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Introduction

In North Carolina, excess chlorophyll-a and nutrients are cited as
the top reasons for lake impairment (US EPA 2021).
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*Onsite wastewater treatment systems (OWTS) are often cited as

an important source of nutrient loading to surface waters; UNSATURATED i
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however, there are limited quantitative studies. - ‘ vYvy
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«Estimating OWTS nutrient inputs at the watershed-scale is
challenging due to the diffuse nature of this nonpoint source, the Robertson 2021
lack of OWTS monitoring data, and the complexity of nutrient
transport in the environment.
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*  WW TDN- this study (5 sites)
Median TDN: 46 mg/l -129 mg/l

VN

OWTS N Treatment-
Mostly Occurs in the Soil Treatment Zone

D’Amato et al. 2016 ]

Exsitu
treatment (e.g.,
septic tank,
biofilter,
aerobic
treatment unit)

Most treatment occurs in the soil treatment zone

Greater treatment in clay soils vs sandy soils

Nutrient Attenuation in Chesapeake Bay
Watershed Onsite Wastewater Treatment
Systems - Final Report
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Soil-Based
Treatment Zone (#1)

“Treatment” (Zone 1)

Vadose Zone (#2)

“Attenuation” (Zones 2, 3, 4)

Delivered Load

Saturated Zone (#3)

Transitional Zone (#4)
- Riparian

- Hyporheiczone
- Small stream processes
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STUDY APPROACH

= Evaluate OWTS nutrient loading and attenuation at the site scale (5 sites)

= Evaluate cumulative nutrient loading to streams and attenuation at the sub-
watershed scale (28 stream sites: 22 served by septic systems, 6 sewered for

comparison)

® |s there evidence that onsite wastewater treatment systems contribute nutrients to

tributary streams that drain to Falls Lake?

® |f so, how much and where?

Residence




SURFACE WATER MONITORING SITES

Stream

Viatervodies

Watershed
Rock Type Sl
I biotite gneiss I intermediate metavolcanic rock S
conglomerate Il mafic metavolcanic rock L
B diabase meta-argillte
felsic gness metamorphic rock phyllite
felsic metavolcanic rock metasedimentary rock terrace

Figure 4. Falls Lake geology.



SURFACE WATER SITES- SELECTED ACROSS A GRADIENT OF

SEPTIC SYSTEM DENSITY
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GROUNDWATER AND WASTEWATER MONITORING SITES

= GW and WW monitoring at 5

. | sites (bi-monthly, Sept. 2020-
3 Aug. 2021) to quantify nutrient
- treatment at individual system

and lot-scale (4 conventional, 1

sand filter)

= Data can help quantify onsite
wastewater nutrient attenuation
at the system and landscape-

Conventional
Z  Sand Filter
———— Sfream

Stream-Inferred Sca I es
Matural Wetland
! Septic Watershed = Effort led by Charlie Humphrey,
* City of Durham Limits Guy lverson, and Jordan Jernigan

Groundwater and wastewater sampling locations within
the Lick Creek watershed of Falls Lake. 4 conventional
OWTS and 1 sand filter system were monitored.



Site 100
Type: Conventional i
Age: 52 years
Occupants: 1

Trench Depth: 3.3 ft
Avg GW Depth: 5.5 ft

Site 200

Type: Chamber
Age: 4 years
Occupants: 2
Trench Depth: 1.7 ft
Avg GW Depth: 2.2




Site 300

Type: Conventional
Age: 53 years
Occupants: 6

Trench Depth: 2.0 ft
Avg GW Depth: 3.0 ft

Site 400

Type: Conventional
Age: 2 years
Occupants: 1

Trench Depth: 2.3 ft
Avg GW Depth: 4.0 ft




Type: Sand filter
Age: ~14 years
Occupants: 2
Discharges to road ditch



WATER QUALITY ANALYSES AND CHARACTERIZATION

= Wastewater and groundwater/filter effluent
collected 5 times and at least once each season
(2020-2021)

= Nutrient analyses: TDN, NO;, NH,,DOC, CI, TDP, PO,

= Physicochemical analyses: pH, dissolved oxygen, specific
conductance, temperature, oxidation reduction potential, depth
to water

