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Expanded Executive Summary and Key Findings

This project addressed the problems associated with pollution of coastal resource
from failing septic systems in Narragansett Bay. In some areas i@gdasett Bay as
much as three-quarters of the total N load may be attributable to wastevuatess with
OWTS estimated to contribute 51% of the N inputs into Greenwich Bay. Elevated N
inputs within the Narragansett Bay watershed were identified as an impzotanbutor
to a large-scale fish kill observed in Greenwich Bay in August 2003. Improverinent
septic system management is among the recommendations of a report bipdyp. RFf
Environmental Management on the causes and solutions to the water quality problems in
Greenwich Bay.

We tested SoilAir, a relatively inexpensive, non-invasive, innovative technology
for its ability to improve the hydraulic and water quality functions of sepitem
leachfields at the pilot and field scales. The technology involves intemtrageation of
the leachfield, which promotes oxidation of excess organic material at theiivid
surface and supports conditions for removal of N, P, organic C, and fecal coliform
bacteria. As such, intermittent leachfield aeration can improve hydranktdn and
lower contaminant inputs into surface, ground and coastal water resources.

SoilAir offers a number of advantages over existing tools. It is a simgknsys
essentially involving a blower, electronic controls for blower operation, anchashe
deliver air to the leachfield. As such, it is relatively quick and easy toljrestal requires
minimal disturbance of the leachfield area. It is retrofitted on exisidgaulically-failed
conventional systems, and thus does not involve new construction. SoilAir is also less
expensive than available alternatives and requires little interaction lndtheowner
with the technology, making long-term adoption by homeowners more likely.

In contrast, the main alternative for repair of a failing conventionahieda is
often construction of a new soil absorption area in a different part of the praperty.
many small properties an alternate area is not available becauséexf bpace,
requiring excavation and removal of the failed drainfield, which has high costsaaed
with disposal of contaminated soil and other drainfield materials. Even whereispace
available, this is option is considerably more expensive (an estimated $8,000, not
including removal of failed system) and disruptive than installation of a Soisies,
requiring the use of heavy machinery for excavation and site restoration retatea
over a week to complete. In addition, a replacement leachfield does not provide the
improvement in water quality and does not eliminate the long-term potentiapfeated
hydraulic failure. Alternative technologies offer improved water quatity @giminished
potential for hydraulic failure, but can present problems similar to those fdrwctien
of a new leachfield, particularly high expense ($18,000 - $30,000) and disruption of
property during installation.

The patented SoilAir technology has been used for restoration of hydraulicall
failed septic system leachfields in 12 states in the U.S. and Canada, with appebxim
300 systems installed since 1996. The ability of intermittent aeration teckinolog
improve the water quality function of conventional OWTS has been tested exieasive
the pilot scale, with improvements observed in removal of N, P, BOD, and fecalroolifor
bacteria. Performance has also been evaluated in terms of effects of $pihgtdulic
load, antibiotic inputs, and temporary loss of aeration. Field evaluation of watey qualit



functions has also been carried out for over a year at group homes with failed
conventional septic systems in Washington County, RI.

Regulations governing adoption of all alternative OWTS technologies, including
SoilAir, vary considerably among states, and can vary among local and tegiona
regulatory agencies within a state. As such, one of the main barriers to widesprea
adoption faced by SoilAir may be the tangle of regulations at differerislef/e
government.

The end user groups for intermittent aeration are likely to be designers and
installers of innovative OWTS, many of which have become aware of the technology
through workshops and other outreach efforts put forth by the New England Onsite
Wastewater Training Program University of Rhode Island as part of thexproj

Key Findings

» Cost. Equipment costs for a "typical” residential SoilAir application ranges
from $1,800 to $5,000, depending on system requirements. Installation costs
are site-specific, but tend to be around $2,500. System installation can often
be accomplished in one day. In general, equipment and installation costs for
SoilAir technology are at least three to five times lower than alternative
technologies such as advanced treatment systems and biotreatment trenches.
Operating costs are limited to energy to power the blower, with a typical
system drawing approximately 280 Watts. When used for nitrogen removal,
based on our test sites, the blower typically runs for 4 hours per day. Based
on the national average cost for electric power of 10.16¢/kiloWatt-hour, the
cost to run a blower is 2.85¢/hour, or 11.4 ¢ per day. Many other technologies
need to run air constantly through treatment units to maintain performance,
resulting in higher operating costs (as much as 250 Watts/h for 24 h,
equivalent to 60.96¢ per day).

* Maintenance requirements.Operation and maintenance (O&M) visits to
residential sites are made twice a year; less frequently if trensyst
equipped with a modem and remote telemetry. O&M costs are about $300 per
year. The only component requiring routine maintenance is the air filter. The
SoilAir system has the advantage that, if it breaks down, the leachfield can
carry out its water absorption function for a period of time. Performance
appears less variable than other nitrogen removal technologies.

» Speed.The infiltrative capacity of existing hydraulically-failed sysis can
be restored within a few days of installation, with improvements in nitrogen
removal likely to be observed after a few weeks. In new systems, nitrogen
removal capacity may develop more quickly.

» Ease of use.Ease of use from the homeowner’s perspective should be similar
to that for a passive, conventional soil absorption system, which requires little
interaction with the system, just periodic inspection and pumping of the septic
tank.

* End user capacity requirements Similar to other technologies.

Requirements for installation and running of SoilAir technology are
comparable to other technologies.



Abstract

Failing or improperly functioning OWTS constitute public health and environmental
hazards because of their potential to degrade ground, surface, and coastal \Wgter qua
In some areas of Narragansett Bay as much as three-quarters of thedathhidy be
attributable to wastewater sources, with OWTS estimated to contribute 51%\of the
inputs into Greenwich Bay. Elevated N inputs within the Narragansett Baysivade
were identified as an important contributor to a large-scale fish kill observed i
Greenwich Bay in August 2003. Improvement of septic system manageraerdng
the recommendations of a report by the RI Dept. of Environmental Management on the
causes and solutions to the water quality problems in Greenwich Bay. WeSesfed
a relatively inexpensive, non-invasive, innovative technology for its abilitypoave
the hydraulic and water quality functions of septic system leachfielte gilot and field
scales. The technology involves intermittent aeration of the leachfield. Quwamo
evaluate the effectiveness of SoilAir in restoring leachfield hydraid function and
improving water quality at the pilot and field scales Pilot-scale studies employed soil-
filled mesocosms representing leachfield soil and dosed with domestic aagtic t
effluent under controlled conditions. These were used to assess the effectedattian
of intermittent aeration, short-term (48 h) loss of aeration (LOA), and incrégsieaulic
load (IHL) (from 12 to 24 cm lfor 24 h) on hydraulic function, quality of water, and
removal of N, P, BOBPand fecal coliform bacteria. Intermittent aeration of unaerated
mesocosms resulted in improved STE infiltration as well as increased ledgsafed
O, and NQ, lower concentrations of Nf-and Fe(ll), and more acidic pH in drainage
water. Removal of total N increased from < 10% to > 50%. Removal of;B@@zased
from <90% to 99% under intermittent aeration, with more modest increases in aoicl P
fecal coliform removal in response to the treatment. Inmediate®iECOA included
lower levels of DO and lower pH, and lower removal of total N, total P, £34pid fecal
coliforms. However, these values returned to pre-disturbance levels 1 to 12tdays af
aeration was restored. IHL resulted in lower levels of DO angaw@ lower pH, but
these values returned to pre-disturbance levels within 4 to 29 days. Removarrates f
total N increased from 50 to 75% in response to IHL, returning to pre-disturbanise leve
after 32 days. Removal of B@QRnd fecal coliforms decreased significantly in response
to IHL, returning to pre-disturbance levels within 4 days. Field evaluatiorterhittent
aeration technology on hydraulic function and water quality was conducted on
hydraulically-failed conventional wastewater treatment systegeiup homes
managed by the RI Dept. of Mental Health, Retardation and Hospitals, all within
Washington County, RI. Evaluation was conducted over a period of 13 months, with
Phase | (pre-installation) comprising the first 6 months of the study, and IPhase
(operation) the remaining 7 months. Removal rates for total N, total P, and total organic
carbon generally remained the same or increased during the operationdliphelstive
to the pre-installation phase (I) despite marked reductions in the amount oftindiltra
surface necessary for optimization of the technology. Although field conditions
introduced considerable variability relative to the controlled conditions of theatabpr
tests, results from laboratory evaluation of SoilAir technology are supportiesid
evaluation data. Together, the results of our study suggest that SoilAir mayaléea vi



low-impact, inexpensive alternative technology to reduce nutrient contamination of
surface, ground and coastal waters by failed and functioning OWTS.

