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Modules 26-28 Water ch. 9

Recall:

Energy->Water->Food->Culture
(Also Chapter 12 in Froggie book)
Water: key points

Section one: What is it, where is it:

Freshwater, saltwater, how it moves, aquifers and reservoirs, impact of
climate change, water wars

Section two: Pollution:

Often human driven (anthropogenic): Nutrient, thermal, BOD, sediment
Almost always human driven: Pathogens, inorganic chemicals, organic
chemicals, radioactive chemicals

Section three: Water Quality index:

DO, BOD, pH, temp, turbidity, conductivity, nitrates (NO3), phosphates (PO4)

Section one: What is it, where is it?

Where is the water? Note: 97% salt water
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QOceans 97.57%

Total water Ice and glaciers 1.90%
Groundwater 0.50%
Rivers and lakes 0.02%
Soil 0.01%

Freshwater /-

—t— Ice and glaciers 78.19%

Groundwater 20.58%

Rivers and lakes 0.82%

Soil 0.41%

FIGURE 15.1 Freshwater Resources Allhough water covers
about 70 percent of the Earth's surface, over 97 percent is saltwater. Of the less
than 3 percent that is freshwater, only a tiny fraction is available for human use.

How does it get there?
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Transpiration Precipitation Evaporation from
from plant surfaces P p b h land and water surfaces
‘4 I 7 4

'
) ' ‘1, P
] . ret >

Runoff

Zone of
aeration

Zone of
saturation

Figure 10.5 Precipitation that does not evaporate or run off over
the surface percolates through the soil in a process called infiltration.
The upper layers of soil hold droplets of moisture between air-filled
spaces. Lower layers, where all spaces are filled with water, make up
the zone of saturation, or groundwater.

Click for full-size image
Our volcanic island is a bit different: A shield volcano
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schematic cross section of the island of Oahu showing various hydrogeological features and different water
development installations (Gingerich and Oki, 2000).
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Click for full-size image

Water "boxes" on our planet (your planet may vary):

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
Table 10.2 | Earth’s Water Compartments

Total
Oceans

Ice and snow

Saline
groundwater

Fresh
groundwater

Fresh lakes
Saline lakes
Soil moisture

Atmosphere
Marshes, wetlands

Rivers, streams

Living organisms

1,386,000
1,338,000

24,364

12,870

10,530

91

16.5

129
115

212

112

*Depends on depth and other factors.

Source: Data from UNEP, 2002.

Click for full-size image
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0.007
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0.0001

Aquifers: open or closed ("captive")
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Figure 10.6 Anaquifer is a porous or cracked layer of rock. Impervious rock layers (aquicludes) keep water within a confined aguifer, Pressuse
froen uphill makes an artesian well flow freely. Pumping can create a cone of depression, which leaves shallower wells dry.

Click for full-size image

Huge Ogallala aquifer-note recharge time is in centuries, pesticides in Nebraska,
cancer rates there are very high...
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~30 10 ~45 (b)
1510 30 ~ Lessthan 60
-7 10 =15 60 10 180

-310-7
L

+30+7
+710 +15
More than +15

More than 180 (as much as
370 in some places)

(a)

FIGURE 26.4 The Ogallala aquifer. The Ogaiala aquifer, also caled the High Plains aquiler, is the
Largest in the United States, with a surtace area of about 450,000 km? (174,000 mies?). () The change in
water level from 1950 to 2005, mastly due to withdrawals for irrigation that have exceeded the aquifer’s
rate of recharge. (b) The current thickness of the aquifier. Duts Som hyiudss usgs gowis 20043097 and Mgl
e e L33 Qowbmhpwins )
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Click for full-size image

Water diversion schemes, usually rivers:
Look up Three Gorges Dam in China

With the Yellow River nearly depleted by overuse, northern China now plans
canals (red) to deliver Yangtze water to Beijing.

