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Although the information in this presentation has been funded wholly or in part by the United

States Environmental Protection Agency, it has not undergone the Agency’s publications review

process and therefore, may not necessarily reflect the views of the Agency and no official

endorsement should be inferred. The viewpoints expressed here do not necessarily represent

those of the town of Charlestown or EPA, nor does mention of trade names, commercial products,

or causes constitute endorsement or recommendation for use. Results discussed in this document

are preliminary.
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Who are we?

Laboratory of Soil Ecology & Microbiology @ URI

• Jose Amador, Principal Investigator

•George Loomis, Director of New England Onsite Wastewater 
Training Program

•PhD Students:
• Alissa Cox
• Bianca Ross
• Sara Wigginton



Protecting Southern New England’s Coasts

Protecting humans and the environment from OWTS

Intro Coastal OWTSMonitoringN-removal STAsN-removal I&A Tech

Narragansett, RI algal blooms
Caused by N pollution

N-removal I&A Technologies

N-removal Soil Treatment Areas

Monitoring N Removal



Protecting Southern New England’s Coasts

Protecting OWTS from Coastal Hazards

Rising Groundwater

Coastal Storms
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Assessing Nitrogen-removal 
performance of Advanced Onsite 
Wastewater Treatment Systems 

in Charlestown

Bianca Ross

Intro Coastal OWTSMonitoringN-removal STAsN-removal I&A Tech



Advanced OWTS: Nitrogen removal treatment 
train

Final effluent 
sampling point
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Project Description

• 46 study sites in Charlestown, RI
• 27 seasonally-occupied – sampled 4 times throughout the 

summer

• 23 year-round – sampled quarterly throughout the year

• Optimize N removal

• Field and lab analyses on final effluent to assess system 
performance and N-removing effectiveness

Intro Coastal OWTSMonitoringN-removal STAsN-removal I&A Tech



Technologies

• Orenco Advantex® AX20 and 
RX30

• Biomicrobics MicroFAST®

• Norweco Singulair® models TNT, 
960, and DN
• Grouped all Norweco systems for 

statistical analyses

AX20

MicroFAST

RX30

Intro Coastal OWTSMonitoringN-removal STAsN-removal I&A Tech



Sample Collection and Processing

Arrive at field site

Field analysis (pH, DO, temperature, 
NH4

+, and NO3
–)

Standard lab analysis (BOD, 
pH, alkalinity, TN, NH4

+, and 
NO3

–)

Collect final effluent sample
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Total Nitrogen Analysis
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Total Nitrogen vs. Home Usage

19 mg/L RIDEM 
standard

Home usage: 
not significant

Home Usage

Home Usage
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Total Nitrogen: Seasonal Start-up Time?

Sample Code Key:
A = AX20
R = RX30
F = FAST
Nt/Nd = Norweco

Home usage is not
influencing 

performance

19 mg/L RIDEM 
standard
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Total Nitrogen vs. Technology Type 

Technology type: 
significant

NOR > AX20, RX30, FAST

19 mg/L RIDEM 
standard
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So far…

• Technology type does influence effluent total nitrogen 
concentrations

• Home usage does not influence effluent nitrogen concentrations 
• No start-up time

• BOD5, alkalinity, ammonium, and total nitrogen data suggest that 
Norweco systems don’t appear to be nitrifying sufficiently 
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Assessing performance and greenhouse gas 
emissions from a passive, nitrogen-removing 

septic system soil treatment area
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Advanced OWTS: Nitrogen removal treatment 
train in the STA

● Conventional septic 
tank

● Non-proprietary
● Passive
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N-removing Soil Treatment Area (STA)

• Promotes nitrification 
in the top layer and 
denitrification in the 
lower layer.

• Sawdust amended sand 
gives microbes a 
carbon source and 
keeps bottom layer 
saturated
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Research objectives:

Assess N removal performance of layered soil treatment areas

“Are layered systems meeting N removal regulation standards?”

Assess greenhouse gas emissions from layered soil treatment areas

“Are layered systems impacting air quality?”
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Layered Soil Treatment Areas: 
Experimental Design

(Cross section)

Control Layered

Pan lysimeter Pan lysimeter
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Monitoring GHG emissions in Layered STAs: Methods

CO2

CH4

N2O

CO2

CH4

N2O
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%N removal 
from Layered 
STA: 65-98%

%N removal 
from Control 
STA: 11-88% 

May June July August September October November December January

Massachusetts regulations: 
• 19mg N/L in effluent
• 50% N removal

©2019 Barnstable County Department of Health and Environment Icons provided courtesy of Font Awesome
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Monitoring emissions at the soil surface
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Layered Soil Treatment Areas: Findings

● Layered STA removes N more consistently than control

○ Layered STA meets Massachusetts regulations in 100% of samples

○ Control STA meeting standards in less than 40% of samples

● Layered STA produced more GHGs than control below the surface

BUT…

● Layered STA emitted less GHGs to the atmosphere
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Monitoring OWTS:
Photometer
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• Colorimetric reaction measures 
ammonium and nitrate 
concentrations

Photometer

• Total Nitrogen = Ammonium + Nitrate + Organic Nitrogen

• Can the photometer estimate total 
nitrogen concentrations?
• Photometer vs. Standard Methods
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Sum of Ammonium and Nitrate vs. Total Nitrogen

Photometer:

Slope = 1.01

Y-intercept = 0.62

R2 = 0.68

p < 0.001

Standard methods:

Slope = 0.86

Y-intercept = 5.7

R2 = 0.64

p < 0.001

Reliable method
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• Fast method that provides nearly 
immediate results

Summary

• Can be used in an outdoor and indoor 
setting

• Cost-effective

• Reliable “triage” method for identifying 
underperforming systems 
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Dual threats to systems 
along the coast…
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Coastal 
OWTS
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Coastal OWTS



Coastal groundwater tables in southern RI
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Septic systems along 
coast are losing 
separation distance



Groundwater tables: Next Steps

Shrinking?
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Coastal 
OWTS

Intro Coastal OWTSMonitoringN-removal STAsN-removal I&A Tech



[>$56 Million tax dollars]

[>$56 Million tax dollars]
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Modeling storm impacts…
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Damage post-Sandy (2012) – Observations 
from Town Officials
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Coastal Storms
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• Septic System Repairs & Replacements…
• Take weeks – months!
• Expensive!

• Repairs: $1k – $15k
• Installing Advanced Treatment Tech: $23k – $30k

…PER SYSTEM!

…what happens to wastewater in the meantime?

???

Why storm damage is concerning for OWTS
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Coastal septic 
systems

Failing / failed 
septic systems

Rising 
Groundwater 

Tables

Coastal 
Storms

Nutrient & Pathogen 
Pollution

Contaminated 
wells

Human 
Health 

Problems

Contaminated 
Coastal Waters

Environmental 
Health ProblemsAlgal 

Blooms



Multi faceted approach:

Protecting Southern New England’s Coasts

Investment Return

• Replace Conventional OWTS:
• I & A Proprietary Tech

• I & A Non Proprietary Tech

• Monitor and Adjust 

• Prepare for climate change:
• Rising groundwater

• Storms



•Alissa Cox – alibba@uri.edu

•Bianca Ross – bpeixoto10@uri.edu

•Sara Wigginton – sarawigginton@uri.edu

Lab website: 
https://sites.google.com/site/soilecologyandmicrobiology/home

Thank you!
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