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Earth’s Life-Support Systems
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Greeks, Native Peoples, Buddhism, Hinduism
use(d) Earth, Air, Fire, and Water as the main
elements of their faith/culture
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Cycling in Ecosystems — the
Hydrologic Cycle

« What are the three
forms of water?

* Processes
— Condensation
— Precipitation
— Transpiration
— Evaporation




What happens when water hits
surface?

4T

Depends on:
permeability of
the surface

50% of water
that falls on soil
or vegetation
runs off

100% of water
that falls on
asphalt runs off



Carbon Cycle

Forms the basis of
all living things \\\[\4/

N7 I
it all starts with... =\ 2 2= and “EO
VNN

Which creates...

Why is this important?



Carbon Cycle

Does this plant contain
carbon?

What happens when
the plant dies? Does
it release carbon?




Carbon Cycle

Does this wood
contain
carbon?

What happens
when you burn
wood? Do you
release carbon?




Sources of Organic Carbon in
the Hudson River

O Sewage

B  Submerged
aquatic plants

Phytoplankton

Watershed

Information taken from Stanne, Panetta,
and Florist. 2007. The Hudson.




Carbon Cycle

« Can be stored in five major areas:
1. Living and dead organisms
2. Atmosphere (carbon dioxide)
3. Organic matter in soll

4. Lithosphere as fossil fuels and rock
deposits

5. Oceans as dissolved CO2 and shells
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Estimated major stores of
carbon on the Earth

Sink

Atmosphere
Soil Organic Matter
Ocean

Marine sediments and sedimentary
rocks

Terrestrial plants

Fossil Fuel Deposits

Amounts in Billions of

Metric Tons
766

1500-1600
38,000-40,000

66,000,000 to 100,000,000

540-610

4000



Carbon in Ecosystems:
Photosynthesis and Respiration

« Forms of C: CO,, organic C
compounds like glucose

* Processes

— Photosynthesis: Carbon
dioxide + water + solar
energy chlorophyll glucose
(sugar) + oxygen

— Respiration: Glucose +
oxygen = Carbon dioxide
+ water + E




Carbon in Oceans
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* Enters through
diffusion (creates
carbonic acid)

 Some sea life use
bicarbonate to
produce shells and
body parts (coral,
clams, some
algae)



Carbon cycle in the lithosphere

 |norganic: coal, oll,
natural gas, oil shale,
limestone

* Created from
organisms (both plant
and animal) that died
a long time ago and
accumulated on the
bottom of oceans or
lakes
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Humans and the Carbon Cycle

 Until recently: none

 Now: 6.5 billion
metric tons of
carbon are
transferred from
fossil fuel storage
pool to the
atmosphere




The Greenhouse effect

Some solar radiation is En_:rme of the infrared
reflected by the atmosphere radiation passes through
and earth's surface the atmosphere and Is
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Solar radiation passes through  « = 7 greenhouse gas molecules. The .
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Geologic Cycle

Takes place over millions of years

CO2 from the atmosphere combines with water
to create a weak acid, which reacts with
compounds in the earth’s surface and eventually
settles into the ocean floor

This carbon is eventually released back into the
atmosphere during volcanic eruptions

What else might cause the carbon to be
released back into the atmosphere?



Biologic Cycle

Very rapid process: days to years

Photosynthesis: makes carbohydrates and
oxygen

about half of the CO2 is released and half is
stored in the plant biomass

Biomass becomes part of the soil carbon cycle,
which is ultimately released through erosion,
fire, or decomposition

Average residence time of carbon in soil is 20-
30 years

What are anthropogenic sources of CO27



Nitrogen Cycle

Why is nitrogen important?
What uses can you think of for nitrogen?

It is considered a ‘limiting’ factor in many
ecosystems...without it, plants would not
be able to grow Ay f

Including phytoplankton




Nitrogen Cycle

Do you contain nitrogen?

Does the air contain
nitrogen?




