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Brewster Ponds Coalition Mission Statement

Protecting and improving the health of Brewster’s ponds through 

science, education and advocacy. 



Pond Summit 2023 Agenda

● Opening Remarks 

● I. Introduction - John Keith, Griffin Ryder 

● II. Scientific Research Planned or In Progress - John Keith, Chris 

Miller, Erin Perry

● Q&A

● Break

● III. Title 5 Regulations - Mark Nelson



Pond Summit 2023 Agenda (continued)

● IV. Regulatory Management Entities (RMEs) for Alternative Septic 

Systems - Brian Baumgaertel

● V. State and Local Funding Sources - Peter Lombardi

● Q&A

● VI. What About PFAs and Other Toxics? - Kim Pearson

● Q&A

● Thank You and Adjournment 





Introduction on Pond Pollution

John Keith, PE
Environmental Engineer
Vice-President, Brewster 

Ponds Coalition



Most Cape Ponds Are Kettlehole Ponds

• Depths often >10m
• Often bowl shaped, w/ steep 

side slopes
• Small surface watershed areas
• Often no outlet
• Fed by rain and groundwater 
• Slow water turnover
• Possible past agriculture 

pollution
• Some cranberry bogs
• Slow accumulation of organic 

matter, Phos.
• Water quality sensitive to small 

changes in input

Kettlehole ponds are glacial potholes 
where the land dips below the water 
table

• Natural background water quality was very good:
• Low pH (<6.5)               - Soft
• Low Phosphorus  - Low Nitrogen
• Low Algae - High Clarity (>15 

feet)



Pollutants Enter and Leave 
Ponds in Various Ways – A 
Dynamic Process

Stream flow out

Groundwater
flow out

Surface flow 
in

(Bogs and streams  
on some ponds)
Groundwater
flow in 
(including 
from septic 
systems)

Storm 
runoff 

in

Rain 
deposition

Deposition of vege-
tation (leaves, etc.)

Bird waste

Deposition to and uptake 
from sediments (major factor in 

varying nutrient levels through year)

Uptake and 
release by water 
plants and algae

Uptake and 
release by fish and 
other animals 

Ponds Are a Complicated Ecosystems



Types of Pond Impairment
Types of Impairment Indicators Causes

Low Dissolved Oxygen 
(DO)

- Low DO, especially near bottom
- Fish kills

- High nutrients (esp. Phosphorus)
and resulting algae growth

- Stratification

Poor Clarity - Cloudy or “murky” water
- Floating particles in water

- Storm runoff with lots of silt
- Algae blooms

High Nutrients
(Phosphorus, 
Nitrogen)

- Algae blooms
- Cyanobacteria (blue-green algae)
- High chlorophyl (indicates algae)

- Septic systems upgradient of  
ponds 

- Fertilizer runoff from lawns, bogs

Harmful Bacteria - E. Coliform, indicator of pollution
with fecal matter, sewage

- Poorly operating septic systems
- Animal waste

Chemicals – PFAs, oils, 
pesticides, pharma-
ceuticals, detergents

- Oil sheens, detergent foams
- Testing for specific chemicals

- Septic systems if close to ponds & 
wrong disposal practices

- Pesticides from lawns, bogs, trees

Invasive Species - Invasive water plants, mussels - Introduction by boats, plantings

Nuisance Level of 
Plants

- Excessive spread of water plants - High nutrients, esp. phosphorus 

Red – Also important 
for well water quality

Some ponds have brownish color due to natural tanins – not a pollution problem.



Pollution Sources for Cape Cod Ponds

• Septic tanks often the major source for nutrients
• Phophorus and nitrogen
• Also for toxic chemicals like PFAs and pharmaceuticals

• Other important human-related sources:

• Road and driveway runoff during rain – silt, salts, oil

• Lawns and gardens near ponds - fertilizers runoff

• Cranberry bogs – nutrients, pesticides? – contribution unclear

• Animal waste – especially from dogs

• Sources that add nutrients with little ability to control:

• Plant deposition (leaves, pollen, etc.)

• Birds, other wildlife

• Rainfall deposition

• Sediments often a critical factor in pond impairment

• Low DO (<2 ppm) at pond bottom releases P from sediments 



Why the Concern About Phosphorus?

