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Flow 

Regime 
• Velocity 

• Volume 

• Surface runoff 

• Groundwater 

• Variability 

• High-low extremes  

Habitat 

Structure 

•Channel width/depth 

•Banks   

•Substrate 

•Canopy cover 

•Riparian vegetation 

•Gradient/slope 

Water 
Quality 

Energy 

Source 

•Sunlight 

•Primary Production 

•Secondary Production 

•Organic matter inputs 

•Nutrient availability  

Biotic 

Interac-

tions 

•Competition 

•Reproduction 

•Predation 

•Feeding 

•Parasitism 

•Disease 

Ecological 

Integrity 

of the 

River 

•Turbidity 

•Conductivity 

•Temperature 

•Dissolved Oxygen 

•Nitrogen 

•Phosphorous 

•pH 

•Chemical 
contaminants 

Watershed 

characteristics 



Outline 
• Definition of chemical contaminants 

• Naturally occurring chemicals in increased 
concentrations 

– Heavy metals 

– Inorganic Acids 

– Salts 

• Synthetic chemicals 

– Persistent Organic Pollutants 

– Pesticides 

– Contaminants of Emerging Concern 

 

 

 

 

 







Everything on Earth is a chemical substance! 



“…there are just two types of 
chemicals: Those which we 
understand. And those which 
we do not.” – C.A. Palma. 



What is a chemical 

contaminant? 

• A chemical substance that is either 

present in an environment where it does 

not belong or is present at levels that 

might cause harmful effects to life. 
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Synthetic chemicals 

• From 25,000 to 84,000 chemicals in commerce 
Identifying and Reducing Environmental Health Risks of Chemicals in Our Society: 
Workshop Summary. Washington (DC): National Academies Press (US); 2014 Oct 2. 
https://www.ncbi.nlm.nih.gov/books/NBK200888/ doi: 10.17226/18710 

 

• Chances are many of them are likely to have 
made it to our streams and rivers –where they 
do not belong. 

 

• How much do we know and understand about 
them and their interaction with the natural 
environment? 



Sources of synthetic contaminants 

Environmental Toxicology and Chemistry, 2019;38:46–60—E. Nilsen et al. 

Industrial  

activities • Industrial activities 
– Industrial byproducts 

• Agricultural activities 
– Insecticides 

– Fungicides 

– Herbicides 

• Consumer activities 
– Pharmaceuticals 

– Personal-care products 

– Household-care products 

• Breakdown or 
transformation products 
– Disinfection byproducts 

– ???? 

 
Microbial 

communities 



Synthetic chemical contaminants 

• Natural, 
reference 
river. 

0 



What is a chemical 

contaminant? 

• A chemical substance that is either present in an 

environment where it does not belong or is 

present at levels that might cause harmful 

effects to life. 

– N and P – Marc covered,  

– Heavy metals 

– Inorganic acids 

– Salts 

 



Solubility of chemical 
contaminants in water 

• Will define where in the 
river ecosystem you will 
find them. 

 

• Hydrophobic: does not 
mix with water 

• Hydrophilic: soluble in 
water 

 

• Where do they go? 



Bioaccumulation and biomagnification 

• Bioaccumulation: net 
result of more rapid 
uptake than release of 
rate of a persistent 
contaminant. 

 

• Biomagnification: 
increased concentrations 
of  a contaminant in 
successively higher levels 
of trophic structure. 



Heavy metals 

• Antimony, Arsenic, Beryllium, Cadmium, 
Chromium, Copper, Lead, Mercury, Nickel, 
Selenium, Silver, Thallium, Zinc (Heavy metals, 
toxic pollutants under the Clean Water Act) 

 
• Sources 

– Coal combustion 
– Mining 
– Waste incineration 
– Cement manufacturers 
– Electronic waste 

 

• Hydrophobic- sediments and fat tissues 
• Bioaccumulate 

 



• Study of 132 coastal watersheds in the US: Elevated heavy metals frequently 
occurred in association with present/former industrial areas and/or urban 
centers, particularly along the northeast Atlantic coast. 

% 



Pennsylvania Impaired Waters  

 



Inorganic Acids 

• Nitric and sulfuric acid 

• Hydrogen ions: H+ 

• pH 

• Sources 

– Acid Rain 

– Acid mine drainage 

• Biota, sensitive 

• River pH can naturally 
range from 4 to 9 

 

HNO3  H+ + NO3 

 

H2SO4  H+ + SO4 



 



Acid deposition (rain) 

• Fossil fuel burning produce 
SO2 and NOx gases. 

• In the atmosphere react 
with water to produce 
sulfuric and nitric acid. 

• Northeastern US. 

• Acidification but also 
mobilization of other 
chemicals (Al). 

• Decreased since the early 
1990s. 
– Slow recovery in streams and 

rivers 



Acid mine drainage (AMD) 

• Metal mining 

• Sulfidic minerals- most 
commonly mined 

• In contact with water 
and oxygen produce 
sulfuric acid (H2SO4) 

• Abandoned coal mines 

• Thousands in PA 

• https://www.srbc.net/
minedrainageportal/Ma
p 

Shamokin Creek, PA 

https://www.srbc.net/minedrainageportal/Map
https://www.srbc.net/minedrainageportal/Map
https://www.srbc.net/minedrainageportal/Map


Salts: freshwater salinization syndrome 

• Increasing concentration of 
salts. 

• Has affected nearly 40% of 
the drainage area of the 
contiguous US in last 100 
years. 

