
Chemical Properties of 
Watersheds 

Stream Ecology and the Chemical Template 
Geologic Influence on Water Chemistry 

Temperature, pH, Alkalinity, Acidity 
Nitrogen, Phosphorus, Carbon Cycles 



Learning Objectives 

ÅMulti-dimensional nature of stream water 
chemistry 

Å²Ƙŀǘ ƛǎ άǿŀǘŜǊ ǉǳŀƭƛǘȅέΚ 

ÅInfluences/drivers of patterns of stream water 
chemistry 

ÅHow and why does water quality change over 
time? 



²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 
ÅHow many people know where their drinking 

water comes from? 

ÅDo you know what the water quality is of your 
drinking water? 

ïOr how to find that information? 

https://i0.wp.com/www.nationofchange.org/wp-content/uploads/2017/04/drinkingwater.jpg?resize=696%2C391  

https://i0.wp.com/www.nationofchange.org/wp-content/uploads/2017/04/drinkingwater.jpg?resize=696,391
https://i0.wp.com/www.nationofchange.org/wp-content/uploads/2017/04/drinkingwater.jpg?resize=696,391
https://i0.wp.com/www.nationofchange.org/wp-content/uploads/2017/04/drinkingwater.jpg?resize=696,391
https://i0.wp.com/www.nationofchange.org/wp-content/uploads/2017/04/drinkingwater.jpg?resize=696,391


²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 

http:// www.phila.gov/water/wu/Water%20Quality%20Reports/2016waterquality.pdf  

http://www.phila.gov/water/wu/Water Quality Reports/2016waterquality.pdf
http://www.phila.gov/water/wu/Water Quality Reports/2016waterquality.pdf


²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 

 



²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 



²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 



²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 



²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 



²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 



²ƘŀǘΩǎ ƛƴ ȅƻǳǊ ǿŀǘŜǊΚ 



And still finding more to measure and 
ōŜ ŎƻƴŎŜǊƴŜŘ ŀōƻǳǘΧΦ 

After evidence of pesticides 

killing off pollinators 

surfaced in 2016, scientists 

went on a quest to see 

if  pesticides were seeping 

into anything else. Now, in 

an unprecedented study, the 

U.S. Geological Survey and 

University of Iowa reported 

findings of neonicotinoids ï 

a class of pesticide used to 

kill off insects ï in treated 

drinking water, marking the 

first time these chemicals 

have ever been identified. 

http://www.ecowatch.com/tag/pesticides
http://www.ecowatch.com/epa-neonicotinoid-pesticides-2191476291.html


 



From drinking water to natural waters 
to stream and watershed ecology 

Å5ǊƛƴƪƛƴƎ ǿŀǘŜǊ ƛǎ ǘȅǇƛŎŀƭƭȅ άǇǊƻŎŜǎǎŜŘέ ƻǊ 
treated in some way 

ÅSurface waters in our watersheds even more 
chemical complexity AND they are dynamic 

ïChanging with environmental conditions 



 



Foundational Building Blocks 
Å9ŎƻǎȅǎǘŜƳǎΧ 

ïPhysical, chemical, and biological systems interacting, 
creating, transforming, decomposing, transferring materials 
ŀƴŘ ŜƴŜǊƎȅΧ  
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Chemical Composition of Freshwaters 

ÅмллΣлллΩǎ ƻŦ ǇƻǘŜƴǘƛŀƭ ŎƻƳǇƻǳƴŘǎ ǘƻ ŎƻƴǎƛŘŜǊ 
ÅSolids, liquids, gases 
ïParticulate and dissolved material 

ÅAbiotic, biotic (living or dead) 
ÅNaturally occurring versus artificial 

 
Åaŀƴȅ άƳŜŀǎǳǊŜƳŜƴǘǎέ ǿŜ ƳŀƪŜ ŀǊŜ ŜǎǘƛƳŀǘŜǎ ƻŦ ŀ 

particular class of compounds or state of the aquatic 
system 
ï¢ƘŜǎŜ άōǳƭƪέ ƳŜŀǎǳǊŜƳŜƴǘǎ ŀǊŜ ƛƴŦƭǳŜƴŎŜŘ ōȅ ǿŀǘŜǊ 

chemistry or influences water chemistry (or both) 



Chemical Composition of Freshwaters 

ÅParticulate and dissolved material 

ÅNatural 
ÅNutrients, ions (minerals and salts), energy sources 

(natural organic matter), metals, dissolved gasses, 
radiological 

ÅArtificial or human derived 
Å Insecticides, fungicides, herbicides, pharmaceuticals, 

solvents, toxic organic compounds, oils, dissolved gasses, 
radiological, heavy metals, breakdown products from all of 
the above 

 



What is Water Quality? 