= Treatment efficiencies calculated using
differences in concentrations between
wastewater and groundwater, and differences in
nutrient to chloride ratios
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TDN CONCENTRATION REDUCTIONS
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Site 100

Tank - DF: 54% TDN reduction
Tank - DG (80 ft): 97%

Site 200

Tank - DG (23 ft): 75% TDN reduction
Site 300

Tank - DF: 86% TDN reduction

Site 400

Tank - DF: 95% TDN Reduction

Site 500

Tank - Effluent: 78% TDN Reduction



TDN/CI
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TDN MASS REMOVAL

Site 100

Tank - DF: 26% TDN reduction
Tank — DG (80 ft): 65%

Site 200

Tank - DG (23 ft): 50% TDN reduction
Site 300

Tank - DF: 81% TDN reduction
Site 400

Tank - DF: 92% TDN Reduction
Site 500

78% TDN Reduction



TDP CONCENTRATION REDUCTIONS

TDP (mg L-1)
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Site 100

Tank - DF: 55% TDP reduction
Tank — DG (80 ft): 99%

Site 200

Tank - DG (23 ft): 97% TDP reduction
Site 300

Tank - DF: > 99 % TDP reduction
Site 400

Tank - DF: 99% TDP Reduction

Site 500

Tank - Effluent: 83% TDP Reduction



TDP/CI

TDP MASS REMOVAL

0.16 Site 100
0.14 - Tank - DF: 18% TDP reduction
0.12- Tank — DG (80 ft): 85%
010, Site 200
) 096 096
0.06. Tank - DG (23 ft): 91% TDP reduction
e & ) !"““ J Site 300
o081 - . Tank - DF: > 99% TDP reduction
0.04 . Site 400
0.02 . c_.n.il B Tank - DF: 99% TDP Reduction
0.00 - 0001 - 0.001 Site 500

é': @fL 9‘; < :sh 9‘; 83% TDP Reduction



SITE SUMMARY

= 77% average TDN concentration reductions Tank - DF; range of 54 to 95%
" 61% average TDN mass removal Tank - DF; range of 26 and 92%
= Bradshaw and Radcliffe 2013 (avg 61% mass removal of TDN in Cecil soil of Georgia)
* Humphrey et al 2016a (avg 61% mass removal of TDN in Cecil and Georgeville soils in NC)
= 87% average TDP concentration reductions Tank - DF; range of 55 to > 99%
= 77% average TDP mass removal Tank - DF; range of 18 to > 99% (3 of 4 > 90%)

= Humphrey et al 2016b (Greater than 92% removal of TDP for 2 systems in Cecil and
Georgeville soils)

Site 400 (highest clay content, newest system, good separation to groundwater was most
efficient)

= Site 100 (lowest clay content, deepest system, > 50 years old was least efficient)
= Sand Filter reduced TDN by 78% and TDP by 83%

* Humphrey et al 2016ab (Avg 80% TDN reduction and 83% TDP reduction for 2 single pass
sand filters)

Bradshaw, J. K., & Radcliffe, D. E. (2013). Nitrogen fate and transport in a conventional onsite wastewater treatment system installed in a clay soil: experimental results. Vadose Zone Journal, 12, 3. doi:10.2136/vzj2012.0149.

Humphrey, C.P., Jernigan, J., lverson, G., Serozi, B., O’Driscoll, M., Pradhan, S., and Bean, E. (2016a). Field evaluation of Nitrogen Treatment by Conventional and Single-Pass Sand Filter Onsite Wastewater Systems in the
North Carolina Piedmont. Water Air & Soil Pollution. doi:10.1007/s11270-016-2958-0

Humphrey, C., Serozi, B., Iverson, G., Jernigan, J., Pradhan, S., O’Driscoll, M., Bean, E. (2016b). Phosphate treatment by onsite wastewater systems in nutrient sensitive watersheds of North Carolina’s Piedmont. Water
Science and Technology 74 (7) 1527-1538



IF THE SOILS ARE TREATING~60% OF N AND >90% OF P

= What happens to the remaining
nutrients that are loaded to the
groundwater system?

