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Challenge: 1000s of Contaminants Persist in US Waterways
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Masoner et al., 2019; “Urban Stormwater: An Overlooked Pathway 
of Extensive Mixed Contaminants…”

Focazio et al., 2008; “A National Reconnaissance for Pharmaceuticals and Other 
Organic Wastewater Contaminants in the US…”



A Tiered Approach to Contaminant Mixture Analysis
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A Tiered Approach to Contaminant Mixture Analysis

On-Going: Water Quality Indicators

Major ions Nutrients Trace Metals
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On-Going: Water Quality Indicators
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Site Selection: Ellerbe Creek & Tributaries



Site Selection: Ellerbe Creek & Tributaries

National Land Cover Database, 2011 (MRLC/USGS)

~20mi2
(50km2)



Biweekly Sampling 
(3 sites)

Seasonal (4x) Baseflow Sampling 
(35 sites)

Great opportunity for community science! 

Sample Collection: Water

Seasonal

Main Branch

Tributaries

Sampling
Approach



Research Questions

Ellerbe Creek Fall 2021 
(below main stem and Goose Creek confluence)

1. How do chemical mixture indicators 
vary across an urban watershed?

2. What point and non-point (sub-
watershed landcover attributes) 
predict variation in associated 
contaminant signature? 



Heterogeneous Loading of “Low-Cost” Indicators

Downstream 
effluent release

Fall 2020

Major ions Nutrients

Seasonal

Main Branch

Tributaries

Sampling
Approach



62%
Detection

Indicator 1: Sucralose (Wastewater)

Seasonal

Main Branch

Tributaries

Sampling
Approach

Sucralose

Ef
flu

en
t C

ha
nn

el

Upstream Downstream



62%
Detection

Indicator 1: Sucralose (Wastewater)
Sucralose

Ef
flu

en
t C

ha
nn

el

Upstream Downstream

Seasonal

Main Branch

Tributaries

Sampling
Approach



52%
Detection

Indicator 1: Sucralose (Wastewater)
Sucralose

Seasonal

Main Branch

Tributaries

Sampling
Approach



74%
Detection

Indicator 1: Sucralose (Wastewater)
Sucralose

Seasonal

Main Branch

Tributaries

Sampling
Approach



Indicator 2: Glyphosate & AMPA (Lawncare)
Glyphosate  & AMPA

Main Branch

Glyphosate AMPA

0%
Detection

11%
Detection

53%
Detection

56%
Detection

Tributaries



Indicator 2: AMPA (Lawncare)
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Tributaries: 
• Non-point sources likely drive heterogeneity in mixtures

Main Branch: 
• Point source drives main variation

Conclusion & Next Steps

On-Going: Water Quality Indicators

Major ions Nutrients Trace Metals

Chemical Measures

Planned: PFAS (“Forever Compounds”)

On-Going: Source-Specific Indicators

Sucralose Diphenyl
guanidine

Glyphosate
& AMPA

Forthcoming!

Main Findings

Drivers of Variation: 
• Sucralose: Infrastructure (non-point) & WWTP (point)
• AMPA: Seasonality & greenspace density
• DPG: Infrastructure

*Outliers indicate interesting multi-variate landscape processes!
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Questions?

Photos from Ellerbe Creek (J.Behrens)

Contact: 
jrb146@duke.edu
@Jonny_Behrens

mailto:jrb146@duke.edu


Back-Up Slides



Tier 1: Zebrafish EcoTox Experiments
What stress do contaminants place on 
aquatic life?

ü Zebrafish help us explore this!
v Survival as larvae
v Deformities developed (if any)
v Ability to swim
v Energy needed for normal function

(mitochondrial respiration)

PC: Ed Hendel/Wikimedia Commons

https://commons.wikimedia.org/wiki/File:Zebrafish_Developmental_Stages.tiff


Indicator 1: Wastewater
Tributaries (EXCLUDES Main Branch)



Indicator 2: Lawncare
Tributaries (EXCLUDES Main Branch)



Indicator 2: Road Runoff
Tributaries (EXCLUDES Main Branch)

Note log 
transform



Indicator 2: Road Runoff
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PCA Time!



PCA Time!



Pipe Density in Tribs…
Maybe something in summer, if we squint? Non-detects might through things off



Income in Tribs…
Not much relationship, good news?



Road Density in Tribs…
Maybe something, if we squint? Non-detects might through things off



Tier 1: Chemical and Physical Parameters

Nutrients
• Carbon (dissolved organic)
• Nitrogen (total dissolved, NH3, NO3

-) 
• Phosphorus (PO4

3-)

Major Ions
• Cations (Ca, K, Mg, Na)
• Anions (Br, Cl, SO4, ) 

Heavy/Trace Metals
• Pb, Cd, Zn
• & others

Biological • Total fecal coliforms

Physical Parameters

• Dissolved oxygen
• Temperature
• Turbidity
• pH
• Specific conductance (proxy for total salts)



Tiers 2 & 3: Attributing to Source + Chemical
TIER 2: INDICATOR COMPOUNDS TIER 3: FINGERPRINT + BIOACCUMULATION

Pesticide
(Glyphosate) 

Tire Additive
(n,n-diphenyl-
guanidine)

Wastewater
(sucralose)


