
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 

• Multi-dimensional nature of stream water 
chemistry 

• What is “water quality”? 

• Influences/drivers of patterns of stream water 
chemistry 

• How and why does water quality change over 
time? 



What’s in your water? 
• How many people know where their drinking 

water comes from? 

• Do you know what the water quality is of your 
drinking water? 

– Or 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


What’s in your water? 

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
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What’s in your water? 



And still finding more to measure and 
be concerned about…. 

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 – 

a class of pesticide used to 

kill off insects – 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 

• Drinking water is typically “processed” or 
treated in some way 

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

– Changing with environmental conditions 



 



Foundational Building Blocks 
• Ecosystems… 

– Physical, chemical, and biological systems interacting, 
creating, transforming, decomposing, transferring materials 
and energy…  
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Chemical Composition of Freshwaters 

• 100,000’s of potential compounds to consider 
• Solids, liquids, gases 

– Particulate and dissolved material 
• Abiotic, biotic (living or dead) 
• Naturally occurring versus artificial 

 
• Many “measurements” we make are estimates of a 

particular class of compounds or state of the aquatic 
system 
– These “bulk” measurements are influenced by water 

chemistry or influences water chemistry (or both) 



Chemical Composition of Freshwaters 

• Particulate and dissolved material 

• Natural 
• Nutrients, ions (minerals and salts), energy sources 

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

• Artificial or human derived 
• 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? 

• “suitability of water for a particular use based 
on selected physical, chemical, and biological 
characteristics” (https://pubs.usgs.gov/fs/fs-027-01/ ) 

– NOTE: “USE” or designated “USE”; a reference to a 
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 

• Clean Water Act 
– Swimmable, fishable, drinkable 

– States need to designate uses of their waterways 

• PA designated uses 
– Aquatic Life: CWF, WWF, MF, TSF 

– Water Supply: PWS, IWS, LWS, WWS, Irr 

– Recreation and Fish Consumption: B, F, WC, E 

– Special Protection: HQ, EV 

– Other: N. 
• 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


 PA Standards and Protected Use 

Categories 



 PA Standards and Protected Use 

Categories 



 PA Standards and Protected Use 

Categories 



 



What is Water Quality? – Common 
Measurements 

• Dissolved O2 (previously mentioned) 
• Water temperature (I know –not “chemical”, but highly relevant) 
• pH  
• Alkalinity  
• Hardness  
• Conductivity and/or total dissolved solids  
• Nutrients 

– Phosphorus  
– Nitrogen  
– Major ions – calcium, magnesium, sulfate, potassium, etc… 

• Organic matter/carbon  
• 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). 



•  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  
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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 



•  Multi-dimensional 

Environmental Heterogeneity 
Heterogeneity = state of being diverse 



•  Scale dependent 
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•  Hierarchical     
Regional Species 

Pool 

Flood Disturbance 

Physical Habitat 

Chemical Habitat 

Local 

Community 

Poff (1997) 

Examples of  

filters/controls 

Multi-Dimensional Nature of  

Environmental Filters 



Example of hydro-geo-chemical-
biological interactions (and e-filters) 

• Changes in water chemistry can be mediated by 
– Biological interactions – BIOFILMS 
– Temperature and light 
– Inter-play between aerobic – anaerobic 

“habitats”/compartments 

• BIOFILMS in most streams are on the stream bed! 
– Composed of microbes (bacteria, archaea, fungi, cyanobacteria, 

algae) 
– Invertebrates and some fish live in and on these biofilms 

• What controls biofilm development/thickness?  
– How do biofilmsrespond to: 

• temperature, light, nutrients, hydrology (flooding and drought), 
current velocity, turbidity  

• Grazing by animals 
• Are they different on different sediment types? (sand/silt/clay versus 

gravel v boulders) 



Stream Chemistry 
Think about biofilms and their dynamic responses to conditions 
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Biofilm Function and Dynamics 

 



Controls on Biofilm Growth in Rivers 

Disturbance 
 

Scouring/sloughing 

 

Substrate movement 

 

 

Grazing 

 
Invertebrates 
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Biomass Loss 
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      Nutrients 

 

            Light 

 

 Temperature 

Biomass Gains 

High Biomass 

Low Biomass 
Modified from Biggs 1996 
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Insects 

“Bottom-Up”                                  “Top-Down” 

Biofilms/plants 

 

Nutrients 

 

Ecosystem Responses to Changes in 
Resources 



How and Why Does WQ Change over 
Time? 

• Natural processes 

– Seasonality 

– Daily conditions 

– Bottom up versus top down interactions 

– Geological time (landscape change) 

– Fluvial geomorphic change mediated by 
hydrologic disturbance (flood/drought) 

• Baseflow versus stormflow 



How and Why Does WQ Change over 
Time? 

• Human induced 

– Landscape alteration 

• Management/use/restoration 

– Pollution 

• Surface waters, groundwater, atmospheric 

– Climate changes 

– Water uses 

• Consumptive, non-consumptive 

 

 



BACKGROUND WATER CHEMISTRY 
 
Learning objectives: 
 
What is the relationship between geologic setting and stream water 
chemistry? 
 
What is the Carbonate Buffering System 
 
What controls the amount and dynamics of dissolved gases in stream 
water and why does it matter? 
 

 
 



Geology sets the chemical foundation 

• Weathering - physical and chemical breakdown 
of continental rock to small particles (>0.5 μm) 
and dissolved substances (<0.5 μm) 

Physical Chemical 
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and thaw 
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Water 

Oxygen 
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dioxide 

Living 
organisms 

Acid rain 



Geology sets the chemical foundation 

• Physical weathering - physical breakdown of rocks and 
minerals into smaller particles 
– Processes include: glacier scouring, frost heaves (freeze-thaw cycles), 

abrasion by wind- and water-borne particles, rain splatter and 
differential expansion/contraction of exposed rocks 

– Typically, physical weathering rates increase with mean elevation 
(Garrels and Mackenzie 1971) 

Image from: http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html  

http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html
http://www.eschooltoday.com/rocks/what-is-physical-weathering-of-rocks.html


• Chemical weathering - dissolution of rock components, as 
minerals formed deep in the Earth are exposed to 
physicochemical conditions near the surface where they are 
no longer stable. These processes include: 
– Simple (congruent) dissolution 

– Carbonate weathering (typically of limestone) 

– Silicate weathering (with many mineral types involved) 

– Sulfide weathering (acid mine drainage) 

• The dissolved composition of river water records the types of 
chemical weathering (both substrates and rates) that occur on 
in their drainage basins 

http://www.absolutechinatours.com/UploadFiles/ImageBase/yeliu-geopark-disolution-rock.jpg 

Geology sets the chemical foundation 



Geology sets the chemical foundation 

• Primary Dissolved Ions (other than nitrogen and 

phosphorus ions) 

