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2 frlg W* er that we see in surface water sources

ey’ ‘Have come from snow and ice, from

C ans or it may have been a product of cellular
, splratlon

~ e Water IN our atmosphere acts as a greenhouse

~ gas, trapping heat and warming the Earth

® [he transfer of heat throughout our biosphere is
also mostly due to water’s ability to absorb large
amounts of heat energy
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EsUniversal Solvent, -

polar covalent bond . polar covalent bond

hydrogen =~ AN Jhvdrogen
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hesldniversal Solvent ™
SNVASIWEI ShErelS attiaction ormned between -
run*'a‘f water' molecules as a hydrogen bond
Um:

) r aIIows water molecules to surround
pounds while dlssolvmg them
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SRBEGalse Water molecules have relatively strong
Iyarogen bonds between them, it requires a
il amount of energy to break these bonds so
Ut the molecules can move freely

~_§ 15 means that water will have very high heats
~ ofifusion and vaporization

'_"0 It also means that water has high melting and
boiling points when compared to similar
hydrogen compounds
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BRBBEGAlISE ice.is less
GEIISERMENMWELET
lgRkeEskalways freeze
fivmithe top down
r T ‘prevents most

es and ponds from
:—f’frreezmg solid

& As:well, it contributes
to the cycling of
oxygen and nutrients
during the spring and
fall in bodies of water

HyEhegen Eondlng and Waters Phases.
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Turnover
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Annual Lake Cycle
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Spring Condition
Turnover
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JnEthydrogen bonds in‘water produce
sONESION between molecules, which gives
Wellers ts surface tension

2 Aelp eS|on also occurs between water
= 10lecules and molecules of other
- substances (such as glass, or xylem!)
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WAterand Heat — o

PRIIENTYArOgEn DONAS DEIWEER Water molecules

fiEans that water has a high specific heat

SASEaesult, water stores huge amounts of heat
FENErgy

& ®arge bodies of water near land will moderate

P
——

= terrestrial temperatures because of this

~ » At the level of the individual organism, the high
specific heat capacity of water prevents body
temperatures from changing too quickly
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JOIEEnisms gain water from their
&) \/JrJIJ ent through eating, drinking,
IISON 1on and cellular respiration

— =0rg anlsms lose water through breathing,

=73 eatlng, and in their waste
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> Wnen g systems lack water, the producers that
ISENEC J nng photosynthesis quickly disappear

2 r EfEl ore, droughts in areas can be devastating
0) e Gsystems

.___”-\ _—-»'\—'

;,ﬂb —'g obal temperatures rise, then droughts will
= become more common in areas such as Alberta,

e

~ which will greatly affect our economy
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G JJJrJ, cause there is a I|m|ted amount
of m,]rrﬂ ‘[N our ecosystem, chemicals
1] J:'r*s e recycled constantly
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=C yg'en carbon, nitrogen, phosphorus,
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'and sulfur
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JJJrsz an IS reqwred by organisms to form
PEEIMING acids that form proteins and to
g ake up the structure of DNA

S cv ever the nitrogen gas (N,) in our
=—h osphere (78% nitrogen) cannot be
= -used for this purpose

“® The nitrogen gas must therefore be

converted into another useable form —
nitrate (NO5")
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SINIreGen fixation is the conversion of
,heric nitrogen into ammonium
OIEo

> h|s IS carried out by nitrogen-fixing bacteria
,f.ound IN nodules attached to the roots of

——
I
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—  legumes

e Ammonification also produces ammonium
~ as bacteria break down urine and dead
organic matter




,,‘ ﬁenltrlflcatlon — denitrifying bacteria complete

_ the cycle by breaking down nitrogen compounds
and releasing nitrogen gas back into the
atmosphere

~ Denitrification typically occurs in anaerobic
environments (why do we aerate our lawns?)
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Nitrogen in
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Nitrifying

Decomposers
Ammonification Nitrification ® bacteria

(aerobic and anaerobic
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bactena and fungi)
Nitrogen-fixing Nitrifying
soil bacteria bacteria



https://www.youtube.com/watch%3Fv=vZ9b5c8BOT4&t=54s
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> JrL)Jrl 13 nelementiinialliorganic.
Unds. In the carbon cycle, carbon

n the form of CO; in the

erst

(“,Jr d|0X|de is used by plants in
iphotosynthesis, converted to glucose, and

‘—
—J

.._«--,moved up the food chain as they are

—

~eaten by animals.

* Atmospheric carbon is the returned by
many. different processes (ie: cellular
respiration, combustion, volcanic eruption,
etc



https://youtu.be/2Jp1D1dzxj8
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CO, IN ATMOSPHERE
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2> C JI‘JJI]»« d oxygen are closely related in
o ec» stem

\J all uIt they can often be illustrated in
“‘me cycle
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= fwhen organisms die and become part of
- earth’s crust/fossils/fossil fuels. This
carbon only gets released after millions of
years of weathering or human excavation
and subseguent burning



Rapid cycling of carbon

combustion " - evaporation
respiration
P » Atmosphere .

