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REDUCING NITROGEN LOADS TO SPRINGS

Numeric Nutrient Criteria of 
0.35 mg L-1 NO3 - N

Basin Management 
Action Plans (BMAPS)

Develop projects to 
reduce aquifer N loads

Assess sources of nitrogen

Nitrogen Source Inventory 
and Loading Tool (NSILT) 

Groundwater monitoring
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SAMPLING PROGRAM

• Standard water 
quality

• Nitrate isotopes

• Boron concentration 
and stable isotope

• Sucralose

• Iohexol
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NITRATE STABLE ISOTOPES
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DENITRIFICATION INFLUENCE

Spring

NO3-N

( mg L-1 )

Percent of 

Nitrogen 

Remaining † δ
15

N-NO3 (‰) δ
18

O-NO3 (‰)

Sucralose

(ng L-1)

Iohexol

(ng L-1)

Gemini Springs 1.40 50 - 65 % 7.09 4.28 330 ND

Rock Springs 1.28 43 % 6.60 8.08 160 ND

Silver Springs 1.24 50 - 93 % 7.30 5.74 36 ND

Wekiwa Springs 1.12 30 % 11.49 9.67 870 ND

Ponce De Leon Springs 0.81 21 - 31 % 9.80 9.54 130 ND

Blue Spring 0.79 13 % 11.82 6.95 320 ND

Sanlando Spring 0.62 10 % 14.88 10.39 960 ND

Starbuck Spring 0.39 10 % 19.99 8.91 460 ND

Silver Glen Springs 0.05 11 % 5.43 -0.39 ND ND

Alexander Springs 0.04 12 % 8.01 2.34 ND ND

† Data from Heffernan et al. (2012)

Denitrification limits 
interpretation of 
nutrient sources 
without associated 
N2 gas 
measurements 
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Modified after Ransom et al. 2016  

BORON STABLE ISOTOPE
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Modern Seawater

Coastal Precipitation

Biogenic Carbonates (aragonite)

BORON STABLE ISOTOPE

δ11B signal in the range 
of manure but likely 
from another source
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SUCRALOSE • Artificial sweetener

• Half Life of ~1 year

Reuse systems:  18,000 – 79,000 ng L-1

Septic Tanks:  12,000 – 80,000 ng L-1

FL surface water:  0 – 27,000 ng L-1

FL unconfined aquifers:  0 – 3,700 ng L-1

(Silvanima et al. 2018)
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Springs

Upper 
Floridan

Surficial/
Intermediate

Detected at 7 / 17 sites

Detected at 16 / 33 sites 1 well with 
16,000 ng L-1

directly under 
package plant

SUCRALOSE
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IOHEXOL
• X-ray contrast agent

• Photolabile

• May be readily biodegradable

Reuse systems:  3,100 – 11,000 ng L-1

Septic Tanks:  <10 ng L-1

Not detected in current study
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• Accounts for distribution 
of source isotope values

• Prior contributions based 
on land use and septic 
tank density

• Use nitrate stable isotope 
data to update 
contributions

BAYESIAN MIXING 
MODEL
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CONCLUSIONS
• Multiple tracers provide weight of evidence for 

wastewater contributions to groundwater and springs.

• Boron isotope may have limited application in FL

• Still difficult to discriminate between manure and 
septic/wastewater under mixed land use

• Absence of sucralose should not be used to rule-out 
wastewater sources

• Fertilizer sources still significant contribution in many 
areas – How much is from legacy loading?
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