Major Cations Formula 

Calcium Ca2+ 

Magnesium Mg2+ 

Potassium K+ 

Sodium Na+ 

Major Anions Formula 

Bicarbonate/carbonate HCO3
-/CO3

2- 

Sulfate SO4
2- 

Chloride Cl- 

Silicate HSiO3
- 



…http://pubs.usgs.gov/wsp/wsp2254
/pdf/wsp2254a.pdf 

 

Hem, John D. USGS. 1995. Study and 
Interpretation of the Chemical 
Characteristics of Natural Waters 
(#USGS Water -Supply  Paper 2254) 



Chemical – Geochemistry – geology as 
the foundation 

• Chemical weathering 
– Carbonate weathering (typically of limestone) has the 

general form: 
CaCO3(s) + CO2 + H2O ⇔ CaCO3(s) + HCO3- + H+ ⇔ Ca2+ + 2HCO3

-  

• one of the reactants is a pervasive gas (CO2) and both products are 
highly soluble ions prone to export from soil by river systems to 
the ocean 



Carbonate Buffering System 

• Why study carbonate buffer system (CBS)? 

– CBS controls pH of natural waters on short-term basis. 

– All chemical species in the CBS (e.g., CO2) are involved 
in (and reflect) a variety of biological processes: 

• Photosynthesis/respiration 

• CaCO3(s) formation and dissolution 

– CBS species also are involved in many physicochemical 
processes, including weathering, atmospheric cooling, 
ion complexation and transport of fossil fuel burning 
products. 



Carbonate Buffering System 

• CBS ion species as a function of pH: 

– Concentrations vary with pH, which is -log(H+). 



Stream baseflow ion chemistry set by 
watershed-scale geologic weathering 

• Dissolved composition of river water records the 
types of chemical weathering (both substrates and 
rates) that occur on in their drainage basins 

https://images.sciencedaily.com/2016/04/160414095555_1_540x360.jpg  

https://images.sciencedaily.com/2016/04/160414095555_1_540x360.jpg
https://images.sciencedaily.com/2016/04/160414095555_1_540x360.jpg


Surface land use can also have influences 
on baseflow stream chemistry 

 



Surface land use can also have influences 
on baseflow stream chemistry 

 



During stormflow 
 • pH, acidity, and alkalinity of runoff reflects the chemical 

characteristics of precipitation and the land surface  
• Dominant ion in most precipitation is bicarbonate (HCO3

–) 
– Except in areas with significant ocean spray  

• Bicarbonate ion produced by carbon dioxide reacting with 
water: 
– H2O + CO2 = H+ + HCO3

– 

– Reaction produces hydrogen ion (H+), thus increasing acidity and 
lowering pH  

• Due to CO2 in the atmosphere, most rain is naturally slightly 
acidic (pH about 5.6) 
– Increased acidity in rainfall can be                                                       

caused by inputs, particularly  from                                           
burning fossil fuels. 



Stormflow Water 
Quality 

• Sediment 
– Compounds 

adsorbed to 
sediment 

• Manure 
• Nutrients 
• Toxics 
• Sewage 
• Bacteria 
• Etc…  



Dissolved Gases 

Why are dissolved gases important? 

• Rates of change in concentrations of bioactive 
gases (e.g., O2, CO, CO2, H2S, CH4) can be directly related 
to rates of biological processes (if the gas 
exchange rate with the atmosphere is known) 

• CO2 influences the pH of natural waters and the 
chemical weathering rates of the continents 

• Some gases set the reduction-oxidation 
conditions of water and sediments (e.g., O2, H2S, CH4). 



Dissolved Gases 

Factors that affect gas solubility (i.e., Henry’s Law 
Constant): 

• Molecular weight (MW)→ directly related to the 
solubility of all inert gases. 

• Temperature (T)→ inversely related 

• Pressure (P) → directly related to the solubility of 
all inert gases. 

• Salinity (S) → inversely related to solubility of all 
inert gases. 



The main 
reservoir of all 
gases, except CO2 
and H2O, is in the 
atmosphere 

• So, 
atmospheric 
concentrations 
primarily 
control 
corresponding 
dissolved 
concentrations 



• Dissolved Oxygen (mg/L or ppm) 

• Measurement: 

• Measured in mg/L or ppm (1 mg/L = 1 ppm) 

• Importance: 

• Needed for respiration for all aquatic life 

• Can be altered by other physical/chemical parameters 

PA State Standards for DO levels: 

 

 

 

 
 

Dissolved Oxygen 



• Dissolved oxygen (mg/L or ppm) 

• Inversely related to temperature:  

•  As temp increases, DO decreases 

• DO levels may increase due to  

• diffusion from the atmosphere,  

• plant metabolism/photosynthesis  

• turbulent mixing (riffles) 

• DO levels may decrease due to  

• warm temperatures  

• an overload of decaying organic matter (due to excess 
nutrients) 

• slow moving, deep water 

Dissolved Oxygen 



What is Water Quality? – Common 
Measurements 

• Water temperature (I know –not “chemical”, but highly relevant) 
 

• pH  
• Alkalinity  
• Hardness  
• Conductivity and total dissolved solids 

– Major ions (chloride, Ca, Mg, K, Na, SO4) 
– Contributes to conductivity/TDS 

• Nutrients 
– Phosphorus  
– Nitrogen  
– Carbon  

• Dissolved O2 (already mentioned) 
 
 



 Temperature 
Pa State Standards for Water Temperature (but recently revised): 

 Depends on time of year 
 

I 

 

 

 

 
 

Importance: 

 Temperature/dissolved oxygen relationship:  

     The higher the temperature, the less oxygen the water can 

hold.  

 Some species adapt to a narrow range of temperatures. Changes 

of only a few degrees can affect the life in a stream. 

 Temperature affects feeding, respiration, and aquatic 

metabolism. 

 

 

 

 



Thermal Characteristics 

• Factors affecting water temperature 
– Latitude, Altitude 
– Tree canopy 
– Reach volume to surface area 
– Groundwater accrual 
– Seasonality – meltwater from snow and ice 
– Diel – day/night 
– Turbidity 
– Impoundments (lakes, dams, ponds, etc…) 
– Point sources 
– Land use influences (impervious surface) 

 
 



Why is water temperature so 
important?  