Residence

Compare nutrient concentration and loading between
sub-watersheds served by sewer vs. septic systems.
Differences in concentration and loading may be
attributed to potential OWTS nutrient inputs
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! Median Septic Stream=0.73
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'*E 0.8 Septlc
: X *‘*\ Stream NO,
e 07 ‘
S \, o 92% Concentrations >
< 0.6
% E Sewer fOI' V VaterShedS
£ ¢ 05 .
2= Served by Septic
= 0.4
= Systems
= 0.3
= Median Sewered Stream=0.38
b= 0.2
=
0.1 Significant differences in median
. concentrations (p<0.001) indicate that
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transported to streams
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Boxplots of the N-15 in nitrate distributions (Nov. 2020 and March 2021 sampling events) for all sewered sites, and
septic Triassic Basin (TB) and Carolina/Falls/Crabtree Terrane (CT/FT) sub-watersheds. Median N-15 in nitrate is
elevated for the septic sub-watersheds relative to the sewered sub-watersheds. N-15°/°° of greater than 8 suggests
the nitrate source is likely wastewater or animal waste (Silva et al. 2002).

Isotopic Data
Suggests Wastewater
is a Potential Nitrate
source

Typically, ww or animal waste
sources of NO; have elevated §'°N
relative to soil om or fertilizer (Silva
etal. 2002).

When 6°N is >~ 8 °/°°, this provides
an indication that the nitrate source
is likely wastewater or animal waste.

Median 6°N value for septic sub-
watersheds was 9.27 °/°° and >TB.

Enriched 8N compositions in NO, in
septic watersheds suggested
wastewater nitrate sources.



Influence of
Geological
Setting on
Stream TDN
Concentrations

507 Triassic Basin CarolinafFalls/ Crabtree Terrane All Sites

S

* Septic sub-watersheds in the Triassic
Basin > median TDN conc. (2.57 mg/1) vs.
CT/FT (1.59mg/1)

* Median TDN conc. for sewered sub-
watersheds in the Triassic Basin (1.30
mg/1) were <septic sub-watersheds (2.57
mg/1) (p<0.001).

TDN Concentration (mg/l)

¥
390 ) %

i

CT/FT Sewer CT/FT Septic All Sewer All Septic

* CT/FT settings, subtle difference
between median TDN concentration for
sewered (1.545 mg/1) vs septic sub-
watersheds (1.59 mg/1) (p=0.049).

TB Sewer TB Septi

Comparison of stream TDN concentrations for sewered and septic sub-watersheds
for sites in the Triassic Basin (TB) (generally sedimentary geology) vs. sites in the
Carolina Terrane, Falls Lake Terrane, and Crabtree Terranes (CT/FT) (denerally
igneous and metamorphic geology).

* Differences suggest OWTS may be more
likely to affect stream nutrient
concentrations in the TB.
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Effects of Septic
System Density on
Stream Dissolved
N and 1°N

* Median TDN, NO,, and '*N in septic

sub-watersheds increased w/ septic
system density

* > likelihood of elevated nitrogen

concentrations and >N enrichment at
higher septic system densities



Hoghooghietal. 2016
(Atlantawatersheds)

Effects of Septic 6
System Density on (a)
Stream Nitrate 5 1
Concentrations

e Similar relationship was found by
Hoghooghi et al. (2016) for watersheds in
the Atlanta, GA region.

e > likelihood of elevated nitrate
concentrations at higher septic system
densities

e Suggeststhat with septic system
density> 1 system/ha, nitrate
concentrations increases may be
detectable

NO, (mg N L)

e Good News! Rare to have densities > 3
systems/ha~ Atlanta in Falls Lake
Watershed!!

100 200 300 400 500
OWTS density (no. of unit km™?)
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Identifying Sites
with Potential

Elevated OWTS
Nutrient Inputs

* TDN in septic sub-watersheds, more

consistently elevated in Triassic Basin

Many streams in the other geological
settings (CT/FT) did not show elevated
concentrations above sewered (w/ a few
exceptions).
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Median Concentration Difference (Septic-Sewer)
(mg/l, o/oo for N15, MPN/100 ml for E. Coli)

0.5

Comparison of the median difference between septic and sewered sub-watershed
stream nutrient, chloride, N15, and E. Coli concentrations for Triassic Basin (TB) and Carolina

B TB Median Difference

B CT/FT Median Difference

Il Il []
TDN NO3 NH4

DKN

-
PO4 Cl

Terrane, Falls Terrane, and Crabtree Terrane (CT/FT) settings.