Two emerging critical issues for China due to climate crisis:

e Pearl river delta and salt intrusion (sea level rise): gradual slope, so 1 meter of
sea-level rise is many km of salt intrusion, so no more rice farming in that area

e Vanishing Himalayan Glaciers: no farming in western China, no annual flow
through their two main rivers

Glaciers

Glaciers are the "water towers" for all of Asia...

Rivers impacted:

Ganges, Yangtze, Yellow, Mekong, Brahmaputra, Irrawaddy, Indu, Salween,
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MAJOR RIVERS
SOURCED IN TIBET

www Mobdownnl el com  C Muhonl bobiny

Another example: Aral Sea (asia minor)
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Figure 10.11 For 30 years, rivers feeding the Aral Sea have been diverted to irrigate cotton
and rice fields. The main body of the sea has lost more than 90 percent of its volume. Dust
storms from remaining salt flats now contaminate the region.

Click for full-size image
Notable Water disputes: Energy wars, water wars, then food wars...

http://physics.local/groups/apenvironmentalscience/weblog/e0b7f/ Page 8 of 17



Modules 26-28 Water ch. 9

TABLE 15.2 International Water Disputes

River/Lakes Countries Involved Issues
Asia
Brahmaputra, Bangladesh, India, Nepal Aluvial deposits, dams, floods,
Ganges, Farakka imigation, international quotas
Mekong Cambodia, Laos, Thailand, Vietnam Floods, international quotas
Salween Tibet, China (Yunan), Burma Aluvial deposits, floods

Euphrates, Tigris

Middle East
raq, Syria, Turkey

International quotas, salinity levels

West Bank Aquifer, Israel, Jordan, Lebanon, Water diversion,
Jordan, Litani, Syria international quotas
Yarmuk
Africa
Nile Mainly Egypt, Ethiopla, Sudan Alluvial deposits, water diversion,
floods, irmgation, international
quotas
Lake Chad Nigeria, Chad Dam
Okavango Namibia, Angola, Botswana Water diversion
Europe
Danube Hungary, Slovak Republic Industrial pollution
Elbe Germany, Czech Repubiic Industrial pollution, salinity levels
Meuse, Escaut Belgium, Netherlands Industrial pollution
Szamos (Somes) Hungary, Romania Water allocation
Tagus Spain, Portugal Water allocation
Americas

Colorado, Rio Grande

United States, Mexico

Chemical pollution, international
quotas, salinity levels

Great Lakes Canada, United States Poliution

Lauca Bolivia, Chile Dams, salinity

Paran Argentina, Brazil Dams, flooding of land
Cenepa Ecuador, Peru Water allocation

Click for full-size image

Section two: Water Pollution

Big ideas:

9/29/22 4:35 PM

1. Rivers are continuous, so easier to find sources along the route (continuity
analysis: all sources add to total)

2. Groundwater is harder to determine point sources, as flow is over larger area (not
confined by river banks) and there is no continuity analysis possible (we don't
know sources and sinks)

3. Oceans are the hardest to trace, and impact everyone eventually, just like the
atmosphere, only without the rain, and it is wetter. And full of fish.
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Major Water Pollution categories:

Table 10.3

Click for full-size image

Major Categories of Water Pollutants

Human and animal excreta
Industrial efuents. b

hold ch worface runclf

Water Pollutant list: Common culprits

TABLE 15.1 Sources and Impacts of Selected Pollutants

Pollutant

Source
AMOsphena depostion; ming drsnage.
SOCOMPOSNg onpana matlor

Funoll from roacs Seated for removid
of IC Of Snow; krigation uncll; bene
produced in of edAmcson; minng

Dumping of raw and partisly trested
Sowage: runofl of animal waskes
from foecsols

Heat irapped by cites that is transferred 10
water; unshacked sheams; soky heating of
PESONVOINS; WINTT-wOlr Rachavos om
power plants and Incusiriel taclitios