• Two major nutrients impact ponds – phosphorus 
and nitrogen

• Impact of high nutrients on ponds:
• Lower clarity – largely due to algae
• Algae – green masses on water
• Increased risk of cyanobacteria (blue-green 

algae) 
• Can release toxics making water unsafe for 

people and pets

• Higher algae depletes oxygen in water
• Called “anoxia”
• Can lead to fish kills
• Decreases fauna in sediments, causing 

imbalance 

Phosphorus is usually the 
limiting nutrient with 
respect to algae growth in 
Cape ponds



Phosphorus Accumulates in Ponds Over Time

Time 🡪 (Each mark = 6 months)

Pre-human development - Long term 
average flat or very slowly increasing

After human development - Long 
term average increases when P in > P 

out Depends on extent of 
development

Mesotrophic Zone Eutrophic Zone – algae 
blooms and poor quality very 
likely

Natural Phosphorus Sources:
- Vegetation detritus, birds, wildlife            

P

Problems occur when P rises, 
even if only in summer

Human Phosphorus Sources:
- Septic Systems, fertilizer, pet 

waste

Sediments store P from year to year 
and release P in summer if DO is low

- Higher P = more algae bloom risk (though nitrogen levels also important)



What About PFAs and 
Other Toxic Chemicals?

(“Pollutants of Emerging Concern”)

• PFAs, pharmaceuticals, BPA & other plasticizers, pesticides, paints & 
coatings

• Research suggests that high levels of certain PFAS may lead to: 
• Increased risk of high blood pressure or pre-eclampsia in pregnant women 
• Increased cholesterol levels 
• Decreased vaccine response in children 
• Decreases in infant birth weights 
• Increased risk of kidney or testicular cancer 

• Septic systems can be a significant source of groundwater 
contamination if discharged into them

• Septic systems do not remove them
• No practical way to upgrade to remove them
• Need to keep them out of septic systems!

Polyflouroalkyl Substances 



What About PFAs and 
Other Toxic Chemicals?

• Key: prevent discharges
• Never dispose of medicines to 

wastewater
• Bring hazardous materials to collection 

centers
• Encourage bans of PFAs in household 

items
• End use in fire fighting foam (a major 

source of groundwater contamination) 

• Ingestion is the primary 
pathway for PFAs into the body

• A primary PFA exposure 
concern for Cape Cod is 
drinking water



• Septic systems can be a major source of 
nutrients and chemicals impacting ponds

• If septic system discharges and other sources are not
addressed, water quality in our ponds will get worse
– More algae and cyanobacteria blooms
– Possible fish kills, reduced animal life
– More pond closures to protect health
– Risks to wells and drinking water – public and private

• Solutions require:
– Understanding of nutrient and biological conditions in ponds
– Understanding which septic systems impact ponds
– Evaluation of options in terms of cost, time and effectiveness
– Broad support  from the people of  Cape Cod
– Sound funding
– A good number of years to implement and show effects

Conclusion





Town of 
Brewster
Water 
Quality 
Actions

• Agenda

• Stormwater Management Bylaw

• Municipal Separate Storm Sewer System (MS4) Permit

• Examples of Stormwater Control Measures (SCMs) or 
Best Management Practices (BMPs) 

• BPC & DPW coordination

• Fertilizer Bylaw

JUNE 2023



Chapter 272-
Stormwater 
Management 
Bylaw

• Effective March 2022 (adopted Fall TM 2021)

• Regulations also adopted

• Water quality protection- primary purpose (MS4)

• Requires permit for certain activities (minor/ major)

• Net new impervious 500 sq ft or greater

• Total land disturbance 10k sq ft or greater

• Conscom authority w/in wetlands jurisdiction

• Enforceable performance standards (“BMPs”)

• MA Stormwater Handbook minimum

• Heightened treatment standards in Brewster

• Hydrology report

• Requires LID/ nature-based elements

• Construction and post-construction BMPs

JUNE 2023



Chapter 272-
Stormwater 
Management 
Bylaw

• Permits applied for or issued since inception

• 2022

• 3 Major

• 15 Minor

• 2023 (as of 6.9.2023)

• 13 Major

• 13 Minor

• Limited number of waivers included with approvals

JUNE 2023



Municipal 
Separate 
Storm 
Sewer 
System 
(MS4) 
Permit

• Administered by the US Environmental Protection Agency (US 
EPA) in conjunction with Mass Department of Environmental 
Protection (MassDEP).

• Initially born out of the need to separate sewer systems 
from stormwater

• Permit has evolved with the focus now being on  
stormwater water quality

• In Year 5 of 5 of the permit 

• Anticipate a new permit to come forward in the near 
future (no major changes anticipated)

• Required tasks within each permit year are generally 
defined

• Education/Public Outreach is a major component

• Working with new consultant, Woodard & Curran.

JUNE 2023



Municipal 
Separate 
Storm 
Sewer 
System 
(MS4) 
Permit

• Stormwater Mapping On-going
• Identifying and locating stormwater discharge points

• The permit is focused on discharge points
• Many discharge points in Brewster are not 

formalized
• Not only discharge points need to be looked at 

especially due to the nature of the soils in Brewster.
• Locating and identifying Stormwater Control Measures 

(SCMs)
• A more holistic approach (approx. 30 identified to 

date)
• Developing Operation and Maintenance Procedures 

for each SCM
• Inventory helps to create a baseline for identifying the 

stormwater infrastructure in Town and where Retro-Fit 
projects may be implemented.

