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Springs Protection Assessment Using Nitrate Isotope Analysis

OUTLINE

 Why is nitrogen so important?
* Nitrogen and the Springs and Aquifer Protection Act

* Nitrogen Sources

* Dual Nitrate Isotopes
* What they are

* How they work
* Data Limitations

* Practical guidelines for sampling

e (Case Study: Nitrate sources to Wekiwa spring

e Sources of nitrate to spring
* Mixing models e daponts 2018

* Qutcomes: ldentification of hotspots, Management Practices
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WHY IS NITROGEN SO IMPORTANT?

S

Nitrogen Paradox: One of the 5 elements
necessary for life, BUT more than 99% occurs as
triple bonded N,, which cannot be used by
organisms.

Breaking the bond requires lots of energy

. High temperature processes (lightning)
. Nitrogen-fixing microbes

Anthropogenic inputs have caused concentrations ottled Spring, Water
to rise to harmful levels :

* High nitrate can cause eutrophication
* In Florida, eutrophication = impaired springs

05 o 0.35 mg{L!g Standard
* 90% Florida’s drinking water from GW ] I I 'I I | |

Nitrate + Nitrite - N (mg/L)
oy
in

Ponce ® Quest® lce River | Nice! @ (Silver Family GreatValue ®| Ice Canyon ® (Smart Sense ®  Crystal Publix & Zephyrhills ®
4 { H ) (Orange (Silver Spring ® Springs) Gourmet ® - (Silver (Silver (Silver Springs ® (Ginnie (Crystal
o S p rl n gs WI n d OW I nto h e a Ith Of G W Spring) Springs) (Ginnie (Silver Springs) Springs) Springs) (Wekiva Springs) Springs and
Springs) Springs) Springs) athers)
. . . Bottied Spring Water Brand (Source)
* Threaten recreational /economic value of springs

Florida Springs Institute 2018
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SPRINGS AND AQUIFER PROTECTION ACT 2016 N\

| Outstanding Florida Springs
! Pending Priority Focus Areas

FDEP adopted 13 restoration plans in 2018 to address
24 Nitrogen impaired Outstanding Florida Springs.

» Delineate priority focus areas;

* Prioritize lists of restoration projects which include estimates of
nutrient load reduction;

* Project milestones to achieve water quality restoration targets

: 1 ‘
BMAP Status *  Spring Vents

M Adopted BMAPs (to be updated) :
I n 20 yea rs; - e BMARe D Springs BMAP Areas
|:I 9 l:l Pending Priority Focus Areas
1 - Alexander Spring (not impaired) 16 - Rainbow Spring Group

2 - Chassahowitzka Spring Group 17 - Sllver Glen Springs (not impaired)

» Estimated nutrient pollutant loads, allocated to each source 2 Columeia Spring (rt impared) 15" St Spnge

4 - Devil's Ear Spring 18 - Treshouse Spring (not impaired)
5 - Falmouth Spring 20 - Troy Spring

or category of sources; and ey o e,
i ienoreins e ing
* Completed remediation plans for onsite sewage treatment and JE::::E'&:“MMM, 3%%?%“‘
disposal systems (OSTDS) where septic loading accounts for m,.,mE:: 5o ins Sy
at least 20 percent of the estimated nutrient input. = I T S— VA |

http://www.floridahealth.gov/environmental-health/onsite-
sewage/research/_documents/ofs_bmaps_and_pfas.pdf

www.DrummondCarpenter.com 4
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Fertilizers contain varying proportions of nitrogen, nitrogen species, and degrees of
slow-release nitrogen.

* Lawn or crop-applied

* UF/IFAS estimates 1-55% of fertilizer nitrogen
applied on Florida lawns leaches to

grou ndwater (Shaddox and Unruh 2018)

shthmaioe
SRt et

y A mmmmmm.w

SOUTHERN WEED AND FEED, \Ce | i

7 },ERHBIGIDA Y FERTIIJZANTE PARA

1 f et e 1005 R ofGren o oves B
o the sl

W) For use on St. Anuuslmuums (including

¥ Floratam), centip siagrass
and carpetgrass | T

Agustin (ncuyendo

z‘%‘-‘?ﬁ':_..

" 4 con i
4 .;, g -
Y AWl m s
i PESONET0725 16
Y 55136 prie
i Call 1-877-31: e

Sold and Guaranteed by:
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Human (Wastewater / Septic Leachate) and Animal Wastes contain fixed nitrogen that

can reach springs.

