Oceanographic Institute) estimated that the amount of atmospheric 

nitrogen deposited on the surface of Nantucket waters composed 83% of the total nitrogen in the water.  

Of the remaining 17% of total nitrogen, the Harbor Study states that 4.5% (0.765% total nitrogen) results 

from naturally occurring deposition of nitrogen.  This means that a minimum 16.235% of the nitrogen in 

Nantucketôs water results from human activities. Human activities that contribute to nitrogen loading 

include failing septic tanks, use of fertilizers, and impervious surfaces blocking the absorption of 

precipitation resulting in increased surface run-off. 

Phosphate is a molecule formed by phosphorous, which is another critical nutrient to ecosystems.  In 

freshwater systems, phosphorous is used so extensively by organisms and recycled so rapidly that free 

forms of it such as phosphate occur in barely detectable amounts.  In salt water, phosphate is found in 

higher concentrations, but it can still be affected by periodic inputs of phosphate-containing materials. 

Systems with large amounts of excess phosphate that are not actively packaged by organic matter indicate 

either poor health or excessive external nutrient loading.  Phosphorous sources in the form of the readily 

available phosphate (PO4
3-
) include cleaning products and fertilizers.  Phosphate-containing compounds 

can also have negative effects on humans; studies by the University of Montreal and Harvard University 

show a strong correlation between concentrations of organophosphates in childrenôs urine and ADHD.  



 

Nitrate and phosphate have ideal concentrations in aquatic ecosystems. In an ecosystem such as 

Nantucket Harbor, these ideal concentrations are 0.3- 0.5 mg/L and 0.05-0.08 mg/L respectively.  As 

nitrate and phosphate concentrations increase, they reach a point in which they can have significant 

negative impacts.  Beyond these concentrations, the excess nutrients trigger algae blooms which take 

advantage of the overabundance of food energy in the system.  In salt water harbors like Nantucket 

Harbor these concentrations are typically 0.8 mg/L of nitrate and 0.1 mg/L of phosphate 

(http://water.epa.gov/type/rsl/monitoring/vms57.cfm).  The ratio of nitrate to phosphate is also important 

to consider when analyzing nutrient data.  Life forms use carbon, nitrogen and phosphorous in a distinct 

ratio, 106:16:1; this number is known as the Redfield Ratio. In limnology, scientists often just refer to 

N:P ratios 

 If N:P > 20, P is scarce relative to N; Potential P limitation (mush more common in freshwater) 

 If N:P <10, N is scarceé..and the limiting nutrient. 

Ideal concentrations of nitrate and phosphate are in proportion to Redfieldôs number in healthy 

ecosystems. Ratios that vary significantly from 16N:1P indicate an overabundance or shortage of 

nutrients in the system. Aquatic ecosystems suffering from excessive nutrient loading enter into eutrophic 

and hyper-eutrophic conditions.  Eutrophic events are periods of unrestricted growth of algae that is 

normally present in the ecosystem but held in check by nutrient scarcity.  Overabundance in nutrients 

leads to bursts of exponential algae growth that continue until the algae is once again limited by nutrient 

scarcity.  In Nantucket Harbor, algae blooms can degrade eelgrass habitat, and depending on the species, 

impact shellfish health.  The majority of aquatic species in Nantucket Harbor rely on eelgrass (Zostera 

marina) for habitat, including the bay scallop (Argopecten irradians irradians (Lamarck, 1819)).  

Eelgrass is a very unique and sensitive plant species which has a very low shade tolerance.  Cloudy water, 

floating algae mats, poor exposure to the sand bottom, and/or leaves coated in algae as a result of 

eutrophic events could trigger a major die-back in eelgrass beds.   An example of this phenomenon is the 

ñbrown tidesò which plagued the Peconic Bay fishery in New York, ultimately reducing the fisheryôs 

value from two million to a few thousand dollars. The events in Long Island also discouraged most forms 

of recreation due to the undesirable water conditions, which strongly suggests that impacts in Nantucket 

Harbor would also extend to other industries, including tourism. 

According to the Massachusetts DEPôs January 2009 ñNantucket Harbor Embayment System Total 

Maximum Daily Loads For Total Nitrogenò (SMAST- Report # 97-TMDL-2 Control #249.0): 



 

ñThe N concentrations in the harbor system range from 0.30 to 0.41 mg/L (milligrams per liter of 

nitrogen).  The Massachusetts Estuaries Project (MEP) has determined that, for this embayment 

system, N concentrations of 0.35 mg/L in Head of the Harbor and a N concentration of 0.36 mg/L 

in Polpis Harbor will allow the restoration of the habitat.ò  Nantucket Harbor, Polpis Harbor and 

the Head of Nantucket harbor have been documented to have excessive amounts of nitrate 

requiring the reduction of the inputs of nitrogen caused by humans (anthropogenic) and therefore 

any additional information on the spatial or temporal fluctuations in nitrate concentrations in the 

harbor can assist stakeholders in forming policy and evaluating effectiveness of these policies. 



