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Nutrients are primarily nitrogen and phosphorus Nutrients are primarily nitrogen and phosphorus 
that stimulate the growth of algaethat stimulate the growth of algae

Algae and plants generally can use nitrogen in a Algae and plants generally can use nitrogen in a 
form of ammonium and nitrate. Some algae form of ammonium and nitrate. Some algae 

(obnoxious blue greens) and plants (legumes) can fix (obnoxious blue greens) and plants (legumes) can fix 
atmospheric nitrogen  atmospheric nitrogen  

Supplement to Chapter 12





NUTRIENT IMPACTNUTRIENT IMPACT

•• Photosynthesis is the driving Photosynthesis is the driving 
processprocess
–– 6CO6CO22+6H+6H22O      6OO      6O22+C+C66HH1212OO66

•• Photosynthesis occurs in the water Photosynthesis occurs in the water 
layer where light can penetrate layer where light can penetrate 
((euphoticeuphotic zone)zone)

•• In the layer with insufficient light,  In the layer with insufficient light,  
on cloudy days and during night on cloudy days and during night 
algae respire and impose oxygen algae respire and impose oxygen 
demand (the equation is reversed) demand (the equation is reversed) 



Algae In Venice (Lagoon) and Algae In Venice (Lagoon) and 
Milwaukee RiverMilwaukee River



Algae in Venice and in MexicoAlgae in Venice and in Mexico

Ulva



Water Hyacinth at Lake Victoria in Water Hyacinth at Lake Victoria in 
AfricaAfrica
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TROPHIC  CONDITION  OF  WATER  BODY
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VOLLENWEIDER=s COMPLETELY MIXED 
LAKE SCHEMATIC

Q, p

W

Vs   p

V
dp
dt W V A p Qps s= − −

W= loading  
(Mass/time)

V=volume
Q=flow
p=concentratio
n
Vs = settling
velocity
As= surface 
area
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W==Loading of pollutant per unit area, 
W/As
D = Q/V = flushing rate of the 
impoundment
H = average depth

SIMPLE STEADY STATE SOLUTION
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Cyanobacteria (Blue Green Algae )Cyanobacteria (Blue Green Algae )

•• Cyanobacteria have been around for more than 3 Cyanobacteria have been around for more than 3 
billion yearsbillion years

•• These microorganisms are responsible for atmospheric These microorganisms are responsible for atmospheric 
dissolved oxygendissolved oxygen

•• Some species can assimilate atmospheric nitrogen Some species can assimilate atmospheric nitrogen 
•• They are ubiquitous to natureThey are ubiquitous to nature
•• They prefer warmer water bodiesThey prefer warmer water bodies
•• They produce toxins and impair taste and odorThey produce toxins and impair taste and odor



Blue Blue –– Greens in Czech RepublicGreens in Czech Republic

Orlík Sedlice

75% or reservoirs have been infected



PEA SOUP IN CHINAPEA SOUP IN CHINA



BluegreensBluegreens have four liveshave four lives

Vollenweider model does not work



Agent Based ModelingAgent Based Modeling

•• Ferdi Hellweger is expert Ferdi Hellweger is expert 
–– See Hellweger, See Hellweger, KravchukKravchuk, Novotny and , Novotny and GladyshevGladyshev

(2008) Agent based modeling of the complex (2008) Agent based modeling of the complex 
lifecycle of lifecycle of CyanobacteriumCyanobacterium ((AnabenaAnabena) in a shallow ) in a shallow 
lake, lake, LimnologiaLimnologia and and OceanographiaOceanographia to be published to be published 
soonsoon

•• Agent base models follow a history of Agent base models follow a history of ofof
thousands of “thousands of “superagentssuperagents”  and behavior, life ”  and behavior, life 
cycle and resting stages in water and sedimentcycle and resting stages in water and sediment
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History of two randomly-
selected individual 
Anabaena cell lineages. (a) 
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followed after division. 
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Wetlands are natural sinks of Wetlands are natural sinks of 
nutrientsnutrients


