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          UPDATED MEETING POSTING  
 

Original Posting Date 02/02/2022 Original Posting Number T 110 
TOWN OF NANTUCKET  

Pursuant to MGL Chapter 30A, § 18-25 
All meeting notices and agenda must be filed and time stamped with the 

Town Clerk’s Office and posted at least 48 hours prior to the meeting 
(excluding Saturdays, Sundays and Holidays) 

  

  
Committee/Board/s FINANCE COMMITTEE 

  
Day, Date, and Time Tuesday, February 8th, 2022 @ 4 PM 
  
Location / Address REMOTE PARTICIPATION VIA ZOOM 

The meeting will be aired at a later time on the Town’s Government TV 
YouTube Channel 
https://www.youtube.com/channel/UC-sgxA1fdoxteLNzRAUHIxA 
 

  
Signature of Chair or 
Authorized Person  

Mariya Basheva                                                                                                                  

WARNING: IF THERE IS NO QUORUM OF MEMBERS PRESENT, OR IF 
MEETING POSTING IS NOT IN COMPLIANCE WITH THE OML 
STATUTE, NO MEETING MAY BE HELD! 

UPDATED  AGENDA 
Please list below the topics the chair reasonably anticipates will be discussed at the meeting 

 
Join Zoom Meeting 

https://us06web.zoom.us/j/88986853211?pwd=RG1SKzdiWU14eTJ0SXJMR0ZuRGRpdz09 
 

Meeting ID: 889 8685 3211 
Passcode: 990794 

 
1. Call to Order 

 
2. Audio/Video Announcement 

 
3. Approval of Agenda 

 
4. Public Comment 

 
5. Potential Adoption of Meeting Minutes from January 29th, 2022 and February 1st, 2022 

 
6. Public Hearing on May 2nd, 2022 Annual Town Meeting Warrant Articles, Pursuant to 

Article II, Section 2.5(b) of the Town Charter. Town Warrant can be found online at: 
https://www.nantucket-ma.gov/DocumentCenter/View/41189/2022-Annual-Town-Meeting-
and-Election-Warrant-PDF 

 
7. Review and discussion of the following 2022 Annual Town Meeting Warrant Articles; 

Potential Adoption of Motions: 

https://www.youtube.com/channel/UC-sgxA1fdoxteLNzRAUHIxA
https://us06web.zoom.us/j/88986853211?pwd=RG1SKzdiWU14eTJ0SXJMR0ZuRGRpdz09
https://www.nantucket-ma.gov/DocumentCenter/View/41189/2022-Annual-Town-Meeting-and-Election-Warrant-PDF
https://www.nantucket-ma.gov/DocumentCenter/View/41189/2022-Annual-Town-Meeting-and-Election-Warrant-PDF
mcoleman
Meeting Postings
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Article # Sponsor  Name of Article  
79 Joseph Minella Home Rule Petition: Prohibiting Fertilizer 
84 John F. McGrady, 

Jr. 
Rescind vote under Article 77 of the 2018 Annual Town 
Meeting as to so much of the article that pertains to the 
taking of 10 Surfside Road and to return land to the care, 
custody and control of the Nantucket School Committee to 
be held for school purposes. 

83 John F. McGrady, 
Jr. 

To direct the Select Board to allow at least 14 days between 
the Annual Town Meeting and the subsequent election. 

69 Bruce Mandel General Bylaw Amendment - Single-Use Plastics - Alcoholic 
Beverages Container 

70 Bruce Mandel General Bylaw Amendment - Single-Use Plastics - Tobacco 
Filters 

82 Theresa Williams Home Rule Petition: Establish ombudsman to mediate 
disputes before the Town of Nantucket. 

72 Campbell Sutton 
General Bylaw Amendment: Town Wharf and Waterways 
Prohibited Activities - extend until October 31st the 
requirement that dinghies be removed from Town Property 

80 Jeffrey Boom Home Rule Petition: Amend the Historic District Commission 
enabling legislation to encourage the adoption of solar power 
and renewable energy systems 

 
8. Committee Reports 

 
9. Date of Next Meeting – Thursday, February 10th, 2022 @ 4 PM 

 
10. Other Business 

 
11. Adjournment 

 
 
 
 

 
                       

 



 1997 NPEDC HWWG REPORT june 2003.pdf

 2013 Article 68 BMP Report.pdf

This email was scanned by Bitdefender

https://drive.google.com/file/d/1fCLPUF_PHgekT87b6LtKSc6XUckIq8uu/view?usp=drive_web
https://drive.google.com/file/d/1fCLPUF_PHgekT87b6LtKSc6XUckIq8uu/view?usp=drive_web
https://drive.google.com/file/d/1M15hAnMh9lheEDtkNwo4n8fYnrmr0EFn/view?usp=drive_web
https://drive.google.com/file/d/1M15hAnMh9lheEDtkNwo4n8fYnrmr0EFn/view?usp=drive_web


21 11 28 TON Summary Ferts 

TOWN of Nantucket actions on fertilizers from 1997. 

1997-2003: NPEDC, Harbor Watershed Work Group: found no basis for the fertilizer assumptions. 
Authors announced at public meeting “blew you right off, didn’t want to bother”, and “do not focus on 
that…”, as 13 published peer reviewed studies contradicted the assumptions.  Reviewed and ranked the 
(long list of) identifiable sources of nitrates and recommended we follow the science in educational 
endeavors.  

2000: EOEA / DEP: Watershed Initiative: DEP funded a daylong seminar with national academic experts 
in turf and soil sciences. “IF we are concerned that lawn care practices have the potential to degrade 
water quality, there are simple management strategies to address that. Fertilizers may leach at about ½ 
the 1997 assumptions with no precautions, zero to negligible with precautions.” Landscapers asked do 
we need to go to zero tolerance and the professors were unequivocal: green grass does NOT equal 
water pollution. 100 plus attendees, mostly from the trades and advocacy groups.  

2006: November presentation on Mass Estuaries TMDL process. EOEA representatives “sewering the 
watershed would SOLVE the problem.” 

2010 Town Meeting article 68: Proponents of prohibiting fertilizers brought the girl scout troop to town 
meeting to urge that we act, now. The turfgrass science faculty at UMass presented a succinct summary 
of the science to date and the material from the 2000 DEP Watershed Initiative. Town Meeting ordered 
up a committee for an in-depth review.  

2011: The article 68 committee issued a widely circulated draft and sought further input in developing a 
standard that:  

• is as restrictive as the science requires. 

• is enforceable (thru licensing); and that  

• allows people to maintain their property.  

 

2013: Article 68 committee issued most thorough science-based review to date. 

 

Board of Health: Regulation 75 (201?). Science takes us to the technical piece in BOH regulation 75. 

 







 

 

December 7, 2021 

To: Finance Committee TON 

RE: 2022 Town Meeting Citizen Petition F Prohibit Fertilizer 

 

On behalf of J&M landscape Services Nantucket, MA I respectfully request the Finance 
Committee consider a negative recommendation regarding citizen petition F prohibiting 
fertilizer.  The TON through NRD and BOH already has regulatory authority over fertilizer.  
There is a licensure program in place specific to Nantucket’s regulations that limit products, 
amounts, and dates they can be used on island.  A great deal of time and expense has been 
devoted to this common sense approach that allows residents and businesses to responsibly 
apply fertilizers. 

 

Prohibition historically results in failed policy and unintended consequences and an argument 
can be made for almost anything that overuse has negative connotations.  I believe this article 
would actually take Nantucket backwards in the coming years by erasing the work that has 
already been accomplished.  Education, awareness, and support of current guidelines are hard 
work but currently the right track.   Residents have a right to maintain their property and 
businesses have a right to protect themselves against rogue regulations.   

 

Sincerely 

 

Michael V Misurelli 

J&M Landscape Services 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
DATE: December 09, 2021  
 
TO:   Denice Kronau, Chair of the Finance Committee of Nantucket 
 
FROM:  James M. Skillen, Sr. on behalf of the 
  Lawn and Horticultural Products Work Group (LHPWG) 
 
Subject:  Opposition to the Home Rule Petition: Prohibiting the Application of Fertilizer   
 
Position Statement: The Lawn & Horticultural Products Work Group (LHPWG), on behalf of its 
member companies opposes the request to introduce special legislation prohibiting the application of 
fertilizer in the Town on Nantucket.  
 
Statement of Interest  
 
The LHPWG, operating under the auspices of Ignite Solutions, which is part of the Household & 
Commercial Products Association (HCPA), provides a unified voice for companies engaged in the 
unique market of lawn and horticultural products. LHPWG member companies manufacture more than 
75 percent of domestically produced conventional specialty fertilizers (packaged fertilizers) utilized in 
the United States including consumer household, lawn and garden, golf courses and other professional 
turf and lawn care. These packaged fertilizer products are licensed; registered and sold to consumers 
and professional applicators in all 50 states. Our members rely on years of their own and independent 
scientific research to guide their product formulations and product decisions.  
 
We oppose local ordinances of specialty fertilizer on general principle because they can and do create a 
situation of inconsistent regulation within a state and in some instances within a county of a state.  
 
 
 
 
 
 



 
 
 
 
 
 
Specific Comments     
 
We applaud and support your efforts to protect your watershed and believe that proper fertilization can 
assist in this endeavor. We support the proper use, application, and timing of fertilizers, and immediate 
removal of fertilizers that may fall on hard surfaces. When applied properly, fertilizers improve the 
health of plants leading to larger root systems that absorb water and nutrients. Fertilizer also increases 
turf density which acts as an effective natural filter of stormwater runoff which greatly reduces soil 
erosion and nutrient loss. 
 
Massachusetts passed legislation to restrict the use of phosphate on lawns in Massachusetts in 2012. 
Subsequently the USEPA supported the legislation by providing an estimate that Massachusetts could 
save as much as $180,000,000 a year due to the "avoided" treatment costs.  
 
 The Citizen's petition is a good indicator that local waters surrounding Nantucket didn't benefit from 
the estimated $1.4 trillion dollar1 windfall Massachusetts was projected to receive in "avoided" 
treatment costs over the last 8 years due to the phosphate restrictions implemented in 2012.  
 
The EPA's estimates and projections of nutrient losses from specialty fertilizer applied to turf grass 
have been wrong from the very beginning of this debate and LHPWG has tried very hard to educate all 
stakeholders on the benefits of properly managed turfgrass. It is somewhat ironic that according to the 
USEPA2, diverting stormwater runoff through a "grassed swale" is the cheapest and most effective way 
to capture excess nutrients and sediment and protect local waters. The LHPWG and others in industry 
have sponsored research on nutrient loss to the environment, published peer reviewed papers, and held 
symposiums to present the research to the public to no avail. 
 
 The petition indicates that an obvious solution to a few concerned citizens in Nantucket, is to stop the 
use of specialty fertilizer on lawns, bushes, trees, home gardens and flowers to protect local waters. 
Stopping the use of specialty fertilizers will not solve the problem. Unfortunately, their proposed 
solution is misguided. We would like to share our expertise and knowledge along some specific facts 
with you that we have learned from turf research conducted in New York3, Wisconsin4, and Minnesota5. 
 
1.  Nutrient losses from unfertilized turf are greater than from fertilized turf 
2.  Stormwater runoff from unfertilized turf is greater than from fertilized turf 
    
The studies demonstrate that "thick, healthy" turf grass is better for the environment than unfertilized 
turf grass.  
 
 
 
 
 
 
 



 
 
Additionally, the United States Department of Agriculture (USDA), based upon research conducted in 
the Choptank River watershed, now recommends planting a cover crop of rye grass after harvest to  
reduce nutrient losses from farming activities to the Chesapeake Bay. In addition, planting grass buffer 
strips around the perimeter of agricultural lands is a primary method recommended and used to reduce 
soil erosion and protect waterways. The United States Department of Transportation (USDOT) requires 
planting turf grass alongside roads to prevent erosion and to filter runoff from the highway. Some of the 
other benefits of turf include6: 
 
 * The trapping of pollution 
 * Promotion of infiltration 
 * Prevention of erosion 
 * Absorption of carbon dioxide 
 * Production of oxygen 
 
 
There seems to be an erroneous belief that properly applied nutrients quickly wash away from the 
fertilized area as it speeds its way into the nearest water body. That is simply not the case. After 
watering in, nutrients move into the soil solution and into the root zone where they are subsequently 
taken up and utilized by plants. Nutrients lost to the environment are from off-target applications to 
hard surfaces and from soil erosion containing nutrients from areas that are not properly maintained. 
Based on decades of research, LHPWG members formulate specialty fertilizer products and provide 
application rates to deliver proper nutrition to the targeted plant, be it a rose bush or a lawn. Following 
the Three R’s, using the Right Product, Right Application Rate, and Right Time greatly reduces the 
potential for loss of nutrients to the environment. 
 
Conclusion 
 
Our member companies and their employees work, live, and play in communities across the United States 
that are very much like Nantucket, MA. These communities are also struggling with water quality issues. 
Our members want to protect local waters as they also enjoy the opportunity to swim, fish and boat in local 
waters. That is why, our members produce specialty fertilizer products specifically formulated to deliver 
nutrients based upon the targeted plant's specific needs by relying on decades of research. There are 
products formulated specifically for trees, shrubs, flowering shrubs, roses, house plants, vegetable gardens 
and specific varieties of turf grasses. The petition, if granted would ban the use of all these products 
resulting in a decline in overall plant health and increased soil erosion.  
 
Our members know better than anyone, the important role nutrients play in the environment and the 
potential problems that are caused by excess nutrients entering the environment. Consumer research 
continues to document that most of the turf grass in the United States does not receive the correct amount of 
fertilization every year. This means that nutrient losses from turf grass across the country are higher than 
they need to be. The petition, if granted would increase the amount of nutrients that flow into local waters in 
Nantucket, an unintended consequence of the action.  
 
 
 
 
 
 



 
 
In summary, research clearly documents that nutrient losses and the volume of storm water runoff from 
plots of poorly maintained (unfertilized) turf are greater than nutrient losses and storm water runoff from 
plots of thick, healthy fertilized grass.  
 
We strongly urge you to deny the petition. If any member of the Board would like to have further discussion 
about specialty fertilizers and the benefits of turf grass or the formulation of specialty fertilizer products the 
LHPWG would be pleased to be a resource.  
 
If you would like a copy of any of the published research papers in the footnotes; we will be happy to 
provide them. 
 
Thank you for the opportunity to offer comments on the proposed Home Rule Petition. 
 
Sincerely, 

 
James M. Skillen 
 
Consultant for the Lawn & Horticultural Product Work group 
jskillen1@suddenlink.net 
252-402-2451 
 
CC: Kristie L. Ferrantella, Vice Chair   

 Matt Fee 
 Dawn E. Hill Holdgate  
 Melissa Murphy 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

mailto:jskillen1@suddenlink.net


 
 
 
Footnotes: 
 

1. https://www.mma.org/law-limits-phosphorus-in-lawn-fertilizer/ 

2. Approaches for Determining Swale Performance for Stormwater Runoff 
    S.D. Struck AM.ASCE1*, M. Borst2, S. Muthukrishnan3, A. Selvakumar4, and  
    T.O’Connor M.ASCE5 
 
3. Determining Nitrogen Loading Rates Based on Land Use in an Urban Watershed  
    Zachary M. Easton and A. Martin Petrovic; Chapter 2 - The Fate of Nutrients and  
    Pesticides in the Urban Environment; American Chemical Society - Symposium  
    Series 997, 2008 

 
   Determining Phosphorus Loading Rates Based on Land Use in an Urban Watershed  
   Zachary M. Easton and A. Martin Petrovic; Chapter 3 - The Fate of Nutrients and  
   Pesticides in the Urban Environment; American Chemical Society - Symposium  
   Series 997, 2008 

 

  The Effects of Soil Phosphorus and Nitrogen and Phosphorus Fertilization on Phosphorus  
  Runoff Losses from Turfgrass; Douglas J. Soldat, A. Martin Petrovic, and Harold M. van Es; 
  Chapter 6 - The Fate of Nutrients and   Pesticides in the Urban Environment; American  
  Chemical Society - Symposium Series 997, 2008 

 

4. Management Practices Affecting Nitrogen and Soluble Phosphorus Losses from an Upper  
    Midwest Lawn; Wayne R. Kussow; Chapter 1 - The Fate of Nutrients and Pesticides in the  
   Urban Environment; American Chemical Society - Symposium Series 997, 2008 

 

    Sediment and Nutrient Losses from Prairie and Turfgrass Buffer Strips During Establishment 
    K. Steinke, J.C. Stier, W.R. Kussow, and A. Thompson; Chapter 9 - The Fate of Nutrients  
    and Pesticides in the Urban Environment; American Chemical Society - Symposium Series  
    997, 2008 

 

5. Phosphorus Runoff from Turfgrass as Affected by Phosphorus Fertilization and  
    Clipping Management; Peter M. Bierman, Brian P. Horgan, Carl J. Rosen, Andrew B. Hollman, 
    and Paulo H. Pagliari; Journal of Environmental Quality. Vol.39 (2010). 
 
6. The Role of Turfgrasses in Environmental Protection and Their Benefits to Humans  
     James B. Beard* and Robert L. Green; Journal of Environmental Quality, Vol. 23,  
     May-June 1994, 

https://www.mma.org/law-limits-phosphorus-in-lawn-fertilizer/


From: James Skillen
To: Denice Kronau
Cc: Stephen Maury; Mariya Basheva; Brian Turbitt
Subject: Finance Committee discussion of the Fertilizer Citizen"s Warrant Article on 1/13/22 at 4PM on Zoom
Date: Monday, January 10, 2022 10:59:26 AM
Attachments: James M Skillen 2020.pdf

Environmental Turf Services Final Report 12 23 14.pdf

Ms. Kronau –
 
Thank you for your kind invitation.  I would be happy to participate.
 
Attached is a copy of my resume and also attached is a copy of an analysis of
the “improvements”
to “surface water quality” in the state of Minnesota one decade after they
enacted the 
statewide phosphorus restrictions (ban) legislation in 2004.  I testified against
that legislation
in Minnesota and stated “for the record” in 2004 that “phosphate” from
specialty lawn fertilizers
was not a statistically significant source of phosphate contamination to surface
waters.
 
Almost a decade later, we paid Environmental Turf Services (Stuart Z. Cohen,
PhD) to evaluate the water
quality monitoring data in Minnesota.  We wanted to document the water
quality improvement!
 
There was no water quality improvement in Minnesota after a decade of
restrictions (now 17 years).
As you know, Massachusetts passed legislation to restrict (ban) the use of
phosphate on lawns in Massachusetts
in 2012.
 
So, thank you, I appreciate the opportunity to share our concerns with the
Finance Committee.
 
Kind regards,
 
Jim Skillen
252-402-2451  
 

mailto:jskillen1@suddenlink.net
mailto:dkronau@nantucket-ma.gov
mailto:smaury@nantucket-ma.gov
mailto:mbasheva@nantucket-ma.gov
mailto:bturbitt@nantucket-ma.gov
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JAMES SKILLEN 
118 West 11th Street ▪ Washington, NC 27889 ▪ Phone: 252-402-2451 ▪ jskillen1@suddenlink.net  


Environmental Compliance Director 
38 years of experience facilitating and coordinating collaborative relationships with regulators at the state and 
federal level. Experience with regulations promulgated for environmental statutes.  


24 years of experience working for four member driven national trade associations on a diverse set of 


regulatory issues resulting in significant positive economic impact for their members.   


24 years of experience with state regulatory affairs, effectively monitoring and lobbying for and against specific 
legislation that negatively impacted the fertilizer and pesticide industry, passed proactive fertilizer preemption 


legislation in 18 states. 


Professional Experience 


JMS Consulting Regulatory Management 


Principal                   2012 to 2020 
 


▪ Worked as directed by a number of clients on state and local regulatory affairs.  I have written and filed 
comments on a number of state and local regulations.  I have written comments on proposed EPA 
regulations for a number of clients.  I have written testimony in opposition or support of legislation at the 


state and federal level.  I have worked as a registered lobbyist in North Carolina and other states. I 
continue to work for the Lawn & Horticultural Products Work Group (LHPWG) in Washington, DC.  


 


RISE – WASHINGTON, DC 2006 to 2012 


Director of Science & Regulatory Affairs 


Key Results: 


▪ Worked as directed by the Regulatory Affairs Committee, facilitated industry relationship with the 
Environmental Protection Agency’s (EPA) Office of Pesticide Programs (OPP).  Developed and implemented 


specific action strategies for each regulatory action initiated by EPA under the Federal Insecticide, 
Fungicide, and Rodenticide Act (FIFRA) at the state and federal level.  


▪ Generated >$400,000 to sponsor turf research at two major universities, organized a national Symposium 


through the American Chemical Society’s Division of Agrochemical to present the research and facilitated  
the publication of “The Fate of Nutrients and Pesticides in the Urban Environment” [ISBN 978-0-8412-
74228].  


▪ Worked as directed by the Aquatic Committee, facilitated industry relationship with EPA’s OPP and EPA’s 
Office of Water.  Developed and implemented specific strategies for each regulatory action initiated by 
EPA under FIFRA and the Clean Water Act (CWA) at the state and federal level.   


RISE – WASHINGTON, DC 2001 to 2006 


Manager of Formulator Issues 


Key Results: 


▪ Worked as directed by the Formulators Committee, facilitated industry relationship with the Environmental 
Protection Agency’s (EPA) Office of Pesticide Programs (OPP).  Developed and implemented specific 
strategies for each regulatory action initiated by EPA under the Federal Insecticide, Fungicide, and 


Rodenticide Act (FIFRA) at the state and federal level. 


 







 


Resume - James Skillen           Page 2 


▪ Worked as directed by the Aquatic Workgroup, facilitated industry relationship with EPA’s OPP and EPA’s 
Office of Water.  Developed and implemented specific strategies for each regulatory action initiated by 


EPA under FIFRA and the Clean Water Act (CWA) at the state and federal level.   


▪ Generated >$500,000 in contributions to challenge Ninth Circuit decision in the “Headwaters, Inc. v. Talent 
Irrigation District” court case.   


 


THE FERTILIZER INSTITUTE – WASHINGTON, DC 


1995 to 2001 


Director of Regulatory Programs 


Key Results: 


▪ Worked as directed by the Environmental Committee, the Health & Safety Committee and the Energy 


Committee.  Facilitated industry relationship with the EPA, the Occupational Safety and Health 
Administration (OSHA) and the Federal Energy Regulatory Commission (FERC).  Developed and 
implemented specific strategies for each regulatory action initiated by these agencies. 


 


TEXASGULF, INC. – AURORA, NC 1989 to 1995 


Environmental Scientist 


Key Results: 


▪ Responsible for facility compliance with the Clean Water Act, the Safe Drinking Water Act; the Emergency 
Planning and Community Right-to-Know Act, and the Resource Conservation and Recovery Act.  Facilitated 


site relationship with both the EPA and the North Carolina Department of Environment and Natural 
Resources. Developed and implemented specific compliance strategy for each regulation initiated by the 
state or federal agencies that impacted the facility. 


 


CONSERV INC. – NICHOLS, FL 


1983 to 1989 


Senior Process & Environmental Chemist 


Key Results: 


▪ Responsible for facility compliance with every applicable environmental statute. Facilitated site relationship 


with both the EPA and the Florida Department of Environment Protection. Developed and implemented 
specific strategies for each regulation initiated by the state or federal agencies that impacted the facility. 


Education 


UNIVERSITY OF NORTH CAROLINA – CHAPEL HILL, NC 


Bachelor of Science in Chemistry, 1982 


 


References: 
 


Available upon request 
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EXECUTIVE SUMMARY  


  


  State regulatory agencies and legislatures have been enacting restrictions that limit and 


eliminate phosphorus (P) in lawn fertilizers. The first state to implement such legislation statewide was 


Minnesota. In 2004, it passed zero-P legislation that took effect in 2005, following more limited 


restrictions that had been enacted previously. Since then, at least 10 additional states, and dozens of 


local governments in Florida, have enacted lawn fertilizer restrictions that target P and/or nitrogen. This 


is being done in an atmosphere whereby, in many areas of the country, there are perceptions that lawn 


fertilization is bad for the environment.  


  


  P is usually a limiting nutrient in freshwater systems, usually at low concentrations. This 


consideration is usually the policy driver for statutory and regulatory actions by state legislatures and 


agencies, frequently in the context of the establishment of Total Maximum Daily Loads (TMDLs) 


pursuant to §303(d) of the Clean Water Act. The restrictions imposed on P applied to turfgrass are based 


on the assumption that the runoff from the treated turfgrass will impact water quality. However, test 


plot and field-scale study results indicate that the irreducible concentrations of P in runoff from control 


sites are usually not significantly different than the concentrations from sites treated with typical 


turfgrass fertilizers at typical application rates.  


  


  Thus the purpose of this paper is to examine these issues more closely, albeit with a rather 


limited scope. Specifically, we reviewed the results of test plot and field-scale studies that examined P 


losses in runoff from turf. Further, we evaluated surface water quality monitoring results from eight 


watersheds in Minnesota, and compared concentrations before and after the restrictions cited above.  


  


Literature Review  


  


  Twelve papers were reviewed relevant to phosphorus runoff from cool season turfgrasses at 


latitudes equivalent or similar to those that transit Massachusetts.  
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  It has been demonstrated, in cool season grasses, that significantly more phosphorus runoff can 


occur from treated fertilized plots than zero-P plots when excess P is applied, e.g., at 3X normal rates. It 


has also been demonstrated, in cool season grasses, that, in general, there is no more TP runoff from  
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test plots treated at 1X normal fertilizer rates relative to test plots with zero-applied P. At least six 


studies yielded results whereby more P ran off the zero-P plots relative to the 1X plots.   


A multiple subwatershed scale analysis in Minnesota concluded that there was no difference in 


TP runoff concentrations comparing a Minnesota town with P use restrictions implemented five years 


prior to similar implementation by another town. An environmental benefit of reduced SRP 


concentrations in the town with longer-term restrictions was concluded by the authors, but the lower 


concentrations of TSS was a confounding factor that weakened the conclusion.  


Preliminary Trend Analysis of Minnesota Water Quality Monitoring Data  


Restrictions on application of P-containing fertilizers began in Minnesota in 2002 at the local 


level, and statewide implementation of restrictions occurred in 2005. Therefore surface water 


monitoring sites from the Minnesota dataset at watershed Hydrologic Unit Code (HUC) Level 08 were 


selected for data analysis of pre- and post-phosphorus restrictions (ca. 2002-2005).  


We selected surface water monitoring stations that represent a range of TP concentrations (i.e., 


low, medium, and high concentrations) and that are located near urban areas to compare the impact of 


the statewide P restrictions.   


Three of the eight monitoring stations/watersheds we evaluated demonstrated significant 


declines in TP concentrations over the period evaluated. All three of those stations are located in 


watersheds classified as having medium or high TP concentrations. This preliminary conclusion might be 


sufficient to generate a hypothesis worth testing. However, the law only targeted residential lawn P use, 


and the comparisons do not demonstrate a clear benefit of the law (Minnesota Statutes, Chapter 18C);  


i.e., only one of the monitoring stations in a predominantly residential or mixed use area demonstrated 


a decline in TP.  
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It is possible that a more intensive and extensive analysis might yield a different conclusion, but 


our analysis of these eight subwatersheds does not indicate that the restriction of P on residential lawns 


has shown a significant decline in P in Minnesota surface water.  
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I.  INTRODUCTION AND PURPOSE  


State regulatory agencies and legislatures have been enacting restrictions that limit and 


eliminate phosphorus (P) in lawn fertilizers. The first state to implement such legislation statewide was  


Minnesota. In 2004, it passed zero-P legislation that took effect in 2005  


(www.mda.state.mn.us/phoslaw), following more limited restrictions that had been enacted in 2002 and 


implemented in 2004. Since then, at least 11 additional states (ME, WI, MI, IL, NY, WA, MD, VA, NJ, and 


VT: http://www.cga.ct.gov/2012/rpt/2012-R-0076.htm; MA is a recent addition to this list:  


http://www.mass.gov/eea/docs/agr/docs/draft-nutrient-management-regulations.pdf), and dozens of 


local governments in Florida, have enacted lawn fertilizer restrictions that target P and/or nitrogen. This 


is being done in an atmosphere whereby, in many areas of the country, there are perceptions that lawn 


fertilization is bad for the environment.  


These statutes, regulations, and ordinances have not been enacted without controversy. For 


example, Hochmuth (2014) demonstrated that the dozens of local fertilizer ordinances in Florida lacked 


a scientific basis. Bierman et al. (2010) found that, in year 2 of a three-year study, total annual runoff 


depths were significantly greater for the no-fertilizer treatment compared with all other treatments.  


Lehmann et al. (2009) chose a title for their paper about the benefits of a P restriction - - “Reduced River 


Phosphorus Following Implementation of a Lawn Fertilizer Ordinance” - - that implies a more definitive 


conclusion than stated by the authors in the paper. Finally, Kussow (2008) found that there was no 


significant decrease in runoff-soluble P when zero-P fertilizers were applied compared with applications 


of fertilizers with P.  


Thus, the purpose of this paper is to examine these issues more closely, albeit with a rather 


limited scope. Specifically, we reviewed the results of test plot and field-scale studies that examined P 


losses in runoff from turf. Further, we evaluated surface water quality monitoring results from eight 


watersheds in Minnesota, and compared concentrations before and after the restrictions cited above.  
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II.  PHOSPHORUS IN RUNOFF FROM TURF IN FIELD RESEARCH PLOTS  


  


  This is not a comprehensive review. Rather, its focus is research done at the two institutions that 


are most active in research on phosphorus in turfgrass. There is also a focus on those papers most 


relevant to the 50% P reduction credit.  


  


A.  Literature  


  


  The following studies were all performed on cool season turfgrasses in northern climates, and at 


the same or similar latitudes as Massachusetts. Thus they are relevant to the Massachusetts MS4 


proposal.  


  


  Easton and Petrovic (2004) conducted a two year mass-balance field study to determine the 


effect of nutrient source on turfgrass runoff and leachate. The test plots were in central New York on 


soils ranging from sandy loam to silt loam texture. They observed that rapid establishment and shoot 


density from fertilizer applications tended to reduce overall losses of nutrient runoff and leaching.   


  


  In many cases, they found that N and P losses in runoff were equal or higher from the 


unfertilized control than from the treatment plots. This supports the observation that fertilization, 


following the establishment period, can reduce water contamination from N and P. They found that 


only one fertilizer source (swine compost – which is not typically applied to turf -- in the first year) 


produced significantly higher P concentrations (2.4 mg/L) than the unfertilized control (0.3 mg/L). Mass 


loss of P in the first year of the study for the different fertilizer types under normal applications (23.6 kg 


P/ha or ~0.5 lb P/1000 sq ft) ranged from 0.2 – 0.8 kg/ha compared with control (unfertilized) at 0.2 


kg/ha. The second year of the study showed that the P-mass loss of the unfertilized control (1.3 kg/ha) 


was significantly higher than all other fertilizer sources, except for the swine compost (1.2 kg/ha) at 


twice the normal application rate (i.e., 47.2 kg P/ha or ~0.9 lb/1000 sq ft). The second year showed a 


range of P-mass loss values for the different fertilizer types ranged from 0.6 - 1.0 kg/ha at normal 


application rates (23.6 kg P/ha or ~0.5 lb P/1000 sq ft) compared with control (unfertilized) at 1.3 kg/ha.   


  


  Table 1 below shows runoff concentrations associated with the typical P application sources for 


turfgrass. The average P runoff concentration for treated plots in the first year is 0.5 mg/L, compared  
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with 0.3 mg/L for the control plot. The second year shows an average P runoff concentration of 0.43 


mg/L for treated plots, which is lower than the control plot concentration of 0.5 mg/L.  


Table 1. Phosphorus Concentrations in Runoff from Easton and Petrovic (2004) - Normal P Use Rate 


(~0.5 lb P/1000 sqft; 23.6 kg/ha)*  


Study 


Year  


Control (mg/L)  Biosolid 


(mg/L)  


Readily Available 


(mg/L)  


Controlled-Release (mg/L)  


1  0.3  0.8  0.3  0.4  


2  0.5  0.6  0.3  0.4  


The study concludes:  


 “It is generally accepted that fertilizer is needed for rapid turfgrass establishment and 
growth. Increased shoot density, infiltration, and reduced sediment and runoff loss support 
the argument that fertilization ultimately results in less water contamination. While the 
initial concentrations and losses were generally higher from the fertilized treatments, rapid 
establishment and dense growth obtained with fertilizer application tended to reduce 
overall losses. In many cases we observed equal or higher overall losses of N and P in runoff 
and leachate from the unfertilized control, supporting the argument that following 
establishment fertilization can reduce water contamination from N and P.”  


Soldat and Petrovic (2008) reviewed the literature on the fate and transport of P in turfgrass 


ecosystems from several sources. In their review of the Kelling and Peterson (1975) paper, they found 


that unfertilized lawns in Wisconsin produced a P concentration in runoff of 0.4 mg/L, whereas fertilized 


lawns yielded a P concentration of only 0.5 mg/L (7.2% loss of applied P). This is only a 0.1 mg/L 


increase, albeit insignificant, in P concentration from the unfertilized plots relative to the fertilized 


plots. In general, they found that P losses from fertilized plots ranged from <1 to 18% of the amount of P 


applied, higher when more was applied and the greatest when twice the normal application of P was 


used.   


Soldat and Petrovic (2008) reported result for Gaudreau et al. (2002), a natural plot-scale study 


over a 2-yr period. They compared runoff results from fertilized and unfertilized plots. The range of 


applications on the fertilized plots ranged from normal (i.e., 25 kg/ha or 0.5 lb P/1000 sq ft) to four times 


the normal rate (i.e., 2 lb P/1000 sq ft or 100 kg/ha). The runoff P concentration for control plots ranged 


from 1.1 to 2.6 mg/L compared with 1.1 to 16.6 mg/L from the plots with normal applications (i.e., 25 


kg/ha) using inorganic P. Additionally, twice the application rate for inorganic P (i.e., 50 kg/ha or  
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1 lb P/1000 sq ft) produced P concentrations in runoff of 1.1 to 30 mg/L. Therefore, these results 


demonstrate that some of the fertilized plots using normal P application rates produce P runoff 


concentrations (1.1 mg/L) lower than the control/unfertilized plots (2.6 mg/L).  


  


  Soldat et al. (2008) conducted a two year study to better understand nutrient runoff losses from 


turfgrass in order to improve fertilizer recommendations for turfgrass.  This New York-located study 


included experimental test plots with two objectives: 1) examine the effects of N and P fertilization of 


established turfgrass on P runoff losses; and 2) examine the effect of soil P level on P runoff losses from 


established turfgrass. Although the  dissolved P concentrations (DP) (2.10 mg/L)  from the no-P 


fertilization plots was significantly less  than the plots where P was applied at a rate of 50 kg/ha/yr (2.74 


mg/L), the results showed only a 23% reduction of phosphorus in runoff without P fertilization.  


However, the TP runoff concentrations were not significantly higher in the P fertilized plots. In addition, 


Soldat et al. (2008) cited the Kussow (1996) study in which there was a 47-59% reduction in runoff P 


losses from fertilized turf compared with unfertilized control in Wisconsin.  


  


  Bierman et al. (2010) researched the effects of various turf fertilizer treatments on phosphorus 


(P) runoff over the course of three years in Minnesota. Treatments varied from no fertilizer to high P 


fertilizer (three times the recommended rate of P). In the first year, phosphorus runoff increased with an 


increase in phosphorus rate. During the second year, however, the total phosphorus runoff from the 


nofertilizer treatment exceeded the phosphorus runoff from those plots receiving fertilizer. This was due 


to a decline of the turf quality and greater runoff depth at the plots not receiving fertilizer. During the 


final year, total phosphorus losses increased with an increase in the phosphorus rate used in the 


fertilizer; however, losses were similar for those plots treated with the recommended rate of P and no-P 


treatment.   


  


  Steinke et al. (2014) examined phosphorus runoff from non-fertilized, native prairie vegetation 


as well as from fertilized turfgrass plots in Wisconsin. The average phosphorus load from fertilized 


turfgrass was significantly less than the average phosphorus load from the prairie vegetation. 


Furthermore the study goes on to say that “phosphorus losses from urban areas appeared to be 
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primarily correlated with runoff depth, not vegetation type, because correlation coefficients revealed 86 


and 45% of the Year 1 and Year 2 total P loads were directly accounted for by runoff volumes”. As shown  
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in Bierman et al (2010) a reduction in phosphorus applications to turf can lead to greater runoff depth 


and ultimately greater phosphorus loss in runoff.  


  


  Soldat (2012) emphasizes the importance of soil tests to determine whether phosphorus is 


needed and concedes that, while turf fertilizer does contribute to phosphorus loss from urban 


environments, building and road construction contribute a much greater portion of P loss. Therefore, 


“legislation restricting the use of phosphorus fertilizer is likely to have a limited effect on urban water 


quality”.  


  


  Kussow (2008) measured nitrogen and phosphorus loss from turf plots treated with synthetic 


fertilizer containing phosphorus, organic fertilizer containing phosphorus, and no fertilizer. The test plots 


were in Wisconsin. The turf plot receiving no fertilizer treatment resulted in more phosphorus loss in 


runoff than the fertilizer treatments. Runoff volume increased by 31-38% and phosphorus losses 


increased up to 58% at the no fertilizer treatment plot relative to the fertilized plots after two years. In 


addition, not fertilizing increased nitrogen runoff losses from mulch mowed plots by 25% compared to 


fertilized plots, indicating fertilizer plays an important role in maintaining turfgrass stand density. In the 


final two years of the study, runoff of soluble phosphorus did not decrease significantly when 


phosphorus was not applied compared to the plots that received phosphorus. Furthermore, the 


relationship between phosphorus application rate and runoff soluble phosphorus was also not 


statistically significant.  


  


Vlach et al. (2008) is a case study from the University of Minnesota’s Assessment of Stormwater 


Best Management Practices. (There is no indication it has been peer reviewed.) The authors studied 


total nitrogen, total suspended solids, total phosphorus and soluble reactive phosphorus in runoff from 


home lawns in six sub-watersheds in Minnesota from 2001 to 2006. Three of the sub-watersheds were 


located in Plymouth, Minnesota, where phosphorus in fertilizers was banned in 1999. The other three 


sub-watersheds were located in Maple Grove, Minnesota, in which phosphorus fertilizer restrictions 


were not implemented until 2004. The study showed no significant difference between mean total 
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phosphorus and mean total nitrogen concentrations in runoff between the Plymouth and Maple Grove 


locations despite the use of phosphorus fertilizers in Maple Grove. Mean soluble reactive phosphorus 


concentrations were significantly higher in runoff from the Maple Grove watersheds compared with the 


Plymouth watersheds (0.135 mg/L vs 0.112mg/L).  
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However, there is another confounding factor that must be considered. An inverse relationship 


was found between soluble reactive phosphorus and total suspended solids concentrations.  Runoff 


from Maple Grove consisted of significantly higher concentrations of soluble reactive phosphorus but 


significantly lower concentrations of total suspended solids. The study indicated street sweeping only 


occurred once annually in Plymouth whereas in Maple Grove, street sweeping occurred three to four 


times each year. Therefore, the lack of street sweeping in Plymouth likely resulted in more particulates 


in runoff and lower soluble reactive phosphorus concentrations due to sorption to the particulates. 


This is supported by the significantly higher concentration of total suspended solids in runoff from the 


Plymouth watersheds compared with Maple Grove.  


Finally, in 2007, the Minnesota Department of Agriculture reviewed the effectiveness of the MN 


phosphorus fertilizer law and concluded that, although the amount of phosphorus applied to lawns in 


fertilizers decreased by almost half between 2003 and 2006, “changes in water quality resulting from the 


law have not been documented at this time.” (See our analysis of this issue in Section III of this 


document.) Furthermore, the review concedes that sources such as sediment from construction areas, 


animal waste, and grass clippings all contribute to phosphorus in runoff in urban areas (MN Department 


of Agriculture, 2007).   


B.  Conclusions about Phosphorus in Runoff from Turf  


It has been demonstrated, in cool season grasses, that significantly more phosphorus runoff can  


occur from treated fertilized plots than zero-P plots when excess P is applied, e.g., at 3X normal rates. It 


has also been demonstrated, in cool season grasses, that, in general, there is no more TP runoff from 


test plots treated at 1X normal fertilizer rates relative to test plots with zero-applied P. At least six 


studies yielded results whereby, more P ran off the zero-P plots relative to the 1X plots.  







 


LHPWG Project 001-2014 Appendix Page 11 of 58 


We did not include Schueler (2011) in our literature review because it did not provide a valid 


basis for Table 8, “Suggested EMCs to Characterize Lawn Management in WTM Model,” and it was a 


draft document.  
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III. A PRELIMINARY EVALUATION OF THE IMPACT OF MINNESOTA PHOSPHORUS LAWN FERTILIZER 


RESTRICTIONS ON SURFACE WATER MONITORING RESULTS  


  


  As stated in the introduction, Minnesota was the first state to enact statewide restrictions on P 


in lawn fertilizers (Minnesota Statutes, Chapter 18C; 2004, implemented in 2005). The law technically 


does not restrict the sale of fertilizer containing phosphorus. Rather, it requires that only zero-P (≤0.67% 


P2O5) be used on “lawns and turf” unless one of the following four exceptions is applicable:  


  


• a soil test or plant tissue test shows a need for phosphorus;  


• a new lawn is being established by seeding or laying sod;  


• phosphorus fertilizer is being applied on a golf course by trained staff; and  


• phosphorus fertilizer is being applied on farms growing sod for sale.  


  


  To our knowledge, there have been no attempts to document statewide improvements in water 


quality as a result of implementation of the P restriction. Consequently, we conducted a preliminary 


analysis of this issue as follows.  


  


A.  Selection of Monitoring Sites and Sampling Periods  


  


  The State of Minnesota has an extensive surface water monitoring database. A scientifically 


valid approach, probably the most scientifically valid approach, is to examine the monitoring data in a 


hydrologic context, i.e., in terms of drainage basins or watershed. Accordingly, we selected monitoring 


station locations based on watersheds and TP results, as follows.  


  


  A watershed is defined as the land area in which all of the water on that land drains to the same 


location. The scale of a watershed changes based on the outlet. For example, the amount of land in 


which water drains to the Mississippi River is much larger than the land area which ultimately drains to 
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the Susquehanna River. The USGS divided the United States into a hierarchy of watersheds or Hydrologic 


Unit Codes (HUCs) at six levels: 2-digit, 4-digit, 6-digit, 8-digit, 10-digit, and 12-digit HUCs. Each level 


represents a different resolution. There are 21 HUC 2 regions subdivided into 222 HUC 4 subregions, 352 


HUC 6 accounting units, 2,000+ HUC 8 cataloging units, 22,000 HUC 10 units, and 160,000 HUC 12 units. 


HUC 12 units have the highest spatial resolution and delineate smaller watersheds than those described 


by the HUC 2 and HUC 4 units (USGS, 2013; http://nhd.usgs.gov/wbd_facts.html). There are 81 HUC 8  


Appendix Page 12 


watersheds in Minnesota. The average size of the HUC 8 watersheds is 988 square miles, based on the 


State area of approximately 80,000 square miles.   


  


  Surface water monitoring sites from the Minnesota dataset at watershed Hydrologic Unit Code  


(HUC) Level 08 were selected for data analysis of pre- and post-phosphorus restrictions (ca. 2002-2005).  


Some of the 81 HUC 8 watersheds in Minnesota also receive drainage from bordering states (see Figure 


1). Therefore these were excluded from the analysis.  


  


  It was important to select surface water monitoring stations that represent a range of TP 


concentrations (i.e., low, medium, and high concentrations) and that are located near urban areas to 


compare the impact of the statewide P restrictions. The Minnesota Pollution Control Agency (MPCA) 


website was a valuable resource that was used to select the monitoring stations and obtain the results 


of the monitoring data (http://www.pca.state.mn.us/index.php/water/water-types-


andprograms/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring- 


network.html#products-data). The maps and monitoring results were obtained from their website for 


data comparison.   


        


  The watershed pollutant load monitoring network (2007-2011) map for TP (Figure 2) was used 


as a starting point to select the surface water monitoring sites based on the range of TP concentrations. 


For the first criterion, each of the eight monitoring sites selected was located in separate HUC 8 


watersheds in various parts of Minnesota (Figure 2). The second criterion was the time frame in which 


monitoring data was obtained, i.e., the monitoring data sets were required to have data available prior 


to P restrictions and post-2005. Next, each HUC 8 watershed for each of the surface water monitoring 


stations was completely within the boundary of the State of Minnesota. Fourth, we selected stations 



http://nhd.usgs.gov/wbd_facts.html

http://nhd.usgs.gov/wbd_facts.html

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data
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that collectively represent a wide geographic range within the state of Minnesota, as evidenced by 


Figures 1 and 2. See Table 2 for the monitoring stations selected.  


  


  Following monitoring site selection, the TP results were isolated from the other water quality 


results for graphical presentation and statistical analyses (see below). The TP concentrations were used 


in the statistical comparison pre- and post-phosphorus restrictions. See Appendix A for the graphical 


presentation and statistical analyses of the TP results for each station.   
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Figure 1. Selected Monitoring Stations within HUC 8 Watersheds  
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Appendix Page 14 Figure 


2. Mean TP Concentrations and Monitoring Station Locations  
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Table 2. Monitoring Stations Selected  


Monitoring 


Station IDs  


TP  


Concentration 


Rank  


Watersheds/Rivers  HUC 8 #  


Total  


Monitoring 


Dates  


S000-282  Low  Long Prairie  07010108  1974-2012  


S000-220  Low  Mississippi-Grand Rapids  07010103  1974-2010  


19-0021-00-451*  Medium  Mississippi-Lake Pepin  07040001  1995-2011  


S002-118  Medium  Clearwater River  09020305  1987-2013  


S002-203  Medium  Chippewa  07020005  1974-2013  


S001-255  High  South Fork Crow  07010205  1998-2013  


S000-185  High  Snake  09020309  1971-2013  


S002-311  High  Redwood  07020006  1992-2012  


*This station is a lake monitoring station – Alimagnet Lake  


  


B.  Statistical Analyses  


  


  The Student’s t-test (two tailed) was used to analyze surface water monitoring data collected at 


eight stations throughout Minnesota. Data collected prior to implementation of the statewide 


restriction (i.e. prior to 2005) were compared with data collected after the statewide restriction (i.e. 


2005 and later) to determine if there is a statistically significant difference in the P concentrations at 


these stations pre- vs. post-regulation restriction. Note that the monitoring data at several stations 


included data as far back as 1971. We do not know the regulatory environment regarding phosphorus in 


fertilizers at that time. Including the older data could skew the statistical results by including other 


unknown variables or influences. Therefore, we chose to compare an equal number of years before and 


after the statewide zero phosphorus restriction in 2005. For example, if a dataset without any data gaps 


contained data from 1971 through 2010, our statistical analysis compared data obtained from 19992004 


and 2005-2010, six years before and six years after the restriction. See Table 2 for monitoring years that 


were included in the statistical analyses.  


  


C.  Results of the Statistical Analyses  


  


  Three of the eight stations showed a statistically significant difference between the pre and post 


statewide zero phosphorus restriction (p<0.05; Table 3). Two of these stations are located in the 
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southwest portion of the state in the Redwood River and Chippewa River watersheds and the other is 


located in the northwest portion of the state in the Clearwater River watershed (see Figure 2). The  
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Student’s t-test results indicate the phosphorus concentrations before and after the statewide 


restriction were not statistically significant at the remaining five stations.  


  


Table 3. Minnesota Monitoring Stations Student’s t-test Results  


Station IDs  Data collection year*  p-value  
Significantly Lower 


After Restrictions?  


S000-282  1995-1996, 1999-2004 vs. 2005-2012  0.4810  no  


S000-220  1996, 1999-2002, 2004 vs. 2005-2010  0.6901  no  


19-0021-00-451  1998-2004 vs. 2005-2011  0.1486  no  


S002-118  1996-2004 vs. 2005-2013  0.0011  yes  


S002-203  1998-1999, 2001-2004 vs. 2005-2010  0.0035  yes  


S001-255  1998, 2001-2003 vs. 2007-2010  0.5824  no  


S000-185  1992, 1994, 1998-2004 vs. 2005-2013  0.4977  no  


S002-311  1997-2004 vs. 2005-2012  0.0130  yes  


*t-tests were calculated for equal numbers of years in which data were collected prior to 2004 and after 2005 – see 


text discussion (e.g., data for X years prior to the law and X years after the law were counted if available. If data 


were not collected in a given year it was not counted as a year before or after the law.). QC duplicate sample 


results were averaged.  


  


D.  Discussion  


  


  A detailed, GIS-based, quantitative spatial/land use analysis was not done. However, a 


qualitative analysis was done, as follows. An inspection of each station’s location using Google EarthTM 


(Appendix B) was done. These observations were combined with land use information obtained from 


the State’s watershed website (Minnesota Pollution Control Agency: Minnesota watersheds) to 


characterize the subwatersheds around the monitoring stations (Appendix C). Table 4 summarizes key 


findings from Table 3 and Appendix C.  


  


Table 4. Qualitative Relationship of TP Trends and Land Use  


Monitoring Station  Significant Decline in TP*  Does Residential Land Use Dominate?  


S000-282  No  Mixed  



http://www.pca.state.mn.us/index.php/water/water-types-and-programs/watersheds/watershed-overview-map.html

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/watersheds/watershed-overview-map.html
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S000-220  No  No  


19-0021-00-451  No  Yes  


S-002-118  Yes  Yes  


S-002-203  Yes  No  


S-001-255  No  Mixed  


S-000-185  No  No  


S-002-311  Yes  No  


* See Table 3.  
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E.  Conclusion  


  


  Three of the eight monitoring stations/watersheds demonstrated significant declines in TP 


concentrations over the period evaluated. All three of those stations are located in watersheds classified 


as having medium or high TP concentrations. This preliminary conclusion might be sufficient to generate 


a hypothesis worth testing. However, the law only targeted residential lawn P use, and the comparisons 


in Table 4 do not demonstrate a clear benefit of the law (Minnesota Statutes, Chapter 18C); i.e., only 


one of the monitoring stations in a predominantly residential or mixed use area demonstrated a decline 


in TP.  


  


  It is possible that a more intensive and extensive analysis might yield a different conclusion, but 


our analysis of these eight subwatersheds does not indicate that the restriction of P on residential lawns 


has shown a significant decline in P in Minnesota surface water. Further, a combination of this analysis 


with the literature review summarized in section II above indicate that the use of lawn fertilizers in 


Minnesota prior to 2005 was not likely a significant source of phosphorus load to the surface water 


systems in the MPCA data set.  
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APPENDIX A. Graphical Presentation and Statistical Analysis for Each Monitoring Station  
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Total Phosphorus - Low 


Station S000-220, Mississippi River (Grand Rapids)  


HUC 07010103 (1996-2010) 
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Total Phosphorus - Low 


Station S000-282, Long Prairie River 


HUC 07010108 (1996-2012) 
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Medium 


Station S002-118, Clearwater River 


HUC 09020305 (1996-2013) 


Residential Location 
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Total Phosphorus - 
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Medium  


Station 19-0021-00-451, Mississippi River-Lake Pepin 


HUC 07040001 (1995-2011) 







Appendix Page 25 


Total Phosphorus - High 
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Medium 


Station S002-203, Chippawa River 







Appendix Page 26 


Total Phosphorus - 


LHPWG Project 001-2014 Appendix 


HUC 07020005 (1998-2013) 
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Total Phosphorus - High 
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Station S001-255, S. Fork Crow River 


HUC 07010205 
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Total Phosphorus - High 
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Station S000-185, Marshall County, Snake River 


HUC 09020309 (1992-2013) 


1992-


2004  


(data 


gaps)


 2005-2013 


mean = 0.297 mean = 0.279 
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APPENDIX B. GOOGLE EARTH Images of the Monitoring Locations  
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APPENDIX C. Monitoring Station and Watershed Descriptions  


[The monitoring station ID numbers follow the order in Table 3.]  


The ‘General Watershed Descriptions’ and ‘Land Use Characteristics’ were copied directly from the 


Minnesota Pollution Control Agency’s website 


(http://www.pca.state.mn.us/index.php/water/watertypes-and-programs/watersheds/watershed-


overview-map.html). In addition, we reviewed photos of each station’s location (Appendix B) and 


provided a general observation for each as noted in this appendix.  
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Appendix C. Watershed Descriptions  


Monitoring 


Station IDs  
General Watershed Descriptions*  Land Use Characteristics*  



http://www.pca.state.mn.us/index.php/water/water-types-and-programs/watersheds/watershed-overview-map.html
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S000-282  


The Long Prairie River watershed covers 
approximately 551,612 acres (862 square 
miles) and is located in the central part of the 
Upper Mississippi River Basin in central 
Minnesota. The watershed encompasses all 
or parts of Douglas, Otter Tail, Todd, 
Morrison, and Wadena counties.  
  
ETS’ description of this station’s land use. 


This sampling site is located less than one 


mile south of Motley, MN. In addition, there 


are two residences and a couple of industrial 


businesses located in close proximity.  


The Long Prairie River watershed includes more than 240 
lakes greater than 10 acres in size and 884 miles of rivers 
and streams. The Long Prairie River begins in Douglas 
County and flows through Todd and Morrison counties 
before entering the Crow Wing River south of Motley. 
The dominant land use within the watershed is 
agricultural (57%), while grasslands and forests make up 
17% and 14% respectively, water 8% and 4% is urban.  
The watershed is within the North Central Hardwood 


Forest as well as the Northern Lakes and Forests 


ecoregions. One lake and several stream reaches are 


currently impaired.  


S000-220†  


The Mississippi River – Grand Rapids 
watershed covers 1,316,071 acres and 
contains 1,908 miles of stream/rivers and 552 
lakes greater than 10 acres. The watershed 
drainage comprises parts of Aitkin, Carlton, 
Cass, Itasca, and St. Louis Counties. Some of 
the major cities are Grand Rapids, McGregor, 
Remer.  
  
ETS’ description of this station’s land use. 


This sampling site is located in a mostly 


forested area approximately 6 miles 


southeast of Grand Rapids, MN.  


Land use consists of 56% forested, 27% grass and 


wetland, 7% agricultural, 7% water, and 3% urban. The 


watershed has 4 nutrient-impaired lakes and 2 impaired 


stream reaches (2008). Nearly 89% of the land is 


privately owned; 4.76% is publicly owned. The 


watershed contains numerous heavily developed lakes. 


The majority of the lakes are important recreational 


resources and economic benefits to the watershed.  


19-0021-00- 


451  


The Mississippi River - Lake Pepin watershed 
includes 205,747 acres that drain several 
small, coldwater streams in 
bedrockdominated bluff country. The largest 
of these streams is Wells Creek (45,954-acre 
watershed), which winds through 18 miles of 
bluff lands and joins the Mississippi near Old 
Frontenac, southeast of Red Wing. Hay Creek 
is a popular trout stream (30,405-acre 
watershed) that flows from south to north, 
joining the Cannon River bottoms at Red 
Wing. Three other named streams are all 
designated trout waters, and drain directly to 
the Mississippi River: Bullard Creek 
(10,245acre watershed), Gilbert Creek 
(16,007-acre watershed) and Miller Creek 
(11,168-acre watershed).  
ETS’ description of this station’s land use. 


This sampling site is a lake monitoring 


station. The samples are pulled from the 


Alimagnet Lake, which is within the park with 


the same name and is surrounded by a 


residential community, Burnsville, MN.  


The Mississippi River - Lake Pepin watershed consists of 
forests, bluff lands, and cultivated lands. The top of the 
watershed is rolling cropland interspersed by many small 
tributaries that drop steeply through forested valleys 
with scattered goat prairies atop cliffs. The tributaries 
join to form the named streams, which drain directly into 
the Mississippi River. The watershed is only about 50 
miles southeast of downtown St. Paul. As a result, the 
watershed is subject to development pressures.  
Agriculture is the primary land use in the watershed 


(approximately 70%). About 10% of the land is in grass. 


Corn and soybeans make up over half the tilled acreage 


of the area, with barley, oats, and pasture land present. 


Forage production is strong because of the large number 


of dairy cows in the region. Of the grassland, 90% is in 


pasture and a small percentage (<10%) is in a 


management intensive rotational grazing system. Most 


of the remaining acreage is deciduous forest. Frontenac 


State Park, Lake Pepin, and the coldwater fisheries are 


significant natural resources that provide recreation and 


revenue in the region.  
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Station IDs  
General Watershed Descriptions*  Land Use Characteristics*  


S002-118  


The Clearwater River watershed drains an 
area of 886,600 acres in the Red River of the 
North basin. The Clearwater River begins its 
course in western Clearwater County near the 
town of Ebro. The river flows to the 
northwest and southwest, eventually 
emptying into Red Lake River near Red Lake 
Falls. The watershed occurs in the Glacial  
Lake Agassiz Plain, North Central Hardwoods, 
Northern Lakes and Forests, and Northern 
Minnesota Wetlands Level III Ecoregions.  
  
ETS’ description of this station’s land use. 
This station is located near Riverside Park and 
surrounded by a residential community in 
Red Lake Falls, MN.  
  


The Clearwater River watershed characteristically has a 
poorly defined floodplain and low gradient that combine 
with extensive drainage, widespread conversion of 
tallgrass prairie to farmland, and urban/suburban 
development to leave the basin subject to frequent 
floods that affect urban and rural infrastructure and 
agricultural production. Precipitation in the watershed 
ranges from 21 to 25 inches annually. Above-normal 
amounts of precipitation in the late fall of the year or 
from May to October lead to high levels of soil moisture, 
periodically producing the snow-melt and summer 
floods that are known to affect the further reaches of 
the overall Red River Basin. The main resource concerns 
in the watershed are wind and water erosion, nutrient 
management, wetland management, surface water 
quality, flood damage reduction, and wildlife habitat. 
Many of the resource concerns relate directly to flooding 
and increased sediment and pollutant loadings to 
surface waters. Predominate land uses / land covers are 
row crops (33%), forest (24%), grass/pasture/hay (21%), 
wetlands (14%), and residential/commercial  
Development (4%). Agricultural land use in the basin 


accounts for approximately 54% of the overall 


watershed acres. Development pressure is moderate in 


most areas, with occasional farms, timberland, and 


lakeshore being parceled out for recreation, lake or 


country homes.  


S002-203†  


The Chippewa River watershed covers 2,085 
square miles and drains portions of eight 
counties in west central Minnesota. The 
northeast part of the watershed tends to be 
hillier, wooded, and more easily eroded, 
while the southwest portion tends to be 
flatter with more agricultural. The watershed 
begins in the southern part of Otter Tail 
County and ends 130 miles south in the 
flatter agricultural land at Montevideo.  
  
ETS’ description of this station’s land use. 