• Temperature has effects on 
– Distribution of organisms 

• Eurythermal, Stenothermal 

• Algae – diatoms versus blue-green algae 

• Insects, Fish 

– Biological processes 
• Growth rates 

• Metabolic processes 

– Water chemistry 
• Concentrations of dissolved gasses 

• Reaction rates 



• Measure of  hydrogen ions (H+) 

• Measured on a 0-14 scale 

• Pure water has equal amount of H+ and OH- ions and has a pH of 7  

• Importance: 

• Aquatic organisms are sensitive to pH fluctuations 

• Controls: geology, productivity of waters, bi-carbonate buffering system 
 

*PA State Standards for pH: 
 

 

 

Chemical – pH 



• Alkalinity or Alk (mg/L) 
• Measure of the acid neutralizing capacity (buffering) capacity of a 

solution and defined as the sum of bases that are titratable with strong 
acid:  [Alk] = [HCO3-] + 2 [CO32-] + [OH-] -[H+] 

• Natural sources in water are: Carbonate (CO3) and bicarbonate 
(HCO3) ions 

• From Limestone (CaCO3), Magnesium Carbonate (MgCO3) 

• Importance:  Higher alkalinity = better buffer against changes in pH;  
increased stability (fish kills example) 

*Pa State Standards for Alkalinity: 

 

 

 

 

 

 

Alkalinity 



• Alkalinity (mg/L) 
• Measure of the acid neutralizing capacity (buffering) capacity of a 

solution and defined as the sum of bases that are titratable with strong 
acid:  [Alk] = [HCO3-] + 2 [CO32-] + [OH-] -[H+] 

• Natural sources in water are: Carbonate (CO3) and bicarbonate 
(HCO3) ions 

• From Limestone (CaCO3), Magnesium Carbonate (MgCO3) 

• Importance: Higher alkalinity = better buffer against changes in pH;  
increased stability (fish kills example) 

*Pa State Standards for Alkalinity: 

 

 

 

 

 

 

Water Alkalinity as CaCO3 

0-10 mg/L Very Low 

11-50 mg/L Low 

51-150 mg/L Moderate 

151-300 mg/L High 

>300 mg/L Very High 

Alkalinity 



  

• Concentration of calcium and magnesium ions in water 

• Limestone=source of hardness 

• Importance: 

• Plants and aq. life require Ca/Mg-cell walls, shells, bones. Mg for 
photosynthesis. 

• Fish repro limited in levels <15mg/L or >200mg/L 

• Long-term human consumption of  350 mg/L can be harmful. 

• Aquatic life toxicities to other pollutants can vary with Hardness 
(e.g., Chloride)  

*No Pa State Standards for Hardness 

 

 

 

 

 

Water Hardness as CaCO3 

0-20 mg/L Soft 

21-60 mg/L Moderately soft 

61-120 mg/L Moderately hard 

121-180 mg/L Hard 

>180 mg/L Very Hard 

Hardness 



  

• Concentration of calcium and magnesium ions in water 

• Limestone=source of hardness 

• Importance: 

• Plants and aq. life require Ca/Mg-cell walls, shells, bones. Mg for 
photosynthesis. 

• Fish repro limited in levels <15mg/L or >200mg/L 

• Long-term human consumption of  350 mg/L can be harmful. 

• Aquatic life toxicities to other pollutants can vary with Hardness 
(e.g., Chloride)  

*No Pa State Standards for Hardness 

 

 

 

 

 

Water Hardness as CaCO3 

0-20 mg/L Soft 

21-60 mg/L Moderately soft 

61-120 mg/L Moderately hard 

121-180 mg/L Hard 

>180 mg/L Very Hard 

Hardness 



 



Data source: ANSD (M. Kurz) 2013-15 (ANSD + Cluster Partners) 
Data are provisional (not final and subject to change) 
n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  



Data source: ANSD (M. Kurz) 2013-15 (ANSD + Cluster Partners) 
Data are provisional (not final and subject to change) 
n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  



• Measures water’s ability to pass an electrical current (AC 

voltage to nickel electrode) 

• Conductivity indicates the presence of ions in the water 

• Data can determine concentration of solutions, detect 

      contaminants, determine purity of water. 

• Is affected primarily by geology of the area through  

      which the water flows through 
• Water that flows through granite tends to have lower conductivity 

• Water that runs through limestone and clay has higher conductivity 

• What else can affect conductivity levels? 

• Mining operations – release of iron, copper, cadmium 

• Agriculture – adds nutrient ions  

• Sewage effluent – chloride, nitrates, and phosphate 

• Urban runoff – auto fluids, salts, and chemical  

 
 

 

 

Conductivity 



Conductivity 
Measurement for Specific Conductivity 

• Temperature references at 25oC or 20oC typical 

State Standards: 

• No regulated level in Pennsylvania – but TDS for PWS’s 

• Pennsylvania  generally ranges from 50 to 1500 mS/cm 

• Find normal background levels/ Closely monitor any deviations 

 



TDS? – Total Dissolved Solids 
• TDS is the combined total of solids dissolved in water 
• Electrical Conductivity is the ability of something to conduct 

electricity (in this case, water's ability to conduct electricity). 
• TDS is measured by weighing residue found in water after the 

water has evaporated. 
• TDS “meter” measures conductivity and then converts it to 

a TDS 
• Since different metals, minerals and salts will be more or 

less conductive than others, there are different conversion 
factors that can be used, e.g.,: 
• TDS vs EC based on NaCl: 0.47 to 0.50 

TDS vs EC based on KCl: 0.50 to 0.57 

• Most meters us NaCl = 0.5 (i.e., X uS/cm * 2 = TDS) 





Natural variation and current reference for specific conductivity and major ions in wadeable streams of the conterminous USA 

Michael B. Griffith 

Freshwater Science 2014 33:1, 1-17  

 

 

http://www.journals.uchicago.edu/doi/abs/10.1086/674704
http://www.journals.uchicago.edu/doi/abs/10.1086/674704
http://www.journals.uchicago.edu/doi/abs/10.1086/674704
http://www.journals.uchicago.edu/doi/abs/10.1086/674704


Natural variation and current reference for specific conductivity and major ions in wadeable streams of the conterminous USA 

Michael B. Griffith 

Freshwater Science 2014 33:1, 1-17  
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Data source: ANSD (M. Kurz) 2013-15 (ANSD + Cluster Partners) 
Data are provisional (not final and subject to change) 
n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  



Data source: ANSD (M. Kurz) 2013-15 (ANSD + Cluster Partners) 
Data are provisional (not final and subject to change) 
n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  



Intro to P, N, and C Cycling in Streams 

• Agenda 

– Biogeochemistry introduction 

– Nutrient cycles – phosphorus and nitrogen 

– Carbon cycle and dynamics in streams  

– In-stream dynamics 

https://www.fort.usgs.gov/sites/default/files/styles/large/publ

ic/slides/biogeochemical%20cycling.jpg?itok=o7pXsNQ2  

https://www.fort.usgs.gov/sites/default/files/styles/large/public/slides/biogeochemical cycling.jpg?itok=o7pXsNQ2
https://www.fort.usgs.gov/sites/default/files/styles/large/public/slides/biogeochemical cycling.jpg?itok=o7pXsNQ2
https://www.fort.usgs.gov/sites/default/files/styles/large/public/slides/biogeochemical cycling.jpg?itok=o7pXsNQ2


PHOSPHORUS, NITROGEN, AND 
CARBON CYCLES, DYNAMICS, AND 
TRANSFORMATIONS 
 
Learning objectives: 
 
Know your nitrogen, phosphorus and carbon cycles 
 
Understand transformations of nutrients and energy in streams 
 
Understand many of the factors that control and or drive the dynamics 
of changing concentrations in P, N, and C in streams 

 



Biogeochemistry 

• Biological & chemical transport and 
transformations to nutrients/energy in 
ecosystems 

• Study of bioactive elements (C, N, P, H, O, S) 
• Sources? How they move through ecosystems? 

