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The Atmosphere

View of the atmosphere from a Space Shuttle



The Atmosphere



The Atmospherep

Temperature 
varies greatly 
with altitude.with altitude.



The Atmospherep

• The relationship p
between altitude and 
pressure is not linear.
P d ith• Pressure decreases with 
an increase in altitude. 



The Atmosphere
Altitude Above Sea 

Level Absolute Barometer Absolute Atmospheric 
Pressure

feet meters inches Hg mm Hg psia kg/cm2 kPa
-5000 -1524 35.7 914 17.5 1.23 121
-4500 -1372 35.1 898 17.2 1.21 119

Air pressure below 
and above sea level

-4000 -1219 34.5 882 16.9 1.19 117
-3500 -1067 33.9 867 16.6 1.17 115
-3000 -914 33.3 852 16.4 1.15 113
-2500 -762 32.7 837 16.1 1.13 111
-2000 -610 32.1 822 15.8 1.11 109
1500 457 31 6 807 15 5 1 09 107Notes:

Death Valley:  -282 ft (86 m)

-1500 -457 31.6 807 15.5 1.09 107
-1000 -305 31.0 793 15.2 1.07 105
-500 -152 30.5 779 15.0 1.05 103
01) 0 29.9 765 14.7 1.03 101
500 152 29.4 751 14.4 1.01 99.5
1000 305 28.9 738 14.2 0.997 97.7
1500 457 28.3 724 13.9 0.979 96.0
2000 610 27.8 711 13.7 0.961 94.2
2500 762 27.3 698 13.4 0.943 92.5
3000 914 26.8 686 13.2 0.926 90.8
3500 1067 26.3 673 12.9 0.909 89.1

The Dead Sea: -1388 ft (423 m)

4000 1219 25.8 661 12.7 0.893 87.5
4500 1372 25.4 649 12.5 0.876 85.9
5000 1524 24.9 637 12.2 0.860 84.3
6000 1829 24.0 613 11.8 0.828 81.2
7000 2134 23.1 590 11.3 0.797 78.2
8000 2438 22 2 568 10 9 0 768 75 38000 2438 22.2 568 10.9 0.768 75.3
9000 2743 21.4 547 10.5 0.739 72.4
10000 3048 20.6 526 10.1 0.711 69.7
15000 4572 16.9 432 8.29 0.583 57.2
20000 6096 13.8 352 6.75 0.475 46.6
25000 7620 11.1 284 5.45 0.384 37.6
30000 9144 8.89 227 4.36 0.307 30.1
35000 10668 7.04 180 3.46 0.243 23.8
40000 12192 5.52 141 2.71 0.191 18.7
45000 13716 4.28 109 2.10 0.148 14.5
50000 15240 3.27 83.6 1.61 0.113 11.1



Radiation

The Sun emits a wide range of wavelengths of radiation. 
The atmosphere is the first line of defense against solar 
radiation.



Photoionization

• Shorter wavelength radiation causes ionization ofShorter wavelength radiation causes ionization of 
molecules in the upper atmosphere; very little of this 
radiation reaches the Earth’s surface.

• The presence of these ions makes long-range radioThe presence of these ions makes long range radio 
communication possible.



Photodissociation

• Solar radiation, mainly UV, will cause some bonds to break.
• When these bonds break they do so homolytically (i e they• When these bonds break, they do so homolytically (i.e., they 

form uncharged atoms or radicals).
• Oxygen in the upper atmosphere absorbs much of this 

radiation before it reaches the lower atmosphereradiation before it reaches the lower atmosphere.

O2 + h  2 O  ∆H = 495 kJ/mol

NO + h  N + O  ∆H = 607 kJ/mol

N + h  2 N ∆H = 941 kJ/molN2 + h  2 N  ∆H = 941 kJ/mol



The TroposphereThe Troposphere
• The troposphere is where 

all weather takes place.all weather takes place. 
• It is a region of rising and 

falling packets of air. 
• The air pressure at the top• The air pressure at the top 

of the troposphere is only 
10% of that at sea level (0.1 
atmospheres).atmospheres). 