JUNE 2023



Long Pond Landing 
Improvement 
Project

June 2023



Long Pond 
Landing 
Improvement 
Project

June 2023 23



Long Pond Landing 
Improvement 
Project

June 2023 24



First Light 
Beach Parking 
Lot

June 2023



First Light 
Beach Parking 
Lot

June 2023



Brewster 
Community 
Pool Parking 
Lot

June 2023



Brewster Dog 
Park

June 2023



Foster Road 
Paving & 
Drainage 
Improvements

June 2023



Breakwater Road 
Paving & Drainage 
Improvements

June 2023



Municipal 
Separate Storm 
Sewer System 
(MS4) Permit

Retro-Fit Design
Walkers Pond

JUNE 2023



Brewster 
Ponds 
Coalition and 
DPW 
Coordination

JUNE 2023

• BPC has helped to identify locations in Town where 
retro-fits could occur

• Work with engineers to develop desktop analysis with 
conceptual design options

• Review the options to determine best fit

• Finalize Design

• Permitting & Construction

• New BMPs/SCMs are incorporated into the list 

• On-going O&M



Chapter 119-
Brewster 
Fertilizer 
Bylaw

• Adopted per CCC Cape-wide DCPC (2014)

• Regulates turf fertilizer applications town-wide

• Time/place/ manner restrictions & standards

• Includes 100’ wetlands buffer prohibition

• Enforceable

• Also emphasizes education about practices

JUNE 2023



Thank You.

JUNE 2023





Brewster Ponds Coalition
Septic System Impact Study

Done in coordination with:
Brewster Natural Resources Department

Horsley Witten Consultants
Massachusetts Alternative Septic System Test Center



Pollution Sources for Cape Cod Ponds

• Septic tanks often the major source for nutrients – P & N
• Also for toxic chemicals like PFAs and pharmaceuticals

• Other important human-related sources:
• Road and driveway runoff during rain – silt, salts, oil

• Lawns and gardens near ponds - fertilizers runoff

• Cranberry bogs – nutrients, pesticides? – contribution unclear

• Animal waste – especially from dogs

• Sources that add nutrients with little ability to control:
• Plant deposition (leaves, pollen, etc.)

• Birds, other wildlife

• Rainfall deposition

• Sediments often a critical factor in pond impairment
• Low DO (<2 ppm) at pond bottom releases P from

sediments 



Septic System Impact on Ponds

• It is known that the greatest impact is from:
• Systems close to and upgradient of ponds and wells
• Systems close to groundwater level (i.e. pond levels)
• Old systems – leach pits and especially cesspools
• Poorly managed systems – overloaded, not pumped regularly

• But there is a lot not known – specifically which septic systems impact 
ponds? How far away from ponds?

Septic Tank being pumped out

Typical Title V Septic System Layout



How far away from ponds do septic systems 
need to be to not impact ponds?

• Rule of thumb from past studies: Systems upgradient and <300 ft from ponds might 
impact ponds within the life of a typical house (50 years)

• But studies not done on Cape Cod

• Do not consider all important factors

• Many variables influence this:
• Age of house
• Distance to pond
• Elevation of leach field above pond
• Number of people in house
• Year round use or summer only
• Iron and manganese levels in soil (they absorb P)
• How many septic systems nearby
• Are there fertilized lawns using phosphorus?

• Actual distance for Cape ponds likely varies -
not well known

Groundwater moves 0.5 to 2 ft/day through 
sand, but P maybe only 0.005 to 0.02 ft/day.  At 
0.01 ft/day, would take 27 years to move 100 ft.  
But reality depends on many things.



Septic Leach 
Field

🡨 Groundwater 
flow Clay, rock

Phosphorus Travel in 
Groundwater from 

Septic Systems

Area where soil/sand 
is saturated with 
nutrients

Pond

Adsorption on soil 
particles above 
water table

Active adsorption zone

Septic system has not impacted pond yet

Phosphorus travels in 
groundwater until adsorbed 
on soil, diluted to low levels 
or pond is reached

Septic 
Tank

• Title V systems 
effectively digest solids 
and destroy harmful 
bacteria in wastewater

• But >75% of P, N and 
most chemicals 
pollutants pass through 



Septic Leach 
Field

🡨 Groundwater 
flow Clay, rock

Phosphorus Travel in 
Groundwater from 

Septic Systems

Area where soil/sand 
is saturated with 
nutrients

Pond

Adsorption on soil 
particles above 
water table

Active adsorption zone

Phosphorus travels in 
groundwater until adsorbed 
on soil, diluted to low levels 
or pond is reached

Septic 
Tank

Septic 
system 
impacts 
pond !