 

Methods: 

Testing for this study was conducted on the daytime high and low tides of each of the selected test dates.  

The purpose of this testing method was to create a better understanding of inputs and the ebb and flow of 

nutrients in the Harborôs mouth.  This method captures the daily flushing effects of the tides and provides 

frequent temporal data throughout the high use summertime period. Small changes in input and the 

relevance or groundwater sources around the mooring can also be distinguished using this method by 

taking samples twice each day. (www.mass.gov/dep/water/resources/nantuckt.doc). 

Test dates were chosen around the new moon of the months of June through August.  These dates were 

selected because tidal fluctuations are relatively large during the spring high tides associated with the new 

moon and the testing dates would coincide with the Fourth of July and the Opera House Cup.  Choosing 

larger spring tidal cycles for the testing period should bracket the greatest anticipated water chemistry 

fluctuations caused by tidal inputs such as outflow from wetlands and groundwater seeps, as well as 

flushed the most water in and out of Nantucket Harbor.   

The three testing periods took place first during the pre-summer tourist season, then during the two largest 

events of the year.  This created a baseline from which comparison could be made as to the impacts of 

increased human activity on Nantucket Harborôs water quality. 

Testing was conducted in a small motor-craft, starting approximately 10 minutes before peak tide.  

Samples were collected into pre-cleaned, inert, low density polyethylene test bottles and immediately 

tested using three portable probes, a YSI30 salinity meter, Myron Company Ultrameter II, and a Hach 

LDO and/or YSI proODO dissolved oxygen meter. Zero phosphate laboratory grade cleaning products 

and dionized water certified as > 1 M-Ohm and prefilterd for bacteria (0.22 ɛm, sterilized Millipak 

ñGamma Goldò = bacteria free final filtration). Upon return to the UMass Boston Nantucket Field Station, 

samples were analyzed for nitrate and phosphate using US-EPA equivalent test methods employing a 

Hach DR/2400 portable spectrometer. 

Eleven test sites were chosen within Nantucket Harborôs mouth and boat basin.  These sites were chosen 

in order to spatially represent Nantucket Harbor as completely as possible and to quantify potential inputs 

near a variety of sources into the system (marsh, mooring field, freshwater seeps, outfall pipes, etc.). 



 

 

Discussion: 

The results of the testing show increasing nutrient concentrations during the three test periods and 

dramatic concentration fluctuations between high and low tides starting in June. Ideally there should be 

minimal differences in nutrient concentrations between water entering and exiting Nantucket Harbor.  

Large fluctuations in daily nutrient concentrations demonstrate the influence of humans in Nantucket 

Harbor. 

Testing in this study indicated that in the mouth of Nantucket Harbor, nutrient concentrations increased 

from slightly higher than ideal to 43 times greater than The United States Environmental Protection 

Agencyôs recommended maximum of 0.1 mg/L of phosphate, above which an ecosystem enters a state of 

ñsevere degradation.ò  Nitrate peaked at over 5 times the EPA recommended 0.8 mg/l at 4.1 mg/L on 

August 14.  It is worth noting that on the 14
th
 of August, low tide sampling also saw the highest 

concentrations of fecal coliform colonies at an average over 8 sites of 22.5 colonies per 5mL of sample.  

That indicates a concentration that is over 32 times the State of Massachusetts Department of 

Environmental Protectionôs limit for shell fishing of 0 .7 colonies/5 mL sample, and over 4 times greater 

than the single sample limit above which public beaches are to be closed and primary contact recreation is 

to be restricted.  The State of Massachusetts Department of Public Healthôs single sample closure 

concentration is significantly higher than that of the MassDEP, however the average concentrations still 

were roughly one and a half times greater than their 315 colonies/ 100 ml cutoff. 

While Nantucket Harbor is being excessively nutrient loaded, daily tidal flow mitigates increasing 

concentrations by flushing the Harbor with water from Nantucket Sound twice a day.  In areas like the 

Head of the Harbor which have poor circulation, this flushing action is reduced.  During the summer, the 

Head of the Harbor was tested twice at the request and with the assistance of the Wauwinet Association.  

Testing showed that phosphate levels in the Head of the Harbor exceeded 46 times the recommended .01 

mg/L necessary for a healthy estuary ecosystem, indicating what appeared to be the beginning of a large 

scale algae bloom.  