• Energy flow 
• Each element cycles between an organism and 

the non-living environment 
• Bacteria and Archaea are integral to these cycles 
• Presence/absence of O2 very important 



*Chemical and Physical Properties 

• Vary from basin to basin 

• Vary in time 

• Influence flora and fauna 

– Growth 

– Reproduction 

– Species composition 

– Competition 

http://nca2014.globalchange.gov/report/sectors/biogeochemical-cycles  

http://nca2014.globalchange.gov/report/sectors/biogeochemical-cycles
http://nca2014.globalchange.gov/report/sectors/biogeochemical-cycles
http://nca2014.globalchange.gov/report/sectors/biogeochemical-cycles
http://nca2014.globalchange.gov/report/sectors/biogeochemical-cycles


Phosphorus Cycle 
• One of the most important chemicals in ecosystems 

– Important for plant growth 

– Low or limiting in many alpine and forested streams, northern bogs, 
freshwater marshes, southern deepwater swamps 

– High or excessive in agricultural watersheds 

– Phosphorus retention (i.e., keep it in place) is often a goal of stream and 
wetland restoration   

• Energy transfer (ATP), phosphorylation 

     (glucose-6-phosphate, 1st step in glycolysis) 

• Nucleic acid synthesis 

• Membrane integrity (phospholipids  

    structure of membranes) 

 





Natural Sources of Phosphorus 
• Sedimentary cycle (N cycle is gaseous) 

• 0.12% of the Earth’s crust 

• Sparingly soluble minerals such as apatite 
Ca5(PO4)3

+ 

• Guano 



Forms of Phosphorus 
• Soluble and insoluble complexes 

• Organic and inorganic forms 

• Aquatic P-cycle has no significant gaseous component 
and the cycle is limited to terrestrial and aquatic 
phases with the exception of atmospheric transport 
(e.g., dust) 

• Greater than 90% of phosphorus in freshwater occurs 
as organic P, cellular constituents, and P adsorbed to 
inorganic particles and dead particulate organic 
matter. 



Phosphates 
• Phosphates are not toxic to people or animals unless they are 

present in very high levels 
• Digestive problems could occur from extremely high levels of phosphate 

• In freshwater lakes and rivers, phosphorus is often found to be 
the growth-limiting nutrient, because it occurs in the least 
amount relative to the needs of plants 
• If excessive amounts of P and N are added, algae and aquatic plants can 

become prolific 

• When algae/plants die, bacteria decompose them, and use up oxygen 

• Eutrophication 

• Dissolved oxygen concentrations can drop too low for fish to breathe, 
leading to fish kills 

• The loss of oxygen in bottom waters can free phosphorus previously trapped 
in the sediments, further increasing the available phosphorus 



Forms of Phosphorus 
• Particulate or dissolved phase 

• Particulate includes living and dead plankton, 
precipitates of phosphorus, phosphorus 
adsorbed to particulates, and amorphous 
phosphorus 

• Dissolved phase includes inorganic phosphorus 
and organic phosphorus 

• P in natural waters usually found in inorganic form as 
orthophosphate (PO4

-3) 

• Biologically available portion of Ortho-P is termed 
soluble reactive P (SRP) 



Major Forms of Phosphorus 

• Dissolved Inorganic Phosphorus (DIP) (also known as 
orthophosphate or PO4

-3) 
• Dissolved Organic Phosphorus (DOP) 
• Particulate Organic Phosphorus (POP) 
• Particulate Inorganic Phosphorus (PIP) 



Commonly Measured Forms of 
Phosphorus 

• Total phosphorus (TP) 

• TP = dissolved inorganic P + particulate inorganic P + 
dissolved organic P + particulate organic P 

• a measure of all the forms of phosphorus, dissolved or 
particulate, that are found in a sample 

• Concentrations range from <20 mg/l to >200 mg/l (ppb) 

• Soluble reactive phosphorus (SRP)  

• A measure of orthophosphate, the filterable (soluble, 
inorganic) fraction of phosphorus, the form directly taken 
up by plant cells 

• Biologically available portion of orthophosphate is 
termed soluble reactive phosphorus (SRP) 

 

 



Sources of P 
• Precipitation and fallout 

• Concentrations variable 

• Lower than nitrogen 

• Generally range from 30-100 mg/l 

• Fallout as dust and fertilizers 

• Groundwater 

• Concentrations generally low <20 mg/l 

• Surface runoff 

• Soil related (metal complexation) 

• Often major source of input 

• Related to soil type, topography, vegetative cover, 
runoff quantity, land use, and pollution 





Total Phosphorus in DRWI Clusters 



Dow et al. 2006 

Phosphorus in the Catskills 

West Br. Del    East Br. Del   Schoharie       Esopus          Nvrsink 



Role of erosion of soils – creating 
sediment in freshwater systems 

• Concentrations of phosphorus often increase near 
stream or lake bottom sediments because of the 
effects of reduced oxygen concentration on redox 
potential and subsequent release P from metal-PO4 

complexes that were bound with sediment and 
delivered to the water body 



 

http://www.waterontheweb.org/under/streamecology/14_nutrientdynamics-draft.html 



Transfer of P from Sediments to Water 

• Mineral-water equilibria and anaerobic/aerobic 
conditions 

• Turbulence 
• Phosphorus-mobilizing bacteria 

• Pseudomonas and Bacterium 

• Benthic algae 
• Vascular macrophytes 

• Root uptake and/or leaching from dead plants 

• Burrowing activity and migration of benthic 
invertebrates 
• Bioturbation -  Small as related to other processes 



• Essential element for living organisms 

• Major constituent of proteins, nucleic acids, and other 
biomolecules 

• Molecular nitrogen N2 comprises 80% of the 
atmosphere, but it is relatively inert chemically and 
cannot be used by most forms of life. 