Project Purpose: 
Improve understanding of phosphorus travel from septic systems towards 
ponds, considering both distance from and elevation above pond.  
This will help determine impacts of septic systems on ponds, and help assure 
that any improvement measures focus on septic systems impacting ponds.

Brewster Ponds Coalition
Septic System Impact Study

Elbow Pond

2 septic 
systems  in 
study on Elbow 
Pond



• Varying house occupancy (1 to 3 people)
• Average in Brewster is about 2

• Varying heights above groundwater to see impact of this 
• 20 to 45 ft. above groundwater 
• Typical of houses around kettle hole ponds

• Monitor vertical  and horizontal movement in groundwater by constructing monitoring wells at and 
down-gradient from systems

• With extensive effort to assure wells are exactly downstream

• Sample wells over 1 year period for P, N and other parameters
• Also do enhanced sampling of ponds at the same time for P and N

Study Scope

Examine 4 representative 
septic system discharges to 
determine P and N 
movement in soil from 
leach field discharges 
considering both vertical 
and horizontal movement 
of water

Griffith 
Pond

2 septic 
systems  in 
study on 
Griffith Pond



Possible Future Study

- Example: Cobb’s has large groundwater catchment area, including old settled areas
- Phosphorus from septic systems, cesspools & outhouses has had hundreds of years to
accumulate and migrate. Likely large amount of P in groundwater moving toward pond 

What about impact when there are many septic systems up-gradient of a pond?



Thank You





Brewster Ponds Summit 2023
Chris Miller, Director of Natural Resources,
Town of Brewster

• What has been done to understand the water quality and impairment 
of ponds

• PALS sampling

• The Mill Pond study

• Review of PALs and other testing data

• Brief review of pond quality levels as known now

















Sheep Pond







2001 
Ponds in Peril 
Workshop

North American Lake Management 
Society:
https://www.nalms.org/secchidipin/about/hi
story/







Secchi Depth





Pond and Lake Stewards (PALS) 
Sampling



PALS Testing







2004







Long Pond Alum 2007



Long Pond continued monitoring























Weed Harvester



Upper Mill Pond 
Alum treatment 2019













2023 Pond Water Quality Data Review
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Properly Functioning Ponds and Lakes Play an 
Important Role in Preserving and Restoring Coastal 
Water Quality 

Ponds are credited with reducing up to 

50% of the nitrogen that passes 

through them on its way to coastal 

embayments.

890
FRESHWATER
PONDS & LAKES

10,500
ACRES

4%just

Had sufficient 
recent water 
quality data to 
grade pond health 
in 2021

10%less 
than

Of Cape Cod’s 
ponds and lakes 
are monitored

Lack of Consistent and Consecutive 
Data Collection 



To understand, characterize, and analyze the contributing 

factors to water quality degradation, develop data-driven 

policies and strategies, and enable action at both the local and 

regional scale for sustained and dedicated efforts to preserve, 

protect, and restore Cape Cod’s freshwater ponds, 

fundamental for the region’s environment and economy.

THE FRESHWATER INITIATIVE PURPOSE



ESTABLISHING 
THE BASELINE

STRATEGY DEVELOPMENT ONGOING MONITORING 
AND ANALYSIS

Ponds And Lakes 
Atlas Update 

Physical 
Characteristics

Data Management 
And Analysis

Remote Sensing

Engagement 
and Outreach

Strategies 
Database

Economic 
Analysis

Legal Analysis

Monitoring 
Program

Ongoing Data 
Management 
and Analysis 

Cape Cod Freshwater Initiative
A science-based, information-driven planning process that will engage stakeholders

and enable action to protect and restore Cape Cod’s freshwater ponds



Cape Cod Pond Viewer 

EXPLORE: cccom.link/pond-atlas 

MAP LAYERS 

Available map layers include access points, 

pond watershed delineations, bathymetry 

data, 300 ft. pond buffer area, and other 

pond and surrounding land use 

characteristics. 

POND CHARACTERISTICS

Select a pond and open the Info Panel to 

view related characteristics including 

acreage, depth, and more. Users can also 

explore surrounding land cover and land 

use summaries within a 300 ft. pond buffer 

area.
The Pond Viewer serves as a companion to the Atlas and can be used to explore 

Cape Cod’s ponds, ecology, and the challenges they face.



Brewster Pond Watersheds

The land area that contributes to 
freshwater ponds and lakes is 
referred to as a pond watershed. 
Relatively few pond watersheds have 
been delineated across the Cape. Land 
area within pond watersheds is much 
larger than the water bodies 
themselves. 

In Brewster, 34% of the town’s total land area is 
within a delineated pond watershed.

Freshwater Ponds 

Pond Watershed Area



Pond Profiles

Expanded Pond 

Profiles provide a 

snapshot of regional 

and town-by-town 

pond information, 

including physical 

characteristics, existing 

monitoring efforts, 

watersheds, strategies, 

and more. 



