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Nitrate (NOXNitrate (NOX--N)N)
The Wekiva River and The Wekiva River and 
contributing springs are impaired contributing springs are impaired 
because of elevated nitrate because of elevated nitrate 
(FDEP)(FDEP)

–– DEP’s TMDL calls for ~80% DEP’s TMDL calls for ~80% 
reduction in nitrate in Rock and reduction in nitrate in Rock and 
Wekiwa SpringsWekiwa Springs

Nitrogen exists in many chemical Nitrogen exists in many chemical 
forms in the environmentforms in the environment

Nitrate is mobile, readily Nitrate is mobile, readily 
available to plants including available to plants including 
aquatic plants and algae, and aquatic plants and algae, and 
can cause eutrophication.can cause eutrophication.

Nitrogen Cycle (USEPA, 2006a)

Study Area Study Area –– Wekiva BasinWekiva Basin

Wekiva Basin = Wekiva Basin = 
Watershed + Springshed Watershed + Springshed 

Wekiva Basin ≠ Wekiva Wekiva Basin ≠ Wekiva 
Study Area (WSA)Study Area (WSA)

WSA (defined by statute) WSA (defined by statute) 
overlaps Wekiva Basin, overlaps Wekiva Basin, 
but not the samebut not the same
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Land Use (2004)Land Use (2004)
Wekiva Basin = Wekiva Basin = 

Watershed + SpringshedWatershed + Springshed

650 sq mi650 sq mi

WSAWSA

475 sq mi475 sq mi

Desk top study / best available infoDesk top study / best available info

–– More than 250 technical publicationsMore than 250 technical publications

–– Data from St. Johns District, FDEPData from St. Johns District, FDEP

–– Developed computer applications that Developed computer applications that 
estimate nitrate loadingsestimate nitrate loadings

–– Phase I report recommended field studies Phase I report recommended field studies 

Phased StudyPhased Study –– Phase I (2006Phase I (2006--7)7)

Stakeholder Response to Phase IStakeholder Response to Phase I

Not based on local dataNot based on local data

Overestimated residential fertilizer use & Overestimated residential fertilizer use & 
impactsimpacts

Underestimated atmospheric depositionUnderestimated atmospheric deposition

Underestimated impacts of reclaimed waterUnderestimated impacts of reclaimed water

Some inputs expressed as Total Nitrogen Some inputs expressed as Total Nitrogen 
(TN) other as Nitrate(TN) other as Nitrate--Nitrogen (NOXNitrogen (NOX--N)N)

–– “comparing apples and oranges”“comparing apples and oranges”

⇒⇒ Phase IIPhase II
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DOH focused on septic systemsDOH focused on septic systems

–– Groundwater monitoring at 3 sites (Orange, Groundwater monitoring at 3 sites (Orange, 
Lake, and Seminole)Lake, and Seminole)

DEP focused on residential fertilizer DEP focused on residential fertilizer 
impactsimpacts

–– Groundwater monitoring in Wekiwa Groundwater monitoring in Wekiwa 
springshed (St. Johns District, MACTEC, springshed (St. Johns District, MACTEC, 
USGS)USGS)

–– Residential Fertilizer User Survey (UCF)Residential Fertilizer User Survey (UCF)

Phased Study Phased Study –– Phase II (2008Phase II (2008--9)9)

Responded to stakeholder comments on Responded to stakeholder comments on 
Phase I reportPhase I report

Updated Phase I with new local dataUpdated Phase I with new local data

–– Phase II (DOH and DEP studies)Phase II (DOH and DEP studies)

–– Other recent publicationsOther recent publications

Results on FDEP websiteResults on FDEP website

http://www.dep.state.fl.us/water/wekiva/index.htmhttp://www.dep.state.fl.us/water/wekiva/index.htm

Phased Study Phased Study –– Final Report (2010)Final Report (2010)
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Phase IPhase I

Conceptual Loading ModelConceptual Loading Model

Estimated Inputs & LoadingsEstimated Inputs & Loadings

–– Input = Nitrogen into BasinInput = Nitrogen into Basin

Total Nitrogen (TN) applied Total Nitrogen (TN) applied 

as fertilizeras fertilizer

–– Loading = Nitrate reaching Loading = Nitrate reaching 

surface or groundwatersurface or groundwater

Nitrate Nitrogen (NOXNitrate Nitrogen (NOX--N) N) 

leaching to groundwaterleaching to groundwater

Source TypesSource Types

Treated Domestic WastewaterTreated Domestic Wastewater
–– Permitted wastewater treatment facilitiesPermitted wastewater treatment facilities

–– Septic systemsSeptic systems

FertilizerFertilizer
–– AgricultureAgriculture

–– ResidentialResidential

–– Golf courseGolf course

–– OtherOther

LivestockLivestock

Atmospheric DepositionAtmospheric Deposition
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Domestic and Domestic and 
Industrial WastewaterIndustrial Wastewater

DEP dataDEP data

28 facilities reviewed28 facilities reviewed

Industrial discharges Industrial discharges 
are negligibleare negligible

>99% of total >99% of total 
discharge to discharge to 
groundwatergroundwater

Permitted Wastewater 

Facility Loadings

Septic SystemsSeptic Systems

Data from FDOH for WSAData from FDOH for WSA

65,000 systems in Basin65,000 systems in Basin

Loading per system Loading per system 
based on FDOH based on FDOH 
guidanceguidance