Introduction

Approximately ¥4 of the population of the U.S. relies on onsite wastewater érgatm
systems (OWTS) for disposal and renovation of domestic wastewater, a nurhbastha
remained constant for the past 30 years (U.S. Census Bureau, 2002). Failing or
improperly functioning OWTS constitute public health and environmental hazards
because of their potential to degrade ground, surface, and coastal water gtiality. O
special concern are elevated inputs of N, biodegradable organic C, and pathogens, which
can impact adversely the utilization of ground and surface water bodiessagtaf
eutrophication and increased human health risks (U.S. EPA, 2002). Elevated N inputs
within the Narragansett Bay watershed were identified as an importaribatortto the
large-scale fish kill observed in Greenwich Bay in August 2003 (RIDEM, 2003). la som
areas of Narragansett Bay as much as three-quarters of the total N lobd may
attributable to wastewater sources (Wigand et al., 2001). OWTS are estimat
contribute 51% of the N inputs into Greenwich Bay (Gomez and Urish, 1998). Among
the recommendations of a report on the causes and solutions to the water quality
problems in Greenwich Bay is improvement of septic system managenB&tMR
2003).

Conventional septic system technology is sensitive to fluctuations in volume and
strength of wastewater, and is prone to hydraulic failure in the absenapef pr
maintenance. Improvements in the quality of water as it passes throughcthfeeld are
often minimal, especially for N (Kaplan, 1987; U.S. EPA, 2002). New technologies
developed to improve the quality of effluent from OWTS can be expensive ($16,000 to
$35,000 per system), making them difficult to adopt by most homeowners. Alternatives,
such as leachfield replacement, may be as expensive as new OWTS techranhogies
may only postpone hydraulic failure.

We tested a new, relatively inexpensive, non-invasive technology to improve the
hydraulic and water quality functions of leachfields at the pilot and fieldscdhe
technology, SoilAir, involves intermittent aeration of leachfields and has ie®vn to
enhance infiltration of septic tank effluent (STE) and was expected to enhance iiye qual
of water draining from leachfield soil. Over 300 field tests (commernih@ausehold)
of this technology by Geomatrix, LLC (of which co-PI David Potts is presideiei
U.S. and Canada have shown that the aeration technology can rejuvenate septic system
by restoring hydraulic function in a matter of days. In a previous study Patt§2004)
evaluated the effects of intermittent aeration on removal of total N, biocHerrycgen
demand (BOB) and fecal coliform bacteria from STE in sand-filled leachfield
mesocosms relative to unaerated mesocosms. The results of the pilot stuatgdhithiat
intermittent aeration enhances removal of total N, fecal coliform hacterd BOD,
with the effects of aeration on water quality being dependent on loading ottedPal,
2004).

Continuous aeration to improve leachfield hydraulic function has been evaluated by
others. For example, Converse et al. (1994) documented the successful use of sand filte
and aerobic treatment units to hydraulically reclaim failed septic drliaf However,



they did not report on the quality of drainage water beneath the reclaimedetlainfi
Other current technologies for improving water quality from septic sgsitectude those
aimed specifically at removing nitrogen (e.g. recirculating saretdjltextile filter units,
fixed activated sludge systems) or BOD and pathogens (e.g. single-pag$ttses,
UV/ozonation units) (U.S. EPA, 2002). While effective, these technologies share a
number of drawbacks: (i) they tend to be expensive, which can be a significant barrier t
adoption by homeowners, (ii) they involve installation of additional treatment uait(s)
an added cost to the homeowner, and require additional space; (iii) installation involves
major, albeit temporary, physical disruption of the homeowner’s yard; and (ixi¥ khef
off-site transport of sediment from the disturbed site during the construction and pos
construction phases is increased considerably. By contrast, installation dkia Soll
system is minimally invasive, poses less risk of off-site movement of sediamehis
relatively less expensive. These features may increase the likelihaddmifon by
homeowners and state and local regulatory agencies, and thus to lower inputs of N,
microbial pathogens, and BOD into Narragansett Bay. It is, to the best of our knewledg
the only patented technology of its kind available (Potts, 2000).

We conducted an evaluation of the effects of intermittent aeration technology on
water quality and hydraulic function in onsite wastewater treatmemnsgsit the pilot
scale and at field sites within the Narragansett Bay watershed.

Objectives

Our main goal was tevaluate the effectiveness of intermittent aeration

technology in restoring leachfield hydraulic function and improving wate quality.
This goal wasddressed at two scales:

1. Pilot scale.We evaluated the effects of SoilAir technology during initiation of
intermittent aeration and its response to fluctuations in STE load and temporary
loss of aeration under controlled conditions.

2. Field scale.SoilAir technology was testad situ in three conventional OWTS
and compared to three conventional systems without the technology in
Washington County, RI.

Methods
Pilot Scale Experiments

Study site.Pilot-scale experiments were conducted at a research facility in
Westbrook, CT, USA adjacent to a two-family home fitted with a conventional septic
system. The home was inhabited continuously by 3 to 6 people during the study. STE
was diverted to an air-tight storage tank (1,325 L capacity; residence timesitZatgd
in a climate-controlled (17-19°C) room above the laboratory and mixed at regular
intervals using a pump. Every 6 h effluent from the storage tank was pumped to dosing
tanks in the laboratory (Fig. 1), which were also climate-controlled (18-20°C). The
wastewater dose flowed by gravity into a series of stainless steelrmal lysimeters
(35.6 cm i.d., 61.0 cm height). The bottom of the lysimeters was filled with 7.5 cm of No.
4 synthetic silica sand (dia. = 0.71 to 0.21 mm, uniformity coefficient < 1.8). A total of



30 cm of soil, a mixture of B and C
horizon soil (sandy-skeletal, mixed,
mesic, Typic Udorthent; 92% sand, 8%
J —— silt; pH of 7.6) from Kingston, Rl was
SR placed over the sand. This soil is typical
of that used in leachfield construction in
Rhode Island. The remaining space in the
mesocosms (~22 cm) constituted the
headspace. The mesocosms began
receiving wastewater on 13 August, 2003
at a rate of 4 cmd On 22 June, 2004,
Fig. 1. Schematic of pilot-scale laboratory facility in this rate was increased to 12 CH’] d
Westbrook, CT (drawing not to scale).
The headspace of mesocosms was

either vented to the leachfield trench of
the adjacent house to simulate a conventional leachfield atmosphere (LEAGHEmE
or was supplied with air at regular intervals to maintain giev@! of ~0.21 mol mét
(AIR treatment) using a blower. Each treatment was replicated 4.time

Experiment 1 — Effect of changes in headspace gas compositi@n December
15, 2004 LEACH mesocosms were switched from a headspace atmosphere consisting of
leachfield gases to an ambient air atmosphere. This treatment isdefgite A. In
addition, the headspace of AIR mesocosms was switched to vent to a leachfield. This
treatment is referred to as?4.. Data on water quality, headspace gas composition, and
removal efficiencies in the two treatments were collected for 492 day<@the start of
experiment and after the switch.

Experiment 2 — Effects of loss of aerationlemporary loss of aeration (LOA)
was achieved by turning off the air blowers to the AIR mesocosms for 48 hhail ot
conditions remained as described for Experiment 1. Data on water quality, heagispac
composition, and removal efficiencies were collected prior to and after theek&®.