Municipal 
Meetings

Meetings with 
representatives from 

the 15 towns to better 
understand local 

priorities, challenges, 
and opportunities

ENGAGEMENT AND OUTREACH

CAPE COD FRESHWATER INITIATIVE

Pond 
Network

Coalition of pond 
groups and 

associations or pond 
water quality monitors 

to invite connection, 
collaboration, and 
shared resources

Technical Advisory
Group

Technical experts will 
advise components of 
the Initiative such as 

the freshwater quality 
strategies database 

Stakeholder
Engagement

Engagement that 
incorporates broad 

stakeholder 
representation to 

understand priorities, the 
range of potential 

solutions, and build 
consensus on a framework 

for action 



Ponds by Town

Barnstable 7

Bourne 3

Brewster 3

Chatham 2

Dennis 3

Eastham 3

Falmouth 5

Harwich 4

Mashpee 3

Orleans 3

Provincetown 2

Sandwich 4

Truro 2

Wellfleet 3

Yarmouth 3

REGIONAL POND MONITORING PROGRAM

CAPE COD FRESHWATER INITIATIVE

The Regional Pond Monitoring Program has been designed to complement 
existing monitoring efforts and provide baseline data regarding how 
different types of ponds on Cape Cod respond to changing regional 
environmental conditions throughout the summer and from year to year.

Pond selection criteria:
▪ Spatial coverage across all towns 

and aquifer lenses

▪ Range of physical characteristics 
e.g., pond size, depth, level of 
watershed development

▪ Stream/herring run connections, 
implementation projects, and 
Coastal Plain Pondshore 
community

▪ Water quality status

▪ Public uses of ponds

▪ Located in or adjacent to 
environmental justice area



DATA MANAGEMENT AND ANALYSIS

CAPE COD FRESHWATER INITIATIVE

Future 
monitoring data

Cape Cod Water 
Quality 

Database

Identify trend analyses and 
develop processing scripts

Release freshwater public 
data portal / user interface 

Regional data and 
trend analysis

ONGOING DATA MANAGEMENT AND ANALYSIS



Investigating the use of satellite-derived 
imagery and existing pond water quality 
data to quantify changes in pond 
characteristics

▪ Partnership with NOAA, using Landsat 8, 
Landsat 9, and Sentinel 2 satellite imagery 
(images every 5-16 days)

▪ Connecting imagery to water clarity

▪ Field validation data collected during 
satellite overpass to calibrate

▪ Sufficient satellite and validation data to 
analyze 217 ponds

REMOTE SENSING

CAPE COD FRESHWATER INITIATIVE



IN PONDPOND SHORESWATERSHED

DATABASE INCLUDES:

Sediment, nutrient, algae, 
and vegetation 
management approaches

Vegetated buffers, 
fertilizer management, 
septic setbacks, I/A septic 
systems

Biological 
Approaches

Chemical 
Approaches

Physical 
Approaches

Policy 
Approaches

Comprehensive watershed 
planning, land use 
regulations, land protection, 
advanced wastewater 
treatment

SCALE OF APPROACHES:

POND STRATEGIES DATABASE

CAPE COD FRESHWATER INITIATIVE
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Horsley Witten Group, Inc.

Restoring our Coastal Estuaries –
Proposed Changes to Title 5



Horsley Witten Group, Inc.

Mass DEP’s Goal - Accelerate the 
Restoration of Coastal Estuaries

⚫Two Proposed Options:

⚫Require Septic System Upgrades 

- OR –

⚫Initiate Watershed Permits for 
Specific Estuaries



Horsley Witten Group, Inc.

Jurisdiction of Proposed Regs



Horsley Witten Group, Inc.

Brewster Watersheds Impacted by Proposed Regs



Horsley Witten Group, Inc.

Proposed Title 5 Changes
⚫Septic Systems In Impaired Watersheds Must Be 

Upgraded to Treat for Nitrogen within 5 Years of 
the Regulations

⚫Unless:

⚫A Town or Towns File a Notice of Intent to Obtain 
a Watershed Permit



Horsley Witten Group, Inc.

Watershed Permits

⚫Similar to the Process Used to Obtain the Pleasant 
Bay Watershed Permit by Brewster, Chatham, 
Harwich and Orleans



Horsley Witten Group, Inc.

Watershed Permits
⚫If Towns can file a notice of intent to obtain a 

permit  within 18 months the Title 5 upgrade regs 
are paused.

⚫Proposed permit must document the removal of 
75% of the nitrogen needed to meet the watershed 
TMDL in 20 years.

⚫Permit can be for 1 town or combination of towns 
sharing a watershed.



Horsley Witten Group, Inc.

Watershed Permits

⚫Permit requires annual reporting on progress to 
restore the estuary.

⚫Provides flexibility in the options to remove 
nitrogen as new information is available.