TB Cl difference

32.5 mg/l
N15 LogeE. Coli

Potential OWTS-
related nutrient
transportto
streams was more
likely for Triassic
Basin

« Comparisons of median differences in

indicators between sewered and septic
sub-watersheds, > differences in TB

* Many streams in the other geological

settings (CT/FT) did not show elevated
concentrations above sewered (w/ a few
exceptions).



g P — . Identifying Sites
- Jones Ditch (sand fitters) W].th POten al
Elevated OWTS
Nutrient Inputs

10

Monthly Baseflow TDN
-

Concentration (mg/l)

Sand filter = S /

- . -y 1 i -
I—-|I-1—_..|-'" L ¥ =" e ™l
L ]

systems 0 ' 3
Aug-20 :, MNaow-20 Mar-21 '. Jun-21
1~ 1
Jones Ditch '. .:
Durham Co., NC \ '
25 1'. dm
82
o b
3 15 \ Potential
- ' I Wastewater
Tl T S it SO RN,
i e "y - » Example of a site in TB, where water
& Seplic System Septic Outlet — Stream . . .
¢ Ditch Sample - - - Jones Diich Tr. conglomerale ¥ Ashburn (sowerod)  Jones Ditch (sand iters) quahty data SuggeSte.d lnCTCE-lSCd nutrlent
concentrations associated with
Jones ditch surface water sampling site in Durham Co. had the highest nutrient wastewater mnputs

concentrations and N-15 enrichment of all Triassic Basin sub-watersheds. The data suggested an
influence of onsite wastewater lﬂpllTS on nutnent lﬂﬂdlﬂg.
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Estimating OWTS Nutrient l 9870 100%
Attenuation atthe Sub-

Watershed Scale

80 1 :

e Comparisons of estimates of sub-watershed scale
nutrient attenuation based on median differences
in concentration times discharge (during
baseflow) and literature estimates of loading to
soils

e Estimates suggest > median PO4 attenuation than

% Attenuation (System to Stream)

e Overall, better attenuation in CT/FT geological |
settings than TB settings 20

e  Worst: 67% P; 75% N; Jones Ditch (TB).

e *Qutliers - sub-watersheds (Passmore/Park Ridge,
Wake Co.) in CT/FT: median 14.6-9.8 mg/1 N, other 01 =X
N sources? . : :
TDN- TB TDN- CT/FT PO4- TB PO4- CT/FT
¢ Inmostcases, suggeststhat at baseflow - OWTS
nutrient treatment can be similar to municipal

wastewater treatment plants : : .
P Estimates of the percent of OWTS nutrient load that is attenuated between the OWTS

« Thisapproach used baseflow conditions, more systems and the stream. Comparisons are for TDN and PO4-P for Tnassic Basin (TB) and
work is needed to evaluate during storms Carolina/Falls/Crabtree Terrane (CT/FT) septic sub-watersheds based on estimates in Tables 11
and 12.
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~DE %) NC
NORTH CAROLINA = Q POllCY

Collaboratory

Department of Environmental Quality

Upper Neuse River Basin Association

Conclusions

* WW/GW monitoring suggested soils could treat ~ 60% of N and >90% of P loads from OWTS to groundwater, worst
performing site (100): 18% P; 26% N mass reduction.

Residence

* Evidence of OWTS nutrient transport to 11 of 22 streams: relationship of increased N conc. and N-15 with increasing
septic system density. Sub-watersheds with > 1 system/ha were more likely to have elevated N conc.

* Fewer streams in CT/FT geol. (6/17) showed influence of OWTS on nutrient conc., streams in the Triassic Basin w/
upgradient septic systems (5/5) were more likely to have elevated nutrient conc. relative to sewered streams.

» Similar to soil treatment estimates, sub-watershed scale nutrient attenuation estimates (from OWTS to stream)
suggested slightly better treatment for P (87-100% median) vs N (83-98% median). Worst: 67% P; 75%N. * Sub-
watersheds (Passmore/Park Ridge, Wake Co.) in CT/FT: median 14.6-9.8 mg/l N, other N sources? BMPs?