This sampling site is located in an agricultural 


area, approximately 5 and a quarter miles 


due east of the small town of Milan, MN.  


The geology of the Chippewa River watershed includes a 


complex mixture of moraines and till, lake deposits, and 


outwash plains. The hilly moraines result in a high 


potential for erosion of sediment into streams. Nearly 


90% of the land is privately owned. Agriculture 


accounted for approximately 68% of the available acres 


in 1996. Corn and soybeans make up a majority of raised 


crops, and small grains, hay, and grasslands make up the 


majority of the balance.  
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S001-255  


Generally, the South Fork Crow River 
watershed covers 818,428 acres. It is located 
in south-central Minnesota and encompasses  
parts of Kandiyohi, Renville, Meeker,  
McLeod, Sibley, Wright, Carver, and  
Hennepin counties. The South Fork Crow  
River joins with the North Fork Crow at 
Rockford, and then joins the Mississippi River 
near Dayton. The majority of the watershed 
is within the Western Cornbelt Plains 
ecoregion, with a small portion extending 
into the North Central Hardwood Forest 
ecoregion. Major cities include Willmar, 
Hutchinson, Delano and Glencoe.  
  
ETS’ description of this station’s land use. 


This site is located in an area surrounded by 


industrial businesses and residential housing.   


The South Fork Crow River watershed includes many 
lakes, streams, and wetlands. Buffalo Creek, a major 
tributary, flows into the South Fork Crow River  
downstream of Lester Prairie. Land use in the South Fork 


Crow River watershed is largely agricultural, with row 


crops and pasture/grass lands accounting for 


approximately 83% of the overall watershed acres. 


Several lakes and parts of the South Fork Crow River do 


not meet water quality standards for beneficial uses 


such as aquatic recreation, drinking, and swimming. The 


main lake pollutant is phosphorus, causing algae blooms 


in summer months, and portions of the South Fork Crow 


and its tributaries are listed for pollutants such as 


bacteria, turbidity and low dissolved oxygen.  


S000-185†  


The Snake River begins its 50-mile course in  
Marshall County and drains an area of 
611,800 acres. The river flows southwest 
from the headwaters, continuing westward 
and collecting the South Fork Snake River and 
passing through the towns of Warren and 
Alvarado. Downstream of Alvarado, the  
Snake turns northwest, then collects the 
Middle River upstream of its confluence with 
the Red in Fork Township.  
  
ETS’ description of this station’s land use. 


This sampling site is located in a purely 


agricultural area in the northwestern portion 


of MN, near the North Dakota border, and 15 


miles due north of the small community of 


Oslo, MN.  


Above-normal amounts of precipitation in the late fall of 
the year or from May to October lead to high levels of 
soil moisture, periodically producing the snow-melt and 
summer floods that are known to affect the further 
reaches of the overall Red River Basin.  
Agriculture accounts for approximately 84% of the 
overall watershed acres. Development pressure is 
moderate in most areas, with occasional farms, 
timberland, and shorefront being parceled out for 
recreation, lake, or country homes.  
The Red River basin generally has a poorly defined 


floodplain and low gradient that combine with extensive 


drainage, widespread conversion of tallgrass prairie to 


farmland, and urban/suburban development to leave 


the basin subject to frequent floods that affect urban 


and rural infrastructure and agricultural production. The 


main resource concerns in the watershed are wind and 


water erosion, nutrient management, wetland 


management, surface water quality, flood damage 


reduction, and wildlife habitat. Many of the resource 


concerns relate directly to flooding and increased 


sediment and pollutant loadings to surface waters.  
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S002-311  


The Redwood River is located in 
southwestern Minnesota in the counties of 
Lincoln, Lyon, Murray, Pipestone, Redwood, 
and Yellow Medicine. It begins near Ruthton 
in northeast Pipestone County, and flows 
about 125 miles northeast through Redwood 
Lake and to the Minnesota River at North 
Redwood. The watershed covers 451,250 
acres or 705 square miles. There are 11 
incorporated communities located within the 
watershed, including Marshall, Redwood 
Falls, Tyler, Russell, and Vesta, and three 
unincorporated communities.  
  
ETS’ description of this station’s land use. 


This sampling site is located in southwestern 


portion of MN along Clear Creek, which is 


heavily tree lined and surrounded by the 


agricultural community of Seaforth, MN.  


The entire Redwood River watershed has 85.5%  
(approximately 385,665 acres) of the land in cultivation, 


7% in grassland, 1.5T in water, and 0.6% in wetlands. 


Altitudes descend from west to east, with the Coteau 


des Prairies serving as a watershed divide. Natural 


drainage patterns in the area were established by valleys 


formed from glacial meltwaters. End moraines, which 


were formed during the recession of the last glacier, are 


the most prominent features.  


*http://www.pca.state.mn.us/index.php/water/water-types-and-
programs/watersheds/watershedoverview-map.html  
† These sites are located in mostly agricultural or forested areas.   
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EXECUTIVE SUMMARY  

  

  State regulatory agencies and legislatures have been enacting restrictions that limit and 

eliminate phosphorus (P) in lawn fertilizers. The first state to implement such legislation statewide was 

Minnesota. In 2004, it passed zero-P legislation that took effect in 2005, following more limited 

restrictions that had been enacted previously. Since then, at least 10 additional states, and dozens of 

local governments in Florida, have enacted lawn fertilizer restrictions that target P and/or nitrogen. This 

is being done in an atmosphere whereby, in many areas of the country, there are perceptions that lawn 

fertilization is bad for the environment.  

  

  P is usually a limiting nutrient in freshwater systems, usually at low concentrations. This 

consideration is usually the policy driver for statutory and regulatory actions by state legislatures and 

agencies, frequently in the context of the establishment of Total Maximum Daily Loads (TMDLs) 

pursuant to §303(d) of the Clean Water Act. The restrictions imposed on P applied to turfgrass are based 

on the assumption that the runoff from the treated turfgrass will impact water quality. However, test 

plot and field-scale study results indicate that the irreducible concentrations of P in runoff from control 

sites are usually not significantly different than the concentrations from sites treated with typical 

turfgrass fertilizers at typical application rates.  

  

  Thus the purpose of this paper is to examine these issues more closely, albeit with a rather 

limited scope. Specifically, we reviewed the results of test plot and field-scale studies that examined P 

losses in runoff from turf. Further, we evaluated surface water quality monitoring results from eight 

watersheds in Minnesota, and compared concentrations before and after the restrictions cited above.  

  

Literature Review  

  

  Twelve papers were reviewed relevant to phosphorus runoff from cool season turfgrasses at 

latitudes equivalent or similar to those that transit Massachusetts.  
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  It has been demonstrated, in cool season grasses, that significantly more phosphorus runoff can 

occur from treated fertilized plots than zero-P plots when excess P is applied, e.g., at 3X normal rates. It 

has also been demonstrated, in cool season grasses, that, in general, there is no more TP runoff from  

Appendix Page 3 

test plots treated at 1X normal fertilizer rates relative to test plots with zero-applied P. At least six 

studies yielded results whereby more P ran off the zero-P plots relative to the 1X plots.   

A multiple subwatershed scale analysis in Minnesota concluded that there was no difference in 

TP runoff concentrations comparing a Minnesota town with P use restrictions implemented five years 

prior to similar implementation by another town. An environmental benefit of reduced SRP 

concentrations in the town with longer-term restrictions was concluded by the authors, but the lower 

concentrations of TSS was a confounding factor that weakened the conclusion.  

Preliminary Trend Analysis of Minnesota Water Quality Monitoring Data  

Restrictions on application of P-containing fertilizers began in Minnesota in 2002 at the local 

level, and statewide implementation of restrictions occurred in 2005. Therefore surface water 

monitoring sites from the Minnesota dataset at watershed Hydrologic Unit Code (HUC) Level 08 were 

selected for data analysis of pre- and post-phosphorus restrictions (ca. 2002-2005).  

We selected surface water monitoring stations that represent a range of TP concentrations (i.e., 

low, medium, and high concentrations) and that are located near urban areas to compare the impact of 

the statewide P restrictions.   

Three of the eight monitoring stations/watersheds we evaluated demonstrated significant 

declines in TP concentrations over the period evaluated. All three of those stations are located in 

watersheds classified as having medium or high TP concentrations. This preliminary conclusion might be 

sufficient to generate a hypothesis worth testing. However, the law only targeted residential lawn P use, 

and the comparisons do not demonstrate a clear benefit of the law (Minnesota Statutes, Chapter 18C);  

i.e., only one of the monitoring stations in a predominantly residential or mixed use area demonstrated 

a decline in TP.  
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It is possible that a more intensive and extensive analysis might yield a different conclusion, but 

our analysis of these eight subwatersheds does not indicate that the restriction of P on residential lawns 

has shown a significant decline in P in Minnesota surface water.  
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I.  INTRODUCTION AND PURPOSE  

State regulatory agencies and legislatures have been enacting restrictions that limit and 

eliminate phosphorus (P) in lawn fertilizers. The first state to implement such legislation statewide was  

Minnesota. In 2004, it passed zero-P legislation that took effect in 2005  

(www.mda.state.mn.us/phoslaw), following more limited restrictions that had been enacted in 2002 and 

implemented in 2004. Since then, at least 11 additional states (ME, WI, MI, IL, NY, WA, MD, VA, NJ, and 

VT: http://www.cga.ct.gov/2012/rpt/2012-R-0076.htm; MA is a recent addition to this list:  

http://www.mass.gov/eea/docs/agr/docs/draft-nutrient-management-regulations.pdf), and dozens of 

local governments in Florida, have enacted lawn fertilizer restrictions that target P and/or nitrogen. This 

is being done in an atmosphere whereby, in many areas of the country, there are perceptions that lawn 

fertilization is bad for the environment.  

These statutes, regulations, and ordinances have not been enacted without controversy. For 

example, Hochmuth (2014) demonstrated that the dozens of local fertilizer ordinances in Florida lacked 

a scientific basis. Bierman et al. (2010) found that, in year 2 of a three-year study, total annual runoff 

depths were significantly greater for the no-fertilizer treatment compared with all other treatments.  

Lehmann et al. (2009) chose a title for their paper about the benefits of a P restriction - - “Reduced River 

Phosphorus Following Implementation of a Lawn Fertilizer Ordinance” - - that implies a more definitive 

conclusion than stated by the authors in the paper. Finally, Kussow (2008) found that there was no 

significant decrease in runoff-soluble P when zero-P fertilizers were applied compared with applications 

of fertilizers with P.  

Thus, the purpose of this paper is to examine these issues more closely, albeit with a rather 

limited scope. Specifically, we reviewed the results of test plot and field-scale studies that examined P 

losses in runoff from turf. Further, we evaluated surface water quality monitoring results from eight 

watersheds in Minnesota, and compared concentrations before and after the restrictions cited above.  
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II.  PHOSPHORUS IN RUNOFF FROM TURF IN FIELD RESEARCH PLOTS  

  

  This is not a comprehensive review. Rather, its focus is research done at the two institutions that 

are most active in research on phosphorus in turfgrass. There is also a focus on those papers most 

relevant to the 50% P reduction credit.  

  

A.  Literature  

  

  The following studies were all performed on cool season turfgrasses in northern climates, and at 

the same or similar latitudes as Massachusetts. Thus they are relevant to the Massachusetts MS4 

proposal.  

  

  Easton and Petrovic (2004) conducted a two year mass-balance field study to determine the 

effect of nutrient source on turfgrass runoff and leachate. The test plots were in central New York on 

soils ranging from sandy loam to silt loam texture. They observed that rapid establishment and shoot 

density from fertilizer applications tended to reduce overall losses of nutrient runoff and leaching.   

  

  In many cases, they found that N and P losses in runoff were equal or higher from the 

unfertilized control than from the treatment plots. This supports the observation that fertilization, 

following the establishment period, can reduce water contamination from N and P. They found that 

only one fertilizer source (swine compost – which is not typically applied to turf -- in the first year) 

produced significantly higher P concentrations (2.4 mg/L) than the unfertilized control (0.3 mg/L). Mass 

loss of P in the first year of the study for the different fertilizer types under normal applications (23.6 kg 

P/ha or ~0.5 lb P/1000 sq ft) ranged from 0.2 – 0.8 kg/ha compared with control (unfertilized) at 0.2 

kg/ha. The second year of the study showed that the P-mass loss of the unfertilized control (1.3 kg/ha) 

was significantly higher than all other fertilizer sources, except for the swine compost (1.2 kg/ha) at 

twice the normal application rate (i.e., 47.2 kg P/ha or ~0.9 lb/1000 sq ft). The second year showed a 

range of P-mass loss values for the different fertilizer types ranged from 0.6 - 1.0 kg/ha at normal 

application rates (23.6 kg P/ha or ~0.5 lb P/1000 sq ft) compared with control (unfertilized) at 1.3 kg/ha.   

  

  Table 1 below shows runoff concentrations associated with the typical P application sources for 

turfgrass. The average P runoff concentration for treated plots in the first year is 0.5 mg/L, compared  
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with 0.3 mg/L for the control plot. The second year shows an average P runoff concentration of 0.43 

mg/L for treated plots, which is lower than the control plot concentration of 0.5 mg/L.  

Table 1. Phosphorus Concentrations in Runoff from Easton and Petrovic (2004) - Normal P Use Rate 

(~0.5 lb P/1000 sqft; 23.6 kg/ha)*  

Study 

Year  

Control (mg/L)  Biosolid 

(mg/L)  

Readily Available 

(mg/L)  

Controlled-Release (mg/L)  

1  0.3  0.8  0.3  0.4  

2  0.5  0.6  0.3  0.4  

The study concludes:  

 “It is generally accepted that fertilizer is needed for rapid turfgrass establishment and 
growth. Increased shoot density, infiltration, and reduced sediment and runoff loss support 
the argument that fertilization ultimately results in less water contamination. While the 
initial concentrations and losses were generally higher from the fertilized treatments, rapid 
establishment and dense growth obtained with fertilizer application tended to reduce 
overall losses. In many cases we observed equal or higher overall losses of N and P in runoff 
and leachate from the unfertilized control, supporting the argument that following 
establishment fertilization can reduce water contamination from N and P.”  

Soldat and Petrovic (2008) reviewed the literature on the fate and transport of P in turfgrass 

ecosystems from several sources. In their review of the Kelling and Peterson (1975) paper, they found 

that unfertilized lawns in Wisconsin produced a P concentration in runoff of 0.4 mg/L, whereas fertilized 

lawns yielded a P concentration of only 0.5 mg/L (7.2% loss of applied P). This is only a 0.1 mg/L 

increase, albeit insignificant, in P concentration from the unfertilized plots relative to the fertilized 

plots. In general, they found that P losses from fertilized plots ranged from <1 to 18% of the amount of P 

applied, higher when more was applied and the greatest when twice the normal application of P was 

used.   

Soldat and Petrovic (2008) reported result for Gaudreau et al. (2002), a natural plot-scale study 

over a 2-yr period. They compared runoff results from fertilized and unfertilized plots. The range of 

applications on the fertilized plots ranged from normal (i.e., 25 kg/ha or 0.5 lb P/1000 sq ft) to four times 

the normal rate (i.e., 2 lb P/1000 sq ft or 100 kg/ha). The runoff P concentration for control plots ranged 

from 1.1 to 2.6 mg/L compared with 1.1 to 16.6 mg/L from the plots with normal applications (i.e., 25 

kg/ha) using inorganic P. Additionally, twice the application rate for inorganic P (i.e., 50 kg/ha or  



 

LHPWG Project 001-2014 Appendix Page 8 of 58 

* Swine and dairy compost results are not included because they are not typical turfgrass fertilizers. 
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1 lb P/1000 sq ft) produced P concentrations in runoff of 1.1 to 30 mg/L. Therefore, these results 

demonstrate that some of the fertilized plots using normal P application rates produce P runoff 

concentrations (1.1 mg/L) lower than the control/unfertilized plots (2.6 mg/L).  

  

  Soldat et al. (2008) conducted a two year study to better understand nutrient runoff losses from 

turfgrass in order to improve fertilizer recommendations for turfgrass.  This New York-located study 

included experimental test plots with two objectives: 1) examine the effects of N and P fertilization of 

established turfgrass on P runoff losses; and 2) examine the effect of soil P level on P runoff losses from 

established turfgrass. Although the  dissolved P concentrations (DP) (2.10 mg/L)  from the no-P 

fertilization plots was significantly less  than the plots where P was applied at a rate of 50 kg/ha/yr (2.74 

mg/L), the results showed only a 23% reduction of phosphorus in runoff without P fertilization.  

However, the TP runoff concentrations were not significantly higher in the P fertilized plots. In addition, 

Soldat et al. (2008) cited the Kussow (1996) study in which there was a 47-59% reduction in runoff P 

losses from fertilized turf compared with unfertilized control in Wisconsin.  

  

  Bierman et al. (2010) researched the effects of various turf fertilizer treatments on phosphorus 

(P) runoff over the course of three years in Minnesota. Treatments varied from no fertilizer to high P 

fertilizer (three times the recommended rate of P). In the first year, phosphorus runoff increased with an 

increase in phosphorus rate. During the second year, however, the total phosphorus runoff from the 

nofertilizer treatment exceeded the phosphorus runoff from those plots receiving fertilizer. This was due 

to a decline of the turf quality and greater runoff depth at the plots not receiving fertilizer. During the 

final year, total phosphorus losses increased with an increase in the phosphorus rate used in the 

fertilizer; however, losses were similar for those plots treated with the recommended rate of P and no-P 

treatment.   

  

  Steinke et al. (2014) examined phosphorus runoff from non-fertilized, native prairie vegetation 

as well as from fertilized turfgrass plots in Wisconsin. The average phosphorus load from fertilized 

turfgrass was significantly less than the average phosphorus load from the prairie vegetation. 

Furthermore the study goes on to say that “phosphorus losses from urban areas appeared to be 
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primarily correlated with runoff depth, not vegetation type, because correlation coefficients revealed 86 

and 45% of the Year 1 and Year 2 total P loads were directly accounted for by runoff volumes”. As shown  
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in Bierman et al (2010) a reduction in phosphorus applications to turf can lead to greater runoff depth 

and ultimately greater phosphorus loss in runoff.  

  

  Soldat (2012) emphasizes the importance of soil tests to determine whether phosphorus is 

needed and concedes that, while turf fertilizer does contribute to phosphorus loss from urban 

environments, building and road construction contribute a much greater portion of P loss. Therefore, 

“legislation restricting the use of phosphorus fertilizer is likely to have a limited effect on urban water 

quality”.  

  

  Kussow (2008) measured nitrogen and phosphorus loss from turf plots treated with synthetic 

fertilizer containing phosphorus, organic fertilizer containing phosphorus, and no fertilizer. The test plots 

were in Wisconsin. The turf plot receiving no fertilizer treatment resulted in more phosphorus loss in 

runoff than the fertilizer treatments. Runoff volume increased by 31-38% and phosphorus losses 

increased up to 58% at the no fertilizer treatment plot relative to the fertilized plots after two years. In 

addition, not fertilizing increased nitrogen runoff losses from mulch mowed plots by 25% compared to 

fertilized plots, indicating fertilizer plays an important role in maintaining turfgrass stand density. In the 

final two years of the study, runoff of soluble phosphorus did not decrease significantly when 

phosphorus was not applied compared to the plots that received phosphorus. Furthermore, the 

relationship between phosphorus application rate and runoff soluble phosphorus was also not 

statistically significant.  

  

Vlach et al. (2008) is a case study from the University of Minnesota’s Assessment of Stormwater 

Best Management Practices. (There is no indication it has been peer reviewed.) The authors studied 

total nitrogen, total suspended solids, total phosphorus and soluble reactive phosphorus in runoff from 

home lawns in six sub-watersheds in Minnesota from 2001 to 2006. Three of the sub-watersheds were 

located in Plymouth, Minnesota, where phosphorus in fertilizers was banned in 1999. The other three 

sub-watersheds were located in Maple Grove, Minnesota, in which phosphorus fertilizer restrictions 

were not implemented until 2004. The study showed no significant difference between mean total 
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phosphorus and mean total nitrogen concentrations in runoff between the Plymouth and Maple Grove 

locations despite the use of phosphorus fertilizers in Maple Grove. Mean soluble reactive phosphorus 

concentrations were significantly higher in runoff from the Maple Grove watersheds compared with the 

Plymouth watersheds (0.135 mg/L vs 0.112mg/L).  

Appendix Page 10 

However, there is another confounding factor that must be considered. An inverse relationship 

was found between soluble reactive phosphorus and total suspended solids concentrations.  Runoff 

from Maple Grove consisted of significantly higher concentrations of soluble reactive phosphorus but 

significantly lower concentrations of total suspended solids. The study indicated street sweeping only 

occurred once annually in Plymouth whereas in Maple Grove, street sweeping occurred three to four 

times each year. Therefore, the lack of street sweeping in Plymouth likely resulted in more particulates 

in runoff and lower soluble reactive phosphorus concentrations due to sorption to the particulates. 

This is supported by the significantly higher concentration of total suspended solids in runoff from the 

Plymouth watersheds compared with Maple Grove.  

Finally, in 2007, the Minnesota Department of Agriculture reviewed the effectiveness of the MN 

phosphorus fertilizer law and concluded that, although the amount of phosphorus applied to lawns in 

fertilizers decreased by almost half between 2003 and 2006, “changes in water quality resulting from the 

law have not been documented at this time.” (See our analysis of this issue in Section III of this 

document.) Furthermore, the review concedes that sources such as sediment from construction areas, 

animal waste, and grass clippings all contribute to phosphorus in runoff in urban areas (MN Department 

of Agriculture, 2007).   

B.  Conclusions about Phosphorus in Runoff from Turf  

It has been demonstrated, in cool season grasses, that significantly more phosphorus runoff can  

occur from treated fertilized plots than zero-P plots when excess P is applied, e.g., at 3X normal rates. It 

has also been demonstrated, in cool season grasses, that, in general, there is no more TP runoff from 

test plots treated at 1X normal fertilizer rates relative to test plots with zero-applied P. At least six 

studies yielded results whereby, more P ran off the zero-P plots relative to the 1X plots.  
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We did not include Schueler (2011) in our literature review because it did not provide a valid 

basis for Table 8, “Suggested EMCs to Characterize Lawn Management in WTM Model,” and it was a 

draft document.  
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III. A PRELIMINARY EVALUATION OF THE IMPACT OF MINNESOTA PHOSPHORUS LAWN FERTILIZER 

RESTRICTIONS ON SURFACE WATER MONITORING RESULTS  

  

  As stated in the introduction, Minnesota was the first state to enact statewide restrictions on P 

in lawn fertilizers (Minnesota Statutes, Chapter 18C; 2004, implemented in 2005). The law technically 

does not restrict the sale of fertilizer containing phosphorus. Rather, it requires that only zero-P (≤0.67% 

P2O5) be used on “lawns and turf” unless one of the following four exceptions is applicable:  

  

• a soil test or plant tissue test shows a need for phosphorus;  

• a new lawn is being established by seeding or laying sod;  

• phosphorus fertilizer is being applied on a golf course by trained staff; and  

• phosphorus fertilizer is being applied on farms growing sod for sale.  

  

  To our knowledge, there have been no attempts to document statewide improvements in water 

quality as a result of implementation of the P restriction. Consequently, we conducted a preliminary 

analysis of this issue as follows.  

  

A.  Selection of Monitoring Sites and Sampling Periods  

  

  The State of Minnesota has an extensive surface water monitoring database. A scientifically 

valid approach, probably the most scientifically valid approach, is to examine the monitoring data in a 

hydrologic context, i.e., in terms of drainage basins or watershed. Accordingly, we selected monitoring 

station locations based on watersheds and TP results, as follows.  

  

  A watershed is defined as the land area in which all of the water on that land drains to the same 

location. The scale of a watershed changes based on the outlet. For example, the amount of land in 

which water drains to the Mississippi River is much larger than the land area which ultimately drains to 
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the Susquehanna River. The USGS divided the United States into a hierarchy of watersheds or Hydrologic 

Unit Codes (HUCs) at six levels: 2-digit, 4-digit, 6-digit, 8-digit, 10-digit, and 12-digit HUCs. Each level 

represents a different resolution. There are 21 HUC 2 regions subdivided into 222 HUC 4 subregions, 352 

HUC 6 accounting units, 2,000+ HUC 8 cataloging units, 22,000 HUC 10 units, and 160,000 HUC 12 units. 

HUC 12 units have the highest spatial resolution and delineate smaller watersheds than those described 

by the HUC 2 and HUC 4 units (USGS, 2013; http://nhd.usgs.gov/wbd_facts.html). There are 81 HUC 8  
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watersheds in Minnesota. The average size of the HUC 8 watersheds is 988 square miles, based on the 

State area of approximately 80,000 square miles.   

  

  Surface water monitoring sites from the Minnesota dataset at watershed Hydrologic Unit Code  

(HUC) Level 08 were selected for data analysis of pre- and post-phosphorus restrictions (ca. 2002-2005).  

Some of the 81 HUC 8 watersheds in Minnesota also receive drainage from bordering states (see Figure 

1). Therefore these were excluded from the analysis.  

  

  It was important to select surface water monitoring stations that represent a range of TP 

concentrations (i.e., low, medium, and high concentrations) and that are located near urban areas to 

compare the impact of the statewide P restrictions. The Minnesota Pollution Control Agency (MPCA) 

website was a valuable resource that was used to select the monitoring stations and obtain the results 

of the monitoring data (http://www.pca.state.mn.us/index.php/water/water-types-

andprograms/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring- 

network.html#products-data). The maps and monitoring results were obtained from their website for 

data comparison.   

        

  The watershed pollutant load monitoring network (2007-2011) map for TP (Figure 2) was used 

as a starting point to select the surface water monitoring sites based on the range of TP concentrations. 

For the first criterion, each of the eight monitoring sites selected was located in separate HUC 8 

watersheds in various parts of Minnesota (Figure 2). The second criterion was the time frame in which 

monitoring data was obtained, i.e., the monitoring data sets were required to have data available prior 

to P restrictions and post-2005. Next, each HUC 8 watershed for each of the surface water monitoring 

stations was completely within the boundary of the State of Minnesota. Fourth, we selected stations 

http://nhd.usgs.gov/wbd_facts.html
http://nhd.usgs.gov/wbd_facts.html
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/surface-water/streams-and-rivers/watershed-pollutant-load-monitoring-network.html%23products-data


 

LHPWG Project 001-2014 Appendix Page 13 of 58 

that collectively represent a wide geographic range within the state of Minnesota, as evidenced by 

Figures 1 and 2. See Table 2 for the monitoring stations selected.  

  

  Following monitoring site selection, the TP results were isolated from the other water quality 

results for graphical presentation and statistical analyses (see below). The TP concentrations were used 

in the statistical comparison pre- and post-phosphorus restrictions. See Appendix A for the graphical 

presentation and statistical analyses of the TP results for each station.   



 

 

Figure 1. Selected Monitoring Stations within HUC 8 Watersheds  
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Table 2. Monitoring Stations Selected  

Monitoring 

Station IDs  

TP  

Concentration 

Rank  

Watersheds/Rivers  HUC 8 #  

Total  

Monitoring 

Dates  

S000-282  Low  Long Prairie  07010108  1974-2012  

S000-220  Low  Mississippi-Grand Rapids  07010103  1974-2010  

19-0021-00-451*  Medium  Mississippi-Lake Pepin  07040001  1995-2011  

S002-118  Medium  Clearwater River  09020305  1987-2013  

S002-203  Medium  Chippewa  07020005  1974-2013  

S001-255  High  South Fork Crow  07010205  1998-2013  

S000-185  High  Snake  09020309  1971-2013  

S002-311  High  Redwood  07020006  1992-2012  

*This station is a lake monitoring station – Alimagnet Lake  

  

B.  Statistical Analyses  

  

  The Student’s t-test (two tailed) was used to analyze surface water monitoring data collected at 

eight stations throughout Minnesota. Data collected prior to implementation of the statewide 

restriction (i.e. prior to 2005) were compared with data collected after the statewide restriction (i.e. 

2005 and later) to determine if there is a statistically significant difference in the P concentrations at 

these stations pre- vs. post-regulation restriction. Note that the monitoring data at several stations 

included data as far back as 1971. We do not know the regulatory environment regarding phosphorus in 

fertilizers at that time. Including the older data could skew the statistical results by including other 

unknown variables or influences. Therefore, we chose to compare an equal number of years before and 

after the statewide zero phosphorus restriction in 2005. For example, if a dataset without any data gaps 

contained data from 1971 through 2010, our statistical analysis compared data obtained from 19992004 

and 2005-2010, six years before and six years after the restriction. See Table 2 for monitoring years that 

were included in the statistical analyses.  

  

C.  Results of the Statistical Analyses  

  

  Three of the eight stations showed a statistically significant difference between the pre and post 

statewide zero phosphorus restriction (p<0.05; Table 3). Two of these stations are located in the 
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southwest portion of the state in the Redwood River and Chippewa River watersheds and the other is 

located in the northwest portion of the state in the Clearwater River watershed (see Figure 2). The  
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Student’s t-test results indicate the phosphorus concentrations before and after the statewide 

restriction were not statistically significant at the remaining five stations.  

  

Table 3. Minnesota Monitoring Stations Student’s t-test Results  

Station IDs  Data collection year*  p-value  
Significantly Lower 

After Restrictions?  

S000-282  1995-1996, 1999-2004 vs. 2005-2012  0.4810  no  

S000-220  1996, 1999-2002, 2004 vs. 2005-2010  0.6901  no  

19-0021-00-451  1998-2004 vs. 2005-2011  0.1486  no  

S002-118  1996-2004 vs. 2005-2013  0.0011  yes  

S002-203  1998-1999, 2001-2004 vs. 2005-2010  0.0035  yes  

S001-255  1998, 2001-2003 vs. 2007-2010  0.5824  no  

S000-185  1992, 1994, 1998-2004 vs. 2005-2013  0.4977  no  

S002-311  1997-2004 vs. 2005-2012  0.0130  yes  

*t-tests were calculated for equal numbers of years in which data were collected prior to 2004 and after 2005 – see 

text discussion (e.g., data for X years prior to the law and X years after the law were counted if available. If data 

were not collected in a given year it was not counted as a year before or after the law.). QC duplicate sample 

results were averaged.  

  

D.  Discussion  

  

  A detailed, GIS-based, quantitative spatial/land use analysis was not done. However, a 

qualitative analysis was done, as follows. An inspection of each station’s location using Google EarthTM 

(Appendix B) was done. These observations were combined with land use information obtained from 

the State’s watershed website (Minnesota Pollution Control Agency: Minnesota watersheds) to 

characterize the subwatersheds around the monitoring stations (Appendix C). Table 4 summarizes key 

findings from Table 3 and Appendix C.  

  

Table 4. Qualitative Relationship of TP Trends and Land Use  

Monitoring Station  Significant Decline in TP*  Does Residential Land Use Dominate?  

S000-282  No  Mixed  

http://www.pca.state.mn.us/index.php/water/water-types-and-programs/watersheds/watershed-overview-map.html
http://www.pca.state.mn.us/index.php/water/water-types-and-programs/watersheds/watershed-overview-map.html
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S000-220  No  No  

19-0021-00-451  No  Yes  

S-002-118  Yes  Yes  

S-002-203  Yes  No  

S-001-255  No  Mixed  

S-000-185  No  No  

S-002-311  Yes  No  

* See Table 3.  
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E.  Conclusion  

  

  Three of the eight monitoring stations/watersheds demonstrated significant declines in TP 

concentrations over the period evaluated. All three of those stations are located in watersheds classified 

as having medium or high TP concentrations. This preliminary conclusion might be sufficient to generate 

a hypothesis worth testing. However, the law only targeted residential lawn P use, and the comparisons 

in Table 4 do not demonstrate a clear benefit of the law (Minnesota Statutes, Chapter 18C); i.e., only 

one of the monitoring stations in a predominantly residential or mixed use area demonstrated a decline 

in TP.  

  

  It is possible that a more intensive and extensive analysis might yield a different conclusion, but 

our analysis of these eight subwatersheds does not indicate that the restriction of P on residential lawns 

has shown a significant decline in P in Minnesota surface water. Further, a combination of this analysis 

with the literature review summarized in section II above indicate that the use of lawn fertilizers in 

Minnesota prior to 2005 was not likely a significant source of phosphorus load to the surface water 

systems in the MPCA data set.  
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Total Phosphorus - Low 

Station S000-220, Mississippi River (Grand Rapids)  

HUC 07010103 (1996-2010) 
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Total Phosphorus - Low 

Station S000-282, Long Prairie River 

HUC 07010108 (1996-2012) 
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Total Phosphorus - 
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Medium 

Station S002-118, Clearwater River 

HUC 09020305 (1996-2013) 

Residential Location 
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Total Phosphorus - 
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Medium  

Station 19-0021-00-451, Mississippi River-Lake Pepin 

HUC 07040001 (1995-2011) 



Appendix Page 25 

Total Phosphorus - High 
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Medium 

Station S002-203, Chippawa River 
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Total Phosphorus - 
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HUC 07020005 (1998-2013) 
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Total Phosphorus - High 
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Station S001-255, S. Fork Crow River 

HUC 07010205 
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Total Phosphorus - High 

LHPWG Project 001-2014 Appendix 

Station S000-185, Marshall County, Snake River 

HUC 09020309 (1992-2013) 

1992-

2004  

(data 

gaps)

 2005-2013 

mean = 0.297 mean = 0.279 
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APPENDIX C. Monitoring Station and Watershed Descriptions  

[The monitoring station ID numbers follow the order in Table 3.]  

The ‘General Watershed Descriptions’ and ‘Land Use Characteristics’ were copied directly from the 

Minnesota Pollution Control Agency’s website 

(http://www.pca.state.mn.us/index.php/water/watertypes-and-programs/watersheds/watershed-

overview-map.html). In addition, we reviewed photos of each station’s location (Appendix B) and 

provided a general observation for each as noted in this appendix.  
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S000-282  

The Long Prairie River watershed covers 
approximately 551,612 acres (862 square 
miles) and is located in the central part of the 
Upper Mississippi River Basin in central 
Minnesota. The watershed encompasses all 
or parts of Douglas, Otter Tail, Todd, 
Morrison, and Wadena counties.  
  
ETS’ description of this station’s land use. 

This sampling site is located less than one 

mile south of Motley, MN. In addition, there 

are two residences and a couple of industrial 

businesses located in close proximity.  

The Long Prairie River watershed includes more than 240 
lakes greater than 10 acres in size and 884 miles of rivers 
and streams. The Long Prairie River begins in Douglas 
County and flows through Todd and Morrison counties 
before entering the Crow Wing River south of Motley. 
The dominant land use within the watershed is 
agricultural (57%), while grasslands and forests make up 
17% and 14% respectively, water 8% and 4% is urban.  
The watershed is within the North Central Hardwood 

Forest as well as the Northern Lakes and Forests 

ecoregions. One lake and several stream reaches are 

currently impaired.  

S000-220†  

The Mississippi River – Grand Rapids 
watershed covers 1,316,071 acres and 
contains 1,908 miles of stream/rivers and 552 
lakes greater than 10 acres. The watershed 
drainage comprises parts of Aitkin, Carlton, 
Cass, Itasca, and St. Louis Counties. Some of 
the major cities are Grand Rapids, McGregor, 
Remer.  
  
ETS’ description of this station’s land use. 

This sampling site is located in a mostly 

forested area approximately 6 miles 

southeast of Grand Rapids, MN.  

Land use consists of 56% forested, 27% grass and 

wetland, 7% agricultural, 7% water, and 3% urban. The 

watershed has 4 nutrient-impaired lakes and 2 impaired 

stream reaches (2008). Nearly 89% of the land is 

privately owned; 4.76% is publicly owned. The 

watershed contains numerous heavily developed lakes. 

The majority of the lakes are important recreational 

resources and economic benefits to the watershed.  

19-0021-00- 

451  

The Mississippi River - Lake Pepin watershed 
includes 205,747 acres that drain several 
small, coldwater streams in 
bedrockdominated bluff country. The largest 
of these streams is Wells Creek (45,954-acre 
watershed), which winds through 18 miles of 
bluff lands and joins the Mississippi near Old 
Frontenac, southeast of Red Wing. Hay Creek 
is a popular trout stream (30,405-acre 
watershed) that flows from south to north, 
joining the Cannon River bottoms at Red 
Wing. Three other named streams are all 
designated trout waters, and drain directly to 
the Mississippi River: Bullard Creek 
(10,245acre watershed), Gilbert Creek 
(16,007-acre watershed) and Miller Creek 
(11,168-acre watershed).  
ETS’ description of this station’s land use. 

This sampling site is a lake monitoring 

station. The samples are pulled from the 

Alimagnet Lake, which is within the park with 

the same name and is surrounded by a 

residential community, Burnsville, MN.  

The Mississippi River - Lake Pepin watershed consists of 
forests, bluff lands, and cultivated lands. The top of the 
watershed is rolling cropland interspersed by many small 
tributaries that drop steeply through forested valleys 
with scattered goat prairies atop cliffs. The tributaries 
join to form the named streams, which drain directly into 
the Mississippi River. The watershed is only about 50 
miles southeast of downtown St. Paul. As a result, the 
watershed is subject to development pressures.  
Agriculture is the primary land use in the watershed 

(approximately 70%). About 10% of the land is in grass. 

Corn and soybeans make up over half the tilled acreage 

of the area, with barley, oats, and pasture land present. 

Forage production is strong because of the large number 

of dairy cows in the region. Of the grassland, 90% is in 

pasture and a small percentage (<10%) is in a 

management intensive rotational grazing system. Most 

of the remaining acreage is deciduous forest. Frontenac 

State Park, Lake Pepin, and the coldwater fisheries are 

significant natural resources that provide recreation and 

revenue in the region.  
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S002-118  

The Clearwater River watershed drains an 
area of 886,600 acres in the Red River of the 
North basin. The Clearwater River begins its 
course in western Clearwater County near the 
town of Ebro. The river flows to the 
northwest and southwest, eventually 
emptying into Red Lake River near Red Lake 
Falls. The watershed occurs in the Glacial  
Lake Agassiz Plain, North Central Hardwoods, 
Northern Lakes and Forests, and Northern 
Minnesota Wetlands Level III Ecoregions.  
  
ETS’ description of this station’s land use. 
This station is located near Riverside Park and 
surrounded by a residential community in 
Red Lake Falls, MN.  
  

The Clearwater River watershed characteristically has a 
poorly defined floodplain and low gradient that combine 
with extensive drainage, widespread conversion of 
tallgrass prairie to farmland, and urban/suburban 
development to leave the basin subject to frequent 
floods that affect urban and rural infrastructure and 
agricultural production. Precipitation in the watershed 
ranges from 21 to 25 inches annually. Above-normal 
amounts of precipitation in the late fall of the year or 
from May to October lead to high levels of soil moisture, 
periodically producing the snow-melt and summer 
floods that are known to affect the further reaches of 
the overall Red River Basin. The main resource concerns 
in the watershed are wind and water erosion, nutrient 
management, wetland management, surface water 
quality, flood damage reduction, and wildlife habitat. 
Many of the resource concerns relate directly to flooding 
and increased sediment and pollutant loadings to 
surface waters. Predominate land uses / land covers are 
row crops (33%), forest (24%), grass/pasture/hay (21%), 
wetlands (14%), and residential/commercial  
Development (4%). Agricultural land use in the basin 

accounts for approximately 54% of the overall 

watershed acres. Development pressure is moderate in 

most areas, with occasional farms, timberland, and 

lakeshore being parceled out for recreation, lake or 

country homes.  

S002-203†  

The Chippewa River watershed covers 2,085 
square miles and drains portions of eight 
counties in west central Minnesota. The 
northeast part of the watershed tends to be 
hillier, wooded, and more easily eroded, 
while the southwest portion tends to be 
flatter with more agricultural. The watershed 
begins in the southern part of Otter Tail 
County and ends 130 miles south in the 
flatter agricultural land at Montevideo.  
  
ETS’ description of this station’s land use. 

This sampling site is located in an agricultural 

area, approximately 5 and a quarter miles 

due east of the small town of Milan, MN.  

The geology of the Chippewa River watershed includes a 

complex mixture of moraines and till, lake deposits, and 

outwash plains. The hilly moraines result in a high 

potential for erosion of sediment into streams. Nearly 

90% of the land is privately owned. Agriculture 

accounted for approximately 68% of the available acres 

in 1996. Corn and soybeans make up a majority of raised 

crops, and small grains, hay, and grasslands make up the 

majority of the balance.  
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S001-255  

Generally, the South Fork Crow River 
watershed covers 818,428 acres. It is located 
in south-central Minnesota and encompasses  
parts of Kandiyohi, Renville, Meeker,  
McLeod, Sibley, Wright, Carver, and  
Hennepin counties. The South Fork Crow  
River joins with the North Fork Crow at 
Rockford, and then joins the Mississippi River 
near Dayton. The majority of the watershed 
is within the Western Cornbelt Plains 
ecoregion, with a small portion extending 
into the North Central Hardwood Forest 
ecoregion. Major cities include Willmar, 
Hutchinson, Delano and Glencoe.  
  
ETS’ description of this station’s land use. 

This site is located in an area surrounded by 

industrial businesses and residential housing.   

The South Fork Crow River watershed includes many 
lakes, streams, and wetlands. Buffalo Creek, a major 
tributary, flows into the South Fork Crow River  
downstream of Lester Prairie. Land use in the South Fork 

Crow River watershed is largely agricultural, with row 

crops and pasture/grass lands accounting for 

approximately 83% of the overall watershed acres. 

Several lakes and parts of the South Fork Crow River do 

not meet water quality standards for beneficial uses 

such as aquatic recreation, drinking, and swimming. The 

main lake pollutant is phosphorus, causing algae blooms 

in summer months, and portions of the South Fork Crow 

and its tributaries are listed for pollutants such as 

bacteria, turbidity and low dissolved oxygen.  

S000-185†  

The Snake River begins its 50-mile course in  
Marshall County and drains an area of 
611,800 acres. The river flows southwest 
from the headwaters, continuing westward 
and collecting the South Fork Snake River and 
passing through the towns of Warren and 
Alvarado. Downstream of Alvarado, the  
Snake turns northwest, then collects the 
Middle River upstream of its confluence with 
the Red in Fork Township.  
  
ETS’ description of this station’s land use. 

This sampling site is located in a purely 

agricultural area in the northwestern portion 

of MN, near the North Dakota border, and 15 

miles due north of the small community of 

Oslo, MN.  

Above-normal amounts of precipitation in the late fall of 
the year or from May to October lead to high levels of 
soil moisture, periodically producing the snow-melt and 
summer floods that are known to affect the further 
reaches of the overall Red River Basin.  
Agriculture accounts for approximately 84% of the 
overall watershed acres. Development pressure is 
moderate in most areas, with occasional farms, 
timberland, and shorefront being parceled out for 
recreation, lake, or country homes.  
The Red River basin generally has a poorly defined 

floodplain and low gradient that combine with extensive 

drainage, widespread conversion of tallgrass prairie to 

farmland, and urban/suburban development to leave 

the basin subject to frequent floods that affect urban 

and rural infrastructure and agricultural production. The 

main resource concerns in the watershed are wind and 

water erosion, nutrient management, wetland 

management, surface water quality, flood damage 

reduction, and wildlife habitat. Many of the resource 

concerns relate directly to flooding and increased 

sediment and pollutant loadings to surface waters.  
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S002-311  

The Redwood River is located in 
southwestern Minnesota in the counties of 
Lincoln, Lyon, Murray, Pipestone, Redwood, 
and Yellow Medicine. It begins near Ruthton 
in northeast Pipestone County, and flows 
about 125 miles northeast through Redwood 
Lake and to the Minnesota River at North 
Redwood. The watershed covers 451,250 
acres or 705 square miles. There are 11 
incorporated communities located within the 
watershed, including Marshall, Redwood 
Falls, Tyler, Russell, and Vesta, and three 
unincorporated communities.  
  
ETS’ description of this station’s land use. 

This sampling site is located in southwestern 

portion of MN along Clear Creek, which is 

heavily tree lined and surrounded by the 

agricultural community of Seaforth, MN.  

The entire Redwood River watershed has 85.5%  
(approximately 385,665 acres) of the land in cultivation, 

7% in grassland, 1.5T in water, and 0.6% in wetlands. 

Altitudes descend from west to east, with the Coteau 

des Prairies serving as a watershed divide. Natural 

drainage patterns in the area were established by valleys 

formed from glacial meltwaters. End moraines, which 

were formed during the recession of the last glacier, are 

the most prominent features.  

*http://www.pca.state.mn.us/index.php/water/water-types-and-
programs/watersheds/watershedoverview-map.html  
† These sites are located in mostly agricultural or forested areas.   
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Lakeland, FL 33815 
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December 8, 2021 
 
Jason Bridges, Chair 
Select Board of the Town of Nantucket 
16 Broad Street 
Nantucket, Massachusetts 02554 
Via Electronic Mail: jmbridges@nantucket-ma.gov 
 

Re:  Citizen Warrant Article, Titled “Home Rule Petition: Prohibiting Fertilizer” (the 
“Article”) 

 
Dear Chairperson Bridges: 
  
 I am writing to you and the entire Select Board for the Town of Nantucket, in my capacity as 
Director of Legal and Government Affairs at Harrell’s, LLC (“Harrell’s”), to express opposition to the 
above-referenced Article.  Harrell’s is a leading producer and distributor of customized nutritional 
agronomic solutions and maintains a customer base on Nantucket.  The Article will have a direct, negative 
impact on our customers on Nantucket and I write to you in support of our customers and their efforts in 
your Town.  If the Article is ultimately approved, it will not achieve the outcome desired by the petitioners, 
and in fact, is likely to have the opposite outcome.   
 
 Before I move into the specific analysis of why Harrell’s and its customers oppose the Article, I 
would like to first say that I commend and support your Town’s efforts to protect its waters.  As a native 
Floridian, I assure you that I fully understand the importance of protecting our waters, as well as the 
associated challenges that come along with such efforts.  However, the proposed legislation set forth in the 
Article is an ineffective attempt to solve the water issues.  Nantucket’s current Fertilizer Program, including 
the associated Best Management Practices, is a reliable, science-based program, which, when properly 
utilized and enforced, can achieve the Town’s desired outcomes regarding its water bodies.    
 

Harrell’s and its customers support the proper use, application, and timing of fertilizers, as well as 
the immediate removal of fertilizers that may fall on impervious surfaces.  However, a total ban on the 
application of fertilizers containing nitrogen or phosphorus is not the solution for the protection and 
enhancement of Nantucket’s water bodies.  The research shows time and time again that a healthy lawn is 
imperative for the prevention of runoff.  When applied properly, fertilizers improve the health of plants, 
which leads to larger root systems that absorb water and nutrients. Fertilizer also increases turf density, 
which acts as an effective, natural filter of stormwater runoff, greatly reducing soil erosion and nutrient 
loss.   

 
In fact, according to the United States Environmental Protection Agencyi, diverting stormwater 

runoff through a "grassed swale" is the cheapest and most effective way to capture excess nutrients and 
sediment and protect local waters.  Moreover, the United States Department of Agriculture (USDA) has 
long recommended that, after harvest, farmers plant cover crops, such as rye, to prevent nutrient runoff.   
Properly fertilized grasses are of critical importance in the prevention of runoff, erosion, and nutrient loss.  
As such, in the absence of properly fertilized, healthy lawns, Nantucket will risk significant soil erosion 
and nutrient runoff, which in turn will actually cause the impairment of water bodies.   
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  It is also important to understand that when properly applied, nutrients do not simply wash away 
as runoff into nearby water bodies.  Properly applied nutrients move into the soil, then into the root zone of 
the plant, where the nutrients are taken up and utilized by the plant.  Proper application is of critical 
importance here and consumer education is a very crucial component thereof.  Harrell’s and its customers 
are strong advocates of the “Four Rs” of fertilizer management - right rate, right source, right placement, 
and right timing.  If the citizens of Nantucket adhere to these factors, they will be able to provide adequate 
nutrition for their lawns and minimize the risk of loss of nutrients to the environment.   
 
 It is also important to note that controlled-release fertilizers can play a very important role in 
Nantucket’s nutrient management program.  As a result of the nature and timing of nutrient release with a 
controlled-release fertilizer, the application of these controlled-release fertilizers can decrease nutrient 
losses if used by the citizens of your Town. 
 
 For the reasons set forth above, I strongly encourage you to vote against the Article.  Properly 
applied fertilizers are a crucial component in the prevention of runoff, erosion, and nutrient loss into your 
Town’s waters.  The most important thing that Nantucket can do to protect its waters is to continue to 
educate it citizens on proper fertilizer use, including utilization of BMPs and the “Four Rs”.   
 
 If you, or any other member of the Select Board would like to discuss these issues further, please 
feel free to reach out to me at acarl@harrells.com or (863) 345-1218. 
 
 
Sincerely, 
 
Amanda Carl 
 
Amanda Carl 
Director of Legal and Government Affairs  
 
 
cc: Select Board of the Town of Nantucket 
 

 
i     S.D. Struck AM.ASCE, M. Borst, S. Muthukrishnan, A. Selvakumar, and  T.O’Connor M.ASCE,     
     Approaches for Determining Swale Performance for Stormwater Runoff, World Environmental and  
     Water Resources Congress (2007). 
 

mailto:acarl@harrells.com


TOWN OF NANTUCKET NATURAL RESOURCES DEPARTMENT 
 

              THAÏS M. FOURNIER, WATER RESOURCE SPECIALIST                               TFOURNIER@NANTUCKET-MA.GOV 

              2 BATHING BEACH ROAD                                                                                                                                        508-228-7200                                                          

              NANTUCKET, MA 02554                                                                                                                                                                    EXT 7604 

 

 

 

 
 

Executive Summary 
 

Water Quality Assessment of Nantucket’s Harbors and Great Ponds 
 

2020 
Abstract: 

 The executive summary reviews the water quality monitoring results of the estuarine sampling undertaken 
through the ongoing Nantucket Island-Wide Water Quality Monitoring Program.  The program is a multi-year 
collaboration between the Town of Nantucket (TON) Natural Resources Department and the Coastal Systems Program 
within the University of Massachusetts-Dartmouth, School for Marine Science and Technology. 

The objectives of the monitoring program are:  

1. To determine the present (2020) ecological health of each of the main salt ponds and estuaries within the Town 
of Nantucket,  

2. To gauge (as historical data allows, 2010-2020) the decline or recovery of various salt ponds and embayments 
over the long-term (also part of TMDL compliance), and  

3. To provide the foundation (and context) for development of potential alternatives for nutrient and resource 
management and quantitative measures of success. 

Introduction: 

As increasing numbers of people occupy coastal watersheds, the associated coastal waters receive increasing 
pollutant loads. Coastal embayments throughout the Commonwealth of Massachusetts are becoming nutrient enriched. 
The primary nutrient causing the increasing impairment of our coastal embayments is nitrogen, with its primary sources 
being wastewater disposal, and nonpoint source runoff that carries nitrogen (e.g., fertilizers) from a range of other 
sources.   

Nantucket proactively monitors the quality of its water systems to develop action plans to ensure public safety 
and strengthen the islands ecosystems. As in previous years, this annual Water Quality Technical Memorandum 
summarizes the water quality monitoring results of the estuarine sampling undertaken through the ongoing Nantucket 
Island-wide Water Quality Monitoring Program.  Water sample collection and analysis has been performed according to 
specific protocols developed at the outset of the monitoring first started in 2010, such that year to year results would be 
cross comparable from one Nantucket estuary to another. The sampling program focuses on the summer/early fall 
months (June - September) as this time frame is typically representative of worst case water quality conditions and the 
basis for habitat management decisions.   

 The physical/environmental parameters measured in the estuaries during the 2020 sampling season included: 
total depth, Secchi depth (light penetration), temperature, conductivity/salinity, general weather (rain, cloudiness, etc.), 
wind force and direction, dissolved oxygen levels and observations of moorings, birds, shell fishing and unusual events 
(fish kills, algal blooms, etc.).  Laboratory analyses of estuarine waters included: salinity, nitrate + nitrite, ammonium, 



dissolved organic nitrogen, particulate organic carbon and nitrogen, chlorophyll-a and pheophytin-a and 
orthophosphate. 

Trophic State of Nantucket Estuaries:  
 
 The trophic state of an estuary is a quantitative indicator of its nutrient related ecological health and is based on 
key ecological metrics: concentrations of inorganic and organic Nitrogen, water clarity, lowest measured concentrations 
of dissolved oxygen, and Chlorophyll-a pigments (proxy for phytoplankton biomass/blooms).  Nutrient related trophic 
health scales generally range from Oligotrophic (healthy-low nutrient) to Mesotrophic (showing some signs of 
deterioration of health due to nutrient enrichment) to Eutrophic (habitats significantly impaired and degraded, high 
levels of nutrients and organic matter and community shifts). The Trophic Health Index Score used here is a standard 
numerical scale based on criteria for open water embayments and uses the above mentioned measured parameters to 
create a habitat quality scale (Howes et al. 1999, http://www.savebuzzardsbay.org). 
 
Results: 

Table 1.  Summary of present status and trends of water/habitat quality of estuaries based on 2020 water quality monitoring data reconciled 
against historic data collected from 2010-2018 and MA Estuaries Project (MEP) nutrient threshold analyses undertaken for each system except 
Miacomet Pond. 

Embayment TMDL Status Trend Trophic Health Score Remedial Actions 

Nantucket 
Harbor 

0.35mg/L  
(0.36mg/L 
Polpis) 

Approaching N 
target 

Improving High-moderate 
quality 

New jetties, Planned 
sewering 

Madaket 
Harbor 

0.45 mg/L  Approaching N 
target 

Improving High-moderate 
quality 

Landfill remediation 

Hummock 
Pond 

0.50mg/L Significantly 
impaired 

Variable Moderate-fair quality Pond openings 

Long Pond 0.80mg/L Approaching N 
target 

Improving Moderate quality Landfill remediation 

Miacomet 
Pond 

0.60mg/L (not 
regulated) 

Significantly 
impaired 

Unchanged Fair-poor quality Potential 
dredging/chemical 
treatment of nutrient 
laden sediment 

Sesachacha 
Pond 

0.60mg/L Moderate 
improvement 

Variable High-moderate 
quality 

Pond openings 

 

Conclusion: 

 The Town of Nantucket has been working for decades to protect and more recently restore its estuaries and 
their aquatic resources. Overall, the water quality trends in Nantucket’s major estuaries have been positive over the past 
5-10 years.  Nantucket Harbor, Long Pond and Sesachacha Pond are showing improvements and are approaching their 
TMDL targets to meet restoration goals.  Madaket Harbor is supporting high water and habitat quality.  Hummock and 
Miacomet Ponds are experiencing water quality and habitat health issues.   
 
 At present and based on the 2010 - 2020 water quality database developed under the Island-wide unified water 

quality monitoring program, activities to lower nitrogen enrichment and its negative impacts to water and habitat 

quality have been planned and implementation is ongoing in four estuarine systems: Nantucket Harbor (raised jetties 

http://www.savebuzzardsbay.org/


and planned sewering), Madaket/Long Pond (lined landfill cells and future potential dredging), Sesachacha Pond 

(biannual openings), Hummock Pond (biannual openings).  In addition, the TON’s recent fertilizer application by-law 

should reduce nutrient inputs into Nantucket’s embayments.  As a result, it is anticipated that the efficacy of these 

management activities should be seen in the present and future water quality monitoring results. 

 
Figure 1.  Temporal trends in Nantucket Total Nitrogen levels at all stations.  Note that in all cases the 2017-2019 levels are lower than the 
earliest grouping with 2014-2016 being in the middle.  TN levels have declined harbor-wide over the past 10 years due to nitrogen mitigation 
strategies implemented by the Town. 2020 data generally confirms the trend (with exception Nan-4), lower Harbor still showing TN decline. 

 

 
Figure 2.  TN levels in Madaket Harbor main basin (MH-2,3-4), Hither Creek (MH-1) and Long Pond (stations Long 5 & 6) over the past decade.  
Note that in all cases the 2017-2020 levels are similar to (but slightly lower than) the earlier grouping in Hither Creek and Madaket Harbor.  In 
contrast Long Pond shows significant reductions in over time.   
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Figure 3.  Change in TN level in Hummock Pond main basin (HUM-1,3,5,7) and the Head of Hummock basin (HUM-7) over the past decade 
grouped to reduce the variation to see if any trends existed.  Note that the 2014-2016 (most successful pond openings) showed the highest 
water quality (lowest TN levels) throughout the pond, while the previous period and recent period had higher TN levels.  2020 results are 
generally higher than the 2014-2016 period which relate to effective pond openings. 

 

Figure 4.  Summer average total nitrogen levels by station over time in freshwater Miacomet Pond.  As a freshwater pond a regulatory TMDL 

target for nitrogen or phosphorus has yet to be established. Miacomet Pond remains a nutrient degraded system in 2019.   Note that at all 

stations the TN level greatly exceeds the threshold for brackish and estuarine systems. 2020 recorded the highest TN for each station 2010-2020. 
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Figure 5.  Total nitrogen levels by station over time in Sesachacha Pond, horizontal line is the TMDL Total Nitrogen (TN) level.  Longer openings 
in 2010-2014 resulted in lower TN levels, recent opening attempts are again being more successful (2018), but TN levels remain above the target 
level.  2020 pond opening duration may have been longer than past years resulting in the lowest TN level on record, half of the MEP 2003 
average. 
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Non-Technical Summary 
 
Hummock and Miacomet Ponds suffer from algae blooms, with cyanobacteria often dominant and posing a 

public safety threat through possible toxicity. Considerable past effort has been devoted to assessing 

nitrogen loading to these ponds, with only secondary effort expended on phosphorus loading. While 

nitrogen is usually the more limiting factor in saltwater, phosphorus most commonly controls algae 

biomass in freshwater and many cyanobacteria have a way to avoid nitrogen limitation. Reliable control of 

cyanobacteria blooms therefore involves control of phosphorus. 

 

Concentrations of nitrogen and phosphorus were assessed in groundwater around each pond and surficial 

sediments from multiple locations were tested for iron-bound phosphorus and organic content, two features 

important to internal recycling of phosphorus. Oxygen was assessed in each pond, including at the 

sediment-water interface, where low oxygen can foster excessive release of phosphorus. Algae blooms 

were also tracked in spring and summer of 2016. Work was carried out under an approved plan funded by a 

program run by the MA DEP with funds provided by the federal government under Section 604b of the 

Clean Water Act. Results were put in the context of a loading analysis whereby the relative importance of 

known sources could be compared and the level of input reduction necessary to achieve desirable 

conditions could be estimated. 