* Urine is mineralized to ammonia, then

oxidized to nitrate.

* Nitrate is very soluble; when it enters the

aquifer, it moves with water.

Excessive Nitrates

$ ¢

. Aquifer
Southwest Florida 9 \\ 5
Water Management District é
f-

—
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Atmospheric Nitrogen accumulates in the atmosphere from powerplants, vehicles, and
industrial emissions.

* Nitrogen is deposited through wet and dry deposition.

= Dry NH,,
mm DryNH,,
mm Wet NH,
mm Dry HNO,
Spring Summer Fa|l Winter ®8 DryNO; _
€ 30- m Wet NO,
S
5 20-
s
5 10+ I
O
Sh’_) 0= H = = .
E 883855338833
SL=<<sSP2n 0=z >6.0

Dry deposition of HNO3 + pNO3 2019
Source: CASTNET/CMAQ/NADP USEPA 11/19/20

Pie charts of seasonal N deposition species pathways
(Upper) and total monthly measured precipitation (Lower)
in Florida area (Li et al. 2016)

www.DrummondCarpenter.com 7
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Nitrogen is naturally “fixed” in the soil, but natural / background (non-human input)

groundwater nitrate concentrations are very low.

Nitrate Levels at Weeki Wachee Spring vs. Hernando County Population

16
1.5 +

rrrrrrrrrrrrrrrr

=
-
o
o~

160,000

140,000

120,000

8
g

POPULATION

80,000
60,000
40,000

20,000

-0

YEAR The Florida Springs Task Force, 2006

Nitrate-N concentrations at Weeki Wachee

Spring (red triangles) and Population (blue

diamonds) Hernando County.

www.DrummondCarpenter.com

Nitrate Concentrations in Juniper and Lithia Springs
[uniper - NO3-T; Lithia - NO3-D]

5 -
b Lithia
3
o
g,
1 Juniper
!
04 e T TR TTT o e e
1/1/1985 1/1/1950 1/1/1995 1/1/2000 1/1/2005

Date

Nitrate-N concentrations in Juniper
(conservation lands) and Lithia (mix of

agriculture, urban/ residential).
The Florida Springs Task Force, 2006

..... Throughout the karst areas
of north and central Florida
where artesian springs are
common, groundwater nitrate

nitrogen concentrations have

increased from a normal
background of less than 0.02
parts per million to widespread
concentrations over 1.0 parts
per million (a fifty-fold

increase) o (from Florida, Land of 1,000
Springs, Howard T. Odum Florida Springs Institute,

http://www.lake.wateratlas.usf.edu/upload/docum
ents/Springs-Facts-FSI-012414.pdf
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m Mass differences cause different reaction rates or “fractionations” during
chemical and biological reactions.

m Fractionations allow fingerprinting of sources and reactions.

=0 (DEIta) Notation: 6Sample = ((Rsample-Rstandard)/Rstandard)*1OOO

where "R" is the ratio of the heavy to light isotope in the sample or standard.
A positive “0” value means the sample is heavier than a standard, negative “0”
values indicates the sample is lighter than the standard.

~£& SDVOSB;

www.DrummondCarpenter.com 10
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Analytical advances have transformed our capacity for analyzing nitrate
Isotopes.

Sample mass requirements decreased by
3 orders of magnitude

AgNO; Method

100-200 umol NO . Denitrifier Method

10-20 nmol NO;

Slide courtesy of Dr. Emily Elliott, University of Pittsburgh g 9
v of 4 v of s £ spvosB &
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N

Analytical advances have transformed our capacity for analyzing nitrate
Isotopes.

' 4 -

\ B

https.//syringefilter.com/

www.DrummondCarpenter.com 12
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Analytical advances have transformed our capacity for analyzing nitrate
Isotopes.

Pseudomonas aureofaciens _
Photo courtesy of “Microbe wiki” 51°N (Slgman et al., 2001 )

NO, = NO,” 9 N,O { 8180 (Casciotti et al., 2002)
A0 (Kaiser et al., 2007)

Slide courtesy of Dr. Emily Elliott, University of Pittsburgh

z g
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Nitrate isotopes can provide information about what sources contribute to observed nitrate.

suiEE,
a®
Ad

L4
N

o* :‘:t .
M1 Wet DV
ooet o < depositign
70 N .: :: ‘0’. ’0‘.
* Nitrate sources show distinct ranges of .8
reported values. s 50 ROt
. . Z
* Some overlapping signatures 3 30
C i
g resssanees .
-NQ&fQﬂ!l:'.;QL-.‘ .................... ., denitrificatign
10 - : : ' . :human-animal _:
= soil ]
'llf ------ :l lllllllllllllllllll L o
-10 1 1 1 1 1
15 - 5 35
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Denitrification Reaction Sequence