* Functional OWTS may achieve similar treatment to municipal treatment plants at the sub-watershed scale.

*Due to in-stream, riparian & hyporheic zone nutrient attenuation (denitrification, biological uptake, transformations),
some fraction of the OWTS nutrient inputs may not be delivered to the lake (distance, etc.)

- Limited info on stormwater-related loading and spatial/temporal variability of failing systems- more research needed.

* Approaches to deal w/ low performing sites- ongoing work w/ NC Policy Collaboratory (G. lverson/N. Bell).......




NC

B Septic System Density

1 Using estimated locations of septic
systems provided by Brown & Caldwell,
the density of septic systems were
estimated at the watershed scale

J 30 sub-watersheds were selected in areas =

Watershed

that had estimated densities > 1 system/ha

1 Sampling occurred twice across all 30 sub-
watersheds in December 2020 and
February 2021

O Physicochemical parameters

d DO, temp, SC, ORP, turbidity, pH, discharge
O Nutrient parameters

0 TN and TP, along with their speciation

Falls Lake Septic System Density Surfac (#/h) N\ 9
[ Joo7-021 B
[lo22-043

- 044-0.71

ENVIRONMENTAL HEALTH
SCIENCES PROGRAM -105 1.45
B 146-222




Watershed Characteristics

Watershed Name County Septic System Area Septic System Density Latitude Longitude
(#) (ha) (system ha™!)

Durant Wake 229 229.48 1.00 35.91 -78.61
Victory Church Wake 740 458.12 1.62 35.94 -78.72
November Durham 345 268.91 1.28 36.07 -78.96
Appaloosa Granville 54 48.91 1.10 36.09 -78.57
Donlin Franklin 160 79.88 2.00 36.02 -78.54
Jenkins Wake 110 64.27 1.71 36.00 -78.54
Woody Person 43 40.04 1.07 36.26 -78.93
Barclay Durham 150 125.55 1.19 36.10 -78.90
Harold Durham 43 32.03 1.34 36.12 -78.92
Green Bay Durham 162 159.14 1.02 36.10 -78.92
Asbury Durham 17 8.51 2.00 35.97 -78.78
Macon Wake 272 152.44 1.78 35.92 -78.70
Park Ridge Wake 72 46.21 1.56 35.94 -78.66
Brookfield Wake 119 52.60 2.26 35.92 -78.68
Tacketts Pond 1 Wake 31 16.74 1.85 35.98 -78.68
Tacketts Pond 2 Wake 39 28.62 1.36 35.98 -78.68
Green Downs 1 Wake 112 59.31 1.89 35.95 -78.70084
Green Downs 2 Wake 19 13.45 1.41 35.95 -78.70
Green Downs 3 Wake 52 23.64 2.20 35.95 -78.70
Appaloosa Run E Wake 89 47.10 1.89 35.96 -78.70
Ethan Wake 46 43.80 1.05 35.94 -78.74
Indigo Moon Way Wake 101 66.80 1.51 35.93 -78.73
Bushveld Wake 95 72.62 1.31 35.92 -78.72
Cranesbill Wake 270 189.69 1.42 35.93 -78.69
Liatris Wake 53 37.27 1.42 35.93 -78.70
Old Creedmoor Wake 69 34.71 1.99 35.93 -78.68999
Kinsdale 1 Wake 76 45.10 1.69 35.93 -78.68
Kinsdale 2 Wake 65 37.49 1.73 35.93 -78.67
Leslie 1 Wake 58 29.59 1.96 35.93 -78.66
Coachmans Way Wake 108 53.60 2.01 35.93 -78.64




Nutrient Concentrations

d TN concentrations ranged from
approximately 1.5 — 10 mg/L

J 8 sub-watersheds contained a median value that
exceeded 2 mg/L

O 6 of these had densities > 1.5 systems/ha

 The Park Ridge sub-watershed contained median
concentrations > 8 mg/L

O Likely other sources, density is 1.56 systems/ha

d TP concentrations ranged from 0.02 — 0.17
mg/L
6 sub-watersheds contained median values that
exceeded 0.08 mg/L
O 3 of these had densities > 1.5 systems/ha

O Park Ridge not among these 6 — more evidence for
other sources?