Experiment 3 — Effects of increased hydraulic loadTo evaluate the effects of
increased hydraulic load (IHL) on AIR mesocosms, the frequency of dosing was
increased from 3 cm every 6 h (12 ct) tb 3 cm every 3 h (24 cmifor 24 h. All
other conditions remained as described for Experiment 1. Data on water quality,
headspace gas composition, and removal efficiencies were collectetb@mat after the
IHL event.

2ND FLOOR

1ST FLOOR

Field Scale Evaluation

Study Siess.Field evaluations of the performance of SoilAir technology were
carried out at six OWTS in Washington County, RI. The sites were instrumented in
February 2006. All were group homes managed by the RI Dept. of Mental Health,
Rehabilitation and Hospitals (RI MHRH) in Washington County, RI, with three sites in
Charlestown, two in South Kingstown, and one in Exeter (Table 1). Five of the six
systems rely on leachfield trenches for septic tank effluent dispersionyalldys
employed in the remaining system.

Each septic tank was fitted with a sampling pipe placed near the tank outlet 45 -
60 cm below the effluent level. The sites were instrumented with three clofsters



Table 1. Location, soil series, means of STE disposal, and site instrumentation for field sites used in the study.

Site Instrumentation

c1® Cc2 C3

Site Type of

No. Town Soil Series drainfield wW° 30 90 w 30 90 w 30 90
Canton-Urban

1 South Kingstown ~ complex Trench Y Y Y Y Y Y Y Y Y

2 South Kingstown  Sutton Trench N N N Y Y Y Y Y Y

3 Charlestown Merrimac Trench N Y Y N Y Y N Y Y
Canton-Charlton

4 Charlestown complex Trench Y Y Y Y Y Y Y Y Y
Hinckley-Enfield

5 Charlestown complex Trench Y Y Y Y Y Y Y Y Y
Hinckley-Enfield

6 Exeter complex Galley Y Y Y N Y Y Y Y Y

4C1 = upgradient; C2 = between trenches/galleys; C3 = downgradient. See text for a detailed description.
W = groundwater well; 30 = lysimeter 30 cm below infiltrative surface; 90 = lysimeter 90 cm below infiltrative surface. See
text for a detailed description.

ceramic cup lysimeters and/or slotted wells. Cluster locations within wesigeas
follows:

Cluster 1 (C1): Upgradient from leachfield
Cluster 2 (C2): Between leachfield trenches or galleys
Cluster 3 (C3): Downgradient from leachfield, immediately adjacent (15 -

20 cm) to outer wall of last trench or galley
Within each cluster, sampling devices were installed as follows:
Lysimeters:  Bottom of cup at a depth of 30 and 90 cm below infiltrative surface
(designated C1-30, C1-90, C2-30, C2-90, C3-30, C3-90).
Wells: Slotted (15-30 cm) section partially or completely below
groundwater level at time of installation (designated C1-W, C2-W,
C3-W).

Three of the six sites (Sites 1, 4 and 5) had the full complement of instrumentation
(Table 1). Site restrictions prevented installation of C1 at Site 2, of groundwelleiatv
Site 3, and of the C2 groundwater well at Site 6.

Installation of SoilAir ggseenss. SoilAir™ system components, time dosing
pumps and associated controls were retrofitted onto Sites 1, 3 and 4 (Fig. 2). In
conjunction with this work, approximately 50%, 50% and 68% of the leachfield system
capacity was isolated from the wastewater flow at Sites 1, 3 and 4, redyectiveder
to further test the hydraulic capabilities of the SoilAir technology (FigJR¥st prior to
installation of the SoilAir and septic tank effluent pump (STEP) components, the septi
tanks were pumped.

Fig. 2. (A) Air blower, filter and controller components of the SoilAir system; (B) Septic tank effluent flow to a portion of
the leachfield trenches was blocked at the distribution box to test hydraulic performance; (C) Septic tank effluent pump
(STEP) system; (D) Sealing concrete structures prior to installation of SoilAir system.



At each site a STEP system was installed in the second compartment ofthe mos
downstream septic tank (Fig. 2). Float switches were set to drop theneffluels in the
tank by approximately 6” (15 cm) to provide for flow equalization capacity. Aesli
consisting of 2” (5 cm) Schedule 40 PVC, were run from the SoilAir enclosure and
connected to the pipe between the septic tank and the leaching system. Distribution
boxes (D-boxes) and inspection ports were sealed to prevent the short-circuiting of a
(Fig. 2). Temporary power and control cables were connected to the SoilAir system,
STEP system and associated float switches. A telecommunications caldenmacted
between the SoilAir controls and the building to facilitate modem communication for
remote telemetry of the systems.

The microprocessor-based controllers were configured to operate both the SoilAi
blower and the timed-dose STEP system. The STEP system was programmed to run for
a set period of time, which correlated to the desired dose. The STEP dose interval was
programmed to run every six hours, unless a high level or low level float switch was
triggered. In addition to controlling dosing, this allowed us to quantify the hydraatic |
to the leachfield. The SoilAir blower was programmed to remain inactive for
approximately one hour after a wastewater dose. After this delay intber&oilAir
blower was programmed to run for a set period of time, and turn off for a perioaeof ti
The blower and STEP system were interlocked to prevent simultaneous operdtion, wi
priority given to the STEP system.

Sampling.Groundwater wells were pumped 24 h prior to sampling using a
peristaltic pump. In instances when the well could not be pumped to dryness, the volume
of water pumped was at least 5 times the standing volume. A hand pump was used to
apply a vacuum (~ 80 kPa) to the cup lysimeters 24 h prior to sampling.

Samples of water from wells and cup lysimeters, as well as septic targneff
samples, were collected using a peristaltic pump fitted with silicon tubingr\8&nples
were placed in autoclaved polyethylene screw-cap bottles and stored in a dedler fil
with ice packs immediately after collection. Samples of soil gases wera th@aw the
wells after water was sampled.

Calculation of constituent removal rates and fluxese mean concentration
of N, P, chloride and TOC in samples from C1 (upgradient or background) cup lysimeters
was subtracted from mean concentrations for samples from C2 and C3 lysimetens (wi
and down gradient of the leachfield, respectively) at the same depth to correct for
background effects. The apparent reductfi@rfor constituentX' was calculated using the
equation:

RX = 100x [( CX—STE- CX—LYS)/ CX—STA [Eq 1]

whereC, ., is the concentration of constituekiin septic tank effluent an@, , . is the

background-corrected concentration’oin a sample from a lysimeter, both expressed in
mg L". The flux,®, of a constituen¥ (mg n* d*) across the soil interface in the
leachfield was calculated using the equation:

By = [(R, - RY1L00)X (VireX G ordV Al [Eq. 2]

whereR, is the observed mean reduction for constituwé(fo), R, is the observed mean




Table 2. Estimates of bottom leachfield area, A, reduction for chloride (%)VeriS the mean
mean volume of septic tank effluent, V, dosed

daily to a leachfield, and hydraulic load in Sites ~ VOlume of septic tank effluent applied to the
1,3,and 4. Values of vV are assumedtobe the  |eachfield (L),C, ., is the mean concentration of

e Phag e P constituentX in septic tank effluent (mg¥, A is
(m?) L (Ioadz) the estimated basal area of leachfield) @mdzis
I | =56 1470 sg time (d). This calculation _
I 383 1440 376 assumes that Cl acts as a conservative tracer of
3 ! a5 o2 the movement of STE through the soil,
4 | 99.8 4686 470 with apparent reduction attributed exclusively to
L S21 4686 146.0  dilution. Apparent constituent reductions larger

than those observed for chloride are assumed to represent loss processes other than
dilution (e.g. biological uptake, abiotic sorption); whereas reductions lower than observed
for chloride are assumed to represent production processes (e.g. minenadizatganic
compounds, desorption). ValuesAprior to and after installation of SoilAir systems at

Sites 1, 3 and 4 (Table 2) were estimated from design plans submitted to RIDEM as part
of the original permitting process for septic system installation and knowledge &f whic
trenches were isolated when the SoilAir system was installed. Valuésepfresent the

mean of automated measurements of the volume of STE dosed daily to the leachfield and
were assumed to be the same prior to and during operation of the SoilAir systeras (Tabl
2).