Alrmosphenc deposition; road runott:
schanges FOm 30wage Yealment
plants and indusirial SOURCEs; Creation
of resenvors; aciic ming ofluents

Runof! from agriculiural fields, pastures,
and Ivestock eediols; lendscaped urban
W0as. Cumping of raw and treated
S0WR00 and Incustal ischarges:
phosphate datergents

Runof! fom agricultural Sekds and
pastures; BNASCADEd Lrban Meas;

Etfocts on Humans
Fochucod avalebiity of feh and sholery;
NCroased hoavy metals n fsh

Foduced avalebity of drivking woler
Sppkes; reduced avadabaty of
sholish

Increased costs of water reaiment. death
W) saase; recuoed avalabiity and
conamination of fish, shelish, !
55000 SPOCKS

Reduced avalabiity of feh

Increased costs of water trealment. disaase
) death; rechuoed avadabity and
healhuiness of fsh and shelisiy;

Increased winer trealment Costs; recuced
avalabiity of ish, shelfish, and
BSS0CAINT SPOCKS; Color and odor
associated with algal growth;
Impairment of recreational uses

Increased costs of water reatment
rcucid valabiity of fish, shelfsh,
N ASSOCHNG SDACHS. Odors

Increased water treatment costs; reduced
avalabiity of fsh, shelfsh, and
B830Ciaad species; Sing of ks,
SHRAMS, and avicial resenvors and
habors, auirng credging

Increased costs of water treatment;
InCreased risk of certain cancers;
recuced avalabiity ardd heslthiuness
of fish anc) shelish

Mining and processing of cees, power plants, weapons
production, ratural sources

Effects on Aquatic Ecosystem
Dooth of senalive Hqustio organeme;
NCroased rkease of noe metals
rom sols, rock, and metal suraces,

ch a8 woler pipes

ALNgh kevels, 10w0 80 freshwaler

Reduced surival and reproduction of
DAUASC COANISMS CUe 10 desase

Edmination of cokd-water species of
fish and shelish; less corygert hest-
PSSO WS SLSCRLR 80 Chsoase.

Lower fish population due 10 faled
OROCUCTON; death of invertetrates
Bading 10 recucad pray for fsiy

Agal bloors ocour Desth of siges
resuts i low Qoypen levels and
OcuCRd Civarsity and growh of
large plants. Reduced cversty of
animals; fish kils

Rexducsd Oxygent fs kits: reducns
nuMbers and dversty of aquatic 1)

Covering of spawning stes for fisft
rechuoed rumbers of insect species;
recuoed plert Growth and diversity,
recload prey for preciatons;
clogging of gits and Slers

Reduced growth and survivabilty of
fish eggs and youny:; fsh dseases;
death of camivones dus 10
biomagnication in the food chain

Source: Data, in part, bom Works Rescurces ittt
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Click for full-size image
Industrial farming: note nitrate levels:
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Hypoxic zone

Why is there a hypoxic zone there?
Biochemical Oxygen Demand (BOD):

Page 11 of 17
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Low BOD
(few organics
to be degraded)

High BOD,
zone of
mixing
(lots of
sewage)

Dilution and
recovery zone
(several
kilometers)

FIGURE 15.12  Effect of Organic Wastes on Dissolved Oxygen
Sewage contains a high concentration of organic materials. When these are degraded by
organisms, oxygen is removed from the water. This is called the biochemical oxygen
demand (BOD). An inverse relationship exists between the amount of organic matter and
oxygen in the water. The greater the BOD, the more difficult it is for aquatic animals to
survive and the less desirable the water is for human use. The more the organic poliution,

the greater the BOD.

Better diagram:
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Cwan Zone Clean Zone

Toow, perch, bass Trout, perch, bass
Mayfly, sione Ny and Mayfly, stone By and
7 cacas Ny larvae

Dasolved arygen levels (pars per milon) 0-2 2-5 &0

Figure 10.15 Oxygen sag downstream of an arganic source. A great deal of time and distance may be required for the stream and its inhabitants
Lo recover.