 

Phosphorus in Hummock and Miacomet Ponds comes largely from internal recycling, loading from the 

organic bottom sediments that cover about 120 acres of Hummock Pond and 38 acres of Miacomet Pond 

and are subject to low oxygen conditions much of the summer. Some release under higher oxygen 

conditions through decay of organic matter may also be important. The addition of saltwater to both ponds 

historically through breaching of barrier beaches is likely to have depleted iron in affected sediment, 

limiting the capacity to bind phosphorus. This effect is apparent in the half of Miacomet Pond closest to the 

ocean, as the rest of the pond was drained to mudflats during breaching, and may still be influential even 

though breaching has not been conducted in over a decade. Breaching is conducted twice per year in 

Hummock Pond, spring and fall, and affects the entire pond, although there is a salinity gradient with the 

largest values near the ocean and the lowest in Head of Hummock at the northern end.  

 

In order to make phosphorus consistently limiting and low enough to prevent cyanobacteria blooms, the 

internal phosphorus loading in each pond must be addressed. No other source of phosphorus is large 

enough to provide the level of reduction needed. For both ponds, control of internal loading of phosphorus 

may be sufficient to eliminate cyanobacteria blooms, but additional reductions from groundwater or surface 

runoff would provide further protection and prolong the benefits of any action taken in either pond to 

reduce internal loading. 

 

Options for reducing available phosphorus in each pond to the extent necessary to prevent cyanobacteria 

blooms have been narrowed down to dredging and inactivation. Dredging would represent true restoration 

and is highly desirable, but is also very expensive and the permitting process is complicated. If there is the 

financial support to pursue this option, a detailed feasibility study would be needed. Inactivation involves 

the application of a phosphorus binder, most often aluminum, targeting either the water column (low dose) 

or the sediment (high dose). Which approach to use depends on site specific features, and it is 

recommended that a low dose treatment be attempted at Miacomet Pond to assess effectiveness and 

longevity before undertaking more expensive actions. 

 

Rooted plants were not the subject of this study, but create nuisance conditions in some areas now, which 

can be expected to worsen if water clarity is improved through phosphorus and algae control. Dredging 

would solve most plant problems as well as reduce internal phosphorus loading, but may be cost 

prohibitive. Evaluating alternatives, the primary options are herbicide application or a harvesting program. 

As most problem plants in both ponds are seed producing annual species, annual maintenance will be 

needed, and harvesting is likely to be more acceptable in the permitting process.  Hydroraking may be 

needed to control emergent plants in narrow portions of both ponds where encroachment threatens access if 

recreational utility has priority as a management goal.  
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Introduction and Background 
 
Both Hummock and Miacomet Ponds are statutory Great Ponds under the laws of the 

Commonwealth of Massachusetts and represent major public recreational resources on Nantucket 

(Figure 1). Hummock Pond covers at least 142 acres in area when connected to the ocean, but can 

expand to about 267 acres with spring rain and no breaching of the barrier to the ocean, and has 

covered as much as 427 acres under flood conditions. Miacomet Pond covers approximately 43.5 

acres; inclusion of emergent wetland area sometimes inflates the Miacomet Pond area to as much 

as 47.3 acres. Both are shallow (Figures 2 and 3), not deep enough to have any pronounced or 

lasting thermal stratification, although there may be vertical gradients of oxygen and other water 

quality features at times. Hummock Pond averages 6.5 feet deep during summer, with maximum 

areal coverage corresponding to a mean depth of about 10 feet. Average water depth in Miacomet 

Pond is 4.0 feet, although this pond has been connected to the ocean by human activity in the 

past, causing lower water levels.  

 

Hummock and Miacomet Ponds have been connected to the ocean historically, but barrier 

beaches formed long ago and naturally limit tidal influence. The barrier beach at the south end of 

Hummock Pond has been intentionally breached in spring and fall in most years for several 

decades. The opening is created by backhoe and tends to last about a week, during which the 

water level in the pond drops substantially. Inflow of saltwater during high tides causes further 

exchange and flushing of the pond, followed by gradual filling by precipitation and groundwater 

after the breach closes. The barrier beach at Miacomet Pond has also been intentionally breached 

in the past, with an intent to alleviate flooding in the area, but the last clearly documented 

opening of the pond to the ocean was in spring of 2005 (Conant 2006). 

 

Both ponds experience algae blooms in summer, including cyanobacteria at potentially hazardous 

levels. Watershed delineation (Figure 4) suggests that Hummock Pond has a surface watershed of 

about 2227 acres and a groundwater drainage area that is not congruent with the surface 

watershed and covers about 2000 acres (NEAR 2006).   The direct surface drainage area for 

Miacomet Pond (Figure 5) covers 653 acres, with that area and another 387 acres contributing 

groundwater (Woodard and Curran 2014). 

 

Extensive field work and modeling has evaluated nitrogen loading in conjunction with the 

Massachusetts Estuaries Program (MEP). Some previous modeling (ASA 2001) included 

phosphorus as well as nitrogen, but the emphasis has clearly been on nitrogen in these coastal 

systems. In-lake phosphorus levels are known to be elevated, but there has been no focused 

assessment of the sources of phosphorus supporting algae blooms. With low atmospheric inputs 

and minimal overland runoff or stream flow, the likely sources are groundwater and internal 

release from sediment. Groundwater will be influenced by both wastewater disposal and 

stormwater infiltration. This project seeks to sample groundwater entering the lake and test 

surficial sediments to determine the potential for those sources to supply enough phosphorus to 

support observed blooms. Additional work seeks to assess blooms and oxygen status critical to 

release of phosphorus from sediments. This project advances planning for nutrient reductions to 

improve the conditions of these ponds, and complements the work done to date by the Town, 

SMAST, and independent researchers. This project will also provide data to MA DEP for 

potential development of a TMDL for phosphorus for each lake. 
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Figure 1. Hummock and Miacomet Ponds location on Nantucket. 
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Figure 2. Hummock Pond water depth measured in 2006. (From Conant 2006) 
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Figure 3. Miacomet Pond water depths measured in 2016. (From WRS 2016a) 
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Figure 4. Hummock Pond watershed. (from NEAR 2006) 
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Figure 5. Miacomet Pond watershed. (from Woodard & Curran 2014) 
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Historic nutrient data are available from multiple sources (town water quality reports and 

consultant reports dating from the early 1990s to the present). There are some gradients along the 

length of these linear ponds, but consideration of pondwide average values provides useful 

insights. Total phosphorus (TP) was assessed in Hummock Pond for many years (Figure 6), but 

recently there has been a shift to just measuring soluble reactive phosphorus (SRP), a dissolved 

subset of TP. The theory is that in saline habitats P will not be limiting and SRP adequately 

represents available P. Yet loss of consistency in P measurements is lamentable, as TP and SRP 

values are not directly comparable. P remains important in Hummock Pond, even if nitrogen 

appears to be the limiting nutrient for many algae. Values for TP >20 µg/L represent a distinct 

bloom hazard, so virtually all recorded values for TP or SRP are high in Hummock Pond. 

 

Nitrate and ammonium are forms of dissolved nitrogen readily available to plants and algae. 

Values >300 µg/L are potentially problematic, but recorded pondwide averages are routinely 

lower (Figure 7). This does not mean there is no problem, as these forms may be rapidly 

assimilated into plant or algae tissue and converted to organic N. Low values indicate N 

limitation of growth, but not necessarily low growth. Values for nitrate N appear relatively stable 

over time and very low, while ammonium N values suggest a decline from moderate to low 

values over the last two decades. Concentrations of organic and total N in excess of about 500 

µg/L are considered elevated. For Hummock Pond, all concentrations since 1998 are elevated 

(Figure 8). 

 

Water clarity in Hummock Pond has generally been low, fluctuating around a long-term annual 

average of about 1 m (Figure 9). Low clarity may result from algae blooms, but can also relate to 

resuspended sediment in these shallow ponds. Residents report a variety of colors, not all 

associated with algae, so Secchi values are not a highly reliable surrogate for algae in the ponds. 

 

In Miacomet Pond, older TP data were less available, SRP was substituted for a time, but both TP 

and SRP have been assessed more recently (Figure 10). Nearly all TP values are >40 µg/L, 

suggesting strong bloom potential. SRP values have fluctuated around the 20 µg/L mark and are 

nearly all >10 µg/L, lower than TP but still a concern. Patterns for forms of N (Figures 11 and 12) 

were similar to those for Hummock Pond; nitrate and ammonium N are generally low, suggesting 

low N availability to algae, while organic and total N are high, suggesting substantial biomass. 

Secchi transparency is similar to that in Hummock Pond (Figure 13), with all annual average 

values between 1 and 2 m. Low clarity may be due to algae, but can also be related to 

resuspended sediment. 

 

There is no substantial gradient of water clarity along the long (S-N) axis of either pond (Figure 

14), using data from 2012-2016. As noted previously, water clarity relates as much to sediment 

resuspension as algae in these ponds. There is a slight gradient of increasing N from the ocean 

end to the upland end of each pond (Figure 15), which also coincides with a gradient of 

developed land; most of the watersheds of each pond are landward of the ponds, and the pattern 

suggests that N delivered with groundwater is a dominant source. There is a fairly strong gradient 

of SRP in both ponds (Figure 16) and TP in Miacomet Pond (Figure 17, 2015-2016 data) going 

from the ocean end to the inland end. This could indicate either groundwater inputs or differential 

internal recycling along that axis. There is a slight gradient of total chlorophyll-a (chlorophyll-a 

plus phaeophyton) in Miacomet and a stronger gradient in Hummock Pond (Figure 18). Values in 

Miacomet Pond are all undesirably high, while values on the ocean side of station HUM5 in 

Hummock Pond are moderately acceptable on average and values on the inland side of HUM5 

are excessive. These gradients are consistent with those observed in reports from before 2012, 

suggesting no major shift in processes or conditions in Hummock or Miacomet Ponds in the last 

two decades or more.  
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Figure 6. Hummock Pond phosphorus concentrations 
 

 
 

 

Figure 7. Hummock Pond dissolved nitrogen concentrations 
 

 
 

 

Figure 8. Hummock Pond organic and total nitrogen concentrations 
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Figure 9. Hummock Pond Secchi transparency 
 

 
 

 

Figure 10. Miacomet Pond phosphorus concentrations 
 

 
 

 

Figure 11. Miacomet Pond dissolved nitrogen concentrations 
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Figure 12. Miacomet Pond organic and total nitrogen concentrations 
 

 
 

 

Figure 13. Miacomet Pond Secchi transparency 
 

 
 

 

Figure 14. Spatial distriubution of Secchi transparency  
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Figure 15. Spatial distribution of total nitrogen values 
 

 
 

 

 

Figure 16. Spatial distribution of soluble reactive phosphorus values 
 

 
 

Figure 17. Spatial distribution of total phosphorus values 
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Figure 18. Spatial distribution of total chlorophyll-a values 
 

 
 

 

Other water quality features have been assessed that have some bearing on this investigation. The 

temperature has a typical seasonal pattern, with lows in the winter and highs in the summer, but 

Nantucket has a moderate climate with higher lows and lower highs than mainland sites. Oxygen 

varies with temperature, but with both ponds being shallow and not strongly stratified, mixing is 

frequent and low oxygen values in the water column are rare. In some cases values have dropped 

below the 5 mg/L standard for support of all aquatic life, but values low enough to affect 

sediment-water interactions (i.e. < 2 mg/L) are not found in the record. However, virtually all 

programs stop measuring some distance above the sediment interface, and the potential exists for 

lower oxygen levels at that interface. Assessing oxygen near the sediment surface is one task in 

this project. 

 

Salinity and conductivity are measures of dissolved solids, with salinity on a different scale and 

used for seawater environments where dissolved solids levels are much higher than most 

freshwater systems that apply conductivity. As both of these ponds have been opened to the ocean 

at times, measurements on the salinity scale have been appropriate where we would normally 

expect to measure only conductivity. Freshwater has a salinity well below 1 part per thousand 

(ppt) whereas open ocean water has a salinity of 30 ppt or slightly more (about 31 ppt near the 

Hummock Pond breach in recent years based on SMAST and town data). Exchanges of water 

between the ocean and these ponds have resulted in pond salinities of 4 to 20 ppt immediately 

after the exchange ended, with a gradient from south to north (high to low). For Miacomet Pond, 

values tend to return to freshwater levels in less than a year, and the pond has not been opened to 

the ocean in over a decade, so it is considered to be a freshwater system at this time. Hummock 

Pond, on the other hand, is opened to the ocean twice per year and does not completely revert to a 

freshwater system between openings. Annual average salinities range from 3 to 7 ppt over the 

range of stations sampled, with the highest values at the south end near the ocean and the lowest 

values at the north end in Head of Hummock Pond. 
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Project Approach and Methods 
 

A Quality Assurance Project Plan (QAPP) was developed and approved for this project (WRS 

2016b), and was followed. Methods are laid out in detail in that document. In summary, there are 

four main field tasks in this project: 

1. Collection of groundwater around the ponds for assessment of nutrient levels and use in 

estimated groundwater loads of N and P. 

2. Collection of surficial sediment and testing for available P and related features to allow 

estimation of possible internal loading within the ponds. 

3. Assessment of oxygen status near the sediment-water interface to determine if sediment P 

might be mobilized under anoxic conditions. 

4. Sampling and characterization of any algae blooms to further our understanding of what 

algae are dominant. 

Data generated from these tasks will then be used in the context of past assessments in a simple 

model to evaluate likely loading sources to the pond and the level of reduction necessary to meet 

use goals. All field work was conducted in the summer half of 2016. 

 

Final stations for groundwater sampling were not selected as part of QAPP development. Figures 

19 and 20 show the shoreline segments applied for groundwater sampling in Hummock and 

Miacomet Pond, respectively. Stations for sediment and oxygen assessments were as planned in 

the QAPP and are shown in Figures 21 and 22. All sampling stations shown were samples for 

sediments. Oxygen assessments were conducted at stations HUM1, 3, 5, 7 and 8 in Hummock 

Pond and at stations MIA1, 3 and 5 in Miacomet Pond. Algae were collected wherever conditions 

warranted further investigation. 
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Figure 19. Groundwater sampling segments in Hummock Pond in 2016. 
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Figure 20. Groundwater sampling segments in Miacomet Pond in 2016. 
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Figure 21. Sediment and oxygen assessment points in Hummock Pond in 2016. 
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Figure 22. Sediment and oxygen assessment points in Miacomet Pond in 2016. 
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Project Task Results 

 

Groundwater Sampling 
 

Sampled shoreline segments were based on land use, soils, slope and vegetation. A total of 13 

segments were sampled at Hummock Pond and 10 segments were sampled at Miacomet Pond. 

Fewer Hummock Pond segments were sampled due to access difficulties on the western shore; 

dense Phragmites stands extend into the pond, making it hard to access shallow areas for 

sampling. As the western shore is uninhabited and fairly uniform, fewer segments on that side 

were considered adequate for characterization. Each segment was sampled once by deploying a 

Littoral Interstitial Porewater (LIP) sampler to collect influent groundwater near shore, with 

multiple subsamples composited per shoreline segment. Samples were filtered to remove any 

entrained particulates and properly preserved for later lab analysis of total dissolved P, dissolved 

Fe, nitrate N and ammonium N.  

 

Complete details of sampling and results are provided in the Appendix. Key data for loading 

analysis are provided in Table 1, while selected data for each pond are displayed in Figures 23 

and 24. There are two important components of loading, concentration and inflow. This task 

addresses concentrations of N and P entering the ponds via groundwater.  

 

From the perspective of N loading, the main forms moving in the groundwater are nitrate and 

ammonium, and the sum of the two is defined here as the dissolved inorganic nitrogen, or DIN. 

Values in excess of about 500 µg/L would be considered elevated, while values less than about 

100 µg/L would raise little concern.  Concentrations associated with groundwater at Hummock 

Pond were generally moderate around Head of Hummock (210-290 µg/L), moderate to low along 

the east side of the pond (65-320 µg/L), and moderate to very high on the west side (290-21,005 

µg/L). It is rather surprising that the very high values, mostly linked to extremely high 

ammonium concentrations, are associated with undeveloped tracts of conservation land on the 

west side of Hummock Pond (Figure 23). This groundwater may be largely stagnant and anoxic, 

moving very slowly and impacted by decay of vegetation like the extensive Phragmites stands 

found on that side of the pond. The values for areas potentially impacted by developed land are 

low to moderate, lower than expected. With substantial groundwater flow there could still be a 

significant load from this area, but east side groundwater does not appear to be a dominant 

influence on pond N content. 

 

At Miacomet Pond, DIN concentrations were variable but generally moderate to slightly high 

(Figure 24). One relatively low value (95 µg/L) was obtained at station MLIP1 adjacent to 

undeveloped land, although with developed land within its likely zone of contribution. Other 

values ranged from 205 to 1405 µg/L, with the second highest value directly downgradient of the 

golf course. Yet no extreme values were detected at Miacomet Pond, in comparison to Hummock 

Pond.  

 

Phosphorus does not move as well as N through soil, even sandy soil, but low oxygen conditions 

or long periods of loading can result in higher levels of P in groundwater. Values in excess of 

about 100 µg/L would be considered high, while values less than 20 µg/L would be considered 

low. At Hummock Pond, dissolved P concentrations in groundwater were low to moderate around 

Head of Hummock (9-67 µg/L) and along the eastern shore (3-45 µg/L), while values were 

moderate to high on the undeveloped western side (40-290 µg/L). This pattern is consistent with 

observations for DIN, and suggests that decomposition and limited groundwater movement on the  
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Table 1. Summary of groundwater data from 2016 sampling. 

 

 
 

 
western side may be a factor. At Miacomet Pond, dissolved P concentrations in groundwater are 

low at the inland end of the pond and increase to high levels down both sides of the pond toward 

the ocean. 

 

While dissolved phosphorus is viewed as mobile in groundwater, its actual availability once it 

reaches the ponds is constrained by the amount of dissolved iron travelling with the phosphorus. 

Under oxygenated conditions in the ponds, iron and phosphorus can be expected to combine to 

form insoluble precipitates, limiting P availability. Where the mass of iron is more than about ten 

times that of P, and certainly where iron is present at more than 20 times the P concentration, very 

low P availability is expected. The settled precipitates may support rooted plant growths or allow 

later release of P if anoxic conditions develop, but direct support of algae blooms from 

groundwater would not be expected with high iron in incoming groundwater. 

 

 

Shoreline 

Segment

Average 

NH4+NO3 - 

N (ug/L)

Average 

Diss. P 

(ug/L)

Average 

Diss. Fe 

(ug/L) Fe:P ratio

HLIP 1 280 9 15600 1733.3

HLIP 2 290 16 360 22.5

HLIP 3 210 67 30 0.4

HLIP 4 95 5 20 4.0

HLIP 5 320 10 40 4.0

HLIP 6 190 3 10 4.0

HLIP 7 75 22 8550 388.6

HLIP 8 65 44 310 7.0

HLIP 9 118 45 2925 65.0

HLIP 10 21005 290 13 0.0

HLIP 11 290 40 9 0.2

HLIP 12 19440 260 258 1.0

HLIP 13 13810 120 8 0.1

MLIP 1 95 3 40 16.0

MLIP 2 680 7 110 15.7

MLIP 3 1005 20 26100 1305.0

MLIP 4 335 50 46600 932.0

MLIP 5 205 58 47700 822.4

MLIP 6 315 510 95 0.2

MLIP 7 755 145 83 0.6

MLIP 8 690 200 46 0.2

MLIP 9 1405 320 71 0.2

MLIP 10 525 220 50 0.2

Hummock Pond

Miacomet Pond
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Figure 23. Selected Hummock Pond groundwater features 

 

 
 

 
The pattern of dissolved iron in groundwater was fairly striking at both ponds. There were few 

intermediate values at Hummock Pond, with low ratios of Fe to P on the western side and a mix 

of high and low values on the eastern side. Fe:P ratios at Miacomet Pond were lowest at the ocean 

end of the pond and much higher toward the inland end, with a sharp divide about mid-pond, 

between stations MLIP5 and MLIP6. It appears likely that years of saltwater influence on both 

ponds affects iron levels in the groundwater; high sulfates in seawater tend to react with iron in 

exposed soil to create insoluble compounds. While iron may continue to move toward the pond 

from upgradient areas, frequent interaction of seawater with soils near the pond likely conditions 

them for low iron availability.  

 

For Hummock Pond, which is subject to twice annual saltwater influx that affects the entire pond, 

the effect is pondwide if a bit erratic. For Miacomet Pond, the inland half of which has been 

drained to a mudflat when open to the ocean in the past, the impact appears to be focused on the 

“downstream” or oceanside portion of the pond. Ultimately what this means is that available P 

will enter Hummock Pond in groundwater mainly from the west, from Head of Hummock to near 

the ocean, while available P will enter Miacomet in groundwater from both sides but mainly in 

the oceanside half of the pond.  Concentrations will be linked to flow to derive loads later.  
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Figure 24. Selected Miacomet Pond groundwater features 
 

 
 

 

The ASA study in 2001 involved groundwater measurements, but no actual data could be found 

from that study. Sutherland (2013) examined groundwater from three wells around Head of 

Hummock and found P concentrations averaging 30 µg/L in the east and north wells and 80 µg/L 

in the west well. These values are slightly higher than the 2016 values for HLIP1, 2 and 3, which 

correspond to the east, north and west wells respectively, but the 2016 values are within the range 

observed over 20 samplings of the wells by Sutherland in 2011 and 2012. DIN values recorded by 

Sutherland averaged 142, 312 and 146 for the east, north and west wells, compared to 280, 290 

and 210 µg/L measured in 2016; 2016 values are within the range of the 20 measurements made 

in 2011-2012.   
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Surficial Sediment Sampling 
 

Surficial sediment was sampled at 8 locations in Hummock Pond and 6 locations in Miacomet 

Pond, corresponding to water quality stations sampled in previous studies. Samples were 

collected with an Ekman dredge and only the upper 10 cm of sediment were collected for testing. 

Samples were tested for TP, Fe-P, percent solids and percent organic matter, allowing calculation 

of available Fe-P and its relation to TP and other key sediment features. The intent of this task is 

to determine the amount of phosphorus potentially available for exchange with overlying water or 

to support benthic growths of algae that might later rise into the water column. 

 

Complete data from this effort are contained in the appendix. Key features for each station and 

related calculations are provided in Table 2, while graphic representations of the most insightful 

values is provided for Hummock Pond in Figure 25 and for Miacomet Pond in Figure 26. There 

are two features that matter the most when considering the influence of sediment on algae 

growth: the concentration of available P in the sediment (typically assessed as Fe-P and expressed 

as mg P per kg dry weight sediment) and the mass of that available P in the upper layer of 

surficial sediment (usually taken as the top 4-10 cm and expressed as g P per square meter of 

sediment).  

 

Values <100 mg/kg are considered low, while values >500 mg/kg are regarded as high. The 

relevant scale for the mass of available P per square meter depends on water depth and overall 

pond volume relative to the contributing area; the deeper the water and larger the pond volume 

relative to the contributing sediment area, the higher the available P mass must be to influence P 

concentration in the overlying water. As a rough rule, for every meter of average water depth, a 

sediment Fe-P mass of at least 0.4 g/m
2
 will be needed to supply enough P to support algae 

blooms. For Hummock Pond with a mean depth close to 2 m, a sediment Fe-P value >0.8 g/m
2
 

will be of concern, while in Miacomet Pond with a mean depth of about 1.2 m, values >0.5 g/m
2
 

may cause problems. 

 

In Hummock Pond (Table 2, Figure 25) there is a discernible gradient of Fe-P concentration from 

moderate values near the ocean end of the pond (100-373 mg/kg) to higher values (448-808 

mg/kg) in the central part of the pond, to extreme values in the narrows and upstream, including 

in Head of Hummock Pond (647-1572 mg/kg). With differences in solids content over space, the 

mass of Fe-P in the upper 4 cm of sediment at the sampled stations exhibits less of a gradient, but 

values for HUM6-8 are distinctly higher (4.08-8.30 g/m
2
) than values for other stations (1.34-3.34 

g/m
2
) except HUM2 (5.01 g/m

2
). Values at all stations are well above the calculated problem 

threshold of 0.8 g/m
2
.  

 

In Miacomet Pond (Table 2, Figure 26) there is variation over space but no clear gradient. Fe-P 

concentrations ranged from 152 to 703 mg/kg and averaged 384 mg/kg. The mass of Fe-P in the 

upper 4 cm of sampled sediment ranged from 1.39 to 2.30 g/m
2
 with an average just over 2 g/m

2
. 

All values represent a potential threat and could support substantial algae growth, but there are no 

extreme values as observed in the inland end of Hummock Pond. 

 

A simple calculation that sheds light on how much P might be released from sampled sediment 

under anoxic conditions is provided in Table 2. It is rare for more than 10% of the sediment Fe-P 

to be released in a summer season, and with limited anoxia, that release rate might be as low as 

1%. With an average of close to 2 m of water over sediment in Hummock Pond and 1.2 m over 

sediment in Miacomet Pond, the P concentration in the overlying water can be estimated. Values 

for Hummock Pond at a 10% release rate range from 67 to 415 µg/L and averages 200 µg/L, with  
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Table 2. Summary of sediment data from 2016 sampling. 
 

 
 

 

 

 

Station HUM1 HUM2 HUM3 HUM4 HUM5 HUM6 HUM7 HUM8 MIA1 MIA2 MIA3 MIA4 MIA5 MIA6

Solids Content (%) 28 28 44 28.5 23 12 6.3 11 14 11 19 6.3 17 9.2
Organic Content (%) 6.3 28.2 75.7 18.4 24.9 45.4 5.6 8.3 13.7 13.1 7.5 3.7 5.4 6.8
Total Phosphorus (mg/kg DW) 263 927 278 1616 1,110 2,250 3,100 929 643 753 734 740 916 668
Fe-P (mg/kg DW) 100 373 126 244 808 1,349 1,572 647 336 423 152 703 282 408
Depth of Sediment Interacting (cm) 4 4 4 4 4 4 4 4 4 4 4 4 4 4
Volume of Sediment Interacting per m2 (m3) 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040
Specific Gravity of Sediment 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20
Percent Solids (as a fraction) 0.280 0.280 0.440 0.285 0.230 0.120 0.063 0.110 0.140 0.110 0.190 0.063 0.170 0.092
Mass of Sediment Interacting (kg/m2) 13.4 13.4 21.1 13.7 11.0 5.8 3.0 5.3 6.7 5.3 9.1 3.0 8.2 4.4
Mass of P Available for Release (g/m2) 1.34 5.01 2.66 3.34 2.69 4.65 4.08 8.30 2.26 2.23 1.39 2.13 2.30 1.80
10% Release to Avg Water Depth (ug/L) 67.2 250.7 133.1 166.9 134.7 232.7 204.0 415.0 185.1 183.1 113.6 174.3 188.6 147.7
5% Release to Avg Water Depth (ug/L) 33.6 125.3 66.5 83.4 67.3 116.4 102.0 207.5 92.5 91.5 56.8 87.1 94.3 73.8
1% Release to Avg Water Depth (ug/L) 6.7 25.1 13.3 16.7 13.5 23.3 20.4 41.5 18.5 18.3 11.4 17.4 18.9 14.8
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Figure 25. Selected Hummock Pond sediment features 
 

 
 

 

values >20 µg/L associated with algae blooms. At only 1% the range is 7 to 42 µg/L and averages 

20 µg/L, still high enough to cause problems. For Miacomet Pond, a 10% release rate would yield 

P increases of 114 to 189 µg/L with an average of 165 µg/L, while a 1% release rate would 

produce a P increase of 11 to 19 µg/L with an average of 17 µg/L. Again, the potential for 

internal loading from sediment P reserves is substantial and represents a very real threat of algal 

blooms. 

 

Release of P from Fe compounds depends on reactions that occur under very low oxygen 

conditions, and release into water with higher oxygen results in co-precipitation and limited P 

availability. In deep water, where released P is in an area with minimal light, it may not be 

available to algae attempting to grow higher in the water column. However, neither Hummock 

nor Miacomet Pond is deep enough to have too little light for algae to grow at the sediment-water 

interface, so anoxia in that area will be enough to allow released P to be used by algae. 

Cyanobacteria are noted for growing at low light at the sediment-water interface while taking up 

extra P, then forming gas pockets and floating upward where higher light allows more rapid 

growth. Synchronous rises can form blooms quickly, and the extra P in rising cells allows growth 

and bloom expansion even if the overlying water has limited P. 
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Figure 26. Selected Miacomet Pond sediment features 
 

 
 

The area covered by potentially contributing sediment is important to overall loading, and would 

include mainly organic deposits; sandy sediments tend to have low Fe-P concentrations. 

Examination of Hummock Pond during drawdowns associated with barrier beach breaching 

indicates significant organic sediment accumulations in water more than 2 feet deep, representing 

an area of about 120 acres, although there are sandy patches in deeper water and soft sediment 

accumulation in some shallower areas such as around HUM8. Mapping of sediment in Miacomet 

Pond by WRS in 2016 as a separate project provided soft sediment contours that indicate 

coverage by organic muck in water about 2 feet deep, representing an area of about 38 acres. 

However, a thin veneer of organic sediment over coarse sand is observed in some areas at the 

inland end of the pond, and some emergent wetland areas are not counted as part of the pond area 

in this case.  
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There is another complication relating to internal loading in each pond, however. Release of 

phosphorus can occur under oxic conditions where there is either a high rate of decomposition of 

organic matter or where water chemistry leads to binding of iron that would otherwise sequester P 

under oxic conditions. This latter situation is most often observed with seawater intrusion, as 

seawater is high in sulfates and the sulfur preferentially binds with iron to form insoluble 

complexes. With less iron available to bind P, P release from sediments can be substantial even 

with oxygen at the sediment-water interface.   

 

Miacomet is likely to suffer to some extent from the first mechanism, with decay of organic 

matter releasing some P, although probably not as much as via the anoxic mechanism. In 

Hummock Pond there is a major threat of oxic release due to sulfate addition with seawater in the 

twice annual opening of the pond to the ocean; SMAST measurements have indicated oxic 

release of P from Hummock Pond sediments, probably on the order of that expected under anoxic 

conditions.  
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Oxygen Assessment 

 

Oxygen status of the ponds was assessed with a dissolved oxygen (DO) probe that measures 

oxygen and temperature at 0.5 m intervals from surface to bottom, with the deepest measurements 

collected at the sediment-water interface and in the sediment itself. Assessment occurred on 5 

dates between late June and early October, usually in the early morning or late afternoon when 

lowest oxygen is most likely to be encountered at the sediment-water interface. T/DO profiles 

were collected at previously assessed water quality stations (HUM1, 3, 5, 7 and 8, and MIA1, 3 

and 5). Conductivity/salinity was checked at each station as well, to better characterize the 

reported gradient along a north-south transect, and Secchi transparency was recorded. Complete 

data are provided in the appendix. The areal and temporal extent of low oxygen can be calculated 

and factored into calculation of P loading from surficial sediment. 

 

Average conductivity in Hummock Pond during this study ranged from a low of 3590 µS, which 

equates to a salinity of 2.3 ppt, to 14,460 µS, which is the same as a salinity of 8.6 ppt. There was 

both a longitudinal gradient, with higher values at the ocean end of the pond and lower values in 

Head of Hummock Pond, and a temporal gradient, with values declining over time at all locations 

between May and October. The barrier beach at Hummock Pond was breached in April 2016, 

opening the pond to the ocean for 19 days, and the fall breach did not occur until after sampling 

was completed. Average conductivity for the period was just over 8000 µS, equating to an 

average salinity of just under 5 ppt. 

 

Conductivity in Miacomet Pond ranged from 157 to 211 µS, all considered moderate for 

freshwater, with no discernible longitudinal gradient. No saltwater intrusion into the pond is 

indicated. No breaching of the barrier beach at Miacomet Pond has occurred for over a decade. 

 

Oxygen values more than half a meter above either pond bottom were nearly always >2 mg/L and 

usually >4 mg/L, suggesting no severe hypoxia or anoxia in the water column. However, 

measurements very close to the sediment-water interface were frequently <0.5 mg/L in both 

ponds. HUM1 and HUM3 at the ocean end of the pond rarely exhibited any significant oxygen 

stress, while values for HUM5, HUM7 and HUM8 were routinely low at the sediment-water 

interface between late June and early October.  All three assessed stations in Miacomet exhibited 

low oxygen at the sediment-water interface on nearly all dates. Example DO profiles (Figure 27) 

illustrate the situation in each pond.  

 

Strong temperature gradients were not observed in Hummock Pond, but slight thermal gradients 

were observed, with 3 C degrees being enough to reduce mixing at least during calm periods. 

This suggests limited thermal resistance to mixing but an active sediment oxygen demand that 

depresses oxygen and likely fosters P release near the sediment-water interface. Even with 

uniform temperatures, oxygen was low right at the sediment-water interface.  

 

Vertical thermal gradients were not detected at stations MIA1 or MIA3 in the shallower 

Miacomet Pond, but were observed on nearly all dates at MIA5 over only one meter of water 

depth. It is likely that groundwater inflow is substantial in this area, as bottom temperatures were 

indicative of groundwater while surface water temperatures were more typical of the rest of the 

pond. Oxygen concentrations were low at the sediment-water interface at all three stations on 

nearly all dates, but were lower overall in the water column at MIA5. Both entry of anoxic 

groundwater and greater decay of organic matter accumulated in this area may be responsible. 
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Figure 27. Example temperature and dissolved oxygen profiles from Hummock (top) and Miacomet (bottom) Ponds 
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Algae Bloom Characterization 
 

Algae have been assessed as part of routine monitoring in the past, and it is known that 

cyanobacteria bloom in both Hummock and Miacomet Ponds. Sample bottles containing 

preservative vials were provided to designated pond monitors to facilitate collection of algae 

whenever a bloom was observed. Samples could be whole water samples, representing the 

apparent condition of the water, or concentrated samples of wind-blown phytoplankton 

accumulations or observed algal mats, whatever best represents what was observed in the ponds. 

Preserved samples were sent to WRS for analysis at the conclusion of the summer collection 

process. Samples were subjected to quantitative microscopic analysis by standard methods. A 

total of 10 samples were collected in 2016 as part of this program, although additional samples 

were collected and analyzed by Town of Nantucket staff as part of routine monitoring.  

 

Complete data are provided in the appendix, while biomass is summarized in Figure 28. The 

yellow line at 1000 µg/L represents an approximate threshold below which no use impairment is 

expected in a waterbody. The black line at 3000 µg/L represents the algal biomass concentration 

above which use impairment is usually observed. 

 

Late June samples from Hummock Pond contained only small amounts of algae, but did include 

the bloom-forming cyanobacterium Dolichospermum (formerly known as Anabaena). This genus 

has been observed in many past collections from Hummock Pond. By late July a serious bloom 

had developed and continued through August. An additional cyanobacterium, Anabaenopsis, 

joined Dolichospermum in August, but the main bloom did not appear to be a succession of 

cyanobacteria as is often observed in eutrophic lakes in summer. Elevated P concentrations and 

limiting nitrate and ammonium concentrations appeared to favor and support these cyanobacteria. 

Several types of diatoms, green algae and dinoflagellates were also observed, but cyanobacteria 

represented the vast majority of cells and biomass in Hummock Pond in summer of 2016. 

 

In Miacomet Pond, discoloration of the water in May prompted sampling by town staff, and the 

algae appeared to be members of the chrysophyta (golden algae) from pictures, although the 

genus was not identifiable. Patchy blooms of Dolichospermum were observed in June, subsiding 

by late June. No further cyanobacteria blooms were observed in 2016. A bloom dominated by the 

colonial, flagellated, chrysophyte Dinobryon was sampled in late June 2016. No other samples 

were collected from Miacomet Pond by this program in 2016. 

 

Species of Dolichospermum observed are types that often start as growths at the sediment-water 

interface then rise into the water column. There is indication, however, that once in the water 

column of Hummock Pond, algae are supported by elevated available P concentrations and may 

proliferate and continue a bloom for an extended period of time. In Miacomet Pond the available 

P in the water column is lower, and blooms appear to be more transient, probably depending more 

on reserves accumulated in cells before rising into the water column. 

 

Both ponds appear to have a background algal flora of diatoms and golden algae that would be 

expected in sandy coastal ponds, but the excessive P concentrations coupled with limiting levels 

of available nitrogen lead to major cyanobacteria blooms during warmer periods. In the case of 

Hummock Pond, the breaching of the barrier beach lowers the N concentration in the pond 

substantially in the spring, setting the stage for N limitation while encouraging more available P, 

a recipe for fostering cyanobacteria growth. Lowering N concentrations is an appropriate activity 

in estuarine or marine situations, but must be accompanied by P reduction in coastal ponds to 

avoid cyanobacteria blooms.   
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Figure 28. Phytoplankton biomass in 2016 samples. 
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Data Quality Review 
 

The measurement performance criteria to support the project objectives were described in the 

QAPP and include elements of accuracy, precision, detection limits, resolution, bias, completion, 

representativeness and comparability. Data accuracy is most often assessed with the use of spiked 

samples or blanks. There were no indications of problems from lab spikes and blanks at 

Envirotech Laboratories, where groundwater samples were analyzed. However, one field blank 

for Hummock Pond groundwater exhibited an ammonium N value of 110 µg/L while the 

detection limit was 20 µg/L, and two field blanks for Miacomet Pond groundwater yielded 

dissolved P concentrations well above the detection limit of 5 µg/L (Appendix). Based on the 

results for other stations on those dates, many of which were lower than the blanks, it appears that 

a bad batch of distilled water was used for field blanks. Accuracy with sediment samples is 

mainly assessed with spiked samples. Spiked sediment samples for this project resulted in 97% 

recovery, a very acceptable value. Field meters used to assess temperature, oxygen and 

conductivity were calibrated and appeared to perform well; there is no suspicion of inaccurate 

values from those readings. 

 

Precision is assessed mainly through duplicate samples. Duplicate groundwater samples had 

generally acceptable relative percent differences; values >20% resulted only from values close to 

the detection limit, and many duplicate values were within 10% of each other when a threshold of 

25% had been set in the QAPP. Precision of sediment samples was more problematic, with one 

duplicate sample having disparate values for organic content, Fe-P and total P, and the other 

having substantial difference between Fe-P values. The lab is still investigating this problem, but 

the results have only limited bearing on calculations based on average values. Precision for field 

instrument measurements appears to have been very high. Repeat algal analysis indicated 

precision close to 10%. 

 

Detection limits were met and resolution of values on relevant scales for each assessed feature 

was considered adequate. No systematic bias was detected in any analysis. All planned sediment 

and oxygen measurements were obtained, but physical site limitation reduced the number of 

ground water segments in Hummock Pond and fewer algae samples were collected than expected, 

although collected data are considered adequate for the intended assessment. All samples appear 

representative and comparability to past corresponding data appears sufficient. 
 

No resampling was deemed necessary, although the sediment testing lab is re-analyzing several 

samples to attempt to understand why precision was low. There may be inaccuracies relating to 

some individual data points, but taken as a collective data set and compared to relevant past data, 

the data appear acceptable for use in further calculations. Most intended comparisons involve 

fairly major changes that would not erroneously be derived from data with inherent error at the 

level perceived for this data set.  
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Data Analysis  
 

Data collected and described so far indicate that groundwater is a source of N and P, but at 

variable and not typically very high concentrations, and that surficial sediments represent a large 

potential source of available P, with low oxygen in surficial sediments that will increase 

availability of iron-bound P at the sediment-water interface. Here we examine how these sources 

are likely to fit into overall N and P loads to Hummock and Miacomet Ponds. 

  

There are four potential sources of inflow to each pond and two additional sources of nutrients 

that have minimal associated flow (Tables 3 and 4). Precipitation is based on long-term records, 

adjusted for more recent patterns, and estimates of nutrient content are consistent with other 

studies and models as applied to southern New England. Atmospheric inputs are rarely a 

dominant component of nutrient loading to landlocked ponds, and by bracketing plausible N and 

P concentrations we believe we have adequately characterized that input source. Atmospheric 

inputs can be a major source to estuarine or marine areas, as related precipitation falls on a very 

large water surface, but for land-bound ponds with limited surface area and larger watersheds, 

other sources of N and P tend to be more important. For ponds, the typical levels of N and P in 

precipitation in this area tend to lead to acceptable water quality, so the presence of algae blooms 

in Hummock and Miacomet Ponds suggests that other sources are important. 

 

There does not appear to be any significant surface water inflow to Hummock Pond, but flooding 

in areas around Miacomet and observation of drainage patterns suggest that some surface water 

does reach Miacomet Pond during storms, mainly in spring when the water table is high. We 

estimate that about 10% of the potential surface flow is actually realized, compared to values of 

25 to 40% in areas with less sandy soils or more urbanization. There is considerable uncertainty 

associated with this estimate, but it provides a starting point for comparison and future 

investigation as needed. Concentrations of N and P are from the second quartile of an extensive 

database established for developed land and represent a reasonable bracketing of likely input 

concentrations for this system.  

 

Surface inflows during storms are often a dominant source of nutrients to lakes, but are less of a 

factor in sandy coastal areas such as Cape Cod and the islands, as overland flow is less in this 

area. The primary concerns at Miacomet are “unsanctioned” access points created on public land 

to facilitate boat launching in the pond, as these become conduits for storm runoff. There are 

fewer such access points at Hummock Pond, and runoff from the developed properties on the east 

side represent the greatest concern. In all cases, these appear to be minor sources individually, 

and it is not clear that they add up to a major source, but they are controllable sources. 

 

Groundwater inflow is likely to be a major source of water to the ponds, and N moves readily 

through soils, while the movement of P is subject to many factors, including available binding 

sites on soil and oxygen status of the groundwater. One task of this project was to assess N and P 

concentrations in groundwater entering the ponds, providing actual estimates of N and P for use 

in calculations. Measurement of groundwater flow was beyond our scope, but has been the 

subject of other investigations. A model constructed by Applied Science Associates in 2001 

suggested groundwater flow through the Miacomet basin of 0.02 to 0.14 m
3
/sec, with a mean of 

0.06 m
3
/sec. Not all of this would necessarily enter the pond, and we have assumed that about 

half of the groundwater movement is underflow that bypasses the pond and have extended this 

assumption to Hummock Pond with adjustment for a larger contributing area.  

 

  



 35 

Table 3. Estimated water, nitrogen and phosphorus loads to Hummock Pond. 
 

 
 

 

Table 4. Estimated water, nitrogen and phosphorus loads to Miacomet Pond. 
 

 
 

  

Loading Component Assumptions/Data Water N P

Ac-Ft m3 kg kg

Pond volume 142 ac @ 6.5 feet deep 923 1140000

Precipitation/yr 43.6 in on 142 ac = 1.1 m on 56.8 ha 516 637000

N@200-400 ppb, P@10-30 ppb 127-255 6.4-19.1

Surface inflow/yr None known; minimal runoff potential 0 0

0 0

Groundwater inflow/yr

Same rate as for Miacomet with watershed of 2000 ac suggests 

mean of 0.115 m3/s, half reaches pond 1470 1813500

18 inches of recharge over 2000 acres, half reaching pond 1500 1851000

Averages for HUM1-6, 13 for 87.5% of flow, N@2171 ppb, 

P@33 ppb,  MIA7-12 for 12.5% of flow, N@6832 ppb, P@ 

117ppb 5095 81

Include only HUM3-6,13 and HUM8, 10-12 P where Fe:P<10:1,  

flow@53.6% mean est. for HUM3-6, 13, flow@8.4% mean est. 

for HUM8, 10-12 65

Seawater inflow/yr Two breaches per year, 25% of volume each time 462 570000

N@300-400 ppb, P@20-40 ppb 171-228 11.4-22.8

Waterfowl No significant liquid input 0 0

66 birds/yr @ N= 1.0 kg/bird-yr and P= 0.2 kg/bird/yr 66 13.2

Sediment release No liquid input 0 0

Anoxic: 5-10% of Fe-P over 120 acres, P@4 g/m2, N release @ 

2XP release 194-388 97-194

Oxic: 5-10% of Fe-P over 120 acres, P@4 g/m2, N release @ 

2XP release 194-388 97-194

Best Est. Total 2461 3027000 6134 399

Hummock

Loading Component Assumptions/Data Water N P

Ac-Ft m3 kg kg

Pond volume 43.5 ac @ 4.0 feet deep 174 215000

Precipitation/yr 43.6 in on 43.5 ac = 1.1 m on 17.4 ha 158 195000

N@200-400 ppb, P@10-30 ppb 39-78 2.0-5.9

Surface inflow/yr Watershed yield = 1.0-1.3 cfsm, area=1.02 mi2, 10% as runoff 72.4-94.1 89300-116100

N@3000-4000 ppb, P@100-200 ppb 268-464 8.9-23.2

Groundwater inflow/yr

ASA 2001 study gives 0.02-0.14 m3/s, mean=0.06 m3/s, half 

reaching pond

256-1789 

(767)

315500-2207500 

(946000)

Sutherland 2012 indicates 18 inches of recharge over 1040 ac, 

half reaches pond 780 962500

Avg MLIP1&2 for 30% of flow, N@388 ppb, P@5 ppb; MLIP3 for 

40% of flow, N@1005 ppb, P@20 ppb; MLIP4 for 20% of flow, 

N@335 ppb, P@50 ppb; Avg MLIP5-10 for 10% of flow, N@653 

ppb, P@242 ppb 621 41.7

Include only MIA6-10 P where Fe:P<10:1, flow@10% mean est. 26.6

Seawater Inflow/yr Not connected to ocean in a decade 0 0

0 0

Waterfowl No significant liquid input 0 0

24 birds/yr @ N= 1.0 kg/bird-yr and P= 0.2 kg/bird/yr 24 4.8

Sediment release No liquid input 0 0

Anoxic: 10% of Fe-P over 38 acres, P@2 g/m2, N release @ 2XP 

release 62 31

Oxic: 5% of Fe-P over 38 acres, P@2 g/m2, N release @ 2XP 

release 31 15.5

Best Est. Total 1011 1248000 1163 98

Miacomet
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It is also known from past work going back to Horsley and Witten in 1990 and applied by others 

more recently that about 18 inches of annual precipitation becomes groundwater recharge. We 

have again assumed that half actually reaches the pond. The two independent estimates of 

groundwater flow result in very similar water loading for each pond, adding some confidence to 

the estimates, but these are subject to both natural variability and estimation uncertainty. 

 

The estimation of N and P loading is complicated by spatial variation in concentrations in 

assessed groundwater and the likelihood of uneven entry of groundwater to the ponds, with 

higher inflows at the inland ends where the slope of the groundwater table is greater, resulting in 

faster movement of water through the soil. We have divided the groundwater inflow into two 

parts for each pond, upgradient (inland) and downgradient (ocean end) components, each adjusted 

based on contributing land area and water table slope, and applying average N and P values for 

respective shoreline segments. We have further modified the P loading estimate by removing 

values from the average where the Fe:P ratio is >10:1, as combination of Fe and P would be 

expected once the groundwater entered the pond and the P would become part of the sediment by 

precipitation. That P is likely to figure into internal loading, but is not properly an active part of 

the groundwater load. 

 

Seawater has not been a factor in water or nutrient loading to Miacomet Pond for over a decade, 

but past breaching of the bottom barrier has occurred and could occur again. Past breachings may 

have affected sediment chemistry and groundwater at the ocean end of the pond in lasting ways, 

or saltwater intrusion into groundwater may be a factor, as the binding of Fe by sulfates in 

seawater appears to have lowered the Fe:P ratio in groundwater at the ocean end of the pond. But 

direct entry of seawater to Miacomet Pond is no longer a factor in water or nutrient loading. 

 

Hummock Pond is opened to the ocean twice per year, spring and fall, with varied timing and 

duration over the years. In general, openings last one to three weeks, lower the pond by about half 

its volume, and refill it to about the 75% mark. The remaining 25% of pond volume is refilled 

more gradually by groundwater and direct precipitation, with refill requiring at least a month, 

longer during dry periods. There is variation in the duration of opening and change in pond 

volume, and the impact varies along a gradient from ocean to inland, but the scenario listed here 

appears to approximate the norm.  

 

For 2016, mass balance calculations for salinity suggest that after opening in April the average 

salinity in May would be 12.6 ppt, while actual measurement in mid-May was 12.2 ppt. Based on 

monthly estimated inputs of freshwater, the September salinity was calculated at 5 ppt while the 

actual average salinity was 6 ppt. This gives us some confidence in the general hydrologic 

assessment for Hummock Pond, but there is considerable variability based on openings and 

weather. We have no direct measurements for N and P in seawater entering Hummock Pond, but 

have assumed typical levels in surface seawater as corroborated by data from harbors around 

Nantucket in estimating loads. The result is a relatively minor portion of the total N and P loads. 

 

Waterfowl can be a significant source of nutrients, and bird counts were made by town staff 

during 2016 monitoring. We used those counts and literature values for N and P per bird per year 

as estimates of loading. Many birds will have left in the winter, but we did not reduce the estimate 

of bird years accordingly; as the estimates of inputs are relatively small, this overestimation is not 

of any major consequence. 

 

Sediment assessment was another task within this project undertaken to provide specific data. It 

was not known if anoxia developed near the sediment-water interface and the Fe-P content of the 

sediment was not known. Both were assessed; anoxia does occur in surficial sediment and Fe-P 
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levels are high enough to support algae blooms when release occurs. With well oxygenated 

overlying freshwater it is likely that much P recombines with Fe and precipitates out. Yet 

saltwater additions to Hummock Pond bring sulfates that bind iron and may limit precipitation of 

P once released into the overlying water. This chemical process may also encourage release of P 

from sediments under oxic conditions, increasing internal loading. Additionally, decomposition 

of organic matter releases P into the water column and could be a significant source in these 

ponds. Where adequate iron is present, it will bind that P, but with the saltwater additions to 

Hummock, that mechanism may be muted.  

 

Even if P does recombine with Fe and precipitate from the water column after release, uptake at 

the sediment-water interface may be important in both Miacomet and Hummock Ponds. With 

both ponds being shallow, light will penetrate to most of the bottom and algae can grow at the 

sediment-water interface where the P is released. Such growths often rise into the water column 

after accumulating substantial biomass and extra P in cells, resulting in surface blooms. 

Filamentous green algae mats are also generated in this manner, and are observed in both ponds.  

 

We generally find that it is rare for more than 10% of the Fe-P in sediment to be released in a 

growing season. More P may be released where iron is being bound by sulfur or organic decay is 

high. We did not conduct core incubations, a lab procedure that can provide direct estimate of P 

release under controlled conditions, but the estimated release rates based on Fe-P content of the 

sediment and observed field conditions are 2-4 mg P/m
2
/day, well within the range normally 

encountered. Other studies (e.g., Sutherland and Oktay 2010, Sutherland 2013) have suggested 

that internal loading was a major source of P to these ponds, and our results tend to support that 

contention, but the estimates of loading are fairly rough and subject to considerable uncertainty. 

 

Overall, the water load for Hummock Pond (Table 3) suggests that the pond is flushed 2.7 times 

per year (2461 ac-ft of water passing through 923 ac-ft of pond). The estimated average N load is 

6134 kg/yr, which is remarkably close to the independently derived MEP estimate of 6023 kg/yr 

(Howes et al. 2014). About 85% of the N load is attributable to groundwater. The MEP report 

suggests that 65% of this is from wastewater disposal, but our highest N values in groundwater 

were associated with large undeveloped areas, mostly Phragmites dominated wetland area. That 

western area is expected to have less actual groundwater flow, so the influence of high N and P 

concentrations in that groundwater is reduced, but it does suggest potential error in simply 

assuming that wastewater is the dominant source.  

 

The fairly detailed analysis contained in the MEP report is based on land use and related nutrient 

load generation, with consideration of attenuation on the way to the pond. The land use map 

(Figure 29) shows a substantial number of unsewered residential and commercial properties north 

and east of Hummock Pond (marked as yellow parcels), representing 36% of the watershed. 

Modeling was used to estimate inputs from all properties. Of particular concern is the area 

northeast of the pond that would likely drain to the northeast arm of Hummock Pond. The 

groundwater in that area was not sampled in this study due to access issues, so one potentially 

large input area may be underrepresented in this study. Still, the estimated total N loads from the 

MEP and this 604b study are remarkably close, and N concentrations in the sampled groundwater 

segments toward the northern end of Hummock Pond are not excessive. More investigation with 

actual measurement of groundwater quality and flow may be needed to gain an understanding of 

N loading sufficient to support important management decisions like further sewering. 
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Figure 29. Land use in the Hummock Pond watershed. (From Howes et al. 2014) 
 

 
  

Phosphorus loading does not appear to have been previously estimated for Hummock Pond, and 

this analysis suggests an average annual load of 399 kg P, with about 75% from internal loading 

from sediments. Using the Lake Loading Response Model (LLRM), it is predicted that the 

average P concentration in Hummock Pond will be 79 µg/L. Total P has been measured less 

frequently in recent years, but the average value in available town reports is 84 µg/L, a 

reasonably close match and certainly within the range of variability indicated by the model. The 

model further predicts average chlorophyll of about 41 µg/L, while actual chlorophyll measures 

from recent years average only about 14 µg/L. This is undoubtedly due to P not being the limiting 

factor for phytoplankton in Hummock Pond; both N and light are likely to be more limiting. 

However, those conditions favor certain cyanobacteria which can utilize dissolved N gas and 

grow well under low light; indeed, cyanobacteria blooms are common in Hummock Pond. 

 

Loading of P from wastewater is quite different than for N, as P as phosphate is readily adsorbed 

to soil particles, even sand, and does not move far beyond leachfields unless they are very old and 

the soil capacity is exhausted or the groundwater is anoxic and binding of P is reduced. With the 

observed N concentrations in groundwater downgradient from developed areas of the watershed 

being low to moderate, we would not expect appreciable P in that groundwater, and indeed the 

concentrations are fairly low. 

 

The water load to Miacomet Pond (Table 4) suggests that the pond is flushed about 5.8 times per 

year (1011 ac-ft of water passing through 174 ac-ft of pond). Groundwater is the largest water 

source, followed by direct precipitation, but surface water inputs may also be substantial. This is 

an area of some controversy and uncertainty. Flooding has occurred in the Miacomet watershed, 

but according to town reports and the Woodard and Curran (2014) study, such flooding is mainly 

a function of high groundwater table and poor drainage systems. The pond has been opened to the 
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ocean to lower it, which then increases the slope of the groundwater table and does increase the 

rate of drainage for those low-lying areas prone to flooding, but surface connections are limited 

and the ponds suffers impact just to enhance groundwater flow. Aside from the impact of lowered 

water level, the increased groundwater flow carries more nutrients into the pond. Opening of 

Miacomet Pond to the ocean stopped over a decade ago and there is little reason to resume that 

practice, but there does appear to be some surface flow to the pond that must be addressed in the 

loading analysis. 

 

One interesting aspect of Miacomet hydrology is that there appears to be a major groundwater 

input point between stations MIA3 and MIA4 (Figure 22). The temperature near the bottom in 

only about one meter of water is routinely much colder than at the surface. This apparently 

uneven input of groundwater may warrant additional investigation. This is an area where 

potentially substantial sources from the east and west converge and the slope of the groundwater 

table appears to decline; it may be a major loading point for at least N from the watershed. In 

response, we adjusted groundwater loading estimates through more partitioning of the drainage 

area (Table 4), generally following the delineations from the ASA (2001) study. 

 

The estimated average N load to Miacomet Pond is 1163 kg/yr, with groundwater as the largest 

source. Surface loading has high uncertainty and a wide range, but is potentially a significant 

source of N. All other sources are relatively minor. The ASA (2001) assessment calculated a total 

N load of 3376 kg/yr, considerably higher than what this 604b effort derived. The ASA report 

provides few details of model calculation, but the load of 3376 kg/yr is an input to the mass 

transport model, which may attenuate this load. Additionally, we suspect that as much as half the 

groundwater passes under or around Miacomet Pond, which could cut the delivered load in half, 

making it much closer to the estimate from this 604b study. Mass balance calculations using an 

input of 1163 kg/yr suggest an average inlake N concentration of 934 µg/L, while the average 

actual value for Miacomet Pond for the last five years is 990 µg/L. This match is close enough to 

suggest that the 604b N load estimate is reasonable but probably slightly low.  Similar calculation 

with the ASA N load of 3376 kg/yr suggests an N concentration well over 2 mg/L, more than 

twice the average value for recent years. 

 

The estimated P load to Miacomet Pond is 98 kg/yr, with internal loading, groundwater and 

surface water inputs all as significant components. Internal loading is the largest single 

component, and occurs mainly during the growing season, so it is disproportionately important to 

summer conditions, but the groundwater and surface water components may be sufficient to 

support blooms. Application of the P load in LLRM results in a predicted inlake average P 

concentration of 52 µg/L, while the measured average over the last decade is about 57 µg/L, a 

reasonable match. The predicted average chlorophyll concentration is 25 µg/L, while the average 

measured value is 22 µg/L, again a reasonable match. Nutrient limitation appears to fluctuate 

between P and N, with cyanobacteria blooms seemingly coincident with periods of N limitation. 

Blooms of golden algae (chrysophytes) are more common when P is limiting, but algae 

abundance is high most of the summer.  

 

The ASA (2001) assessment estimated a P load of 29 kg/yr, but this did not include internal 

loading, the largest source identified in this 604b study, and also ignored waterfowl inputs. 

Summing only the components of this study that are common to the ASA effort, we get an 

estimated P load of 47 kg/yr, still higher than the ASA (2001) estimate, but justified by the 

numeric estimations provided here. The ASA report provides little detail of the calculations, but 

concludes that 76% of the P load comes from the west side of the main body of Miacomet Pond, 

where the only obvious source is the golf course. Underestimation from sources to the north and 

east is suspected, along with ignoring internal loading and waterfowl. 
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Management Needs 
 

For Hummock Pond, control of N and P is desirable, but the current focus on N will not alleviate 

cyanobacterial blooms. Only by making P the limiting nutrient are we likely to reduce 

cyanobacteria substantially. If the anoxic release of P is eliminated, LLRM predicts that the P 

concentration will drop to 49 µg/L, a sizeable decrease from current levels but not enough to 

prevent blooms. If the anoxic and oxic portions of the internal load could be eliminated, LLRM 

predicts a P concentration of 20 µg/L; this reduction should be enough to limit blooms and shift 

composition away from cyanobacteria. Predicted average chlorophyll would be 7.5 µg/L, an 

acceptable value about half of the current average. No other source of P to Hummock Pond is 

large enough to provide a substantial decrease if addressed by management. This does not mean 

that other sources (e.g., wastewater, fertilizer) should not be addressed in a management plan, but 

the internal load must be addressed if the plan is to be successful. 

 

The situation is similar in Miacomet Pond, but with P sometimes limiting in that pond, where 

seawater influence has been minimal for over a decade. Elimination of the anoxic component of 

internal loading in LLRM yields an average inlake P concentration of 35 µg/L, while elimination 

of both anoxic and oxic internal loads results in a predicted inlake P concentration of 27 µg/L. 