Analyses

Septic tank effluent from pilot and field experiments was analyzed immegdiatel
for dissolved oxygen (DO). The temperature and concentratiorf asfleamples of STE
and of water from mesocosms, wells and cup lysimeters were also determined
immediately after sampling. All samples were assayed for pH immedigieh arrival
to the laboratory before filtering. Unfiltered STE samples were assaybublogical
oxygen demand (BOJpfecal coliforms and&Escherichia coliA portion of all unfiltered
samples was frozen for subsequent determination of total N (TN) and tofd) P (T
content. The remaining sample was filtered by passing through a nylon membrane filter
(MAGNA, 0.454m pore-size, 47-mm dia., Osmonics, Watertown, MA) and the filtered
samples stored in plastic, screw-cap vials’@t 4

Gases were sampled and analyzed using a portable soil gas monitor (SoilAir
Technology, Killingworth, CT). CQ CH,, O,, and HS were determined using infrared,
catalytic bead, galvanic, and electrochemical sensors, respectively. Gasssaemgl
drawn at a rate of approximately 0.05663h(2.0 SCFH) for 30 to 60 s and the
maximum values detected during that sampling period are reported for all gag#s exce
O,, for which the minimum value is reported.

Constituent analyses were performed according to Standard Methods for the
Examination of Water and Wastewater (APHA, 1998). DO was measured usingithe azi
modification of the Winkler titration method. The concentration 6f iRevater was
determined using EM Quant ® Iron (AeTest strips (EM Industries, Inc., Gibbstown,

NJ). The pH of water samples was determined using a combination pH electrode and a
model UB-10 pH meter (Denver Instruments, Denver, CO). The concentration af sulfat
was measured using the barium chloride turbidimetric method. Nitrate, ammonium, and
phosphate concentrations of water samples were determined colorimetricajlams
automated nutrient analyzer (model Flow Solution 1V, Alpkem, College Station, TX).
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The total N and total P content of water samples was determined using the gersulfat
digestion method. Fecal coliforms afdco//iwere assayed using the standard fecal
coliform membrane filtration procedure. BOWas measured on undiluted, unamended
samples by manometric respirometry using an OxiTop® BOD system (WTW, Fort
Myers, FL) at 21+3C. The total organic carbon (TOC) content of filtered samples was
determined using a TOC-5000A Total Organic Carbon Analyzer (Shimadzu Instruments,
Inc., Laurel, MD).

Results
Pilot Scale Experiments

Experiment 1 — Effect of changes in headspace gas compositidhis
experiment was conducted to measure changes in the quality of water draimng fr
lysimeters, as well as headspace gases
and removal efficiencies for lysimeters

] Do when (1) conventional septic system
] leachfields are aerated by simulating the
] y effects of SoilAir Technology (PA)

and (2) aeration is interrupted for an
extended time (AL). Within 63 days

of the switch, the B A treatment
behaved like the AIR treatment , with
water quality parame ters, removal
efficiency for N, P, BOD and fecal

NOg coliforms, and the composition and
concentration of headspace gases that
were similar to those for the aerated

100 =] treatment. The pH of effluent from the
o lysimeters became increasingly acidic
% 1s 2 ‘ ‘ (indicative of nitrification

=

Dissolved O
(mg/L)

pH
O o N ONAMO®O
| | |

(mglL)

Ammonium-N
N
o
!

[}
S o
P

Nitrate-N
(mg/L)

Fe (Il)

(mglL)
3

g i S04 and supported by nitrate data) and DO
ZE ¥ levels were at or near saturation (Fig.
% 3). In addition, the speciation of

-28 a5 12 28 47 63
Days since start of experiment

inorganic N was similar to that for
aerated mesocosms prior to the switch,
with nitrate accounting for more than
90% of this pool (Fig. 3). Reduced iron
was undetectable in drainage water, whereas sulfate concentrations wert® ¢hmse in
AIR mesocosm , after a large increase immediately after thehs(#iig. 3). The time
required for these parameters to meet or exceed levels observed priomtdhe s
follows the order: Fe (1 d), DO (5d), $@G7 d), NH, (63 d), NQ (63 d), pH (>63 d).

Fig. 3. Effects of changes in headspace gas composition of
AIR and LEACH mesocosms on drainage water quality.
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L—>A lysimeters removed over 50% of the total N inputs, greater than 80% of the
total P, and more than 99% of B@&nd fecal coliform bacteria 63 days after the switch
(Fig. 4). These values were identical
or exceeded the average values
observed for aerated lysimeters prior
to the switch (dashed line). The time
required for these values to meet or
exceed expected average levels of 100 ] Totar p
contaminant removal for aerated it e
lysimeters prior to the switch 6°’O\‘£\//
(dashed line) followed the order:
total P (1 d), fecal coliforms (5 d),
BODs (47 d), and total N (63 d).

The composition and
concentration of headspace gases in
the L=> A treatment reached levels g .
observed for aerated lysimeters prior ¢ « Fecammwmsv
to the switch 1 d after the switch for as v 7 e
O, CO;, HpS and CH (Fig. 5). Fig. 4. Effects g?ysczsr‘:;erslggfse?ﬁnﬁ:;dspace gas composition of
Ponding, which had been prevalent AIR and LEACH mesocosms on removal of total N, total P, BODs
in LEACH mesocosms (Fig. 6), and fecal colfforms.
disappeared within 5 days of the switch to aerated condition® i lysimeters (Fig. 6).

Previously aerated lysimeters responded to the switch to leachfiekl(gask)
by generally behaving like the LEACH mesocosms prior to the switcleldev DO and
pH values in drainage water from=4. mesocosms were similar to those for unaerated
mesocosms prior to the switch (Fig. 3).
The inorganic N pool was

1 CH, dominated by N with NO; completely
M absent from drainage water (Fig. 3). The

| P concentration of sulfate was similar to that
for LEACH lysimeters prior to the switch,
whereas reduced iron levels were
considerably higher than for unaerated
lysimeters prior to the switch (Fig. 3). The

H,S time required for these parameters to meet

: 2 or exceed levels prior to the switch
| followed the order: N@(5 d), DO (28 d),
— NH,4 (28 d), pH (47 d), SEX63 d), Fe

co, (>63d).

A->L lysimeters initially exhibited
net loss of total N for part of the
» » experiment, but N losses were near zero

-28 a s 12 28 63

757 TotalN

50 1 y
,,,,,,,,,,,,,,,,,,,,,, ARavg
25 4 "
LEACH avg
g o]

Removal rate
(%)
L
09

Removal rate
(%)

Removal rate
(%)

Removal rate
(%)

Figure 4

log [CH,] (ppm)
ok N w & o

b
5 8
o
~

=
1)

[0, (%)

[H,S] (ppm)

Ok M W B O N A O ®O O

[CO,] (%)

Days since start of experiment

Fig. 5. Changes in headspace gas composition of AIR
and LEACH mesocosms.
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63 d after the switch (Fig. 3). In contrast, total P removal
was ~80% and reduction in B@Was near that for
LEACH mesocosms prior to the switch (Fig. 4). Removal
of fecal coliforms reached levels observed for unaerated
mesocosms. The time required to meet or exceed average
values for unaerated mesocosms prior to the switch
(dashed line) followed the order: total P (1 d), fecal
coliforms (12 d), BOR (>63 d), total N (>63 d).

The concentration and composition of headspace
gases reached pre-switch values for all four gases (Fig. 5)
The time required for headspace gas concentrations to
meet or exceed levels observed prior to the switch
followed the order: b5 (12 d), CQ (12 d), CH (63 d), Q
(63 d). AIR lysimeters did not exhibit ponding prior to the
switch. Once aeration was suspended, tBe Aysimeters
became ponded 12 days after the switch.

Fig. 6. Ponding was observed in

LEACH mesocosms prior to aeration
(TOP) and disappeared 5 days after
the onset of aeration (BOTTOM).