CO, dissolves

photosynthesis in water

R . weatherin
Biotic environment 9 » Surface ocean
abiotic dead
processes organis
Y

Petroleum deposits

=" (fossil fuels) ~<— Earth’s crust <—— Deep ocean

Slow cycling of carbon

igure 2.12 The rapid
ycling of carbon is shown
n green, and the slow

ycling of carbon is shown
n purple.




rp )ArDOoN Cycle J’

) Mr-‘Jf e captured IN' permafrost (ancient swamps)
J Jr*-r 15 / large bodies of water Ocean Acidification

er : an. act|V|t|es
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More carbon dioxide is being deposited in atmosphere
__.;f. than IS being removed  TEDx Tetris

- > Due to deforestation and burning of fossil fuels

- » Canada’s forests are now a carbon source not carbon sink

» Methane escaping natural gas wells
» methane (CHa) is 23x better at being a GHG than CO:



https://youtu.be/2D7hZpIYlCA%3Ft=317
https://www.youtube.com/watch%3Fv=gZGj0BbDT38&ab_channel=ActionfortheClimateEmergency
https://www.youtube.com/watch%3Fv=ztWHqUFJRTs&ab_channel=TED-Ed
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IIENOLLSIOf the areenhouse effiect concept lie in'the 19th century,
WHERRERENCH mathnematician Joseph Fourier calculated in 1824 that
terEarth W ouldibe much colder if it had no atmosphere.

1n) |J_)J S edlsh scientist Svante Arrhenius was the first to link a

[iSE! ]’ - ‘rbon dioxide gas from burning fossil fuels with a warming
‘-);j'JE

_,_—i_, | e'arly a century later, American climate scientist James E.
= ;_-‘" Flansen testified to Congress that “The greenhouse effect has been
~ detected and is changing our climate now."

_® [ncreased carbon dioxide in atmosphere contributes to global

s

o —— —

e

warming
CO2 and Climate Mt Kilaeua Greenhouse gasses
Volcanos and Climate Greenhouse effect
Climate Change in a nutshell Climate vs Weather

CO2 Possible solutions



https://www.britannica.com/science/greenhouse-effect
https://www.britannica.com/biography/Svante-Arrhenius
https://www.nationalgeographic.com/environment/global-warming/global-warming-causes/
https://www.youtube.com/watch%3Fv=KD3-_5_Y1RA
https://www.youtube.com/watch%3Fv=sTvqIijqvTg
https://www.youtube.com/watch%3Fv=Gss6I7SFc68
https://www.youtube.com/watch%3Fv=6VUPIX7yEOM
https://www.youtube.com/watch%3Fv=HK8LLWSIIm4
https://www.youtube.com/watch%3Fv=cBdxDFpDp_k&t=1s
https://www.youtube.com/watch%3Fv=HK8LLWSIIm4
https://www.youtube.com/watch%3Fv=XOkfOLbSE6o

50n,Cycle and Climate Changes

Monthly mean CO; concentration

lihElKee ing Curve Is Mauna Loa 1958 - 2018
agrapj']p'""'- aecUmUuatoente
Seronidioxiderin the Earth's
ESPHERe Dased on continuous
EEsUrEmentsitaken at the
VElfeNioa Observatory on the
BlenaioiHawaii from 1958 to
e Present day.
== a‘med for*Charles David Keeling

—o- "ItS steadily risen year after year.
In"2016, when Scripps
announced that the curve
had broken 400 ppm, Keeling’s

® (Charles® son Ralph, reported
Sunday May 11, 2019 reading hit

a record-breaking 415.26 parts
per million

Seasonal variation

CO; fraction in dry air {pmol/mol)
Departure from yearly average
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https://www.inverse.com/article/21640-earth-co2-400-ppm

COURE ;i'emp: Last™ Century

CO2 and Temperature over the 20th Century

400 -

—— CO2 Law Dome, Antarctica
—— C0O2. Mauna Loa
—— Global Temperature Anomaly (NASA GISS)

Global Temperature Anomaly (° C)
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geling Curve vs Global Temperatures,

—Temperature in degrees centigrade (compared with 1960-1990 baseline)

350 - —Atmosphenc carbon dioxide (CO2 in parts per million)
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https://www.youtube.com/watch%3Fv=8BgD9xul16g&ab_channel=SustainabilityIllustrated
https://www.youtube.com/watch%3Fv=VjTsj-fi-p0&ab_channel=NaturalHistoryMuseum
https://www.youtube.com/watch%3Fv=EtW2rrLHs08&ab_channel=NationalGeographic

. Large amounts of phosphorus (PO,>") are

-

stored in rocks and released during
erosion

» Picked up by producers and cycles through
consumers and finally decomposers
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Pliesphorus CycIe Hum@%ct&-

SEBEGalse most of t e d’ DNOSPAGKUS,IS
bm@r I FOCKS and SedIments, the release of
Phvsphates, and thus growth of plants, is limited

J rJJ\jJ‘ Ver, excess phosphates can be added to
EC0 ystems due to phosphate mining, overuse of:
e ’tﬂlzers on farm fields, & detergent runoff in

,...—‘
--"
—

= fTandﬂIIs

- ® Can cause uncontrolled growth of algae and
plant life, or accelerated eutrophication. As algae
die off, decomposers consume high levels of
oxygen in the water — results in massive marine
life deaths
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SRENVironmentall phosphorous is recycled
i) rww ays
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<2 :ﬁng -term cycle involving rocks of the
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'2 “Short-term cycle involving living organisms
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 Long-1 erm Cycle:
J\/a dll process can take millions of years

> JZ e soluble phosphates in the continental
= ck dissolve over time in water and leach
= ‘~|nto the rivers and, eventually, the oceans.