• There is a thin buffer zone 
between the troposphere 
and the next layer called a d t e e t aye ca ed
the tropopause. 



Gaseous composition of dry air
Constituent Chemical symbol Mole %Constituent Chemical symbol Mole %

Nitrogen N2 78.084

Oxygen O2 20.947

Argon Ar 0.934g

Carbon dioxide CO2 0.0350

Neon Ne 0.001818

Helium He 0.000524

Methane CH4 0.00017

Krypton Kr 0.000114

Hydrogen H2 0.0000532

Nitrous oxide N2O 0.000031

Xenon Xe 0.0000087

Ozone* O3 Trace to 0.0008

Carbon monoxide CO Trace to 0.000025

Sulfur dioxide SO2 Trace to 0.00001

Nitrogen dioxide NO2 Trace to 0.000002

Mackenzie, F.T. and J.A. Mackenzie (1995) Our changing planet. Prentice-Hall, Upper Saddle River, NJ, 
p 288-307.  (After Warneck, 1988; Anderson, 1989; Wayne, 1991.) 

Ammonia NH3 Trace to 0.0000003



The Troposphere
• The troposphere extends to an average of 12 km (7 miles). 
• The pressure ranges from 1000 to 200 millibars (about 760 torr  

to about 150 torr). 
• The temperature generally decreases from about 15C, near sea 

level, to -57C at the tropopause.
• The troposphere is considered to end at the point where 

t t l i ith h i ht Thi i ktemperature no longer varies with height. This area, is known as 
the tropopause, which marks the transition to the stratosphere. 

• Winds increase with height up to the jet stream. 
• The moisture concentration decreases with height up to the• The moisture concentration decreases with height up to the 

tropopause. 
– The air is much drier above the tropopause, in the 

stratosphere. p
– The sun's heat that warms the earth's surface is transported 

upwards largely by convection and is mixed by updrafts and 
downdrafts. 

• The composition of air in the troposphere is 78% N2 and 21%  O2 
at sea level (760 torr) but the air pressure is only about 76 torr at 
the top of the troposphere. 



The Troposphere

• The oceans cover nearly three-quarters of the earth's surface and play an important role in 
exchanging and transporting heat and moisture in the atmosphere. 

• Most of the water vapor in the atmosphere comes from the oceans.
• Most of the precipitation falling over land finds its way back to oceans.
• About two-thirds returns to the atmosphere via the water cycle. 
• Oceans provide an abundant moisture source for the atmosphere and acts as a heat source and 

sink (storage). 
• The exchange of heat and moisture has profound effects on atmospheric processes near and 

over the oceans. Ocean currents transfer this heat poleward. Major currents (the northward 
flowing Gulf Stream) transport tremendous amounts of heat poleward and contribute to the 
development of many types of weather phenomena and warm the climate of nearby locations. 
Cold southward flowing currents (the California current) cool the climate of nearby locations.



The Troposphere

Practically all of the energy that reaches the earth comes from the sun. Intercepted 
first by the atmosphere, a small part is directly absorbed, particularly by certain 
gases such as ozone and water vapor. Some energy is also reflected back to space 
by clouds and the earth's surface. 



The Troposphere
• In the atmosphere, convection includes 

large- and small-scale rising and sinking of 
air masses and smaller air parcels. These 
vertical motions effectively distribute heatvertical motions effectively distribute heat 
and moisture throughout the atmospheric 
column and contribute to cloud and storm 
development (where rising motion occurs) 
and dissipation (where sinking motionand dissipation (where sinking motion 
occurs).