NO,— NO—>» NO —» N,0 —» N,

Nitrate Nitrite Nitric Oxide Nitrous Oxide Nitrogen Gas “““‘ ..:}:"‘ “:
90 1 o o Dy
Conditions that promote denitrification: SO F depositigh
* Presence of denitrifying bacteria 5 70 - .
* Low dissolved oxygen S 50 e
* Presence of electron donor (carbon) §
« 304 .
Denitrification enriches 3'°N & 60 =« INQ3 fertlllze-r... eenreeseeseneenn, denitrificatipn
_ _ . 10 - . soil : human-anlmal :
* Lighter isotopes are preferentially used by -
. RS S ". ................... R
bacteria 10 , . . . .
-15 -5 25 35

* Remaining nitrate pool is isotopically "heavier"

www.DrummondCarpenter.com 15
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Nitrate isotopes can provide information about what sources contribute to observed nitrate.

-------

* Example Samples from Pittsburgh, PA. 90 1 .«"VVet .Egry . ® Baseflow
g » & deposition Samples

* Surface waters plotted in the dual- 704 :

isotope space. g A Storm Samples
» Baseflow, (for this water source) S 30 -

. Z

influenced by sewage. g 30 |
* Mixes with atmospheric deposition w©

during storms. 10 -
e Denitrification

-10
-15

www.DrummondCarpenter.com
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Why is nitrogen so important? £
* Nitrogen and the Springs and Aquifer Protection Act
* Nitrogen Sources
* Dual Nitrate Isotopes
* What they are !
* How they work
* Data Limitations
* Practical guidelines for sampling
e Case Study: Nitrate sources to Wekiwa Spring
) ) : 1N 5N
* Sources of nitrate to spring - vaousor | | 150001
‘ 99.63% 0.37%
* Mixing models b ol Poiite A8 o Sudi it g SR Siabie Sabie
160 170 180 SAHRA 2005
* Qutcomes: ldentification of hotspots, Management Practices 159949 || 169991 || 17.9991
99.76% 0.04% 0.20%

Stable Stable Stable
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Is nitrate from fertilizer a significant nutrient source to Wekiwa Spring?

* Water quality data \

collected quarterly for 3+ Wekiwa Spring listed as
] impaired for excessive nitrate.
years from 22 sampling . TMDL (2008)

locations - BMAP (2018)

* Isotopic data collected for
sampling locations with
higher nitrate
concentrations

s A
| Miles

 Does the data support ==
. o g é Groundwater Sampling Locations
restrictions on fertilizer
practices? B

. 9 mg/L
otenti

ns based on water quality data collected from 2017 to March 2020. — P iometric Contour

www.DrummondCarpenter.com 18
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S

Land use in Wekiwa Priority Focus Area:

* 34% Urban and Built-Up
e 21% Water
 18% Wetlands

Septic within Wekiwa Priority Focus

Area:

e Study wells located on parcels
connected to sewer

Agriculture

Barren Land

Rangeland
I Transportation, Communication, and Utilities
I Upland Forest
[ Urban and Built-Up

Water

I \Vetlands

www.DrummondCarpenter.com

ROCK SPRINGS RD
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+
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SRR V] )
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o
(7]
s
ey &
* x
i , T2 e o
+
i e SEMINOLE COUNTY
N
SEMORAN BLVD 0 0.75 1.5
SEMORAN BLVD  e— L[] ‘ \
% (MW1's} LEGEND
+
% (MW20) )
06"0{ . ® Springs
@04’ +  Groundwater Sampling Locations
% Parcels with Septic
[MW22] )
+ Known Septic
RS o Likely Septic
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Springs Protection Assessment Using Nitrate Isotope Analysis

CASE STUDY: WEKIWA SPRING

Nitrate reaching Wekiwa Springs via e
groundwater is dependent on a mix of factors:

Discharge (ft3/s)
()]
(92
NOx-T (mg/L)

* Source 60
e Continuous = leaky septic 50
* Intermittent = fertilizer application 4 0

1990 1993 1997 2001 2005 2009 2013 2017

= Discharge === Nox-T

e Groundwater travel times

2.5

* Longer travel time = more denitrification potential

N

=
"

* Hydrogeologic conditions

Nox-T (mg/L)

RN

* |nfiltration rate

©
wn

* Conditions to promote or inhibit denitrification

o
o
o

50 60 70 80 90
Discharge (ft3/s)

www.DrummondCarpenter.com 20




DRUMMOND
N
CASE STUDY: WEKIWA SPRING Q\\}/CARPENTER

engineering + research

Springs Protection Assessment Using Nitrate Isotope Analysis A

Data suggests mixing of groundwater originating from sources with various nitrogen

30.00

loading and/or travel times.