Experiment 2 — Effects of loss of aeratiori.evels
of dissolved oxygen in water draining from the mesocosms
diminished from ~8 to 4 mg/L at the end of the 48 h LOA

period (day 2), but returned to previous levels once aeration was restored (day 3) (Fig. 7
The pH of drainage water was slightly lower in response to LOA, but returned to pre-
LOA levels in response to restored aeration. LOA had no immediate effects ta nitra
levels, although these were lower than pre-LOA levels in the latter part ofgaereent.
Ammonium levels remained low throughout the experiment. No Fe(ll) was detected in
drainage water prior to, during, or

after the LOA event (data not s 0] [ : bo

g —_ '%" © o o)
shown). Levels of sulfate were alsofz =/ |,
not affected by loss of aeration. & :| %
. 0194

The effects of a simulated, ol L4 oH

. . . 7
accidental loss of aeration (LOA) = .| %

. = -%//9 0 o)
for 48 h on the capacity of AIR 01l 27\ o -

: _ °
lysimeters to remove carbon, = ¥ /% N
nutrients, and fecal coliforms were 55, %
quickly apparent (Fig. 8), but E€ ) %

. <
recovery was also quick. Removal Z 0
. % NO3
of total N prior to LOA was near  z, b If
45% - close to the average value £€,ll " ° o o
observed for this treatment (Fig. 8). o 2

. . 30
Within 24 h after the end of the 48 ,_ |1 |
h LOA period (day 3), a N g 2 ° :
statistically significant (repeated oA

measures ANOVA vs. contrdP < 1235 12 2% 3

Days since start of experiment

0.05) net loss of N from these Fig. 7. Effects of short-term loss of aeration on water quality from
mesocosms AIR mesocosms.
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was observed. However, 72 h after
— the end of the LOA period (day 5)
——————————————————— net total N removal was observed
again, and 10 days post-LOA (day
12) N removal was in the 60%
; range. Removal of N continued at
TowlP or above the average value for AIR
lysimeters subsequently.

S\

N

N

SO

N

Removal rate
(%)
o

S

N\

S\

Removal rate
(%)

Total P removal prior to

BODg LOA was about 70%, declining

7777777777777777777 significantly at the end of the 48 h

LOA period to a minimum of 50%

(Fig 8). A return to P removal rates

prior to LOA was observed within

10 days of restoring aeration (day

12), with above-average P removal

observed subsequently.

Fecal coliforms BOD5 I’emoval ra.te

1 23 12 2 % declined from 100% to 93% at the
Days since start of experiment end of the 48 h LOA period (Fig.

Fig. 8. Effects of short-term loss of aeration on removal of total N, ith id bl ..
total P, BODs and fecal coliforms in AIR mesocosms. Bars represent 8) with considerable variation

1 standard deviation. Shaded area indicates loss of aeration period. among rep”ca_te mesocosms, as
(*) indicates significant difference from initial value (P<0.05). . . .
indicated by the higher standard

100 1

S

N

90 -

Removal rate
(%)

=

Removal rate
(%)
0
o
(2]

©
©
)

deviation observed on day 2, and
thus was not statistically significant.
Removal of BOI3 returned to pre-

B8 8

‘ :
LOA values 24 h after aerationwas ,_ | %
restored (day 3) and remained at the%ém %
level for the remainder of the == | ////
experiment. ® % -
Removal rates for fecal 2 ‘ S ‘ oo
coliform bacteria were on the order o %
of 99.9% prior to LOA, and 5o %’
declined to ~99.6% by the end of & ©| /!

2

the 48 h LOA period, although the
effect was not statistically ui
significant (Fig. 8). As observed for
removal of BOL3, the high standard
deviation for fecal coliform removal
on day 2 indicates that the response § os
of lysimeters to LOA varied of 7% ! ;
considerably among replicates. 1235 © ® ®
Fecal coliform removal rates were Dassrestatd epaiet

back to pre-LOA levels 24 h after

aeration was restored, and continued Fig. 9. Changes in headspace gas composition in response to
short-term loss of aeration in AIR mesocosms.

Cabondaxide

DIN

(%)
=

rbon dioxide
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Fig. 5. Effects of increased hydraulic load (IHL) on mgan4) dissolved @, pH, NHy, NOg,
and SQ levels in water from AIR lysimeters. Raw wastewaues are given for comparison.
Bars represent 1 SD. Hatched area indicates IHbgher

<

N\

Dissolved Oy
(mg/L)

Ammonium-N
(mglL)

Nitrate-N
(mg/L)
RN

NI

N T A

Sulfate
(mglL)
N

=

N\

Days since start of experiment
Fig. 10. Effects of increased hydraulic load (IHL) on
water quality from AIR mesocosms. Shaded area indicates
IHL period.

at that level for the rest of the experiment.
The composition and concentration
of gases in the headspace of AIR
mesocosms responded quickly to the LOA
event and to restoration of aeration (Fig.
9). At the end of the 48 h LOA period
(day 2), methane and carbon dioxide
concentrations were significantly higher
than observed prior to the event, while
levels of oxygen were significantly lower
(Fig. 9). Restoring aeration to the
lysimeters resulted in levels of methane,
oxygen, and carbon dioxide that were
identical to those prior to the LOA event.
Experiment 3 — Effects of
increased hydraulic load.Levels of
dissolved oxygen in drainage water
decreased in response to increased
hydraulic load (IHL), returning to pre-
event values within 4 days of switching to
the initial loading rate of 12 cmi’d(Fig.
10). Drainage water pH exhibited a small
decline that continued for 7 days after the

initial loading rate was restored, but was back to pre-IHL values 32 dayshaftardnt.
Small fluctuations were observed in levels of ammonium and sulfate (incezake)
nitrate (decrease) at the end of the 24 h IHL event, but the difference wéatistically
significant, and levels of these el cofom b i AR imetrs. Brerese 1 5. Hthed are e 1. period
constituents returned to pre-IHL event "7 e
values within 7 days of returning to the
initial the loading.

Increasing the hydraulic load from
12 to 24 cm/d had mixed effects on the
ability of mesocosms to remove N, P,
BODs and fecal coliform bacteria. N
removal increased in response to the IHL
event (Fig. 11). Prior to the event, the
total N removal rate was ~50%; at the en
of the IHL period a statistically
significant increase in N removal was
observed, with 75% of the N input
removed in AIR mesocosms. N removal ~* =] |
rates remained at about 60% 4 and 7 day S st opmn ®
after the IHL event, returning to pre-event
values after 32 days. No effect of IHL on Fig. 11. Effects of increased hydraulic Ioad_ (IHL) on

. removal of total N, total P, BODs and fecal coliforms in AIR

removal of total P was observed (Flg- 11)mesocosms. Shaded area indicates IHL period.

Total N

Total N removed
(%)

Total P

*

Total P removed
(%)
8

60
100

BOD removed
(%)

8

1002 § '
Fecal coliforms
100.0

99.8
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Table 3. Concentration and apparent reduction, R, for CI, N, P, and TOC at Site 1 The IHL
prior to (Phase 1) and during (Phase I1) operation of SoilAir system. Units for concentration ~ €vVent had a

are mg L™; units for R are %. statistically
Constituent  Time period STE C2-30 C2-90 C3-30 C3-90 -
] Phase| Conc. 3465 231 430 213 191 significant effect on
(n=7-14) R -- 93.3 87.6 93.9 945 the rate of BOb
Phasell Conc.  314.0 346 1271 1000 1231 .
(n = 3-13) R - 89.0 59.5 68.1 s0s removal (Fig. 11).
N Phase| Conc. 42.6 11.8 9.4 12.6 6.4 Prior to the event,
(n = 8-14) R - 72.2 77.8 70.5 84.9
Phase Il ~ Conc. 46.8 5.6 17.3 12.4 14.6 remov_al was at
(n = 6-13) R - 88.1 63.0 73.4 688 99%, immediately
P Phasel Conc. 11.7 0.0 0 0 0.2
(n = 9-14) R - 99.8 100 100 98.3 after the event the
Phase Il —Conc. 133 0.0 0 01 09 rate dropped to
(n = 6-13) R - 100 100 99.2 935 949%. The rate of
TOC Phase| Conc. 107.3 0 0 0 0
(n = 4-14) R . 100 100 100 100 BODsremoval
Phase Il Conc. 118.1 0 0 0 2.2 returned to pre-
(n =1-13) R - 100 100 100 98.1

event values within
four days (day 5) and remained at that level for the rest of the experiment. Refnova
fecal coliform bacteria also declined in response to the IHL event, althouglfettieneds
not statistically significant (Fig. 11). Removal rates were 99.9% beforevéime, @and
99.5% immediately after. The fecal coliform removal rate returned tover@-galues
within four days (day 5) and remained at that level for the rest of the expéerime

Lysimeter headspace gases were not affected by the IHL evenah@tiatzown).
No statistically significant differences in concentration of methangesx and carbon
dioxide were observed pre- and post-IHL.

