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Nonpoint Source Pollution
Contaminants carried by rainwater 
-Include oils, toxins, pesticides, fertilizers, soils, and bacteria
Primary contributor to water impairment, especially in impervious urban areas


http://oceanservice.noaa.gov/news/feb16/reef-to-ridge-conservation.html
http://oceanservice.noaa.gov/facts/pollution.html


This contamination expected to increase with increased urbanization, development, and changing climate.

“What is the biggest source of pollution in the ocean?” (May 29th, 2015.) National Ocean Service. National Oceanic and Atmospheric Administration. U.S. Department of Commerce. [online] Available at: http://oceanservice.noaa.gov/facts/pollution.html [Accessed 9 March 2017.]



1,200 residents/mile2

4 m amsl, frequent coastal storms & spring tides

EPA considers harbor impaired regarding dissolved oxygen (DO)

Charleston Peninsula and Harbor




This contamination expected to increase with increased urbanization, development, and changing climate.

“What is the biggest source of pollution in the ocean?” (May 29th, 2015.) National Ocean Service. National Oceanic and Atmospheric Administration. U.S. Department of Commerce. [online] Available at: http://oceanservice.noaa.gov/facts/pollution.html [Accessed 9 March 2017.]


City of Charleston Stormwater Management Plan	

 Six Point Plan:
Public Education and Outreach 
Public Participation and Involvement 
Illicit Discharge Detection and Elimination 
Construction Site Stormwater Runoff Control
Post-Construction Stormwater Management      
Pollution Prevention for Municipal Operations

Analysis shows that DO is not affected by stormwater runoff, so  
Active monitoring is not part of management plan


https://www.scdhec.gov/HomeAndEnvironment/Docs/Chas_Hbr_DO_TMDL.pdf
http://www.charleston-sc.gov/index.aspx?nid=353


Project Goals

Monitor contaminant concentrations in stormwater runoff 

Analyze impact of urban runoff on receiving water bodies






Specific Objectives
Quantify contaminants in runoff

Create updatable GIS database to map temporal contamination

Identify areas of concern with regards to contamination






Methodology




GIS and LiDAR

FEMA’s flood extent map: LiDAR elevation & USGS high water marks 

Diverse flood-prone sites chosen

Samples mapped with ArcGIS




Sampling methods
 Collection of sheet flow using Minnesota Pollution Control Agency methods

Samples collected Sept 2016 - Feb 2017






Ion Chromatography

Separates ions by their affinity for an ion-exchange column





Enterolert - Idexx
Enterococcus bacteria correlate to human pathogens more accurately than E. coli

Enterolert uses a nutrient indicator which fluoresces when metabolized by Enterococcus







ICP - mass spectrophotometry
Ionize samples with high temperature argon plasma

Atoms are sorted on a mass-spectrum






Results




EPA: water bodies acceptable for recreation if <130 colony forming units of Enterococcus per 100 mL



Enterococcus
Charleston runoff: average of 11,315 bacteria per 100 mL during sample period




Cadmium
Trace metal concentrations divided by EPA’s acute freshwater toxicity index (TI)

Cd is a common component in tires and brakes



Cd Concentrations up to 29 times TI


Cadmium metal is used in the steel industry and in plastics. Cd compounds are commonly found in batteries. It enters the environment mainly from industrial and domestic wastes, especially those associated with mining and smelting.
Cd is acutely toxic with a lethal dose being 1 g. Long term exposure to cadmium leads to buildup of Cd in the kidneys, leading to possible kidney disease. 

Weiner, E. R. Applications of Environmental Aquatic Chemistry. 3rd Ed. CRC Press. 2013.

Trace Metals
Traffic (brake & tire wear) is a major source of Zn, Cu




Here, Cu is 2.45 times its TI, and Zn is 1.08 times its TI
Pb present in historic homes 


Zn:
One of the most mobile heavy metals in surface waters (because forms soluble compounds at neutral pHs)
Used to coat and protect iron and steel from corrosion. 
Cu:
Mining activities are the major human-caused source of copper contamination in ground or surface water. 
Another source includes copper algaecides added to reservoirs to control algae growth.
Weiner, E. R. Applications of Environmental Aquatic Chemistry. 3rd Ed. CRC Press. 2013.


Silver

Some Ag concentrations exceed acute freshwater toxicity by 400✕

Potential Sources:
diesel fuel, NPs 


Before digital photography, a large portion of silver consumption was for photographic materials. In addition to this, it finds use in electronic products such as batteries, switch contacts, and conductors. Anthropogenic sources of Ag include discharges from landfills and waste lagoons, fallout from industrial emissions, and direct waste discharge into water bodies.

Weiner, E. R. Applications of Environmental Aquatic Chemistry. 3rd Ed. CRC Press. 2013.

Nutrient Pollution & Ions
On average, sum of all nutrient pollutants is ~ 2 ppm 

Consistent with City analysis suggesting DO isn’t significantly impacted by stormwater



High nitrogen-fertilizer application rates may increase the potential water N-pollution.

Nitrate anions are highly soluble in water and very mobile, moving through soil approximately at the same rate at water. 
The main inorganic sources of nitrate are potassium nitrate and ammonium nitrate. Both of these salts are used mainly as fertilizers. Primary sources of organic nitrates include human sewage and livestock manure. 
Weiner, E. R. Applications of Environmental Aquatic Chemistry. 3rd Ed. CRC Press. 2013.


Results Summary
Cd, Zn, Pb, Cu, Ag concentrations exceed acute freshwater toxicity indexes at several sites

MPN Enterococcus bacteria averaged 11,315

IC analysis indicates 0.5-3 ppm PO4- and NO3-




Future Goals




Collection of stakeholder organizations in the Charleston area formed to improve response to natural disasters and sea level rise

As of yet, this is the Charleston first study to consider disaster response through the lens of contamination and water quality





Future Goals
Quantify effects of stormwater on impairment of the Charleston Harbor, and various downtown water bodies

Prepare updatable geodatabase to map contaminants

Create methodology to quantify polyaromatic hydrocarbons and other oil contaminants in stormwater 
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