• In a simplified smooth earth with no land/sea 
interactions and a slow rotation, the equator 
i d b th th th lis warmed by the sun more than the poles. 
The warm, light air at the equator rises and 
spreads northward and southward, and the 
cool dense air at the poles sinks and 

d t d th t A lt tspreads toward the equator. As a result, two 
convection cells are formed. 

• The slow rotation of the earth toward the east causes the air to be deflected toward the
right in the northern hemisphere and toward the left in the southern hemisphere. Thisright in the northern hemisphere and toward the left in the southern hemisphere. This
deflection of the wind by the earth's rotation is known as the Coriolis effect.



The Stratosphere and the Ozone Layer 

• Above the troposphere is the stratosphere, where air flow is 
mostly horizontal. 

• The ozone layer is located in the upper stratosphere. This layer is 
responsible for absorbing ultraviolet radiation from the Sun. 



The Ozone Layery

The ozone layer is located in the upper stratosphere. Ozone is 
formed when UV light interacts with oxygen gas

• This layer absorbs ultraviolet radiation from the Sun. 
• The formation of this layer is a delicate matter, since oxygen 

t b t i th t h f l f dmust be present in the atmosphere for an ozone layer form and 
prevent an intense flux of ultraviolet radiation from reaching 
the surface, where it is quite hazardous to the evolution of life. 



Ozone
• Ozone absorbs all of the UVC 

radiation (100-290 nm)radiation (100 290 nm) 
• It absorbs much of the UVB 

radiation (290-320 nm)
• All of the UVA radiation (320-(

400 nm) passes through.
• There is considerable 

concern that manmade 
hl fl bchlorofluorocarbon 

compounds may be depleting 
the ozone layer, with dire 
future consequences for lifefuture consequences for life 
on the Earth.



Ozone



Chlorofluorocarbons
• CFCs were used for years as aerosol propellants 

and refrigerantsand refrigerants.
• They were a safer alternative than ammonia and 

sulfur dioxide used in the 1920s and 1930s.
• CFCs are low in toxicity, nonflammable, 

noncorrosive, and nonreactive with other 
chemical species and have desirable thermalchemical species, and have desirable thermal-
conductivity and boiling-point characteristics.

• They are not water soluble (so they do not get y ( y g
washed out of the atmosphere by rain) and are 
quite unreactive (so they are not degraded 
naturally)naturally).



Chlorofluorocarbons, CFCs
• CFCs are alkanes containing some combination of Fluorine and Chlorine atoms. 

These compounds are often designated by a combination of letters and numbers (e.g., CFC-11). 
• To find the number, given the chemical formula: consider the number as consisting of 3 digits: 

a, b, and c. For 2-digit numbers (e.g., CFC-11) the a digit is zero (e.g., CFC-011).
i th b f b t i 1a is the number of carbon atoms minus 1; 

b is the number of hydrogen atoms plus 1; 
c is the number of fluorine atoms.

• For CFCl3: a = the number of carbon atoms (1) minus 1 = 0 b = the number of hydrogen atoms 
(0) plus 1 = 1 c = the number of fluorine atoms = 1 and the compound is CFC-011 or CFC-11(0) plus 1  1 c  the number of fluorine atoms  1 and, the compound is CFC 011, or CFC 11.
Similarly:  CCl2F2 is CFC-12  and  C2Cl3F3 is CFC-113 

• To find the chemical formula, given the number: first add 90 to the abc number, to obtain a 3-
digit d-e-f number, where:

d is the number of carbon atoms;d is the number of carbon atoms; 
e is the number of hydrogen atoms; 
f is the number of fluorine atoms; and 
2d + 2 - e - f = the number of chlorine atoms. 

• For CFC 11: 90 + 11 = 101 so the number of carbon atoms is 1 the number of hydrogen atoms is• For CFC-11: 90 + 11 = 101, so the number of carbon atoms is 1, the number of hydrogen atoms is 
zero, the number of fluorine atoms is 1, and the number of chlorine atoms is (2 + 2 - 0 - 1 = 3).