• Most organisms obtain their nitrogen in some 
combined form such as NO3

-, NH4
+, or organic N 

• Reduced nitrogen can be an energy source 

• Oxidized nitrogen can be a terminal electron acceptor 

Nitrogen 
Elemental nitrogen is a colorless, odorless, tasteless, 
and mostly inert diatomic gas at standard conditions, 
constituting 78.09% by volume of Earth's atmosphere.   
Atomic number: 7 
Boiling point: -320.4°F (-195.8°C) 
Atomic mass: 14.0067 ± 0.0001 u 



Major Forms of Nitrogen 

• Nitrate (NO3) and nitrite (NO2) 

• Ammonia (NH3) and ammonium (NH4) 

• Dissolved and particulate organic nitrogen 
(DON, PON) 

• Nitrogen gas (N2 and N2O) 



 

http://www.nature.com/scitable/content/ne0000/ne0000/ne0000/ne0000

/15673541/f1_bernhard.jpg 

Simplified Nitrogen Cycle 



Nitrogen Transformations 

• Often the most limiting nutrient in flooded soils 

• Transformations are mediated by microbiological 
processes 

• Presence of oxidized zone over anaerobic zone is 
critical for several pathways and the cycling of N 
in wetlands/streams/lakes 



Natural Sources of Nitrogen 

• Atmospheric N2 as wet and dry deposition 

 

• Igneous and Sedimentary Rock can contain small 
amounts of NH4

+ 

 

 

 

 

 

• Fertilizers and manure (both ammonium and nitrate 
based) 

• Human sewage (urea = ammonium) 

Anthropogenic Sources of Nitrogen 



Nitrogen Cycling in Streams 



 



Photo: Marissa Morton 

Nitrate w/ Drift-Correction & Local Calibration 



Nitrogen in the DRWI Clusters 



Data source: ANSD (M. Kurz) 2013-15 (ANSD + Cluster Partners)              Data are provisional (not final and subject to change) 

n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  

• [NO3] relative to Cl differs depending on catchment land use  
• Forested & developed catchments, [NO3]increases with increasing Cl, 

suggesting [NO3] is controlled by hydrologic processes (surface runoff or 
groundwater inflow to streams)  

• Agricultural catchments [NO3]is uncorrelated to Cl, suggesting that [NO3] is 
controlled by non-hydrologic processes (e.g., fertilizers).  
 



Data source: ANSD (M. Kurz) 2013-15 (ANSD + Cluster Partners)              Data are provisional (not final and subject to change) 

n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  

• Max [NO3] correlated to percentage Ag land use in contributing catchments 
• Highest [NO3] in catchments with > 60% Ag land 
• [NO3] at high Ag land us is variable, why?  Crop type, farming 

technique/intensity, BMPs, etc.? 
• Catchments with lowest [NO3] typically forested 

• Exceptions: catchments with high % developed land, where [NO3] can 
also be moderately high. 



Nitrogen in the Catksills 

Sites 
Why were sites different? 

West Br. Del    East Br. Del   Schoharie       Esopus          Nvrsink 



Dow et al. 2006 



 Gulf of Mexico Dead Zone in 2012 

In 2012, the “dead zone” was much small, primarily due to the drought in the mid-
west that resulted in small nutrient loadings to the Gulf of Mexico 



 Gulf of Mexico Dead Zone in 2013 

Bottom-water dissolved oxygen across the Lousiana shelf from July 22-28, 2013. 
This is the “dead zone” in the Gulf of Mexico off the Louisiana and Texas coast 



http://longislandsoundstudy.net/2010/07/frequency-of-hypoxia/ 

http://www.motherjones.com/tom-philpott/2013/08/gulf-of-mexico-dead-zone-growth 

http://iopscience.iop.org/1748-9326/8/1/015025/article 

http://longislandsoundstudy.net/2010/07/frequency-of-hypoxia/
http://longislandsoundstudy.net/2010/07/frequency-of-hypoxia/
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http://longislandsoundstudy.net/2010/07/frequency-of-hypoxia/
http://longislandsoundstudy.net/2010/07/frequency-of-hypoxia/
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Critical Consumption Trends and Implications - Degrading Earth's Ecosystems (WRI, 1999, 72 pages) 

 

Figure 3. Global Fertilizer Consumption, 1950/51-1996/97 
Source: International Fertilizer Industry Association  



Estimated total reactive 

nitrogen deposition from the 

atmosphere (wet and dry) in 

1860, early 1990s, and 

projected for 2050 

Data from: Galloway, J.N., Dentener, F.J., Capone, 
D.G. et al. 2004. Nitrogen cycles: past, present, 
and future. Biogeochemistry. 70:153. 
doi:10.1007/s10533-004-0370-0 

 
Image drawn by: Philippe Rekacewicz, Emmanuelle 

Bournay, UNEP/GRID-Arendal 
http://www.grida.no/resources/6041  

http://www.grida.no/resources/6041
http://www.grida.no/resources/6041


http://cahsbiology.weebly.com/uploads/1/3/5/0/13500838/1393932306.jpg  

http://cahsbiology.weebly.com/uploads/1/3/5/0/13500838/1393932306.jpg
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 • Photosynthesis - Photosynthesis by ocean phytoplankton follow the 

Redfield-Ketchum-Richards (RKR) or simply Redfield Equation, as given in their 
(1963) paper: 

  106 CO2 + 16 HNO3 + PO4 + 122 H2O →  (CH2O)106(NH3)16PO4 + 138 O2  

• Classically simplified to  6CO2 + 6H2O → C6H12O6 + 6O2  

Important chemistry cycles – Carbon cycling 



 
 • Photosynthesis - Photosynthesis by ocean phytoplankton follow the 

Redfield-Ketchum-Richards (RKR) or simply Redfield Equation, as given in their 
(1963) paper: 

  106 CO2 + 16 HNO3 + PO4 + 122 H2O →  (CH2O)106(NH3)16PO4 + 138 O2  

• Classically simplified to  6CO2 + 6H2O → C6H12O6 + 6O2  

• Respiration - Respiration (release of the sun’s energy and mineralization 

of nutrients), follows the reverse: 
          (CH2O)106(NH3)16PO4 + 138 O2     106 CO2 + 16 HNO3 + PO4 + 122 H2O  

• Classically simplified to 
• C6H12O6 + 6O2 → 6H2O + 6CO2 + energy 
(glucose + oxygen →water + carbon dioxide + energy) 

Important chemistry cycles – Carbon cycling 

http://www.mcqbiology.com/2012/11/mcq-on-plant-physiology-respiration.html#.V-qx-PkrLRY  
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• What Drives the Carbon Cycle? 
• Photosynthesis                           
• Respiration 

• Not just all plants and people (animals) - bacteria too! 