/‘\ ENVIRONMENTAL HEALTH
A SCIENCES PROGRAM
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Nutrient Sources

1 Sub-watersheds contained an
array of potential sources

) S — Density
including ammonia fertilizers, | @ © b
soil organic matter, and s f
manure & septic effluent =" |

> {0
0 As density increased, values 3 | |- g—

of 8'°N values tendedtobe ¢ = .
elevated (moved furtherright & | | | s o
on the figure) ol e 1T el

§'°N-NO," (%o - Air)
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Potential Treatment?

Nitrate Removal Literature Estimates
. . Flow Inflow N Red Nitrate
Reference  Setting Media (L min") HRT (mg L) (%) Mass Rem
Robertson &  Field; 6 gm2d
Merkley [40] IBR we 24 N/A 4.8 8 (up to 360 g d)
N Speciation Iverson [41] FIISF(:; WC (MS) 26 N/A 0.9 78 0-12gm2d"
Bell et al. Field; 3 4
[42] BR WC (MS) 5.8-23.3 2-8h  <0.1-17 20-98 11.6gm3d
Christianson Pilot; . 3 41
[18] BRs WC (pine) N/A 2-15h 7.7-35.6 14-37 2.1-6.7gm3d
Ramirez- Lab:
Godinez et ’ PS N/A 3d 50 95 N/A
BR
al. [43]
Lynn et al. 2:1 PG; Not N/A
[44] Lab®  we(E)  specifieds oM 4 Upto 98
Hoover et al. Lab; wC 3
[45] BR (MS, HW) N/A 2-24h  11.5-35.1 39 15.6gm3d

High Low
> 1.5 system/ha < 1.5 system/ha

/‘\ ENVIRONMENTAL HEALTH
A SCIENCES PROGRAM

2.007

—
a
o

1.001

Nitrogen Concentration (mg L")
2

0.001




Bioreactor Pilot

U 9 bioreactors were installed and
water with 20 mg/L of nitrate is
pumped into each using variable
hydraulic retention time and carbon
media

1 Pine bark media (orange colors)
showed the best potential for
treatment across all pore volumes
and hydraulic retention times

1 Pine bark also released the lowest
amounts of TKN, TKP, and DOC

d More research is needed on
adapting phosphate sorption media
in denitrifying bioreactors

/‘\ ENVIRONMENTAL HEALTH
A SCIENCES PROGRAM

NO3-N % Reduction
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HRT= hydraulic retention time (hr)

— & = HRT 1- woodchips — & —HRT 1- pine bark — & —HRT 1- peanut hulls
-« HRT 2- woodchips - HRT 2- pine bark «---- HRT 2- peanut hulls
—=—HRT 0.5- woodchips —=—HRT 0.5- pine bark =~ —=—HRT 0.5- peanut hulls



Where to Site Bioreactors?

d Areas where riparian buffers
and/or wetlands have been lost
or degraded with elevated
nitrate and/or phosphate
concentrations

] Estimated reductions in
selected sub-watersheds:

TN TP

Watershed NO3 (mg L") TN (mg L") Red PO4 (mgL") TP (mg L) Red
In Out Before  After (%) In Out Before  After (%)

Park Ridge 9.52 2.09 9.77 235 76.0 0.00 0.00 0.03 0.03 11

Asbury 087 019 202 135 335 010 003 017 010 44.0
TS e Barclay 098 022 213 137 358 002 001 008 007 18.1
[ wetancs Falls Lake Woody 136 030 230 123 463 005 001 008 005 403
[ Non-forested Vegetation stream Kinsdale1 1.91 042 252 103 591 001 000 004 003 152
= open et [ :’:Viytfr:td Kinsdale2 2.60 057 301 098 674 000 000 003 003 10.1
—— - | GreenBay 053 012 189 148 219 004 001 009 006 347
= Developed, all classes ! Harold 049 011 186 147 206 004 001 010 0.07 29.6

Barren Land
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Thanks for your attention!

1 Questions/comments?

AECU
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