Loadings from Fertilizer Are Based on Loadings from Fertilizer Are Based on 
Land UseLand Use

Stormwater Runoff Stormwater Runoff 
ModelModel

Runoff Rate x NOXRunoff Rate x NOX--N N 
ConcentrationConcentration

Used existing model, previously Used existing model, previously 
acceptedaccepted

Groundwater Loading Groundwater Loading 
ModelModel

Recharge Rate x NOXRecharge Rate x NOX--N N 
ConcentrationConcentration

Recharge rate from SJRWMD EastRecharge rate from SJRWMD East--
Central Florida model Central Florida model 

Concentrations from relevant Concentrations from relevant 
monitoring (mostly Florida)monitoring (mostly Florida)
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Release and Loading Estimation ProceduresRelease and Loading Estimation Procedures
2004 Land Use and Recharge Layer Union2004 Land Use and Recharge Layer Union

Release and Loading Estimation ProceduresRelease and Loading Estimation Procedures
Land Use and Recharge Layer UnionLand Use and Recharge Layer Union

Phase I FindingsPhase I Findings

Fertilizer Fertilizer –– 54%54%

–– Ag Ag –– 26%26%

–– Res Res –– 20%20%

Domestic Wastewater Domestic Wastewater –– 32%32%

−− Septic Systems Septic Systems –– 22%22%

Contribution from Contribution from 
residential fertilizer residential fertilizer 
use was most use was most 
uncertain piece of uncertain piece of 
the piethe pie
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Phase IIPhase II

Phase II Phase II ––
Field Studies in the Wekiva BasinField Studies in the Wekiva Basin

FDOH focused on FDOH focused on 
septic systemsseptic systems

–– Monitored ground Monitored ground 
water at 3 siteswater at 3 sites

DEP focused on DEP focused on 
residential fertilizer residential fertilizer 
useuse
−− Supported UCF survey of residential fertilizer useSupported UCF survey of residential fertilizer use

−− Monitored ground water at 28 residential sites in Monitored ground water at 28 residential sites in 
Wekiwa SpringshedWekiwa Springshed

Impacts of Residential Fertilizer UseImpacts of Residential Fertilizer Use
Wekiwa SpringshedWekiwa Springshed

Sites selected to avoid Sites selected to avoid 
other sources of nitrateother sources of nitrate

–– Residential > 5 yearsResidential > 5 years

–– Far from septic systemsFar from septic systems

–– Never in citrusNever in citrus

30 wells installed30 wells installed

–– 28 residential28 residential

–– 2 on conservation land2 on conservation land

Sampled 4 times eachSampled 4 times each
Phase II Sample Locations
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Impacts of Residential Fertilizer UseImpacts of Residential Fertilizer Use
Wekiwa SpringshedWekiwa Springshed

Residential > UndevelopedResidential > Undeveloped

2 mg/L    >    0.3 mg/L 2 mg/L    >    0.3 mg/L 

Residential impacts NOT caused by sewageResidential impacts NOT caused by sewage

–– Stable isotope studies (MACTEC and USGS)Stable isotope studies (MACTEC and USGS)

–– Microbial studies (USGS)Microbial studies (USGS)

Residential impacts ARE caused by fertilizerResidential impacts ARE caused by fertilizer

Observed Impact 33% Less than Phase I estimateObserved Impact 33% Less than Phase I estimate

–– Phase I assumed residential NOXPhase I assumed residential NOX--N at 3 mg/LN at 3 mg/L

Final ReportFinal Report

Final ReportFinal Report

Responded to stakeholder comments on Responded to stakeholder comments on 
Phase I reportPhase I report

–– All inputs now expressed as Total NitrogenAll inputs now expressed as Total Nitrogen

–– Improved accounting for reclaimed water Improved accounting for reclaimed water 

–– These changes increased Basin inputs of These changes increased Basin inputs of 

Atmospheric depositionAtmospheric deposition

Permitted wastewater facilitiesPermitted wastewater facilities
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Final ReportFinal Report

Updated Phase I with newer informationUpdated Phase I with newer information

–– Especially new monitoring data within the Especially new monitoring data within the 
Wekiva Basin (DEP and DOH Phase II)Wekiva Basin (DEP and DOH Phase II)

Use of these data increased confidence Use of these data increased confidence 
in the results andin the results and

–– Reduced relative effect of residential Reduced relative effect of residential 
fertilizer usefertilizer use

–– Increased relative effect of domestic Increased relative effect of domestic 
wastewaterwastewater

Representative NOXRepresentative NOX--N Ground Water N Ground Water 
ConcentrationsConcentrations

Final ResultsFinal Results
Fertilizer Fertilizer –– 48%48%

−− Ag Ag –– 26%26%

−− Res Res –– 15%15%

Domestic wastewater Domestic wastewater –– 38%38%

−− Septic Systems Septic Systems –– 26%26%

−− Permitted (sewer) Permitted (sewer) –– 12%12%

New data from New data from 
Wekiva Basin Wekiva Basin 
reduced uncertainty reduced uncertainty 
in major source typesin major source types
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Compare Phase I and II ResultsCompare Phase I and II Results
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