25.00 °

e Samples from wells across Wekiwa y=1.0x+0.0
20.00

Priority Focus area.

e Spring water from Wekiwa Spring. §15-°°
* Wells from Surficial (n=4), §o 10.00
Intermediate(n=6) and Upper o0
Floridan (n=1) Aquifers.
* Dissolved oxygen (DO) decreases o
along denitrification trajectory. V0 20 40 s0 s0 100 10 10 10 180

5180-NO; (%o)

SAS a-a» |AS - UFA @» Spring  ceeceeees Linear (All samples)

www.DrummondCarpenter.com 21
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Nitrate Isotope values indicate strong fertilizer signal and denitrification.

* Potential mixing with wastewater. 35.00
Denitrification
* Denitrification in action. 3000 e e I
25 00 NO; Fertilizer i i
* Albertin et al. (2012) calculated : :
) ] ] 3 20.00 LT LTI !
a 43% decline in nitrate > PP
: L S 15.00 R?=0.6
concentrations (with increases z ;
in 815N, 5180) for Wekiva Spring @ > e
- .'_.--"".. ¢ Wastewater, Septic, Manure
from 2005 to 2008. >0 S
o _ 0.00 E o e
« Mixing models can help determine Nk 7urea pariiizer
. . . . . -5.00
proportion of nitrate originating -5.0 0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0

81°N-NO, (%o
from each source. 3 (%00}

www.DrummondCarpenter.com 22
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Bayesian Mixing Models can help untangle the proportion of nitrate by source and gain
insight into biological processing.

SIAR data

Stable Isotope Analysis in R (SIAR) 2 o sterier

* Developed for ecological food web studies o SManwe
* Commonly used in nitrate sourcing studies 2 -

Group 1
Group 2
Group 3

Group 4 -
Group 5

RN S?EEEE N

. ve 8 | Gll:gﬂpg . :

MOdEI InpUFS. . . b m::’eo;qégt:::::smﬁgm i o grﬂlﬂ?ﬁgaﬂx el &

* Source Distributions E==s) |’ J{ e

. e 2 . "Il_‘:,

[+ o

d180

20
|
wOEE e kBN

Isotopic Data of Samples

0 10 20 30 40

Allows for overlapping source ‘fingerprints’ 415
Allows for variability in source ‘fingerprints’

www.DrummondCarpenter.com 23
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Mixing model results provide relative contributions of each source to total nitrate in
each well sample set.

* Mixing model results commonly viewed as boxplots.

* Allows for visualization of uncertainty.

* Larger sample size produces more certainty in model results.

Well X: Sample Size = 13 Well Y: Sample Size = 2

-

1.0
1.0

0.8
0.8

0.6
0.6

Proportion
Proportion

0.4
0.4

0.2
0.2

=2 = -

NO3 Fertilizer NH4/Urea Fertilizer SManure Denitrification NO3 Fertilizer NH4/Urea Fertilizer SManure Denitrification
Source Source

0.0
0.0

www.DrummondCarpenter.com 24
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Mixing model results provide relative contributions of each source to total nitrate in
each well sample set.

» Strong fertilizer signature across all sample locations.

* Wells with >60% attributed to fertilizer had average nitrate concentrations > 2 mg/L.

l NH4/Urea Fertilizer

:

.

q.8

0|.6

Proportion

[
T
]

oS4
- H - H H = H
SA
T T T T T T T T T T T T
MWDS MwW22 MW20 Mw17 MW02 Mwo7 XDEPPBS MW11 MWBS MwBU MWO04/R SWO01

www.DrummondCarpenter.com 25
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Mixing model results provide relative contributions of each source to total nitrate in
each well sample set.

* Sewage signal present.

= Sewage & Manure

0.8

q.G

Proportion

i
.
]

T T
TTRE N e "fTet

ju—

Q.Z

q.O

T T T T T T T T T T T T
MWDS MW22 MW20 MwW17 Mwo02 MwWO7 XDEPPBS MW11 MWBS MwWBU MWO04/R SWo1
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Mixing model results provide relative contributions of each source to total nitrate in
each well sample set.

