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PRESENTATION OVERVIEW

A Nitrogen impacts to water quality

A Nitrogen reducing biofilters (NRBs): Florida DOH studies & lessons learn
A Groundwater quality improvements

A Hybrid Adsorption Biological Treatment SysteABiTBResearch at USF
A UniversityUtility Partnerships
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NITROGEN IMPACTS TO WATER QUALITY
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ADVERSE EFFECTS OF NITROGEN

A Public Health: A Impacts of excess nitrogen on water
) o guality have been documented In
I SDWA Limit 10 mg/L NQN, HABs many areas:
A Ecosystem Health: i Cape Cod, Long Island Sound
I N limiting nutrient in many water bodies | Chesapeake Bay
I Algal blooms, loss of habitat, hypoxia I Puget Sound
S i Tampa Bay, Sarasota Bay
I Florida Keys

i Ct 2NARI Qa CNBaKg
I Many other places



WATER QUAL I TY PROBLEI\/IS FOR FLOF
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N LOADING IS A WATER QUALITY CRISIS IN SOME AREAS
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CONVENTIONAL ONSITE WASTEWATER TREATMENT SYSTEM

Soil layers

A Advantages:
I Low cost for suburban & rural areas
I Low chemical & energy use

- —

Soil absorption 1\ I Good treatment performance (BOD,
\ TSS, fecal indicator bacteria)
Purification i Groundwater recharge, onsite reuse
A Problems:
Ground water “~ _ N : :
> i Limited nitrogen reduction
Conventional OWT (USEPA, 2002) T Lackof O & M

I Variable loads, long idle periods.



PERCENTAGE OF HOMES WITH OWTS
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Percentage of state
residents using onsite
wastewater systems

( Q 10-25% | |
26-40% | ]
» > 40% |}

Percentage of state residents using onsite wastewater systems ~23% nationwide (USEPA, 2002)




IN SOME WATERSHEDS OWTS N LOADS ARE RELATIVELY

Chesapeake Bay
Nitrogen Loading Model

A

Septic

>% Agriculture - manure

19%s

Municipal & Industrial
Wastewater
21%o

Agriculture - chemical
fertilizer

Urban & Suburban 16%

Runoff - chemical

fertilizer
11%a

MNatural - lightning +
forest soils
1%

Agriculture -
Atmospheric Deposition -
livestock & fertilized soil
emissions

6%

Atmospheric Deposition -
mobile {on-road + non-
road) + utilities +
industries
21%



IN OTHER WATERSHEDS OWTS N LOADS ARE RELATIVELY
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IN A FEW WATERSHEDS, OWTS N LOADS CAN BE VERY HI

Wastewater Atmospheric

Tréatstook deposition
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NITROGEN REDUCING BIOFILTERS: (NRB
FLORIDA DOH STUDIES & LESSONS LEARNEL
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FLORIDA OWTS NITROGEN REDUCTION STUDIES

A Florida Legislature directed FDOH to conduct a
study to further develop more costffective
nitrogen reduction strategies for OWTS.

A Nitrogen reducing OWTS should be similar to
conventional OWTS in their operation and
maintenance, relatively passive in operation.

A Initiated the Florida Onsite Sewage Nitrogen
Reduction Strategies (FOSNRS) Project in 2009.




FOUR PRIMARY STUDY AREAS

TASKA
Nitrogen treatment
and reduction options

for Florida

IASKTB
Performance verification

of nitrogen reduction in
full scale systems

TASK C
Evaluation of N

reduction in Florida
soil and groundwater

- Septic
\ll- Tank

Advanced
| Treatment
Unit

Drainfield
TASKTD

Decision support tools

Soil for OSTDS planning and
management; N-reduction
strategies for Florida

Groundwater ‘
“ Groundwater

See FDOH Website: www.floridahealth.gov/environmehdlth/onsitesewage/research/nitrogenstudydeliverables.html




WHAT ARE nNnPASSI VEO NI TROGEN

A Passive nitrogen reduction systems (PNRS) are generally
defined as Nemoving OWTS that are similar to
conventional OWTS in their operation and maintenance
requirements

A Florida: OWTS that reduce effluent N using reactive media
for denitrification and a single liquid pump, If necessary.
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denitrification media;: denitrification media:

nitrification media:
Sand, expanded clay

lignocellulosics elemental sulfur



WHAT ARE NITROGEN REDUCING BIOFILTERS?