• Most prominent in the 
densely populated eastern 
and midwestern US 



Salts: freshwater salinization syndrome 

• Causes: 

– Salt pollution: 

• Road deicers, irrigation runoff, sewage. 

– Accelerated weathering of natural geologic materials by 
strong acids (e.g., acid rain, fertilizers, and acid mine 
drainage) 

– Easily weathered minerals used in agriculture (lime) and 
urbanization (concrete). 



Salts: freshwater salinization syndrome 

• Not only table salt (NaCl) 

• Also other anions and cations 

– Magnesium 

– Sulfate 

– Carbonate 

– Potassium 

• Electric conductivity 

– Measurement of the concentration 
of chemicals that can transfer 
electric current 

– Salts 

– Naturally ranges 10-500 µS/cm 



 

Freshwater salinization syndrome on a continental scale. Kaushal et al. 2018, PNAS 
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Natural versus Urban – Electric 
conductivity 



Mostly Forested Watershed 



Mostly urban: impervious surfaces 



DRWI sites, electric conductivity 



DRWI sites, electric conductivity 

 



Electric conductivity to salinity 

• 30 000 µS/cm 

• Assuming it is mostly 
NaCl (likely) 

• = 15 000 mg/L ~ 15 ppt  

15 ppt 



Synthetic 
chemical 

contaminants 



Persistent organic pollutants (POPs) 

• Polychlorinated biphenyls 
(PCBs) 
– 209 different forms 

– Dielectric and coolant fluids 
(transformers, capacitors), 
lubricants, plasticizers 

– Use is banned in the US.  

– 1930s -1970s, the total global 
production ~1.3 million 
tonnes. 

– ~65% in landfills or still within 
electrical equipment, 

– with the other 35% residing in 
sediments and open oceans 

– Hydrophobic and biomagnify. 



• Waters of the Lower Delaware River and Estuary at 
concentrations up to 1,000 times higher than the water 
quality criteria 



 



• Infographic from ewg.org, data from USEPA 
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Persistent organic pollutants (POPs) 

• Polybrominated diphenyl 
ethers (PBDEs) 
– Flame retardants 

• building materials, electronics, 
furnishings, motor vehicles, airplanes, 
plastics, polyurethane foams, and 
textiles 

– Banned in the US 
– 209 congeners, only a 

few were 
commercialized 
(mixtures) 

– Hydrophobic and 
biomagnify. 



• PCBs and PBDEs detected in amphipod fauna 
living >10 000 m deep in the ocean. 



Pesticides 

 

https://water.usgs.gov/nawqa/pnsp/usage/maps/compound_listin
g.php?year=2016&hilo=H 

https://water.usgs.gov/nawqa/pnsp/usage/maps/compound_listing.php?year=2016&hilo=H
https://water.usgs.gov/nawqa/pnsp/usage/maps/compound_listing.php?year=2016&hilo=H




Glyphosate 

• Wide spectrum herbicide 
• Most commonly used in the US 
• (Roundup-Monsanto) 



Glyphosate 



Atrazine 

• Broad-leaf herbicide 
• Banned in European Union 
• Most commonly used in the US 



Atrazine 



Neonicotinoids 

• Neuro-active 
insecticides 

• Clothianidin, 
Imidacloprid and 
Thiametoxam 

• Banned by EU in 2018 

• Affect pollinators 

• Hydrophilic 

Imidacloprid 



Neonicotinoids 



Contaminants of emerging 
concern (CECs) 

• Scarcity of information in the scientific literature 
or there are poorly documented issues about the 
associated potential problems they could cause 

• Very low concentrations in streams and rivers 

– Difficult to quantify 

– Difficult to legislate 

• Endocrine disruptors (compounds that alter the 
normal functions of hormones) 

• Low acute toxicity 

• Remain in wastewater and beyond because 
treatment plants weren't designed to 
remove them 

 



Contaminants of emerging 
concern (CECs) 

• We use in our everyday life: 

– prescription and non-prescription drugs 

– Personal care products 

– Hygiene products 

– Additives (preservatives) 

– Nanoparticles 

– Plasticizers  

– PFAS 

– Traditional contaminants with emerging issues 

 



Per- and poly-fluoroalkyl substances 
(PFAS)  

• Produced since 1940 

• Highly resistant to degradation 
(strong C-F) 

• Highly hydrophilic 

• More than 5000 compounds 

• Only about 30 have been quantified 

• Most commonly studied (not 
produced any more) 

– Perfluorooctanoic acid (PFOA) 

– Perfluorooctane sulfonic acid 
(PFOS) 

•  Replaced by GenX technology 



Per- and poly-fluoroalkyl substances 
(PFAS)  

• Present in: 
– Food packaging 

– Stain- and water-repellent fabrics  

– Nonstick products (e.g., Teflon) 

– Polishes, waxes, paints, cleaning 
products 

– Fire-fighting foams 

 

• Sources to river contamination 
– Landfills 

– Waste Water Treatment Plants 

– Airports and military bases where 
firefighting training occurs 

 



Stream and River Restoration 



Stream and River Restoration 

• Potentially same techniques used for nutrients and sediments.  
– Level lip spreaders 
– Retention ponds 
– Riparian buffers 
– Constructed wetlands 
 

• POPs and metals: clean ups of contaminated soils 
(bioremediation), working with point-source polluters. 
 

• Acid deposition, declining. 
 

• AMD: chemical treatments (limestone additions), constructed 
wetlands. 
 

• For the rest, toxicology towards aquatic non-target organisms 
largely unknown 
– Chemical cocktails 
– N, P and Sediments are not the true causes of impairment 
– WWTPs 