Neither is low enough to prevent all blooms, although improvement should be marked and there 

should be fewer cyanobacteria blooms. Additional effort in the watershed may be necessary to 

further lower the P concentration.  

 

Certainly it would be beneficial to further reduce fertilizer use and revisit golf course 

management, but Nantucket already has a fertilizer ordinance that calls for a soil test before any 

P-laden fertilizer can be applied. Additionally, manufacturers are taking excess P out of lawn 

fertilizers as a result of bans in many USA cities and states. Fertilizer as a P source may already 

be much lower than many past studies have projected. The breakdown of estimated groundwater 

inputs suggests that over half of the total input of P is linked to just 10% of inflow in the half of 

the pond closest to the ocean. Soil capacity to bind P may have been exhausted here by past 

incidents of saltwater exchange induce by breaching the barrier beach, a practice that only 

impacted that half of the pond. Further investigation through seepage measurements and 

groundwater testing is recommended, but it may be possible to “recondition” sediment in this 

area to better bind P through addition of iron or aluminum. 

 

Reduction in N loading may not be necessary to manage these ponds for recreational use. 

Miacomet Pond has not been connected to the ocean in over a decade and conversion of N within 

that pond to organic forms will limit its movement with groundwater out of the pond and into the 

ocean. Total N values are elevated, but these will produce green algae instead of cyanobacteria if 

P is reduced, and those algae are more edible within the food web. Certainly N reductions are 

desirable, and should be pursued with P reductions for watershed inputs, but just reducing N 

without a greater proportional reduction in P will not reduce blooms of cyanobacteria.  

 

The situation appears similar for Hummock Pond, where reduced P is more important than 

reduced N for control of cyanobacteria.  However, twice annual breaching of the barrier beach 

connects this pond to the ocean for 6 to 19 days at a time, lowering the N concentration by at least 

a factor of two and usually resulting in an average total N concentration close to 0.5 µg/L. The 

breaching adds sulfates from ocean water that preferentially bind with iron and reduce natural P 

inactivation capacity. This practice effectively shifts the pond into a mode of N limitation with 

adequate available P, favoring cyanobacteria that can utilize dissolved N gas, an ecological 

advantage over other algae.  
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The blooms appear to start in the northern portion of Hummock Pond, especially Head of 

Hummock, where salinity is lowest and normally freshwater forms of cyanobacteria can still 

thrive. Those blooms move from the inland end to the ocean end of the pond, finding adequate P 

to keep the bloom going as long as the salinity is not too high. The pond “freshens” over the 

summer after the spring breaching and the probability of cyanobacteria blooms increases. If the 

salinity was kept much higher, such blooms might be avoided, but ongoing fresh water inputs 

lower salinity, so breaching would have to be more frequent. This would induce considerable 

fluctuation in water levels that would impair both ecological and recreational functions. 

 

The breaching of the barrier beach at Hummock Pond is practiced to allow flushing of the pond 

and access by anadromous fish. It is known from monitoring that the flushing function works 

with regard to N, but it does not effectively reduce P concentrations. It is not known that the 

breaching supports fish runs that sustain any marine populations. Older surveys suggest that 

alewife and even striped bass have been found in the pond, but documentation that an opening of 

a couple of weeks in April and again in October adequately supports marine fisheries is lacking. 

Town staff is currently working with the Massachusetts Division of Marine Fisheries to 

investigate fish resources and the utility of the breaching, and such an evaluation is needed to 

facilitate more informed decisions.  

 

For maximum fishery benefit, the timing of the breaching should match the immigration and 

emigration timing for herring and allow enough time for adults to spawn and leave in the spring 

as well as adequate time for young-of-the-year to find their way out in the late summer or early 

fall. The connection of the pond to the ocean for about one month per year does increase average 

salinity, but this does not make Hummock Pond a functioning estuarine system, and it impairs 

freshwater functions. If breaching ceased, the situation would be analogous to Miacomet Pond 

and P control would be more important than N control to manage algae blooms. Goals and 

priorities for the management of both ponds need to be set in order to plan appropriately. 

 

Rooted plants are not the subject of this project, but do figure prominently in the management of 

both ponds. Both ponds are shallow and have a substantial area of fertile bottom sediment. Under 

these conditions, rooted plant growth is to be expected, and can fill a large portion of the water 

column. This will provide ecological benefits for some species and negatively impact others, but 

is routinely a problem for recreational use. Algae blooms reduce light and may reduce plant 

growth to some degree, but with both ponds being so shallow, nuisance growths are still 

expected. Control of nutrients to reduce algae blooms may not translate into any plant control, 

and increased light may actually increase plant density, except where dredging is used to remove 

nutrient reserves, in which case the substrate in which the plants grow will be altered and growths 

should be minimized. Some form of rooted plant control is likely to be needed to manage these 

lakes for maximum recreational benefit and would benefit some ecological functions as well. 

 

In Hummock Pond the submergent plants are virtually all seed producing annual species, as the 

influx of saltwater twice per year kills perennial freshwater plants. That saltwater influx is not 

enough, however, to provide control over Phragmites (common reed), which has taken over large 

expanses of shoreline, especially on the west side of Hummock Pond, and encroaches on the pond 

is some areas, particularly along the narrows and at the northeast end, impairing recreational use 

and even impeding access for this 604b study. Phragmites patches are found along the shoreline 

of Miacomet Pond, but this invasive plant has not yet achieved the density observed at Hummock 

Pond. There is an infestation of Myriophyllum aquaticum (parrotfeather) in Burchel Pond 

upstream of Miacomet Pond to the northwest that threatens Miacomet Pond, but a survey in 2016 

did not find parrotfeather in Miacomet Pond. Control of this plant upstream of Miacomet Pond is 

strongly urged.  
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Management Options 
 

Algae Control 
 

Nutrient management is always the first and best choice for control of algae, but is much easier to 

understand than to accomplish. If P can be reduced to about 10 µg/L there is minimal potential 

for algae blooms to develop. At P concentrations up to about 20 µg/L, blooms are not common. 

Beyond that threshold, the probability of blooms increases and the probability of cyanobacteria 

blooms also increases. In other words, more P means more algae and likely more cyanobacteria, 

as has been documented in several excellent studies (e.g., Canfield et al. 1989, Watson et al. 

1997).  

 

Elevated nitrogen as nitrate or ammonium in freshwater will often determine the types of algae 

present, but as many cyanobacteria can utilize dissolved nitrogen gas, control of N in freshwater 

is unlikely to prevent algae blooms unless P is also reduced. In seawater P tends to be more 

readily available, particularly where iron is the primary natural P binder (and is complexed by 

sulfur and made unavailable to bind P), and N-fixing cyanobacteria are uncommon, so N becomes 

the limiting nutrient in most areas.   Managing both N and P is almost always desirable for algae 

control, and many management actions address both, but the sources of N and P and relative 

magnitudes are not usually identical in lakes, so what management is applied where can have 

differential effects on N and P availability. 

 

Watershed management is promoted by many groups, including state and federal governments, as 

the preferred way to reduce nutrient inputs. Where a lake is in acceptable condition, it is most 

likely to be kept in that condition by watershed management. Certainly any action taken to 

minimize the movement of N or P from land into water is protective of downstream lakes and is 

desirable. However, where damage has been done to a lake, simply reducing continued inputs 

from its watershed many not be adequate to reverse the damage. The situation is analogous to a 

leak in a boat; patching the leak will not remove the water already accumulated in the boat. 

Internal loading can be a dominant P source for kettlehole ponds and other waterbodies in sandy 

coastal areas of New England with limited surface flows of water. Movement through soil tends 

to reduce P inputs and most P entering the pond becomes part of the sediment reserve, either as 

organic matter or as iron-bound P. That sediment P can be released through oxic and anoxic 

processes. The amount of N released by those same processes is low, leading to low N:P ratios 

and a propensity to foster cyanobacteria blooms. 

 

In Hummock Pond the estimated internal load of P is the largest P source and no other source is 

large enough to make a major difference in algae abundance if controlled. Watershed 

management may be protective, but it will not be restorative. In Miacomet Pond the estimated 

internal load is the largest source, but both groundwater and possible surface water inputs may be 

adequate to support blooms if only internal loading is controlled. Some watershed management 

may be necessary, although the temporal distribution of internal loading (mostly in late spring 

and summer) makes that source disproportionately important and its control is likely to provide 

more benefit than a simple annual accounting of loading would indicate. 

 

If internal P loading could be controlled in Hummock Pond, no further action should be necessary 

to prevent the frequent and severe cyanobacteria blooms currently experienced during summer. 

Additional watershed management would be desirable mainly as protection to prolong the 

benefits of internal load control. In Miacomet Pond, it appears that some additional watershed 

management may be needed to achieve the desired control over cyanobacteria. This is uncertain, 
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as the bulk of the internal loading occurs in summer, so it is the dominant source at the time of 

blooms, but an additional P load reduction of about 13 kg/yr would lower the total annual load 

such that the predicted average P concentration would be no more than 20 µg/L. Controls aimed 

at surface or groundwater sources could provide that level of reduction. 

 

Watershed management can involve source controls or pollutant trapping. Source controls limit 

activities that generate N and P loads, such as fertilizer application or wastewater disposal, and 

are highly desirable but difficult and/or expensive to apply in developed areas. Nantucket has a 

fertilizer ordinance that should limit the use of high P fertilizer, but the level of enforcement is 

uncertain. Wastewater management could involve additional sewering, a controversial topic on 

Nantucket that bears considerable cost to implement.  

 

Pollutant trapping relates to methods that keep the N and P from moving off site and reaching the 

lake, and would include infiltration systems (where soil binds P and denitrification can release N 

gas), detention basins (where biological processes convert N and P to organic matter that is 

trapped in the basin), buffer strips (where vegetation limits movement of N and P), and other 

“trapping” approaches. The fundamental problem with these trapping methods is that they rarely 

remove enough N or P to maintain pre-development conditions, so some downstream impact is 

expected. They are appropriate measures, just not completely sufficient in most cases. Where 

development or agriculture exceeds about 25% of the watershed area, water quality is expected to 

deteriorate even with best management practices in place, necessitating some inlake maintenance 

measures if desirable conditions are to be preserved on a regular basis. Both Hummock and 

Miacomet have >25% of their respective watersheds in non-natural uses. 

 

Wastewater management is a controversial topic on Nantucket, but wastewater has been cited as 

the primary source of N in groundwater and could be a source of P as well. If an area is not 

sewered with disposal outside the watershed (which raises issues of its own), the disposal of 

wastewater on site can be expected to raise background N concentrations (mainly as nitrate or 

ammonium) and may raise P concentrations over time if binding sites in the soil are exhausted or 

the groundwater is anoxic. A careful analysis of inputs and movement is beyond the scope of this 

study, but may be necessary for Miacomet Pond and Hummock Pond. Studies by HWH, ASA and 

SMAST (MEP program) have all modeled groundwater inputs to Hummock or Miacomet, but 

results are not in complete agreement and open questions remain. It is clear that sewering would 

reduce N inputs to each pond, but much less clear that P reductions would result. 

 

Fertilizer use is an issue in most developed areas, but the fertilizer industry has been removing 

excess P from lawn fertilizers since a number of cities and states have banned use of high P 

fertilizer as a consequence of documented water quality impact (e.g., Lehman et al. 2013). 

Nantucket has a fertilizer ordinance that prohibits application of fertilizer with high 

concentrations of P unless the need is demonstrated through a soil test, so in theory fertilizer P 

input to ponds should be much reduced over historic levels. Golf course practices may need to be 

reviewed, as the golf course appears to be a potentially major source of N and P to Miacomet 

Pond. 

 

Alleviating flooding is a challenge in the Miacomet watershed, and care should be taken not to 

alter drainage to encourage more surface flow to the pond without also implementing best 

management practices that maximize the quality of that water. Infiltration should remain the 

primary stormwater management approach, within the constraints of laws of Nantucket and the 

Commonwealth of Massachusetts as relates to storm water management. 

 



 44 

As watershed management alone is unlikely to provide the P load reduction for either Hummock 

or Miacomet Pond, inlake measures warrant consideration. The primary means for controlling P 

already in a waterbody include dredging, oxygenation/circulation and inactivation. Each can be 

effective, but each has technical and economic drawbacks that limit application or effectiveness. 

 

Dredging is simply the removal of sediment with associated nutrients and many other things, 

including plant root systems and seeds, algal spores, and oxygen demanding organic matter. As a 

purely restorative measure, dredging is an outstanding way to set a lake back in time, removing 

accumulated bottom material and limiting fertility. If cost and permitting were not constraints, 

this would be the preferred approach for both Hummock and Miacomet Ponds. However, both 

cost and permitting are serious constraints.  

 

The soft sediment volume in Hummock Pond has not been determined, but assessment of 

Miacomet Pond as part of a separate WRS project in 2016 indicated a total volume of about 56.6 

ac-ft (91,200 cubic yards). At a low end cost of about $30/cy, it would cost $2.7 million to dredge 

Miacomet Pond to a coarse sandy bottom. The cost to dredge Hummock Pond would undoubtedly 

be much higher with about three times as much area impacted by organic sediment build-up. 

Partial dredging is an option and might enhance conditions, but an extensive and expensive 

process of sediment testing and planning is necessary to get through the permit phase for 

dredging in Massachusetts. Further examination is beyond the scope of this project, but could be 

worthwhile if a major restoration process can be afforded. If there is any contamination that 

would result in the imposition of disposal restrictions, the cost of a dredging program could rise 

dramatically. It is therefore essential to acquire sediment quality data before further planning. 

 

Oxygenation is the process of adding oxygen to a waterbody, which can be done by direct oxygen 

(or air) addition or by circulation. With circulation, air or mechanical force is applied to move 

water. There may be some transfer of oxygen from the air to the water, but the main mode of 

oxygen addition in circulation is interaction with the atmosphere at the waterbody surface or 

transfer of oxygenated surface water into deeper areas. In each case, the addition of oxygen 

suppresses anoxic release of P, potentially controlling algal blooms. However, in very shallow 

systems like Miacomet or Hummock Ponds, the vertical distance for mixing is short and 

horizontal water movement is problematic, leading to very inefficient mixing. Circulation and 

oxygenation can be achieved, but only with an extensive network of points where air or force is 

applied. The expense and interference of the application network with recreational and ecological 

functions is generally intolerable, so this approach is unlikely to be appropriate for these ponds. 

 

Inactivation of P has gained popularity with successes over the last two decades. While 

philosophically less appealing than original source control, it is highly expedient and can be 

applied flexibly under a variety of circumstances. The three primary applications are: 

 Treatment of sediment at relatively large doses to inactivate any P that can be bound to 

reactive binders (e.g., aluminum, calcium, lanthanum). This tends to greatly depress release 

of P from iron compounds under anoxic influence and may suppress some oxic release as 

well. Duration of benefits is years, averaging 11 years in shallow lakes (Huser et al. 2016). 

 Treatment of the water column to strip P and limit fertility until that P is replaced. These tend 

to be lower dose treatments which provide benefits for shorter duration (a season or two), but 

will also bind some sediment P and over time may provide more lasting benefits. 

 Treatment of incoming surface flows to inactivate P. These tend to be short duration, 

moderate dose treatments that limit P availability in storm flows as needed to keep a lake less 

fertile. As there are no major surface inflows to Hummock or Miacomet Pond, this approach 

is not applicable here. 
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Either the higher dose sediment treatment or lower dose water column treatment could work in 

Hummock or Miacomet Ponds, but the twice per year addition of seawater to Hummock could 

reduce the duration of benefits from the sediment treatment. In addition, oxic release of P in 

Miacomet could be a significant source and may not be strongly affected by a sediment treatment. 

If Head of Hummock Pond was physically separated from the rest of Hummock Pond (a proposal 

that has been under consideration on Nantucket for some time), such that seawater no longer 

reached it, a single sediment treatment with aluminum should provide more than a decade of 

relief from cyanobacterial blooms. If Hummock Pond was no longer opened to the ocean, a 

sediment treatment should provide relief once the pond has returned to a freshwater state. As 

cyanobacterial blooms appear to originate in Head of Hummock, blooms in the rest of Hummock 

Pond might be reduced by addressing only Head of Hummock Pond, but the algae data are not 

extensive enough to be certain of this. 

 

The dose necessary to treat sediment depends on the mass of P in the surficial sediments targeted 

by the treatment. For Head of Hummock Pond, the P mass in the upper 4 cm is just over 4 g/m
2
. 

If aluminum is used as the inactivator, a dose of 40 to 80 g/m
2
 would be recommended, at a cost 

of approximately $3000-6000 per acre. For all of 16 acre Head of Hummock Pond, the treatment 

would cost $50,000 to $100,000, although it is likely that only about half of Head of Hummock 

would actually have to be treated (the portion with complete covering by soft sediment). So a cost 

of $25,000 to $50,000 would be expected, excluding permitting and possibly increased chemical 

and equipment transportation costs. The average P mass in the upper 4 cm of the rest of 

Hummock Pond is also close to 4 g/m
2
, suggesting a similar dose and cost per unit area. Up to 

120 acres might be treated. 

 

The average P mass in the upper 4 cm of Miacomet Pond is close to 2 g/m
2
 and about 38 acres of 

area might be treated. At a dose of 20 to 40 g/m
2
, the cost would be about $1500-3000/acre, or 

$57,000 to $114,000 for the potential maximum treatment area.  

 

The alternative of a low dose water column inactivation is attractive on an experimental basis, as 

some sediment inactivation is achieved and is additive, so that there is no loss of actual treatment 

efficiency with sequential lower dose treatments than for a single larger dose treatment. But a low 

dose (typically 1-3 mg/L) treatment can strip the water column of P and minimize algae blooms 

for as long as it takes for the water column P to be replaced. With the estimated flushing rates for 

both ponds, each should avoid blooms for the summer following treatment in May or June. 

However, the mechanism whereby algae grow at the sediment-water interface then rise into the 

water column may not be completely counteracted, so the low dose treatment may not provide 

maximum benefit.  

 

The cost for such a treatment is on the order of $150 to $300 per acre, so an experimental 

application at Miacomet Pond would cost $6,000 to $12,000, exclusive of permitting costs and 

any extra transportation cost for chemical and equipment. Additional cost associated with 

mobilization to Nantucket is difficult to estimate at this point, but this provides a reasonable 

frame of reference. A similar low dose treatment of 120 acres of Hummock Pond would probably 

cost on the order of $18,000 to $40,000, depending on dose applied. 

 

If the low dose application provided acceptable results on a seasonal basis, installation of a dosing 

system could be considered to avoid future labor costs for application. Tubes could be run into 

the target area with an aeration diffuser with airline and chemical feedline, with a chemical exit 

port over the diffuser. Pumps would send air and aluminum to the target area, where the air would 

mix the aluminum with the water column. Such systems exist in multiple lakes and have been 
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very successful on a seasonal basis. The cost of the dosing system depends on the size and shape 

of the target area, but could be further evaluated if experimental treatments proved useful.  

 

One key aspect of any aluminum application is avoidance of toxicity. Reactive aluminum 

undergoing the typical hydrolysis reaction in a pond can be toxic to many freshwater organisms 

above a threshold of about 100 µg/L. Partitioning of aluminum fractions between a pH of 6 and 8 

minimizes the toxic fraction, so there is little threat of toxicity as long as the pH remains between 

6 and 8 and the total aluminum concentration is not far above 5 mg/L. Treatments are planned 

with this goal in mind, and proper applications generate lower aluminum concentrations and 

buffer as needed to keep the pH in the favorable range. It is appropriate to monitor water quality 

and biological resources before, during and after treatments, adding to treatment cost unless town 

staff can conduct the monitoring program.  

 

Algaecides can be used to directly kill algae and mitigate blooms. In general, people tend to wait 

too long to arrange for such treatment, and killing an existing bloom can result in elevated oxygen 

demand and toxin release in the water column. Proper use of algaecides involves tracking the 

algae on a weekly basis, then treating when bloom formation is imminent, but before biomass is 

high. This has been an effective strategy where algal monitoring has been conducted, but requires 

considerable planning and coordination. Algaecide applications tend to cost $10-50/acre, which is 

relatively inexpensive. Copper is the most commonly applied algaecide and is toxic to many 

aquatic organisms, so this approach does carry risk of damage to non-target organisms, although 

normal target concentrations are low enough to minimize non-target impacts. As an emergency 

measure it is justifiable in many cases, but is not preferable to nutrient control.  

 

Biological controls offer some interesting theory but less practical appeal. If the biological 

structure of a pond can be set to encourage consumption of algae by zooplankton and limited 

consumption of zooplankton by small fish, algal biomass can be maintained at a lower level. 

However, where nutrients are abundant, algae usually manage to bloom in spite of biological 

adjustments, and cyanobacteria are particularly adept at avoiding consumption. Shallow, weedy 

ponds are havens for small fish, increasing predation on zooplankton and minimizing grazing on 

algae. Biological controls are unlikely to provide an easy answer, and are of limited applicability 

in Hummock or Miacomet Pond until both nutrients and rooted plant problems are better 

controlled.  

 

Rooted Plants 
 

Rooted plants are a source of the organic muck that harbors substantial P in both ponds. Dredging 

would remove the substrate as well as the plants, and regrowth would be limited for many years, 

making this an attractive albeit expensive approach that has been discussed previously. Beyond 

dredging, there are really only two alternatives worth considering at the scale necessary in 

Hummock and Miacomet Ponds: herbicides and harvesting.  

 

Herbicides are chemicals developed to kill target plants. Some are fairly specific to groups of 

plants, while others are broad spectrum agents. Some are called systemic herbicides, which enter 

the plant and move throughout it, killing the entire plant. Others are called contact herbicides, 

killing only the part of the plant which they contact, usually leaves and stems. Systemic 

herbicides are best used on perennial species, as killing the entire plant will limit regrowth. 

Contact herbicides are more often used on annual species, since regrowth from seeds is expected 

in subsequent years and the extra expense of systemic herbicides is not justified. 
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The dominant plants in both Hummock and Miacomet Ponds are annuals, which sprout from 

seeds each spring, grow and produce more seeds, die in the fall and start over from seeds in the 

spring. Those in Hummock Pond must have some salt tolerance as well, and most perennial 

freshwater plants would be killed by the spring and fall seawater infusion. Consequently, contact 

herbicides would be most applicable in these ponds, and would need to be applied annually. This 

is not a favored strategy in many communities, including Nantucket, and it seems doubtful that 

permits would be granted on an annual basis to apply such herbicides to these ponds. It is a viable 

strategy from scientific and economic perspectives, but is probably not institutionally acceptable.  

 

Harvesting represents the primary alternative strategy, and has already been demonstrated in 

Hummock Pond in 2015. Mechanical harvesting machines, functionally aquatic lawnmowers, can 

be used to keep boating, swimming and fishing lanes open, creating a network of channels and 

open patches that are both ecologically and recreationally beneficial. Only a portion of each pond 

would be addressed, but enough can be harvested to enhance appearance and utility each summer. 

With continued cutting, some patches may remain open or plant density will at least decline, but 

there is minimal probability that harvesting would not continue to be needed on a seasonal basis. 

There are issues with bycatch of fish and sometimes other aquatic organisms, but lakes that are 

routinely harvested are not aquatic deserts and typically have thriving fish, reptile, amphibian and 

invertebrate communities.  Work in shallow water can create turbidity, but both ponds already 

suffer from elevated turbidity caused by both algae and resuspended sediment. Harvesting would 

not be expected to cause more turbidity problems than currently experienced. 

 

Removal of plant biomass from a pond represents a removal of N and P as well, but the quantity 

of nutrients per unit of biomass harvested is rather small. Harvesting programs have not been 

demonstrated to make a large difference in N or P content of the water column, as most rooted 

plants get most needed nutrients from the sediment, often well below the surficial layer that 

interacts with the overlying water. Harvested plant biomass should be disposed of away from the 

pond, however, to avoid having nutrients released by decay wash back into the pond. The 

harvesting demonstration program at Hummock Pond in 2015 piled harvested plants near the 

launch area to dewater, after which they were taken to the Bartlett farm for use as compost and 

eventual land application. 

 

As the demonstration project showed, the process can be efficient and effective, but is not 

inexpensive, especially on a contract basis. If there is a desire to maintain open water in 

Hummock and Miacomet Ponds with mechanical harvesting, the Town of Nantucket or some 

designated entity within it should consider purchasing a harvester and appropriate accessories at a 

cost on the order of $200,000 and assuming an annual operating cost of about $50,000. 

 

An alternative form of harvesting is hydroraking, often used to remove heavily rooted plants and 

emergent growths such as water lilies (Nymphaea), cattails (Typha) or common reed 

(Phragmites). This is generally not applicable among the submergent annual growths in either 

pond, as it will create substantial turbidity without providing lasting results. However, this is a 

valid approach where emergent plant growths are choking off access in shallow areas as with the 

narrows of Hummock Pond or the far northern arm of Miacomet Pond. In Hummock Pond it 

seems that the much more extensive common reed problem should be dealt with using systemic 

herbicides, but hydroraking could provide temporary relief until the larger control project can be 

permitted and implemented. 

 

The northern arm of Miacomet Pond creates controversy. This was apparently a wetland channel 

with no appreciable open water some decades ago, but was dredged to create a connection with 

the main body of the pond as part of a real estate development. As a less open connection, there is 
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more opportunity for biological processes to convert available nutrients into organic matter and 

protect the main body of the pond. Yet that connection was opened and people bought property 

with some expectation of access to the main body of the pond. Further, there is open land on the 

west side that is being considered as a possible park or other public open space; access to open 

water would seem desirable for that parcel as well.  

 

It is not clear that the channel is providing a major conduit for nutrients to Miacomet Pond, and 

available data suggest that inputs are larger further south, particularly on the west side, but the 

loss of wetland treatment functions in the excavated area cannot be considered beneficial to the 

pond. Certainly elevated N concentrations have been found at the northern end, but there is no 

indication that P concentrations are higher than elsewhere in the pond. This channel could be 

hydroraked to maintain access to the pond for bordering properties, but the impact on nutrient 

loading remains largely unknown. What to do with the narrow northern channel of Miacomet 

Pond is more of an institutional question than a scientific one at this point. Options exist for its 

improvement or maintenance, but the goals of such actions require some discussion among 

responsible and interested parties. 
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Appendix: Data and Related Information 
 

 

Groundwater Sampling Information 

 

 
 

HP Groundwater Sampling Sites

Sample DMS Lat DMS Long Decimal Lat Decimal Long

HLIP 1 (A-D)

A 41 16' 40.3" 70 07' 58.3" 41.277861 -70.132861

B 41 16' 41.3" 70 07' 58.3" 41.278139  -70.132861

C 41 16' 42.2" 70 07' 58.1" 41.278389 -70.132806

D 41 16' 44.1" 70 07' 57.9" 41.278917 -70.13275

Comments: A-C in sand, D in cattails; Shoreline fronting houses

HLIP 2 (AA-DD)

AA 41 16' 45.9" 70 07' 57.8" 41.279417 -70.132722

BB 41 16' 47.7" 70 07' 58.4" 41.279917 -70.132889

CC 41 16' 49.3" 70 08' 03.1" 41.280361 -70.134194

DD 41 16' 48.9" 70 08' 05.4" 41.28025 -70.134833

Comments: Red hue on top of sand between CC and DD; One sample collected on shoreline full of duck and goose feces

HLIP 3 (E-H)

E 41 16' 44.0" 70 08' 08.8" 41.278889 -70.135778

F 41 16' 42.4" 70 08' 08.2" 41.278444 -70.135611

G 41 16' 40.8" 70 08' 06.6" 41.278 -70.135167

H 41 16' 40.1" 70 08' 05.7" 41.277806 -70.134917

Comments: Three samples taken on sandy shore and one among stand of Iris

HLIP 4 (EE-GG)

EE 41 16' 26.4" 70 08' 01.6" 41.274 -70.133778

FF 41 16' 24.8" 70 08' 02.4" 41.273556 -70.134

GG 41 16' 20.0" 70 08' 08.0" 41.272222 -70.135556

Comments: Samples taken in cattail and fern marsh areas

HLIP 4A* (EE-GG)

EE 41 16' 26.4" 70 08' 01.6" 41.274 -70.133778

FF 41 16' 24.8" 70 08' 02.4" 41.273556 -70.134

GG 41 16' 20.0" 70 08' 08.0" 41.272222 -70.135556

Comments: Samples taken in cattail and fern marsh areas

HLIP 5 (I-L)

I 41 16' 10.8" 70 08' 19.5" 41.269667 -70.13875

J 41 16' 07.8" 70 08' 20.9" 41.268833 -70.139139

K 41 16' 05.8" 70 08' 22.7" 41.268278 -70.139639

L 41 16' 04.3" 70 08' 24.7" 41.267861 -70.140194

Comments: Samples taken behind or between stands of Phragmites

HLIP 6 (II-KK)

II 41 16' 01.6" 70 08' 26.9" 41.267111 -70.140806

JJ 41 15' 57.5" 70 08' 30.5" 41.265972  -70.141806

Comments: Sample sites limited due to dense Phragmites; Shoreline is open space

HLIP BK**

HLIP 7 (M-Q)

M 41 15' 40.9" 70 08' 38.1" 41.261361 -70.143917

N 41 15' 39.2" 70 08' 40.9" 41.260889 -70.144694

O 41 15' 36.8" 70 08' 43.1" 41.260222 -70.145306

P 41 15'34.9" 70 08' 44.9" 41.259694 -70.145806

Q 41 15' 33.5" 70 08' 47.3" 41.259306 -70.146472

Comments: Sample at M came out of ground "amber" color
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HP Groundwater Sampling Sites

HLIP 8 (MM-QQ)

MM 41 15' 29.7" 70 08' 50.5" 41.25825 -70.147361

NN 41 15' 28.5" 70 08' 53.6" 41.257917 -70.148222

OO 41 15' 27.0" 70 08' 56.8" 41.2575  -70.149111

PP 41 15' 25.9" 70 09' 01.9" 41.257194 -70.150528

QQ 41 15' 24.5" 70 09' 08.5" 41.256806 -70.152361

Comments: Very strong sulfur smell along Segment 8

HLIP 9 (R-U)

R 41 15' 18.9" 70 09' 17.2" 41.25525 -70.154778

S 41 15' 19.0" 70 09' 20.9" 41.255278 -70.155806

T 41 15' 17.9" 70 09' 24.3" 41.254972 -70.15675

U 41 15' 16.7" 70 09' 31.8" 41.254639 -70.158833

Comments: Sulfur smell along Segment 9

HLIP 9A* (R-U)

R 41 15' 18.9" 70 09' 17.2" 41.25525 -70.154778

S 41 15' 19.0" 70 09' 20.9" 41.255278 -70.155806

T 41 15' 17.9" 70 09' 24.3" 41.254972 -70.15675

U 41 15' 16.7" 70 09' 31.8" 41.254639 -70.158833

Comments: Sulfur smell along Segment 9

HLIP BK3**

HLIP 10 (SS)

SS 41 15' 43.8" 70 08' 54.4" 41.262167 -70.148444

Comments: Only one site on this Segment 10 due to apparent clay layer about 6" below surface; Water very brown

HLIP 11 (W-X)

W 41 15' 34.2" 70 09' 10.4" 41.2595 -70.152889

X 41 15' 29.3" 70 09' 13.7" 41.258139 -70.153806

HLIP 12 (WW-XX)

WW 41 15' 22.9" 70 09' 23.6" 41.256361 -70.156556

XX 41 15' 22.7" 70 09' 38.7" 41.256306 -70.16075

HLIP 13 (A-D)

A 41 16' 30.0" 70 08' 07.5" 41.275 -70.135417

B 41 16' 20.5" 70 08' 16.6" 41.272361 -70.137944

C 41 16' 13.2" 70 08' 19.7" 41.270333 -70.138806

D 41 15' 56.8" 70 08' 34.6" 41.265778 -70.142944

Comments: Sample A contained orange/brown sediment; Narrower portion of the pond was cloudy with significant surface scum; 

Phyto sample was collected: Bottle #153

* 4A and 9A are duplicate samples of 4 and 9

** BK denotes a BLANK sample
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MP Groundwater Sampling Sites

Sample DMS Lat DMS Long Decimal Lat Decimal Long

MLIP 1 (A-C)

A 41 15' 22.1" 70 06' 32.0" 41.256139 -70.108889

B 41 15' 20.0" 70 06' 34.4" 41.255556 -70.109556

C 41 15' 22.9" 70 06' 30.9" 41.256361 -70.108583

MLIP 1A* (A-C)

A 41 15' 22.1" 70 06' 32.0" 41.256139 -70.108889

B 41 15' 20.0" 70 06' 34.4" 41.255556 -70.109556

C 41 15' 22.9" 70 06' 30.9" 41.256361 -70.108583

MLIP 2 (AA-CC)

AA 41 15' 23.8" 70 06' 32.6" 41.256611 -70.109056

BB 41 15' 21.4" 70 06' 36.0" 41.255944 -70.11

CC 41 15' 20.8" 70 06' 37.1" 41.255778 -70.110306

MLIP 3 (E-F)

E 41 15' 12.3" 70 06' 48.2" 41.253417 -70.113389

F 41 15' 09.0" 70 06' 49.9" 41.2525 -70.113861

MLIP 4 (EE-FF)

EE 41 15' 08.8" 70 06' 46.0" 41.252444 -70.112778

FF 41 15' 06.8" 70 06' 47.4" 41.251889 -70.113167

MLIP 5 (I-J)

I 41 15' 05.7" 70 06' 53.3" 41.251583 -70.114806

J 41 14' 58.5" 70 06' 56.8" 41.249583 -70.115778

MLIP BK**

MLIP 6 (II-LL)

II 41 15' 03.6" 70 06' 49.9" 41.251 -70.113861

JJ 41 15' 02.3" 70 06' 50.7" 41.250639 -70.114083

KK 41 15' 01.1" 70 06' 50.8" 41.250306  -70.114111

LL 41 14' 57.7" 70 06' 51.8" 41.249361 -70.114389

MLIP 7 (M-P)

M 41 14' 37.3" 70 07' 01.3" 41.243694 -70.117028

N 41 14' 38.9" 70 07' 00.0" 41.244139 -70.116667

O 41 14' 41.3" 70 06' 58.8" 41.244806 -70.116333

P 41 14' 43.7" 70 06' 57.0" 41.245472 -70.115833

MLIP 7A* (M-P)

M 41 14' 37.3" 70 07' 01.3" 41.243694 -70.117028

N 41 14' 38.9" 70 07' 00.0" 41.244139 -70.116667

O 41 14' 41.3" 70 06' 58.8" 41.244806 -70.116333

P 41 14' 43.7" 70 06' 57.0" 41.245472 -70.115833

MLIP BK2**

MLIP 8 (MM-PP)

MM 41 14' 38.5" 70 07' 07.1" 41.244028 -70.118639

NN 41 14' 40.3" 70 07' 06.2" 41.244528 -70.118389

OO 41 14' 42.1" 70 07' 05.4" 41.245028 -70.118167

PP 41 14' 44.4" 70 07' 04.0" 41.245667 -70.117778

MLIP 8A* (MM-PP)

MM 41 14' 38.5" 70 07' 07.1" 41.244028 -70.118639

NN 41 14' 40.3" 70 07' 06.2" 41.244528 -70.118389

OO 41 14' 42.1" 70 07' 05.4" 41.245028 -70.118167

PP 41 14' 44.4" 70 07' 04.0" 41.245667 -70.117778

MLIP 9 (Q-T)

Q 41 14' 45.3" 70 07' 03.6" 41.245917 -70.117667

R 41 14' 48.1" 70 07' 02.3" 41.246694  -70.117306

S 41 14' 49.9" 70 07' 01.9" 41.247194 -70.117194

T 41 14' 53.8" 70 07' 01.2" 41.248278 -70.117

MLIP BK4**

MLIP 10 (QQ-SS)

QQ 41 14' 51.4" 70 06' 53.4" 41.247611 -70.114833

RR 41 14' 49.6" 70 06' 54.5" 41.247111 -70.115139

SS 41 14' 48.0" 70 06' 55.6" 41.246667 -70.115444

* 1A, 7A and 8A are duplicate samples of 1, 7 and 8

** BK denotes a BLANK sample
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Groundwater Data 

 

 
 

 
 

  

HP Groundwater Data

Sample Date Time

Nitrate-N (mg/L) 

Reportable Limit

Nitrate-N 

(mg/L)

Iron Dissolved (mg/L) 

Reportable Limit

Iron Dissolved 

(mg/L)

Ammonia-N 

(mg/L)

Dissolved P (mg/L) 

Reportable Limit

Dissolved P 

(mg/L)

HLIP 1 (A-D) 6/16/2016 1200 0.01 0.11 0.01 15.6 0.17 0.005 0.009

HLIP 2 (AA-DD) 6/16/2016 1300 0.01 0.23 0.01 0.36 0.06 0.005 0.016

HLIP 3 (E-H) 6/16/2016 1400 0.01 0.11 0.01 0.03 0.1 0.005 0.067

HLIP 4 (EE-GG) 6/16/2016 1530 0.01 0.06 0.01 0.02 0.02 0.005 0.008

HLIP 4A* (EE-GG) 6/16/2016 1530 0.01 0.06 0.01 0.02 0.05 0.005 BRL 0.0025

HLIP 5 (I-L) 6/16/2016 1630 0.01 0.29 0.01 0.04 0.03 0.005 0.01

HLIP 6 (II-KK) 6/16/2016 1750 0.01 0.15 0.01 0.01 0.04 0.005 BRL 0.0025

HLIP BK** 6/16/2016 1730 0.01 BRL 0.005 0.01 BRL 0.005 0.05 0.005 BRL 0.0025

HLIP 7 (M-Q) 7/13/2016 0900 0.01 BRL 0.005 0.01 8.55 0.07 0.005 0.022

HLIP 8 (MM-QQ) 7/13/2016 1030 0.01 BRL 0.005 0.01 0.31 0.06 0.005 0.044

HLIP 9 (R-U) 7/13/2016 1200 0.01 BRL 0.005 0.01 2.96 0.13 0.005 0.045

HLIP 9A* (R-U) 7/13/2016 1200 0.01 0.01 0.01 2.89 0.09 0.005 0.045

HLIP BK3** 7/13/2016 1200 0.01 BRL 0.005 0.01 BRL 0.005 0.11 0.005 BRL 0.0025

HLIP 10 (SS) 8/3/2016 930 0.01 BRL 0.005 0.01 0.013 21 0.005 0.29

HLIP 11 (W-X) 8/3/2016 1030 0.01 0.15 0.01 0.009 0.14 0.005 0.04

HLIP 12 (WW-XX) 8/3/2016 1130 0.01 0.04 0.01 0.258 19.4 0.005 0.26

HLIP 13 (A-D) 8/9/2016 1100 0.01 0.11 0.01 0.008 13.7 0.005 0.12

Note: Values below the detection limit are expressed as one half the detection limit.

MP Groundwater Data

Sample Date Time

Nitrate-N (mg/L) 

Reportable Limit

Nitrate-N 

(mg/L)

Iron Dissolved (mg/L) 

Reportable Limit

Iron Dissolved 

(mg/L)

Ammonia-N (mg/L) 

Reportable Limit

Ammonia-N 

(mg/L)

Dissolved P (mg/L) 

Reportable Limit

Dissolved P 

(mg/L)

MLIP 1 (A-C) 6/17/2016 1145 0.01 BRL 0.005 0.01 0.04 0.02 0.16 0.005 BRL 0.0025

MLIP 1A* (A-C) 6/17/2016 1145 0.01 BRL 0.005 0.01 0.04 0.02 < 0.02 0.005 BRL 0.0025

MLIP 2 (AA-CC) 6/17/2016 1230 0.01 0.66 0.01 0.11 0.02 < 0.02 0.005 0.007

MLIP 3 (E-F) 6/17/2016 1300 0.01 BRL 0.005 0.01 26.1 0.02 1 0.005 0.02

MLIP 4 (EE-FF) 6/17/2016 1330 0.01 BRL 0.005 0.01 46.6 0.02 0.33 0.005 0.05

MLIP 5 (I-J) 6/17/2016 1615 0.01 BRL 0.005 0.01 47.7 0.02 0.2 0.005 0.058

MLIP BK** 6/17/2016 1615 0.01 BRL 0.005 0.01 0.01 0.02 0.02 0.005 BRL 0.0025

MLIP 6 (II-LL) 7/7/2016 0930 0.01 BRL 0.005 0.01 0.095 0.02 0.31 0.005 0.51

MLIP 7 (M-P) 7/7/2016 1400 0.01 BRL 0.005 0.01 0.087 0.02 0.76 0.005 0.16

MLIP 7A* (M-P) 7/7/2016 1400 0.01 BRL 0.005 0.01 0.079 0.02 0.74 0.005 0.13

MLIP BK2** 7/7/2016 1400 0.01 BRL 0.005 0.01 BRL 0.005 0.02 BRL 0.01 0.005 0.06

MLIP 8 (MM-PP) 7/20/2016 1230 0.01 BRL 0.005 0.01 0.044 0.02 0.4 0.005 0.13

MLIP 8A* (MM-PP) 7/20/2016 1230 0.01 BRL 0.005 0.01 0.048 0.02 0.97 0.005 0.27

MLIP 9 (Q-T) 7/20/2016 1330 0.01 BRL 0.005 0.01 0.071 0.02 1.4 0.005 0.32

MLIP BK4** 7/20/2016 1330 0.01 BRL 0.005 0.01 BRL 0.005 0.02 BRL 0.01 0.005 0.11

MLIP 10 (QQ-SS) 9/1/2016 0830 0.01 BRL 0.005 0.01 0.05 0.02 0.52 0.005 0.22

Note: Values below the detection limit are expressed as one half the detection limit.
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Sediment Data 

 

 
 

  

Hummock and Miacomet Ponds Sediment Data

Site Name DMS Lat DMS Long Decimal Lat Decimal Long

Total 

Solids 

(%)

Organic 

Content 

(%)

Iron Bound 

P (mg/kg 

dry weight)

Total P 

(mg/kg dry 

weight)

Hummock Pond - 06/16/2016

HUM 1 41 15' 20.6" 70 09' 29.2" 41.255722  -70.158111 28 6.3 100 263

HUM 2 41 15' 30.6" 70 09' 05.9" 41.2585 -70.151639 28 28.2 373 927

HUM 3 41 15' 40.4" 70 08' 44.3" 41.261222 -70.145639 44 75.7 126 278

HUM 4 41 15' 59.2" 70 08' 31.0" 41.266444 -70.141944 28 30.3 448 672

HUM 4A 41 15' 59.2" 70 08' 31.0" 41.266444 -70.141944 29 6.4 40 2,559

HUM 5 41 16' 10.1" 70 08' 21.8" 41.269472 -70.139389 23 24.9 808 1,110

HUM 6 41 16' 23.6" 70 08' 09.6" 41.273222  -70.136000 12 45.4 1,349 2,250

HUM 7 41 16' 42.9" 70 08' 02.5" 41.278583 -70.134028 6.3 5.6 1,572 3,100

HUM 8 41 16' 30.1" 70 07' 57.4" 41.275028 -70.132611 11 8.3 647 929

Miacomet Pond - 06/17/2016

MIA 1 41 14' 42.8" 70 07' 01.7" 41.245222 -70.117139 14 13.7 336 643

MIA 2 41 14' 54.4" 70 06' 56.7" 41.248444 -70.11575 11 13.1 423 753

MIA 3 41 15' 05.1" 70 06' 51.5" 41.251417 -70.114306 19 7.5 152 734

MIA 4 41 15' 15.0" 70 06' 43.3" 41.254167 -70.112028 6.3 3.7 703 740

MIA 5 41 15' 29.3" 70 06' 23.5" 41.258139 -70.106528 17 5.4 282 916

MIA 6 41 15' 23.1" 70 06' 32.8" 41.256417  -70.109111 9.4 4.9 293 648

MIA 6A 41 15' 23.1" 70 06' 32.8" 41.256417  -70.109111 8.9 8.6 522 688
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Oxygen Profiles 

 
 

Station Date Time

Total 

Depth 

(m)

Secchi 

Depth 

(m)

Conduct- 

ivity (µS)

Depth 

(m)

Temp 

(°C) DO (%)

DO 

(mg/L)

HUM 1 (41 15' 20.9", 70 09'29.9") 6/30/2016 1705 1.53 0.75 14430

HUM 1  6/30/2016 0.00 27.3 112.2 8.90

HUM 1  6/30/2016 0.50 27.3 112.8 8.94

HUM 1  6/30/2016 1.00 24.7 110.5 9.18

HUM 1  6/30/2016 1.50 24.2 126.0 10.57

HUM 1  6/30/2016 1.53 24.0 114.2 9.61

HUM 3 (41 15' 41.1", 70 08' 41.5") 6/30/2016 1740 2.02 1.06 13830

HUM 3  6/30/2016 0.00 27.1 118.8 9.45

HUM 3  6/30/2016 0.50 27.2 119.0 9.45

HUM 3  6/30/2016 1.00 27.1 119.5 9.50

HUM 3  6/30/2016 1.50 26.9 120.4 9.62

HUM 3  6/30/2016 2.00 25.0 123.6 10.21

HUM 3  6/30/2016 2.12 24.8 116.8 9.69

HUM 5 (41 16' 08.1", 70 08'23.6") 6/30/2016 1815 2.12 1.04 10970

HUM 5  6/30/2016 0.00 26.9 136.9 10.93

HUM 5  6/30/2016 0.50 26.9 138.0 11.00

HUM 5  6/30/2016 1.00 24.8 138.9 11.52

HUM 5  6/30/2016 1.50 24.3 121.7 10.19

HUM 5  6/30/2016 2.00 23.4 66.6 5.67

HUM 5  6/30/2016 2.12 23.2 3.5 0.30

HUM 7 (41 16'43.3", 70 08'02.7") 6/30/2016 1910 3.32 1.50 7268

HUM 7  6/30/2016 0.00 27.1 122.5 9.74

HUM 7  6/30/2016 0.50 27.2 123.2 9.78

HUM 7  6/30/2016 1.00 25.9 159.2 12.99

HUM 7  6/30/2016 1.50 24.9 156.6 12.99

HUM 7  6/30/2016 2.00 23.9 168.2 14.21

HUM 7  6/30/2016 2.50 21.8 123.0 10.79

HUM 7  6/30/2016 3.00 20.9 124.6 11.13

HUM 7  6/30/2016 3.32 19.7 4.0 0.36

HUM 8 (41.16'29.8", 70 07 '57.5") 6/30/2016 1845 1.40 0.57 8815

HUM 8  6/30/2016 0.00 27.8 131.1 10.28

HUM 8  6/30/2016 0.50 28.0 131.8 10.31

HUM 8  6/30/2016 1.00 27.6 130.0 10.25

HUM 8  6/30/2016 1.40 22.8 3.3 0.28

HUM 1 (41 15'20.7", 70 09'29.7") 7/1/2017 0732 1.66 0.80 14460

HUM 1 7/1/2017 0.00 23.8 92.8 7.84

HUM 1 7/1/2017 0.50 23.9 91.5 7.72

HUM 1 7/1/2017 1.00 23.9 91.3 7.70

HUM 1 7/1/2017 1.50 23.9 82.7 6.98

HUM 1 7/1/2017 1.66 23.9 68.6 5.78

HUM 1 7/1/2017 3.00 23.6 52.5 4.46

HUM 3 (41 15'41.6", 70 08'41.6") 7/1/2017 0655 2.43 1.11 14090

HUM 3 7/1/2017 0.00 25.1 103.3 8.52

HUM 3 7/1/2017 0.50 25.1 103.5 8.53

HUM 3 7/1/2017 1.00 25.2 103.5 8.52

HUM 3 7/1/2017 1.50 25.2 104.0 8.56

HUM 3 7/1/2017 2.00 24.9 88.3 7.31

HUM 3 7/1/2017 2.25 24.6 76.1 6.34

HUM 3 7/1/2017 2.43 24.3 58.7 4.91

HUM 3 7/1/2017 3.50 24.4 10.1 0.85

HUM 5 (41 16'08.3", 70 08'23.6") 7/1/2017 0630 2.05 0.83 10980

HUM 5 7/1/2017 0.00 24.0 115.2 9.70

HUM 5 7/1/2017 0.50 24.1 114.8 9.65

HUM 5 7/1/2017 1.00 24.1 114.2 9.60

HUM 5 7/1/2017 1.50 24.2 106.3 8.94

HUM 5 7/1/2017 2.00 23.2 41.3 3.53

HUM 5 7/1/2017 2.05 23.1 3.5 0.30

HUM 7 (41 16'42.7", 70 08'02.9") 7/1/2017 0535 3.40 1.63 7338

HUM 7 7/1/2017 0.00 24.5 115.4 9.66

HUM 7 7/1/2017 0.50 24.5 116.2 9.69

HUM 7 7/1/2017 1.00 24.6 116.1 9.67

HUM 7 7/1/2017 1.50 24.6 151.1 12.58

HUM 7 7/1/2017 2.00 23.7 180.0 15.24

HUM 7 7/1/2017 2.50 22.4 165.6 14.32

HUM 7 7/1/2017 3.00 21.3 141.8 12.57

HUM 7 7/1/2017 3.40 19.3 4.6 0.43

HUM 8 (41.16'30.0", 70 07'57.9") 7/1/2017 0600 1.30 0.58 8925

HUM 8  7/1/2017 0.00 24.6 105.1 8.77

HUM 8  7/1/2017 0.50 24.8 104.2 8.64

HUM 8  7/1/2017 1.00 24.9 102.8 8.51

HUM 8  7/1/2017 1.30 23.9 3.0 0.25

HUM 7 (41 16'43.0", 70 08'03.3") 7/27/2017 0930 3.40 0.37 5132

HUM 7 7/27/2017 0.00 28.1 163.3 12.81

HUM 7 7/27/2017 0.50 27.2 159.3 12.63

HUM 7 7/27/2017 1.00 26.8 133.2 10.65

HUM 7 7/27/2017 1.50 26.1 121.6 9.85

HUM 7 7/27/2017 2.00 25.1 118.8 9.80

HUM 7 7/27/2017 2.50 23.9 123.9 10.42

HUM 7 7/27/2017 3.00 21.8 46.5 4.08

HUM 7 7/27/2017 3.40 20.3 2.9 0.26
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Station Date Time

Total 

Depth 

(m)

Secchi 

Depth 

(m)

Conduct- 

ivity (µS)

Depth 

(m)

Temp 

(°C) DO (%)

DO 

(mg/L)

HUM 1 (41 15'20.6", 70 09'30.4") 7/28/2017 0939 2.04 0.87 10780

HUM 1 7/28/2017 0.00 26.6 93.2 7.50

HUM 1 7/28/2017 0.50 26.5 93.3 7.50

HUM 1 7/28/2017 1.00 26.5 93.3 7.50

HUM 1 7/28/2017 1.50 26.4 96.3 7.76

HUM 1 7/28/2017 2.00 26.1 94.6 7.66

HUM 1 7/28/2017 2.04 26.0 73.2 5.94

HUM 3 (41 15'41.3", 70 08'43.1") 7/28/2017 1011 1.84 1.10 10240

HUM 3 7/28/2017 0.00 27.7 117.4 9.24

HUM 3 7/28/2017 0.50 27.8 117.5 9.23

HUM 3 7/28/2017 1.00 27.8 126.0 9.90

HUM 3 7/28/2017 1.50 27.8 123.3 9.70

HUM 3 7/28/2017 1.84 26.4 23.7 1.91

HUM 5 (41 16'07.9", 70 08'23.3") 7/28/2017 1039 2.07 0.64 5966

HUM 5 7/28/2017 0.00 27.0 111.0 8.85

HUM 5 7/28/2017 0.50 26.6 105.2 8.54

HUM 5 7/28/2017 1.00 26.0 90.4 7.33

HUM 5 7/28/2017 1.50 23.9 27.7 2.33

HUM 5 7/28/2017 2.00 22.8 4.6 0.39

HUM 5 7/28/2017 2.07 22.4 1.9 0.16

HUM 7 (41 16'43.2", 70 08'04.1") 7/28/2017 1125 3.23 0.29 5170

HUM 7 7/28/2017 0.00 29.5 160.8 12.26

HUM 7 7/28/2017 0.50 28.4 180.2 14.03

HUM 7 7/28/2017 1.00 26.9 128.2 10.23

HUM 7 7/28/2017 1.50 26.0 107.2 8.70

HUM 7 7/28/2017 2.00 24.7 94.0 7.81

HUM 7 7/28/2017 2.50 23.4 81.3 6.93

HUM 7 7/28/2017 3.00 21.0 6.5 0.58

HUM 7 7/28/2017 3.23 20.3 2.8 0.26

HUM 8 (41 16'29.0", 70 08'00.5") 7/28/2017 1105 1.57 0.41 4365

HUM 8 7/28/2017 0.00 27.4 83.0 6.57

HUM 8 7/28/2017 0.50 27.3 82.2 6.51

HUM 8 7/28/2017 1.00 27.2 83.0 6.59

HUM 8 7/28/2017 1.50 24.4 5.1 0.43

HUM 8 7/28/2017 1.57 24.1 2.5 0.21

HUM 1 (41 15'20.2", 70 09'29.5") 8/30/2017 0615 3.00 0.40 8855

HUM 1 8/30/2017 0.00 25.0 94.7 7.82

HUM 1 8/30/2017 0.50 25.1 94.1 7.76

HUM 1 8/30/2017 1.00 25.1 94.0 7.76

HUM 1 8/30/2017 1.50 25.1 93.9 7.75

HUM 1 8/30/2017 2.00 25.0 91.1 7.53

HUM 1 8/30/2017 2.50 24.9 81.4 6.74

HUM 1 8/30/2017 3.00 24.8 3.2 0.27

HUM 3 (41 15'41.3", 70 08'43.7") 8/30/2017 0643 1.62 0.43 7911

HUM 3 8/30/2017 0.00 24.6 103.7 8.65

HUM 3 8/30/2017 0.50 24.7 103.5 8.60

HUM 3 8/30/2017 1.00 25.0 98.7 8.15

HUM 3 8/30/2017 1.50 24.9 70.5 5.84

HUM 3 8/30/2017 1.62 24.5 15.5 1.29

HUM 5 (41 16'07.8", 70 '08 24.2") 8/30/2017 0730 1.87 0.32 4054

HUM 5 8/30/2017 0.00 23.3 90.8 7.75

HUM 5 8/30/2017 0.50 23.5 90.0 7.65

HUM 5 8/30/2017 1.00 23.5 85.7 7.28

HUM 5 8/30/2017 1.50 23.7 25.2 2.13

HUM 5 8/30/2017 1.87 23.3 3.4 0.29

HUM 7 (41 16'43.2", 70 08'03.1") 8/30/2017 0850 3.20 0.36 4531

HUM 7 8/30/2017 0.00 25.1 141.3 11.65

HUM 7 8/30/2017 0.50 25.0 136.9 11.32

HUM 7 8/30/2017 1.00 24.8 118.5 9.83

HUM 7 8/30/2017 1.50 24.8 113.7 9.43

HUM 7 8/30/2017 2.00 24.6 59.8 4.98

HUM 7 8/30/2017 2.50 23.6 4.0 0.34

HUM 7 8/30/2017 3.00 21.9 2.6 0.22

HUM 7 8/30/2017 3.20 21.1 1.4 0.12

HUM8 (41 16'29.8", 70 07'58.0") 8/30/2017 0753 1.23 0.31 3798

HUM 8 8/30/2017 0.00 23.8 97.4 8.25

HUM 8 8/30/2017 0.50 23.9 96.4 8.13

HUM 8 8/30/2017 1.00 23.9 90.2 7.60

HUM 8 8/30/2017 1.23 23.5 2.6 0.22
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Station Date Time

Total 

Depth 

(m)

Secchi 

Depth 

(m)

Conduct- 

ivity (µS)

Depth 

(m)

Temp 

(°C) DO (%)

DO 

(mg/L)

HUM 1 (41 15'20.9", 70 09'28.8") 10/7/2016 0700 1.62 1.20 5952

HUM 1 10/7/2016 0.00 16.6 110.0 10.74

HUM 1 10/7/2016 0.50 16.8 108.1 10.50

HUM 1 10/7/2016 1.00 16.9 107.3 10.39

HUM 1 10/7/2016 1.50 17.0 105.3 10.17

HUM 1 10/7/2016 1.62 17.0 90.4 8.74

HUM 3 (41 15' 40.7", 70 08' 43.0") 10/7/2016 0730

HUM 3 10/7/2016 0.00 15.7 97.0 9.66

HUM 3 10/7/2016 0.50 15.8 96.6 9.58

HUM 3 10/7/2016 1.00 16.5 88.0 8.60

HUM 3 10/7/2016 1.50 16.5 79.8 7.80

HUM 3 10/7/2016 1.92 16.6 78.3 7.63

HUM 5 (41 16'07.8", 70 08'23.7") 10/7/2016 0750 2.09 0.81 4575

HUM 5 10/7/2016 0.00 15.9 91.0 9.01

HUM 5 10/7/2016 0.50 16.0 89.8 8.87

HUM 5 10/7/2016 1.00 16.1 83.2 8.20

HUM 5 10/7/2016 1.50 16.6 82.5 8.04

HUM 5 10/7/2016 2.00 16.7 81.7 7.95

HUM 5 10/7/2016 2.09 16.8 4.0 0.39

HUM 7 (41 16'42.9", 70 08'03.1") 10/7/2016 0830 3.38 0.93 3590

HUM 7 10/7/2016 0.00 16.7 95.5 9.29

HUM 7 10/7/2016 0.50 16.8 93.0 0.03

HUM 7 10/7/2016 1.00 16.8 91.4 8.87

HUM 7 10/7/2016 1.50 16.8 90.7 8.80

HUM 7 10/7/2016 2.00 16.8 88.4 8.58

HUM 7 10/7/2016 2.50 16.8 87.4 8.48

HUM 7 10/7/2016 3.00 16.8 86.1 8.36

HUM 7 10/7/2016 3.38 17.1 2.9 0.28

HUM 8 (41 16'29.7", 70 07'58.3") 10/7/2016 0815 1.30 0.48 4128

HUM 8 10/7/2016 0.00 15.3 61.9 6.20

HUM 8 10/7/2016 0.50 15.4 59.3 5.92

HUM 8 10/7/2016 1.00 15.4 57.2 5.72

HUM 8 10/7/2016 1.30 15.6 24.4 2.43
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Station Date Time

Total 

Depth 

(m)

Secchi 

Depth 

(m)

Conduct- 

ivity (µS)

Depth 

(m)

Temp 

(°C) DO (%)

DO 

(mg/L)