,> Through millennia of geological uplift
(earthquakes, erosion, etc), the dissolved
phosphate is thrust upward and once again
becomes part of the land surface.

"
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|ssolved phosphates in groundwater can
'J absorbed by plants and then passed up
tl? -food chain when eaten by animals.

e 1V|ng organisms use the phosphates to help

= 'create energy storage molecules (adenosine
» triphosphate or ATP)

> phosphates are then passed back to the
ground and re-enter the cycle when these
organisms decompose
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Phosphorous Cycle
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e Suliur Cycle Ja—

Allfer@anisms; reguire: sulfur It IS an important part

)fr)rJre ssana Vitaml -

SEPIEntStand algae use sulfur in the form of sulfate
502 v vhichi readily dissolves in water.

J r n"" UlFUF is incorporated into their cells and
Sues, and moves up the food chain. When

i =

,_—/--

sorganlsms die, decomposers quickly return the
~sulfur to the soil and atmosphere.

'_'0 Many bacteria use sulfur compounds in
photosynthesis or certain types of cellular
respiration

e Bacteria also release sulfur that is in forms that
cannot be used by other organisms



acﬁidprecipitat'i.on

&”_':J\ptake by S
| p\'a?.t.f.. e ._‘..,..‘dﬁcpmr/)ositi?n ?
volcanoes :i 3 ACTER TER - y _‘f biogenic sulfur
sulfate (SO,7) \ sea salt

geologic uplifting |
upwelling in inorganic sulfur (S,)  seafloor

vents
groundwater hydrogen sulfide (H,S)

"‘ iron sulfides “ “

rocks

mining and
fossil fuel burning

coal, oil, ores
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2 r fe \)Ifrlb ian of faccil fuele that containe
SUICIE »eleases sulfur oxides into the atmosphere

SUITuE !OXIde reacts with oxygen and water
\/Jr OUr “in the atmosphere to form sulfuric acid
-~ a id sulfurous acid

W 1en this acid condenses, it falls as acid
preapltatlon

~® The acid can change soil and water pH, making
it impossible for organisms to survive
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EMDEr that energy. is involved in each
r) Jf hese cycles

SHA 1I water is also a necessary.

ponent of these cycles, so the

— fogeochem|cal cycles are all linked
-together through energy and water
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— The Balance of Matter
o)A Exchangé‘

SRIE Iy jount of sunllght dh area receives
OILENTC etermmes its productivity

2 el ct|V|ty rates are often expressed as
= ene rgy or biomass

_ .As ‘well, moisture plays a significant role in
- the productivity of an ecosystem
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-
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SNfSIde our own bodies, we maintain
rJerﬂr UEISIS

2 D dor h|s WE must use energy

=" 979 James Lovelock proposed the
g:,°aTa Hypothe5|s which Is homeostasis on
~a global level

o 1In essence, this hypothesis suggests that
the Earth is self-regulating
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BRNfENtself plays a large role in the balance we
SEENT c IIFbiosphere

e ¢ pOS|t|on of our atmosphere, for

Jr :&Tnce would be very different if living things
| ﬂ not modified it through cellular respiration

vand photosynthesis

79 ‘As well, some of the sediments that make up
our geologlcal features come from biological
sources
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Trie Orfeflg 6f Life
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+f “formations of sedimentary
=5 r_e.cks that are composed
partly of the cellular debris PSS
eft behind by organisms %8 a
Ike cyanobacteria




ck called banded ironstone
"‘:*"’— show that there was large

‘amounts of oxygen trapped in

[ron oxides

e | ater layers indicate that this
oXygen was no longer being
trapped — it had moved out of
the oceans and into the
atmosphere
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Stronetolitesiandiban rsJ IHenst )rw i
N@INESSIISE m—“ are SOMELIMES referrec
LORCISN/cIGE T0S ~ils because they are the
iceral ‘-‘VIJJ e left behind that certain
[ife) 2543 réd

AASHTIONE: r‘ gen was released to the
ALTIOSP ere, it coincided with a dramatic

£ 4J opiin methane, a greenhouse gas, in

— the atmosphere.

—
= O'L‘jl"lﬂs_resulted IN-a runaway cool down

- effect on Earth, resulting in the first

-

- ‘major ice age which covered most of the
Earth (called Snowball Earth)

> also resulted in a probable mass
extinction of anaerobic organisms