 

 

Conclusion: 

Sampling in the summer of 2010 showed that nutrient concentrations in the mouth of Nantucket Harbor 

increased dramatically during the summer in spite of algae blooms which significantly reduced the 

available nutrients in the water column.   Despite being within an acceptable range during the first test 

period in June, average nitrate values for all sites were above the EPAôs ñsevere degradationò designation 

at 0.8mg/L.  Similarly, phosphate values leapt from healthy levels to levels at which 10 of 11 sites were 

designated as being in a state of ñsevere degradation.ò 

Sampling in the Harbor conducted in summer 2009 was limited to a few days surrounding the Opera 

House Cup.  Testing in 2010 showed a decrease in nutrient concentrations from last yearôs concentrations 

despite increased participants and visitors.  This could be the result of a combination of factors including 

increased public awareness, the distribution of alternative cleaning products by ReMain Nantucket, 

maximum tidal flows, and the consumption of nutrients by large, wide-spread algae blooms. 

Unfortunately, testing in 2009 did not include total coliform data due to a lack of supplies; however  

coliform colonies were grown from samples from most test dates during summer 2010.  Total and e. coli 

related coliform concentrations on numerous occasions were found to be above safe levels for shell 

fishing and primary contact forms of recreation.  In particular Childrenôs Beach and the mooring fields 

showed the greatest concentrations of e. coli coliforms and frequency of high coliform concentrations. 

 

 

 



 

Sampling Map Summer 2010: 

 

 



 

 

 

 

 

Sampling Map 2009 Race Week: 

 

 



 

2010 Head of Harbor Sampling Map: 

 



 

 

Average Daily Nutrients: Summer 2010     

         

 High Tide   Low Tide   Average  

 NO3 PO4  NO3 PO4  NO3 PO4 

6/9/2010 0.454545 0.092727  0.409091 0.09  0.431818 0.091364 

6/10/2010 0.527273 0.064091  0.427273 0.067273  0.477273 0.065682 

6/11/2010 0.427273 0.092727  0.4 0.070909  0.413636 0.081818 

7/2/2010 0.518182 0.113636  0.618182 0.149091  0.568182 0.131364 

7/6/2010 1.336364 0.085455  1.236364 0.110909  1.286364 0.098182 

7/7/2010 1.327273 0.427273  1.109091 0.081818  1.218182 0.254545 

7/9/2010 2.018182 0.252727  1.043636 0.099091  1.530909 0.175909 

7/10/2010 1.536364 0.109091  1 0.104545  1.268182 0.106818 

8/6/2010 0.709091 0.129091  1.090909 0.09  0.9 0.109545 

8/10/2010 0.954545 0.11  1.363636 0.103636  1.159091 0.106818 

8/13/2010 0.854545 0.101818  0.581818 0.111818  0.718182 0.106818 

8/14/2010 0.690909 0.194545  2.481818 0.035455  1.586364 0.115 

8/15/2010 0.754545 0.079091  1.036364 0.094545  0.895455 0.086818 

8/17/2010 0.663636 0.103636  1.636364 0.078182  1.15 0.090909 

* Units are in mg/L        

** Data points in red signify concentrations in excess of the minimum concentrations at which the harbor 

is considered in a state of Severe Degradation according to the United States Environmental Protection 

Agency. 

 

         



 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 
 



 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 



 

 

 

 



 

Excerpt from the Massachusetts State Department of Environmental Protection Surface Water Quality 

Standards published in 2007: 

 

(4) Coastal and Marine Classes 

(a) Class SA. These waters are designated as an excellent habitat for fish, other aquatic life and wildlife, including for their 

reproduction, migration, growth and other critical functions, and for primary and secondary contactrecreation. In certain waters, 

excellent habitat for fish, other aquatic life and wildlife may include, but is not limited to, seagrass. Where designated in the 

tables to 314 CMR 4.00 for shellfishing, these waters shall be suitable for shellfish harvesting without depuration (Approved and 

Conditionally Approved Shellfish Areas). These waters shall have excellent aesthetic value.  

In the case of a water intake structure (IS) at a desalination facility, the Department has the authority under 33 U.S.C. § 1251 

(FWPCA § 401), M.G.L. c. 21, §§ 26 through 53 and 314 CMR 3.00 to condition the IS to assure compliance of the withdrawal 

activity with 314 CMR 4.00, including, but not limited to, compliance with the narrative and numerical criteria and protection of 

existing and designated uses.  