Horsley Witten Group, Inc.

Proposed Title 5 Requirements

⚫If no permit is requested, homeowners have five 
years to upgrade their septic system.

⚫Must use “Best Available Nitrogen Reducing 
Technology”.

⚫Designed to encourage towns to request watershed 
permits.



Horsley Witten Group, Inc.

Current Status

⚫Public hearings held last November – January

⚫Comments received through January 30, 2023

⚫Recent Advisory Committee Meeting provided 
updates on status – potential changes



Horsley Witten Group, Inc.

Town and Ponds Coalition 
Comments

⚫5-year timeframe to upgrade septic systems 
not feasible

⚫Concerns with “Best Available Nitrogen 
Reducing Technology.”

⚫Need a simplified permit process for small 
watershed areas that little nitrogen removal 
is needed.



Horsley Witten Group, Inc.

Bass River 
Watershed



Horsley Witten Group, Inc.

Town and Ponds Coalition 
Comments

⚫Proposed Regulations Need to Consider 
Ponds

⚫Currently not part of the proposed regs

⚫Could phosphorus treatment could be included 
in a septic system upgrade?  



Horsley Witten Group, Inc.

Thanks

Mark Nelson, Principal

Horsley Witten Group, Inc.

mnelson@horsleywitten.com





Managing Decentralized 
Wastewater Treatment 
Infrastructure

How to Make Septic Systems a Thing 
of the Past

BRIAN BAUMGAERTEL

SENIOR ENVIRONMENTAL SPECIALIST

MASSTC DIRECTOR



What is Decentralized 
Wastewater Treatment 
Infrastructure?



Hypothetica
l

Watershed Problem:
Too Much 

Nitrogen (or 
Phosphorus)



the basic physical and organizational structures and 
facilities (e.g. buildings, roads, power supplies) needed 
for the operation of a society or enterprise.

Infrastructure (noun)



Centralized Treatment Infrastructure

WASTEWATE
R

WASTEWATE
R



Decentralized Treatment Infrastructure

DATA and 
Informatio

n

DATA and 
Informatio

n



Types of Decentralized Infrastructure

127

Onsite Cluster



Three Questions

1. Do we have the technology?

2. How do we pay for it?

3. How do we install and manage it?



Currently Best-Performing 
Technologies
Less than 10 
mg/L TN

Nitroe by Kleantu

Nitrex by Lombardo Associates

Layer Cake “Nonproprietary Woodchip Systems”

Between 10 
and 15 mg/L 
TN

FujiClean

HydroAction

BioMicrobics MBBR

Others in 
the mix

Advantex



How do we Manage the 
Lifecycle of DWTI?



Lifecycle Management of DWTI:
A Spectrum Services

Planning Communication
Technology and 

Research
Finance

Design and Construction
Operation and 
Maintenance

Monitoring and 
Compliance

Records and Reporting



Responsible 
Management 
Entities

An organization or collection of 
organizations tasked with 
overseeing the cradle-to-grave 
lifecycle of decentralized 
wastewater treatment 
infrastructure



5-year project to develop and implement a

Regional RME Program



Regional Responsible Management Entity
Primary Goals

Help towns 
meet 

TMDL’s

Reduce risk to 
homeowners

Cost 
Effective

Financially 
Self-

Sustainable

Maintain 
Flexibility



How do we Pay for DWTI?



Cape Cod AquiFund 
(formerly CSMLP)



Helping to make the costs of clean 
water solutions more equitable

0%, 2%, and 4% per annum 
betterment loans.

Lowest interest rate goes to 
those who need more help.

Image Credit:

Interaction Institute for Social Change | Artist: Angus 
Maguire.



What kinds of projects are eligible?

Installation of a nutrient-reducing I/A technology*

Installation of a sewer connection

*In a town-mandated nutrient removal project



Learn More

www.capecod.gov/aquifund

www.masstc.org/rme

http://www.capecod.gov/aquifund
http://www.masstc.org/rme




FINANCING BREWSTER'S 
WATER RESOURCE 
INITIATIVES

BREWSTER POND 
SUMMIT 2023

PETER LOMBARDI
TOWN MANAGER



CAPE COD & 
ISLANDS 
WATER 

PROTECTION 
FUND (CCIWPF)

• Established by MA legislature in 2018 

(Chapter 337 of the Acts of 2018) to 

help 15 Cape & Island towns pay for 

wastewater infrastructure and water 

quality remediation projects to meet 

obligations of the 208 Plan

• Affiliated with existing state programs 

– State Revolving Fund (SRF) and 

Clean Water Trust (CWT)