* Denitrification signal present.

o

2 Denitrification

q.8

0|.6

Proportion

0|.4

q.2

L
: H
@EJL:J EJEH = =,

T T T T T T T T T T T T
MWDS MW22 MW20 MW17 Mwo02 MWO07 XDEPPBS MW11 MWBS MWBU MWO04/R SWO01

0.0
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CASE STUDY: WEKIWA SPRING

Mixing model
Wekiva River:
results can be GOVERNMIENT
SWo01 TLORIDA
Prevatt
. t. I I rato A DRUMMOND
viewed spadtia &) CARPENTER
° N7
y %// engineering + research
Camp
Th\nderbird &
Wekiva Springs Rd N
7 / /
A
2
Wik g % 0 500 1,000 Feet
=
/ 7 & 55
Wekiwa Br 7 rgo é/o”
2 > Residential Land Use
/ Sweeliy, 7777/ 2 .
; T i 5o / 5 . Well Identifier
& 7 ’/ ’ P I Nitrate Fertilizer Proportion
7% = L MWO04/R o\\“& I Ammonia/Urea Fertilizer Proportion
Foxder 4 / @ 80% ; 7
4 / Q ?Wo . I sewage & Manure Proportion
% % / 2% I Denitrification Proportion
2 7 SWeetlyater 7
# XDEPPBS / 7 // | gJ/Qs‘:n 7 Potentiometric Contour
/, ountr) 7
Fextios 7 36% ﬁ% 72 /r/, ‘Club /ny(c ) ;
159 /7 “ ¢
24% BPAIMS Z Y Sources
/ Nitrate Source Allocations: SIAR Model (Drummond
s / Carpenter, 2021)
74 7/ Potentiometric Surface: FGS, 2017 (NAVDSS)
2 Jeff Dr Aerial: Ora ounty, 2020
i Wells: Orange County, 2020
z 7 7 Basemap: ESRI
/ / 5
WELL BY SCREENED AQUIFER 7 Q§
7 / /
MWO04/R: SURFICIAL T 5 34% 7
MWBU: UPPER FLORIDAN & g g s 7 Exhibit
MWBS:  SURFICIAL Y E 34% MWBS y
MW11: INTERMEDIATE i s z 17% / 1l
XDEPBS: INTERMEDIATE 7 35% 1% 65% MWI1
leayetie St < A 4 g
Note: Nitrate proportions shown are mean values based on the 7 MWBU  37% - 2% 7 . .
Bayesian isotope mixing model from data ranging from / 3% /) Sources of Nitrate in the
September 2017 - March 2020. Refer to accompanying Wekiwa 728% 7 Aquifers
BMAP Site Assessment, Gap Analysis, and Review (2021) Figure
16 for box plots and associated uncertainty ranges for / / 7
helgai ) 7 Orangés
additional information. ila,:: Firraengteang: hzt;/ Wekiwa BMAP Gap Analysis

www.DrummondCarpenter.com
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DRUMMOND

A
7 CARFENTER

N

Real world ‘check’: do modeled proportions fall within expected or reasonable ranges based on knowledge of

land use, fertilizer practices, septic systems present, atmospheric N, background soil N concentrations?

Well X (Total Nitrate = 1.83 mg/L)

~30%

Proportion
0.0 0.2 04 0.6 0.8 1.0
| | | |

Sfertilizer MFertilizer W SManure
Modeled Expected

Well X Total Nitrate Well X Total Nitrate

M Other (mg/L, m Other (mg/L,
%) %)

® Modeled Soil N M Expected Soil N
(mg/L, %) (mg/L, %)

www.DrummondCarpenter.com

.......

0 Overlapping
& Wet o H iti : @ Baseflow Samples
+ R sdeposition s P H B H
..' depogition ..'
§ depositn ; & Storm Sampls / soil isotopic
- 70 : CE :
Z signature
S 50
) A
o A
S s
RS 7Y T Nl R— denitrification
10 { Pl : H
- : human-animal
------------------------------- : waSte
-10

45 5 5 15 25 35
5'5N-NO3" [*d]

Overlapping isotopic signatures create
uncertainty in model and overestimation
of soil contribution

29
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Springs Protection Assessment Using Nitrate Isotope Analysis A

Real world ‘check’: do modeled proportions fall within expected or reasonable ranges based on knowledge of
land use, fertilizer practices, septic systems present, atmospheric N, background soil N concentrations?