Carbon Cycle 



Light Aerobic Anaerobic 
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Graphic source: unknown 

Carbon Cycle 



 
 Organic Matter in Aquatic Ecosystems 

 Organic Matter = from living organisms, has carbon content and typically 
C-H bonds (couple of exceptions below) 
• Cellulose, tannin, lignin, proteins, lipids, sugars 
• Includes other elements bound to the OM molecule, e.g., N, P 

  Inorganic material 
• Traditionally viewed as being synthesized by the geological systems – 

not organic 
• But also result of respiratory processes 
• Also considered to be compounds without carbon – except for CO2, 

H2CO3, HCO3
-
, CO3

2-  

Carbon Cycle 



 Functions of OM in Aquatic Ecosystems 
• Attenuates light  (DOM, POM) 
• Influences animal behavior (DOM) 
• Complexes with metals, nutrients, and pollutants (DOM, 

POM) 
• Serves as a C and energy and nutrient source to    

heterotrophic microorganisms  (DOM, POM) 
• Provides substrata for microbial attachment (POM) 

 

Carbon Cycle 



Sources of Organic Matter 

Autochthonous: formed or 
originating in the place where it is 
found  

Allochthonous:  formed or 
originating outside the place 
where it is found 

Photo credit: D. Funk, Stroud Center 

Carbon Cycle 



• OM versus OC 

• Organic matter = complex mixture of molecules 
of diverse origin, but derived from living 
organisms and with C-H bonds (but includes other 
elements); can be living or dead 

• Organic carbon = is a common measure of the 
organic matter of a sampling; 
mass/concentration/amount of carbon present in 
the organic matter of interest; this excludes other 
elements bound to the organic molecule – e.g., 
nitrogen or phosphorus 

Carbon Cycle 



How We Define Organic Matter 
Compartments in Freshwaters 

Particulate Organic Matter (POM) – Seston 

Coarse (CPOM > 1 mm) 

Fine (  > 0.5 μm FPOM < 1mm) 

Dissolved Organic Matter (DOM < 0.5 μm )  

 

Terminology POC and DOC - beware 

Carbon Cycle 



Coarse Particulate Organic Matter (CPOM) 

Also leaches organic molecules (e.g., lignin and tannin) 
that become DOM  

Photo credit: C. Medved, Stroud Center 

Carbon Cycle 



Photo credit: D. Funk, Stroud Center 

Carbon Cycle 



Photo credit: Stroud Center 

Carbon Cycle 



What exactly is Dissolved OM? 

DOM is composed of reduced carbon-based 
molecules that pass through a 0.5 μm filter.  

DOM is 40 to 50% C and is typically measured 
as dissolved organic carbon (DOC) 

Carbon Cycle 



• DOM Compounds Classes in Streams 

Carbon Cycle 

• Plant, microbial, & animal products in 
various stages of decomp. 

• Biological & chemically synthesized 
from degradation products and of 
microorganisms in stages of 
decomposition 

• Two primary categories:  
• Nonhumic – carbohydrates, 

proteins, peptides, amino acids, 
fats, waxes, resins, pigments, other 
low-molecular-weight substances  

• Humics – fulvic and humic acids, 
hydrophilic acids  

Image source: unknown 
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Image source: adapted from Thurman. 1985. Organic Geochemistry of Natural Waters. Nijhoff/Junk, 
Dordrecht. 



 

Image source: Pagano et al. 2014.  Trends in levels of allochthonous dissolved organic carbon in 
natural water: a review of potential mechanisms under a changing climate. Water. 6:2862-2897 

POM 



Fates of CPOM/FPOM in Streams 

• Transport, deposition, re-
suspension 

• Colonization by microorganisms 

• Shredding by macroinvertebrates 

• Metabolism 

• Burial 

• Abrasion and disintegration 

 

Leaf litter in stream 

 

Image source: 

https://watershed.ucdavis.edu/education/classes/tuolumne-

river/pages/detailed-conceptual-model-clavey  
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Variability in CPOM/FPOM Concentrations 

• Storm flows 

 

• Diel patterns 

 

• Seasonal patterns 

White Clay Creek at SWRC (9/7/2011) 

Photo credit: S. Hicks 



POM and Sediment Loads Increase with  
Storm Flows 

Data source: SWRC (Kaplan) 



POM Concentrations Keep Increasing    
              with Elevated Discharge 

SOM=Suspended POM 

Data source: SWRC (Kaplan) 



Processes Controlling DOM Delivery to 
Streams 

• Forest canopy 

 

• Forest floor 

 

• Soil biogeochemistry 

 

• Flow paths 



Image source: unknown 



Image source: unknown 
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Image credit: Siegeofjones -CC BY-SA 4.0  https://en.wikipedia.org/wiki/Dissolved_organic_carbon  

https://commons.wikimedia.org/w/index.php?title=User:Siegeofjones&action=edit&redlink=1
http://creativecommons.org/licenses/by-sa/4.0
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Data source: SWRC (Kaplan) 



Fates of DOC in Streams 

• Photolysis 
• Chemical process by which molecules are broken 

down into smaller units through the absorption of 
light energy 

• Adsorption 
• Capability of all solid substances to attract to their 

surfaces molecules of gases or solutions with which 
they are in contact. Adsorption can be either physical 
or chemical in nature  

• Metabolism 
• Sum of the chemical reactions that take place within 

each cell of a living organism and that 
provide energy for vital processes and for synthesizing 
new organic material 



LAND USE AND STORMWATER DYNAMICS 
INFLUENCE WATER CHEMISTRY 
 
Learning objectives: 
 
Understand land use influences on chemical delivery to streams 
 
Understand what a pollutograph or first flush is? 
 
If time allows, introduction to Model My Watershed 

 



Four Dimensional Nature of Rivers 

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



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



Land Use Influences Hydrologic Setting 

From Wikiwatershed.org: https://app.wikiwatershed.org/micro/  

https://app.wikiwatershed.org/micro/
https://app.wikiwatershed.org/micro/


Pollutant Loads Are Impacted by Land Cover 



Stormwater Impacts 
 Increased runoff volume from impervious surfaces 

and compacted soils  
 Decreased evapotranspiration and groundwater 

recharge 
 Increased frequency and intensity of runoff events 
 Faster conveyance of water 
 Erosion and stream channel changes 
 Decreased baseflow 
 Impacted aquatic Life 
 Pollutants and temperature impacts 

 



Pollutant Loading Can Include: 

• Oil and grease from roadways 
 

• Pesticides and nutrients from lawns 
 

• Sediment from construction sites 
 
• Sediments and nutrients from farming activities 



First Flush Carries Significant  
Pollutant Load 



Mass First Flush Ratio (MFF) for Pollutants 

Values  > 1 indicate normalized mass discharged faster than normalized volume 





First Flush Hydrograph  

Data source: SWRC (D. Arscott) 2015 – from location in White Clay  
Data are provisional (not final and subject to change) 
n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  

Tributary to White Clay Creek 
Upstream 

Downstream ~ 1km 
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Dave B. Arscott, Ph.D. 
Assistant Director, Research Scientist 
Stroud Water Research Center 
 
darscott@stroudcenter.org 
610-268-2153 x278 



ADVANCING KNOWLEDGE AND STEWARDSHIP OF FRESHWATER SYSTEMS 
THROUGH RESEARCH, EDUCATION, AND RESTORATION 



Appendix and Reference Material 



Unique character of H2O 
• Water, physically unique (Emerson and Hedges 2008) 