A NRBs are iground, layered OWTS that reduce effluent N using
reactive media for denitrificatiom a relatively passive process.

A Two stage biofiltration process:
i {O0Fr3S MY Gy AGNRTEREE (vuificaibR)ISY O2 YLJ2 dzy R
i Stage 20 RSy A (1 Nd\nfrégén gast{denitrification)

Wastewater Delivery

Denitrification

Final Disposal - .
denitrification media: denitrification media:

lignocellulosics elemental sulfur




SUCCESSFUL CONCEPT DEVELOPED INTO PROTGHYBPRINNRB

Drip Emitters

Stage 1: Sand

L{rom Primary Tank
\

\\  Drip System

> | HDPE liner

Stage 2a: Lignocellulosic/ Stage 2b: Infiltrator
Sand Mixture Sulfur Tank Chambers

A 90% TN Reduction
through ligno/sand

A 95% TN reduction
total




FULESCALE IMPLEMENTATION GIRMDUND NRB WITH ONSITE RE

A Single family home, Seminole
County, FL

A 5 bedroom (2 residents)
A Flow of ~141 gpd

A Drainfield raised in fill

A

Soils: Myakka anHauGallie
fine sands

A Desired reuse of effluent for
irrigation




COMPLETED FUBRCALE HEROUND NRB CONCEPT WITH ONSITE
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FULESCALE REROUND NRB PERFORMANCE >500 DAYS OPEFR

%
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OPERATIO&MAINTENANCE

A Average energy consumption of ~1 kWh/day or 7.8
kWh/1000 gal treated

A Stage 1 biofiltex no surficial biomat or clogging present

A Stage 2 biofilter reactive media shows immeasurable
reduction in volume




GROUNDWATER QUALITY IMPROVEMENTS

A



GROUNDWATER MONITORING BEFORE AND AFTER NRB INS
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MOST IMPACTED GROUNDWATER WELL TN TIME SERIE

PZ-B08-5
50

45

40

w
w

-N/L)

g
w
o

Total Nitrogen (m
[ [y N
(@] (€] o

N
w w

0 : M\\\/ﬂ‘“‘

2/26/2011 9/14/2011 4/1/2012 10/18/2012 5/6/2013 11/22/2013 6/10/2014 12/27/2014 7/15/2015

. —e—Prior to PNRS installation —e— Following PNRS installation



SIMPLE SYSTEM CONSTRUCTED LIKE A LARBEREDELDEVELOPEL

Cover

Stage 1: Nitrification LayeF

.

Stage 2: Denitrification Laye!

Underlain by impermeable liner for effluent collection or
media with high water retention capacity (permeable layer)




NRB DESIGNS CURRENTLY BEING IMPLEMENTED

Septic tank
/ Pump tank
House 8 °, NRB (Nitrogen

septic tank ___ Removing Biofilter)
connection l
Distribution pipe R N

from pump tank et S S

Unsaturated
Nitrification Media

Low profile

distribution system — : g Liner system
STy - e : Bl e . and peagravel

Native Soil

Pan lysimeter
and sample pipe

Denitrification Media




HYBRID ADSORPTION BIOLOGICAL TREATME
SYSTEMFHAABITSRESEARCH AT USF
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PASSIVE ONSITE N REDUCTION SYSTEMS

Fats, oils and grease

all
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NITRIFICATIGQNENITRIFICATION REVIEW

NO; Recirculation

[
i
Anaerobic Septic Tank Unsaturated Aerobic Saturated Anoxic
Influent Ammonification Biofilter B?ofilter |
COD . Org-N Y NH,* . Nitrification R Containing Solid , Treated
o Electron Donor Effluent
Org—+N Denltr!ﬂ’catlon NH,*Y NOj (S°, wood, tire)
NH, NOs Y N, Denitrification
NOs Y N,

A



S OXIDIZING DENITRIFICATION

5580 + 20CO 5 t 50NO 5t 38H 20 +4NH 4+
- 4C;H,O,N +55S0O ,%- +25N , + 64H *
A Facultative chemolithotrophicbacteria.

A Low biomass generationreduced
maintenance.

A Waste materials in simple packed bed
reactors.

A Sulfur byproduct of petroleum refining.

A Oyster shell used as solid phase buffer
material.