Åάǎǳƛǘŀōƛƭƛǘȅ ƻŦ ǿŀǘŜǊ ŦƻǊ ŀ ǇŀǊǘƛŎǳƭŀǊ ǳǎŜ ōŀǎŜŘ 
on selected physical, chemical, and biological 
ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎέ (https://pubs.usgs.gov/fs/fs-027-01/  ) 

ïbh¢9Υ ά¦{9έ ƻǊ ŘŜǎƛƎƴŀǘŜŘ ά¦{9έΤ ŀ ǊŜŦŜǊŜƴŎŜ ǘƻ ŀ 
particular expectation or condition 

 

https://pubs.usgs.gov/fs/fs-027-01/
https://pubs.usgs.gov/fs/fs-027-01/
https://pubs.usgs.gov/fs/fs-027-01/
https://pubs.usgs.gov/fs/fs-027-01/
https://pubs.usgs.gov/fs/fs-027-01/
https://pubs.usgs.gov/fs/fs-027-01/


Designated Uses 

ÅClean Water Act 
ïSwimmable, fishable, drinkable 

ïStates need to designate uses of their waterways 

ÅPA designated uses 
ïAquatic Life: CWF, WWF, MF, TSF 

ïWater Supply: PWS, IWS, LWS, WWS, Irr 

ïRecreation and Fish Consumption: B, F, WC, E 

ïSpecial Protection: HQ, EV 

ïOther: N. 
Å http:// www.pacode.com/secure/data/025/chapter93/s93.3.html  

 

 

http://www.pacode.com/secure/data/025/chapter93/s93.3.html
http://www.pacode.com/secure/data/025/chapter93/s93.3.html


 PA Standards and Protected Waters 

http://www.pacode.com/secure/data/025/chapter93/025_0093.pdf 

 

http://www.pacode.com/secure/data/025/chapter93/025_0093.pdf
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Categories 
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What is Water Quality? ς Common 
Measurements 

Å Dissolved O2 (previously mentioned) 
ÅWater temperature (I know ςƴƻǘ άŎƘŜƳƛŎŀƭέΣ ōǳǘ ƘƛƎƘƭȅ ǊŜƭŜǾŀƴǘύ 
Å pH  
Å Alkalinity  
Å Hardness  
Å Conductivity and/or total dissolved solids  
Å Nutrients 
ïPhosphorus  
ïNitrogen  
ïMajor ions ς ŎŀƭŎƛǳƳΣ ƳŀƎƴŜǎƛǳƳΣ ǎǳƭŦŀǘŜΣ ǇƻǘŀǎǎƛǳƳΣ ŜǘŎΧ 

ÅOrganic matter/carbon  
Å Some metals 
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Nutrients and other  

chemical compounds 



Understanding the 
journey water takes 
to our streams, 
lakes, and wetlands 
is key to 
understanding 
water chemistry 



Four Dimensional Nature of Rivers 

Stream Corridor Restoration: Principles, Processes, and Practices, 10/98, by 
the Federal Interagency Stream Restoration Working Group (FISRWG). 



Å  Variation in variables determining the habitat template 

Environmental Heterogeneity  
Heterogeneity = state of being diverse 



B I O G E O I N F O R M A T I C S  G R O U P  

Stream Chemistry 
FLOW PATHS, SPATIAL DIMENSIONs and FLOW DYNAMICS! 
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(21.9 M  Kg/yr TN)  

Stream Chemistry 
FLOW PATHS, SPATIAL DIMENSIONs and FLOW DYNAMICS! 



Stream Chemistry 
Think about the TIME DIMENSION 





Flood Mediated Chemical Transport  

State:  Tennessee  By: Tim McCabe   Name: NRCSTN83010      Year: 1983    

Flood water spills from Obion River in Central Tennessee.  

http://photogallery.nrcs.usda.gov/Index.asp 

http://photogallery.nrcs.usda.gov/Index.asp


Photo: Marissa Morton  

TSS w/ Drift-Correction & Local Calibration 



Photo: Marissa Morton  

Nitrate w/ Drift-Correction & Local Calibration 



Photo: Marissa Morton  

DOC w/ Drift-Correction & Local Calibration 



Å  Multi-dimensional 

Environmental Heterogeneity  
Heterogeneity = state of being diverse  



Å  Scale dependent 
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Environmental Heterogeneity  


