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Nutrient Source Tracking (NST) 
Overview

• Introduction

• Background 

• Sampling for NST

• Challenges & Limitations 
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Introduction

• Nutrient Loading to Waterbodies

• Nitrogen and Phosphorus

• Harmful algae blooms

• Impacts to biodiversity, recreation, 
and property value

• How do we identify these sources of 
nutrients? 
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Where are 
nutrients 
coming 
from?
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Sources of Nutrients



Nutrient Source Tracking

• Wastewater

• Stormwater

• Agriculture

• Atmospheric Deposition

7
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Nutrient Source Tracking Approaches

-Land use/runoff models
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Nutrient Source Tracking 
Approaches

-Chemical Signatures
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How do we detect and differentiate 
nutrients? 

Nutrients

• Nitrogen species

• Phosphorus fractionations

Microbial Source Tracking

Anthropogenic Tracers

• Sweeteners

• Antibiotics

• Fragrance molecules

Indicators of wastewater

Stable Isotopes



Nitrogen and 
Phosphorus
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• Phosphorus: proportion of dissolved P can provide 
an indication of the source

• Nitrogen: proportion of species can provide an 
indication of the source:

• Nitrate + Nitrite—associated with fertilizer and human 
wastes

• Ammonia-N—associated with organic pollution
• Organic N---associated with wetlands

Nutrient Measurements

Nitrogen

Phosphorus
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Microbial Source Tracking

Not a nutrient, but an indicator of nutrients



Chemical 
Indicators
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Chemical Indicators

• Antibiotics and pharmaceuticals

• Anthropogenic tracers
• Sucralose and other sweeteners
• Caffeine

• Wastewater indicators
• Bromide
• Chloride

• Isotopes
• Phosphorus
• Bromide
• Nitrate



Elliot et al 2018



Elliot et al 2018



19

G
o 

to
 s

lid
e 

m
as

te
r t

o 
u

p
d

at
e 

th
is

 fo
ot

er

Chemical Indicators

Source: OCEPD, 2022
Source: Canion et al 2020



Anthropogenic 
Tracers
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From: Canion et al 2020, UF Water Symposium
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Sucralose

• Sucralose molecule is resistant to wastewater 
treatment processes (Torres et al., 2011)

• Found in areas influenced by septic (Herren et al., 2021)

• Commonly found in US waters (Bernot et al., 2016)

• Can be used to differentiate sources of anthropogenic 
loadings to impaired waters (Oppenheimer et al., 2012)



Gadolinium anomaly/sucrose ratio 
(Oppenheimer et al 2014, Bertolotti et al 2014)



Isotopes



Isotopes
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δ11Boron Isotopes

From: Canion et al 2020, UF Water Symposium



Stable Isotopes of Nitrate

Definition:  δ15N and δ18O isotopes of nitrate

Reported as: Ratios of δ14N to δ15N and δ18O to δ16O relative to standard ratios



δ15N vs δ18O Isotope Biplots

• “Gold Standard” for nitrate source 
identification

• Extensive published research using this 
relationship to infer sources

• Clearer results in areas with single (high 
concentration) nitrate sources

Huang et al, 2022
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Canion et al, 2020



Stable Isotopes of Nitrate—Biplot—Many samples 
land in the “mud zone”

Kendall et al 2015, modified from 
Kendall et al 2018
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How do we increase our 
confidence in source 

differentiation?

Pattern?
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Bayesian Mixing Models



Bayesian Statistics

Probability based on prior knowledge of an event

Source: Wikipedia



Bayesian Mixing Models



Examples of simmr Bayesian 
Model Outputs

NF: nitrate fertilizer;, M&S: manure and sewage; SN: soil 
nitrogen; AP: atmospheric precipitation; AF: ammonium 
fertilizer  (Zhang et al., 2022)

Canion et al, 2020 WSP, 2022



Stormwater?

MixSIAR Model



Stormwater?

MixSIAR Model
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Phosphorus Isotopes
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Methods (From: Musser, 2020)

• Extraction
• Water— centrifuge to obtain a colloidal sample

• Two step centrifuge 

• Soils or sediments—freeze dried, homogenized, sieved
• Sequential P-extraction of solid material

• Precipitation
• Concentrate P using a silver phosphate precipitation method

• Measure in Elemental Analyzer 
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Results (Musser, 2020)
Appears that farm soils more depleted in P isotope, but 
more enriched in C and N isotopes
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Agriculture vs Forest (Li et al, 2021)

Forest (LC6-7) vs. Agriculture (All other sites)

Lighter 13C and 15N

Heavier 18OP values than the farms

(Li et al., 2021)
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Phosphorus 
Isotopes
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• High degree of overlap among the sources

• Microbial activities can alter the isotopic ratio

• Not recommended

• (Granger et al, 2017)
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Phosphorus Isotopes

Summary

• Some promise for differentiating sources

• Specialized, and relatively complex analytical 
procedure

• Rapid microbial cycling can alter PO4 isotopic ratios. 

• Appears to be inappropriate for systems with rapid 
microbial cycling of PO4 

• Likely not practical

46



Challenges 
and 
Limitations
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Biogeochemical Transformations
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Overlap of Sources

Legacy Sources

Multiple Sources

Source:  OCEPD, 2021

Wekiwa Spring
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Challenges for differentiation

• Overlap among sources

• Biogeochemical transformations

• Legacy nutrient inputs

• Costs

• Collection

• Analytical processing 



Practical 
Considerations
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Sampling and Analyses

Sample design
• Minimize other potential sources 
Collecting samples
• Minimize interference
• Stormwater vs groundwater
Laboratory selection
• Different detection limits, and preservation
Isotopes: 
• Different methods, conduct split sampling if a 

new lab
Groundwater seepage into lakes
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Groundwater Flux In Lakes

• Groundwater flux into lake is typically highest at 

the edges of lakes

• Nitrate concentrations have to be high enough; 

lab dependent generally >1 to > 3 mg/L nitrate-N

• Challenging:  alligators, volume limitations, 

nitrate limitations, matrix interference, 

biogeochemical reactions

• Limit of detection issues with sucralose



Summary



Summary

Best Practices 

• Develop a sampling plan based on your 
primary questions

• Select sampling sites based on minimizing 
potential confounding influences

• Use multiple lines of evidence approach

Evidence of Nutrients

• Examine species of nitrogen and phosphorus

• Boron isotopes appear to be of limited use in Florida

• Sucralose appears to be a robust indicator of human 
wastewater

• Stable isotopes of N, combined with Bayesian 
modeling can be used to differentiate sources, but 
frequently overlap among the sources

• Stable isotopes analyses can be used in groundwater, 
lake seepage, and surface water
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