• So the chemical formula for CFC-11 is CFCl3. That is, it has 1 carbon atom, no hydrogen, 1 
fluorine atom, and 3 chlorine atoms.
Similarly: CFC-12: 12 + 90 = 102; 4-2 = 2 Cl; the chemical formula is: CCl2F2 CFC-113: 113 + 90 =Similarly: CFC-12: 12 + 90 = 102; 4-2 = 2 Cl; the chemical formula is: CCl2F2 CFC-113: 113 + 90 = 
203; 6-3 = 3 Cl; the chemical formula is: C2Cl3F3 HCFC-142b: 142 + 90 = 232; 6-5 = 1 Cl; the 
chemical formula is: C2H3F2Cl



Ozone Depletion

In 1974 Rowland and 
Molina discovered that 
chlorine from 
chlorofluorocarbonschlorofluorocarbons 
(CFCs) may be 
depleting the supply 
of ozone in the upperof ozone in the upper 
atmosphere by 
reacting with it.



Ozone Depletionp

• In a CFC, the C—Cl bond is easily broken when , y
the molecule absorbs radiation with a wavelength 
between 190 and 225 nm.

Cl Cl h ( ) 2 ClCl-Cl  +  h (uv)  2 Cl

• The chlorine atoms formed react with ozone:

Cl + O3  ClO + O2



Ozone Depletion

TOMS = Total Ozone Mapping Spectrometer
DU = Dobson units  One Dobson unit refers to a layer of ozone that would be 

10 µm thick under standard temperature and pressure
A baseline value of 220 DU (2.2 mm) is chosen as the starting point for an 
ozone hole since total ozone values of less than 220 Dobson Units were 
not found in the historic observations over Antarctica prior to 1979



Ozone Depletion



Ozone Depletion

The ozone layer absorbs most UVB light (290-320 nm) from the sun.
Ozone layer depletion is expected to increase surface UVB levels, which could lead 
to damage, including increase in skin cancer. 
There is no direct observational evidence linking ozone depletion to higherThere is no direct observational evidence linking ozone depletion to higher 
incidence of skin cancer in human beings because UVA (320-400 nm), which has 
been implicated in some forms of skin cancer, is not absorbed by ozone, and it is 
nearly impossible to control statistics for lifestyle changes in the populace.



Chlorofluorocarbons
• The use of CFCs is now banned in over 100 countries.
• Ozone depletion will continue for some time because of the• Ozone depletion will continue for some time because of the 

tremendously unreactive nature of CFCs. 

Boiling Point Use Delay in release to the Mean life time in 
[oC] atmosphere (lag time) the atmosphere

CFC 11 23.8 Aerosol spray cans 
Solvent 
Foam blowing agent

» 6 months 
» 6 months 
6 months to 20 ys

57 - 105 ys 
mean: 74 ys

CFC 12 -29.8 Refrigerators 
Air conditioners 
Foam blowing agent

4 – 12 years 
4 – 12 years 
6 months to 20 ys

67 – 333 ys
mean: 111 ys

CFC 113 47.6 Cleaning solvent for 
manufacturing processes 
and electronic 
components

136-195 ys

CCl4 76.8 Cleaning agent



The Mesosphere and Ionospherep p
• Above the stratosphere is the mesosphere and the 

ionosphere (or thermosphere), where many atoms areionosphere (or thermosphere), where many atoms are 
ionized by absorbing the most energetic photons from the 
Sun

• The mesosphere extends from the stratopause to 80–85 kmThe mesosphere extends from the stratopause to 80 85 km 
(50–53 mi; 260,000–280,000 ft). 

• The mesosphere is the layer where most meteors burn up 
upon entering the atmosphere.upon entering the atmosphere. 

• Temperature decreases with height in the mesosphere. 
• The mesopause, the temperature minimum that marks the 

top of the mesosphere is the coldest place on Earth andtop of the mesosphere, is the coldest place on Earth and 
has an average temperature around −85 C (−120 F). 