A




DIURNAL FLOVYARIATIONS IN THE HOME
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HYBRID ADSORPTION BIOLOGICAL TREATMHERSY (HAB

B Sodium (Na*), @ Ammonium(NH,*),< Nitrate(NO;"), A Nitrite(NO,’)

Wastewater

lon Exchange Bioregeneration




NH"ADSORPTION TO CLINOPTILOLITE
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NO;, ADSORPTION TO TIRE CHIPS
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LOW COST BIOREACTOR MATERIALS

A Stage I unsaturated- nitrification:
I Expanded claybiofilm carrier
I Clinoptilolite- IX
I Qyster shells alkalinity

A Stage 2 saturated- denitrification:
I Elemental sulfur e- donor SOD

I Tire chips biofilm carrier and e
donor for heterotrophs

| Oyster Shellsalkalinity

A

Expanded Clay

Clinoptilolite

Tire chips

Sulfur

QOyster Shell



BENCFSCALE HABS- NITRIFICATION
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A Faster starup with HABITS than control due
to IX by clinoptilolite.

A NH,* removal in HABITS significantly greater
than control.




BENCH SCALE HRAB DENITRIFICATION
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HILLSBOROUGH COUNTY AWTP PILOT

A 2-Stage HABITS tested with

I R-Recirculation and pre
denitrification

I FF No recirculation (forward flow).;
A Diurnal influent load:
I 35% 6:068:00 am,
I 25% 11:00 an2:00 pm,
I 45% 6:068:00 pm
I Off 8:00 pm6:00 am
A Part of the WEF Leadership
Inovation Forum for Technology

A




HILLSBOROUGH COUNTY AWTP PILOT
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PILOT HABS RESULTS

A Recirculation (prelenitrification) | 0 T e w7 R e
. (6:1) : ) @) I (31 (3:1)
Improves N removal. 50 1 | | - |
I |
i Reduces COD loading to 7,40 - i PeE |
E 30 - | | Ly |
Stage 1 = : i 'E i,z *»::
I Reduces N9loading to = . ‘,‘ v, 1 TEL DTNy
] |' B i qu
Stage 2. ] """".l. o'!
I Keeps biofilm moist 0 30 60 90 120 150 180 210 240 270
. Time (days)
I Improves mass transfer of System Influent mR-2  « FF-2

substrates & oxygen to biofilm.
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PILOT HABS RESULTS
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PILOT HABS: HOURLY STUDIES

A IX maintains consistent
low effluent N
concentrations despite
variable loads.

A Nitrification limits TN
removal.

A Effluent NOx consistently
BDL.

A
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RodriguezGonzalez, L., et al. (2020)
A Pilot-Scale Hybrid Adsorption
Biological Treatment System
(HABITS) for Nitrogen Removal in
Onsite Wastewater TreatmeASCE
J. Sustainable Water in the Built
Environment6(1): 04019014.

Part of a Special Collection on Onsite
and Decentralized Wastewater
Management Systems:

https://ascelibrary.org/jswbay/onsite
decentralized wastewater systems

ith Florida on 12/08/19. Copyright ASCE. For personal use only; all rights reserved.

2 ASCE
A Pilot-Scale Hybrid Adsorption—Biological

Treatment System for Nitrogen Removal
in Onsite Wastewater Treatment

Laura Rodriguez-Gonzalez'; Amulya Miriyala®; Madison Rice®; Daniel Delgado?; Justine Marshall®;
Michelle Henderson®; Kebreab Ghebremichael’; James R. Mihelcic®; and Sarina J. Ergas, M.ASCE®

Abstract: Onsite wastewater treatment systems (OWTS) are significant nonpoint sources of nutrients to surface and groundwater worldwide. Ad-
vanced OWTS are challenged by highly transient nutrient loads, long idle periods (e.g., during vacations), and inadequate maintenance. This study
investigated the nitrogen transformation mechanisms and performance of novel two-stage hybrid adsorption and biological treatment systems
(HABITS) that combine biological nitrogen removal and ion exchange to enhance OWTS under transient loading conditions. In the first stage,
the natural zeolite mineral, clinoptilolite, which has a high capacity and selectivity for NH;, was included in a passively aerated nitrifying biofilter.
In the second stage, recycled tire mulch, which has a high adsorption capacity for NO5 , was combined with elemental sulfur pellets in a submerged
anoxic biofilter for autotrophic sulfur-oxidizing denitrification. Two pilot-scale HABITS were tested for 434 days, with and without Stage 1 effluent
recirculation and predenitrification. Both pilot-scale HABITS removed >50% of total nitrogen from septic tank effluent. Stage 1 recirculation
significantly improved NH; removal at both a 1:1 (84%) and a 3:1 (87%) recirculation ratio compared to HABITS without recirculation
(~50%).Recirculation and predenitrificationreduced the organic load to the nitrifying biofilter, resulting inincreased nitrificationand reduced clogging
and maintenance requirements. Consistently low effluent NO3 and NO; concentrations were observed throughout the study in both pilot HABIiTS
under all conditions applied. The results show that HABITS is a low-cost, low-energy, and robust process that can consistently achieve advanced
secondary OWTS standards under transient loading conditions. DOI: 10.1061/JSWBAY.0000898. © 2019 American Society of Civil Engineers.

