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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
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e Alissa Cox
* Bianca Ross L S E M

* Sara Wigginton
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University of Rhode Island
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Protecting Southern New England’s Coasts

Protecting humans and the environment from OWTS

N-removal I&A Technologies
N-removal Soil Treatment Areas
Monitoring N Removal

7 S

Narragansett, Rl algal blooms
Caused by N pollution
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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
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Advanced OWTS: Nitrogen removal treatment

train
A Final effluent N,O and N, have now been

sampling point removed from wastewater and
released to the atmosphere

]

Soil Treatment Area

Septic Tank Advanced Treatment

Nitrification == Denitrification

NH, = NO; NO,; = N,O
NO, > N,

Clarified
wastewater

Soil

Groundwater
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Project Description

* 46 study sites in Charlestown, Rl

e 27 seasonally-occupied — sampled 4 times throughout the
summer

e 23 year-round — sampled quarterly throughout the year

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

* Optimize N removal

Coastal OWTS
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Technologies

 Orenco Advantex® AX20 and
RX30

 Biomicrobics MICroFAST?®

* Norweco Singulair® models TNT,
960, and DN

» Grouped all Norweco systems for
statistical analyses

Monitoring

Coastal OWTS
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Field analysis (pH, DO, temperature,
NH,*, and NO;")

Arrive at field site

Standard lab analysis (BOD,
Collect final effluent sample pH, alkalinity, TN, NH,*, and
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Total Nitrogen Analysis
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Total Nitrogen vs. Home Usage
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Total Nitrogen: Seasonal Start-up Time?
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Total Nitrogen vs. Technology Type

Total Nitrogen (Year-round and Seasonal)
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So far...

* Technology type does influence effluent total nitrogen
concentrations

* BOD,, alkalinity, ammonium, and total nitrogen data suggest that
Norweco systems don’t appear to be nitrifying sufficiently

* Home usage does not influence effluent nitrogen concentrations
* No start-up time
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Assessing performance and greenhouse gas
emissions from a passive, nitrogen-removing
septic system soil treatment area

Sara Wigginton
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Advanced OWTS: Nitrogen removal treatment

train in the STA

M o Conventional septic

tank
o Non-proprietary

N,O and N, have now been
removed from wastewater and
released to the atmosphere

l e Passive

Septic Tank

Advajiced Treatment

|

S@il Treatment Area

Nitrificatio %= Denitrification

Clarified !
| wastewater NH,* = NO NO; -> N,O
NO; = N,

Soil

Groundwater
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N-removing Soil Treatment Area (STA)

Denitrification:
Anaxic
Cenditions

@ Denitrifying bacteria 0

Nitrifying bacteria

- @ .

nitrification:
Dxic Conditions

Nitrification:
Cxic Canditions

* Promotes nitrification
in the top layer and

Soil Surface
denitrification in the -'5_1 Wastewater from septic tank
lower layer. Septic Tank 45cm Nitrification occurs

Sand NH,” = NO;

e Sawdust amended sand
gives microbes a
carbon source and
keeps bottom layer
saturated

Groundwater Table
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Research objectives:

Assess N removal performance of layered soil treatment areas
“Are layered systems meeting N removal requlation standards?”
Assess greenhouse gas emissions from layered soil treatment areas

“Are layered systems impacting air quality ?”
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Control Experimental

Layered Soil Treatment Areas:
Experimental Design

Dwelling — Septic Tank

Control Layered I
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Monitoring GHG emissions in Layered STAs: Methods
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Massachusetts regulations:

Total Nitrogen Removal + 19mg N/L in effluent

* 50% N removal

%N removal
from Layered
STA: 65-98%

%N removal
from Control
STA: 11-88%

May June  July August September October November December January

—e— Septic Tank Effluent —e— Sand-Sawdust —e— Sand-Control

Barnstable County Department of Health and Environment Icons provided courtesy of Font Awesome
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N-removal STAs

Monitoring

Coastal OWTS

—+— Control- Sand
Sand-Sawdust
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N,O Flux (g/m?/day)

N-removal I&A Tech

N-removal STAs

Monitoring

Monitoring emissions at the soil surface
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Layered Soil Treatment Areas: Findings

o Layered STA removes N more consistently than control
o Layered STA meets Massachusetts regulations in 100% of samples

o Control STA meeting standards in less than 40% of samples
o Layered STA produced more GHGs than control below the surface

BUT...

e Layered STA emitted less GHGs to the atmosphere
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Monitoring OWTS:
Photometer

Bianca Ross
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Photometer

* Colorimetric reaction measures S [ B maw,
ammonium and nitrate &SR & & 'ﬁém‘iu
concentrations =

e 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

Reliable method J Standard methods:
601 . Slope = 0.86
ca A Y-intercept = 5.7
-
g R? =0.64
S 401 Method
> = Photometer p <0.001
= == Standard
P
e
O
= Photometer:
20
Slope =1.01
Y-intercept = 0.62
0 R?=0.68
0 20 40 60
Ammonium + Nitrate (mg/L) p< 0.001
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summary

* Fast method that provides nearly
immediate results

e Can be used in an outdoor and indoor
setting

e Cost-effective

* Reliable “triage” method for identifying
underperforming systems
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Dual threats to systems
along the coast...

Alissa Cox
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Coastal OWTS
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Coastal groundwater tables in southern R

Near-shore groundwater tables along
southern Rl coast are rising
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Near-shore groundwater inputs and
outputs along southern Rl coast

table height (mm/yr)
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Septic systems along
coast are losing
separation distance
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Ground-penetrating Radar(GPR)
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2 0INeS



N-removal I&A Tech N-removal STAs Monitoring Coastal OWTS

Modeling storm impacts...

During a Storm: After a Storm:
Flooding and fast-moving water Septic systems may be damaged from
inundates septic systems long-term flooding or scouring action of
(especially low-lying and near-shore systems) fast-moving water
Moderate Ephen\'\eral
Serious N | P
Ay, ookl

il



Damage post-Sandy (2012) — Observations
from Town Officials
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Coastal Storms

Storm impacts on septic systems
along southern Rl coast

Impact category
B Ephemeral
! Moderate
I B Serious
" Unknown

50 Y 100 Y 500 ¥
Storm Type

S S S S
8 8 8 8
1 1 1

Number of septic systems
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Why storm damage is concerning for OWTS

* Septic System Repairs & Replacements...
* Take weeks — months!
* Expensive!
* Repairs: S1k — $15k e

* Installing Advanced Treatment Tech: $23k — S30k
w ...PER SYSTEM!
...Wwhat happens to wastewater in the meantime?

s
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Protecting Southern New England’s Coasts

Multi faceted approach:
Investment Return

* Replace Conventional OWTS:
* | & A Proprietary Tech .
* | & A Non Proprietary Tech

* Monitor and Adjust

* Prepare for climate change:
* Rising groundwater
* Storms




Thank you!

* Alissa Cox — alibba@uri.edu
*Bianca Ross — bpeixotol0@uri.edu
*Sara Wigginton — sarawigginton@uri.edu

Lab website:

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

Laboratory of Soil Ecology & Microbiology
University of Rhode Island
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