Field Scale Evaluation

Two sampling phases are distinguished for the purposes of comparing water
Table 4. Concentration and apparent reduction, R, for Cl, N, P, and TOC at Site 3 prior qua“ty parameters

to (FI’_r_11ase 'It) e;ndlgurin%/(Phase I) operation of SoilAir system. Units for concentration are and gas
mg , units 1or r are “%o. sy .
Constituent __Time period STE 230 290 c330 caeo  composition in the
Cl Phase|  Conc. 489 317 296 0 24 field experiment.
(n = 5-14) R ~ 352 396 100 952
Phasell Conc. 448 245 414 0 147 Phase.l represents
(n=3-13) R - 443 7.6 100 671 the period prior to
N Phasel  Conc. 42.4 28.4 23.2 9.7 13.7  installation of
(n = 9-14) R - 331 452 770 676 SA
Phasell ~ Conc.  38.8 254 203 57 15 SOIlAIr systems
(n = 4-13) R - 34.6 478 85.2 9.1 between March
i (nﬁhgsli)l ConCFé - 43'2 108 108 108 and September of
Phasell ~ Conc. 111 6.4 0 0 o 2006.FHeselll
(n=4-13) R - 42.3 100 100 100 represents the
TOC Phase | Conc. 101.6 0 0 0 0 ; ;
(n = 6-14) R © 100 100 100 100 Periodduring
Phasell ~ Conc. 1022 667 152 162 11 which the SoilAir
(n =3-13) R ~ 347 851 842 989 gystems were

monitored during in operation, from October 2006 until April 2007.
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Values of concentration and percent reduction of ClI, N, P, and TOC at Sites 1, 3
and 4 prior to PRlaged) and durindg?{ftisesH)bperation of the Soil Air system are shown
in Tables 3, 4 and 5; data for Sites 2 and 6, in which SoilAir system was not installed, are
shown in Tables 7 and 8. Actual removal rates for N, P, and TOC can be obtained by

: : o subtractingR,, for
Table 5. Concentration and apparent reduction, R, for CI, N, P, and TOC at Site 4 prior .
to (Phase ) and during (Phase II) operation of SoilAir system. Units for concentration are mg the approp“ate

L™; units for R are %. time period.
Constituent Time period STE C2-30 C2-90 C3-30 C3-90 Of the
Cl Phasel Conc. 53.5 26.8 38.7 37.8 41.4 . )
(n = 14-16) R - 50.0 27.6 29.3 22.6  Sites without
Phasell  Conc. 1253  109.0 99.4 1167 1356 iLA; i
(n=3-11) R - 13.0 20.7 6.9 -8.2 SOIIA!r, Site 6
N Phase|  Conc. 35.8 16.3 22.9 25.0 266 €exhibited the
(n = 15-16) R - 54.5 36.0 30.1 25.6 highest degree of
Phasell ~ Conc. 37.9 20.7 24.1 20.9 26.2 .
(n = 4-11) R ~ 454 364 as0  30s Nremoval with 6
P Phase|  Conc. 6.4 0.9 2.2 2.3 28 to 52% removed
Phase Il Conc. 9.1 2.4 2.7 2.8 34
(n = 4-11) R - 73.3 70.1 68.7 623 under the
TOC Phasel Conc. 775 26.4 50.9 41.8 521  |eachfield during
(n = 13-15) R - 66.0 34.3 46.0 32.8 .
Phasell ~ Conc. 95.3 60.0 63.8 72.0 67.9 Phase II. Similar

(n = 3-11) R 37.1 33.1 24.4 28.7 reductions in N

were observed at Site 2 during both time periods, with net N increases in some areas .
Reductions in total P at Site 6 ranged from 13 to 77%, with values at Site 2 ranging from
9 to 73%, depending on position under the leachfield and time period evaluated. Removal
rates for TOC at Site 6 ranged from 20 to 78% during Phase 1, with similar values
observed during Phase 2. Considerably lower
TOC removal rates were observed at Site 2 during both phases, with rates ranging from
16% (net increase in TOC) to 45% during Phase | and 1 to 16% during Phase II.

The most marked impact of the SoilAir system on reduction for N, P, and TOC
was observed at Site 4, where value&pivere similar for Phase | and Phase I, or were
higher during Phase Il (Table 5). For example, removal rates for N ranged from 1 to 8%

Table 6. Concentration and apparent reduction, R, for CI, N, P, and TOC at Site 6 during Phase I,
prior to (Phase 1) and during (Phase Il) operation of SoilAir system. Units for concentration whereas they
are mg L™; units for R are %.

Constituent Time period STE c230 c290 c330 caoo ranged from 16 to
cl Phasel Conc. 2583 2532 2452 2812 2654 38% during Phase
(n =8-14) R - 2.0 5. -89  -28
Phase I Conc. 2163 2163 2008 088 1937 |- Phosphorus
(n = 5-13) R - 0 0 0 o removal ranged
™ Phase| Conc. 542 473 481 315 455 from 36 to 45%
(n = 9-14) R - 128 113 418 160 duri h ith
Phasell ~Conc. 67.2 511 566 375 535 uring Phase I, wit
T T Coe o 00 oy —as—si valuesof 30 to 70%
ase onc. . . . . . .
(n = 9-14) R _ 159 217 e3s 570 Observedduring
Phase Il ~Conc. 155 99 132 36 94 Phasell. TOC
(n=6-13) R - 362 148 765 395
TOC Phase | Conc. 1439 1107 107.9 739 341 _removal also .
(n = 8-14) R - 231 250 487 763 Increased during the
Phasell ~Conc. 1515 1111 1102 1042 255 gperation of
(n=3-13) R - 266 273 312 832 g i

removal rates of 7 to 16 % observed during Phase |, and 13 to 36% during Phase Il.These
results were observed despite the fact the system was operating using only 1/3 of the
leachfield capacity available during Phase | and the mean concentration of N, B@nd T

in STE inputs was slightly higher during Phase Il. Fluxes of N, P, and TOC at Site 4
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(Table 6), which take into Table 7. Concentration and apparent reduction, R, for Cl, N, P, and TOC at

account differences in Site 2 prior to (Phase 1) and during (Phase Il) operation of SoilAir system. Units
. for concentration are mg L™; units for R are %.
leachfield area and Constituent _ Time period STE €230 C290 C330 C3.90
constituent concentration Cl Phasel Conc. 584 497 51.5 48.1 51.4
. (n = 4-14) R - 148 117 175 119
in STE between the two Phasell Conc. 58.1 498 415 435  20.3
phases (Eq. 2), show that (n =2-13) R - 141 284 250  65.1
TN Phasel Conc. 50.7 37.7 390 380 19.7
net removal of N, P (n = 6-14) R - 257 230 251 612
and TOC was taking place Phasell ~Conc. 51.0 437 411 437 135
prior to operation of the (n=1-13) R - 143 194 142 736
- TP Phasel Conc. 11.3 42 18 2.0 1.9
_SO|_|A” system, as (n = 4-14) R - 630 844 821 833
indicated by positive flux (Phisfgf)' ConcR- 12.2 52; 723 733 743&
. n=1- -- . . . .

values. However, during ToC Phase| Conc. 1251  99.1 847 1234 545
Phase I, flux values were (n = 2-14) R - 208 323 14 565
Phasell Conc. 124.6 1048 828 850 352
at least an order of (n=1-13) R - 159 335 317 717

magnitude higher than
during Phase | for all three constituents.