MIA 1 (41 14' 41.5", 70 07' 02.1") 6/28/2016 1655 3.25 1.52 208.9

MIA 1 6/28/2016 0.00 23.5 95.9 8.14

MIA 1 6/28/2016 0.50 23.6 95.2 8.07

MIA 1 6/28/2016 1.00 23.5 94.5 8.03

MIA 1 6/28/2016 1.50 23.1 92.2 7.90

MIA 1 6/28/2016 2.00 22.9 87.0 7.48

MIA 1 6/28/2016 2.50 22.8 84.6 7.29

MIA 1 6/28/2016 3.00 22.4 69.3 6.02

MIA 1 6/28/2016 3.25 21.8 2.9 0.25

MIA 3 (41 15' 05.3", 70 06' 50.8") 6/28/2016 1745 1.75 1.13 192.4

MIA 3 6/28/2016 0.00 24.1 110.9 9.32

MIA 3 6/28/2016 0.50 24.1 110.7 9.30

MIA 3 6/28/2016 1.00 23.7 106.7 9.03

MIA 3 6/28/2016 1.50 23.4 99.3 8.47

MIA 3 6/28/2016 1.75 22.9 3.3 0.29

MIA 5 (41 15' 28.1", 70 06' 25.1") 6/28/2016 1815 1.07 1.07 179.2

MIA 5  6/28/2016 0.00 24.1 98.6 8.29

MIA 5  6/28/2016 0.50 22.0 38.1 3.33

MIA 5  6/28/2016 1.00 18.5 53.5 5.02

MIA 5  6/28/2016 1.07 17.6 10.7 1.02

MIA 1 (41 14' 42.0", 70 07' 02.2") 6/29/2016 0600 3.25 1.65 211.2

MIA 1 6/29/2016 0.00 22.6 85.8 7.42

MIA 1 6/29/2016 0.50 22.7 85.5 7.38

MIA 1 6/29/2016 1.00 22.7 85.2 7.35

MIA 1 6/29/2016 1.50 22.7 85.1 7.34

MIA 1 6/29/2016 2.00 22.7 84.3 7.27

MIA 1 6/29/2016 2.50 22.5 83.2 7.18

MIA 1 6/29/2016 3.00 22.5 67.5 5.85

MIA 1 6/29/2016 3.25 21.8 3.5 0.30

MIA 3 (41 15' 05.4", 70 06' 50.7") 6/29/2016 0630 1.73 1.19 189.6

MIA 3 6/29/2016 0.00 23.0 85.6 7.35

MIA 3 6/29/2016 0.50 23.0 84.9 7.28

MIA 3 6/29/2016 1.00 23.0 85.0 7.29

MIA 3 6/29/2016 1.50 23.0 82.4 7.07

MIA 3 6/29/2016 1.73 22.6 3.4 0.29

MIA 5 (41 15' 28.1", 70 06' 24.9") 6/29/2016 0710 0.86 179.9

MIA 5  6/29/2016 0.00 22.1 45.7 3.99

MIA 5  6/29/2016 0.50 21.4 23.4 2.07

MIA 5  6/29/2016 0.86 17.4 33.9 3.25

MIA 1 (41 14' 41.4", 70 07' 00.7") 7/26/2016 1705 1.84 1.52 197.8

MIA 1 7/26/2016 0.00 27.4 113.5 8.98

MIA 1 7/26/2016 0.50 27.5 113.8 8.99

MIA 1 7/26/2016 1.00 27.5 114.2 9.02

MIA 1 7/26/2016 1.50 27.5 114.5 9.04

MIA 1 7/26/2016 1.84 27.5 109.3 8.63

MIA 3 (41 15' 05.6", 70 06' 50.2") 7/26/2016 1733 1.72 164.7

MIA 3 7/26/2016 0.00 28.1 140.1 10.95

MIA 3 7/26/2016 0.50 28.2 141.7 11.06

MIA 3 7/26/2016 1.00 27.8 149.8 11.77

MIA 3 7/26/2016 1.50 27.3 147.4 11.68

MIA 3 7/26/2016 1.72 26.1 3.3 0.27

MIA 5 (41 15' 28.5", 70 06' 24.5") 7/26/2016 1803 1.15 1.15 157.7

MIA 5  7/26/2016 0.00 26.0 92.1 7.47

MIA 5  7/26/2016 0.50 20.2 52.7 4.71

MIA 5  7/26/2016 1.00 16.6 69.8 6.79

MIA 5  7/26/2016 1.15 13.6 2.1 0.21
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Station Date Time

Total 

Depth 

(m)

Secchi 

Depth 

(m)

Conduct- 

ivity (µS)

Depth 

(m)

Temp 

(°C) DO (%)

DO 

(mg/L)

MIA 1 (41 14' 41.7", 70 07' 01.7") 9/1/2016 0645 3.09 1.18 175.2

MIA 1 9/1/2016 0.00 24.4 94.9 7.93

MIA 1 9/1/2016 0.50 24.4 95.0 7.94

MIA 1 9/1/2016 1.00 24.4 94.9 7.93

MIA 1 9/1/2016 1.50 24.4 94.7 7.91

MIA 1 9/1/2016 2.00 24.4 94.7 7.91

MIA 1 9/1/2016 2.50 24.4 94.4 7.89

MIA 1 9/1/2016 3.00 24.4 27.1 2.27

MIA 1 9/1/2016 3.09 24.5 3.0 0.25

MIA 3 (41 15' 06.3", 70 06' 50.0") 9/1/2016 0710 1.55 162.5

MIA 3 9/1/2016 0.00 24.2 89.6 7.52

MIA 3 9/1/2016 0.50 24.3 89.3 7.48

MIA 3 9/1/2016 1.00 24.3 88.8 7.43

MIA 3 9/1/2016 1.50 24.4 85.1 7.12

MIA 3 9/1/2016 1.55 24.4 3.5 0.29

MIA 5 (41 15' 27.1", 70 06' 26.6") 9/1/2016 0730 1.04 170.6

MIA 5  9/1/2016 0.00 18.3 22.8 2.12

MIA 5  9/1/2016 0.50 17.7 22.0 2.19

MIA 5  9/1/2016 1.00 15.5 2.5 0.25

MIA 5  9/1/2016 1.04 14.9 1.7 0.17

MIA 1 (41 14' 41.4", 70 07' 01.1") 10/7/2016 1100 2.23 2.10 157.4

MIA 1  10/7/2016 0.00 17.6 101.0 9.62

MIA 1  10/7/2016 0.50 17.5 101.3 9.69

MIA 1  10/7/2016 1.00 17.3 101.2 9.72

MIA 1  10/7/2016 1.50 17.1 102.3 9.86

MIA 1  10/7/2016 2.00 16.9 99.2 9.61

MIA 1  10/7/2016 2.23 17.1 5.1 0.49

MIA 3 (41 15' 05.4", 70 06' 50.5") 10/7/2016 1038 1.55 1.55 163.3

MIA 3 10/7/2016 0.00 17.3 102.5 9.84

MIA 3 10/7/2016 0.50 17.2 102.8 9.90

MIA 3 10/7/2016 1.00 16.7 105.1 10.22

MIA 3 10/7/2016 1.50 16.6 105.6 10.29

MIA 3 10/7/2016 1.55 16.9 3.7 0.35

MIA 5 (41 15' 28.0", 70 06' 24.9") 10/7/2016 1015 0.93 0.93 169.3

MIA 5  10/7/2016 0.00 14.5 27.1 2.77

MIA 5  10/7/2016 0.50 14.1 28.5 2.93

MIA 5  10/7/2016 0.93 13.7 2.5 0.26
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Phytoplankton Data 

 
 

PHYTOPLANKTON DENSITY (CELLS/ML) 

Hummock Hummock Hummock Hummock Hummock Hummock Hummock Hummock Miacomet Miacomet

1 5 7 7 GPS 1 5 7 1 5

TAXON 06/30/16 06/30/16 06/30/16 07/27/16 08/09/16 08/30/16 08/30/16 08/30/16 06/28/16 06/28/16

BACILLARIOPHYTA

Centric Diatoms

Cyclotella 0 0 0 0 0 0 28 0 20 0

Araphid Pennate Diatoms

Synedra 0 20 0 0 0 0 0 0 0 0

Monoraphid Pennate Diatoms

Biraphid Pennate Diatoms

Navicula/related taxa 40 20 17 0 0 0 0 0 0 0
Nitzschia 20 20 17 0 0 0 57 0 20 0

CHLOROPHYTA

Flagellated Chlorophytes

Chlamydomonas 0 40 17 0 40 37 85 60 0 0

Coccoid/Colonial Chlorophytes

Coelastrum 0 0 0 0 0 0 0 0 240 559
Crucigenia 0 0 0 0 0 0 0 0 80 0
Elakatothrix 0 0 0 0 0 0 0 0 40 0
Golenkinia 0 0 0 0 0 0 142 0 0 0
Kirchneriella 0 0 0 0 0 0 0 0 200 932
Micractinium 0 0 0 0 0 0 0 0 0 373
Pediastrum 0 0 0 0 0 0 0 0 80 0
Scenedesmus 0 80 66 0 0 0 0 0 80 466
Sphaerocystis 0 0 0 0 0 0 0 0 160 0
Tetraedron 0 0 0 0 0 0 0 0 20 0

Filamentous Chlorophytes

Desmids

Closterium 0 0 0 0 0 0 0 0 40 23
Euastrum 0 0 0 0 0 0 0 0 0 23

CHRYSOPHYTA

Flagellated Classic Chrysophytes

Dinobryon 0 0 0 0 0 0 0 0 560 2726
Mallomonas 0 0 0 0 0 0 0 0 0 23

Non-Motile Classic Chrysophytes

Haptophytes

Tribophytes/Eustigmatophytes

Raphidophytes

CRYPTOPHYTA

Cryptomonas 0 0 0 40 40 37 57 0 40 47

CYANOPHYTA

Unicellular and Colonial Forms

Dactylococcopsis 0 0 0 160 0 0 0 0 0 0

Filamentous Nitrogen Fixers

Anabaenopsis 0 0 0 400 0 1190 5094 5400 0 0
Dolichospermum 200 560 166 54000 64000 54900 135840 139500 0 0

Filamentous Non-Nitrogen Fixers

EUGLENOPHYTA

Euglena 0 0 0 0 0 0 0 0 0 466

PYRRHOPHYTA

Ceratium 0 0 0 0 0 0 0 0 20 0
Peridinium 20 0 17 0 20 0 0 0 20 23

DENSITY (CELLS/ML) SUMMARY

BACILLARIOPHYTA 60 60 33.2 0 0 0 84.9 0 40 0

   Centric Diatoms 0 0 0 0 0 0 28.3 0 20 0
   Araphid Pennate Diatoms 0 20 0 0 0 0 0 0 0 0
   Monoraphid Pennate Diatoms 0 0 0 0 0 0 0 0 0 0
   Biraphid Pennate Diatoms 60 40 33.2 0 0 0 56.6 0 20 0
CHLOROPHYTA 0 120 83 0 40 36.6 226.4 60 940 2376.6

   Flagellated Chlorophytes 0 40 16.6 0 40 36.6 84.9 60 0 0
   Coccoid/Colonial Chlorophytes 0 80 66.4 0 0 0 141.5 0 900 2330
   Filamentous Chlorophytes 0 0 0 0 0 0 0 0 0 0
   Desmids 0 0 0 0 0 0 0 0 40 46.6
CHRYSOPHYTA 0 0 0 0 0 0 0 0 560 2749.4

   Flagellated Classic Chrysophytes 0 0 0 0 0 0 0 0 560 2749.4
   Non-Motile Classic Chrysophytes 0 0 0 0 0 0 0 0 0 0
   Haptophytes 0 0 0 0 0 0 0 0 0 0
   Tribophytes/Eustigmatophytes 0 0 0 0 0 0 0 0 0 0
   Raphidophytes 0 0 0 0 0 0 0 0 0 0
CRYPTOPHYTA 0 0 0 40 40 36.6 56.6 0 40 46.6

CYANOPHYTA 200 560 166 54560 64000 56089.5 140934 144900 0 0

   Unicellular and Colonial Forms 0 0 0 160 0 0 0 0 0 0
   Filamentous Nitrogen Fixers 200 560 166 54400 64000 56089.5 140934 144900 0 0
   Filamentous Non-Nitrogen Fixers 0 0 0 0 0 0 0 0 0 0
EUGLENOPHYTA 0 0 0 0 0 0 0 0 0 466

PYRRHOPHYTA 20 0 16.6 0 20 0 0 0 40 23.3

TOTAL 280 740 298.8 54600 64100 56162.7 141302 144960 1620 5661.9

CELL DIVERSITY 0.39 0.39 0.57 0.03 0.01 0.05 0.08 0.07 0.92 0.69

CELL EVENNESS 0.65 0.50 0.73 0.05 0.01 0.08 0.09 0.15 0.79 0.67
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PHYTOPLANKTON BIOMASS (UG/L) 

Hummock Hummock Hummock Hummock Hummock Hummock Hummock Hummock Miacomet Miacomet

1 5 7 7 GPS 1 5 7 1 5

TAXON 06/30/16 06/30/16 06/30/16 07/27/16 08/09/16 08/30/16 08/30/16 08/30/16 06/28/16 06/28/16

BACILLARIOPHYTA

Centric Diatoms

Cyclotella 0.0 0.0 0.0 0.0 0.0 0.0 70.8 0.0 50.0 0.0

Araphid Pennate Diatoms

Synedra 0.0 16.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Monoraphid Pennate Diatoms

Biraphid Pennate Diatoms

Navicula/related taxa 20.0 10.0 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nitzschia 16.0 16.0 13.3 0.0 0.0 0.0 45.3 0.0 16.0 0.0

CHLOROPHYTA

Flagellated Chlorophytes

Chlamydomonas 0.0 4.0 1.7 0.0 4.0 3.7 8.5 6.0 0.0 0.0

Coccoid/Colonial Chlorophytes

Coelastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 48.0 111.8
Crucigenia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 0.0
Elakatothrix 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0
Golenkinia 0.0 0.0 0.0 0.0 0.0 0.0 28.3 0.0 0.0 0.0
Kirchneriella 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 93.2
Micractinium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1118.4
Pediastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 0.0
Scenedesmus 0.0 8.0 6.6 0.0 0.0 0.0 0.0 0.0 8.0 46.6
Sphaerocystis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.0 0.0
Tetraedron 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 0.0

Filamentous Chlorophytes

Desmids

Closterium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 160.0 93.2
Euastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.3

CHRYSOPHYTA

Flagellated Classic Chrysophytes

Dinobryon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1680.0 8178.3
Mallomonas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.7

Non-Motile Classic Chrysophytes

Haptophytes

Tribophytes/Eustigmatophytes

Raphidophytes

CRYPTOPHYTA

Cryptomonas 0.0 0.0 0.0 8.0 8.0 7.3 11.3 0.0 36.0 41.9

CYANOPHYTA

Unicellular and Colonial Forms

Dactylococcopsis 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0

Filamentous Nitrogen Fixers

Anabaenopsis 0.0 0.0 0.0 80.0 0.0 237.9 1018.8 1080.0 0.0 0.0
Dolichospermum 40.0 112.0 33.2 10800.0 12800.0 10980.0 27168.0 27900.0 0.0 0.0

Filamentous Non-Nitrogen Fixers

EUGLENOPHYTA

Euglena 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 233.0

PYRRHOPHYTA

Ceratium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 348.0 0.0
Peridinium 42.0 0.0 34.9 0.0 42.0 0.0 0.0 0.0 42.0 48.9

DENSITY (CELLS/ML) SUMMARY

BACILLARIOPHYTA 36.0 42.0 21.6 0.0 0.0 0.0 116.0 0.0 66.0 0.0

   Centric Diatoms 0.0 0.0 0.0 0.0 0.0 0.0 70.8 0.0 50.0 0.0
   Araphid Pennate Diatoms 0.0 16.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
   Monoraphid Pennate Diatoms 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
   Biraphid Pennate Diatoms 36.0 26.0 21.6 0.0 0.0 0.0 45.3 0.0 16.0 0.0
CHLOROPHYTA 0.0 12.0 8.3 0.0 4.0 3.7 36.8 6.0 308.0 1486.5

   Flagellated Chlorophytes 0.0 4.0 1.7 0.0 4.0 3.7 8.5 6.0 0.0 0.0
   Coccoid/Colonial Chlorophytes 0.0 8.0 6.6 0.0 0.0 0.0 28.3 0.0 148.0 1370.0
   Filamentous Chlorophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
   Desmids 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 160.0 116.5
CHRYSOPHYTA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1680.0 8190.0

   Flagellated Classic Chrysophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1680.0 8190.0
   Non-Motile Classic Chrysophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
   Haptophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
   Tribophytes/Eustigmatophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
   Raphidophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
CRYPTOPHYTA 0.0 0.0 0.0 8.0 8.0 7.3 11.3 0.0 36.0 41.9

CYANOPHYTA 40.0 112.0 33.2 10888.0 12800.0 11217.9 28186.8 28980.0 0.0 0.0

   Unicellular and Colonial Forms 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0
   Filamentous Nitrogen Fixers 40.0 112.0 33.2 10880.0 12800.0 11217.9 28186.8 28980.0 0.0 0.0
   Filamentous Non-Nitrogen Fixers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
EUGLENOPHYTA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 233.0

PYRRHOPHYTA 42.0 0.0 34.9 0.0 42.0 0.0 0.0 0.0 390.0 48.9

TOTAL 118.0 166.0 97.9 10896.0 12854.0 11228.9 28350.9 28986.0 2480.0 10000.4

BIOMASS DIVERSITY 0.57 0.49 0.64 0.02 0.01 0.05 0.09 0.07 0.54 0.32

BIOMASS EVENNESS 0.94 0.63 0.82 0.04 0.02 0.08 0.10 0.15 0.46 0.30



From: James Skillen
To: Denice Kronau; Brian Turbitt
Cc: Stephen Maury; Mariya Basheva
Subject: RE: Meeting Materials and Additional Materials
Date: Wednesday, January 19, 2022 4:19:26 PM
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Ms. Kronau –
 
When I worked for RISE, I raised the money to fund the Turf Research directly
on point for this discussion.  The research was
done by Wayne R. Kussow, PhD (University of Wisconsin-Madison); A.
Martin Petrovic, PhD (Cornell University) and
Brian P. Horgan, PhD (University of Minnesota).
 
We sponsored the American Chemical Society (ACS) Symposium Series 997
where all of this research was presented to the scientific
Community.
 
Then we funded the publication Of “The Fate of Nutrients and Pesticides in the
Urban Environment,” all of the published papers
went through the peer review process before they were published by the
American Chemical Society. 
 
I have referenced these papers and to get you copies of these papers I had to
make copies, as I have given all of my copies of the book
away.  The real problem that we have is this work is published where people
can’t find it easily.
 
So I will send you copies of Chapter 1, 2, 3 and 6 which all deal with nutrient
losses from “cool season” grasses.
 
If you read these papers you will have a much better understanding of the many
benefits of turf grass.
 
Kind regards,
 
Jim Skillen
252-402-2451  
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From: Denice Kronau <dkronau@nantucket-ma.gov> 
Sent: Wednesday, January 19, 2022 10:13 AM
To: James Skillen <jskillen1@suddenlink.net>; Brian Turbitt <bturbitt@nantucket-ma.gov>
Cc: Stephen Maury <smaury@nantucket-ma.gov>; Mariya Basheva <mbasheva@nantucket-ma.gov>
Subject: Re: Meeting Materials and Additional Materials
 

Dear Jim:

 

Short answer, yes. 

 

Going forward, we will post any materials sent to me to our website as part of the agenda
packet for the meeting. 

 

Thank you for Mr. Vinton's contact information.

 

I will ask my committee members when they'd like to continue the fertilizer discussion and
schedule it accordingly, and inform you of the date.

 

Kind regards,

Denice

From: James Skillen <jskillen1@suddenlink.net>
Sent: Friday, January 14, 2022 8:50:45 AM
To: Denice Kronau; Brian Turbitt
Subject: Meeting Materials and Additional Materials
 

Ms. Kronau & Mr. Turbitt –
 
I just got off the phone with Howard Vinton, he works on fertilizer issues for
the Massachusetts Department of Agricultural Resources.
 
His email address is Howard.Vinton@state.ma.us, his phone number is 617-
626-1803.  He has access to all the fertilizer tonnage data in

mailto:jskillen1@suddenlink.net
mailto:Howard.Vinton@state.ma.us


Massachusetts.  I shared your email address with him.
 
I have a question about the comments and references that I send to you.
 
I was wondering do you post comments received to your website?  If I provide
you with research papers will they be posted and available
to the citizens of Nantucket?  I was really surprised by some of the comments I
heard yesterday.  All of the people interested in this topic
didn’t know a lot about fertilizer use. 
 
There are two fertilizer markets: Agricultural Use (> 50 lb. Bags, 1 ton Bags or
Truck Loads) and Specialty Use (Consumer Use) [<49 lb. bags].
 
In most states the usage breakdown is around 85 – 95 % Agricultural Use and
 5 – 15% Specialty Use.  In Agricultural States like Iowa the
Ag Use is more than 95%.
 
So, I would like to know, if I provide additional information will it be posted?
Available to the citizens of Nantucket?
 
Kind regards,
 
Jim Skillen
252-402-2451
 
From: James Skillen <jskillen1@suddenlink.net> 
Sent: Thursday, December 9, 2021 3:48 PM
To: 'pmceachern@nantucket-ma.gov' <pmceachern@nantucket-ma.gov>; 'dkronau@nantucket-
ma.gov' <dkronau@nantucket-ma.gov>; 'smaury@nantucket-ma.gov' <smaury@nantucket-
ma.gov>; 'Cglowacki@nantucket-ma.gov' <Cglowacki@nantucket-ma.gov>; 'jeroche@nantucket-
ma.gov.' <jeroche@nantucket-ma.gov.>; 'jvieth@nantucket-ma.gov' <jvieth@nantucket-ma.gov>;
'pschaeffer@nantucket-ma.gov' <pschaeffer@nantucket-ma.gov>
Subject: Opposition to the Home Rule Petition: Prohibiting the Application of Fertilizer
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DATE:            December 09, 2021
 
TO:                 Denice Kronau, Chair of the Finance Committee of Nantucket
 
FROM:           James M. Skillen, Sr. on behalf of the
                        Lawn and Horticultural Products Work Group (LHPWG)
 
Subject:          Opposition to the Home Rule Petition: Prohibiting the Application of Fertilizer 
 
Position Statement: The Lawn & Horticultural Products Work Group (LHPWG), on behalf of
its member companies opposes
the request to introduce special legislation prohibiting the application of fertilizer in the Town
on Nantucket.
 
Statement of Interest
 
The LHPWG, operating under the auspices of Ignite Solutions, which is part of the Household
& Commercial Products Association
(HCPA), provides a unified voice for companies engaged in the unique market of lawn and
horticultural products. LHPWG member
companies manufacture more than 75 percent of domestically produced conventional specialty
fertilizers (packaged fertilizers) utilized
in the United States including consumer household, lawn and garden, golf courses and other
professional turf and lawn care. These
packaged fertilizer products are licensed; registered and sold to consumers and professional
applicators in all 50 states. Our members
rely on years of their own and independent scientific research to guide their product
formulations and product decisions.
 
We oppose local ordinances of specialty fertilizer on general principle because they can and
do create a situation of inconsistent regulation
within a state and in some instances within a county of a state.
 
Specific Comments   
 
We applaud and support your efforts to protect your watershed and believe that proper
fertilization can assist in this endeavor. We support
the proper use, application, and timing of fertilizers, and immediate removal of fertilizers that
may fall on hard surfaces. When applied properly,
fertilizers improve the health of plants leading to larger root systems that absorb water and
nutrients. Fertilizer also increases turf density which
acts as an effective natural filter of stormwater runoff which greatly reduces soil erosion and



nutrient loss.
 
Massachusetts passed legislation to restrict the use of phosphate on lawns in Massachusetts in
2012. Subsequently the USEPA supported the
legislation by providing an estimate that Massachusetts could save as much as $180,000,000 a
year due to the "avoided" treatment costs.
 
The Citizen's petition is a good indicator that local waters surrounding Nantucket didn't benefit
from the estimated $1.4 trillion dollar1 windfall
Massachusetts was projected to receive in "avoided" treatment costs over the last 8 years due
to the phosphate restrictions implemented in 2012.
 
The EPA's estimates and projections of nutrient losses from specialty fertilizer applied to turf
grass have been wrong from the very beginning
of this debate and LHPWG has tried very hard to educate all stakeholders on the benefits of
properly managed turfgrass. It is somewhat ironic
that according to the USEPA2, diverting stormwater runoff through a "grassed swale" is the
cheapest and most effective way to capture excess
nutrients and sediment and protect local waters. The LHPWG and others in industry have
sponsored research on nutrient loss to the environment,
published peer reviewed papers, and held symposiums to present the research to the public to
no avail.
 
The petition indicates that an obvious solution to a few concerned citizens in Nantucket, is to
stop the use of specialty fertilizer on lawns, bushes,
trees, home gardens and flowers to protect local waters. Stopping the use of specialty
fertilizers will not solve the problem. Unfortunately, their
proposed solution is misguided. We would like to share our expertise and knowledge along
some specific facts with you that we have learned from
turf research conducted in New York3, Wisconsin4, and Minnesota5.
 
1.         Nutrient losses from unfertilized turf are greater than from fertilized turf
2.         Stormwater runoff from unfertilized turf is greater than from fertilized turf
            
The studies demonstrate that "thick, healthy" turf grass is better for the environment than
unfertilized turf grass.
 
Additionally, the United States Department of Agriculture (USDA), based upon research
conducted in the Choptank River watershed, now recommends
planting a cover crop of rye grass after harvest to reduce nutrient losses from farming
activities to the Chesapeake Bay. In addition, planting grass buffer
strips around the perimeter of agricultural lands is a primary method recommended and used
to reduce soil erosion and protect waterways. The United
States Department of Transportation (USDOT) requires planting turf grass alongside roads to
prevent erosion and to filter runoff from the highway.
Some of the other benefits of turf include6:
 
            * The trapping of pollution
            * Promotion of infiltration



            * Prevention of erosion
            * Absorption of carbon dioxide
            * Production of oxygen
 
 
There seems to be an erroneous belief that properly applied nutrients quickly wash away from
the fertilized area as it speeds its way into the nearest water
body. That is simply not the case. After watering in, nutrients move into the soil solution and
into the root zone where they are subsequently taken up and
utilized by plants. Nutrients lost to the environment are from off-target applications to hard
surfaces and from soil erosion containing nutrients from areas
that are not properly maintained. Based on decades of research, LHPWG members formulate
specialty fertilizer products and provide application rates to deliver
proper nutrition to the targeted plant, be it a rose bush or a lawn. Following the Three R’s,
using the Right Product, Right Application Rate, and Right Time
greatly reduces the potential for loss of nutrients to the environment.
 
Conclusion
 
Our member companies and their employees work, live, and play in communities across the United
States that are very much like Nantucket, MA. These communities
are also struggling with water quality issues. Our members want to protect local waters as they also
enjoy the opportunity to swim, fish and boat in local waters. That is
why, our members produce specialty fertilizer products specifically formulated to deliver nutrients
based upon the targeted plant's specific needs by relying on decades
of research. There are products formulated specifically for trees, shrubs, flowering shrubs, roses,
house plants, vegetable gardens and specific varieties of turf grasses.
The petition, if granted would ban the use of all these products resulting in a decline in overall plant
health and increased soil erosion.
 
Our members know better than anyone, the important role nutrients play in the environment and the
potential problems that are caused by excess nutrients entering the
environment. Consumer research continues to document that most of the turf grass in the United
States does not receive the correct amount of fertilization every year.
This means that nutrient losses from turf grass across the country are higher than they need to be.
The petition, if granted would increase the amount of nutrients that
flow into local waters in Nantucket, an unintended consequence of the action.
 
In summary, research clearly documents that nutrient losses and the volume of storm water runoff
from plots of poorly maintained (unfertilized) turf are greater than
nutrient losses and storm water runoff from plots of thick, healthy fertilized grass.
 
We strongly urge you to deny the petition. If any member of the Board would like to have further
discussion about specialty fertilizers and the benefits of turf grass or the
formulation of specialty fertilizer products the LHPWG would be pleased to be a resource.
 
If you would like a copy of any of the published research papers in the footnotes; we will be happy
to provide them.
 
Thank you for the opportunity to offer comments on the proposed Home Rule Petition.
 
Sincerely,



James M. Skillen
 
Consultant for the Lawn & Horticultural Product Work group
jskillen1@suddenlink.net
252-402-2451
 
CC: Kristie L. Ferrantella, Vice Chair 

 Matt Fee
Dawn E. Hill Holdgate
 Melissa Murphy
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Footnotes:
 

1. https://www.mma.org/law-limits-phosphorus-in-lawn-fertilizer/

2. Approaches for Determining Swale Performance for Stormwater Runoff
    S.D. Struck AM.ASCE1*, M. Borst2, S. Muthukrishnan3, A. Selvakumar4, and
    T.O’Connor M.ASCE5

 
3. Determining Nitrogen Loading Rates Based on Land Use in an Urban Watershed
    Zachary M. Easton and A. Martin Petrovic; Chapter 2 - The Fate of Nutrients and
    Pesticides in the Urban Environment; American Chemical Society - Symposium
    Series 997, 2008

mailto:jskillen1@suddenlink.net
https://www.mma.org/law-limits-phosphorus-in-lawn-fertilizer/


 

   Determining Phosphorus Loading Rates Based on Land Use in an Urban Watershed

   Zachary M. Easton and A. Martin Petrovic; Chapter 3 - The Fate of Nutrients and
   Pesticides in the Urban Environment; American Chemical Society - Symposium
   Series 997, 2008
 
  The Effects of Soil Phosphorus and Nitrogen and Phosphorus Fertilization on Phosphorus
  Runoff Losses from Turfgrass; Douglas J. Soldat, A. Martin Petrovic, and Harold M. van Es;
  Chapter 6 - The Fate of Nutrients and   Pesticides in the Urban Environment; American
  Chemical Society - Symposium Series 997, 2008
 
4. Management Practices Affecting Nitrogen and Soluble Phosphorus Losses from an Upper
    Midwest Lawn; Wayne R. Kussow; Chapter 1 - The Fate of Nutrients and Pesticides in the
   Urban Environment; American Chemical Society - Symposium Series 997, 2008
 
    Sediment and Nutrient Losses from Prairie and Turfgrass Buffer Strips During
Establishment
    K. Steinke, J.C. Stier, W.R. Kussow, and A. Thompson; Chapter 9 - The Fate of Nutrients
    and Pesticides in the Urban Environment; American Chemical Society - Symposium Series
    997, 2008
 
5. Phosphorus Runoff from Turfgrass as Affected by Phosphorus Fertilization and
    Clipping Management; Peter M. Bierman, Brian P. Horgan, Carl J. Rosen, Andrew B.
Hollman,
    and Paulo H. Pagliari; Journal of Environmental Quality. Vol.39 (2010).
 
6. The Role of Turfgrasses in Environmental Protection and Their Benefits to Humans
     James B. Beard* and Robert L. Green; Journal of Environmental Quality, Vol. 23,
     May-June 1994,
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From: Brian Turbitt
To: Denice Kronau
Cc: Mariya Basheva
Subject: FW: Fertilizer Bill
Date: Wednesday, January 26, 2022 8:04:16 AM

Another one
 
- Thanks,
    Brian
_______________________________________________________________________________
 
Brian E. Turbitt
Director of Municipal Finance
Town of Nantucket
37 Washington Street
Nantucket, MA 02554
Office: 508-228-7200, Ext.7031
Fax: 508-228-7218
 
Please be advised that under MA Public Records Law, http://www.sec.state.ma.us/pre/preidx.htm, email messages and attachments sent
from and to this email account may qualify as public record(s) unless qualified as an exemption under the law.

 
From: Martin McGowan <sgippf@gmail.com> 
Sent: Tuesday, January 25, 2022 8:31 PM
To: Brian Turbitt <bturbitt@nantucket-ma.gov>
Subject: Fertilizer Bill
 
Brian  and Finance Committee
 
Thank you for your attention to this 
please vote to not support 
The landscape community is working hard for a healthy Island
and the Harbor is improving!
the science shows this.
Our efforts to keep Nantucket Safe are making a difference.
thank you for your attention
 
--
Best,
 
Marty
Sconset Gardener
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From: Denice Kronau
To: Jill Vieth; Christopher Glowacki; Denice Kronau; Joanna E. Roche; Joseph Grause; Peter McEachern; Peter

Schaeffer; Stephen Maury; George Harrington
Cc: Mariya Basheva; Brian Turbitt
Subject: Fw: Fertilizer discussion - request for information
Date: Tuesday, January 18, 2022 11:41:35 AM

Dear FinCom:

Please see the attached email and links from Thaïs.

Kind regards,
Denice

From: Thaïs Fournier
Sent: Tuesday, January 18, 2022 11:38 AM
To: Denice Kronau
Subject: Fertilizer discussion - request for information
 
Good Afternoon Denice,
 
As requested, I am providing several websites to for more information regarding nutrient
pollution and its impacts on water systems. Please let me know if you have any questions.
 

2022 special report from Woods Hole Oceanographic Institution regarding Harmful Algal
Blooms (HABs). HABs can be caused by excessive nutrients in the water. What we are
seeing blanketing the eelgrass in Nantucket Harbor is a type of harmful algae, a
cyanobacteria called Lyngbya majuscula. Harmful algal blooms are occurring in most
water bodies on Nantucket.

 
“The toxins produced by HABs are dangerous to humans and can cause a range of
illnesses and health effects including neurological disorders, gastrointestinal issues,
respiratory infections, liver and kidney damage, paralysis, and even death. When
blooms appear, people are at risk of exposure through skin contact in the water or
breathing algal toxins that become airborne in tiny droplets or mist. Exposure can also
occur by drinking water containing algal toxins or eating contaminated seafood products
(p. 4).” 2022WHOI-HarmfulAlgalBlooms-Report.pdf

 
This is the Environmental Protection Agency’s (EPA) website on nutrient pollution which
offers a wide variety of articles. https://www.epa.gov/nutrientpollution

mailto:dkronau@nantucket-ma.gov
mailto:jvieth@nantucket-ma.gov
mailto:cglowacki@nantucket-ma.gov
mailto:dkronau@nantucket-ma.gov
mailto:jeroche@nantucket-ma.gov
mailto:jgrause@nantucket-ma.gov
mailto:pmceachern@nantucket-ma.gov
mailto:pschaeffer@nantucket-ma.gov
mailto:pschaeffer@nantucket-ma.gov
mailto:smaury@nantucket-ma.gov
mailto:gharrington@nantucket-ma.gov
mailto:mbasheva@nantucket-ma.gov
mailto:bturbitt@nantucket-ma.gov
file:///C:/Users/tfournier/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/S72Q8YMY/2022WHOI-HarmfulAlgalBlooms-Report.pdf
https://www.epa.gov/nutrientpollution


Nutrient Pollution: A Persistent Threat to Waterways; John Manuel                 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4216153/

 
Kind regards,
 
Thaïs M. Fournier
Water Resource Specialist
Natural Resources Department
Town of Nantucket
(508) 228 – 7200 ext. 7604
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From: Mariya Basheva
To: Mariya Basheva
Subject: FW: Nantucket, MA Home Rule Petition: Prohibiting Fertilizer
Date: Wednesday, February 2, 2022 2:10:20 PM

 

From: James Skillen <jskillen1@suddenlink.net>
Sent: Tuesday, January 25, 2022 3:40 PM
To: Denice Kronau
Subject: Nantucket, MA Home Rule Petition: Prohibiting Fertilizer
 
Ms. Kronau –
 
I would like to share this email that I received from Ms. Taryn LaScola-Miner.
She told me:
 
1) Howard Vinton share the email about the Nantucket Home Rule Petition I
sent him with her.
 
2) She tells me that her Office is unable to participate in this issue; however,
her Department has been
designated with the authority over plant nutrient (fertilizer) applications. 
Nantucket can only regulate
nutrient (fertilizer) applications to “town owned property.” She cites their
authority...
 
“Chapter 262: SECTION 1. Section 2 of chapter 128 of the General Laws, as
most recently amended by
section 36 of chapter 194 of the acts of 2011, is hereby amended by adding the
following subsection:-
(k) Maintain authority to regulate and enforce the registration and application
of plant nutrients put on or
in soil to improve the quality or quantity of plant growth, including, but not
limited to, fertilizer, manure
and micronutrients in the commonwealth.” (emphasis added).
 
3) in a subsequent communication she said that if you have any questions, your
“General Counsel” can reach
out to MDAR’s Council.
 

mailto:mbasheva@nantucket-ma.gov
mailto:mbasheva@nantucket-ma.gov
mailto:jskillen1@suddenlink.net
https://malegislature.gov/Laws/GeneralLaws/PartI/TitleXIX/Chapter128/Section2
https://malegislature.gov/Laws/SessionLaws/Acts/2011/Chapter194


Kind regards,
 
Jim Skillen
252-402-2451
 
From: LaScola, Taryn (AGR) <taryn.lascola@state.ma.us> 
Sent: Tuesday, January 25, 2022 11:36 AM
To: jskillen1@suddenlink.net
Cc: Vinton, Howard (AGR) <howard.vinton@state.ma.us>
Subject: Nantucket, MA Home Rule Petition: Prohibiting Fertilizer
 
Good Morning,
 
Howard Vinton has forwarded me your email.  We are unable to participate in this issue and
we do not have the information relative to the amount of fertilizer used.  However,  I should
note that our Department has been designated with the authority over plant nutrient
applications (link below) per statute and therefore individual towns are not allowed to
regulate these types of applications (unless it is on town property). Please let me know if you
have any further questions.
 
https://malegislature.gov/Laws/SessionLaws/Acts/2012/Chapter262
 
 
Be well and stay safe.

 
Taryn
 
Taryn LaScola-Miner
Director
Crop and Pest Services Division
Massachusetts Department of Agricultural Resources
251 Causeway Street
Boston, MA 02114
(617)626-1776
 
 

This email was scanned by Bitdefender

mailto:taryn.lascola@state.ma.us
mailto:jskillen1@suddenlink.net
mailto:howard.vinton@state.ma.us
https://malegislature.gov/Laws/SessionLaws/Acts/2012/Chapter262


From: James Skillen
To: Denice Kronau; Brian Turbitt
Cc: Stephen Maury; Mariya Basheva
Subject: Meeting Materials and Additional Materials
Date: Thursday, January 20, 2022 3:06:18 PM
Attachments: image002.png

image003.png
Beard & Green JEQ 1994.pdf

Ms. Kronau –
 
This paper was published in the Journal of Environmental Quality, [Vol. 23, no. 3, May-
June 1994], it is entitled
“The Role of Turfgrasses in Environmental Protection and Their Benefits to Humans”
and it was written by
James B. Beard, PhD (Texas A&M University) and Robert L. Green, PhD (University of
California, Riverside).
 
Even though it was published in 1994, it is still an excellent paper and no one has seen
the need to revisit this topic.
These are the benefits that were identified in 1994 are these benefits are still realized
today!
 

 
One of the benefits of a lawn that is overlook today is “ticks” do not like to live on turf
grass.  So a well maintained
Lawn can reduce the number of ticks in your yard.
 
In any event, I thought that this paper might be of some educational value.
 
Kind regards,
 
Jim Skillen
252-402-2451  
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Functional
Soil erosion
Dust prevention
Heat dissipation
Noise abatement
Glare reduction
Air pollution control
Nuisance animal reduction

Recreational
Low cost surfaces
Physical health
Mental health
Safety
Spectator entertainment

Aesthetic

Beauty
Quality of life
Mental health
Social harmony
Community pride
Increased property values

Compliments trees and
shrubs in landscape

Fig. 1. Diagrammatic summary of benefits derived from turfs.
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The Role of Turfgrasses in Environmental Protection 
and Their Benefits to Humans 


 
James B. Beard* and Robert L. Green 


 
 
 
 


ABSTRACT 
 
Turfgrasses have been utilized by humans to enhance their environment for more than 10 centuries.  The 
complexity and comprehensiveness of these environmental benefits that improve our quality-of-life are 
just now being quantitatively documented through research.  Turfgrass benefits may be divided into (i) 
functional, (ii) recreational, and (iii) aesthetic components.  Specific functional benefits include: excellent 
soil erosion control and dust stabilization thereby protecting a vital soil resource; improved recharge and 
quality protection of groundwater, plus flood control; enhanced entrapment and biodegradation of 
synthetic organic compounds; soil improvement that includes CO2 conversion; accelerated restoration of 
disturbed soils; substantial urban beat dissipation-temperature moderation; reduced noise, glare, and 
visual pollution problems; decreased noxious pests and allergy-related pollens; safety in vehicle operation 
on roadsides and engine longevity on airfields; lowered fire hazard via open, green turfed firebreaks; and 
improved security of sensitive installations provided by high visibility zones.  The recreational benefits 
include a low-cost surface for outdoor sport and leisure activities enhanced physical health of participants, 
and a unique low-cost cushion against personal impact injuries.  The aesthetic benefits include enhanced 
beauty and attractiveness; a complimentary relationship to the total landscape ecosystem of flowers, 
shrubs and trees; improved mental health with a positive therapeutic impact, social harmony and stability; 
improved work productivity; and an overall better quality-of-life, especially in densely populated urban 
areas. 
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The Role of Turfgrasses in Environmental Protection 
and Their Benefits to Humans 


James B. Beard and Robert L. Green 
 
For many centuries people have been willing to devote time and resources to enhance their quality-of-life 
and recreational opportunities through the use of turfgrasses (Beard, 1989a).  Also, for many centuries 
turfgrasses have played a vital role in protecting our environment, long before it became an issue of major 
national and international importance to modem societies. 
 
The Poaceae is the most ubiquitous of the higher plant groups found on this earth (Gould, 1968).  With an 
estimated 600 genera and 7,500 species, the Poaceae ranks third in number of genera among families of 
flowering plants.  In respect to completeness of representation in all regions of the world and to 
percentage of the total world's vegetation, it surpasses all other genera.  Grasses are one of the first 
permanent vegetations to reappear after disasters, such as volcanic activity, extended droughts, floods, 
fires, explosions, abandoned urban ghettos, and battlefields.  Without the forgiveness of the Poaceae, 
many ill-advised construction excavations and certain agricultural activities would have had far more 
disastrous effects on one of our most vital natural resources, the earth's surface soil mantle, on which 
terrestrial plants and animals live. 
 
To the botanist, grass is a member of the family Poaceae.  To humans, grasses are the most important of 
all plants.  The cereal grains and corn (Zea mays L.), all members of the grass family, serve as food for 
humans and animals.  A host of grazing ruminant animals use grasses as their major food source as 
forage, pasture, and prepared feeds.  Bamboo (Bambusa spp., Dendrocalamus spp., and Phyllostachys 
spp.) is a major building material.  Also, grasses of all types represent a large source of biomass for 
production of methanol, an alternate energy source.  
 
The turfgrass species now in use evolved during the past 50 million years and they have been cultured by 
humans to provide an enhanced environment and quality-of-life for >10 centuries (Beard, 1973).  The 
modem turfgrass industry has grown rapidly in the past three decades.  It contributes substantially to the 
national economy, with numerous employment opportunities.  The annual expenditure for maintaining 
turfgrass in the USA, including labor but excluding capital expenses, was conservatively estimated to be 
$25 billion (Cockerham and Gibeault, 1985).  This economic impact has increased substantially during 
the past 10 yr. to $45 billion.  This 1993 value was based on the 1985 data with adjustments for 
population growth and inflation.  Also, the fixed assets of turf installations are valued at many times that 
of the annual maintenance expenditures. 
 
The functional, recreational, and aesthetic contributions of turfgrasses than enhance the quality-of-life for 
humans often are overlooked and seldom addressed in the scientific literature.  Our purpose is to 
document the beneficial contributions of turfgrasses as summarized in (Fig. 1). 
 
J.B Beard, formerly Dep. of Soil and Crop Sciences, Texas A&M University, currently International 
Sports Turf Institute, College Station, Texas 77943, and R.L. Green, Dep. of Botany and Plant Sciences, 
Univ. of California, Riverside, CA 92521. Contribution of Texas Agric.  Exp.  Stn.  TA no. 30759.  
Received 29 Jan. 1993.  *Corresponding author. 
 
Published in J. Environ.  Qual. 23:452-460 (1994). 
 
TURFGRASS FUNCTIONAL BENEFITS 
Soil Erosion Control and Dust Stabilization 
Turfgrasses are relatively inexpensive, durable groundcovers that protect our valuable, nonrenewable soil 
resource from water and wind erosion.  Agricultural operations and similar activities such as construction 







involve extensive land disruption, in contrast to turfed land areas, which are maintained in a long-term 
stable state. 
 
  Runoff water from agriculture and urban areas currently account for 64 and 5%, respectively, of the 
nonpoint surface-water pollution affecting the 265,485 km of rivers in the USA; and 57 and 12%, 
respectively, of the non-point surface-water pollution affecting the 3.3 million hectares of lakes in the 
USA.  Sediment and nutrients account for 47 and 13%, respectively, of the nonpoint surface-water 
pollution in rivers and 22 and 59%, respectively, of the nonpoint surface-water pollution in lakes.  In the 
1987 USDA National Resources Inventory it was estimated that the annual sheet and rill erosion on the 
153 million hectares of cultivated cropland in the USA was 9184 kg ha-1 (U.S. Department of Agriculture, 
1989). 
  


BENEFITS OF TURFGRASSES 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Diagrammatic summary of benefits derived from turfs. 
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Gross et al. (1991) reported sediment losses of ≈10 to 60 kg ha-1 from turfgrass plots during a 30 min 
storm that produced 76 mm h-1 of rainfall; soil loss for bare soil plots averaged 223 kg  ha-1.  They 
concluded that well maintained residential turfgrass stands should not be a significant source of sediment 
entering bodies of water.  It generally is recognized that a few large storms each year are responsible for 
most soil erosion losses (Menzel, 1991).  Other studies and reviews (Gross et al., 1990; Morton et al., 
1988; Petrovic, 1990; Watschke and Mumma, 1989; Watson, 1985) have demonstrated or concluded that 
quality turfgrass stands modify the overland flow process so that runoff is insignificant in all but the most 
intense rainfall events.  The ability of grasses to function as vegetative filter strips that greatly reduce the 
quantity of sediment transported into surface streams and rivers is well documented, especially when 
positioned downslope of cropland, mines, and animal production facilities (Barfield and Albrecht, 1982; 
Dillaha et al., 1988; U.S. Environmental Protection Agency, 1976; Young, 1980).  A key characteristic of 
mowed turfgrasses that contributes to this very effective erosion control is a dense ground cover with a 
high shoot density ranging from 75 million to >20 billion shoots per hectare (Beard, 1973; Lush, 1990).  
Regular mowing, as practiced in turf culture, increases the shoot density substantially because of 
enhanced tillering when compared with ungrazed grasslands (Beard, 1973).  Putting and bowling greens 
mowed at a 4-mm height possess up to 66 billion shoots ha-1. 
 
The erosion control effectiveness of turfgrass is the combined result of a high shoot density and root mass 
for surface soil stabilization, plus a high biomass matrix that provides resistance to lateral surface water 
flow, thus slowing otherwise potentially erosive water velocities.  Therefore, perennial turfgrasses offer 
one of the most cost-efficient methods to control water and wind erosion of soil.  Such control is very 
important in eliminating dust and mud problems around homes, factories, schools, and businesses.  When 
this major erosion control benefit is combined with the groundwater recharge, organic chemical 
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decomposition, and soil improvement benefits discussed in the next three sections, the resultant relatively 
stable turfgrass ecosystem is quite effective in soil and water preservation. 
 
Groundwater Recharge and Surface Water Quality 
One of the key mechanisms by which turfgrasses preserve water is their superior capability to trap and 
hold runoff, which results in more water infiltrating and filtering through the soil-turfgrass ecosystem.  A 
mowed turfgrass possesses a leaf and stem biomass ranging from 1,000 to 30,000 kg ha-', depending on 
the grass species, season, and cultural regime (Lush, 1990).  This biomass is composed of a matrix of 
relatively fine-textured stems and narrow leaves with numerous, random open spaces.  The canopy matrix 
is porous in terms of the water infiltration capability. 
 
Studies in Maryland conducted on the same research site have shown that surface-water runoff losses 
from a cultivated tobacco (Nicotiana tabacum L.) site averaged 6.7 mm ha-1 4 wk-1 during the tobacco-
growing season (May-September); whereas, the surface-water runoff loss from perennial turfgrass 
averaged only 0.6 mm ha-1 4 wk-1 (Angle, 1985; Gross et al., 1990).  Surface runoff losses of total N and P 
for tobacco were 2.34 and 0.48 kg ha-1 4 wk-1, respectively.  Losses of N and P from the turf averaged 
only 0.012 and 0.002 kg ha-1 4 wk-1, respectively.  Other studies have shown a similar ability of a 
turfgrass cover to reduce runoff, and therefore enhance soil water infiltration and groundwater recharge 
(Bennett, 1939; Gross et al., 1991; Jean and Juang, 1979; Morton et al., 1988; Watschke and Mumma, 
1989).  Finally, the reduced runoff volume from a turfgrass cover offers the potential to decrease the 
storm-water management requirements and costly structures used in urban development (Schuyler, 1987).  
Turfgrass ecosystems can support abundant populations of earthworms (Lumbricidae) of from 200 to 300 
m-2 (Potter et al., 1985, 1990a).  Earthworm activity increases the amount of macropore space within the 
soil, that results in higher soil water infiltration rates and water-retention capacity (Lee, 1985). 
 
Organic Chemical Decomposition 
The runoff water and sediment that occurs from impervious surfaces in urban areas carries many 
pollutants, (Schuyler, 1987) including metals such as Pb, Cd, Cu, and Zn; hydrocarbon compounds as 
from oil, grease and fuels; and household and industrial hazardous wastes such as waste oils, paint 
thinners, organic preservations, and solvents.  Turfgrass areas can be designed for the catchrnent and 
filtration of these polluted runoff waters (Schuyler, 1987).  It is significant that large populations of 
diverse soil microflora and microfauna are supported by this same soil-turfgrass ecosystem.  Microflora 
constitute the largest proportion of the decomposer biomass of most soils.  The bacterial biomass 
component ranges from 30 to 300 g m-2, and fungi from 50 to 500 g m-2, with actinomycetes probably in a 
similar range (Alexander, 1977).  Soil invertebrate decomposer biomass ranges from 1 to 200 g m-2, with 
the higher values occurring in soils dominated by earthworms (Curry, 1986).  Though soil animals play 
an important part in the decomposition process, only 10% or less of the CO2 produced during 
decomposition has been attributed to them (Peterson and Luxton, 1982). 
 
The bacterial population in the moist litter, grass clippings, and thatch of a turf commonly is in the order 
of 109 organisms cm-2 of litter surface (Clark and Paul, 1970).  These organisms offer one of the most 
active biological systems for the degradation of trapped organic chemicals and pesticides.  The average 
microbial biomass pool is reported to be 700, 850, and 1090 kg C ha-1 for arable, forest, and grassland 
systems, respectively (Smith and Paul, 1990).  A microbial biomass of 1200 kg C ha-1 has been reported 
for grasslands in the USA (Smith and Paul, 1988).  Microbial biomass values of mowed turfgrasses are 
not yet available, but are probably even higher due to the high C biomass contained in the senescent 
leaves and grass clippings that accumulate near the soil surface and to a more favorable soil moisture 
regime due to irrigation (Smith and Paul, 1990). 
 
The turfgrass ecosystem also supports a diverse community of nonpest invertebrates.  For example, a 
Kentucky bluegrass (Poa pratensis L.)-red fescue (Festuca rubra L.) polystand in New Jersey supported 
83 different taxa of invertebrates including insects, mites (Acarina spp.), nematodes (Nematoda spp.), 
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annelids (Annelida spp.), gastropods (Gastropoda spp.), and other groups (Streu, 1973).  Similarly, 
dozens of species of rove beetles, (Staphylinidae), ground beetles (Carabidae), ants (Formicidae), spiders 
(Araneae), and other groups of invertebrates have been recovered from turfgrass sites (Arnold and Potter, 
1987; Cockfield and Potter; 1983, 1984, 1985).  Earthworms, oribatid mites (Cryptostigmata), 
Collembola, and other invertebrates also are abundant in turfgrass soils (Arnold and Potter, 1987; Potter 
et al., 1985, 1990a,b; Vavrek and Niemczyk, 1990). 
 
  There also is the gaseous dimension of atmospheric pollution control.  Carbon monoxide concentrations 
>50 µL often occur in urban environments, especially near roadsides (Jaffe, 1968).  Gladon et al. (1993) 
reported that certain turfgrasses, such as tall rescue (Festuca arundinacea Schreber), may be useful as an 
absorber of CO from the urban environment. 
 
Soil Improvement and Restoration 
An extremely important function of turfgrasses is soil improvement through organic matter additions 
derived from the turnover of roots and other plant tissues that are synthesized in part from atmospheric 
CO2 via photosynthesis.  A high proportion of the world's most fertile soils has been developed under a 
vegetative cover of grass (Gould, 1968).  The root depth potential ranges from 0.5 to 3 m, depending on 
the turfgrass species, extent of defoliation, and soil-environmental conditions.  Generally, C4 warm-
season turfgrasses produce a deeper, more extensive root system than the C3 cool-season species (Beard, 
1989b).  More work has been reported on the rooting characteristics of Kentucky bluegrass than any other 
species.  The root system biomass of a Kentucky bluegrass lawn is in the range of 11,000 to 16,100 kg ha-


1 (Boeker, 1974; Falk, 1976).  In the upper 150 mm of the soil there are ≈122,000 roots and 6.1X 107 root 
hairs per liter of soil, with a combined length of >74 km and a surface area of ≈ 2.6 m2 (Dittmer, 1938). 
 
Falk (1976) estimated that the annual root system turnover rate was 42% for a lawn.  Using Falk's 
estimate, 6761 kg of root biomass per hectare would be turned over into the soil each year.  This estimate 
is low because it did not account for root secretions, death and decay of fine roots and root hairs, and 
consumption of roots by soil animals.  The amount of root biomass annually produced and turned over 
into the soil, or root net productivity, for a defoliated grassland is higher than the amount reported for 
ungrazed prairie ecosystem (Dahlman and Kucera, 1965; Sims and Singh, 1971, 1978).  Similarly, the net 
effect of regular mowing on prostrate growing turfgrasses would be to concentrate energies into increased 
vegetative growth, as opposed to reproductive processes, and to form a canopy of numerous dense, short, 
rapid growing plants with a fibrous root system.  Also, many prairie lands in the USA generally show 
decreased productivity under regular defoliation, as by mowing, since most native grass species found in 
these ecosystems form meristematic crowns that are elevated higher above the soil and where removal is 
more likely when compared with turfgrass species.  Dahlman and Kucera (1965) estimated the time 
required for a central Missouri prairie to reach 99% soil organic matter equilibrium to be 110, 420, and 
590 yr for the Al, A2, and B2 soil horizons, respectively. 
 
Accelerated soil restoration of environmentally damaged areas by planting perennial grasses is employed 
effectively on highly eroded rural landscapes, burned-over lands, garbage dumps, mining operations, and 
steep timber harvest areas.  These areas may then be developed as parks, golf courses, sports field 
complexes, and recreational areas. 
 
Heat Dissipation-Temperature Moderation 
The overall temperature of urban areas may be as much as 5 to 7oC warmer than that of nearby rural 
areas.  Through the cooling process of transpiration, turfgrasses dissipate high levels of radiant heat in 
urban areas.  Maximum daily canopy temperatures of a green, growing Cynodon turf was found to be 
21oC cooler than a brown dormant turf and 39 'C cooler than a synthetic surface (Table 1; Beard and 
Johns, 1985).  The transpirational cooling effect of green turfs and landscapes can save energy by 
reductions in the energy input required for interior mechanical cooling of adjacent homes and buildings 
(Johns and Beard, 1985). 







 
An additional asset of a turfgrass ecosystem is the lower total energy input requirements for maintenance 
compared with other landscape types.  A comparison of typical landscapes used in Florida revealed a 
lawn was the least energy intensive at 31.5 MJ m-2 yr-1, followed by 5-yr-old trees at 87.5 MJ m-2 yr-1, and 
then by shrubs at 114.8 MJ m-2 yr-1 (Parker, 1982).  Similarly, Busey and Parker (1992) reported that the 
annual hours required for turf maintenance was 1.076 h 100 m-2, while 12.37 h 100 m2 was required for 
shrub beds, which seem to be low values.  Energy inputs for maintenance could be reduced by proper 
selection of resource efficient, sustainable species and cultivars of turfgrasses, trees, and shrubs. 
 
Noise Abatement and Glare Reduction 
The surface characteristics of turfgrasses function in noise abatement as well as in multi-directional light 
reflection that reduces glare.  Studies have shown that turfgrass surfaces absorb harsh sounds significantly 
better than hard surfaces such as pavement, gravel, or bare ground (Cook and Van Haverbake, 1971; 
Robinette, 1972).  These benefits are maximized by an integrated landscape of turfgrasses, trees, and 
shrubs.  Unfortunately, the proper use of turfgrasses, trees, and shrubs in concert to maximize noise 
abatement has received little attention within the scientific community. 
 
Decreased Noxious Pests, Allergy-Related Pollens, and Human Disease Exposure 
Closely mowed residential lawns reduce the numbers of nuisance pests such as snakes (Ophidia spp.), 
rodents (Rodentia), mosquitoes (Culicidae spp.), ticks (Ixodoidea spp.; Acari order), and chiggers 
(Trombiculidae spp.; Acari order).  As undesirable small animals seek haven in taller grasses, flowers, 
and shrubs at locations more distant from the house, they also are less likely to invade the house. 
 
Allergy-related pollens can cause human discomfort and potentially serious health concerns to susceptible 
individuals.  Dense lawns typically are void of the many weedy species that often produce allergy-related 
pollens.  In addition, most turfgrasses that are mowed regularly at a low height tend to remain vegetative 
with minimal floral development, and thus have reduced pollen production; however, the best solution for 
those who enjoy outdoor gardening activities is to select turfgrass species and cultivars that do not form 
flowers nor the resultant allergy-related pollen.  The turf cultural practices employed also influence 
flower and pollen production. 
 
  Exposure to a number of serious human diseases is facilitated by key insect vectors such as mosquitos 
and ticks.  Of current concern is Lyme disease, which is spread by a tick commonly found in unmowed 
tall grass and woodland-shrub habitats.  A closely mowed lawn around residences offers a less favorable 
habitat for unwanted nuisance insects and disease vectors (Clopton and Gold, 1993).  Chigger mite (T. 
irritens) population densities were found to be highest at the ecotone or transition area of neighboring 
600-mm tall grass beyond the mowed turf.  This is attributed to the distinct decrease in temperature and 
solar radiation at the ecotone. 
 