1. Dissolved Oxygen. Shall not be less than 6.0 mg/l. Where natural background conditions are lower, DO shall not be less than 

natural background. Natural seasonal and daily variations that are necessary to protect existing and designated uses shall be 

maintained.  

2. Temperature.  

a. Shall not exceed 85°F (29.4°C) nor a maximum daily mean of 80°F (26.7°0C), and the rise in temperature due to a discharge 

shall not exceed 1.5°0F (0.8°0C);  

b. there shall be no change from natural background that would impair any uses assigned to this class including those conditions 

necessary to protect normal species diversity, successful migration, reproductive functions or growth of aquatic organisms;  

c. alternative effluent limitations established in connection with a variance for a thermal discharge issued under 33 U.S.C. § 1251 

(FWPCA, § 316(a)) and 314 CMR  

3.00 are in compliance with 314 CMR 4.00. As required by 33 U.S.C. § 1251 (FWPCA, § 316(a)) and 314 CMR 3.00, for permit 

and variance renewal, the applicant must demonstrate that alternative effluent limitations continue to comply with the 

variance standard for thermal discharges; and  

d. in the case of a cooling water intake structure (CWIS) regulated by EPA under 33 U.S.C. § 1251 (FWPCA § 316(b)), the 

Department has the authority under 33  

U.S.C. § 1251 (FWPCA § 401), M.G.L. c. 21, §§ 26 through 53 and 314 CMR 3.00 to condition the CWIS to assure compliance 

of the withdrawal activity with 314 CMR 4.00, including, but not limited to, compliance with narrative and numerical 

criteria and protection of existing and designated uses.  

3. pH. Shall be in the range of 6.5 through 8.5 standard units and not more than 0.2 standard units outside of the natural 

background range. There shall be no change from natural background conditions that would impair any use assigned to this 

Class.  

4. Bacteria.  

a. Waters designated for shellfishing: fecal coliform shall not exceed a geometric mean Most Probable Number (MPN) of 14 

organisms per 100 ml, nor shall more than 10% of the samples exceed an MPN of 28 per 100 ml, or other values of 

equivalent protection based on sampling and analytical methods used by the Massachusetts Division of Marine Fisheries and 

approved by the National Shellfish Sanitation Program in the latest revision of the Guide For The Control of Molluscan 

Shellfish (more stringent regulations may apply, see 314 CMR 4.06(1)(d)(5));  

b. at bathing beaches as defined by the Massachusetts Department of Public Health in 105 CMR 445.010, no single 

enterococci sample taken during the bathing season shall exceed 104 colonies per 100 ml, and the geometric mean of the 

five most recent samples taken within the same bathing season shall not exceed a geometric mean of 35 enterococci colonies 

per 100 ml. In non bathing beach waters and bathing beach waters during the non bathing season, no single enterococci 

sample shall exceed 104 colonies per 100 ml and the geometric mean of all samples taken within the most recent six months 

typically based on a minimum of five samples shall not exceed 35 enterococci colonies per 100 ml. These criteria may be 

applied on a seasonal basis at the discretion of the Department; and  

c. consistent with Massachusetts Department of Public Health regulations for bathing beaches, the single sample maximum 

values in the primary contact recreation bacteria criteria in 314 CMR 4.05(4)(a)4.b. also are for use in the context of 

notification and closure decisions.  

 

1. Solids. These waters shall be free from floating, suspended and settleable solids in concentrations or combinations that 

would impair any use assigned to this class, that would cause aesthetically objectionable conditions, or that would 

impair the benthic biota or degrade the chemical composition of the bottom.  

2. Color and Turbidity. These waters shall be free from color and turbidity in concentrations or combinations that are 

aesthetically objectionable or would impair any use assigned to this class.  

3. Oil and Grease. These waters shall be free from oil and grease and petrochemicals.  

4. Taste and Odor. None other than of natural origin.  



 

 

 

Resources: 

http://www.nantucket-ma.gov/pages/NantucketMA_Marine/biologist/2006reports/NHarbor06.pdf 

http://www.water.ncsu.edu/watershedss/info/phos.html 

http://www.umass.edu/tei/mwwp/factsheets.html 

http://www.mwra.state.ma.aus/harbor/pdf/wqstandards.pdf 

http://www.time.com/time/health/article/0,8599,1989564,00.html?xid=newsletter-weekly 

http://www.mass.gov/dep/service/regulations/314cmr04.pdf 

http://www.seagrant.sunysb.edu/btide/pdfs/Report1.pdf 

www.mass.gov/dep/water/resources/nantuckt.doc 

http://www.micrologylabs.com/Home/Our_Methods/Coliscan_Media/Coliscan_Easygel 
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