Operation of the SoilAir system at Site 3 also appeared to have a positite effec
on values ofR, for N, P, and TOC, which generally were either similar during both
phases, or higher during Phase Il despite a 50% reduction in nominal leachfield
area (Table 4). The negative flux of N indicated net production at three of four points
under the leachfield during Phase I, whereas net removal of N was apparent during Phase
Il in both of the lysimeters that sampled soil pore water 90 cm below the ledchfiel
(Table 8). Phosphorus reduction at Site 3 was generally enhanced by operation of the
SoilAir system, as indicated by positive flux values that were 2 toHi§her during
Phase Il (Table 6). Effects on TOC seemed to be mixed, with net reduction observed
during Phase | at three of four points under the leachfield (Table 6). In contrast, at two of
these points, negative flux values were observed for TOC during Phase Il (indicating net

production), but positive values that
were 4 to 1
Depth tovater higher than during Phase | were
observed at lysimeters positioned 90
cm below the infiltrative surface
(Table 8).

Reduction of N, P and TOC
were also impacted positively by
operation of the SoilAir system at
_ Date S o Site 1, with higher values @®,

o 12, Derth towate suace nthe disouion box nSies 1. ohserved despite a 50% reduction in
leachfield capacity (Table 3). When

con sidered in terms of constituent flux, operation of the SoilAir system appeared to

make flux values for N less negative in three of four lysimeters, and positive (net

removal) in the fourth (Table 8). Modest increases in P removal were observedbetwee

Phase I and II, with higher increases observed for TOC reduction during operation of the

SoilAir system (Table 8).

Measurements of depth to water surface within the distribution box suggest that
the hydraulic load at all three sites infiltrates readily, as indicated bglttesely
constant, high depth values (Fig. 12). In all cases we observed levels of STE Wwere at t
invert during Phase II. Lower depth values for Site 4 during the early part of Phase Il ar

Depth to water (m)
I
Y

—@— Site 1
—O— site 3
—¥— Site 4
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due to a higher than normal hydraulic load from a leaking toilet. Variations in depth are
the result of differences in timing of measurements relative to dosing events.

Table 8. Flux, @, of N, P, and TOC at different locations and depths under the In genera|
leachfield of Sites 1, 3 and 4 prior to (Phase 1) and during (Phase Il) operation of . !
SoilAir systems. Positive values represent constituent losses, negative values Operann of the
represent constituent gains. SoilAir system at these
Site  Phase  Lysimeter Py ®p ®roc .
(mgNm?dY) (mgPm?dl) (mgTocm’d’ three sites appeared to
1 | C2-30 -170 10 140 have a positive effect
C2-90 -80 30 250
o530 100 10 5o onthe removal of N,
C3-90 -80 10 110 P,and TOC, as
I C2-30 20 60 4%  jndicated by
C2-90 60 200 1800 . .
C3-30 90 160 1420 Improyements in
C3-90 140 160 1660 constituent flux. In all
3 [ C2-30 -60 110 5,040
C2-90 170 450 2700 cases, fluxes were
C3-30 -710 0 o positive for lysimeters
C3-90 -850 40 370 i
I C2-30 -630 -50 -1650 pOSItloned.at. 90 cm
C2-90 2380 1560 12080 below the infiltrative
€3-30 -880 0 -2460 - surface, suggesting
C3-90 1720 560 4960 h ' |
4 | C2-30 80 110 ss0  that netremoval was
C2-90 140 110 240 taking place prior to
C3-30 10 110 610 :
C3-90 50 100 a0 discharge to
I C2-30 1760 800 4380 groundwater (Table 8).
C2-90 830 660 2820
C3-30 2080 820 3690 Furthermore’ n_ormal
C3-90 1670 830 s180 hydraulic function was

observed in all three
sites (Fig. 12) despite increases in hydraulic load (Table 2).

Although many variables (e.g. differences in system configuration, soil,
hydrology) are likely to contribute to differences among sites, we note that Site 4, which
had a high hydraulic load during Phase Il (Table 2), exhibited the greatest enhancement
in terms of constituent flux, followed by Site 3, with a load similar to that for Site 4, and
Site 1, with a hydraulic load nearly<dlower than at Site 4. A similar positive effect of
high hydraulic loading on constituent removal rates was observed in laboratory
experiments conducted earlier in the project. This suggests that laboratorsy mesult
have broad application to field conditions.

Discussion

The results of our pilot-scale studies suggest that introduction of intermittent
aeration into leachfield soil under conventional non-aerated conditions can improve water
quality functions, enhancing removal of N, fecal coliform bacteria, andsBUi2se
improvements were generally observed within four to eight weeks of the introduction of
aeration. The performance of intermittent aeration technology also appearsbuste
with respect to potential disturbances, such as temporary loss of aerationraasedc
hydraulic load. In response to a 48-h loss of aeration period, removal of total N, total P,
BODs and fecal coliform bacteria recovered to pre-disturbance levels within 1 to 40 day
Doubling the hydraulic load had the unexpected benefit of improving N removal rates
immediately after the disturbance period. Removal of total P remained uedfiscthe
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disturbance, whereas removal of BOD and fecal coliform recovered to pre-disturbanc
levels within 4 days.

Our results are consistent with the mechanisms thought to control constituent
removal under intermittent aeration. For example, total N removal is thought to take
place as a result of nitrification of Nkh leachfield during the aeration phase, followed
by denitrification during infiltration of STE inputs, which provide organic C and
anaerobic conditions that promote denitrification. Establishment of these conditions
enhances N removal in previously unaerated leachfield soil, as we obsensdf Los
aeration would be expected to have a negative impact on N removal, preventingoxidati
of NH4 to NG;, a necessary step preceding denitrification. By contrast, increasing the
hydraulic load probably enhances N removal as a result of longer periods of anoxia and
inputs of organic C, which would support denitrification.

The modest effect of intermittent aeration on P removal suggests that the
processes involved are somewhat dependent on the availability of oxygen. Phosphorus
removal processes probably involve reaction with iron and aluminum oxides and
oxyhydroxides, which are favored at pH values less than neutral observed in aslated s
In addition, oxygenation of soil may prevent reduction of Fe(lll) and associatedeabf
bound phosphate.

The positive effects of intermittent aeration on removal of B{DBicate that
organic C metabolism in conventional leachfield soil is limited by the avéiyabilO.,.
Removing this limitation increased the ability of the microbial commuaityse the
organic C compounds in STE inputs as well as those that form the restrictive layer, or
biomat. As such, it enhances the infiltrative capacity of the system. Lossatiba and
increased hydraulic load apparently lowered levels of DO enough to impagt BOD
removal. The mechanisms by which fecal coliform bacteria are redueecksslt of
intermittent aeration are less apparent, but may involve increased numbersdatidipre
by microbivorous fauna (e.g. protozoa and nematodes), which are more numerous when
leachfield soil is aerated (Amador et al., 2006). As was observed with BDioval,
lower fecal coliform removal may have been caused by the associateas#ésdreDO
levels.

Data from the field evaluation of intermittent aeration indicates tleanit
improve the water quality function of failed conventional septic systerhfielt
Removal rates for N, P, and TOC were comparable or higher than those observed prior t
operation of SoilAir technology or to those observed at sites in which the technology was
not installed. More importantly, these removal rates were achieved even theugh t
nominal leachfield infiltrative surface area was reduced between 33 and 50%. When
differences in infiltrative surface area are taken into account, intioduzft intermittent
aeration clearly improves the efficiency of leachfield soil in removing N, P, @@l Th
addition, intermittent aeration also appears to improve the infiltrative capéhctiiese
systems, with normal hydraulic function observed despite reduced infiltratiaeeur
area.