• At the mesopause, temperatures may drop to −100C 
(−150F)( 150 F).



The Mesosphere and Ionospherep p



The Mesosphere and Ionosphere

• Due to the cold 
temperature of the p
mesosphere, water 
vapor is frozen, 
forming ice clouds 
(or Noctilucent(or Noctilucent 
clouds). 

• A type of lightning 
referred to as either 
sprites or ELVES, 
form many miles 
above thunderclouds 
in the tropospherein the troposphere.



The Mesosphere and Ionosphere

Noctilucent clouds are atmospherically high clouds that 
refract light at dusk when the Sun has already set, 
ill i ti th k ith i li htilluminating the sky with no seeming light source.



The Mesosphere and Ionosphere

SSprites are large-scale electrical discharges that occur high above thunderstorm 
clouds, or cumulonimbus, giving rise to a quite varied range of visual shapes 
flickering in the night sky. 
They are triggered by the discharges of positive lightning between an underlying 
h d l d d h dthundercloud and the ground.

Sprites appear as luminous reddish-orange flashes. They often occur in clusters 
within the altitude range 50–90 km above the Earth's surface.



The Mesosphere and Ionosphere

• Elves often appear as dim, flattened, circular in the horizontal plane, expanding  
glows around 250 miles (400 km) in diameter that last for, typically, just one    
millisecond.millisecond. 

• Elves occur in the ionosphere 97 km (60 mi) above the ground over thunderstorms. 
• Their color is now believed to be a red hue.
• Elves is an acronym for Emissions of Light and Very Low Frequency Perturbations 

from Electromagnetic Pulse Sources.from Electromagnetic Pulse Sources. 
• They are generated by the excitation of nitrogen molecules due to electron 

collisions energized by the electromagnetic pulse caused by a discharge from the 
Ionosphere.





Air Pollution



Air Pollution: Sulfur

• Sulfur dioxide is a by-product of the burning of coal or oil.

• SO2 reacts with moisture in the air to form sulfurous acid.

SO2 +  H2O   H2SO3

• SO2  can be oxidized in the atmosphere to SO3

• SO3 reacts with moisture to form sulfuric acid

SO3 +  H2O   H2SO4

• It is primarily responsible for acid rain.p y p



Air Pollution: Sulfur

Sources of SO2 pollution



Air Pollution: Sulfur

Water pH values from freshwater sites across the United States, 2008.



Air Pollution: Sulfur

• High acidity in rainfall causes corrosion in 
building materials.

• Marble and limestone (calcium carbonate) react• Marble and limestone (calcium carbonate) react 
with the acid; structures made from them erode.



Air Pollution: Acid Rain



Air Pollution: Sulfur
• SO2 can be removed by injecting powdered limestone into 

furnaces which is converted to calcium oxide.
• The CaO reacts with SO2 to form a precipitate of calcium sulfite.



Air Pollution: Nitrogen Oxides

• What we recognize as smog, that brownish gas that hangs above large 
cities like Los Angeles, is primarily nitrogen dioxide, NO2.

• It forms from the oxidation of nitric oxide, NO, a component of car 
exhaustexhaust.

• These nitrogen oxides are just some components of photochemical smog



Air Pollution: Nitrogen Oxides
• Nitrogen oxides are a by-product of automobile internal combustion 

engines
NO + O  2 NO ∆H 180 8 kJNO  +  O2  2 NO2 ∆H = 180.8 kJ

• In air, NO is oxidized to NO2

2 NO O  2 NO ∆H 113 1 kJ2 NO  +  O2  2 NO2 ∆H = -113.1 kJ

• The photodissociation of NO2  initiates the reactions associated with 
photochemical smogphotochemical smog

NO2 +  h  2 NO  +  O

• NO reacts with moisture to form nitric acid which contributes to acid rain• NO2 reacts with moisture to form nitric acid which contributes to acid rain
NO2 +  H2O   HNO3

• Ozone, carbon monoxide, and hydrocarbons also contribute to airOzone, carbon monoxide, and hydrocarbons also contribute to air 
pollution that causes severe respiratory problems in many people



Water Vapor and Carbon Dioxide

The amount of radiation reaching the surface of the Earth is approximately 
equal to the amount radiated back into space.
Gases in the atmosphere form an insulating blanket that causes the 
Earth’s thermal consistency.