Table 1.  Temperature comparisons of four types of surfaces on August 20 in College Station, TX. 
    
 Maximum    Minimum 
   daytime     nocturnal 
    surface      surface 
Type of surface      temperature temperature 
 
Green growing Cyodon turf 31oC       24oC 
Dry bare soil 39oC       26oC 
Brown summer-dormant Cynodon turf      52oC       27oC 
Dry synthetic turf 70oC       29oC      
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Safety in Vehicle Operation-Equipment Longevity 
Roadside turfgrasses aid in highway safety, as well as erosion control, by serving as a stabilized zone for 
emergency stoppage of vehicles (Beard, 1973).  Mowed roadside turfs enhance line-of-sight visibility and 
views of signs and animal hazards, which are vital factors for operators of fast-moving vehicles.  
Turfgrasses are used for soil and dust stabilization around airport runways and taxiways to prolong the 
operating life of airplane engines (Beard, 1973).  Furthermore, turfgrasses are used on small airstrips as a 
low-cost means to stabilize the runway surface. 
 
Security For Vital Installations and Lower Fire Hazard 
Expanses of green, low-growing turfs in the landscape provide a high visibility zone that discourages 
unwanted intruders and vandals.  Such turfs offer a low-cost approach that is a viable security measure, 
especially around sensitive military, and police installations.  Also, the low fuel value of green, prostrate-
growing turfs serves a valuable function as a firebreak that significantly lowers the fire hazard if properly 
positioned (Youngner, 1970).  This attribute is especially important for homes and buildings adjacent to 
extensive woodland or brush areas. 
 
Wildlife Habitat 
The ever-increasing human population of the world results in a continuous increase in land area devoted 
to urban development.  The impact on the wildlife species normally found in such areas is of concern.  
Certainly, proper planning of appropriate landscapes around homes, businesses, industrial complexes, and 
public buildings can enhance the potential to support a representative wildlife community that residents 
may enjoy.  A diverse wildlife population can be achieved by an integrated landscape composed of 
turfgrass, tree, shrub, and water features, such as that found on golf courses (Green and Marshall, 1987; 
Maffei, 1978).  A study of golf courses and parks in Cincinnati, OH, has shown conclusively that 
passerine birds benefit from golf courses, even to the extent that golf courses may be described as bird 
sanctuaries (Andrew, 1987).  Ponds, lakes, and wetlands are very desirable features as used in parks and 
golf courses because they create aquatic habitats, as well as diversity in visual landscape aesthetics.  
Considerable preconstruction planning of golf courses, parks, and recreational areas is needed to address 
their impact on natural habitats.  Properly designed urban landscape green areas such as golf courses and 
parks can maintain and even promote plant and animal diversity, natural habitats, and wetlands when 
compared to intensive agriculture and urban residential usage.  A naturalized style of golf course design is 
unquestionably conducive to both golf reaction and wildlife management.  Typically, 1.7 times more area 
on a golf course is used for natural habitats such as roughs, woodlands, and water features than the 
combined area devoted to greens, tees, and fairways. 
 
TURFGRASS RECREATIONAL BENEFITS 
Turfs provide a low-cost, safe recreational surface.  Many outdoor sports and recreational activities utilize 
turfgrasses, including archery, badminton, baseball, cricket, croquet, field hockey, football, golf, hiking, 
horse racing, horseshoes, lawn bowling, lawn tennis, lacrosse, polo, rugby, shooting, skiing, soccer, 
softball, track and field, and volleyball. 
 
Both the enjoyment and the benefits of improved physical and mental health derived from recreation and 
leisure activities on turfs are vital to contemporary society, especially in densely populated urban areas.  
Community pride and interest can be derived from quality sports fields and parks.  Also, spectators derive 
entertainment from sporting competitions played on turfs. 
 
Turfgrasses provide a unique, low-cost cushioning effect that reduces injuries to the participants when 
compared with poorly or nonturfed soils, particularly in the more active contact sports like football, 
rugby, and soccer (Gramckow, 1968).  In a study of 12 Pennsylvania high school football programs 
Harper et al. (1984) reported that 21% of injuries were classified as either definitely or possibly field 
related.  Surface hardness measurements obtained with a Clegg impact soil tester (Lafayette Instrument 
Co., Lafayette, IN) illustrate the substantial benefit of a properly managed, quality turf in reducing the 







hardness of sports fields (Table 2; Beard and Sifers, 1993, p. 40; Rogers et al., 1988; Rogers and 
Waddington, 1990, 1992).  Turfs are resilient and pleasant to walk on.  This resiliency can help to protect 
the legs of participants, whether running or walking. 
 
Table 2. Impact absorption values for high school athletic fields versus other surfaces (Rogers et al., 
1988). 
 
       Impact hammer weight 
Type of surface 0.5 kg  2.25 kg                       
  ------------------- gmax† ------------------ 
High school athletic fields         50-286‡      33-167 
Artificial turf     109-172          60-91 
Frozen practice athletic field   404    303 
Tiled, concrete basement floor 1440  1280 
Carpet and pad on tiled concrete floor   260    190 
Carpet and pad on hardwood floor     86    134 
 
 
† g max = maximum deceleration (harder surfaces have greater gmax values). 
‡ Good maintenance practices and field conditions generally were associated with lower impact values 
that indicated less hardness 
 
 
Home lawn owners derive the benefits of both physical exercise and therapeutic relaxation from the 
stresses of the work place through activities involved in the care and grooming of lawns.  Many people 
find lawn maintenance an excellent opportunity to enjoy reasonable exercise and a healthy mental 
diversion. 
 
TURFGRASS AESTHETIC BENEFITS 
Francis Bacon, during the Renaissance in England, wrote that next to the house there is to be a lawn, with 
an avenue of trees in the middle, and covered shady walks on either side.  Respondents to a Harris-Life 
survey reported that one of the things 95% of the respondents wanted most around them was green grass 
and trees (Hooper, 1970).  Turfgrasses provide beauty and attractiveness that enhance the quality-of-life 
for human activities.  Their aesthetic benefits are magnified when combined within an integrated 
landscape of trees, shrubs, and flowers.  A turf has numerous, important mental therapeutic benefits in 
addition to being attractive.  These important dimensions that contribute to our quality of life are too often 
overlooked. 
 
Improves Mental Health Via a Positive Therapeutic Impact 
Most city dwellers attach considerable importance to urban parks and forests with views of grass, trees, 
and open space (Ulrich, 1986).  Cities can be very dismal without green turfgrasses in parks, beside 
boulevards, and surrounding homes, schools, businesses, and the workplace.  The result can be a loss of 
productivity, more susceptibility to anxieties, and mental disease.  For example, an outdoor view 
contributed to more rapid recovery for hospital patients (Ulrich, 1984).  Kaplan and Kaplan (1989) 
addressed the role of nature, including parks, woodland areas, and large landscape sites in contributing to 
a person's quality-of-life within urban areas.  The role encompassed the opportunity to use nature 
facilities in recreational activities as well as aesthetics, i.e., the appreciation of natural beauty.  They also 
reported an increased sense of residential neighborhood satisfaction and of general well being when there 
was a nearby nature landscape.  Finally, personal satisfaction improved if individuals were actually 
involved in gardening activities such as care of the landscape. 
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Contributes to Social Harmony and Improved Productivity 
How we use vegetations, such as turfgrasses, in our surroundings is basic to social stability and harmony. 
Ugliness is costly.  A turfed landscape area surrounding a factory or business is an asset in conveying a 
favorable we care impression to employees and the general public.  These employees have lower levels of 
perceived job stress (Kaplan and plan, 1989).  Recent research demonstrates that visual encounters with 
outdoor landscapes and vegetation can be linked to health and in turn can be related to the economic 
benefits of visual quality (Ulrich, 1986).  The clean, cool, natural green of turfgrasses provides a pleasant 
environment in which to live, work, and play.  Such aesthetic values are of increasing importance to the 
human spirit and the mental health of citizens because of rapid paced lifestyles and increasing 
urbanization. 
 
CONTEMPORARY ISSUES 
In recent national headlines, there have been allegations that turfgrass culture has a major role adversely 
affecting the environment.  It is important to address these allegations and to identify those that can be 
supported by sound scientific data in order to make the adjustments needed to eliminate or minimize any 
potential problem.  At the same time it is necessary to nullify those unfounded allegations that are based 
on speculative pseudo-scientific information. 
 
Water Conservation 
Conservation of water has become an issue, not only in the arid regions of the USA, but also in many 
densely populated eastern urban areas that do not have adequate reservoir supplies as a contingency when 
extended droughts occur.  Considering all our uses for water in the USA, the average person directly or 
indirectly uses between 6,813 and 7,570 L d-1 (Rossillon, 1985).  To put in perspective, this is more than 
applying 25 mm of water across a 929 m-2  lawn each day for a year.  Industry accounts for 43% of our 
water use, agricultural irrigation for 47%, and domestic use for cooking, bathing, sanitation, drinking, and 
landscape irrigation for the remaining 10%.  Decisions concerning the most effective programs to reduce 
water use should consider these data.  A primary concern that is seldom mentioned is the actual water 
leakage loss rate of municipal water distribution systems. 
 
The original xeriscape group and others have actively promoted the reduction of turfgrass areas and their 
replacement with trees and shrubs as an urban water conservation measure (Beard, 1993).  Statements 
have been made in widely distributed nonscientific publications such as all turfgrasses are higher water 
users than trees and shrubs.  There are no published scientific data available to support this allegation.  In 
fact, the limited experimental data available suggest the opposite position. 
 
Very few of the many hundreds of tree and shrub species-cultivars have actually been quantitatively 
assessed for their evapotranspiration rates.  In contrast, a major portion of the turfgrass species-cultivars 
have been assessed for their evapotranspiration rates.  There are Cynodon cultivars with 
evapotranspiration rates of < 3 mm d-1, whose evapotranspiration rates are 50% lower during dry-down 
periods between irrigation or rain (Beard, 1990).  If one compares the evapotranspiration studies that are 
available, typically trees and shrubs are found to be higher water users than turfgrasses on a per unit land 
area basis (D. Devitt, 1993, personal communication).  This is based on the sound premise that the 
evapotranspiration rate increases with leaf area when under a positive water balance (Johns et al., 1983; 
Kim and Beard, 1987).  Note that the major grasslands of the world are located in the semiarid regions, 
whereas the major forests of the world are located in the higher rainfall areas. 
 
Much confusion has arisen from the low water use landscape plant lists from the xeriscape groups that 
have been widely distributed.  The lists are based on the incorrect assumption that those plants capable of 
surviving in arid regions are low water users, when these plants typically are only drought resistant.  
When these species are placed in an urban landscape with drip or other forms of irrigation, many can 
become high water users.  This occurs because the physiological mechanisms controlling 
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evapotranspiration and drought resistance are distinctly different and can not be directly correlated within 
a plant species or cultivar (Beard, 1989b). 
 
For unirrigated landscape sites, detailed assessments have been conducted of drought resistance and 
dehydration avoidance for many turfgrass species and cultivars (Sifers et al., 1990).  The results have 
shown that a number of turfgrass genotypes possess superior dehydration avoidance and can remain green 
for 158 d in a high sand root zone without irrigation under the hot summer conditions in College Station, 
TX.  Comparable detailed studies of dehydration avoidance and drought resistance among tree and shrub 
species are lacking. 
 
When turfed areas are irrigated, the adjacent trees and shrubs also are being irrigated as a result of the 
multitude of shallow tree and shrub roots that concentrate under the irrigated turf area (Whitcomb and 
Roberts, 1973).  Thus, when a homeowner is irrigating the lawn, most of the adjacent trees and shrubs 
also are being irrigated. 
 
Numerous turfgrass species are capable of ceasing growth, entering dormancy, and turning brown during 
summer drought stress, but they readily recover once rainfall occurs (Sifers et al., 1990).  Some people 
incorrectly assume that turfgrasses must be kept green throughout the summer period to survive, and thus 
will irrigate.  Many trees drop their leaves during summer drought stress or during the winter period when 
only brown bark remains.  What then is wrong with a tan to golden-brown turf during summer droughts, 
if one chooses not to irrigate?  If water conservation is the goal, then a dormant turf uses little water 
whereas certain trees and shrubs may continue to remove water from lower soil depths. 
 
Some advocates propose the replacement of turfgrasses with a mulch cover and then planting landscape 
shrubs within the mulched area as a water conservation measure.  Some mulches do reduce evaporation of 
moisture from the soil however, the presence of a mulch increases the radiant energy load on the under 
side of deciduous shrubs and trees, which have a majority of their stomata on the undersides of the leaves.  
This in turn substantially increases the evapotranspiration rate.  For example, detailed studies revealed 
that crape myrtle (Lagerstroemia indica L.) grown on a mulched surface used 0.63 to 1.25 kg m-2 d-1 more 
water than those located in a bare soil, and 0.83 to 1.09 kg m-2 d-1 more water than crape myrtle located in 
a bermudagrass (Cynodon spp.) turf (Zajicek and Heilman, 1991).  Further, crape myrtle located on bare 
soil used 0.2 kg m-2 d-1 more water than when growing in a bermudagrass turf.  Sensible heat and long 
wave radiation from the mulched area increased plant temperatures and thus the leaf air vapor pressure 
deficit and associated transpiration rate. 
 
In summary, there is no valid scientific basis for water conservation strategies or legislation requiring 
extensive use of trees and shrubs in lieu of turfgrasses.  Rather the proper strategy based on good science 
is the use of appropriate low-water-use turfgrasses, trees, and shrubs for moderate-to-low irrigated 
landscapes and similarly to select appropriate dehydration-avoidant and drought-resistant turfgrasses, 
trees, and shrubs for nonirrigated landscape areas.  The main cause for excessive landscape water use in 
most situations is the human factor.  The waste of water results from improper irrigation practices and 
poor landscape designs, rather than any one major group of landscape plant materials. 
 
What is the future?  Great natural genetic diversity exists among turfgrass genotypes in terms of both low 
evapotranspiration rates and superior dehydration avoidance/drought resistance (Beard, 1989b).  
Applying appropriate breeding techniques should achieve even lower water use rates among the currently 
used turfgrass species and other cultivars. 
 
There is one caution as we strive for low evapotranspiration rates.  One must avoid a narrow, single-issue 
emphasis that ignores the potential effects of a lowered evapotranspiration rate on the total urban 
ecosystem.  Urban areas already suffer substantially higher temperatures than adjacent rural areas.  
Lowering the evapotranspiration rate through plant material selection and judicious irrigation will reduce 
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transpirational cooling and increase heat loads on residences and buildings, thereby increasing energy 
requirements for interior mechanical cooling.  Depending on the relative costs and availability of water 
vs. energy, it may be wise in certain urban areas not to strive for the lowest possible water-using 
landscapes.  Here again, detailed scientific investigations will be required to develop appropriate 
definitive strategies that take into consideration the total effects on all components within the urban 
ecosystem.  Furthermore, turfgrass areas can be irrigated with reclaimed wastewater.  This practice has 
been successfully evaluated for turfs (Anderson et al., 1981a,b; Dudeck et al., 1979; Hayes et al., 
1990a,b).  In this age of conservation and recycling, irrigating turf and landscape sites with recycled water 
has considerable merit. 
 
Groundwater and Surface Water Quality Preservation 
Ten percent of the turfgrass areas in the USA receive a higher intensity of culture that involves 
fertilization.  Appropriate questions must be addressed concerning the potential for these chemicals to 
enter groundwater by downward leaching or surface water via runoff following intense precipitation. 
 
First it has been noted previously that the perennial turfgrasses have an extensive, fibrous root system that 
tends to dominate the upper 200 to 300 mm of the soil profile.  This root system has an abundance of root 
hairs distributed along the full length of the roots (Green et al., 1991).  Second, the turfgrass ecosystem 
forms a very dense aboveground biomass that reduces runoff and thus allows time for soil infiltration of 
water.  Consequently, fertilization of turfgrasses, according to established cultural strategies, presents a 
negligible potential for nutrient elements to pass through the root zone into the groundwater or be 
transported by runoff water into surface waters.  This has been confirmed by a number of studies or 
reviews (Cohen et al., 1990; Gold et al., 1990; Gross et al., 1990; Morton et al., 1988; Petrovic, 1990; 
Watschke and Mumma, 1989).  Turfgrass root systems are highly efficient in the uptake of applied 
nutrients.  Comparatively less N03 leaching occurs from turfgrasses than from row crop agriculture (Gold 
et al., 1990).  In terms of the net effect of N fertilizer use and other factors contributing to water pollution 
from N, the USEPA estimated that only 1.2% of community water system wells and 2.4% of rural 
domestic wells nationwide contain NO3 exceeding 10 mg L-1, which is the Maximum Contaminant Level 
(U.S. Environmental Protection Agency, 1990, 1992). 
 
Fertilizer application during a time of the year when the turfgrass is dormant or nongrowing is a 
potentially negative situation.  This is because the normally efficient nutrient uptake system of the roots is 
less operative (Petrovic, 1990).  Another potentially negative situation may occur during the process of 
applying fertilizer.  For example, if material gets on sidewalks, driveways, and streets, it may be washed 
into the sewer system and eventually out into rivers and lakes.  Obviously, the individual applying the 
fertilizer must be informed as to the need to apply all fertilizer to the target turf area only.  In addition, 
fertilizer spreaders can be obtained with appropriate protective edging devices to avoid throwing or 
dropping fertilizer onto nontarget areas.  When fertilizer is applied, it is best followed by a light irrigation 
to move the particles into the soil, thereby minimizing the potential of nutrients entering lateral surface 
water flow.  On the other hand, excessive irrigation may cause problems on course sandy soils.  Excessive 
application rates of water-soluble N fertilizers on turfgrasses followed by over-watering on sandy soils 
can cause NO3 contamination of groundwater (Brown et al., 1982; Snyder et al., 1984). 
 
Trends in turfgrass fertilization have been toward lower N application rates.  The highest rates were used 
during the 1960s.  The rates now used on professional turf areas have been reduced to one-third of those 
formerly used.  In addition, the use of slow-release N carriers has increased.  In fact, the turfgrass industry 
has been a leader in the development of slow-release nutrient carriers that offer increased environmental 
protection. 
 
For the future, the breeding of turfgrasses with improved tolerance to N stress should be emphasized.  It 
also is critical to educate the general public that the darkest green turf, which many people strive for, is in 
fact not the healthiest turf.  A medium green turf with a moderate growth rate will have the deepest root 
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system with less thatching, reduced disease and insect problems, and increased tolerance to environmental 
stresses such as heat, drought, cold, and wear (Beard, 1973). 
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From: Denice Kronau <dkronau@nantucket-ma.gov> 
Sent: Wednesday, January 19, 2022 10:13 AM
To: James Skillen <jskillen1@suddenlink.net>; Brian Turbitt <bturbitt@nantucket-ma.gov>
Cc: Stephen Maury <smaury@nantucket-ma.gov>; Mariya Basheva <mbasheva@nantucket-ma.gov>
Subject: Re: Meeting Materials and Additional Materials
 

Dear Jim:

 

Short answer, yes. 

 

Going forward, we will post any materials sent to me to our website as part of the agenda packet for the
meeting. 

 

Thank you for Mr. Vinton's contact information.

 

I will ask my committee members when they'd like to continue the fertilizer discussion and schedule it
accordingly, and inform you of the date.

 

Kind regards,

Denice

From: James Skillen <jskillen1@suddenlink.net>
Sent: Friday, January 14, 2022 8:50:45 AM
To: Denice Kronau; Brian Turbitt
Subject: Meeting Materials and Additional Materials
 

Ms. Kronau & Mr. Turbitt –
 
I just got off the phone with Howard Vinton, he works on fertilizer issues for the
Massachusetts Department of Agricultural Resources.
 
His email address is Howard.Vinton@state.ma.us, his phone number is 617-626-1803. 
He has access to all the fertilizer tonnage data in
Massachusetts.  I shared your email address with him.
 
I have a question about the comments and references that I send to you.
 
I was wondering do you post comments received to your website?  If I provide you with

mailto:dkronau@nantucket-ma.gov
mailto:jskillen1@suddenlink.net
mailto:bturbitt@nantucket-ma.gov
mailto:smaury@nantucket-ma.gov
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mailto:jskillen1@suddenlink.net
mailto:Howard.Vinton@state.ma.us


research papers will they be posted and available
to the citizens of Nantucket?  I was really surprised by some of the comments I heard
yesterday.  All of the people interested in this topic
didn’t know a lot about fertilizer use. 
 
There are two fertilizer markets: Agricultural Use (> 50 lb. Bags, 1 ton Bags or Truck
Loads) and Specialty Use (Consumer Use) [<49 lb. bags].
 
In most states the usage breakdown is around 85 – 95 % Agricultural Use and  5 – 15%
Specialty Use.  In Agricultural States like Iowa the
Ag Use is more than 95%.
 
So, I would like to know, if I provide additional information will it be posted? Available
to the citizens of Nantucket?
 
Kind regards,
 
Jim Skillen
252-402-2451
 
From: James Skillen <jskillen1@suddenlink.net> 
Sent: Thursday, December 9, 2021 3:48 PM
To: 'pmceachern@nantucket-ma.gov' <pmceachern@nantucket-ma.gov>; 'dkronau@nantucket-ma.gov'
<dkronau@nantucket-ma.gov>; 'smaury@nantucket-ma.gov' <smaury@nantucket-ma.gov>;
'Cglowacki@nantucket-ma.gov' <Cglowacki@nantucket-ma.gov>; 'jeroche@nantucket-ma.gov.'
<jeroche@nantucket-ma.gov.>; 'jvieth@nantucket-ma.gov' <jvieth@nantucket-ma.gov>;
'pschaeffer@nantucket-ma.gov' <pschaeffer@nantucket-ma.gov>
Subject: Opposition to the Home Rule Petition: Prohibiting the Application of Fertilizer
 

 
 
 
 
 
 
 
 
 
 
 
 
DATE:            December 09, 2021
 
TO:                 Denice Kronau, Chair of the Finance Committee of Nantucket
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FROM:           James M. Skillen, Sr. on behalf of the
                        Lawn and Horticultural Products Work Group (LHPWG)
 
Subject:          Opposition to the Home Rule Petition: Prohibiting the Application of Fertilizer 
 
Position Statement: The Lawn & Horticultural Products Work Group (LHPWG), on behalf of its member
companies opposes
the request to introduce special legislation prohibiting the application of fertilizer in the Town on
Nantucket.
 
Statement of Interest
 
The LHPWG, operating under the auspices of Ignite Solutions, which is part of the Household &
Commercial Products Association
(HCPA), provides a unified voice for companies engaged in the unique market of lawn and horticultural
products. LHPWG member
companies manufacture more than 75 percent of domestically produced conventional specialty fertilizers
(packaged fertilizers) utilized
in the United States including consumer household, lawn and garden, golf courses and other professional
turf and lawn care. These
packaged fertilizer products are licensed; registered and sold to consumers and professional applicators in
all 50 states. Our members
rely on years of their own and independent scientific research to guide their product formulations and
product decisions.
 
We oppose local ordinances of specialty fertilizer on general principle because they can and do create a
situation of inconsistent regulation
within a state and in some instances within a county of a state.
 
Specific Comments   
 
We applaud and support your efforts to protect your watershed and believe that proper fertilization can
assist in this endeavor. We support
the proper use, application, and timing of fertilizers, and immediate removal of fertilizers that may fall on
hard surfaces. When applied properly,
fertilizers improve the health of plants leading to larger root systems that absorb water and nutrients.
Fertilizer also increases turf density which
acts as an effective natural filter of stormwater runoff which greatly reduces soil erosion and nutrient loss.
 
Massachusetts passed legislation to restrict the use of phosphate on lawns in Massachusetts in 2012.
Subsequently the USEPA supported the
legislation by providing an estimate that Massachusetts could save as much as $180,000,000 a year due to
the "avoided" treatment costs.
 
The Citizen's petition is a good indicator that local waters surrounding Nantucket didn't benefit from the
estimated $1.4 trillion dollar1 windfall
Massachusetts was projected to receive in "avoided" treatment costs over the last 8 years due to the
phosphate restrictions implemented in 2012.
 
The EPA's estimates and projections of nutrient losses from specialty fertilizer applied to turf grass have
been wrong from the very beginning
of this debate and LHPWG has tried very hard to educate all stakeholders on the benefits of properly
managed turfgrass. It is somewhat ironic
that according to the USEPA2, diverting stormwater runoff through a "grassed swale" is the cheapest and
most effective way to capture excess
nutrients and sediment and protect local waters. The LHPWG and others in industry have sponsored



research on nutrient loss to the environment,
published peer reviewed papers, and held symposiums to present the research to the public to no avail.
 
The petition indicates that an obvious solution to a few concerned citizens in Nantucket, is to stop the use
of specialty fertilizer on lawns, bushes,
trees, home gardens and flowers to protect local waters. Stopping the use of specialty fertilizers will not
solve the problem. Unfortunately, their
proposed solution is misguided. We would like to share our expertise and knowledge along some specific
facts with you that we have learned from
turf research conducted in New York3, Wisconsin4, and Minnesota5.
 
1.         Nutrient losses from unfertilized turf are greater than from fertilized turf
2.         Stormwater runoff from unfertilized turf is greater than from fertilized turf
            
The studies demonstrate that "thick, healthy" turf grass is better for the environment than unfertilized turf
grass.
 
Additionally, the United States Department of Agriculture (USDA), based upon research conducted in the
Choptank River watershed, now recommends
planting a cover crop of rye grass after harvest to reduce nutrient losses from farming activities to the
Chesapeake Bay. In addition, planting grass buffer
strips around the perimeter of agricultural lands is a primary method recommended and used to reduce
soil erosion and protect waterways. The United
States Department of Transportation (USDOT) requires planting turf grass alongside roads to prevent
erosion and to filter runoff from the highway.
Some of the other benefits of turf include6:
 
            * The trapping of pollution
            * Promotion of infiltration
            * Prevention of erosion
            * Absorption of carbon dioxide
            * Production of oxygen
 
 
There seems to be an erroneous belief that properly applied nutrients quickly wash away from the
fertilized area as it speeds its way into the nearest water
body. That is simply not the case. After watering in, nutrients move into the soil solution and into the root
zone where they are subsequently taken up and
utilized by plants. Nutrients lost to the environment are from off-target applications to hard surfaces and
from soil erosion containing nutrients from areas
that are not properly maintained. Based on decades of research, LHPWG members formulate specialty
fertilizer products and provide application rates to deliver
proper nutrition to the targeted plant, be it a rose bush or a lawn. Following the Three R’s, using the Right
Product, Right Application Rate, and Right Time
greatly reduces the potential for loss of nutrients to the environment.
 
Conclusion
 
Our member companies and their employees work, live, and play in communities across the United States that
are very much like Nantucket, MA. These communities
are also struggling with water quality issues. Our members want to protect local waters as they also enjoy the
opportunity to swim, fish and boat in local waters. That is
why, our members produce specialty fertilizer products specifically formulated to deliver nutrients based upon
the targeted plant's specific needs by relying on decades
of research. There are products formulated specifically for trees, shrubs, flowering shrubs, roses, house plants,
vegetable gardens and specific varieties of turf grasses.



The petition, if granted would ban the use of all these products resulting in a decline in overall plant health and
increased soil erosion.
 
Our members know better than anyone, the important role nutrients play in the environment and the potential
problems that are caused by excess nutrients entering the
environment. Consumer research continues to document that most of the turf grass in the United States does not
receive the correct amount of fertilization every year.
This means that nutrient losses from turf grass across the country are higher than they need to be. The petition, if
granted would increase the amount of nutrients that
flow into local waters in Nantucket, an unintended consequence of the action.
 
In summary, research clearly documents that nutrient losses and the volume of storm water runoff from plots of
poorly maintained (unfertilized) turf are greater than
nutrient losses and storm water runoff from plots of thick, healthy fertilized grass.
 
We strongly urge you to deny the petition. If any member of the Board would like to have further discussion
about specialty fertilizers and the benefits of turf grass or the
formulation of specialty fertilizer products the LHPWG would be pleased to be a resource.
 
If you would like a copy of any of the published research papers in the footnotes; we will be happy to provide
them.
 
Thank you for the opportunity to offer comments on the proposed Home Rule Petition.
 
Sincerely,

James M. Skillen
 
Consultant for the Lawn & Horticultural Product Work group
jskillen1@suddenlink.net
252-402-2451
 
CC: Kristie L. Ferrantella, Vice Chair 

 Matt Fee
Dawn E. Hill Holdgate
 Melissa Murphy
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Footnotes:
 

1. https://www.mma.org/law-limits-phosphorus-in-lawn-fertilizer/

2. Approaches for Determining Swale Performance for Stormwater Runoff
    S.D. Struck AM.ASCE1*, M. Borst2, S. Muthukrishnan3, A. Selvakumar4, and
    T.O’Connor M.ASCE5

 
3. Determining Nitrogen Loading Rates Based on Land Use in an Urban Watershed
    Zachary M. Easton and A. Martin Petrovic; Chapter 2 - The Fate of Nutrients and
    Pesticides in the Urban Environment; American Chemical Society - Symposium
    Series 997, 2008

 

   Determining Phosphorus Loading Rates Based on Land Use in an Urban Watershed

   Zachary M. Easton and A. Martin Petrovic; Chapter 3 - The Fate of Nutrients and
   Pesticides in the Urban Environment; American Chemical Society - Symposium
   Series 997, 2008
 
  The Effects of Soil Phosphorus and Nitrogen and Phosphorus Fertilization on Phosphorus
  Runoff Losses from Turfgrass; Douglas J. Soldat, A. Martin Petrovic, and Harold M. van Es;
  Chapter 6 - The Fate of Nutrients and   Pesticides in the Urban Environment; American
  Chemical Society - Symposium Series 997, 2008
 
4. Management Practices Affecting Nitrogen and Soluble Phosphorus Losses from an Upper
    Midwest Lawn; Wayne R. Kussow; Chapter 1 - The Fate of Nutrients and Pesticides in the
   Urban Environment; American Chemical Society - Symposium Series 997, 2008
 
    Sediment and Nutrient Losses from Prairie and Turfgrass Buffer Strips During Establishment
    K. Steinke, J.C. Stier, W.R. Kussow, and A. Thompson; Chapter 9 - The Fate of Nutrients
    and Pesticides in the Urban Environment; American Chemical Society - Symposium Series
    997, 2008
 
5. Phosphorus Runoff from Turfgrass as Affected by Phosphorus Fertilization and
    Clipping Management; Peter M. Bierman, Brian P. Horgan, Carl J. Rosen, Andrew B. Hollman,
    and Paulo H. Pagliari; Journal of Environmental Quality. Vol.39 (2010).
 
6. The Role of Turfgrasses in Environmental Protection and Their Benefits to Humans
     James B. Beard* and Robert L. Green; Journal of Environmental Quality, Vol. 23,
     May-June 1994,
 
 

This email was scanned by Bitdefender

https://www.mma.org/law-limits-phosphorus-in-lawn-fertilizer/


From: Gregory Raith
To: Denice Kronau
Cc: greg raith; Stephen Maury; Brian Turbitt; Mariya Basheva
Subject: Re: Fertilizer Advisory Board Contribution
Date: Monday, January 17, 2022 9:36:26 PM
Attachments: DRAFT Hummock and Miacomet 604b report 021117.pdf

Hi Denice,

Please find the report from the 604 (b) Federal Grant in 2017 that was utilized to study the N
(nitrogen) and P (phosphorus) issue in our island ponds for the Nantucket Pond Coalition. It
makes clear 99% of the nutrients were already on the bottom of the ponds. I have not
highlighted the pertinent sections of the report I would like to reference and will send those
along tomorrow. Please see the 3rd paragraph under Project Task Results. Again IMO, a
complete ban is naive and ill considered. Read the report carefully please. I will send along
additional material tomorrow and the highlighted sections I would like referenced.

The summary indicates that phosphorus and nitrogen in Hummock and Miacomet Ponds
comes largely from internal recycling, loading from the organic bottom sediments that cover
about 120 acres of Hummock Pond and 38 acres of Miacomet Pond and are subject to low
oxygen conditions much of the summer. Some release under higher oxygen conditions through
decay of organic matter may also be considered.

The Fin Com members specifically asked for more specific scientific studies that help
accompany the committee’s deliberations as they relate to the proposed article F. The FAB has
presented 2 thus far.  

Best,
Greg Raith

This email was scanned by Bitdefender

On Jan 17, 2022, at 4:21 PM, gregory@gregoryraith.com wrote:

﻿Hi Denice,

Thank you for reading what was sent and hopefully the executive summary :)

I am sending additional scientific studies today that were done on Nantucket in
support of my letter. I have been on the fertilizer advisory board with Mike
Misurelli since its infancy and he and I share the chair and vice chair positions.

I was surprised that Jeff and Roberto who are part of our FAB group were not
more optimistic regarding the current regulations and further education etc. 

As far as the sewer upgrades are concerned, they are years away from completion.
 Bobby Dacosta indicated they are ‘done and dealt with’. That is simply not true.
The two means of of approved remediation mentioned in the executive summary

mailto:gregory@gregoryraith.com
mailto:dkronau@nantucket-ma.gov
mailto:gregory@gregoryraith.com
mailto:smaury@nantucket-ma.gov
mailto:bturbitt@nantucket-ma.gov
mailto:mbasheva@nantucket-ma.gov
mailto:gregory@gregoryraith.com
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Non-Technical Summary 
 
Hummock and Miacomet Ponds suffer from algae blooms, with cyanobacteria often dominant and posing a 


public safety threat through possible toxicity. Considerable past effort has been devoted to assessing 


nitrogen loading to these ponds, with only secondary effort expended on phosphorus loading. While 


nitrogen is usually the more limiting factor in saltwater, phosphorus most commonly controls algae 


biomass in freshwater and many cyanobacteria have a way to avoid nitrogen limitation. Reliable control of 


cyanobacteria blooms therefore involves control of phosphorus. 


 


Concentrations of nitrogen and phosphorus were assessed in groundwater around each pond and surficial 


sediments from multiple locations were tested for iron-bound phosphorus and organic content, two features 


important to internal recycling of phosphorus. Oxygen was assessed in each pond, including at the 


sediment-water interface, where low oxygen can foster excessive release of phosphorus. Algae blooms 


were also tracked in spring and summer of 2016. Work was carried out under an approved plan funded by a 


program run by the MA DEP with funds provided by the federal government under Section 604b of the 


Clean Water Act. Results were put in the context of a loading analysis whereby the relative importance of 


known sources could be compared and the level of input reduction necessary to achieve desirable 


conditions could be estimated. 


 


Phosphorus in Hummock and Miacomet Ponds comes largely from internal recycling, loading from the 


organic bottom sediments that cover about 120 acres of Hummock Pond and 38 acres of Miacomet Pond 


and are subject to low oxygen conditions much of the summer. Some release under higher oxygen 


conditions through decay of organic matter may also be important. The addition of saltwater to both ponds 


historically through breaching of barrier beaches is likely to have depleted iron in affected sediment, 


limiting the capacity to bind phosphorus. This effect is apparent in the half of Miacomet Pond closest to the 


ocean, as the rest of the pond was drained to mudflats during breaching, and may still be influential even 


though breaching has not been conducted in over a decade. Breaching is conducted twice per year in 


Hummock Pond, spring and fall, and affects the entire pond, although there is a salinity gradient with the 


largest values near the ocean and the lowest in Head of Hummock at the northern end.  


 


In order to make phosphorus consistently limiting and low enough to prevent cyanobacteria blooms, the 


internal phosphorus loading in each pond must be addressed. No other source of phosphorus is large 


enough to provide the level of reduction needed. For both ponds, control of internal loading of phosphorus 


may be sufficient to eliminate cyanobacteria blooms, but additional reductions from groundwater or surface 


runoff would provide further protection and prolong the benefits of any action taken in either pond to 


reduce internal loading. 


 


Options for reducing available phosphorus in each pond to the extent necessary to prevent cyanobacteria 


blooms have been narrowed down to dredging and inactivation. Dredging would represent true restoration 


and is highly desirable, but is also very expensive and the permitting process is complicated. If there is the 


financial support to pursue this option, a detailed feasibility study would be needed. Inactivation involves 


the application of a phosphorus binder, most often aluminum, targeting either the water column (low dose) 


or the sediment (high dose). Which approach to use depends on site specific features, and it is 


recommended that a low dose treatment be attempted at Miacomet Pond to assess effectiveness and 


longevity before undertaking more expensive actions. 


 


Rooted plants were not the subject of this study, but create nuisance conditions in some areas now, which 


can be expected to worsen if water clarity is improved through phosphorus and algae control. Dredging 


would solve most plant problems as well as reduce internal phosphorus loading, but may be cost 


prohibitive. Evaluating alternatives, the primary options are herbicide application or a harvesting program. 


As most problem plants in both ponds are seed producing annual species, annual maintenance will be 


needed, and harvesting is likely to be more acceptable in the permitting process.  Hydroraking may be 


needed to control emergent plants in narrow portions of both ponds where encroachment threatens access if 


recreational utility has priority as a management goal.  







 3 


Introduction and Background 
 
Both Hummock and Miacomet Ponds are statutory Great Ponds under the laws of the 


Commonwealth of Massachusetts and represent major public recreational resources on Nantucket 


(Figure 1). Hummock Pond covers at least 142 acres in area when connected to the ocean, but can 


expand to about 267 acres with spring rain and no breaching of the barrier to the ocean, and has 


covered as much as 427 acres under flood conditions. Miacomet Pond covers approximately 43.5 


acres; inclusion of emergent wetland area sometimes inflates the Miacomet Pond area to as much 


as 47.3 acres. Both are shallow (Figures 2 and 3), not deep enough to have any pronounced or 


lasting thermal stratification, although there may be vertical gradients of oxygen and other water 


quality features at times. Hummock Pond averages 6.5 feet deep during summer, with maximum 


areal coverage corresponding to a mean depth of about 10 feet. Average water depth in Miacomet 


Pond is 4.0 feet, although this pond has been connected to the ocean by human activity in the 


past, causing lower water levels.  


 


Hummock and Miacomet Ponds have been connected to the ocean historically, but barrier 


beaches formed long ago and naturally limit tidal influence. The barrier beach at the south end of 


Hummock Pond has been intentionally breached in spring and fall in most years for several 


decades. The opening is created by backhoe and tends to last about a week, during which the 


water level in the pond drops substantially. Inflow of saltwater during high tides causes further 


exchange and flushing of the pond, followed by gradual filling by precipitation and groundwater 


after the breach closes. The barrier beach at Miacomet Pond has also been intentionally breached 


in the past, with an intent to alleviate flooding in the area, but the last clearly documented 


opening of the pond to the ocean was in spring of 2005 (Conant 2006). 


 


Both ponds experience algae blooms in summer, including cyanobacteria at potentially hazardous 


levels. Watershed delineation (Figure 4) suggests that Hummock Pond has a surface watershed of 


about 2227 acres and a groundwater drainage area that is not congruent with the surface 


watershed and covers about 2000 acres (NEAR 2006).   The direct surface drainage area for 


Miacomet Pond (Figure 5) covers 653 acres, with that area and another 387 acres contributing 


groundwater (Woodard and Curran 2014). 


 


Extensive field work and modeling has evaluated nitrogen loading in conjunction with the 


Massachusetts Estuaries Program (MEP). Some previous modeling (ASA 2001) included 


phosphorus as well as nitrogen, but the emphasis has clearly been on nitrogen in these coastal 


systems. In-lake phosphorus levels are known to be elevated, but there has been no focused 


assessment of the sources of phosphorus supporting algae blooms. With low atmospheric inputs 


and minimal overland runoff or stream flow, the likely sources are groundwater and internal 


release from sediment. Groundwater will be influenced by both wastewater disposal and 


stormwater infiltration. This project seeks to sample groundwater entering the lake and test 


surficial sediments to determine the potential for those sources to supply enough phosphorus to 


support observed blooms. Additional work seeks to assess blooms and oxygen status critical to 


release of phosphorus from sediments. This project advances planning for nutrient reductions to 


improve the conditions of these ponds, and complements the work done to date by the Town, 


SMAST, and independent researchers. This project will also provide data to MA DEP for 


potential development of a TMDL for phosphorus for each lake. 
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Figure 1. Hummock and Miacomet Ponds location on Nantucket. 


 


 
 


 


Miacomet Pond 


Hummock and Miacomet Ponds locations on Nantucket 


Hummock Pond 
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Figure 2. Hummock Pond water depth measured in 2006. (From Conant 2006) 
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Figure 3. Miacomet Pond water depths measured in 2016. (From WRS 2016a) 
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Figure 4. Hummock Pond watershed. (from NEAR 2006) 
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Figure 5. Miacomet Pond watershed. (from Woodard & Curran 2014) 
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Historic nutrient data are available from multiple sources (town water quality reports and 


consultant reports dating from the early 1990s to the present). There are some gradients along the 


length of these linear ponds, but consideration of pondwide average values provides useful 


insights. Total phosphorus (TP) was assessed in Hummock Pond for many years (Figure 6), but 


recently there has been a shift to just measuring soluble reactive phosphorus (SRP), a dissolved 


subset of TP. The theory is that in saline habitats P will not be limiting and SRP adequately 


represents available P. Yet loss of consistency in P measurements is lamentable, as TP and SRP 


values are not directly comparable. P remains important in Hummock Pond, even if nitrogen 


appears to be the limiting nutrient for many algae. Values for TP >20 µg/L represent a distinct 


bloom hazard, so virtually all recorded values for TP or SRP are high in Hummock Pond. 


 


Nitrate and ammonium are forms of dissolved nitrogen readily available to plants and algae. 


Values >300 µg/L are potentially problematic, but recorded pondwide averages are routinely 


lower (Figure 7). This does not mean there is no problem, as these forms may be rapidly 


assimilated into plant or algae tissue and converted to organic N. Low values indicate N 


limitation of growth, but not necessarily low growth. Values for nitrate N appear relatively stable 


over time and very low, while ammonium N values suggest a decline from moderate to low 


values over the last two decades. Concentrations of organic and total N in excess of about 500 


µg/L are considered elevated. For Hummock Pond, all concentrations since 1998 are elevated 


(Figure 8). 


 


Water clarity in Hummock Pond has generally been low, fluctuating around a long-term annual 


average of about 1 m (Figure 9). Low clarity may result from algae blooms, but can also relate to 


resuspended sediment in these shallow ponds. Residents report a variety of colors, not all 


associated with algae, so Secchi values are not a highly reliable surrogate for algae in the ponds. 


 


In Miacomet Pond, older TP data were less available, SRP was substituted for a time, but both TP 


and SRP have been assessed more recently (Figure 10). Nearly all TP values are >40 µg/L, 


suggesting strong bloom potential. SRP values have fluctuated around the 20 µg/L mark and are 


nearly all >10 µg/L, lower than TP but still a concern. Patterns for forms of N (Figures 11 and 12) 


were similar to those for Hummock Pond; nitrate and ammonium N are generally low, suggesting 


low N availability to algae, while organic and total N are high, suggesting substantial biomass. 


Secchi transparency is similar to that in Hummock Pond (Figure 13), with all annual average 


values between 1 and 2 m. Low clarity may be due to algae, but can also be related to 


resuspended sediment. 


 


There is no substantial gradient of water clarity along the long (S-N) axis of either pond (Figure 


14), using data from 2012-2016. As noted previously, water clarity relates as much to sediment 


resuspension as algae in these ponds. There is a slight gradient of increasing N from the ocean 


end to the upland end of each pond (Figure 15), which also coincides with a gradient of 


developed land; most of the watersheds of each pond are landward of the ponds, and the pattern 


suggests that N delivered with groundwater is a dominant source. There is a fairly strong gradient 


of SRP in both ponds (Figure 16) and TP in Miacomet Pond (Figure 17, 2015-2016 data) going 


from the ocean end to the inland end. This could indicate either groundwater inputs or differential 


internal recycling along that axis. There is a slight gradient of total chlorophyll-a (chlorophyll-a 


plus phaeophyton) in Miacomet and a stronger gradient in Hummock Pond (Figure 18). Values in 


Miacomet Pond are all undesirably high, while values on the ocean side of station HUM5 in 


Hummock Pond are moderately acceptable on average and values on the inland side of HUM5 


are excessive. These gradients are consistent with those observed in reports from before 2012, 


suggesting no major shift in processes or conditions in Hummock or Miacomet Ponds in the last 


two decades or more.  
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Figure 6. Hummock Pond phosphorus concentrations 
 


 
 


 


Figure 7. Hummock Pond dissolved nitrogen concentrations 
 


 
 


 


Figure 8. Hummock Pond organic and total nitrogen concentrations 
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Figure 9. Hummock Pond Secchi transparency 
 


 
 


 


Figure 10. Miacomet Pond phosphorus concentrations 
 


 
 


 


Figure 11. Miacomet Pond dissolved nitrogen concentrations 
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Figure 12. Miacomet Pond organic and total nitrogen concentrations 
 


 
 


 


Figure 13. Miacomet Pond Secchi transparency 
 


 
 


 


Figure 14. Spatial distriubution of Secchi transparency  
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Figure 15. Spatial distribution of total nitrogen values 
 


 
 


 


 


Figure 16. Spatial distribution of soluble reactive phosphorus values 
 


 
 


Figure 17. Spatial distribution of total phosphorus values 
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Figure 18. Spatial distribution of total chlorophyll-a values 
 


 
 


 


Other water quality features have been assessed that have some bearing on this investigation. The 


temperature has a typical seasonal pattern, with lows in the winter and highs in the summer, but 


Nantucket has a moderate climate with higher lows and lower highs than mainland sites. Oxygen 


varies with temperature, but with both ponds being shallow and not strongly stratified, mixing is 


frequent and low oxygen values in the water column are rare. In some cases values have dropped 


below the 5 mg/L standard for support of all aquatic life, but values low enough to affect 


sediment-water interactions (i.e. < 2 mg/L) are not found in the record. However, virtually all 


programs stop measuring some distance above the sediment interface, and the potential exists for 


lower oxygen levels at that interface. Assessing oxygen near the sediment surface is one task in 


this project. 


 


Salinity and conductivity are measures of dissolved solids, with salinity on a different scale and 


used for seawater environments where dissolved solids levels are much higher than most 


freshwater systems that apply conductivity. As both of these ponds have been opened to the ocean 


at times, measurements on the salinity scale have been appropriate where we would normally 


expect to measure only conductivity. Freshwater has a salinity well below 1 part per thousand 


(ppt) whereas open ocean water has a salinity of 30 ppt or slightly more (about 31 ppt near the 


Hummock Pond breach in recent years based on SMAST and town data). Exchanges of water 


between the ocean and these ponds have resulted in pond salinities of 4 to 20 ppt immediately 


after the exchange ended, with a gradient from south to north (high to low). For Miacomet Pond, 


values tend to return to freshwater levels in less than a year, and the pond has not been opened to 


the ocean in over a decade, so it is considered to be a freshwater system at this time. Hummock 


Pond, on the other hand, is opened to the ocean twice per year and does not completely revert to a 


freshwater system between openings. Annual average salinities range from 3 to 7 ppt over the 


range of stations sampled, with the highest values at the south end near the ocean and the lowest 


values at the north end in Head of Hummock Pond. 
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Project Approach and Methods 
 


A Quality Assurance Project Plan (QAPP) was developed and approved for this project (WRS 


2016b), and was followed. Methods are laid out in detail in that document. In summary, there are 


four main field tasks in this project: 


1. Collection of groundwater around the ponds for assessment of nutrient levels and use in 


estimated groundwater loads of N and P. 


2. Collection of surficial sediment and testing for available P and related features to allow 


estimation of possible internal loading within the ponds. 


3. Assessment of oxygen status near the sediment-water interface to determine if sediment P 


might be mobilized under anoxic conditions. 


4. Sampling and characterization of any algae blooms to further our understanding of what 


algae are dominant. 


Data generated from these tasks will then be used in the context of past assessments in a simple 


model to evaluate likely loading sources to the pond and the level of reduction necessary to meet 


use goals. All field work was conducted in the summer half of 2016. 


 


Final stations for groundwater sampling were not selected as part of QAPP development. Figures 


19 and 20 show the shoreline segments applied for groundwater sampling in Hummock and 


Miacomet Pond, respectively. Stations for sediment and oxygen assessments were as planned in 


the QAPP and are shown in Figures 21 and 22. All sampling stations shown were samples for 


sediments. Oxygen assessments were conducted at stations HUM1, 3, 5, 7 and 8 in Hummock 


Pond and at stations MIA1, 3 and 5 in Miacomet Pond. Algae were collected wherever conditions 


warranted further investigation. 







 16 


Figure 19. Groundwater sampling segments in Hummock Pond in 2016. 
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Figure 20. Groundwater sampling segments in Miacomet Pond in 2016. 
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Figure 21. Sediment and oxygen assessment points in Hummock Pond in 2016. 
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Figure 22. Sediment and oxygen assessment points in Miacomet Pond in 2016. 
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Project Task Results 


 


Groundwater Sampling 
 


Sampled shoreline segments were based on land use, soils, slope and vegetation. A total of 13 


segments were sampled at Hummock Pond and 10 segments were sampled at Miacomet Pond. 


Fewer Hummock Pond segments were sampled due to access difficulties on the western shore; 


dense Phragmites stands extend into the pond, making it hard to access shallow areas for 


sampling. As the western shore is uninhabited and fairly uniform, fewer segments on that side 


were considered adequate for characterization. Each segment was sampled once by deploying a 


Littoral Interstitial Porewater (LIP) sampler to collect influent groundwater near shore, with 


multiple subsamples composited per shoreline segment. Samples were filtered to remove any 


entrained particulates and properly preserved for later lab analysis of total dissolved P, dissolved 


Fe, nitrate N and ammonium N.  


 


Complete details of sampling and results are provided in the Appendix. Key data for loading 


analysis are provided in Table 1, while selected data for each pond are displayed in Figures 23 


and 24. There are two important components of loading, concentration and inflow. This task 


addresses concentrations of N and P entering the ponds via groundwater.  


 


From the perspective of N loading, the main forms moving in the groundwater are nitrate and 


ammonium, and the sum of the two is defined here as the dissolved inorganic nitrogen, or DIN. 


Values in excess of about 500 µg/L would be considered elevated, while values less than about 


100 µg/L would raise little concern.  Concentrations associated with groundwater at Hummock 


Pond were generally moderate around Head of Hummock (210-290 µg/L), moderate to low along 


the east side of the pond (65-320 µg/L), and moderate to very high on the west side (290-21,005 


µg/L). It is rather surprising that the very high values, mostly linked to extremely high 


ammonium concentrations, are associated with undeveloped tracts of conservation land on the 


west side of Hummock Pond (Figure 23). This groundwater may be largely stagnant and anoxic, 


moving very slowly and impacted by decay of vegetation like the extensive Phragmites stands 


found on that side of the pond. The values for areas potentially impacted by developed land are 


low to moderate, lower than expected. With substantial groundwater flow there could still be a 


significant load from this area, but east side groundwater does not appear to be a dominant 


influence on pond N content. 


 


At Miacomet Pond, DIN concentrations were variable but generally moderate to slightly high 


(Figure 24). One relatively low value (95 µg/L) was obtained at station MLIP1 adjacent to 


undeveloped land, although with developed land within its likely zone of contribution. Other 


values ranged from 205 to 1405 µg/L, with the second highest value directly downgradient of the 


golf course. Yet no extreme values were detected at Miacomet Pond, in comparison to Hummock 


Pond.  


 


Phosphorus does not move as well as N through soil, even sandy soil, but low oxygen conditions 


or long periods of loading can result in higher levels of P in groundwater. Values in excess of 


about 100 µg/L would be considered high, while values less than 20 µg/L would be considered 


low. At Hummock Pond, dissolved P concentrations in groundwater were low to moderate around 


Head of Hummock (9-67 µg/L) and along the eastern shore (3-45 µg/L), while values were 


moderate to high on the undeveloped western side (40-290 µg/L). This pattern is consistent with 


observations for DIN, and suggests that decomposition and limited groundwater movement on the  
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Table 1. Summary of groundwater data from 2016 sampling. 


 


 
 


 
western side may be a factor. At Miacomet Pond, dissolved P concentrations in groundwater are 


low at the inland end of the pond and increase to high levels down both sides of the pond toward 


the ocean. 


 


While dissolved phosphorus is viewed as mobile in groundwater, its actual availability once it 


reaches the ponds is constrained by the amount of dissolved iron travelling with the phosphorus. 


Under oxygenated conditions in the ponds, iron and phosphorus can be expected to combine to 


form insoluble precipitates, limiting P availability. Where the mass of iron is more than about ten 


times that of P, and certainly where iron is present at more than 20 times the P concentration, very 


low P availability is expected. The settled precipitates may support rooted plant growths or allow 


later release of P if anoxic conditions develop, but direct support of algae blooms from 


groundwater would not be expected with high iron in incoming groundwater. 


 


 


Shoreline 


Segment


Average 


NH4+NO3 - 


N (ug/L)


Average 


Diss. P 


(ug/L)


Average 


Diss. Fe 


(ug/L) Fe:P ratio


HLIP 1 280 9 15600 1733.3


HLIP 2 290 16 360 22.5


HLIP 3 210 67 30 0.4


HLIP 4 95 5 20 4.0


HLIP 5 320 10 40 4.0


HLIP 6 190 3 10 4.0


HLIP 7 75 22 8550 388.6


HLIP 8 65 44 310 7.0


HLIP 9 118 45 2925 65.0


HLIP 10 21005 290 13 0.0


HLIP 11 290 40 9 0.2


HLIP 12 19440 260 258 1.0


HLIP 13 13810 120 8 0.1


MLIP 1 95 3 40 16.0


MLIP 2 680 7 110 15.7


MLIP 3 1005 20 26100 1305.0


MLIP 4 335 50 46600 932.0


MLIP 5 205 58 47700 822.4


MLIP 6 315 510 95 0.2


MLIP 7 755 145 83 0.6


MLIP 8 690 200 46 0.2


MLIP 9 1405 320 71 0.2


MLIP 10 525 220 50 0.2


Hummock Pond


Miacomet Pond







 22 


Figure 23. Selected Hummock Pond groundwater features 


 


 
 


 
The pattern of dissolved iron in groundwater was fairly striking at both ponds. There were few 


intermediate values at Hummock Pond, with low ratios of Fe to P on the western side and a mix 


of high and low values on the eastern side. Fe:P ratios at Miacomet Pond were lowest at the ocean 


end of the pond and much higher toward the inland end, with a sharp divide about mid-pond, 


between stations MLIP5 and MLIP6. It appears likely that years of saltwater influence on both 


ponds affects iron levels in the groundwater; high sulfates in seawater tend to react with iron in 


exposed soil to create insoluble compounds. While iron may continue to move toward the pond 


from upgradient areas, frequent interaction of seawater with soils near the pond likely conditions 


them for low iron availability.  


 


For Hummock Pond, which is subject to twice annual saltwater influx that affects the entire pond, 


the effect is pondwide if a bit erratic. For Miacomet Pond, the inland half of which has been 


drained to a mudflat when open to the ocean in the past, the impact appears to be focused on the 


“downstream” or oceanside portion of the pond. Ultimately what this means is that available P 


will enter Hummock Pond in groundwater mainly from the west, from Head of Hummock to near 


the ocean, while available P will enter Miacomet in groundwater from both sides but mainly in 


the oceanside half of the pond.  Concentrations will be linked to flow to derive loads later.  
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Figure 24. Selected Miacomet Pond groundwater features 
 


 
 


 


The ASA study in 2001 involved groundwater measurements, but no actual data could be found 


from that study. Sutherland (2013) examined groundwater from three wells around Head of 


Hummock and found P concentrations averaging 30 µg/L in the east and north wells and 80 µg/L 


in the west well. These values are slightly higher than the 2016 values for HLIP1, 2 and 3, which 


correspond to the east, north and west wells respectively, but the 2016 values are within the range 


observed over 20 samplings of the wells by Sutherland in 2011 and 2012. DIN values recorded by 


Sutherland averaged 142, 312 and 146 for the east, north and west wells, compared to 280, 290 


and 210 µg/L measured in 2016; 2016 values are within the range of the 20 measurements made 


in 2011-2012.   
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Surficial Sediment Sampling 
 


Surficial sediment was sampled at 8 locations in Hummock Pond and 6 locations in Miacomet 


Pond, corresponding to water quality stations sampled in previous studies. Samples were 


collected with an Ekman dredge and only the upper 10 cm of sediment were collected for testing. 


Samples were tested for TP, Fe-P, percent solids and percent organic matter, allowing calculation 


of available Fe-P and its relation to TP and other key sediment features. The intent of this task is 


to determine the amount of phosphorus potentially available for exchange with overlying water or 


to support benthic growths of algae that might later rise into the water column. 


 


Complete data from this effort are contained in the appendix. Key features for each station and 


related calculations are provided in Table 2, while graphic representations of the most insightful 


values is provided for Hummock Pond in Figure 25 and for Miacomet Pond in Figure 26. There 


are two features that matter the most when considering the influence of sediment on algae 


growth: the concentration of available P in the sediment (typically assessed as Fe-P and expressed 


as mg P per kg dry weight sediment) and the mass of that available P in the upper layer of 


surficial sediment (usually taken as the top 4-10 cm and expressed as g P per square meter of 


sediment).  


 


Values <100 mg/kg are considered low, while values >500 mg/kg are regarded as high. The 


relevant scale for the mass of available P per square meter depends on water depth and overall 


pond volume relative to the contributing area; the deeper the water and larger the pond volume 


relative to the contributing sediment area, the higher the available P mass must be to influence P 


concentration in the overlying water. As a rough rule, for every meter of average water depth, a 


sediment Fe-P mass of at least 0.4 g/m
2
 will be needed to supply enough P to support algae 


blooms. For Hummock Pond with a mean depth close to 2 m, a sediment Fe-P value >0.8 g/m
2
 


will be of concern, while in Miacomet Pond with a mean depth of about 1.2 m, values >0.5 g/m
2
 


may cause problems. 


 


In Hummock Pond (Table 2, Figure 25) there is a discernible gradient of Fe-P concentration from 


moderate values near the ocean end of the pond (100-373 mg/kg) to higher values (448-808 


mg/kg) in the central part of the pond, to extreme values in the narrows and upstream, including 


in Head of Hummock Pond (647-1572 mg/kg). With differences in solids content over space, the 


mass of Fe-P in the upper 4 cm of sediment at the sampled stations exhibits less of a gradient, but 


values for HUM6-8 are distinctly higher (4.08-8.30 g/m
2
) than values for other stations (1.34-3.34 


g/m
2
) except HUM2 (5.01 g/m


2
). Values at all stations are well above the calculated problem 


threshold of 0.8 g/m
2
.  