Comparisons with existing technologies are difficult to make because of it
unique characteristics. For example, SoilAir appears to improve both infiltcapaeity
and removal of nutrients and carbon simultaneously. Available alternativespiamving
hydraulic function, such as cracking of soil with pressurized air, constructionest a
leachfield, or resting an existing leachfield trench, do not address natniécarbon
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removal. Similarly, the alternatives currently available to improve thervgatality
function of OWTS address only the hydraulic function of a failed system, or often focus
on a single wastewater constituent — nitrogen — and rely on soil absorption to remove
other contaminants. Nitrogen removal technologies have been approved for us in Rhode
Island and target 50% TN removal and a final concentration of 19 mg/L. However, stric
adherence to operation and maintenance must be followed in order to consistently
achieve these values. In instances where O&M is lacking, system pert@msdikely to
suffer.

Our results from field and laboratory experiments suggest that SoilAndkgy
is a viable alternative for improvement of the water quality functions and caaodm
restoration of hydraulic function in existing failed conventional leachfiefectres and
sand filters, and it can do so at high loading rates. It may also be used to improve the
water quality functions and extend the life of new and existing drainfieldsimfde
design, ease of installation, and relatively low cost should make it an attractive
technology to OWTS designers and installers, as well as homeowners. Widesprea
adoption may reduce inputs of pollutants into surface, ground and coastal waters from
failed septic systems.

Utilization
a) End User Application

SoilAir was installed at three group homes owned by the RI Dept. of Mental
Health, Retardation, and Hospitals. MHRH, in conjunction with George Loomis
and David Kalen, from URI, identifying hydraulically failed OWTS in

Washington County, RI that could be used for the study. After the number of sites
was narrowed down, the necessary permits were obtained from RI DEM.
Installation of the SoilAir systems was carried out by Geomatrix persannel i
October of 2006 at no cost.

b) Intellectual Property and Partnerships

SoilAir technology was patented prior to the start of this study. Our project led to
a successful partnership among the private sector (Geomatrix, LLG@&naica
researchers (URI's Laboratory of Soil Ecology and Microbiology) and
experienced outreach professionals (URI's New England Onsite Wastewate
Training Center) for testing and dissemination of information about SoilAir
technology.

Knowledge Exchange
Publications - Abstracts:
Amador, J. A., J. H. Gorres, E. L. Nicosia, and D. A. Potts. 2004 Microbiological and

chemical properties of aerated and conventional leachfield soil. Absifabts
Annual Meeting of the Soil Science Society of America, Seattle, WA.
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Potts, D. A., M. C. Savin, P. Tomlinson, and J. A. Amador. 2004. Leachfield bacterial
community structure as affected by aeration in septic tank effluetrhreta
Abstracts of the Annual Meeting of the Soil Science Society of Amerectl&
WA.

Nicosia, E. L., J. A. Atoyan, D. A. Potts, and J. A. Ama@005.The fate of tetracycline
in conventional and aerated septic system leachfield sbsgacts of the ASA-
CSSA-SSHA International Annual Meetings. Available online at:
http://crops.confex.com/crops/2005am/techprogram/P8950.HTM

Atoyan, J. A, E. L. Nicosia, D. A. Potts, and J. A. Ama@005. The effects of
tetracycline on the microbial community of conventional and aerated iildchf
soils.Abstracts of the ASA-CSSA-SSSA International Annual Meetings. Available
online at: http://crops.confex.com/crops/2005am/techprogram/P8950.HTM

Richard, J. T., D. A. Potts, J. H. Gorres, J. A. Amador, and B. Nowicki. 2005. Fate of
ammonium in aerated and conventional septic system leachfield soil usileg sta
nitrogen isotope tracer techniquabstracts of the ASA-CSSA-SSSA Inter national
Annual Meetings. Available online at:
http://crops.confex.com/crops/2005am/techprogram/P8950.HTM

Publications - Proceedings

Amador, J. A., D. A. Potts, E. L. Nicosia, and J. H. Gorres. 2005. Aeration to improve the
water quality and hydraulic functions of septic system leachfields. P38c.
Northwest On-Site Wastewater Treatment Short Course and Equipment
Exhibition, Seattle, WA.

Publications - Peer-Reviewed Papers:

Amador, J. A., D. A. Potts, M. C. Savin, P. Tomlinson, J. H. Gorres, and E. L. Nicosia.
2006. Mesocosm-scale evaluation of faunal and microbial communities of aerated
and conventional septic system leachfield sddarnal of Environmental Quality
35:1160-1169.

Amador, J. A., D. A. Potts, E. L. Patenaude, and J. H. G@063. Effects of depth on
domestic wastewater renovation in intermittently aerated leagtmiesocosms.
ASCE Journal of Hydrologic Engineering (Accepted)

Atoyan, J. A, E. L. Patenaude, D. A. Potts, J. A. Ama2lod7. Effects of tetracycline
on antibiotic resistance and removal of fecal indicator bacteria in aerated a
unaerated leachfield mesocosdairnal of Environmental Science and Health,

Part A (In press)

Workshops:
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15 March 2005 Amador gave a talk on the SoilAir system at a workshop for
coastal decision makers entitled “Denitrification Systems: New
Technologies and Alternatives to Traditional Septic Systems,” co-
sponsored by the Massachusetts Coastal Training Program and the
Wagquoit Bay Estuarine Research Reserve in East Falmouth, MA.

22 March 2005 OWT 105 - Innovative & Advanced Technology Overview
Course. Led by Loomis and Kalen and attended by 16
professionals. SoilAir technology was introduced in this course as
an experimental system.

23 June 2005 | & A Tour - Innovative & Advanced Technology Field
Tour for Wastewater Professionals. Led by Loomis and Kalen and
attended by 18 professionals

8 February 2006

8 March 2006 OWT 105 - Innovative & Alternative Technology Overview
Course. Led by Loomis and Kalen and attended by a total of 61
professionals. SoilAir technology was introduced in both of
these courses as an experimental system.

4 October 2006 OWT 105C Innovative and Alternative Technology Overview
Led by Loomis and Kalen and attended by a total of 22
professionals. The SoilAir technology was introduced in both of
these courses as an experimental system.

Conferences:

13 December 2004  Potts and Amador gave an invited presentation on the SoilAir
system at the annual meeting of the Pennsylvania On-Site
Wastewater Recycling Association in Harrisburg, PA.

19 September 2005 Amador gave an invited presentation entitled “Aeration to
Improve the Water Quality and Hydraulic Functions of Septic
System Leachfields” at the'l Northwest On-Site Wastewater
Treatment Short Course and Equipment Exhibition, sponsored by
the Univ. of Washington, Seattle, WA.

October 2005 Potts (Geomatrix) gave an invited presentatioheachfield
aeration for advanced treatment of domestic wasteveatdre
14th Annual Technical Education Conference and Exposition of
the National Onsite Wastewater Recycling Association in
Cleveland, OH.

March 2007 D. Potts delivered a talk entitled "Effect of Aeration on a Failing
Community Leach Field" at the Water for All Life Conference,
16th Annual Technical Exhibition and Conference & 1st
International Conference, in Baltimore, MD.
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Outreach Activities

31 March 2005

2 April 2005

27 July 2006

Potts, Loomis, and Amador hosted a site visit by attendees at the
2" Northeast Onsite Wastewater Treatment Short Course in
Mystic, CT. Participants were given a tour of the Geomatrix pilot
research facility in Westbrook, CT and of SoilAir systems in
operation in southeastern CT.

Amador and Gorres conducted a lab tour and 1-h inquiry exercise
on water pollution by septic systems with a group of 15 middle
school students that participate in the Rhode Island Science and
Math Investigative Learning Experience (SMILE) program.
Individuals in the SMILE program are academically-talented
students that come primarily from economically-disadvantaged
and/or minority households.

"Cleaning up wastewater with dirt" A 1- hour, hands-on
presentation by J. Amador on July 27, 2006 at the Earth Camp, W.
Alton Jones Campus, University of Rhode Island, West
Greenwich, RI. Approximately 12 campers, ages 11- 14,
participated.
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