 Property Comparison Importance 

Heat capacity (1 cal/g °C)   
(energy needed to raise temp of 1 kg by 
1 oK) 

Highest of all 
solids & liquids  

Regulates thermal change 
(thermostating), energy 
transfer 

Heat of fusion (79 cal/g) 
(energy needed to convert solid to 
liquid) 

Highest except 
for NH3  

Regulates thermal change 
(thermostating), energy 
transfer 

Heat of vaporization (540 cal/g) 
(energy needed to convert liquid to gas) 

Highest of all 
substances  

Regulates thermal change 
(thermostating), energy 
transfer 

Surface tension 
Highest of all 
liquids 

Wave and drop formation 

Dielectric constant (charge 
insulation) 

(ability to store electrical energy) 

Highest of all 
substances  

Solubility of salts & ion 
reactions 

Image: SilverV/iStock 



Cation and Anion Valences 



Chemical Weathering 
• Simple (congruent) dissolution occurs when rock 

salts (e.g., NaCl, called halite) formed by seawater 
evaporation are uplifted on the continents and 
exposed to rainwater: 

– NaCl(s) + H2O ⇔ Na+ + Cl- + H2O 

Slide from: Z. Kington – Weathering & Soil 

http://slideplayer.com/slide/3908151/  

http://slideplayer.com/slide/3908151/
http://slideplayer.com/slide/3908151/
http://slideplayer.com/slide/3908151/


Chemical – Geochemistry – geology as 
the foundation 

• Silicate weathering (with many mineral types involved) has the general 
form: 

• 2NaAlSi3O4 + 2CO2 + 11H2O ⇔ Al2Si2O5(OH)4 + 2Na+ + 2HCO3
- + 4H4SiO4 

– In this case, the mineral reactant is albite (a feldspar) and the mineral product 
is kaolinite (a clay mineral and common chemical weathering product) 

– Both feldspar and kaolinite are solid aluminosilicates minerals, but the latter 
clay mineral has been hydrated in the process of weathering and also stripped 
of its sodium (lost as dissolved Na+) and most of its silicon (lost as dissolved 
silicic acid) 

– Many other aluminosilicate minerals undergo similar weathering reactions, 
all of which take up carbon dioxide gas and water and give off dissolved 
bicarbonate, cations and silicic acid as products 



Carbonate Buffering System 
Major CBS species in natural waters include: 

– CO2(aq) → dissolved (unhydrated) carbon dioxide: ~ 99.9% of [CO2(aq)] + [H2CO3] ≡ CO2* 

– H2CO3 → carbonic acid (from hydrolysis CO2(aq)): ~ 0.1% of [CO2(aq)] + [H2CO3] ≡ CO2* 

– HCO3
- → bicarbonate ion (the conjugate base of H2CO3) 

– CO3
2- → carbonate ion (the conjugate base of HCO3

-) 

– ΣCO2
- → Total CO2, or Dissolved Inorganic Carbon (DIC), is by definition:  

ΣCO2 ≡ [H2CO3] + [HCO3
-] + [CO3

2-] 

– CaCO3(s) → solid calcium carbonate minerals calcite or aragonite 



World averages 
From 3- Livingstone (1963) 
           4 -Maybeck (1979) 



Geologic Weathering Results in 

• Dissolved composition of river water records 
the types of chemical weathering (both 
substrates and rates) that occur on in their 
drainage basins 

Spatial distributions of sodium (Na+) concentrations (ppm) in 

rain, as an example of cyclic salts from marine aerosols 

entering freshwater systems (Garrels and Mackenzie1971). 

One complication is "cyclic 
salts" in rivers that are derived 
from sea-surface aerosols, as 
opposed to recent continental 
weathering 



Chemical – Geochemistry – geology as 
the foundation 

• Sulfide weathering (acid mine drainage) 

– Produces acid mine drainage (AMD) when sulfides 
are oxidized (oxygen and water) to hydrogen ions 
and sulfuric acid. Almost all base metals are mined 
from sulfide ores (pyrite=iron sulfide=FeS2), and 
there is often substantial sulfide in coal. 

• 2FeS2 (s) + 7O2 + 2H2O –> 2Fe+2 + 4SO4
-2 + 4H+ 

• Fe+2 can precipitate to red-orange flock/crust 

https://www.epa.gov/polluted-runoff-nonpoint-source-pollution/abandoned-mine-drainage 

http://www.sosbluewaters.org/epa-what-is-acid-mine-drainage%5B1%5D.pdf 



Acid Mine Drainage Impacts 
• Metals released, available to biological organisms 

– fish exposed directly to metals and H+ ions through gills, impaired 
respiration results from chronic and acute exposure 

– Indirect exposure via ingestion of contaminated sediments and food  

• Weathering product of sulfide oxidation = iron hydroxide (Fe(OH)3), 
a red/orange colored precipitate found in streams affected by AMD.  

– Iron hydroxides and oxyhydroxides may 
physically coat the surface of stream sediments 
and streambeds covering clean gravels used for 
spawning, reduces fish food (benthic 
macroinvertebrates).  

• AMD, characterized by acidic metal-elevated 
conditions, can cause physical, chemical, and 
biological change/degradation to stream.  

Image from: http://www.ei.lehigh.edu/envirosci/enviroissue/amd/links/graphs.html  

http://www.ei.lehigh.edu/envirosci/enviroissue/amd/links/graphs.html
http://www.ei.lehigh.edu/envirosci/enviroissue/amd/links/graphs.html
http://www.ei.lehigh.edu/envirosci/enviroissue/amd/links/graphs.html


 

Image from: USGS website on Coal-mine drainage projects in PA: http://pa.water.usgs.gov/projects/energy/amd/  

“Drainage from thousands of abandoned coal mines has contaminated more than 
3,000 miles of streams and associated ground waters in Pennsylvania…”  

http://pa.water.usgs.gov/projects/energy/amd/
http://pa.water.usgs.gov/projects/energy/amd/
http://pa.water.usgs.gov/projects/energy/amd/


Image from: USGS website on Coal-mine drainage projects in PA: http://pa.water.usgs.gov/projects/energy/amd/  

“Drainage from thousands of abandoned coal mines has contaminated more than 
3,000 miles of streams and associated ground waters in Pennsylvania…”  

http://pa.water.usgs.gov/projects/energy/amd/
http://pa.water.usgs.gov/projects/energy/amd/
http://pa.water.usgs.gov/projects/energy/amd/


http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html  

Conemaugh River showed marked improvement after remediation. 
Photo: Courtesy Rosebud Mining Company (June 2004) 

http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html
http://archive.alleghenyfront.org/story/mining-company-invests-big-treat-acid-mine-drainage.html


AMD Impacts 

• Distribution of fish in PA streams affected by 
AMD (Cooper and Wagner 1973) severely 
impacted at pH 4.5 to 5.5 

• Ten species with some tolerance to pH 5.5 and 
below; 38 were at pH from 5.6 to 6.4; 68 
species only at pH > 6.4.  