 


In Miacomet Pond (Table 2, Figure 26) there is variation over space but no clear gradient. Fe-P 


concentrations ranged from 152 to 703 mg/kg and averaged 384 mg/kg. The mass of Fe-P in the 


upper 4 cm of sampled sediment ranged from 1.39 to 2.30 g/m
2
 with an average just over 2 g/m


2
. 


All values represent a potential threat and could support substantial algae growth, but there are no 


extreme values as observed in the inland end of Hummock Pond. 


 


A simple calculation that sheds light on how much P might be released from sampled sediment 


under anoxic conditions is provided in Table 2. It is rare for more than 10% of the sediment Fe-P 


to be released in a summer season, and with limited anoxia, that release rate might be as low as 


1%. With an average of close to 2 m of water over sediment in Hummock Pond and 1.2 m over 


sediment in Miacomet Pond, the P concentration in the overlying water can be estimated. Values 


for Hummock Pond at a 10% release rate range from 67 to 415 µg/L and averages 200 µg/L, with  
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Table 2. Summary of sediment data from 2016 sampling. 
 


 
 


 


 


 


Station HUM1 HUM2 HUM3 HUM4 HUM5 HUM6 HUM7 HUM8 MIA1 MIA2 MIA3 MIA4 MIA5 MIA6


Solids Content (%) 28 28 44 28.5 23 12 6.3 11 14 11 19 6.3 17 9.2


Organic Content (%) 6.3 28.2 75.7 18.4 24.9 45.4 5.6 8.3 13.7 13.1 7.5 3.7 5.4 6.8


Total Phosphorus (mg/kg DW) 263 927 278 1616 1,110 2,250 3,100 929 643 753 734 740 916 668


Fe-P (mg/kg DW) 100 373 126 244 808 1,349 1,572 647 336 423 152 703 282 408


Depth of Sediment Interacting (cm) 4 4 4 4 4 4 4 4 4 4 4 4 4 4


Volume of Sediment Interacting per m2 (m3) 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040 0.040


Specific Gravity of Sediment 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20 1.20


Percent Solids (as a fraction) 0.280 0.280 0.440 0.285 0.230 0.120 0.063 0.110 0.140 0.110 0.190 0.063 0.170 0.092


Mass of Sediment Interacting (kg/m2) 13.4 13.4 21.1 13.7 11.0 5.8 3.0 5.3 6.7 5.3 9.1 3.0 8.2 4.4


Mass of P Available for Release (g/m2) 1.34 5.01 2.66 3.34 2.69 4.65 4.08 8.30 2.26 2.23 1.39 2.13 2.30 1.80


10% Release to Avg Water Depth (ug/L) 67.2 250.7 133.1 166.9 134.7 232.7 204.0 415.0 185.1 183.1 113.6 174.3 188.6 147.7


5% Release to Avg Water Depth (ug/L) 33.6 125.3 66.5 83.4 67.3 116.4 102.0 207.5 92.5 91.5 56.8 87.1 94.3 73.8


1% Release to Avg Water Depth (ug/L) 6.7 25.1 13.3 16.7 13.5 23.3 20.4 41.5 18.5 18.3 11.4 17.4 18.9 14.8
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Figure 25. Selected Hummock Pond sediment features 
 


 
 


 


values >20 µg/L associated with algae blooms. At only 1% the range is 7 to 42 µg/L and averages 


20 µg/L, still high enough to cause problems. For Miacomet Pond, a 10% release rate would yield 


P increases of 114 to 189 µg/L with an average of 165 µg/L, while a 1% release rate would 


produce a P increase of 11 to 19 µg/L with an average of 17 µg/L. Again, the potential for 


internal loading from sediment P reserves is substantial and represents a very real threat of algal 


blooms. 


 


Release of P from Fe compounds depends on reactions that occur under very low oxygen 


conditions, and release into water with higher oxygen results in co-precipitation and limited P 


availability. In deep water, where released P is in an area with minimal light, it may not be 


available to algae attempting to grow higher in the water column. However, neither Hummock 


nor Miacomet Pond is deep enough to have too little light for algae to grow at the sediment-water 


interface, so anoxia in that area will be enough to allow released P to be used by algae. 


Cyanobacteria are noted for growing at low light at the sediment-water interface while taking up 


extra P, then forming gas pockets and floating upward where higher light allows more rapid 


growth. Synchronous rises can form blooms quickly, and the extra P in rising cells allows growth 


and bloom expansion even if the overlying water has limited P. 
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Figure 26. Selected Miacomet Pond sediment features 
 


 
 


The area covered by potentially contributing sediment is important to overall loading, and would 


include mainly organic deposits; sandy sediments tend to have low Fe-P concentrations. 


Examination of Hummock Pond during drawdowns associated with barrier beach breaching 


indicates significant organic sediment accumulations in water more than 2 feet deep, representing 


an area of about 120 acres, although there are sandy patches in deeper water and soft sediment 


accumulation in some shallower areas such as around HUM8. Mapping of sediment in Miacomet 


Pond by WRS in 2016 as a separate project provided soft sediment contours that indicate 


coverage by organic muck in water about 2 feet deep, representing an area of about 38 acres. 


However, a thin veneer of organic sediment over coarse sand is observed in some areas at the 


inland end of the pond, and some emergent wetland areas are not counted as part of the pond area 


in this case.  
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There is another complication relating to internal loading in each pond, however. Release of 


phosphorus can occur under oxic conditions where there is either a high rate of decomposition of 


organic matter or where water chemistry leads to binding of iron that would otherwise sequester P 


under oxic conditions. This latter situation is most often observed with seawater intrusion, as 


seawater is high in sulfates and the sulfur preferentially binds with iron to form insoluble 


complexes. With less iron available to bind P, P release from sediments can be substantial even 


with oxygen at the sediment-water interface.   


 


Miacomet is likely to suffer to some extent from the first mechanism, with decay of organic 


matter releasing some P, although probably not as much as via the anoxic mechanism. In 


Hummock Pond there is a major threat of oxic release due to sulfate addition with seawater in the 


twice annual opening of the pond to the ocean; SMAST measurements have indicated oxic 


release of P from Hummock Pond sediments, probably on the order of that expected under anoxic 


conditions.  
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Oxygen Assessment 


 


Oxygen status of the ponds was assessed with a dissolved oxygen (DO) probe that measures 


oxygen and temperature at 0.5 m intervals from surface to bottom, with the deepest measurements 


collected at the sediment-water interface and in the sediment itself. Assessment occurred on 5 


dates between late June and early October, usually in the early morning or late afternoon when 


lowest oxygen is most likely to be encountered at the sediment-water interface. T/DO profiles 


were collected at previously assessed water quality stations (HUM1, 3, 5, 7 and 8, and MIA1, 3 


and 5). Conductivity/salinity was checked at each station as well, to better characterize the 


reported gradient along a north-south transect, and Secchi transparency was recorded. Complete 


data are provided in the appendix. The areal and temporal extent of low oxygen can be calculated 


and factored into calculation of P loading from surficial sediment. 


 


Average conductivity in Hummock Pond during this study ranged from a low of 3590 µS, which 


equates to a salinity of 2.3 ppt, to 14,460 µS, which is the same as a salinity of 8.6 ppt. There was 


both a longitudinal gradient, with higher values at the ocean end of the pond and lower values in 


Head of Hummock Pond, and a temporal gradient, with values declining over time at all locations 


between May and October. The barrier beach at Hummock Pond was breached in April 2016, 


opening the pond to the ocean for 19 days, and the fall breach did not occur until after sampling 


was completed. Average conductivity for the period was just over 8000 µS, equating to an 


average salinity of just under 5 ppt. 


 


Conductivity in Miacomet Pond ranged from 157 to 211 µS, all considered moderate for 


freshwater, with no discernible longitudinal gradient. No saltwater intrusion into the pond is 


indicated. No breaching of the barrier beach at Miacomet Pond has occurred for over a decade. 


 


Oxygen values more than half a meter above either pond bottom were nearly always >2 mg/L and 


usually >4 mg/L, suggesting no severe hypoxia or anoxia in the water column. However, 


measurements very close to the sediment-water interface were frequently <0.5 mg/L in both 


ponds. HUM1 and HUM3 at the ocean end of the pond rarely exhibited any significant oxygen 


stress, while values for HUM5, HUM7 and HUM8 were routinely low at the sediment-water 


interface between late June and early October.  All three assessed stations in Miacomet exhibited 


low oxygen at the sediment-water interface on nearly all dates. Example DO profiles (Figure 27) 


illustrate the situation in each pond.  


 


Strong temperature gradients were not observed in Hummock Pond, but slight thermal gradients 


were observed, with 3 C degrees being enough to reduce mixing at least during calm periods. 


This suggests limited thermal resistance to mixing but an active sediment oxygen demand that 


depresses oxygen and likely fosters P release near the sediment-water interface. Even with 


uniform temperatures, oxygen was low right at the sediment-water interface.  


 


Vertical thermal gradients were not detected at stations MIA1 or MIA3 in the shallower 


Miacomet Pond, but were observed on nearly all dates at MIA5 over only one meter of water 


depth. It is likely that groundwater inflow is substantial in this area, as bottom temperatures were 


indicative of groundwater while surface water temperatures were more typical of the rest of the 


pond. Oxygen concentrations were low at the sediment-water interface at all three stations on 


nearly all dates, but were lower overall in the water column at MIA5. Both entry of anoxic 


groundwater and greater decay of organic matter accumulated in this area may be responsible. 
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Figure 27. Example temperature and dissolved oxygen profiles from Hummock (top) and Miacomet (bottom) Ponds 
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Algae Bloom Characterization 
 


Algae have been assessed as part of routine monitoring in the past, and it is known that 


cyanobacteria bloom in both Hummock and Miacomet Ponds. Sample bottles containing 


preservative vials were provided to designated pond monitors to facilitate collection of algae 


whenever a bloom was observed. Samples could be whole water samples, representing the 


apparent condition of the water, or concentrated samples of wind-blown phytoplankton 


accumulations or observed algal mats, whatever best represents what was observed in the ponds. 


Preserved samples were sent to WRS for analysis at the conclusion of the summer collection 


process. Samples were subjected to quantitative microscopic analysis by standard methods. A 


total of 10 samples were collected in 2016 as part of this program, although additional samples 


were collected and analyzed by Town of Nantucket staff as part of routine monitoring.  


 


Complete data are provided in the appendix, while biomass is summarized in Figure 28. The 


yellow line at 1000 µg/L represents an approximate threshold below which no use impairment is 


expected in a waterbody. The black line at 3000 µg/L represents the algal biomass concentration 


above which use impairment is usually observed. 


 


Late June samples from Hummock Pond contained only small amounts of algae, but did include 


the bloom-forming cyanobacterium Dolichospermum (formerly known as Anabaena). This genus 


has been observed in many past collections from Hummock Pond. By late July a serious bloom 


had developed and continued through August. An additional cyanobacterium, Anabaenopsis, 


joined Dolichospermum in August, but the main bloom did not appear to be a succession of 


cyanobacteria as is often observed in eutrophic lakes in summer. Elevated P concentrations and 


limiting nitrate and ammonium concentrations appeared to favor and support these cyanobacteria. 


Several types of diatoms, green algae and dinoflagellates were also observed, but cyanobacteria 


represented the vast majority of cells and biomass in Hummock Pond in summer of 2016. 


 


In Miacomet Pond, discoloration of the water in May prompted sampling by town staff, and the 


algae appeared to be members of the chrysophyta (golden algae) from pictures, although the 


genus was not identifiable. Patchy blooms of Dolichospermum were observed in June, subsiding 


by late June. No further cyanobacteria blooms were observed in 2016. A bloom dominated by the 


colonial, flagellated, chrysophyte Dinobryon was sampled in late June 2016. No other samples 


were collected from Miacomet Pond by this program in 2016. 


 


Species of Dolichospermum observed are types that often start as growths at the sediment-water 


interface then rise into the water column. There is indication, however, that once in the water 


column of Hummock Pond, algae are supported by elevated available P concentrations and may 


proliferate and continue a bloom for an extended period of time. In Miacomet Pond the available 


P in the water column is lower, and blooms appear to be more transient, probably depending more 


on reserves accumulated in cells before rising into the water column. 


 


Both ponds appear to have a background algal flora of diatoms and golden algae that would be 


expected in sandy coastal ponds, but the excessive P concentrations coupled with limiting levels 


of available nitrogen lead to major cyanobacteria blooms during warmer periods. In the case of 


Hummock Pond, the breaching of the barrier beach lowers the N concentration in the pond 


substantially in the spring, setting the stage for N limitation while encouraging more available P, 


a recipe for fostering cyanobacteria growth. Lowering N concentrations is an appropriate activity 


in estuarine or marine situations, but must be accompanied by P reduction in coastal ponds to 


avoid cyanobacteria blooms.   
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Figure 28. Phytoplankton biomass in 2016 samples. 
 


 
 


 


  


0


5000


10000


15000


20000


25000


30000


6
/3


0
/2


0
1


6
 H


1


6
/3


0
/2


0
1


6
 H


5


6
/3


0
/2


0
1


6
 H


7


7
/2


7
/2


0
1


6
 H


7


8
/9


/2
0


1
6


 H
 G


P
S


8
/3


0
/2


0
1


6
 H


1


8
/3


0
/2


0
1


6
 H


5


8
/3


0
/2


0
1


6
 H


7


6
/2


8
/2


0
1


6
 M


1


6
/2


8
/2


0
1


6
 M


5


Algal Biomass


PYRRHOPHYTA


EUGLENOPHYTA


CYANOPHYTA


CRYPTOPHYTA


CHRYSOPHYTA


CHLOROPHYTA


BACILLARIOPHYTA


B
io


m
as


s
(u


g/
L)


Date, Pond and Station


Yellow line at 1000 ug/L represents possible problem threshold, while black line at 3000 ug/L 


represents probable problem threshold. 


 







 33 


Data Quality Review 
 


The measurement performance criteria to support the project objectives were described in the 


QAPP and include elements of accuracy, precision, detection limits, resolution, bias, completion, 


representativeness and comparability. Data accuracy is most often assessed with the use of spiked 


samples or blanks. There were no indications of problems from lab spikes and blanks at 


Envirotech Laboratories, where groundwater samples were analyzed. However, one field blank 


for Hummock Pond groundwater exhibited an ammonium N value of 110 µg/L while the 


detection limit was 20 µg/L, and two field blanks for Miacomet Pond groundwater yielded 


dissolved P concentrations well above the detection limit of 5 µg/L (Appendix). Based on the 


results for other stations on those dates, many of which were lower than the blanks, it appears that 


a bad batch of distilled water was used for field blanks. Accuracy with sediment samples is 


mainly assessed with spiked samples. Spiked sediment samples for this project resulted in 97% 


recovery, a very acceptable value. Field meters used to assess temperature, oxygen and 


conductivity were calibrated and appeared to perform well; there is no suspicion of inaccurate 


values from those readings. 


 


Precision is assessed mainly through duplicate samples. Duplicate groundwater samples had 


generally acceptable relative percent differences; values >20% resulted only from values close to 


the detection limit, and many duplicate values were within 10% of each other when a threshold of 


25% had been set in the QAPP. Precision of sediment samples was more problematic, with one 


duplicate sample having disparate values for organic content, Fe-P and total P, and the other 


having substantial difference between Fe-P values. The lab is still investigating this problem, but 


the results have only limited bearing on calculations based on average values. Precision for field 


instrument measurements appears to have been very high. Repeat algal analysis indicated 


precision close to 10%. 


 


Detection limits were met and resolution of values on relevant scales for each assessed feature 


was considered adequate. No systematic bias was detected in any analysis. All planned sediment 


and oxygen measurements were obtained, but physical site limitation reduced the number of 


ground water segments in Hummock Pond and fewer algae samples were collected than expected, 


although collected data are considered adequate for the intended assessment. All samples appear 


representative and comparability to past corresponding data appears sufficient. 
 


No resampling was deemed necessary, although the sediment testing lab is re-analyzing several 


samples to attempt to understand why precision was low. There may be inaccuracies relating to 


some individual data points, but taken as a collective data set and compared to relevant past data, 


the data appear acceptable for use in further calculations. Most intended comparisons involve 


fairly major changes that would not erroneously be derived from data with inherent error at the 


level perceived for this data set.  
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Data Analysis  
 


Data collected and described so far indicate that groundwater is a source of N and P, but at 


variable and not typically very high concentrations, and that surficial sediments represent a large 


potential source of available P, with low oxygen in surficial sediments that will increase 


availability of iron-bound P at the sediment-water interface. Here we examine how these sources 


are likely to fit into overall N and P loads to Hummock and Miacomet Ponds. 


  


There are four potential sources of inflow to each pond and two additional sources of nutrients 


that have minimal associated flow (Tables 3 and 4). Precipitation is based on long-term records, 


adjusted for more recent patterns, and estimates of nutrient content are consistent with other 


studies and models as applied to southern New England. Atmospheric inputs are rarely a 


dominant component of nutrient loading to landlocked ponds, and by bracketing plausible N and 


P concentrations we believe we have adequately characterized that input source. Atmospheric 


inputs can be a major source to estuarine or marine areas, as related precipitation falls on a very 


large water surface, but for land-bound ponds with limited surface area and larger watersheds, 


other sources of N and P tend to be more important. For ponds, the typical levels of N and P in 


precipitation in this area tend to lead to acceptable water quality, so the presence of algae blooms 


in Hummock and Miacomet Ponds suggests that other sources are important. 


 


There does not appear to be any significant surface water inflow to Hummock Pond, but flooding 


in areas around Miacomet and observation of drainage patterns suggest that some surface water 


does reach Miacomet Pond during storms, mainly in spring when the water table is high. We 


estimate that about 10% of the potential surface flow is actually realized, compared to values of 


25 to 40% in areas with less sandy soils or more urbanization. There is considerable uncertainty 


associated with this estimate, but it provides a starting point for comparison and future 


investigation as needed. Concentrations of N and P are from the second quartile of an extensive 


database established for developed land and represent a reasonable bracketing of likely input 


concentrations for this system.  


 


Surface inflows during storms are often a dominant source of nutrients to lakes, but are less of a 


factor in sandy coastal areas such as Cape Cod and the islands, as overland flow is less in this 


area. The primary concerns at Miacomet are “unsanctioned” access points created on public land 


to facilitate boat launching in the pond, as these become conduits for storm runoff. There are 


fewer such access points at Hummock Pond, and runoff from the developed properties on the east 


side represent the greatest concern. In all cases, these appear to be minor sources individually, 


and it is not clear that they add up to a major source, but they are controllable sources. 


 


Groundwater inflow is likely to be a major source of water to the ponds, and N moves readily 


through soils, while the movement of P is subject to many factors, including available binding 


sites on soil and oxygen status of the groundwater. One task of this project was to assess N and P 


concentrations in groundwater entering the ponds, providing actual estimates of N and P for use 


in calculations. Measurement of groundwater flow was beyond our scope, but has been the 


subject of other investigations. A model constructed by Applied Science Associates in 2001 


suggested groundwater flow through the Miacomet basin of 0.02 to 0.14 m
3
/sec, with a mean of 


0.06 m
3
/sec. Not all of this would necessarily enter the pond, and we have assumed that about 


half of the groundwater movement is underflow that bypasses the pond and have extended this 


assumption to Hummock Pond with adjustment for a larger contributing area.  
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Table 3. Estimated water, nitrogen and phosphorus loads to Hummock Pond. 
 


 
 


 


Table 4. Estimated water, nitrogen and phosphorus loads to Miacomet Pond. 
 


 
 


  


Loading Component Assumptions/Data Water N P


Ac-Ft m3 kg kg


Pond volume 142 ac @ 6.5 feet deep 923 1140000


Precipitation/yr 43.6 in on 142 ac = 1.1 m on 56.8 ha 516 637000


N@200-400 ppb, P@10-30 ppb 127-255 6.4-19.1


Surface inflow/yr None known; minimal runoff potential 0 0


0 0


Groundwater inflow/yr


Same rate as for Miacomet with watershed of 2000 ac suggests 


mean of 0.115 m3/s, half reaches pond 1470 1813500


18 inches of recharge over 2000 acres, half reaching pond 1500 1851000


Averages for HUM1-6, 13 for 87.5% of flow, N@2171 ppb, 


P@33 ppb,  MIA7-12 for 12.5% of flow, N@6832 ppb, P@ 


117ppb 5095 81


Include only HUM3-6,13 and HUM8, 10-12 P where Fe:P<10:1,  


flow@53.6% mean est. for HUM3-6, 13, flow@8.4% mean est. 


for HUM8, 10-12 65


Seawater inflow/yr Two breaches per year, 25% of volume each time 462 570000


N@300-400 ppb, P@20-40 ppb 171-228 11.4-22.8


Waterfowl No significant liquid input 0 0


66 birds/yr @ N= 1.0 kg/bird-yr and P= 0.2 kg/bird/yr 66 13.2


Sediment release No liquid input 0 0


Anoxic: 5-10% of Fe-P over 120 acres, P@4 g/m2, N release @ 


2XP release 194-388 97-194


Oxic: 5-10% of Fe-P over 120 acres, P@4 g/m2, N release @ 


2XP release 194-388 97-194


Best Est. Total 2461 3027000 6134 399


Hummock


Loading Component Assumptions/Data Water N P


Ac-Ft m3 kg kg


Pond volume 43.5 ac @ 4.0 feet deep 174 215000


Precipitation/yr 43.6 in on 43.5 ac = 1.1 m on 17.4 ha 158 195000


N@200-400 ppb, P@10-30 ppb 39-78 2.0-5.9


Surface inflow/yr Watershed yield = 1.0-1.3 cfsm, area=1.02 mi2, 10% as runoff 72.4-94.1 89300-116100


N@3000-4000 ppb, P@100-200 ppb 268-464 8.9-23.2


Groundwater inflow/yr


ASA 2001 study gives 0.02-0.14 m3/s, mean=0.06 m3/s, half 


reaching pond


256-1789 


(767)


315500-2207500 


(946000)


Sutherland 2012 indicates 18 inches of recharge over 1040 ac, 


half reaches pond 780 962500


Avg MLIP1&2 for 30% of flow, N@388 ppb, P@5 ppb; MLIP3 for 


40% of flow, N@1005 ppb, P@20 ppb; MLIP4 for 20% of flow, 


N@335 ppb, P@50 ppb; Avg MLIP5-10 for 10% of flow, N@653 


ppb, P@242 ppb 621 41.7


Include only MIA6-10 P where Fe:P<10:1, flow@10% mean est. 26.6


Seawater Inflow/yr Not connected to ocean in a decade 0 0


0 0


Waterfowl No significant liquid input 0 0


24 birds/yr @ N= 1.0 kg/bird-yr and P= 0.2 kg/bird/yr 24 4.8


Sediment release No liquid input 0 0


Anoxic: 10% of Fe-P over 38 acres, P@2 g/m2, N release @ 2XP 


release 62 31


Oxic: 5% of Fe-P over 38 acres, P@2 g/m2, N release @ 2XP 


release 31 15.5


Best Est. Total 1011 1248000 1163 98


Miacomet
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It is also known from past work going back to Horsley and Witten in 1990 and applied by others 


more recently that about 18 inches of annual precipitation becomes groundwater recharge. We 


have again assumed that half actually reaches the pond. The two independent estimates of 


groundwater flow result in very similar water loading for each pond, adding some confidence to 


the estimates, but these are subject to both natural variability and estimation uncertainty. 


 


The estimation of N and P loading is complicated by spatial variation in concentrations in 


assessed groundwater and the likelihood of uneven entry of groundwater to the ponds, with 


higher inflows at the inland ends where the slope of the groundwater table is greater, resulting in 


faster movement of water through the soil. We have divided the groundwater inflow into two 


parts for each pond, upgradient (inland) and downgradient (ocean end) components, each adjusted 


based on contributing land area and water table slope, and applying average N and P values for 


respective shoreline segments. We have further modified the P loading estimate by removing 


values from the average where the Fe:P ratio is >10:1, as combination of Fe and P would be 


expected once the groundwater entered the pond and the P would become part of the sediment by 


precipitation. That P is likely to figure into internal loading, but is not properly an active part of 


the groundwater load. 


 


Seawater has not been a factor in water or nutrient loading to Miacomet Pond for over a decade, 


but past breaching of the bottom barrier has occurred and could occur again. Past breachings may 


have affected sediment chemistry and groundwater at the ocean end of the pond in lasting ways, 


or saltwater intrusion into groundwater may be a factor, as the binding of Fe by sulfates in 


seawater appears to have lowered the Fe:P ratio in groundwater at the ocean end of the pond. But 


direct entry of seawater to Miacomet Pond is no longer a factor in water or nutrient loading. 


 


Hummock Pond is opened to the ocean twice per year, spring and fall, with varied timing and 


duration over the years. In general, openings last one to three weeks, lower the pond by about half 


its volume, and refill it to about the 75% mark. The remaining 25% of pond volume is refilled 


more gradually by groundwater and direct precipitation, with refill requiring at least a month, 


longer during dry periods. There is variation in the duration of opening and change in pond 


volume, and the impact varies along a gradient from ocean to inland, but the scenario listed here 


appears to approximate the norm.  


 


For 2016, mass balance calculations for salinity suggest that after opening in April the average 


salinity in May would be 12.6 ppt, while actual measurement in mid-May was 12.2 ppt. Based on 


monthly estimated inputs of freshwater, the September salinity was calculated at 5 ppt while the 


actual average salinity was 6 ppt. This gives us some confidence in the general hydrologic 


assessment for Hummock Pond, but there is considerable variability based on openings and 


weather. We have no direct measurements for N and P in seawater entering Hummock Pond, but 


have assumed typical levels in surface seawater as corroborated by data from harbors around 


Nantucket in estimating loads. The result is a relatively minor portion of the total N and P loads. 


 


Waterfowl can be a significant source of nutrients, and bird counts were made by town staff 


during 2016 monitoring. We used those counts and literature values for N and P per bird per year 


as estimates of loading. Many birds will have left in the winter, but we did not reduce the estimate 


of bird years accordingly; as the estimates of inputs are relatively small, this overestimation is not 


of any major consequence. 


 


Sediment assessment was another task within this project undertaken to provide specific data. It 


was not known if anoxia developed near the sediment-water interface and the Fe-P content of the 


sediment was not known. Both were assessed; anoxia does occur in surficial sediment and Fe-P 
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levels are high enough to support algae blooms when release occurs. With well oxygenated 


overlying freshwater it is likely that much P recombines with Fe and precipitates out. Yet 


saltwater additions to Hummock Pond bring sulfates that bind iron and may limit precipitation of 


P once released into the overlying water. This chemical process may also encourage release of P 


from sediments under oxic conditions, increasing internal loading. Additionally, decomposition 


of organic matter releases P into the water column and could be a significant source in these 


ponds. Where adequate iron is present, it will bind that P, but with the saltwater additions to 


Hummock, that mechanism may be muted.  


 


Even if P does recombine with Fe and precipitate from the water column after release, uptake at 


the sediment-water interface may be important in both Miacomet and Hummock Ponds. With 


both ponds being shallow, light will penetrate to most of the bottom and algae can grow at the 


sediment-water interface where the P is released. Such growths often rise into the water column 


after accumulating substantial biomass and extra P in cells, resulting in surface blooms. 


Filamentous green algae mats are also generated in this manner, and are observed in both ponds.  


 


We generally find that it is rare for more than 10% of the Fe-P in sediment to be released in a 


growing season. More P may be released where iron is being bound by sulfur or organic decay is 


high. We did not conduct core incubations, a lab procedure that can provide direct estimate of P 


release under controlled conditions, but the estimated release rates based on Fe-P content of the 


sediment and observed field conditions are 2-4 mg P/m
2
/day, well within the range normally 


encountered. Other studies (e.g., Sutherland and Oktay 2010, Sutherland 2013) have suggested 


that internal loading was a major source of P to these ponds, and our results tend to support that 


contention, but the estimates of loading are fairly rough and subject to considerable uncertainty. 


 


Overall, the water load for Hummock Pond (Table 3) suggests that the pond is flushed 2.7 times 


per year (2461 ac-ft of water passing through 923 ac-ft of pond). The estimated average N load is 


6134 kg/yr, which is remarkably close to the independently derived MEP estimate of 6023 kg/yr 


(Howes et al. 2014). About 85% of the N load is attributable to groundwater. The MEP report 


suggests that 65% of this is from wastewater disposal, but our highest N values in groundwater 


were associated with large undeveloped areas, mostly Phragmites dominated wetland area. That 


western area is expected to have less actual groundwater flow, so the influence of high N and P 


concentrations in that groundwater is reduced, but it does suggest potential error in simply 


assuming that wastewater is the dominant source.  


 


The fairly detailed analysis contained in the MEP report is based on land use and related nutrient 


load generation, with consideration of attenuation on the way to the pond. The land use map 


(Figure 29) shows a substantial number of unsewered residential and commercial properties north 


and east of Hummock Pond (marked as yellow parcels), representing 36% of the watershed. 


Modeling was used to estimate inputs from all properties. Of particular concern is the area 


northeast of the pond that would likely drain to the northeast arm of Hummock Pond. The 


groundwater in that area was not sampled in this study due to access issues, so one potentially 


large input area may be underrepresented in this study. Still, the estimated total N loads from the 


MEP and this 604b study are remarkably close, and N concentrations in the sampled groundwater 


segments toward the northern end of Hummock Pond are not excessive. More investigation with 


actual measurement of groundwater quality and flow may be needed to gain an understanding of 


N loading sufficient to support important management decisions like further sewering. 
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Figure 29. Land use in the Hummock Pond watershed. (From Howes et al. 2014) 
 


 
  


Phosphorus loading does not appear to have been previously estimated for Hummock Pond, and 


this analysis suggests an average annual load of 399 kg P, with about 75% from internal loading 


from sediments. Using the Lake Loading Response Model (LLRM), it is predicted that the 


average P concentration in Hummock Pond will be 79 µg/L. Total P has been measured less 


frequently in recent years, but the average value in available town reports is 84 µg/L, a 


reasonably close match and certainly within the range of variability indicated by the model. The 


model further predicts average chlorophyll of about 41 µg/L, while actual chlorophyll measures 


from recent years average only about 14 µg/L. This is undoubtedly due to P not being the limiting 


factor for phytoplankton in Hummock Pond; both N and light are likely to be more limiting. 


However, those conditions favor certain cyanobacteria which can utilize dissolved N gas and 


grow well under low light; indeed, cyanobacteria blooms are common in Hummock Pond. 


 


Loading of P from wastewater is quite different than for N, as P as phosphate is readily adsorbed 


to soil particles, even sand, and does not move far beyond leachfields unless they are very old and 


the soil capacity is exhausted or the groundwater is anoxic and binding of P is reduced. With the 


observed N concentrations in groundwater downgradient from developed areas of the watershed 


being low to moderate, we would not expect appreciable P in that groundwater, and indeed the 


concentrations are fairly low. 


 


The water load to Miacomet Pond (Table 4) suggests that the pond is flushed about 5.8 times per 


year (1011 ac-ft of water passing through 174 ac-ft of pond). Groundwater is the largest water 


source, followed by direct precipitation, but surface water inputs may also be substantial. This is 


an area of some controversy and uncertainty. Flooding has occurred in the Miacomet watershed, 


but according to town reports and the Woodard and Curran (2014) study, such flooding is mainly 


a function of high groundwater table and poor drainage systems. The pond has been opened to the 
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ocean to lower it, which then increases the slope of the groundwater table and does increase the 


rate of drainage for those low-lying areas prone to flooding, but surface connections are limited 


and the ponds suffers impact just to enhance groundwater flow. Aside from the impact of lowered 


water level, the increased groundwater flow carries more nutrients into the pond. Opening of 


Miacomet Pond to the ocean stopped over a decade ago and there is little reason to resume that 


practice, but there does appear to be some surface flow to the pond that must be addressed in the 


loading analysis. 


 


One interesting aspect of Miacomet hydrology is that there appears to be a major groundwater 


input point between stations MIA3 and MIA4 (Figure 22). The temperature near the bottom in 


only about one meter of water is routinely much colder than at the surface. This apparently 


uneven input of groundwater may warrant additional investigation. This is an area where 


potentially substantial sources from the east and west converge and the slope of the groundwater 


table appears to decline; it may be a major loading point for at least N from the watershed. In 


response, we adjusted groundwater loading estimates through more partitioning of the drainage 


area (Table 4), generally following the delineations from the ASA (2001) study. 


 


The estimated average N load to Miacomet Pond is 1163 kg/yr, with groundwater as the largest 


source. Surface loading has high uncertainty and a wide range, but is potentially a significant 


source of N. All other sources are relatively minor. The ASA (2001) assessment calculated a total 


N load of 3376 kg/yr, considerably higher than what this 604b effort derived. The ASA report 


provides few details of model calculation, but the load of 3376 kg/yr is an input to the mass 


transport model, which may attenuate this load. Additionally, we suspect that as much as half the 


groundwater passes under or around Miacomet Pond, which could cut the delivered load in half, 


making it much closer to the estimate from this 604b study. Mass balance calculations using an 


input of 1163 kg/yr suggest an average inlake N concentration of 934 µg/L, while the average 


actual value for Miacomet Pond for the last five years is 990 µg/L. This match is close enough to 


suggest that the 604b N load estimate is reasonable but probably slightly low.  Similar calculation 


with the ASA N load of 3376 kg/yr suggests an N concentration well over 2 mg/L, more than 


twice the average value for recent years. 


 


The estimated P load to Miacomet Pond is 98 kg/yr, with internal loading, groundwater and 


surface water inputs all as significant components. Internal loading is the largest single 


component, and occurs mainly during the growing season, so it is disproportionately important to 


summer conditions, but the groundwater and surface water components may be sufficient to 


support blooms. Application of the P load in LLRM results in a predicted inlake average P 


concentration of 52 µg/L, while the measured average over the last decade is about 57 µg/L, a 


reasonable match. The predicted average chlorophyll concentration is 25 µg/L, while the average 


measured value is 22 µg/L, again a reasonable match. Nutrient limitation appears to fluctuate 


between P and N, with cyanobacteria blooms seemingly coincident with periods of N limitation. 


Blooms of golden algae (chrysophytes) are more common when P is limiting, but algae 


abundance is high most of the summer.  


 


The ASA (2001) assessment estimated a P load of 29 kg/yr, but this did not include internal 


loading, the largest source identified in this 604b study, and also ignored waterfowl inputs. 


Summing only the components of this study that are common to the ASA effort, we get an 


estimated P load of 47 kg/yr, still higher than the ASA (2001) estimate, but justified by the 


numeric estimations provided here. The ASA report provides little detail of the calculations, but 


concludes that 76% of the P load comes from the west side of the main body of Miacomet Pond, 


where the only obvious source is the golf course. Underestimation from sources to the north and 


east is suspected, along with ignoring internal loading and waterfowl. 
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Management Needs 
 


For Hummock Pond, control of N and P is desirable, but the current focus on N will not alleviate 


cyanobacterial blooms. Only by making P the limiting nutrient are we likely to reduce 


cyanobacteria substantially. If the anoxic release of P is eliminated, LLRM predicts that the P 


concentration will drop to 49 µg/L, a sizeable decrease from current levels but not enough to 


prevent blooms. If the anoxic and oxic portions of the internal load could be eliminated, LLRM 


predicts a P concentration of 20 µg/L; this reduction should be enough to limit blooms and shift 


composition away from cyanobacteria. Predicted average chlorophyll would be 7.5 µg/L, an 


acceptable value about half of the current average. No other source of P to Hummock Pond is 


large enough to provide a substantial decrease if addressed by management. This does not mean 


that other sources (e.g., wastewater, fertilizer) should not be addressed in a management plan, but 


the internal load must be addressed if the plan is to be successful. 


 


The situation is similar in Miacomet Pond, but with P sometimes limiting in that pond, where 


seawater influence has been minimal for over a decade. Elimination of the anoxic component of 


internal loading in LLRM yields an average inlake P concentration of 35 µg/L, while elimination 


of both anoxic and oxic internal loads results in a predicted inlake P concentration of 27 µg/L. 


Neither is low enough to prevent all blooms, although improvement should be marked and there 


should be fewer cyanobacteria blooms. Additional effort in the watershed may be necessary to 


further lower the P concentration.  


 


Certainly it would be beneficial to further reduce fertilizer use and revisit golf course 


management, but Nantucket already has a fertilizer ordinance that calls for a soil test before any 


P-laden fertilizer can be applied. Additionally, manufacturers are taking excess P out of lawn 


fertilizers as a result of bans in many USA cities and states. Fertilizer as a P source may already 


be much lower than many past studies have projected. The breakdown of estimated groundwater 


inputs suggests that over half of the total input of P is linked to just 10% of inflow in the half of 


the pond closest to the ocean. Soil capacity to bind P may have been exhausted here by past 


incidents of saltwater exchange induce by breaching the barrier beach, a practice that only 


impacted that half of the pond. Further investigation through seepage measurements and 


groundwater testing is recommended, but it may be possible to “recondition” sediment in this 


area to better bind P through addition of iron or aluminum. 


 


Reduction in N loading may not be necessary to manage these ponds for recreational use. 


Miacomet Pond has not been connected to the ocean in over a decade and conversion of N within 


that pond to organic forms will limit its movement with groundwater out of the pond and into the 


ocean. Total N values are elevated, but these will produce green algae instead of cyanobacteria if 


P is reduced, and those algae are more edible within the food web. Certainly N reductions are 


desirable, and should be pursued with P reductions for watershed inputs, but just reducing N 


without a greater proportional reduction in P will not reduce blooms of cyanobacteria.  


 


The situation appears similar for Hummock Pond, where reduced P is more important than 


reduced N for control of cyanobacteria.  However, twice annual breaching of the barrier beach 


connects this pond to the ocean for 6 to 19 days at a time, lowering the N concentration by at least 


a factor of two and usually resulting in an average total N concentration close to 0.5 µg/L. The 


breaching adds sulfates from ocean water that preferentially bind with iron and reduce natural P 


inactivation capacity. This practice effectively shifts the pond into a mode of N limitation with 


adequate available P, favoring cyanobacteria that can utilize dissolved N gas, an ecological 


advantage over other algae.  
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The blooms appear to start in the northern portion of Hummock Pond, especially Head of 


Hummock, where salinity is lowest and normally freshwater forms of cyanobacteria can still 


thrive. Those blooms move from the inland end to the ocean end of the pond, finding adequate P 


to keep the bloom going as long as the salinity is not too high. The pond “freshens” over the 


summer after the spring breaching and the probability of cyanobacteria blooms increases. If the 


salinity was kept much higher, such blooms might be avoided, but ongoing fresh water inputs 


lower salinity, so breaching would have to be more frequent. This would induce considerable 


fluctuation in water levels that would impair both ecological and recreational functions. 


 


The breaching of the barrier beach at Hummock Pond is practiced to allow flushing of the pond 


and access by anadromous fish. It is known from monitoring that the flushing function works 


with regard to N, but it does not effectively reduce P concentrations. It is not known that the 


breaching supports fish runs that sustain any marine populations. Older surveys suggest that 


alewife and even striped bass have been found in the pond, but documentation that an opening of 


a couple of weeks in April and again in October adequately supports marine fisheries is lacking. 


Town staff is currently working with the Massachusetts Division of Marine Fisheries to 


investigate fish resources and the utility of the breaching, and such an evaluation is needed to 


facilitate more informed decisions.  


 


For maximum fishery benefit, the timing of the breaching should match the immigration and 


emigration timing for herring and allow enough time for adults to spawn and leave in the spring 


as well as adequate time for young-of-the-year to find their way out in the late summer or early 


fall. The connection of the pond to the ocean for about one month per year does increase average 


salinity, but this does not make Hummock Pond a functioning estuarine system, and it impairs 


freshwater functions. If breaching ceased, the situation would be analogous to Miacomet Pond 


and P control would be more important than N control to manage algae blooms. Goals and 


priorities for the management of both ponds need to be set in order to plan appropriately. 


 


Rooted plants are not the subject of this project, but do figure prominently in the management of 


both ponds. Both ponds are shallow and have a substantial area of fertile bottom sediment. Under 


these conditions, rooted plant growth is to be expected, and can fill a large portion of the water 


column. This will provide ecological benefits for some species and negatively impact others, but 


is routinely a problem for recreational use. Algae blooms reduce light and may reduce plant 


growth to some degree, but with both ponds being so shallow, nuisance growths are still 


expected. Control of nutrients to reduce algae blooms may not translate into any plant control, 


and increased light may actually increase plant density, except where dredging is used to remove 


nutrient reserves, in which case the substrate in which the plants grow will be altered and growths 


should be minimized. Some form of rooted plant control is likely to be needed to manage these 


lakes for maximum recreational benefit and would benefit some ecological functions as well. 


 


In Hummock Pond the submergent plants are virtually all seed producing annual species, as the 


influx of saltwater twice per year kills perennial freshwater plants. That saltwater influx is not 


enough, however, to provide control over Phragmites (common reed), which has taken over large 


expanses of shoreline, especially on the west side of Hummock Pond, and encroaches on the pond 


is some areas, particularly along the narrows and at the northeast end, impairing recreational use 


and even impeding access for this 604b study. Phragmites patches are found along the shoreline 


of Miacomet Pond, but this invasive plant has not yet achieved the density observed at Hummock 


Pond. There is an infestation of Myriophyllum aquaticum (parrotfeather) in Burchel Pond 


upstream of Miacomet Pond to the northwest that threatens Miacomet Pond, but a survey in 2016 


did not find parrotfeather in Miacomet Pond. Control of this plant upstream of Miacomet Pond is 


strongly urged.  
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Management Options 
 


Algae Control 
 


Nutrient management is always the first and best choice for control of algae, but is much easier to 


understand than to accomplish. If P can be reduced to about 10 µg/L there is minimal potential 


for algae blooms to develop. At P concentrations up to about 20 µg/L, blooms are not common. 


Beyond that threshold, the probability of blooms increases and the probability of cyanobacteria 


blooms also increases. In other words, more P means more algae and likely more cyanobacteria, 


as has been documented in several excellent studies (e.g., Canfield et al. 1989, Watson et al. 


1997).  


 


Elevated nitrogen as nitrate or ammonium in freshwater will often determine the types of algae 


present, but as many cyanobacteria can utilize dissolved nitrogen gas, control of N in freshwater 


is unlikely to prevent algae blooms unless P is also reduced. In seawater P tends to be more 


readily available, particularly where iron is the primary natural P binder (and is complexed by 


sulfur and made unavailable to bind P), and N-fixing cyanobacteria are uncommon, so N becomes 


the limiting nutrient in most areas.   Managing both N and P is almost always desirable for algae 


control, and many management actions address both, but the sources of N and P and relative 


magnitudes are not usually identical in lakes, so what management is applied where can have 


differential effects on N and P availability. 


 


Watershed management is promoted by many groups, including state and federal governments, as 


the preferred way to reduce nutrient inputs. Where a lake is in acceptable condition, it is most 


likely to be kept in that condition by watershed management. Certainly any action taken to 


minimize the movement of N or P from land into water is protective of downstream lakes and is 


desirable. However, where damage has been done to a lake, simply reducing continued inputs 


from its watershed many not be adequate to reverse the damage. The situation is analogous to a 


leak in a boat; patching the leak will not remove the water already accumulated in the boat. 


Internal loading can be a dominant P source for kettlehole ponds and other waterbodies in sandy 


coastal areas of New England with limited surface flows of water. Movement through soil tends 


to reduce P inputs and most P entering the pond becomes part of the sediment reserve, either as 


organic matter or as iron-bound P. That sediment P can be released through oxic and anoxic 


processes. The amount of N released by those same processes is low, leading to low N:P ratios 


and a propensity to foster cyanobacteria blooms. 


 


In Hummock Pond the estimated internal load of P is the largest P source and no other source is 


large enough to make a major difference in algae abundance if controlled. Watershed 


management may be protective, but it will not be restorative. In Miacomet Pond the estimated 


internal load is the largest source, but both groundwater and possible surface water inputs may be 


adequate to support blooms if only internal loading is controlled. Some watershed management 


may be necessary, although the temporal distribution of internal loading (mostly in late spring 


and summer) makes that source disproportionately important and its control is likely to provide 


more benefit than a simple annual accounting of loading would indicate. 


 


If internal P loading could be controlled in Hummock Pond, no further action should be necessary 


to prevent the frequent and severe cyanobacteria blooms currently experienced during summer. 


Additional watershed management would be desirable mainly as protection to prolong the 


benefits of internal load control. In Miacomet Pond, it appears that some additional watershed 


management may be needed to achieve the desired control over cyanobacteria. This is uncertain, 
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as the bulk of the internal loading occurs in summer, so it is the dominant source at the time of 


blooms, but an additional P load reduction of about 13 kg/yr would lower the total annual load 


such that the predicted average P concentration would be no more than 20 µg/L. Controls aimed 


at surface or groundwater sources could provide that level of reduction. 


 


Watershed management can involve source controls or pollutant trapping. Source controls limit 


activities that generate N and P loads, such as fertilizer application or wastewater disposal, and 


are highly desirable but difficult and/or expensive to apply in developed areas. Nantucket has a 


fertilizer ordinance that should limit the use of high P fertilizer, but the level of enforcement is 


uncertain. Wastewater management could involve additional sewering, a controversial topic on 


Nantucket that bears considerable cost to implement.  


 


Pollutant trapping relates to methods that keep the N and P from moving off site and reaching the 


lake, and would include infiltration systems (where soil binds P and denitrification can release N 


gas), detention basins (where biological processes convert N and P to organic matter that is 


trapped in the basin), buffer strips (where vegetation limits movement of N and P), and other 


“trapping” approaches. The fundamental problem with these trapping methods is that they rarely 


remove enough N or P to maintain pre-development conditions, so some downstream impact is 


expected. They are appropriate measures, just not completely sufficient in most cases. Where 


development or agriculture exceeds about 25% of the watershed area, water quality is expected to 


deteriorate even with best management practices in place, necessitating some inlake maintenance 


measures if desirable conditions are to be preserved on a regular basis. Both Hummock and 


Miacomet have >25% of their respective watersheds in non-natural uses. 


 


Wastewater management is a controversial topic on Nantucket, but wastewater has been cited as 


the primary source of N in groundwater and could be a source of P as well. If an area is not 


sewered with disposal outside the watershed (which raises issues of its own), the disposal of 


wastewater on site can be expected to raise background N concentrations (mainly as nitrate or 


ammonium) and may raise P concentrations over time if binding sites in the soil are exhausted or 


the groundwater is anoxic. A careful analysis of inputs and movement is beyond the scope of this 


study, but may be necessary for Miacomet Pond and Hummock Pond. Studies by HWH, ASA and 


SMAST (MEP program) have all modeled groundwater inputs to Hummock or Miacomet, but 


results are not in complete agreement and open questions remain. It is clear that sewering would 


reduce N inputs to each pond, but much less clear that P reductions would result. 


 


Fertilizer use is an issue in most developed areas, but the fertilizer industry has been removing 


excess P from lawn fertilizers since a number of cities and states have banned use of high P 


fertilizer as a consequence of documented water quality impact (e.g., Lehman et al. 2013). 


Nantucket has a fertilizer ordinance that prohibits application of fertilizer with high 


concentrations of P unless the need is demonstrated through a soil test, so in theory fertilizer P 


input to ponds should be much reduced over historic levels. Golf course practices may need to be 


reviewed, as the golf course appears to be a potentially major source of N and P to Miacomet 


Pond. 


 


Alleviating flooding is a challenge in the Miacomet watershed, and care should be taken not to 


alter drainage to encourage more surface flow to the pond without also implementing best 


management practices that maximize the quality of that water. Infiltration should remain the 


primary stormwater management approach, within the constraints of laws of Nantucket and the 


Commonwealth of Massachusetts as relates to storm water management. 


 







 44 


As watershed management alone is unlikely to provide the P load reduction for either Hummock 


or Miacomet Pond, inlake measures warrant consideration. The primary means for controlling P 


already in a waterbody include dredging, oxygenation/circulation and inactivation. Each can be 


effective, but each has technical and economic drawbacks that limit application or effectiveness. 


 


Dredging is simply the removal of sediment with associated nutrients and many other things, 


including plant root systems and seeds, algal spores, and oxygen demanding organic matter. As a 


purely restorative measure, dredging is an outstanding way to set a lake back in time, removing 


accumulated bottom material and limiting fertility. If cost and permitting were not constraints, 


this would be the preferred approach for both Hummock and Miacomet Ponds. However, both 


cost and permitting are serious constraints.  


 


The soft sediment volume in Hummock Pond has not been determined, but assessment of 


Miacomet Pond as part of a separate WRS project in 2016 indicated a total volume of about 56.6 


ac-ft (91,200 cubic yards). At a low end cost of about $30/cy, it would cost $2.7 million to dredge 


Miacomet Pond to a coarse sandy bottom. The cost to dredge Hummock Pond would undoubtedly 


be much higher with about three times as much area impacted by organic sediment build-up. 


Partial dredging is an option and might enhance conditions, but an extensive and expensive 


process of sediment testing and planning is necessary to get through the permit phase for 


dredging in Massachusetts. Further examination is beyond the scope of this project, but could be 


worthwhile if a major restoration process can be afforded. If there is any contamination that 


would result in the imposition of disposal restrictions, the cost of a dredging program could rise 


dramatically. It is therefore essential to acquire sediment quality data before further planning. 


 


Oxygenation is the process of adding oxygen to a waterbody, which can be done by direct oxygen 


(or air) addition or by circulation. With circulation, air or mechanical force is applied to move 


water. There may be some transfer of oxygen from the air to the water, but the main mode of 


oxygen addition in circulation is interaction with the atmosphere at the waterbody surface or 


transfer of oxygenated surface water into deeper areas. In each case, the addition of oxygen 


suppresses anoxic release of P, potentially controlling algal blooms. However, in very shallow 


systems like Miacomet or Hummock Ponds, the vertical distance for mixing is short and 


horizontal water movement is problematic, leading to very inefficient mixing. Circulation and 


oxygenation can be achieved, but only with an extensive network of points where air or force is 


applied. The expense and interference of the application network with recreational and ecological 


functions is generally intolerable, so this approach is unlikely to be appropriate for these ponds. 


 


Inactivation of P has gained popularity with successes over the last two decades. While 


philosophically less appealing than original source control, it is highly expedient and can be 


applied flexibly under a variety of circumstances. The three primary applications are: 


 Treatment of sediment at relatively large doses to inactivate any P that can be bound to 


reactive binders (e.g., aluminum, calcium, lanthanum). This tends to greatly depress release 


of P from iron compounds under anoxic influence and may suppress some oxic release as 


well. Duration of benefits is years, averaging 11 years in shallow lakes (Huser et al. 2016). 


 Treatment of the water column to strip P and limit fertility until that P is replaced. These tend 


to be lower dose treatments which provide benefits for shorter duration (a season or two), but 


will also bind some sediment P and over time may provide more lasting benefits. 


 Treatment of incoming surface flows to inactivate P. These tend to be short duration, 


moderate dose treatments that limit P availability in storm flows as needed to keep a lake less 


fertile. As there are no major surface inflows to Hummock or Miacomet Pond, this approach 


is not applicable here. 
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Either the higher dose sediment treatment or lower dose water column treatment could work in 


Hummock or Miacomet Ponds, but the twice per year addition of seawater to Hummock could 


reduce the duration of benefits from the sediment treatment. In addition, oxic release of P in 


Miacomet could be a significant source and may not be strongly affected by a sediment treatment. 


If Head of Hummock Pond was physically separated from the rest of Hummock Pond (a proposal 


that has been under consideration on Nantucket for some time), such that seawater no longer 


reached it, a single sediment treatment with aluminum should provide more than a decade of 


relief from cyanobacterial blooms. If Hummock Pond was no longer opened to the ocean, a 


sediment treatment should provide relief once the pond has returned to a freshwater state. As 


cyanobacterial blooms appear to originate in Head of Hummock, blooms in the rest of Hummock 


Pond might be reduced by addressing only Head of Hummock Pond, but the algae data are not 


extensive enough to be certain of this. 


 


The dose necessary to treat sediment depends on the mass of P in the surficial sediments targeted 


by the treatment. For Head of Hummock Pond, the P mass in the upper 4 cm is just over 4 g/m
2
. 


If aluminum is used as the inactivator, a dose of 40 to 80 g/m
2
 would be recommended, at a cost 


of approximately $3000-6000 per acre. For all of 16 acre Head of Hummock Pond, the treatment 


would cost $50,000 to $100,000, although it is likely that only about half of Head of Hummock 


would actually have to be treated (the portion with complete covering by soft sediment). So a cost 


of $25,000 to $50,000 would be expected, excluding permitting and possibly increased chemical 


and equipment transportation costs. The average P mass in the upper 4 cm of the rest of 


Hummock Pond is also close to 4 g/m
2
, suggesting a similar dose and cost per unit area. Up to 


120 acres might be treated. 


 


The average P mass in the upper 4 cm of Miacomet Pond is close to 2 g/m
2
 and about 38 acres of 


area might be treated. At a dose of 20 to 40 g/m
2
, the cost would be about $1500-3000/acre, or 


$57,000 to $114,000 for the potential maximum treatment area.  


 


The alternative of a low dose water column inactivation is attractive on an experimental basis, as 


some sediment inactivation is achieved and is additive, so that there is no loss of actual treatment 


efficiency with sequential lower dose treatments than for a single larger dose treatment. But a low 


dose (typically 1-3 mg/L) treatment can strip the water column of P and minimize algae blooms 


for as long as it takes for the water column P to be replaced. With the estimated flushing rates for 


both ponds, each should avoid blooms for the summer following treatment in May or June. 


However, the mechanism whereby algae grow at the sediment-water interface then rise into the 


water column may not be completely counteracted, so the low dose treatment may not provide 


maximum benefit.  


 


The cost for such a treatment is on the order of $150 to $300 per acre, so an experimental 


application at Miacomet Pond would cost $6,000 to $12,000, exclusive of permitting costs and 


any extra transportation cost for chemical and equipment. Additional cost associated with 


mobilization to Nantucket is difficult to estimate at this point, but this provides a reasonable 


frame of reference. A similar low dose treatment of 120 acres of Hummock Pond would probably 


cost on the order of $18,000 to $40,000, depending on dose applied. 


 


If the low dose application provided acceptable results on a seasonal basis, installation of a dosing 


system could be considered to avoid future labor costs for application. Tubes could be run into 


the target area with an aeration diffuser with airline and chemical feedline, with a chemical exit 


port over the diffuser. Pumps would send air and aluminum to the target area, where the air would 


mix the aluminum with the water column. Such systems exist in multiple lakes and have been 
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very successful on a seasonal basis. The cost of the dosing system depends on the size and shape 


of the target area, but could be further evaluated if experimental treatments proved useful.  


 


One key aspect of any aluminum application is avoidance of toxicity. Reactive aluminum 


undergoing the typical hydrolysis reaction in a pond can be toxic to many freshwater organisms 


above a threshold of about 100 µg/L. Partitioning of aluminum fractions between a pH of 6 and 8 


minimizes the toxic fraction, so there is little threat of toxicity as long as the pH remains between 


6 and 8 and the total aluminum concentration is not far above 5 mg/L. Treatments are planned 


with this goal in mind, and proper applications generate lower aluminum concentrations and 


buffer as needed to keep the pH in the favorable range. It is appropriate to monitor water quality 


and biological resources before, during and after treatments, adding to treatment cost unless town 


staff can conduct the monitoring program.  


 


Algaecides can be used to directly kill algae and mitigate blooms. In general, people tend to wait 


too long to arrange for such treatment, and killing an existing bloom can result in elevated oxygen 


demand and toxin release in the water column. Proper use of algaecides involves tracking the 


algae on a weekly basis, then treating when bloom formation is imminent, but before biomass is 


high. This has been an effective strategy where algal monitoring has been conducted, but requires 


considerable planning and coordination. Algaecide applications tend to cost $10-50/acre, which is 


relatively inexpensive. Copper is the most commonly applied algaecide and is toxic to many 


aquatic organisms, so this approach does carry risk of damage to non-target organisms, although 


normal target concentrations are low enough to minimize non-target impacts. As an emergency 


measure it is justifiable in many cases, but is not preferable to nutrient control.  


 


Biological controls offer some interesting theory but less practical appeal. If the biological 


structure of a pond can be set to encourage consumption of algae by zooplankton and limited 


consumption of zooplankton by small fish, algal biomass can be maintained at a lower level. 


However, where nutrients are abundant, algae usually manage to bloom in spite of biological 


adjustments, and cyanobacteria are particularly adept at avoiding consumption. Shallow, weedy 


ponds are havens for small fish, increasing predation on zooplankton and minimizing grazing on 


algae. Biological controls are unlikely to provide an easy answer, and are of limited applicability 


in Hummock or Miacomet Pond until both nutrients and rooted plant problems are better 


controlled.  


 


Rooted Plants 
 


Rooted plants are a source of the organic muck that harbors substantial P in both ponds. Dredging 


would remove the substrate as well as the plants, and regrowth would be limited for many years, 


making this an attractive albeit expensive approach that has been discussed previously. Beyond 


dredging, there are really only two alternatives worth considering at the scale necessary in 


Hummock and Miacomet Ponds: herbicides and harvesting.  


 


Herbicides are chemicals developed to kill target plants. Some are fairly specific to groups of 


plants, while others are broad spectrum agents. Some are called systemic herbicides, which enter 


the plant and move throughout it, killing the entire plant. Others are called contact herbicides, 


killing only the part of the plant which they contact, usually leaves and stems. Systemic 


herbicides are best used on perennial species, as killing the entire plant will limit regrowth. 


Contact herbicides are more often used on annual species, since regrowth from seeds is expected 


in subsequent years and the extra expense of systemic herbicides is not justified. 
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The dominant plants in both Hummock and Miacomet Ponds are annuals, which sprout from 


seeds each spring, grow and produce more seeds, die in the fall and start over from seeds in the 


spring. Those in Hummock Pond must have some salt tolerance as well, and most perennial 


freshwater plants would be killed by the spring and fall seawater infusion. Consequently, contact 


herbicides would be most applicable in these ponds, and would need to be applied annually. This 


is not a favored strategy in many communities, including Nantucket, and it seems doubtful that 


permits would be granted on an annual basis to apply such herbicides to these ponds. It is a viable 


strategy from scientific and economic perspectives, but is probably not institutionally acceptable.  


 


Harvesting represents the primary alternative strategy, and has already been demonstrated in 


Hummock Pond in 2015. Mechanical harvesting machines, functionally aquatic lawnmowers, can 


be used to keep boating, swimming and fishing lanes open, creating a network of channels and 


open patches that are both ecologically and recreationally beneficial. Only a portion of each pond 


would be addressed, but enough can be harvested to enhance appearance and utility each summer. 


With continued cutting, some patches may remain open or plant density will at least decline, but 


there is minimal probability that harvesting would not continue to be needed on a seasonal basis. 