Nitrogen Cycle

The atmosphere is made up of 79% N gas
This gas is not useable by living things

It must be converted to form compounds such as

ammonia (NH4) or nitrate (NO3) which can be

taken up by living things

There is natural and human fixation of N2
Natural: lightning, bacteria

Human: fossil fuel combustion, fertilizer
manufacturing



Nitrogen Cycle

— Organisms cannot use N,
— Nitrogen fixing bacteria

« Root nodules of
legumes (mutualism)

« Soil
— Plants use nitrate (NO;)--
FERTILIZERS




Nitrogen Cycle

NITROGEN CYCLING IN AN UNDISTURBED FOREST

N, Atmospheric nitrogen

Nitrogen
fixation

by
microbes

* Leaves and litter

NO;”

Nitrate
loss to
stream
\JI
Nitrate and ammonium
move in soil

N-Or Organic nitrogen in living tissue
N-Or Organic nitrogen in dead tissue
NHs" Ammonium

NOs~ Nitrate

=  Flow of nitrogen

In an undisturbed forest most of the
nitrogen cycles between living plants and
dead organic mater in the soil. Plants take
up nitrogen through their roots; microbes
release the nitrogenfrom dead leaves and
branches to the soil. Small amounts enter
the cycle through nitrogen fixation, and
even smaller amounts leave in stream water.



Nitrogen Cycle

MNITROGEN CYCLING IN A DEVELOPED WATERSHED

M= Armaspheric nitragen

My Mitrogen cxides

H* 5042 NOs ‘ — -
NHy* Ammonium ion hydregen  sulfate  nicrate “,
My, Micrate ion o L
S0: 0 Sulfur dicxide S0y

NOx Now I ARR NN 4
NO, O‘u L o° Ha

" NOy rain | snow () Nf‘ ¥
e, = A %h}% NOs™ -qﬂqﬁ‘qwhﬁﬂ@

+
Furnaces and engines turn atmospheric NH, » Fertilizer applied Power plants
Food daliversd nitregen into nitrogen cxides Emm,! ﬁm!mar to Crops generate
o watershed runs ine Fiver nitrogen oxides

Mitrats and armmcnium in rer

Developed warershed import nitrogen in food and fercilizer.
They alsa receive nitrogen from acid rzin, which in turn gets its
nitrogen from the nitrogen oxides produced by furnaces,
boilers, and engines. Abour half the nicragen a watershed
receives is stored in the sail or in tree: or exported as crops.
The flasws inta rivers.



Nitrogen cycle...so what?

 Plants and animals
need nitrogen

« But...there can be
too much of a good
thing!

* Too much nitrogen
results iIn:
eutrophication of
aquatic systems

There is both cultural (human)
and natural eutrophication



Eutrophication: excess nutrients stimulate
plant growth (algal bloom); when these plants die,
decomposers use up the available oxygen during

decomposition

Source: http://serc.carleton.edu




Nitrogen in the Hudson

Where does it come from?

-human waste
-acid deposition
-fertilizer

-agriculture: fixation
and feed

Where does it go?

EaN per hectam ofwatershed per year

Net Nitrogen Inputs
_ to Watershed

Lid
=
1 1

[ =]
=]
1 1

=
1 | |

Agricultural feed

Agricultural M-fixaticn

Fertilizer
Acicl Dutputs from
Daposition  Watershed to
Estuary
Forests
-{ Urizan unoff
Agriculture
Acid
D position
Food
Sawage



THE NITROGEN BALANCE OF THE HUDSON - WATERSHED

INPUTS TO WATERSHED

Acid deposition,
10.4 kg Niha-yr

Net Nitrogen Inputs
to Watershed

Biological . 40—
nitrogen fixation, . s _ ]
2.8 kg N/ha-yr AT Agricultural feed
[T Y § 9
Hudson ; L .‘,” Agricultural N-fixation
Watershed_ & - . ° Fertlizer
A ™ ﬁ‘ 30 -
L] ) - A
| a
o -
[ 1 a Acid Dutputs from
B = Daposition  Watershed to
. g - Estuary
ot 4 2 20 - Forest
Animal fead, 1.4 kg N/ha-yr | 5 20 Uorfl:r:easnsunoﬁ
y 5 Agriculture
3 ¥ - Acid
Fartilizar, 4 kg N/ha-yr & T - Depesition
1 =%
| z
/ Do - Food
_I.-" 7
'--,"" S Sawage
Food, 10.2 kg N/haryr -
_.r"f -
.
Raritan . o -

Watershed

OLUTPUTS TO ESTUARY 19 kg of nitrogen per hactara

of watershed per year

Lo e ik By Data from CT. Driscoll &t al, 2003, *Nitro-
and gen pollution in the northeastern United
States: Sources, effects, and management
options,” Bioscience 53(4): 357-274, Pet
foods and N-fikation in forests and
wetlands are not included.