Author keywords: Biological nitrogen removal; Ion exchange; Recirculating trickling filter; Septic system; Transient loading.
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UNIVERSITY/UTILITY PARTNERSHIPS
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UNIVERSITY/UTILITY PARTNERSHIPS: WHY?

OApplied research in water and wastewater conveyance and treatment is
critical to address many shetgérm problems encountered by utilities and
identify longerterm research needs and fundamental issligsversities
local to utilities have a great role to play in conducting such applied
research and developing sigpecific solutions to technical problemA.
universityutility collaboration is a wigwin combination for both antdas
synergistic benefits in terms of technical problem solving directly
applicable to utility operations and training future professionals for the
same utilityd €

Pagilla, K. "Universitytility Collaborative Applied Research WirgWin Combination.\Water
Environment Res@ch 79.6 (2007): 57980.

A



T

pubs.acs.org/est

Accelerating Innovation that Enhances Resource Recovery in the
Wastewater Sector: Advancing a National Testbed Network

James R. Mihelcic,*"

. .:.,i ~ . _‘ . # ob]
Zhiyong Jason Ren,®*“ Pablo K. Cornejo,” Aaron Fisher,” A. J. Simon,
o

Seth W. Snyder,l Qiong Zhang,' Diego Rosso,V Tyler M. Huggins,i William Cooper,” Jeft Moeller,#
Bob Rose,” Brandi L. Schottel,‘ and Jason Turgeonﬂ

.‘.\.\., we s NACWA €

N

Water Environment
Federation
the water quality people’

."); ‘l" \

| \\ L
e “lbaie

University-Utility Collaborative
Partnerships

In Parinership With:

Vl"/ater
5 Research iF
C CUNDATION L I@

water

ENVIRONMENT RESEARCH

www.wef.ora/wer MARCH 2020




WHAT MAKES A SUCCESSFUL PARTNERSHIP?

In our case, Hillsborough County (FL) Public Utilities has a focus area of:
1. Optimize current treatment processes.
2. ldentify future processes to achieve environmental sustainabillity.

3. Research and Education that leads to: a) advanced technology, b)
educating customers and public about local resource recovery facility,
c) educating KL.2 and university students in environmental STEM, and
d) educate and mentor students for staff succession planning

County staff serve on thesis and dissertation committees and co-author
publications with USF students.

We also recognize the importance of expanding the partnership with
consultant when their technical expertise, cost estimate, or business case

analysis Is needed.

Wted from Universitytility Collaborative Partnerships, WSHET ~TR005, WEF 2017)



MORE THAN TWO PEOPLE!

ENTITIES THAT PARTICIPATE IN OUR PARTNERSHIP

A A PE with the Utility manages the contract and project

A PE and University Pl develop and execute project, coordinate
documents, and activities

A Main focus is to support Operational Divisions

A Engineering Planning, Regulatory, and Laboratory Service groups all
provide technical expertise and data required for systems evaluations

A Other County departments such as Public Works use the partnership fc
stormwater, wetlands, and ponds surveys.

A



A OWTS are a significant source of nutrients in many areas.

A Not costeffective to convey wastewater to centralized systems in rural o
suburban areas, developing countries.

A Passive OWTS can provide effective onsite treatment with low complex
O&M, energy and chemical requirements.

A 1X media (zeolite, scrap tire chips) provide consistent low effluent N
concentrations despite highly variable loading rates and long idle perioc

A Ongoing research on performance, reuse potential and modeling.
A UniversityUtility Partnerships have synergistic benefits, resulting in a w

. win for both partners.
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