* Assuming soil-sourced nitrate is negligible reduces uncertainty in mixing model.

Well X Well X
S =
ee) o)
o R g
€ S emove, £ ©_
g < )
2 3 1 soil g g |
N o™
o 7] o
o == T — o jm— =
o | | T | S : , |
NO3 Fertilizer = NH4/Urea Fertilizer Soil SManure NO3 Fertilizer NH4/Urea Fertilizer SManure

www.DrummondCarpenter.com 30
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Springs Protection Assessment Using Nitrate Isotope Analysis

CASE STUDY: WEKIWA SPRING

Multiple lines of evidence are helpful to compliment isotopic data.

* Previous studies ‘
* Historical values =
* Additional tracers T =,
* Water quality data } \ ) )
* Transport models B II
|n.__
R

Otleno et al. 2021
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Multiple lines of evidence can be used to build a better conceptual model.

« |dentification of hotspots
and vulnerable areas:
* High recharge areas

* Fast groundwater
. W4 SWex) Weldwa Sp =
travel times . e X S

MW 04

XDEPPBD.

* Elevated nitrate
concentrations

A0S
MWBS, MWBU

d La n d u S e MWA 72 MW02 mﬂﬁ MW07,

SR-434

LEGEND

+  Wells
:] Wekiwa Priority Focus Area

Potentiometric Contour

¢ Management practices can
be deSigned to ta rget Note: @ Springs

This map represents forward particle tracking based on the 2 Groundwater Travel Time
ECFTX (2019) steady state model that has been calibrated "4;1 Time from SAS to Wekiwa Spring

i d e nt ifi e d a re a S . by others to the 2003 period. Particles begin at the water G{ Longer

table within the SAS layer and travel to Wekiwa Spring.

0 0.75 15
e ——— T
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Implement management practices to reduce nitrogen loading in vulnerable areas.

Florida Lawn & Landscape Policy (Mar 2017)

Fertilizer ordinances:

Restrictions on fertilizer application rates

Restrictions on fertilizer timing

Mandates for fertilizers with slow-release Nitrogen 0 B W0 200 Mies

- Seasonal Fertilizer Blackout Adopted
'}E;'\f Fertilizer Ordinance Adopted (Mo Blackout)

Bans on fertilizer during wet season

Author: Christopher Ryan
Date: 3182017

Data Sources:
U.5. Census - Incorporated Places and Census Designated Places (2015)
U.S. Census - Counties (2015)

Coordinate System: GCS North American 1983 i
Datumn: North American 1983 . X .‘. -
Units: Degres =
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Implement management practices to reduce nitrogen loading in vulnerable areas.

Se pt i C SySte m S : Where are Florida's 2.7 million septic tanks?
Scroll for more information

 Limit or prohibit permits for new septic . N

* Advanced treatment septic systems ) T —— J'\

i i h {8
o § . el e
¥ .- i "3 \ —-—
v AL 5 §
iy \
¥ rol \
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* Nitrate from multiple human-influenced sources contributes to eutrophication in Florida Springs.
e Dual Nitrate Isotope Analysis can help untangle the mix of sources observed in water samples.

* Mixing models further help to define source proportions to each sampling site.

* Mixing models also provide important estimates about denitrification.

* Understanding the sources and proportion from each help target solutions.

Rules to Follow

= No fertilizer containing nitrogen or phosphorus may be applied in Orange County from June 1 through
September 30, unless you comply with one of the following: Orange County Awarded Millions for Septic Conversion and Upgrades

= Residential applicators must have annual proof of training via completion of the online Orange

County Fertilizer Application Education Course for Citizens. Approximately $21 million will go towards sewer conversion projects in Wekiwa Springs and Pine Hills

= Commercial applicators must have a valid FDACS Limited Fertilizer Applicator's License or proof of
completion of Green Industries Best Management Practices (GI-BMP) within the previous 3 years.

https://www.orangecountyfl.net/Environment/FertilizeResponsibly.aspx#.YYRCivhMKzU
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THANK YOU!

Marion Divers, PhD, GIT Special thanks to:

Mdivers@drummondcarpenter.com
Orange County Environmental Protection Division
\ ORANGE COUNTY

‘GOEERNMEhT
I, O R 1 D A

Olivia Warren, GIT

Owarren@drummondcarpenter.com

Lee Mullon, PE, CFM, D.WRE, PMP

Lmullon@drummondcarpenter.com
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