Raritan Bay



Nitrogen Cycle

MIET BMITROGEN IMPUTS TO NORTHEASTERM YWATERSHECS

Merrimadk 4
Furver Great

== Marraganseti
Bay ——— S —-
—
n b |
Long Island ‘ Buzards
Sound Bay

Mewfork Harbor
& Raritan Bay

Datz from ©.T. Driscell o al., 2003, *Mitra
gen zolluton in the nertheastern United
Srates: Sources, effaces, and mansgament
options,” Bioscience 53(4): 357-374, Pat
facs and M-fixation inforests ard weilands
are not incduded.

Massachusetts

Kg M per hectare of
weatarshed per wear
- Agicutural feed
Apgriculwral M-feation
-
- Fertil zer
Acid
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Humzn food



Nitrogen:
Why so
much
from

the
middle

of the
USA?

Potential delivery of nitrogen to surface waters

Watersheds

| Lower 20%
(= 20% - 40%
I 40% - 60%
I 60% - 80%

B Upper 20%
| Insufficiant Dalta

Mote: The potential for cropland within a watershed to discharge nitregen in surface
waler is determined by runoff factors (chmate, distance from water, erosion) and
nitrogen source factors (total inorganic and organic fertilizer applicatons), which are
influenced by the economic cholces farmers make.

source: Economic Research Service, USDA. Nitrogen data from Association of
Amencan Plant Food Contral CHficials (1988) and Kellogg et al. {2000},



18505 Landcover Map
of lowa

I:l Prairie
- Forest

- Wetland
- Warer

1990s Landcover M:
of lowa

- Urban /n

Source: Compiled from Landsat Thematic Mapper satellite imagery, lowa Dept. of Natural Resources.



Humans and the Nitrogen Cycle

Last 100 years: humans
have more than doubled
the amOunt Of f|Xed Hydrogen ion concentration as pH from measurements

made at the Central Analytical Laboratory, 2005

nitrogen that is pumped
iInto the atmosphere every
year.

Consequences: acid rain,
creation of ground level
ozone, groundwater

Sites not pictured: - o Wt —T '

. . AKO3 53 . - { BadeT T T -
n I ' l I n I n n Vio1 5.1 - g LN 47-48
y B b 45-48
) f W | 44-4.5
. . L ! [ 43-44

-/ B <43

e u rO p I Ca I O n National Atmospheric Deposition Program/National Trends Network
http:/inadp.sws. uiuc.edu



Phosphorous

« Where does it come from?
-not a gas
-weathers from rock

-reuse from already present phosphorous
In detritus

* Why is it important?
-less abundant and available than N

-often the limiting nutrient in freshwater
ecosystems



Phosphorus Cycle

 Inorganic phosphate in
rocks
— Dissolves in water

— Plants take up inorganic
phosphate

— FERTILIZERS

« Converted to organic
phosphates found in
organisms

« Decomposers convert
organic waste back to
iInorganic P in the soil

Deposits
in ocean
sediments

Phosphate
rock

'

Erosion and
mining

Uptake by
plants

Decomposer

Death and
wastes

-_—

in animals

Death and Plants
wastes eaten by
animals
Organic
phosphates
and bones




Phosphorous in the Hudson

 Main source:
detritus

- * Usedby plants
g during the growing
season

« Some P is lost to
the ocean and
some becomes
buried in sediment




Summary: Humans, Nutrients,
and the Hudson

Sewage: contributes  Q: Why doesn’t the
nitrogen, Hudson have more
algal blooms?

phosphorous, and
carbon

Fertilizer runoff

Laundry water that

contains phosphates
Deposition of nitrogen & s
from acid rain DS 7

Consequences for the
New York Harbor