• Funded through new 2.75% additional 

surcharge added to all lodging 

transactions (both traditional and 

short-term rentals) on Cape effective 

July 1, 2019
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June 2023



CCIWPF 
GOVERNANCE

• Board is comprised of member 

representatives from each town –

must be Town staff or Select Board 

• Cape Cod Commission (CCC) 

provides administrative support and 

technical assistance

• Board is responsible for determining 

allocating funds, including equitable 

distribution among participating 

towns for eligible projects and debt 

relief

• Regulations and bylaws originally 

developed and adopted in Fall 2020
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CCIWPF 
FINANCIAL 

ASSUMPTIONS

• Assumed $66M in prior eligible debt 

plus $60M/year in new loans by FY22 

with 2% annual escalator

• Assumed $19M/year in revenues by 

FY23 with 2.5% annual escalator

• 25% subsidy for new projects in equal 

installments over 4 years for Clean 

Water Trust loans (SRF eligible) –

50% for projects less than $1M

• 25% subsidy for pre-existing projects 

in equal installments over 10 years 

for already issued debt
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CCIWPF 
FINANCIAL 
ACTUALS

• $167M in Cape-wide SRF eligible 
projects in FY23 – almost 275% 
higher than projected (more 
projects and at a higher cost)

• Eligible project costs are currently 
expected to drop down to $125M 
in FY24 with 2% annual escalator –
still 200% higher than originally 
anticipated

• $21M in annual revenues with 2-3% 
annual escalator – slightly higher 
than expected
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CCIWPF 
FINANCIAL 

FUTURE

• At current rate, fund will be insolvent 

by FY24

• Does not account for increased 

funding requests related to proposed 

changes to Title 5 regulations and 

adoption of new DEP watershed 

regulations (focused solely on 

nitrogen mitigation)

• CCIWPF Board examining 

combination of potential reductions 

to subsidy levels and advocating for 

~$70M in supplemental state funding 

over next several years
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CCIWPF 
PROJECT 

ELIGIBILITY

• As drafted, statute explicitly allowed 
CCIWPF funds to cover costs of 
innovative/alternative (I/A) septic 
systems

• Eligibility of non-traditional 
wastewater solutions for SRF funding 
has been uncertain – must be on 
DEP’s annual Intended Use Plan (IUP)

• Brewster contributes ~$1M/year to 
CCIWPF

• Brewster’s long-term non-traditional 
water quality initiatives projected to 
cost $20-30+M as of Spring 2022
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CCIWPF 
PROJECT 

ELIGIBILITY

CONTINUED

• In March 2022, CCIWPF Board 

authorized CCC to provide technical 

assistance to help answer this 

question

• CCC completed their work this 

month – their analysis points to 

similar non-traditional initiatives that 

have received SRF funding (e.g. 

Wellfleet)

• DEP has also recently changed their 

SRF evaluation criteria to favor Cape 

projects – documenting 

environmental impacts and related 

goals in Town planning documents 

are key
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SHORT-
TERM 

RENTAL 
TAX

• New 6% surcharge was placed on 
short-term rentals (STRs) statewide 
effective July 1, 2019

• Revenues are collected by state and 
disbursed to towns on quarterly basis

• Towns could not include STR 
revenues in operating budget 
projections until FY21

• State data on traditional lodging tax 
vs. STR revenues in first few years 
was lacking
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SHORT-TERM 
RENTAL TAX
CONTINUED

• Actual revenues have consistently 
outpaced projections

• $1M in projected STR revenues in 
FY24 Town operating budget –
comparable to traditional lodging 
revenues

• Select Board adopted policy in Spring 
2020 that allocated 50% of projected 
STR revenues to the Affordable 
Housing Trust, 40% to Capital 
Stabilization Fund, and no more than 
10% to General Fund
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WATER QUALITY 
CAPITAL 

STABILIZATION 
FUND

• Brewster has historically funded 
water quality projects, including their 
Integrated Water Resource 
Management Plan, from Free Cash 

• Town Meeting voted to create this 
new capital stabilization fund in May 
2022

• Funds must be spent on water quality 
initiatives and require 2/3 vote of 
Town Meeting to be appropriated
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WATER QUALITY 
CAPITAL 

STABILIZATION 
FUND

CONTINUED

• Select Board updated their STR 
revenue allocation policy in Spring 
2022 to direct 15% of projected 
revenues to new fund, effective in 
FY23 Town operating budget 
($112,500)

• $150k in FY24 Town operating 
budget transferred to this fund

• Examples of funded projects include 
Town-wide pond water quality 
analysis updated ($50k) and Walkers 
Pond water quality improvements 
($82k)
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Contaminants of Emerging 

Concern (CEC’s) in Wastewater  

Kimberley Crocker Pearson MS MD MPH



What are CEC’s?