• Complete loss of fish in 90% of streams with 
waters of pH 4.5 and total acidity of 15 mg/L.  
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• Turbidity (NTU, FNU JTU,) 
• Measure of water cloudiness caused by suspended sediment 

• Can result from soil erosion, runoff and algal blooms 

• NTU – Nephelometric Turbidity Units – particles scattering light beam in 
front of detector photodiode (90o angle) – light source 400-680 nm range 

• FNU – Formazin Nephelometric Units- measuring incident light scattered at 
right angles from sample (photodiode) – light source 780-900 nm range 

• Jackson Candle method (Jackson TU) – inverse measure of length of water 
column need to completely obscure candle flame viewed through it 

• Importance: 

• High turbidity limits sunlight penetration=inhibits growth of aq.plants 

• High levels indicate soil erosion 

*No Pa State Standards for Turbidity; EPA has recommended water quality  

criteria for NTU – some states LA, VT, WA 
https://www.epa.gov/wqc/aquatic-life-ambient-water-quality-criteria  

http://or.water.usgs.gov/grapher/fnu.html  
 

 

 

 

 

 

 

Turbidity 

O JTU Excellent 

>0 to 40 JTU Good 

>40 to 100 JTU Fair 

>100 JTU Poor 

Turbidity 
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• Turbidity (NTU, FNU JTU) 
• Measure of water cloudiness caused by suspended sediment 

• Can result from soil erosion, runoff and algal blooms 

• NTU – Nephelometric Turbidity Units – particles scattering light beam in 
front of detector photodiode (90o angle) – light source 400-680 nm range 

• FNU – Fomazin TUs- measuring incident light scattered at right angles from 
sample (photodiode) – light source 780-900 nm range 

• Jackson Candle method (Jackson TU) – inverse measure of length of water 
column need to completely obscure candle flame viewed through it 

*No Pa State Standards for Turbidity; EPA has recommended water 

quality  

criteria for NTU – some states LA, VT, WA 
https://www.epa.gov/wqc/aquatic-life-ambient-water-quality-criteria  

http://or.water.usgs.gov/grapher/fnu.html  
 

 

 

 

 

 

 

Turbidity 

O JTU Excellent 

>0 to 40 JTU Good 

>40 to 100 JTU Fair/storm 

>100 JTU Poor/storm 

Turbidity 

https://www.epa.gov/wqc/aquatic-life-ambient-water-quality-criteria
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• Turbidity (NTU, FNU JTU) 

Turbidity 



Is Turbidity Related to Total 
Suspended Solids? 

• Yes 

• But differences in relationship among rivers due to different 
kinds (quality) of particles in matrix 

• Albert Canada Agency 

• TSS = 3.4216(xNTU) 

• French Cr and Brandywine 

• (next slide) 

 

 

Alberta CA example - 
http://www.transportation.alberta.ca/content/doctype245/production/the%20conversion%20of%20nephelometric%20turbidity%20units.pdf 

 

Sloto, R.A., and Olson, L.E., Estimated suspended-sediment loads and yields in the French and Brandywine Creek Basins, Chester 

County, Pennsylvania, water years 2008–09: U.S. Geological Survey Scientific Investigations Report 2011–5109, 31 p. 

http://www.transportation.alberta.ca/content/doctype245/production/the conversion of nephelometric turbidity units.pdf
http://www.transportation.alberta.ca/content/doctype245/production/the conversion of nephelometric turbidity units.pdf
http://www.transportation.alberta.ca/content/doctype245/production/the conversion of nephelometric turbidity units.pdf


Sloto, R.A., and Olson, L.E., Estimated suspended-sediment loads and 

yields in the French and Brandywine Creek Basins, Chester County, 

Pennsylvania, water years 2008–09: U.S. Geological Survey Scientific 

Investigations Report 2011–5109, 31 p. 



Data source: ANSD (M. Kurz) 2013-15 (ANSD + Cluster Partners) 
Data are provisional (not final and subject to change) 
n = 513; (75 PK; 53 UL; 62 SH; 54 NJH; 92 MS; 136 BC; 38 SP; 3 KCA)  



McKee et al. 2000, Biogeochemistry 



Cation Exchange Capacity (CEC) in Soils 

• Soil CEC = ability of soil to hold and release various 
positively charged elements and compounds 

• Clay particles have (-) charge, so attract and hold (+) 
charged ions 

• Soil organic matter (SOM or OM) has both (+) and (-) 
charges (depending on exact composition of OM), so can 
potentially hold both cations and anions 

• 2 types of cations of concern here: acidic or acid-forming 
cations, and basic, or alkaline-forming cations 
– H+ and Al3+ are acid-forming. Neither are plant nutrients. A soil 

with high levels of H+ or Al3+ is an acid soil, with a low pH 
– Ca2+, Mg2+, K+ and Na+ are all alkaline or basic cations or bases 



• Both types of cations may be sorbed onto clay particles 
or SOM 

• Nutrients need to be held in soil for use by plants, or 
they will wash away during rain storms (e.g., PO4) 
 

• Cation Exchange Capacity is the measure of how many 
negatively-charged sites are available in the soil. 

• Some soils have high CEC and some have low CEC. 
Generally: 
– sandy soil with low OM = very low CEC  
– clay soil with high OM (e.g., humus) = high CEC 
– OM (as humus) has high CEC; for clay soils, CEC depends on clay type 

Cation Exchange Capacity (CEC) in Soils 



 



 



 



 



Toxic Organic Chemicals 

• Synthetic compounds that contain carbon such as 
PCBs, most pesticides and herbicides 

• Originate from both point and non-point sources 
• Movement from land to water primarily determined by 

chemical characteristics 
– Sorption to soil particles (eroding sediments) 
– Solubility of compound  

• Aromaticity – delocalized bonding structure of ringed compound 
like benzene 

– Volatilization 
– Degradation 

• Phtolysis – degradation due to energy of light 
• Hydrolysis – splitting of organic molecule by water 

 



 



 



 



The River Continuum Concept  
 
 

Vannote, R.L.,  
G.W. Minshall,  
K.W. Cummins,  
J.R. Sedell, and  
C.E. Cushing.  

(1980)  
 

Canadian Journal of Fisheries and 
Aquatic Sciences 32:130-137 



The River 

Continuum 

Concept 

describes how 

biological 

processes vary 

from 

headwaters to 

large rivers 