There are issues with bycatch of fish and sometimes other aquatic organisms, but lakes that are 


routinely harvested are not aquatic deserts and typically have thriving fish, reptile, amphibian and 


invertebrate communities.  Work in shallow water can create turbidity, but both ponds already 


suffer from elevated turbidity caused by both algae and resuspended sediment. Harvesting would 


not be expected to cause more turbidity problems than currently experienced. 


 


Removal of plant biomass from a pond represents a removal of N and P as well, but the quantity 


of nutrients per unit of biomass harvested is rather small. Harvesting programs have not been 


demonstrated to make a large difference in N or P content of the water column, as most rooted 


plants get most needed nutrients from the sediment, often well below the surficial layer that 


interacts with the overlying water. Harvested plant biomass should be disposed of away from the 


pond, however, to avoid having nutrients released by decay wash back into the pond. The 


harvesting demonstration program at Hummock Pond in 2015 piled harvested plants near the 


launch area to dewater, after which they were taken to the Bartlett farm for use as compost and 


eventual land application. 


 


As the demonstration project showed, the process can be efficient and effective, but is not 


inexpensive, especially on a contract basis. If there is a desire to maintain open water in 


Hummock and Miacomet Ponds with mechanical harvesting, the Town of Nantucket or some 


designated entity within it should consider purchasing a harvester and appropriate accessories at a 


cost on the order of $200,000 and assuming an annual operating cost of about $50,000. 


 


An alternative form of harvesting is hydroraking, often used to remove heavily rooted plants and 


emergent growths such as water lilies (Nymphaea), cattails (Typha) or common reed 


(Phragmites). This is generally not applicable among the submergent annual growths in either 


pond, as it will create substantial turbidity without providing lasting results. However, this is a 


valid approach where emergent plant growths are choking off access in shallow areas as with the 


narrows of Hummock Pond or the far northern arm of Miacomet Pond. In Hummock Pond it 


seems that the much more extensive common reed problem should be dealt with using systemic 


herbicides, but hydroraking could provide temporary relief until the larger control project can be 


permitted and implemented. 


 


The northern arm of Miacomet Pond creates controversy. This was apparently a wetland channel 


with no appreciable open water some decades ago, but was dredged to create a connection with 


the main body of the pond as part of a real estate development. As a less open connection, there is 







 48 


more opportunity for biological processes to convert available nutrients into organic matter and 


protect the main body of the pond. Yet that connection was opened and people bought property 


with some expectation of access to the main body of the pond. Further, there is open land on the 


west side that is being considered as a possible park or other public open space; access to open 


water would seem desirable for that parcel as well.  


 


It is not clear that the channel is providing a major conduit for nutrients to Miacomet Pond, and 


available data suggest that inputs are larger further south, particularly on the west side, but the 


loss of wetland treatment functions in the excavated area cannot be considered beneficial to the 


pond. Certainly elevated N concentrations have been found at the northern end, but there is no 


indication that P concentrations are higher than elsewhere in the pond. This channel could be 


hydroraked to maintain access to the pond for bordering properties, but the impact on nutrient 


loading remains largely unknown. What to do with the narrow northern channel of Miacomet 


Pond is more of an institutional question than a scientific one at this point. Options exist for its 


improvement or maintenance, but the goals of such actions require some discussion among 


responsible and interested parties. 
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Appendix: Data and Related Information 
 


 


Groundwater Sampling Information 


 


 
 


HP Groundwater Sampling Sites


Sample DMS Lat DMS Long Decimal Lat Decimal Long


HLIP 1 (A-D)


A 41 16' 40.3" 70 07' 58.3" 41.277861 -70.132861


B 41 16' 41.3" 70 07' 58.3" 41.278139  -70.132861


C 41 16' 42.2" 70 07' 58.1" 41.278389 -70.132806


D 41 16' 44.1" 70 07' 57.9" 41.278917 -70.13275


Comments: A-C in sand, D in cattails; Shoreline fronting houses


HLIP 2 (AA-DD)


AA 41 16' 45.9" 70 07' 57.8" 41.279417 -70.132722


BB 41 16' 47.7" 70 07' 58.4" 41.279917 -70.132889


CC 41 16' 49.3" 70 08' 03.1" 41.280361 -70.134194


DD 41 16' 48.9" 70 08' 05.4" 41.28025 -70.134833


Comments: Red hue on top of sand between CC and DD; One sample collected on shoreline full of duck and goose feces


HLIP 3 (E-H)


E 41 16' 44.0" 70 08' 08.8" 41.278889 -70.135778


F 41 16' 42.4" 70 08' 08.2" 41.278444 -70.135611


G 41 16' 40.8" 70 08' 06.6" 41.278 -70.135167


H 41 16' 40.1" 70 08' 05.7" 41.277806 -70.134917


Comments: Three samples taken on sandy shore and one among stand of Iris


HLIP 4 (EE-GG)


EE 41 16' 26.4" 70 08' 01.6" 41.274 -70.133778


FF 41 16' 24.8" 70 08' 02.4" 41.273556 -70.134


GG 41 16' 20.0" 70 08' 08.0" 41.272222 -70.135556


Comments: Samples taken in cattail and fern marsh areas


HLIP 4A* (EE-GG)


EE 41 16' 26.4" 70 08' 01.6" 41.274 -70.133778


FF 41 16' 24.8" 70 08' 02.4" 41.273556 -70.134


GG 41 16' 20.0" 70 08' 08.0" 41.272222 -70.135556


Comments: Samples taken in cattail and fern marsh areas


HLIP 5 (I-L)


I 41 16' 10.8" 70 08' 19.5" 41.269667 -70.13875


J 41 16' 07.8" 70 08' 20.9" 41.268833 -70.139139


K 41 16' 05.8" 70 08' 22.7" 41.268278 -70.139639


L 41 16' 04.3" 70 08' 24.7" 41.267861 -70.140194


Comments: Samples taken behind or between stands of Phragmites


HLIP 6 (II-KK)


II 41 16' 01.6" 70 08' 26.9" 41.267111 -70.140806


JJ 41 15' 57.5" 70 08' 30.5" 41.265972  -70.141806


Comments: Sample sites limited due to dense Phragmites; Shoreline is open space


HLIP BK**


HLIP 7 (M-Q)


M 41 15' 40.9" 70 08' 38.1" 41.261361 -70.143917


N 41 15' 39.2" 70 08' 40.9" 41.260889 -70.144694


O 41 15' 36.8" 70 08' 43.1" 41.260222 -70.145306


P 41 15'34.9" 70 08' 44.9" 41.259694 -70.145806


Q 41 15' 33.5" 70 08' 47.3" 41.259306 -70.146472


Comments: Sample at M came out of ground "amber" color
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HP Groundwater Sampling Sites


HLIP 8 (MM-QQ)


MM 41 15' 29.7" 70 08' 50.5" 41.25825 -70.147361


NN 41 15' 28.5" 70 08' 53.6" 41.257917 -70.148222


OO 41 15' 27.0" 70 08' 56.8" 41.2575  -70.149111


PP 41 15' 25.9" 70 09' 01.9" 41.257194 -70.150528


QQ 41 15' 24.5" 70 09' 08.5" 41.256806 -70.152361


Comments: Very strong sulfur smell along Segment 8


HLIP 9 (R-U)


R 41 15' 18.9" 70 09' 17.2" 41.25525 -70.154778


S 41 15' 19.0" 70 09' 20.9" 41.255278 -70.155806


T 41 15' 17.9" 70 09' 24.3" 41.254972 -70.15675


U 41 15' 16.7" 70 09' 31.8" 41.254639 -70.158833


Comments: Sulfur smell along Segment 9


HLIP 9A* (R-U)


R 41 15' 18.9" 70 09' 17.2" 41.25525 -70.154778


S 41 15' 19.0" 70 09' 20.9" 41.255278 -70.155806


T 41 15' 17.9" 70 09' 24.3" 41.254972 -70.15675


U 41 15' 16.7" 70 09' 31.8" 41.254639 -70.158833


Comments: Sulfur smell along Segment 9


HLIP BK3**


HLIP 10 (SS)


SS 41 15' 43.8" 70 08' 54.4" 41.262167 -70.148444


Comments: Only one site on this Segment 10 due to apparent clay layer about 6" below surface; Water very brown


HLIP 11 (W-X)


W 41 15' 34.2" 70 09' 10.4" 41.2595 -70.152889


X 41 15' 29.3" 70 09' 13.7" 41.258139 -70.153806


HLIP 12 (WW-XX)


WW 41 15' 22.9" 70 09' 23.6" 41.256361 -70.156556


XX 41 15' 22.7" 70 09' 38.7" 41.256306 -70.16075


HLIP 13 (A-D)


A 41 16' 30.0" 70 08' 07.5" 41.275 -70.135417


B 41 16' 20.5" 70 08' 16.6" 41.272361 -70.137944


C 41 16' 13.2" 70 08' 19.7" 41.270333 -70.138806


D 41 15' 56.8" 70 08' 34.6" 41.265778 -70.142944


Comments: Sample A contained orange/brown sediment; Narrower portion of the pond was cloudy with significant surface scum; 


Phyto sample was collected: Bottle #153


* 4A and 9A are duplicate samples of 4 and 9


** BK denotes a BLANK sample
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MP Groundwater Sampling Sites


Sample DMS Lat DMS Long Decimal Lat Decimal Long


MLIP 1 (A-C)


A 41 15' 22.1" 70 06' 32.0" 41.256139 -70.108889


B 41 15' 20.0" 70 06' 34.4" 41.255556 -70.109556


C 41 15' 22.9" 70 06' 30.9" 41.256361 -70.108583


MLIP 1A* (A-C)


A 41 15' 22.1" 70 06' 32.0" 41.256139 -70.108889


B 41 15' 20.0" 70 06' 34.4" 41.255556 -70.109556


C 41 15' 22.9" 70 06' 30.9" 41.256361 -70.108583


MLIP 2 (AA-CC)


AA 41 15' 23.8" 70 06' 32.6" 41.256611 -70.109056


BB 41 15' 21.4" 70 06' 36.0" 41.255944 -70.11


CC 41 15' 20.8" 70 06' 37.1" 41.255778 -70.110306


MLIP 3 (E-F)


E 41 15' 12.3" 70 06' 48.2" 41.253417 -70.113389


F 41 15' 09.0" 70 06' 49.9" 41.2525 -70.113861


MLIP 4 (EE-FF)


EE 41 15' 08.8" 70 06' 46.0" 41.252444 -70.112778


FF 41 15' 06.8" 70 06' 47.4" 41.251889 -70.113167


MLIP 5 (I-J)


I 41 15' 05.7" 70 06' 53.3" 41.251583 -70.114806


J 41 14' 58.5" 70 06' 56.8" 41.249583 -70.115778


MLIP BK**


MLIP 6 (II-LL)


II 41 15' 03.6" 70 06' 49.9" 41.251 -70.113861


JJ 41 15' 02.3" 70 06' 50.7" 41.250639 -70.114083


KK 41 15' 01.1" 70 06' 50.8" 41.250306  -70.114111


LL 41 14' 57.7" 70 06' 51.8" 41.249361 -70.114389


MLIP 7 (M-P)


M 41 14' 37.3" 70 07' 01.3" 41.243694 -70.117028


N 41 14' 38.9" 70 07' 00.0" 41.244139 -70.116667


O 41 14' 41.3" 70 06' 58.8" 41.244806 -70.116333


P 41 14' 43.7" 70 06' 57.0" 41.245472 -70.115833


MLIP 7A* (M-P)


M 41 14' 37.3" 70 07' 01.3" 41.243694 -70.117028


N 41 14' 38.9" 70 07' 00.0" 41.244139 -70.116667


O 41 14' 41.3" 70 06' 58.8" 41.244806 -70.116333


P 41 14' 43.7" 70 06' 57.0" 41.245472 -70.115833


MLIP BK2**


MLIP 8 (MM-PP)


MM 41 14' 38.5" 70 07' 07.1" 41.244028 -70.118639


NN 41 14' 40.3" 70 07' 06.2" 41.244528 -70.118389


OO 41 14' 42.1" 70 07' 05.4" 41.245028 -70.118167


PP 41 14' 44.4" 70 07' 04.0" 41.245667 -70.117778


MLIP 8A* (MM-PP)


MM 41 14' 38.5" 70 07' 07.1" 41.244028 -70.118639


NN 41 14' 40.3" 70 07' 06.2" 41.244528 -70.118389


OO 41 14' 42.1" 70 07' 05.4" 41.245028 -70.118167


PP 41 14' 44.4" 70 07' 04.0" 41.245667 -70.117778


MLIP 9 (Q-T)


Q 41 14' 45.3" 70 07' 03.6" 41.245917 -70.117667


R 41 14' 48.1" 70 07' 02.3" 41.246694  -70.117306


S 41 14' 49.9" 70 07' 01.9" 41.247194 -70.117194


T 41 14' 53.8" 70 07' 01.2" 41.248278 -70.117


MLIP BK4**


MLIP 10 (QQ-SS)


QQ 41 14' 51.4" 70 06' 53.4" 41.247611 -70.114833


RR 41 14' 49.6" 70 06' 54.5" 41.247111 -70.115139


SS 41 14' 48.0" 70 06' 55.6" 41.246667 -70.115444


* 1A, 7A and 8A are duplicate samples of 1, 7 and 8


** BK denotes a BLANK sample
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Groundwater Data 


 


 
 


 
 


  


HP Groundwater Data


Sample Date Time


Nitrate-N (mg/L) 


Reportable Limit


Nitrate-N 


(mg/L)


Iron Dissolved (mg/L) 


Reportable Limit


Iron Dissolved 


(mg/L)


Ammonia-N 


(mg/L)


Dissolved P (mg/L) 


Reportable Limit


Dissolved P 


(mg/L)


HLIP 1 (A-D) 6/16/2016 1200 0.01 0.11 0.01 15.6 0.17 0.005 0.009


HLIP 2 (AA-DD) 6/16/2016 1300 0.01 0.23 0.01 0.36 0.06 0.005 0.016


HLIP 3 (E-H) 6/16/2016 1400 0.01 0.11 0.01 0.03 0.1 0.005 0.067


HLIP 4 (EE-GG) 6/16/2016 1530 0.01 0.06 0.01 0.02 0.02 0.005 0.008


HLIP 4A* (EE-GG) 6/16/2016 1530 0.01 0.06 0.01 0.02 0.05 0.005 BRL 0.0025


HLIP 5 (I-L) 6/16/2016 1630 0.01 0.29 0.01 0.04 0.03 0.005 0.01


HLIP 6 (II-KK) 6/16/2016 1750 0.01 0.15 0.01 0.01 0.04 0.005 BRL 0.0025


HLIP BK** 6/16/2016 1730 0.01 BRL 0.005 0.01 BRL 0.005 0.05 0.005 BRL 0.0025


HLIP 7 (M-Q) 7/13/2016 0900 0.01 BRL 0.005 0.01 8.55 0.07 0.005 0.022


HLIP 8 (MM-QQ) 7/13/2016 1030 0.01 BRL 0.005 0.01 0.31 0.06 0.005 0.044


HLIP 9 (R-U) 7/13/2016 1200 0.01 BRL 0.005 0.01 2.96 0.13 0.005 0.045


HLIP 9A* (R-U) 7/13/2016 1200 0.01 0.01 0.01 2.89 0.09 0.005 0.045


HLIP BK3** 7/13/2016 1200 0.01 BRL 0.005 0.01 BRL 0.005 0.11 0.005 BRL 0.0025


HLIP 10 (SS) 8/3/2016 930 0.01 BRL 0.005 0.01 0.013 21 0.005 0.29


HLIP 11 (W-X) 8/3/2016 1030 0.01 0.15 0.01 0.009 0.14 0.005 0.04


HLIP 12 (WW-XX) 8/3/2016 1130 0.01 0.04 0.01 0.258 19.4 0.005 0.26


HLIP 13 (A-D) 8/9/2016 1100 0.01 0.11 0.01 0.008 13.7 0.005 0.12


Note: Values below the detection limit are expressed as one half the detection limit.


MP Groundwater Data


Sample Date Time


Nitrate-N (mg/L) 


Reportable Limit


Nitrate-N 


(mg/L)


Iron Dissolved (mg/L) 


Reportable Limit


Iron Dissolved 


(mg/L)


Ammonia-N (mg/L) 


Reportable Limit


Ammonia-N 


(mg/L)


Dissolved P (mg/L) 


Reportable Limit


Dissolved P 


(mg/L)


MLIP 1 (A-C) 6/17/2016 1145 0.01 BRL 0.005 0.01 0.04 0.02 0.16 0.005 BRL 0.0025


MLIP 1A* (A-C) 6/17/2016 1145 0.01 BRL 0.005 0.01 0.04 0.02 < 0.02 0.005 BRL 0.0025


MLIP 2 (AA-CC) 6/17/2016 1230 0.01 0.66 0.01 0.11 0.02 < 0.02 0.005 0.007


MLIP 3 (E-F) 6/17/2016 1300 0.01 BRL 0.005 0.01 26.1 0.02 1 0.005 0.02


MLIP 4 (EE-FF) 6/17/2016 1330 0.01 BRL 0.005 0.01 46.6 0.02 0.33 0.005 0.05


MLIP 5 (I-J) 6/17/2016 1615 0.01 BRL 0.005 0.01 47.7 0.02 0.2 0.005 0.058


MLIP BK** 6/17/2016 1615 0.01 BRL 0.005 0.01 0.01 0.02 0.02 0.005 BRL 0.0025


MLIP 6 (II-LL) 7/7/2016 0930 0.01 BRL 0.005 0.01 0.095 0.02 0.31 0.005 0.51


MLIP 7 (M-P) 7/7/2016 1400 0.01 BRL 0.005 0.01 0.087 0.02 0.76 0.005 0.16


MLIP 7A* (M-P) 7/7/2016 1400 0.01 BRL 0.005 0.01 0.079 0.02 0.74 0.005 0.13


MLIP BK2** 7/7/2016 1400 0.01 BRL 0.005 0.01 BRL 0.005 0.02 BRL 0.01 0.005 0.06


MLIP 8 (MM-PP) 7/20/2016 1230 0.01 BRL 0.005 0.01 0.044 0.02 0.4 0.005 0.13


MLIP 8A* (MM-PP) 7/20/2016 1230 0.01 BRL 0.005 0.01 0.048 0.02 0.97 0.005 0.27


MLIP 9 (Q-T) 7/20/2016 1330 0.01 BRL 0.005 0.01 0.071 0.02 1.4 0.005 0.32


MLIP BK4** 7/20/2016 1330 0.01 BRL 0.005 0.01 BRL 0.005 0.02 BRL 0.01 0.005 0.11


MLIP 10 (QQ-SS) 9/1/2016 0830 0.01 BRL 0.005 0.01 0.05 0.02 0.52 0.005 0.22


Note: Values below the detection limit are expressed as one half the detection limit.
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Sediment Data 


 


 
 


  


Hummock and Miacomet Ponds Sediment Data


Site Name DMS Lat DMS Long Decimal Lat Decimal Long


Total 


Solids 


(%)


Organic 


Content 


(%)


Iron Bound 


P (mg/kg 


dry weight)


Total P 


(mg/kg dry 


weight)


Hummock Pond - 06/16/2016


HUM 1 41 15' 20.6" 70 09' 29.2" 41.255722  -70.158111 28 6.3 100 263


HUM 2 41 15' 30.6" 70 09' 05.9" 41.2585 -70.151639 28 28.2 373 927


HUM 3 41 15' 40.4" 70 08' 44.3" 41.261222 -70.145639 44 75.7 126 278


HUM 4 41 15' 59.2" 70 08' 31.0" 41.266444 -70.141944 28 30.3 448 672


HUM 4A 41 15' 59.2" 70 08' 31.0" 41.266444 -70.141944 29 6.4 40 2,559


HUM 5 41 16' 10.1" 70 08' 21.8" 41.269472 -70.139389 23 24.9 808 1,110


HUM 6 41 16' 23.6" 70 08' 09.6" 41.273222  -70.136000 12 45.4 1,349 2,250


HUM 7 41 16' 42.9" 70 08' 02.5" 41.278583 -70.134028 6.3 5.6 1,572 3,100


HUM 8 41 16' 30.1" 70 07' 57.4" 41.275028 -70.132611 11 8.3 647 929


Miacomet Pond - 06/17/2016


MIA 1 41 14' 42.8" 70 07' 01.7" 41.245222 -70.117139 14 13.7 336 643


MIA 2 41 14' 54.4" 70 06' 56.7" 41.248444 -70.11575 11 13.1 423 753


MIA 3 41 15' 05.1" 70 06' 51.5" 41.251417 -70.114306 19 7.5 152 734


MIA 4 41 15' 15.0" 70 06' 43.3" 41.254167 -70.112028 6.3 3.7 703 740


MIA 5 41 15' 29.3" 70 06' 23.5" 41.258139 -70.106528 17 5.4 282 916


MIA 6 41 15' 23.1" 70 06' 32.8" 41.256417  -70.109111 9.4 4.9 293 648


MIA 6A 41 15' 23.1" 70 06' 32.8" 41.256417  -70.109111 8.9 8.6 522 688
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Oxygen Profiles 


 
 


Station Date Time


Total 


Depth 


(m)


Secchi 


Depth 


(m)


Conduct- 


ivity (µS)


Depth 


(m)


Temp 


(°C) DO (%)


DO 


(mg/L)


HUM 1 (41 15' 20.9", 70 09'29.9") 6/30/2016 1705 1.53 0.75 14430


HUM 1  6/30/2016 0.00 27.3 112.2 8.90


HUM 1  6/30/2016 0.50 27.3 112.8 8.94


HUM 1  6/30/2016 1.00 24.7 110.5 9.18


HUM 1  6/30/2016 1.50 24.2 126.0 10.57


HUM 1  6/30/2016 1.53 24.0 114.2 9.61


HUM 3 (41 15' 41.1", 70 08' 41.5") 6/30/2016 1740 2.02 1.06 13830


HUM 3  6/30/2016 0.00 27.1 118.8 9.45


HUM 3  6/30/2016 0.50 27.2 119.0 9.45


HUM 3  6/30/2016 1.00 27.1 119.5 9.50


HUM 3  6/30/2016 1.50 26.9 120.4 9.62


HUM 3  6/30/2016 2.00 25.0 123.6 10.21


HUM 3  6/30/2016 2.12 24.8 116.8 9.69


HUM 5 (41 16' 08.1", 70 08'23.6") 6/30/2016 1815 2.12 1.04 10970


HUM 5  6/30/2016 0.00 26.9 136.9 10.93


HUM 5  6/30/2016 0.50 26.9 138.0 11.00


HUM 5  6/30/2016 1.00 24.8 138.9 11.52


HUM 5  6/30/2016 1.50 24.3 121.7 10.19


HUM 5  6/30/2016 2.00 23.4 66.6 5.67


HUM 5  6/30/2016 2.12 23.2 3.5 0.30


HUM 7 (41 16'43.3", 70 08'02.7") 6/30/2016 1910 3.32 1.50 7268


HUM 7  6/30/2016 0.00 27.1 122.5 9.74


HUM 7  6/30/2016 0.50 27.2 123.2 9.78


HUM 7  6/30/2016 1.00 25.9 159.2 12.99


HUM 7  6/30/2016 1.50 24.9 156.6 12.99


HUM 7  6/30/2016 2.00 23.9 168.2 14.21


HUM 7  6/30/2016 2.50 21.8 123.0 10.79


HUM 7  6/30/2016 3.00 20.9 124.6 11.13


HUM 7  6/30/2016 3.32 19.7 4.0 0.36


HUM 8 (41.16'29.8", 70 07 '57.5") 6/30/2016 1845 1.40 0.57 8815


HUM 8  6/30/2016 0.00 27.8 131.1 10.28


HUM 8  6/30/2016 0.50 28.0 131.8 10.31


HUM 8  6/30/2016 1.00 27.6 130.0 10.25


HUM 8  6/30/2016 1.40 22.8 3.3 0.28


HUM 1 (41 15'20.7", 70 09'29.7") 7/1/2017 0732 1.66 0.80 14460


HUM 1 7/1/2017 0.00 23.8 92.8 7.84


HUM 1 7/1/2017 0.50 23.9 91.5 7.72


HUM 1 7/1/2017 1.00 23.9 91.3 7.70


HUM 1 7/1/2017 1.50 23.9 82.7 6.98


HUM 1 7/1/2017 1.66 23.9 68.6 5.78


HUM 1 7/1/2017 3.00 23.6 52.5 4.46


HUM 3 (41 15'41.6", 70 08'41.6") 7/1/2017 0655 2.43 1.11 14090


HUM 3 7/1/2017 0.00 25.1 103.3 8.52


HUM 3 7/1/2017 0.50 25.1 103.5 8.53


HUM 3 7/1/2017 1.00 25.2 103.5 8.52


HUM 3 7/1/2017 1.50 25.2 104.0 8.56


HUM 3 7/1/2017 2.00 24.9 88.3 7.31


HUM 3 7/1/2017 2.25 24.6 76.1 6.34


HUM 3 7/1/2017 2.43 24.3 58.7 4.91


HUM 3 7/1/2017 3.50 24.4 10.1 0.85


HUM 5 (41 16'08.3", 70 08'23.6") 7/1/2017 0630 2.05 0.83 10980


HUM 5 7/1/2017 0.00 24.0 115.2 9.70


HUM 5 7/1/2017 0.50 24.1 114.8 9.65


HUM 5 7/1/2017 1.00 24.1 114.2 9.60


HUM 5 7/1/2017 1.50 24.2 106.3 8.94


HUM 5 7/1/2017 2.00 23.2 41.3 3.53


HUM 5 7/1/2017 2.05 23.1 3.5 0.30


HUM 7 (41 16'42.7", 70 08'02.9") 7/1/2017 0535 3.40 1.63 7338


HUM 7 7/1/2017 0.00 24.5 115.4 9.66


HUM 7 7/1/2017 0.50 24.5 116.2 9.69


HUM 7 7/1/2017 1.00 24.6 116.1 9.67


HUM 7 7/1/2017 1.50 24.6 151.1 12.58


HUM 7 7/1/2017 2.00 23.7 180.0 15.24


HUM 7 7/1/2017 2.50 22.4 165.6 14.32


HUM 7 7/1/2017 3.00 21.3 141.8 12.57


HUM 7 7/1/2017 3.40 19.3 4.6 0.43


HUM 8 (41.16'30.0", 70 07'57.9") 7/1/2017 0600 1.30 0.58 8925


HUM 8  7/1/2017 0.00 24.6 105.1 8.77


HUM 8  7/1/2017 0.50 24.8 104.2 8.64


HUM 8  7/1/2017 1.00 24.9 102.8 8.51


HUM 8  7/1/2017 1.30 23.9 3.0 0.25


HUM 7 (41 16'43.0", 70 08'03.3") 7/27/2017 0930 3.40 0.37 5132


HUM 7 7/27/2017 0.00 28.1 163.3 12.81


HUM 7 7/27/2017 0.50 27.2 159.3 12.63


HUM 7 7/27/2017 1.00 26.8 133.2 10.65


HUM 7 7/27/2017 1.50 26.1 121.6 9.85


HUM 7 7/27/2017 2.00 25.1 118.8 9.80


HUM 7 7/27/2017 2.50 23.9 123.9 10.42


HUM 7 7/27/2017 3.00 21.8 46.5 4.08


HUM 7 7/27/2017 3.40 20.3 2.9 0.26
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Station Date Time


Total 


Depth 


(m)


Secchi 


Depth 


(m)


Conduct- 


ivity (µS)


Depth 


(m)


Temp 


(°C) DO (%)


DO 


(mg/L)


HUM 1 (41 15'20.6", 70 09'30.4") 7/28/2017 0939 2.04 0.87 10780


HUM 1 7/28/2017 0.00 26.6 93.2 7.50


HUM 1 7/28/2017 0.50 26.5 93.3 7.50


HUM 1 7/28/2017 1.00 26.5 93.3 7.50


HUM 1 7/28/2017 1.50 26.4 96.3 7.76


HUM 1 7/28/2017 2.00 26.1 94.6 7.66


HUM 1 7/28/2017 2.04 26.0 73.2 5.94


HUM 3 (41 15'41.3", 70 08'43.1") 7/28/2017 1011 1.84 1.10 10240


HUM 3 7/28/2017 0.00 27.7 117.4 9.24


HUM 3 7/28/2017 0.50 27.8 117.5 9.23


HUM 3 7/28/2017 1.00 27.8 126.0 9.90


HUM 3 7/28/2017 1.50 27.8 123.3 9.70


HUM 3 7/28/2017 1.84 26.4 23.7 1.91


HUM 5 (41 16'07.9", 70 08'23.3") 7/28/2017 1039 2.07 0.64 5966


HUM 5 7/28/2017 0.00 27.0 111.0 8.85


HUM 5 7/28/2017 0.50 26.6 105.2 8.54


HUM 5 7/28/2017 1.00 26.0 90.4 7.33


HUM 5 7/28/2017 1.50 23.9 27.7 2.33


HUM 5 7/28/2017 2.00 22.8 4.6 0.39


HUM 5 7/28/2017 2.07 22.4 1.9 0.16


HUM 7 (41 16'43.2", 70 08'04.1") 7/28/2017 1125 3.23 0.29 5170


HUM 7 7/28/2017 0.00 29.5 160.8 12.26


HUM 7 7/28/2017 0.50 28.4 180.2 14.03


HUM 7 7/28/2017 1.00 26.9 128.2 10.23


HUM 7 7/28/2017 1.50 26.0 107.2 8.70


HUM 7 7/28/2017 2.00 24.7 94.0 7.81


HUM 7 7/28/2017 2.50 23.4 81.3 6.93


HUM 7 7/28/2017 3.00 21.0 6.5 0.58


HUM 7 7/28/2017 3.23 20.3 2.8 0.26


HUM 8 (41 16'29.0", 70 08'00.5") 7/28/2017 1105 1.57 0.41 4365


HUM 8 7/28/2017 0.00 27.4 83.0 6.57


HUM 8 7/28/2017 0.50 27.3 82.2 6.51


HUM 8 7/28/2017 1.00 27.2 83.0 6.59


HUM 8 7/28/2017 1.50 24.4 5.1 0.43


HUM 8 7/28/2017 1.57 24.1 2.5 0.21


HUM 1 (41 15'20.2", 70 09'29.5") 8/30/2017 0615 3.00 0.40 8855


HUM 1 8/30/2017 0.00 25.0 94.7 7.82


HUM 1 8/30/2017 0.50 25.1 94.1 7.76


HUM 1 8/30/2017 1.00 25.1 94.0 7.76


HUM 1 8/30/2017 1.50 25.1 93.9 7.75


HUM 1 8/30/2017 2.00 25.0 91.1 7.53


HUM 1 8/30/2017 2.50 24.9 81.4 6.74


HUM 1 8/30/2017 3.00 24.8 3.2 0.27


HUM 3 (41 15'41.3", 70 08'43.7") 8/30/2017 0643 1.62 0.43 7911


HUM 3 8/30/2017 0.00 24.6 103.7 8.65


HUM 3 8/30/2017 0.50 24.7 103.5 8.60


HUM 3 8/30/2017 1.00 25.0 98.7 8.15


HUM 3 8/30/2017 1.50 24.9 70.5 5.84


HUM 3 8/30/2017 1.62 24.5 15.5 1.29


HUM 5 (41 16'07.8", 70 '08 24.2") 8/30/2017 0730 1.87 0.32 4054


HUM 5 8/30/2017 0.00 23.3 90.8 7.75


HUM 5 8/30/2017 0.50 23.5 90.0 7.65


HUM 5 8/30/2017 1.00 23.5 85.7 7.28


HUM 5 8/30/2017 1.50 23.7 25.2 2.13


HUM 5 8/30/2017 1.87 23.3 3.4 0.29


HUM 7 (41 16'43.2", 70 08'03.1") 8/30/2017 0850 3.20 0.36 4531


HUM 7 8/30/2017 0.00 25.1 141.3 11.65


HUM 7 8/30/2017 0.50 25.0 136.9 11.32


HUM 7 8/30/2017 1.00 24.8 118.5 9.83


HUM 7 8/30/2017 1.50 24.8 113.7 9.43


HUM 7 8/30/2017 2.00 24.6 59.8 4.98


HUM 7 8/30/2017 2.50 23.6 4.0 0.34


HUM 7 8/30/2017 3.00 21.9 2.6 0.22


HUM 7 8/30/2017 3.20 21.1 1.4 0.12


HUM8 (41 16'29.8", 70 07'58.0") 8/30/2017 0753 1.23 0.31 3798


HUM 8 8/30/2017 0.00 23.8 97.4 8.25


HUM 8 8/30/2017 0.50 23.9 96.4 8.13


HUM 8 8/30/2017 1.00 23.9 90.2 7.60


HUM 8 8/30/2017 1.23 23.5 2.6 0.22
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Station Date Time


Total 


Depth 


(m)


Secchi 


Depth 


(m)


Conduct- 


ivity (µS)


Depth 


(m)


Temp 


(°C) DO (%)


DO 


(mg/L)


HUM 1 (41 15'20.9", 70 09'28.8") 10/7/2016 0700 1.62 1.20 5952


HUM 1 10/7/2016 0.00 16.6 110.0 10.74


HUM 1 10/7/2016 0.50 16.8 108.1 10.50


HUM 1 10/7/2016 1.00 16.9 107.3 10.39


HUM 1 10/7/2016 1.50 17.0 105.3 10.17


HUM 1 10/7/2016 1.62 17.0 90.4 8.74


HUM 3 (41 15' 40.7", 70 08' 43.0") 10/7/2016 0730


HUM 3 10/7/2016 0.00 15.7 97.0 9.66


HUM 3 10/7/2016 0.50 15.8 96.6 9.58


HUM 3 10/7/2016 1.00 16.5 88.0 8.60


HUM 3 10/7/2016 1.50 16.5 79.8 7.80


HUM 3 10/7/2016 1.92 16.6 78.3 7.63


HUM 5 (41 16'07.8", 70 08'23.7") 10/7/2016 0750 2.09 0.81 4575


HUM 5 10/7/2016 0.00 15.9 91.0 9.01


HUM 5 10/7/2016 0.50 16.0 89.8 8.87


HUM 5 10/7/2016 1.00 16.1 83.2 8.20


HUM 5 10/7/2016 1.50 16.6 82.5 8.04


HUM 5 10/7/2016 2.00 16.7 81.7 7.95


HUM 5 10/7/2016 2.09 16.8 4.0 0.39


HUM 7 (41 16'42.9", 70 08'03.1") 10/7/2016 0830 3.38 0.93 3590


HUM 7 10/7/2016 0.00 16.7 95.5 9.29


HUM 7 10/7/2016 0.50 16.8 93.0 0.03


HUM 7 10/7/2016 1.00 16.8 91.4 8.87


HUM 7 10/7/2016 1.50 16.8 90.7 8.80


HUM 7 10/7/2016 2.00 16.8 88.4 8.58


HUM 7 10/7/2016 2.50 16.8 87.4 8.48


HUM 7 10/7/2016 3.00 16.8 86.1 8.36


HUM 7 10/7/2016 3.38 17.1 2.9 0.28


HUM 8 (41 16'29.7", 70 07'58.3") 10/7/2016 0815 1.30 0.48 4128


HUM 8 10/7/2016 0.00 15.3 61.9 6.20


HUM 8 10/7/2016 0.50 15.4 59.3 5.92


HUM 8 10/7/2016 1.00 15.4 57.2 5.72


HUM 8 10/7/2016 1.30 15.6 24.4 2.43
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DO 
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MIA 1 (41 14' 41.5", 70 07' 02.1") 6/28/2016 1655 3.25 1.52 208.9


MIA 1 6/28/2016 0.00 23.5 95.9 8.14


MIA 1 6/28/2016 0.50 23.6 95.2 8.07


MIA 1 6/28/2016 1.00 23.5 94.5 8.03


MIA 1 6/28/2016 1.50 23.1 92.2 7.90


MIA 1 6/28/2016 2.00 22.9 87.0 7.48


MIA 1 6/28/2016 2.50 22.8 84.6 7.29


MIA 1 6/28/2016 3.00 22.4 69.3 6.02


MIA 1 6/28/2016 3.25 21.8 2.9 0.25


MIA 3 (41 15' 05.3", 70 06' 50.8") 6/28/2016 1745 1.75 1.13 192.4


MIA 3 6/28/2016 0.00 24.1 110.9 9.32


MIA 3 6/28/2016 0.50 24.1 110.7 9.30


MIA 3 6/28/2016 1.00 23.7 106.7 9.03


MIA 3 6/28/2016 1.50 23.4 99.3 8.47


MIA 3 6/28/2016 1.75 22.9 3.3 0.29


MIA 5 (41 15' 28.1", 70 06' 25.1") 6/28/2016 1815 1.07 1.07 179.2


MIA 5  6/28/2016 0.00 24.1 98.6 8.29


MIA 5  6/28/2016 0.50 22.0 38.1 3.33


MIA 5  6/28/2016 1.00 18.5 53.5 5.02


MIA 5  6/28/2016 1.07 17.6 10.7 1.02


MIA 1 (41 14' 42.0", 70 07' 02.2") 6/29/2016 0600 3.25 1.65 211.2


MIA 1 6/29/2016 0.00 22.6 85.8 7.42


MIA 1 6/29/2016 0.50 22.7 85.5 7.38


MIA 1 6/29/2016 1.00 22.7 85.2 7.35


MIA 1 6/29/2016 1.50 22.7 85.1 7.34


MIA 1 6/29/2016 2.00 22.7 84.3 7.27


MIA 1 6/29/2016 2.50 22.5 83.2 7.18


MIA 1 6/29/2016 3.00 22.5 67.5 5.85


MIA 1 6/29/2016 3.25 21.8 3.5 0.30


MIA 3 (41 15' 05.4", 70 06' 50.7") 6/29/2016 0630 1.73 1.19 189.6


MIA 3 6/29/2016 0.00 23.0 85.6 7.35


MIA 3 6/29/2016 0.50 23.0 84.9 7.28


MIA 3 6/29/2016 1.00 23.0 85.0 7.29


MIA 3 6/29/2016 1.50 23.0 82.4 7.07


MIA 3 6/29/2016 1.73 22.6 3.4 0.29


MIA 5 (41 15' 28.1", 70 06' 24.9") 6/29/2016 0710 0.86 179.9


MIA 5  6/29/2016 0.00 22.1 45.7 3.99


MIA 5  6/29/2016 0.50 21.4 23.4 2.07


MIA 5  6/29/2016 0.86 17.4 33.9 3.25


MIA 1 (41 14' 41.4", 70 07' 00.7") 7/26/2016 1705 1.84 1.52 197.8


MIA 1 7/26/2016 0.00 27.4 113.5 8.98


MIA 1 7/26/2016 0.50 27.5 113.8 8.99


MIA 1 7/26/2016 1.00 27.5 114.2 9.02


MIA 1 7/26/2016 1.50 27.5 114.5 9.04


MIA 1 7/26/2016 1.84 27.5 109.3 8.63


MIA 3 (41 15' 05.6", 70 06' 50.2") 7/26/2016 1733 1.72 164.7


MIA 3 7/26/2016 0.00 28.1 140.1 10.95


MIA 3 7/26/2016 0.50 28.2 141.7 11.06


MIA 3 7/26/2016 1.00 27.8 149.8 11.77


MIA 3 7/26/2016 1.50 27.3 147.4 11.68


MIA 3 7/26/2016 1.72 26.1 3.3 0.27


MIA 5 (41 15' 28.5", 70 06' 24.5") 7/26/2016 1803 1.15 1.15 157.7


MIA 5  7/26/2016 0.00 26.0 92.1 7.47


MIA 5  7/26/2016 0.50 20.2 52.7 4.71


MIA 5  7/26/2016 1.00 16.6 69.8 6.79


MIA 5  7/26/2016 1.15 13.6 2.1 0.21
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DO 


(mg/L)


MIA 1 (41 14' 41.7", 70 07' 01.7") 9/1/2016 0645 3.09 1.18 175.2


MIA 1 9/1/2016 0.00 24.4 94.9 7.93


MIA 1 9/1/2016 0.50 24.4 95.0 7.94


MIA 1 9/1/2016 1.00 24.4 94.9 7.93


MIA 1 9/1/2016 1.50 24.4 94.7 7.91


MIA 1 9/1/2016 2.00 24.4 94.7 7.91


MIA 1 9/1/2016 2.50 24.4 94.4 7.89


MIA 1 9/1/2016 3.00 24.4 27.1 2.27


MIA 1 9/1/2016 3.09 24.5 3.0 0.25


MIA 3 (41 15' 06.3", 70 06' 50.0") 9/1/2016 0710 1.55 162.5


MIA 3 9/1/2016 0.00 24.2 89.6 7.52


MIA 3 9/1/2016 0.50 24.3 89.3 7.48


MIA 3 9/1/2016 1.00 24.3 88.8 7.43


MIA 3 9/1/2016 1.50 24.4 85.1 7.12


MIA 3 9/1/2016 1.55 24.4 3.5 0.29


MIA 5 (41 15' 27.1", 70 06' 26.6") 9/1/2016 0730 1.04 170.6


MIA 5  9/1/2016 0.00 18.3 22.8 2.12


MIA 5  9/1/2016 0.50 17.7 22.0 2.19


MIA 5  9/1/2016 1.00 15.5 2.5 0.25


MIA 5  9/1/2016 1.04 14.9 1.7 0.17


MIA 1 (41 14' 41.4", 70 07' 01.1") 10/7/2016 1100 2.23 2.10 157.4


MIA 1  10/7/2016 0.00 17.6 101.0 9.62


MIA 1  10/7/2016 0.50 17.5 101.3 9.69


MIA 1  10/7/2016 1.00 17.3 101.2 9.72


MIA 1  10/7/2016 1.50 17.1 102.3 9.86


MIA 1  10/7/2016 2.00 16.9 99.2 9.61


MIA 1  10/7/2016 2.23 17.1 5.1 0.49


MIA 3 (41 15' 05.4", 70 06' 50.5") 10/7/2016 1038 1.55 1.55 163.3


MIA 3 10/7/2016 0.00 17.3 102.5 9.84


MIA 3 10/7/2016 0.50 17.2 102.8 9.90


MIA 3 10/7/2016 1.00 16.7 105.1 10.22


MIA 3 10/7/2016 1.50 16.6 105.6 10.29


MIA 3 10/7/2016 1.55 16.9 3.7 0.35


MIA 5 (41 15' 28.0", 70 06' 24.9") 10/7/2016 1015 0.93 0.93 169.3


MIA 5  10/7/2016 0.00 14.5 27.1 2.77


MIA 5  10/7/2016 0.50 14.1 28.5 2.93


MIA 5  10/7/2016 0.93 13.7 2.5 0.26
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Phytoplankton Data 


 
 


PHYTOPLANKTON DENSITY (CELLS/ML) 


Hummock Hummock Hummock Hummock Hummock Hummock Hummock Hummock Miacomet Miacomet


1 5 7 7 GPS 1 5 7 1 5


TAXON 06/30/16 06/30/16 06/30/16 07/27/16 08/09/16 08/30/16 08/30/16 08/30/16 06/28/16 06/28/16


BACILLARIOPHYTA


Centric Diatoms


Cyclotella 0 0 0 0 0 0 28 0 20 0


Araphid Pennate Diatoms


Synedra 0 20 0 0 0 0 0 0 0 0


Monoraphid Pennate Diatoms


Biraphid Pennate Diatoms


Navicula/related taxa 40 20 17 0 0 0 0 0 0 0


Nitzschia 20 20 17 0 0 0 57 0 20 0


CHLOROPHYTA


Flagellated Chlorophytes


Chlamydomonas 0 40 17 0 40 37 85 60 0 0


Coccoid/Colonial Chlorophytes


Coelastrum 0 0 0 0 0 0 0 0 240 559


Crucigenia 0 0 0 0 0 0 0 0 80 0


Elakatothrix 0 0 0 0 0 0 0 0 40 0


Golenkinia 0 0 0 0 0 0 142 0 0 0


Kirchneriella 0 0 0 0 0 0 0 0 200 932


Micractinium 0 0 0 0 0 0 0 0 0 373


Pediastrum 0 0 0 0 0 0 0 0 80 0


Scenedesmus 0 80 66 0 0 0 0 0 80 466


Sphaerocystis 0 0 0 0 0 0 0 0 160 0


Tetraedron 0 0 0 0 0 0 0 0 20 0


Filamentous Chlorophytes


Desmids


Closterium 0 0 0 0 0 0 0 0 40 23


Euastrum 0 0 0 0 0 0 0 0 0 23


CHRYSOPHYTA


Flagellated Classic Chrysophytes


Dinobryon 0 0 0 0 0 0 0 0 560 2726


Mallomonas 0 0 0 0 0 0 0 0 0 23


Non-Motile Classic Chrysophytes


Haptophytes


Tribophytes/Eustigmatophytes


Raphidophytes


CRYPTOPHYTA


Cryptomonas 0 0 0 40 40 37 57 0 40 47


CYANOPHYTA


Unicellular and Colonial Forms


Dactylococcopsis 0 0 0 160 0 0 0 0 0 0


Filamentous Nitrogen Fixers


Anabaenopsis 0 0 0 400 0 1190 5094 5400 0 0


Dolichospermum 200 560 166 54000 64000 54900 135840 139500 0 0


Filamentous Non-Nitrogen Fixers


EUGLENOPHYTA


Euglena 0 0 0 0 0 0 0 0 0 466


PYRRHOPHYTA


Ceratium 0 0 0 0 0 0 0 0 20 0


Peridinium 20 0 17 0 20 0 0 0 20 23


DENSITY (CELLS/ML) SUMMARY


BACILLARIOPHYTA 60 60 33.2 0 0 0 84.9 0 40 0


   Centric Diatoms 0 0 0 0 0 0 28.3 0 20 0


   Araphid Pennate Diatoms 0 20 0 0 0 0 0 0 0 0


   Monoraphid Pennate Diatoms 0 0 0 0 0 0 0 0 0 0


   Biraphid Pennate Diatoms 60 40 33.2 0 0 0 56.6 0 20 0


CHLOROPHYTA 0 120 83 0 40 36.6 226.4 60 940 2376.6


   Flagellated Chlorophytes 0 40 16.6 0 40 36.6 84.9 60 0 0


   Coccoid/Colonial Chlorophytes 0 80 66.4 0 0 0 141.5 0 900 2330


   Filamentous Chlorophytes 0 0 0 0 0 0 0 0 0 0


   Desmids 0 0 0 0 0 0 0 0 40 46.6


CHRYSOPHYTA 0 0 0 0 0 0 0 0 560 2749.4


   Flagellated Classic Chrysophytes 0 0 0 0 0 0 0 0 560 2749.4


   Non-Motile Classic Chrysophytes 0 0 0 0 0 0 0 0 0 0


   Haptophytes 0 0 0 0 0 0 0 0 0 0


   Tribophytes/Eustigmatophytes 0 0 0 0 0 0 0 0 0 0


   Raphidophytes 0 0 0 0 0 0 0 0 0 0


CRYPTOPHYTA 0 0 0 40 40 36.6 56.6 0 40 46.6


CYANOPHYTA 200 560 166 54560 64000 56089.5 140934 144900 0 0


   Unicellular and Colonial Forms 0 0 0 160 0 0 0 0 0 0


   Filamentous Nitrogen Fixers 200 560 166 54400 64000 56089.5 140934 144900 0 0


   Filamentous Non-Nitrogen Fixers 0 0 0 0 0 0 0 0 0 0


EUGLENOPHYTA 0 0 0 0 0 0 0 0 0 466


PYRRHOPHYTA 20 0 16.6 0 20 0 0 0 40 23.3


TOTAL 280 740 298.8 54600 64100 56162.7 141302 144960 1620 5661.9


CELL DIVERSITY 0.39 0.39 0.57 0.03 0.01 0.05 0.08 0.07 0.92 0.69


CELL EVENNESS 0.65 0.50 0.73 0.05 0.01 0.08 0.09 0.15 0.79 0.67
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PHYTOPLANKTON BIOMASS (UG/L) 


Hummock Hummock Hummock Hummock Hummock Hummock Hummock Hummock Miacomet Miacomet


1 5 7 7 GPS 1 5 7 1 5


TAXON 06/30/16 06/30/16 06/30/16 07/27/16 08/09/16 08/30/16 08/30/16 08/30/16 06/28/16 06/28/16


BACILLARIOPHYTA


Centric Diatoms


Cyclotella 0.0 0.0 0.0 0.0 0.0 0.0 70.8 0.0 50.0 0.0


Araphid Pennate Diatoms


Synedra 0.0 16.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


Monoraphid Pennate Diatoms


Biraphid Pennate Diatoms


Navicula/related taxa 20.0 10.0 8.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0


Nitzschia 16.0 16.0 13.3 0.0 0.0 0.0 45.3 0.0 16.0 0.0


CHLOROPHYTA


Flagellated Chlorophytes


Chlamydomonas 0.0 4.0 1.7 0.0 4.0 3.7 8.5 6.0 0.0 0.0


Coccoid/Colonial Chlorophytes


Coelastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 48.0 111.8


Crucigenia 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 8.0 0.0


Elakatothrix 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0


Golenkinia 0.0 0.0 0.0 0.0 0.0 0.0 28.3 0.0 0.0 0.0


Kirchneriella 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 20.0 93.2


Micractinium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1118.4


Pediastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 16.0 0.0


Scenedesmus 0.0 8.0 6.6 0.0 0.0 0.0 0.0 0.0 8.0 46.6


Sphaerocystis 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 32.0 0.0


Tetraedron 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 12.0 0.0


Filamentous Chlorophytes


Desmids


Closterium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 160.0 93.2


Euastrum 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 23.3


CHRYSOPHYTA


Flagellated Classic Chrysophytes


Dinobryon 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1680.0 8178.3


Mallomonas 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 11.7


Non-Motile Classic Chrysophytes


Haptophytes


Tribophytes/Eustigmatophytes


Raphidophytes


CRYPTOPHYTA


Cryptomonas 0.0 0.0 0.0 8.0 8.0 7.3 11.3 0.0 36.0 41.9


CYANOPHYTA


Unicellular and Colonial Forms


Dactylococcopsis 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0


Filamentous Nitrogen Fixers


Anabaenopsis 0.0 0.0 0.0 80.0 0.0 237.9 1018.8 1080.0 0.0 0.0


Dolichospermum 40.0 112.0 33.2 10800.0 12800.0 10980.0 27168.0 27900.0 0.0 0.0


Filamentous Non-Nitrogen Fixers


EUGLENOPHYTA


Euglena 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 233.0


PYRRHOPHYTA


Ceratium 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 348.0 0.0


Peridinium 42.0 0.0 34.9 0.0 42.0 0.0 0.0 0.0 42.0 48.9


DENSITY (CELLS/ML) SUMMARY


BACILLARIOPHYTA 36.0 42.0 21.6 0.0 0.0 0.0 116.0 0.0 66.0 0.0


   Centric Diatoms 0.0 0.0 0.0 0.0 0.0 0.0 70.8 0.0 50.0 0.0


   Araphid Pennate Diatoms 0.0 16.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


   Monoraphid Pennate Diatoms 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


   Biraphid Pennate Diatoms 36.0 26.0 21.6 0.0 0.0 0.0 45.3 0.0 16.0 0.0


CHLOROPHYTA 0.0 12.0 8.3 0.0 4.0 3.7 36.8 6.0 308.0 1486.5


   Flagellated Chlorophytes 0.0 4.0 1.7 0.0 4.0 3.7 8.5 6.0 0.0 0.0


   Coccoid/Colonial Chlorophytes 0.0 8.0 6.6 0.0 0.0 0.0 28.3 0.0 148.0 1370.0


   Filamentous Chlorophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


   Desmids 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 160.0 116.5


CHRYSOPHYTA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1680.0 8190.0


   Flagellated Classic Chrysophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1680.0 8190.0


   Non-Motile Classic Chrysophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


   Haptophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


   Tribophytes/Eustigmatophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


   Raphidophytes 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


CRYPTOPHYTA 0.0 0.0 0.0 8.0 8.0 7.3 11.3 0.0 36.0 41.9


CYANOPHYTA 40.0 112.0 33.2 10888.0 12800.0 11217.9 28186.8 28980.0 0.0 0.0


   Unicellular and Colonial Forms 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0


   Filamentous Nitrogen Fixers 40.0 112.0 33.2 10880.0 12800.0 11217.9 28186.8 28980.0 0.0 0.0


   Filamentous Non-Nitrogen Fixers 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0


EUGLENOPHYTA 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 233.0


PYRRHOPHYTA 42.0 0.0 34.9 0.0 42.0 0.0 0.0 0.0 390.0 48.9


TOTAL 118.0 166.0 97.9 10896.0 12854.0 11228.9 28350.9 28986.0 2480.0 10000.4


BIOMASS DIVERSITY 0.57 0.49 0.64 0.02 0.01 0.05 0.09 0.07 0.54 0.32


BIOMASS EVENNESS 0.94 0.63 0.82 0.04 0.02 0.08 0.10 0.15 0.46 0.30







of the water quality report from 2020 are modifying the jetties and upgrading
septic systems in zone one of the watershed. The second has begun and is
underway, but the surface has only been scratched. The passion and emotional
desire to jump ahead with a ban is an ill considered approach. 

It’s obvious there is significant emotion regarding this article. unfortunately, when
Joe Minella was asked where he gathered his information for his proposed article,
his answers lacked sustenance at best.

I look forward to sharing more with you in hopes the Fin Com board will be better
equipped with scientific backing to reference….. ultimately, what was asked for at
the close of last weeks meeting. 

Thanks Denice,
Greg

Sent via iPhone

On Jan 17, 2022, at 2:26 PM, Denice Kronau <dkronau@nantucket-
ma.gov> wrote:

﻿

Dear Gregory:

Unfortunately I did not see your letter until after our meeting on
1/13/21. I did see that you participated and hope you can participate
again when we deliberate Article F a second time.

Many thanks for this useful information.

Kind regards,

Denice

From: Gregory Raith <gregory@gregoryraith.com>
Sent: Thursday, January 13, 2022 1:38:54 PM
To: Denice Kronau; Stephen Maury; Joseph Grause; Peter McEachern;
Nantucket Fin Comm; Jill Vieth; Joanna E. Roche
Subject: Fertilizer Advisory Board Contribution

mailto:dkronau@nantucket-ma.gov
mailto:dkronau@nantucket-ma.gov
mailto:gregory@gregoryraith.com


 
﻿
﻿
Dear Finance Committee members,

Hello and Happy New Year. I would like present the following letter
I prepared with an expectation that it might be considered prior to and
in conjunction with this evening's hearing for article F. 

Please also see the attached Executive Summary of the Island Wide
Water Quality Report from 2020 that is imperative IMO as part of
this request for consideration.

Kind Regards,
Gregory Raith

﻿ https://www.nantucket-ma.gov/DocumentCenter/View/39415/Island-Wide-Water-
Quality-Report-Executive-Summary-2020-PDF

This email was scanned by Bitdefender

https://www.nantucket-ma.gov/DocumentCenter/View/39415/Island-Wide-Water-Quality-Report-Executive-Summary-2020-PDF
https://www.nantucket-ma.gov/DocumentCenter/View/39415/Island-Wide-Water-Quality-Report-Executive-Summary-2020-PDF


From: Denice Kronau
To: Mike Misurelli
Cc: gregory@gregoryraith.com; Stephen Maury; Mariya Basheva; Brian Turbitt
Subject: Re: Pertinent to Article F
Date: Tuesday, January 25, 2022 3:38:50 PM

Dear Mike,

Many thanks for this and I will forward it to FinCom members.

I will let you know when we discuss it again, originally I thought on 2/10 and we may move it
to 2/8.

Kind regards,
Denice

From: Mike Misurelli <mike@jm-landscapeservices.com>
Sent: Monday, January 24, 2022 8:27:21 PM
To: Denice Kronau
Cc: gregory@gregoryraith.com
Subject: Pertinent to Article F
 
﻿ ﻿
﻿Denice 

Thank you for your attention and thoughtful questions regarding article F. 

I believe the following information may be relevant to the debate. Page 5 of our regulations
which was amended in 2019 clearly states that the regulations can not be amended without a
4/5ths vote of the BOH and public hearings must be held etc. This should blow a hole in
Hilary Rayports assessment that the article can be simply changed by the NPEDC. The
attached document was pulled directly from the towns website. 

Also MA chapter 262 limits towns from making nutrient regulations stricter than than the state
regulation. Falmouth was turned down with their attempt to regulate nutrients. It is true
Nantucket was permitted to adopt their own fertilizer regulations because they were in under
the wire of the  262 start date. It is up for legal interpretation if we are permitted to make it any
stronger without guidance from Umass. I am working on that one. 

Thank you 

Mike Misurelli 

Sent from my iPhone
﻿

https://www.nantucket-ma.gov/DocumentCenter/View/24255/Fertilizer-Regs-Draft-Revised-
3-13-19?bidId=

mailto:dkronau@nantucket-ma.gov
mailto:mike@jm-landscapeservices.com
mailto:gregory@gregoryraith.com
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From: Denice Kronau
To: Jill Vieth; Christopher Glowacki; Denice Kronau; Joanna E. Roche; Joseph Grause; Peter McEachern; Peter

Schaeffer; Stephen Maury; George Harrington
Cc: Brian Turbitt; Mariya Basheva
Subject: Fw: Anti-Littering Campaign
Date: Thursday, January 27, 2022 11:03:06 AM

From: William F. Connell <wconnell@connellandersen.com>
Sent: Tuesday, January 25, 2022 10:47 AM
To: Denice Kronau
Subject: Anti-Littering Campaign
 
Dear Denice:
 
I think you know that the Nantucket Clean Team supports the effort by Bruce Mandel to
tighten up rules and regulations concerning the items that we gather constantly on our
roadsides and shorelines.
 
I have written to our friend, Jason Bridges, about this. Please see below. I am hoping you can
work with Brue to come up with a reasonable way to try to control all of this littering. 
 
We appreciate your concern and thoughtfulness on this subject.
 
For the Clean Team,
Bill Connell
 
From: William F. Connell
Sent: Wednesday, January 12, 2022 10:02 AM
To: Jason Bridges
Subject: Official Business - Bruce Mandel's Articles
 
Jason:
 
Happy New Year!
 
On behalf of The Clean Team, we have read and debated the “Environmental Protection”
Articles being presented to the Finance Committee meeting on January 20, 2022.
 
Bruce is a super-active “Cleaner” in Madaket; a real fighter to protect the environment. His
ideas are well ahead of their time. If adopted – even in part – Nantucket will be stepping
forward as a leader in environmental sensitivity.
 
The Clean Team hopes (i) you will support Bruce’s Articles and (ii) you could pass this
message of support on to the Chair and Members of the Finance Committee.
 
Many thanks.
 

mailto:dkronau@nantucket-ma.gov
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