Water Vapor and Carbon Dioxide

Infrared radiation emitted 
from the Earth’s surface.

Two of the most important 
gases absorbing the IR 
radation are carbon dioxide 
and water vapor.

Gas Formula Contribution (%)
Water vapor H2O 36 – 72 % 

Carbon dioxide CO 9 26 %Carbon dioxide CO2 9 – 26 %

Methane CH4 4 – 9 % 

Ozone O3 3 – 7 % 



Water Vapor, Carbon Dioxide,
d th G h Eff tand the Greenhouse Effect

Thi bl k ti ff t i• This blanketing effect is 
known as the “greenhouse 
effect.”
W t ith it hi h• Water vapor, with its high 
specific heat, is a major 
factor in this moderating 
effecteffect.

• But increasing levels of 
CO2 in the atmosphere 
may be causing anmay be causing an 
unnatural increase in 
atmospheric temperatures



Water Vapor, Carbon Dioxide,
and the Greenhouse Effectand the Greenhouse Effect





Carbon Dioxide, 1750 - 2000



Methane, 1000 – 2000





The Oceans

The world’s oceans contain 97.2% of all the water on earth, 
compared with 0.6% for freshwater sources.



The Oceans

• The oceans contain many important compounds and minerals• The oceans contain many important compounds and minerals.
• However, the ocean is only a commercial source of sodium chloride, 

bromine, and magnesium. 



The Oceans
Element Symbol ppm

Argon Ar 0.4500000
Lithium Li 0.1700000

Rubidium Rb 0 1200000

Element Symbol ppm
Lead Pb 0.0000300

Zirconium Zr 0.0000260
Bismuth Bi 0 0000200

Trace elements 
in ppm

Rubidium Rb 0.1200000
Phosphorus P 0.0880000

Iodine I 0.0640000
Barium Ba 0.0210000

Molybdenum Mo 0.0100000
Nickel Ni 0 0066000

Bismuth Bi 0.0000200
Niobium Nb 0.0000150
Yttrium Y 0.0000130
Aurum Au 0.0000110

Rhenium Re 0.0000084
Hafnium Hf 0 0000080Nickel Ni 0.0066000

Zinc Zn 0.0050000
Ferrum Fe 0.0034000

Uranium U 0.0033000
Arsenic As 0.0026000

Vanadium V 0 0019000

Hafnium Hf 0.0000080
Helium He 0.0000072

Scandium Sc 0.0000040
Lanthanum La 0.0000029
Neodymium Nd 0.0000028

T t l T 0 0000025Vanadium V 0.0019000
Aluminium Al 0.0010000
Titanium Ti 0.0010000
Copper Cu 0.0009000

Selenium Se 0.0009000
Stannum Sn 0 0008100

Tantalum Ta 0.0000025
Europium Eu 0.0000013
Cerium Ce 0.0000012

Tungsten W 0.0000010
Dysprosium Dy 0.0000009

Stannum Sn 0.0008100
Manganese Mn 0.0004000

Cobalt Co 0.0003900
Antimony Sb 0.0003300
Cesium Cs 0.0003000

A t A 0 0002800

Erbium Er 0.0000009
Ytterbium Yb 0.0000008
Ruthenium Ru 0.0000007
Gadolinium Gd 0.0000007

