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What Causes These Blooms of Algae?

They are the end product of over-
enrichment with nutrients
(phosphorus and/or nitrogen).

This process is called...

Eutrophication.



Nutrient Sources in the
Watershed (Point and Nonpoint)

Transported by
Rainfall, Runoff, and
Baseflow

Enter Streams and
then Lakes



Nutrients from Watershed

Combine With
Sunlight, Thermal
Regime, Winds, Lake
Depth and Shape

To Create Lake Trophic State,
Which is Typically Described by
Algal Biomass and Production



Trophic State of Kansas Lakes
As Assessed for the 2004 305b Report to EPA

% Lakes % Acreage Blooms?
Mesotrophic and Lower 14.9 6.4 Rare
Eutrophic
   Lower Range 13.0 28.3 Rare to Infrequent
   Mid Range 18.4 25.3 Frequent
   High Range 12.3 7.2 Very Frequent and Larger
Hypereutrophic 22.8 1.6 Very Frequent and Large

Chronic Turbid 5.1 27.2 Rare Due to Turbidity
Unknown 13.6 3.9 Unknown



If nutrients become plentiful enough ... 
and lake trophic state grows high enough ...

The result is usually Blue-Green algae blooms. 



So... How Much Is Too Much?
Think of “Goldilocks” and her porridge when you
think of nutrient loading.

Too
Little

Just
Right Too Much

Scale Showing
Increasing Nutrient
Load

Zero “Infinity 
    and
Beyond”

Mesotrophic to
Eutrophic

Upper Eutrophic Hypereutrophic



Are All Algae Blooms Un-Natural?

U No....not at all
U Even relatively unimpacted lakes can have

occasional algae blooms
U Even pristine lakes can have blue-green algae

as their dominant algal species



What is Un-Natural is When.........

U Blooms become very frequent
U Blooms become long duration
U Blooms become very large
U And these aspects of algae blooms are what

can create impairments of beneficial uses



Some Eutrophication Impacts

U Increased algal and periphyton biomass
U Shifting algae communities that favor nuisance or toxin

producing forms (colonial blue-greens)
U Reduced water clarity
U Decreased aesthetic quality and recreational appeal
U Taste, odor, and filtration difficulties for water supply
U Large daily cycles of pH and dissolved oxygen (stresses for

fish and macroinvertebrates)
U Eventual Shifts in fish community away from game species
U Increased probability of fishkills



Why are Blue-Green Algae a Problem?

U Although a natural component of lake algae
communities, colonial blue-greens are a poor food
source for fish and macroinvertebrates.

U They are able to out-compete other, more
desireable, forms because...

T They are adapted to float and adjust bouyancy.
T They prefer warm temperatures, when growth can be

maximized.
T They are better suited to enriched settings.

U Many are capable of producing toxins and odiferous
compounds.



Some of the most common, and troublesome
Blue-Green types

Anabaena sp.
Microcystis sp.



Taste and Odor Problems

Can be caused by species in several algal
groups, but most commonly in the Midwest taste
and odor problems are due to blue-greens.

The most common T&O compounds, out of
many identified, are Geosmin or 2-Methyl-iso-
borneol (MIB).



Taste and Odor Problems

Geosmin and MIB cause “earthy/musty” taints at
levels beginning at 4 to 9 ng/L (parts per trillion).

Blue-green populations of only 3,500 cells/mL are
sufficient to cause severe T&O problems.  Blooms are
often considered to begin at 10,000 cells/mL.

Other algae cause a variety of tastes and odors in
drinking water, but are not nearly as common in our
region.



Blue-Green Algae and Toxicity

Many common forms of blue-green algae
produce toxic compounds that can create
problems for water supply, recreation, aquatic
life, livestock, and irrigation.

These toxins may be defensive, waste
byproducts, or serve other functions.



Blue-Green Algae and Toxicity

Toxin production does seem to be correlated with enrichment
level (more TP = more toxins), both from growing larger
amounts of algae and from the promotion of toxin producing
strains that seem to prefer enriched habitats.

Warm temperature (Summer) and calm waters also encourage
blue-green algae.

Toxins can come in several forms, and are some of the most
potent natural toxins known.



Types of Algal Toxins

U Hepatotoxins (microcystins, nodularins,
cylindrospermopsin)

U Neurotoxins (anatoxin-a, anatoxin-a(S))
U Endotoxins (lipopolysacharides)



Relative Toxicity
Average of Rat/Mouse Studies, Based on Most Likely Exposure Route

U Arsenic Acid (48,000 ug/kg LD50)
U Cyanide (6,000 ug/kg LD50)
U Western Diamondback (540 ug/kg LD50)
U Cobra (250 ug/kg LD50)
U Anatoxin-a (200 ug/kg LD50)
U Anatoxin-a(S) (20 ug/kg LD50)
U Microcystin LR (5 ug/kg LD50)



Prevention and/or Control?

Restoration of nutrient enriched lakes can be
expensive and long-term projects.

The best approach is to prevent excessive
eutrophication via watershed protection efforts
and pre-planning when an artificial lake is still
on the drawing board.



Restoration and/or Control?

In-Lake algae control tends to be chemical or
mechanical.

These in-lake approaches are, for the most part, 
“symptomatic” treatments that must be maintained for
the life of the lake, often costing millions of dollars.

Some symptomatic treatments can “back fire,” making
blooms actually become worse.




