Supplement to Chapter 12

NUTRIENT IMPACT

Vladimir Novotny

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

Algae and plants generally can use nitrogen in a
form of ammonium and nitrate. Some algae
(obnoxious blue greens) and plants (legumes) can fix
atmospheric nitrogen
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NUTRIENT IMPACT

* Photosynthesis 1s the dtiving
Process

~ 6CO,+6H,0 —60,+C,H,,0,

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

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




Algae In Venice (Lagoon) and
Milwaukee River




Algae in Venice and in Mexico




Water Hyacinth at LLake Victoria in
Africa
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EUTROPHICATION

Macronutrients CO., (alkalinity)
NP

Micronutrinets I\/Ijn, Cu, Zn, etc.

Stimulate production of organic matter

6C0O, + 6H,0 /= CiH.,0;+6 0,
Nutrients: Energy

Primary productivity = organic matter produced
from CO; (alkalinity -~ HCO,) and nutrients

CO, + H0 = HCO, + H*




Limiting Nutrient
N/P ratio for algae ~8

* IT'N/P of water >8 1o
15, phosphorus is
[aglitigle

"IFN/P <8108, Nis
limiting

P

Typically, for inland lakes P is limiting
For marine waters N is limiting
Rivers both.can be limiting




Other limitations

= Alkalinity (Inorganic carbon) @ Alk', 25 mg/l
= | ight and turbidity

m\"x”

= Silica ¢

Euphoti€ - primary
g R S a2 SRR B b T O o it L production, nutrient limite

Profundal - respiration, light
limited




REAERATION DEAERATION

L iohe AEROBIC
9 0, DECOMPOSITION
Energy 2
T Photosynthesis o 1
BIOMASS
AUTOTROPHS Cellular HETEROTROPHS | g0 rgy
Primary | R e Decomposition of >
proauctivity organic materials
’ Dissolved
i' 1 extracellular
> organic carbon
co, g CH, )
(alkalinity) Cco,
POINT AND P ANAEROBIC
> Nutrients S
NONPOINT POLLUTION ey OO e




1
o O
— <

Dissolved Oxygen (mg/l)




z- ___________________

O NN -

= UTaSss -

= MIN  TT-l

o CHLOROPHYLL-a "=~

o]

@)

© DISTANCE

Pp>R+D) / O P<(R+D) / O,

- - .. e e m e o o - —— [/A——— -
DEEP LIGHT-LIMITED
REACH _
+I\IH4 CH, soD OrganicC

SHALLOW NUTRIENT-

LIMITED

PRODUCTIVE REACH

P - photosynthesis
(R+D) - respiration, death and grazing




stratification
spring fall winter
circulation circulation

7~

(

40 40 \ Qo
40 40 10
40 40 0

‘ summer ‘\

stratification
epilimnion
thermocline

hypolimnion




Pollutant concentrations
during stratification
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Trophic status of kales.

Water quality Oligotrophic

Source

Total P{ugl)
Chicroplndl a (ug'L)
Secchl dscdapth ( m)
Hypolmmetic ceoveen
( Yosamration )
Phwvtoplankton Production
( gof org Uni-chy)

LIS EPA(1974)

US HPA(1974)
US HPA(194)
LS HPA(1994)

Mhson ( 1991 )




TROPHIC CONDITION OF WATER BODY
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SCREENING MODELS

' Trophic index by Carlson

TSI(SD) ='60-14.43 In(SD)
TSI(Chl) = 30.56-9.81 In(CHL)

TSKTP) = 4.14+14.43 In(TP)
where SD = Secchi disc depth in meters

Chl = Chlorophyll concentration in p.g/L

TP = Total phosphorus concentration in pg/L




VOLLENWEIDER S COMPLETELY MIXED
LAKE SCHEMATIC
W

e

W= |loading

wasstime) [P

V=volume

Q=flow Vs p
p=concentratio
n

V. = settling
velocity

A, = surface
area




SIMPLE STEADY STATE SOLUTION

W =Loading of pollutant per unit area,
WI/A

o= Q/V =flushing rate of the
Impoundment

H = average depth




Vollenweider nutrient loading chart
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Fred Lee’s eutrophication symptoms relationships
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Cyanobacteria (Blue Green Algae )

Cyanobacteria have been around for more than 3
billion years

These microorganisms are responsible for atmospheric
dissolved oxygen

Some species can assimilate atmospheric nitrogen
They are ubiquitous to natute
They prefer warmer water bodies

They produce toxins and impair taste and odor
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PEA SOUP IN CHINA

ECOLOGY

Doing Battle With the
Green Monster of Taihu Lal




Bluegreens have four lives

P in water, N in from
water and fixing
atmospheri

TOXINS

METAMORPHOSIS

TRIGGERS

Temperature, pH AKINETE
Dissolved Oxygen Fll amentous
Phosphorus

ENCAPSULATED SEDIMENT
. AKINETE
Benthic invertebrate

grazing

Vollenweider model does not work




Agent Based Modeling

* Ferdi Hellweger 1s expert

— See Hellweger, Kravchuk, Novotny and Gladyshev

(2008) Agent based modeling of the complex
lifecycle of Cyanobacterium (Anabema) in a shallow

lake, Izmnologia and Oceanographia to be published
SOO11
* Agent base models follow a history of of
thousands of “superagents” and behavior, life
cycle and resting stages in water and sediment
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(@) Depth

History of two randomly-
selected individual
Anabaena cell lineages. (a)
Depth (3), (b) size (), (c)
P quota (gP), and (d)
lifecycle stage. Only one
of two daughter cells is
followed after division.
Outflow and lysis loss is

not permitted for the
ifecycle |
| stage tracked cells.
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(c) Sediment Bed
Akinete

Model simulation to
investigate the
effect of reducing
the sediment

nete density. The
sediment akinete
density was reduced
by 90% towards the
end of year 1 (see
arrow 1n panel c).



Wetlands are natural sinks of
nutrients