Praesodymium Pr 0.0000006
Argentum Ag 0.0002800
Krypton Kr 0.0002100

Chromium Cr 0.0002000
Mercury Hg 0.0001500

Neon Ne 0.0001200

Beryllium Be 0.0000006
Samarium Sm 0.0000005
Thorium Th 0.0000004
Holmium Ho 0.0000002
Thulium Tm 0.0000002

Cadmium Cd 0.0001100
Germanium Ge 0.0000600

Xenon Xe 0.0000470
Gallium Ga 0.0000300

Lutetium Lu 0.0000002
Terbium Tb 0.0000001



Groundwater is water located in aquifers below the soil



EXAMPLES OF COMPOSITION OF NATURAL FRESH WATERS 
All concentrations in milligrams/liter. TDS is total dissolved solids and pH is a measure of the acidity of the water. A pH less than 7 
is acidic. A dash (-) indicates that the component was not detected or the water was not analyzed for this constituent. A tilde (~) 

" i t l "means "approximately." 

Key to Analyses: (1) Rainwater from Menlo Park, California; (2) Average rainwater from sites in North Carolina and Virginia; (3)

Composition of the Rhine River as it leaves the Alps; (4) Stream draining igneous rocks in the Washington Cascades; (5) Jump-

Off Joe Creek, southwestern Oregon, wet season, November, 1990; (6) Jump-Off Joe Creek, southwestern Oregon, dry season, 

September, 1991; (7) Great Salt Lake, Utah; (8) Average seawater; (9) Groundwater from limestone of the Supai Formation, 

Grand Canyon; (10) Groundwater from volcanic rocks, New Mexico; (11) Groundwater from a spring, Sierra Nevada Mountains: 

short residence time; (12) Groundwater from metamorphic rocks in Canada: long residence time. 

1 2 3 4 5 6 7 8 9 10 11 12
Calcium 0.8 0.65 40.7 1.68 14 22 241 400 144 6.5 3.11 4540 

Magnesium 1.2 0.14 7.2 0.24 13 17 7200 1350 55 1.1 0.7 160 

Sodium 9.4 0.56 1.4 0.16 8 14 83,600 10,500 ~27 ~37 3.03 2740 

Potassium - 0.11 1.2 0.31 - 0.5 4070 380 ~2 ~3 1.09 32.1 

Bicarbonate 4 - 114 5.4 104 129 251 28 622 77 20 55 

Sulfate 7.6 2.2 36 1.3 4.7 1.3 16,400 185 60 15 1.0 1 

Chloride 17 0.57 1.1 0.06 8.5 33 140,000 19,000 53 17 0.5 12,600 

Silica 0.3 - 3.7 0.7 24 30 48 3 22 103 16.4 8.5 

TDS 38 4.7 207 10 120 180 254,000 35,000 670 222 36 20,338 

pH 5 5 6 9 7 7 7 0 7 4 6 7 6 2 6 5pH 5.5 - - 6.9 7.7 7.0 7.4 - - 6.7 6.2 6.5 



The oceans play a major role in regulating the Earth’s climate. 
The ocean slowly circulates and in doing so, redistributes huge 
amounts of heat around the planet. 
This contributes to the conditions that ultimately lead to storms, 
h i i t El Niñ i f llhurricanes, severe winters, monsoon seasons, El Niños, rainfall 
patterns, and other climate fluctuations. 



El Niño
• In normal, non-El Niño conditions the 

trade winds blow towards the west 
across the tropical Pacific. These p
winds pile up warm surface water in 
the west Pacific, so that the sea 
surface is about 1/2 meter higher at 
Indonesia than at Ecuador

• During El Niño the trade winds relax 
in the central and western Pacific 
leading to a depression of the 
thermocline in the eastern Pacificthermocline in the eastern Pacific, 
and an elevation of the thermocline in 
the west. The result was a rise in sea 
surface temperature and a drastic 
decline in primary productivitydecline in primary productivity.