● Contaminants of Emerging Concern 

(CECs) are chemicals that have been 

found in water bodies

● CEC’s may cause ecological or human 

health impacts and are not currently 

regulated

● There are two general categories:

○ Those that are commonly used in 

households

○ Those primarily used in industry



Household:

● Pharmaceutical and Personal Care 

Products (PPCP’s)

○ Prescription and over-the counter 

drugs

○ Fragrances and Cosmetics

○ Sunscreen products

○ Detergents

○ Antimicrobials

● Other common products:

● Microplastics

○ Microbeads banned in rinse-off 

products since 2015

○ Still may be used in deodorants, 

lotion and makeup

Commercial:

● Industrial chemicals

○ Pesticides

○ Per- and polyfluorinated alkyl 

substances (PFAS)

i. Manufacturers use PFAS to 

make products resistant to oil, 

heat, stain, or water

ii. Flame retardants

● Agricultural pharmaceuticals

○ Antibiotics

● Endocrine Disruptors

○ Bisphenol A (BPA)

○ Phthalates



CECs enter septic systems in three ways:

● Direct disposal – People may dispose of products down a household drain

○ Example: flushing unused pharmaceuticals in the toilet may lead to a high 

concentration of PPCPs in wastewater

● Indirect disposal – CECs enter the wastewater stream due to indirect contact with the 

substance

○ Example: microplastics enter wastewater from laundering synthetic material like 

fleece jackets, microfiber towels, and polyester materials

● Excretion – People and livestock consume – then excrete – drugs and their breakdown 

products. The chemicals then get into our wastewater treatment plants, septic systems, 

and stormwater runoff



Wouldn’t sewers and treatment plants solve this problem?



Standard Wastewater Treatment is not designed to remove CEC’s

● Wastewater treatment plants are designed to remove excess nutrients like nitrogen 

and phosphorus, kill pathogens, and filter out items like gravel and sneakers that 

find their way into the waste stream

● Traditional treatment may remove some types of CECs from waste; however, there 

are multiple common CECs that are not removed by biological treatment

● In fact, the heat generated by microbial digestion of waste can change PFAS 

precursor molecules in to PFAS toxins

● There are some newer, more advanced treatment technology options that can 

remove some of these contaminants but they tend to be expensive to implement 

and very energy intensive to operate



The Deer Island Treatment Plant Outfall:  

Stellwagen Bank National Marine Sanctuary



Unintended Consequences

● Scientists took water samples at various 

depths near the outfall and measured for 

17 pharmaceuticals, caffeine, sucralose, 

and 25 per- and polyfluoroalkyl 

substances (PFAS) surrounding the 

wastewater discharge tunnel from Deer 

Island

● Ten of 17 pharmaceuticals, sucralose, 

caffeine, and 9 PFAS were detected in 

surface and bottom water at different 

points during the seasons

● Concentrations were proportional to 

proximity to the outfall

● In a companion study, PFAS was found in 

the livers of juvenile seabirds from 

Massachusetts Bay



UN Sustainable Development Goal 12: 

Responsible Consumption and 

Production

“Unsustainable patterns of consumption and 

production are the root causes of the triple 

planetary crises of climate change, biodiversity 

loss and pollution. These crises, and related 

environmental degradation, threaten human well-

being and achievement of the Sustainable 

Development Goals.”

● We cannot treat our way out of our 

current CEC predicament; we must 

change our consumption habits

● Minimizing use and responsible 

disposal of CEC’s does not need to 

disrupt day to day life

● With good information, consumers 

have the power to make choices that 

drive markets in more sustainable 

directions 

● We don't need a handful of people 

avoiding CEC’s perfectly. We need 

millions of people doing it imperfectly



Brewster drinking 

water has been tested 

for PFAS and none 

have been detected



● Silent Spring Institute studied six 

Cape Cod ponds, three in high-

density residential areas and 

three in low-density residential 

areas.

● All of the homes near the six 

ponds have septic systems.

● Researchers found higher 

concentrations of 

pharmaceuticals in the ponds in 

higher-density areas than in 

lower-density areas

Contaminants of Emerging Concern in Brewster Ponds: 

2008 Silent Spring Study



CEC Detox: 6 small steps to reduce your use and protect our water

1. Take advantage of prescription and over-the-counter pharmaceutical take back 

events

2. Do a personal care product inventory. Avoid using water-resistant products and 

products with PTFE or “fluoro-” in the ingredients

3. Avoid taking thermal paper receipts which contain BPA. Many stores will provide 

receipts by email

4. Do not dispose of chemicals in household drains or toilets. Take advantage of 

local hazardous materials collections.

5. Maintain your septic system as recommended

6. Subscribe to the Green Science Policy Institute to receive consumer information 

on how to limit your use of CEC’s in future purchases





The Brewster Ponds Coalition and 

the Town of Brewster thank 

the Leighton Team, a BPC Business Partner, for 

sponsoring this event. 



Our Mission:
Protecting and 

improving the health of 
Brewster’s ponds 
through science, 
education and 

advocacy.

Thank you for coming!
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