Click for full-size image

Note that temperature changes DO (dissolved oxygen) content, so does physical
agitation (aeration).

Section three: Water Quality Index:
http://www.water-research.net/index.php/water-treatment/water-
monitoring/monitoring-the-quality-of-surfacewaters

http://www.water-research.net/watrqualindex/index.htm

http://www.pathfinderscience.net/stream/cproto4.cfm

Calculation worksheet:
http://www.pathfinderscience.net/stream/forms/WQI_worksheet.pdf

Main case studies-each related to a form of human pollution:

Case 1: High turbidity

Causes: erosion of topsoils, till farming, no cover crops, e.g. dustbowl in the US
Impact: poor light transmission, so low photosynthesis, low DO

Case 2: Low Dissolved Oxygen (DO)
Causes: Thermal pollution, e.g. power plants on rivers

Case 3: Eutrophication (high N and/or P)
Causes: Fertilizers, animal waste, e.g. Mississippi dead zone, Chesapeake bay
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Chesapeake bay is the perfect storm of these three:

1. Warm water: shallow, so no cool lower zone away from sunlight, dissolved solids
turn visible light into heat

2. High Turbidity: watershed runoff from rivers to the Appalachian range and north to
NY state

3. Eutrophication: chicken and pig farms, runoff from farms along watershed

See also point source and non-point source pollution (from Poisoned Waters video,
remember the Deer?)

Important: cooler water holds dissolved oxygen better (fishermen know this, so do the
fish).

Water Quality Lab:

Tests: Probe sets

e Turbidity sensor: passes light through a small vial, measures light that passes, low
light=high turbidity

e Conductivity: passes electric current through sample, proportional to salt content

e Temperature: warmer water has lower DO

e Dissolved Oxygen: amount of oxygen dissolved in the sample

e pH: acid/base tendency

Tests: dip strips:

o Alkalinity

° pH

e Hardness (calcium/mineral content)
e |ron

e Copper

e Lead

e Nitrate

e Nitrite

e Chlorine

Lab samples

http://physics.local/groups/apenvironmentalscience/weblog/e0b7f/ Page 14 of 17
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1. Post waterfall

2. Post power plant

3. Everglades close to ocean

4. Post sewage plant

5. Best fishing spot

6. Mine tailings runoff

7. Snow melt river

8. Mississippi river

9. Chesapeake river
10. Flood after monsoon rains
11. Golf course runoff
12. Eutrophied lake
Metrics:

e DO

e BOD

° pH

e temperature

e turbidity

e conductivity

® nitrates

e phosphates

Simulated locations:
Samples:
Sample A

DO:1.5

BOD:low

pH:7
temperature:30°C
turbidity:high
conductivity:low
nitrates:high

http://physics.local/groups/apenvironmentalscience/weblog/e0b7f/

9/29/22 4:35 PM

Page 15 of 17



Modules 26-28 Water ch. 9 9/29/22 4:35 PM

e phosphates:high

Sample B

e DO:6

e BOD:low

e pH:7

e temperature:10°C
e turbidity-low

e conductivity-low
e nitrates-low

e phosphates-low

Sample C

e DO: 4

e BOD:low

e pH:8

e temperature:25°C
e turbidity: high

e conductivity: high
e nitrates: high

e phosphates: high

Sample D-

e DO: 2

e BOD: high

e pH:5

e temperature: 28°C
e turbidity:high

e conductivity: low
e nitrates: low

e phosphates: high
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Sample E

e DO: 2

e BOD:low

e pH:2

e temperature:20°C
e turbidity:high

e conductivity: high
e nitrates: low

e phosphates: low

Sample F

e DO: 1

e BOD: high

e pH: 4

e temperature: 30°C
e turbidity: high

e conductivity: high
e nitrates: high

e phosphates: high
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