• Rainfall follows the warm water 
eastward, with associated flooding in 
Peru and drought in Indonesia and 
AustraliaAustralia. 



La Niña

• La Niña is characterized by• La Niña is characterized by 
unusually cold ocean 
temperatures in the 
Equatorial Pacific, compared 
to El Niño, which is 
characterized by unusually 
warm ocean temperatures in 
the Equatorial Pacific.the Equatorial Pacific. 
.





World Temperatures

Global temperature change over the past 11,000 years
The Holocene is a geological epoch which began at the end of the Pleistocene 
(around 12,000  years ago) and continues to the present.



World Temperatures

This graph shows an average of 18 non-tree ring proxies of 
temperature from 12 locations around the Northern Hemisphere,



World Temperatures



Glacier Retreat

Illecillewaet Glacier (Great Lines mark the extent of iceIllecillewaet Glacier (Great 
Glacier), circa 1898.
Photo Credit: Parks Canada 
Collection

Lines mark the extent of ice, 
Illecillewaet Glacier, Glacier 
National Park.
Photo Credit: Dr. Dan Collection.
McCarthy, Brock University



Glacier Retreat

Milk Lake Glacier North Milk Lake Glacier 2009Milk Lake Glacier, North 
Cascades, Washington, 1988

Milk Lake Glacier , 2009



Glacier Retreat

Whitechuck GlacierWhitechuck Glacier, 
Cascade Range of western 
North America, viewed 
from the same location infrom the same location in 
glacier gap in 1973 and in 
2005. This glacier has lost 
80% of its area in the last 
century. 



Glacier Retreat

Maladeta Glacier, Pyrenees (between France and Spain),  has 
lost 70% of its area since 1850 and 25% of its volume since 
2000. 



Glacier Retreat



Arctic Ice Melting



Arctic Ice Melting



What happens if the ice caps melt?







Desalination

• Seawater has too high 
a concentration of 
NaCl for human 
consumption.

• It can be desalinated 
through reverse 
osmosis.



A desalination 
plant in Spainp p



Reverse Osmosis
• Water naturally flows through a 

semipermeable membrane 
from regions of higher water 
concentration to regions of 
lower water concentration.

• If pressure is applied, the water 
can be forced through acan be forced through a 
membrane in the opposite 
direction, concentrating the 
pure water.



A Commercial Reverse Osmosis System



A Commercial Reverse Osmosis System



A Home Reverse Osmosis System



Water Purification

There are many steps involved in purifying water for aThere are many steps involved in purifying water for a 
municipal water supply.



Water Purification
• Water goes through several 

filtration steps.
• CaO and Al2(SO4)3 are added 

to aid in the removal of very 
small particles.

• The water is aerated to 
increase the amount of 
dissolved oxygen and 

t id ti f ipromote oxidation of organic 
impurities.

• Ozone or chlorine is used to 
di i f t th t b f itdisinfect the water before it 
is sent out to consumers.



Water Purification

• In third-world countries, 
d t h thproducts such as the 

LifeStraw can provide safe 
drinking water.
A k t• As one sucks water 
through the straw, filters 
remove most of the 
sediment and bacteriasediment and bacteria.

• Iodine-impregnated beads 
then kill viruses and 
bacteriabacteria.

• Charcoal removes the 
iodine smell and most 
remaining parasitesremaining parasites.



Wastewater 
PurificationPurification

• Water goes through several 
screen to remove debris

• Grit is removed by sedimentation.
• CaO and Al2(SO4)3 are added to 

aid in the removal of very small 
particlesparticles.

• Bioreactors: bacteria consumes 
waste materials

• The water is aerated to increase 
the amount of dissolved oxygen 
and promote oxidation of organic 
impurities.

• UV light used for disinfection• UV light used for disinfection 
(Ozone or chlorine may be used.)

• Water returned to the 
environment


