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m 21% groundwater
m <1% surface water
m 87% lakes
m 11% wetlands
m 2% rivers
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5 (333 million cubic
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https://www.youtube.com/watch?v=al-do-HGuIk

le Vocabulary

4. Aquifer: porous layer that becomes saturated
with water (underground layer of gravel, sand or

permeable rock that holds groundwater that can
be extracted by wells.



zone of aeration).
8. Confined aquifer: bounded on top and bottom
by layers impervious to water (aquicludes)



‘ % abulary Continued

r: If water can pass in
g layer (aquitard)
the recharge area is at a

until it eaches the same elevation as the
recharge area
11. Porosity: measure of the size and number of
spaces in the substrate



Types of Aquifers, Wells
and Groundwater Flow

Recharging
precipitation
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Piezometric surface
___________________ (nunconfined aquifer) ¥ Groundwater
Stream fed by discharge into the sea
- groundwater discharge g,
l . !

Water table well : .
A in uncorfined aguifer) Unconfined aquifer Sea
(impermeable) "n 'ay' Saltwater intrusion
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Source: Environment Canada, 2001 |Adaited from: hni://www,ec.caMaterAndex.htrni.
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extreme weather events
ocean’s circulatory regime
coastal ecosystems developed



—

the Hydrologic

-
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0gging, paved areas etc.)

m I (paved areas)

m Rapid On rates from farming etc. can
change local atmospheric conditions

m Storms can cause flooding of polluted water

m Pump water out of groundwater (actual amounts
available are only estimates)
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groundwate
m Some wat ..- returns to source (factories

release into rivers etc.) but water lost in crops
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Kinds of water use

How Americans use water indoors

M Toilet Leaks
M Baths

wl Faucet

M Showers

 Dishwater

u Toilet Flush

Wl Washing
Machine
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The grey band represents the difference between the amount of water extracted and that actually
consumed. Water may be extracted, used, recycled (or returned to rivers or aquifers) and reused
several times over. Consumption is final use of water, after which it can no longer be reused. That extractions have
increased at a much faster rate is an indication of how much more intensively we can now exploit water. Only a
fraction of water extracted is lost through evaporation.

Source: Igor A. Shiklomanov, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educational,Scientific and
Cultural Organisation (UNESCO, Paris), 1999.
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Worldwide water usage — “water footprints” of the nations
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WATER STRESS BY
COUNTRY

ratio of withdrawals to supply
. Low stress (< 10%)
. Low to medium stress (10-20%)
. Medium to high stress (20-40%)
High stress (40-80%)
Extremely high stress (> 80%)

This map shows the average exposure of water users in
each country to water stress, the ratio of total withdrawals
to total renewable supply in a given area. A higher
percentage means more water users are competing for /’
limited supplies. Source: WRI Aqueduct, Gassert et al. 2013 P

= AQUEDUCT #% WORLD RESOURCES INSTITUTE



ttled Water
nmental Costs
.

tled water is not as pure as tap
ysts much more.

Take mes the amount of water in
the ake the plastic, uses oil and
creates CO:during shipping to the store.

m Don't buy bottled water

m Or, buy water bottled nearby

m 28 billion water bottles purchased in US/yr
m 2.5 million discarded hourly




much more.

Ic tons of plastic bottles are
-

»
n N g “micro-plastics are ingested”
» Fossil fuels are used to make plastic

bottles.

= The oil used to produce plastic bottles in the
U.S. each year would fuel 100,000 cars.
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(or other substrate
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le don't have access to safe

m' illion deaths/year from water-
related diseases
m cholera, mglaria, dengue fever,

dysentery

\




h,king water

-

llated chemicals In
5 states
olvents, weed killers,
oerchlorate (rocket fuel)
5C n/ﬁar to treat drinking water
m $200r %n/year to protect source
waters
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https://www.youtube.com/watch?v=BAIXmt58iBU
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nts of suspended
‘soil par that eventually settle
out and accumulate on the bottom
of a body of water.



‘agricultural lands, forest
SO Sed by logging, degraded

- stre anks, overgrazed
rangelands‘strlp mines, and
construction.



] tal Effects
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(a) Stream ecosystem with low level of sediment 7 . N
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Light penetration subports phd‘tosy.pthesis of s
algae and aquatic plants. - N
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Bacteria, protozoa, %'
insect larvae attached
to rocks -

Many potential
shelters for small
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pollutants into |
the water s
Filling in

waterways.
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Sediment prevents
light penetration; photosynthetic
organisms cannot survive

Potential shelters along bottom. Aquatic organisms attached to
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Jae and aquatic
ients

- P
Eutrophication

Nitrogen  Phosphorus

These
nutrients
cause an
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phytoplankton
] . il JI
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Sediments from  /p V‘ .l g 7
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Phytoplankton
grOWth on Oxygen

Sedgegrass Sedgegrass
' Decay

Lose: Food, Habitat & Oxygen Production

Algae Die



https://www.youtube.com/watch?v=6LAT1gLMPu4

iter Pollutants

Water
Quality

Good

DO (ppm) at 20°C

Slightly
polluted

Moderately
polluted

Heavily
polluted Below 4.5

Gravely
polluted Below 4

= Water i and dissolved oxygen (DO)
content in parts per million (ppm) at 20°C.

= Only a few fish species can survive in water less
than 4ppm at 20°C.

Figure 21-3



sedlments enter the water, so do toxic
chemicals.

= Disease-causing agents can also be
transported into water via sediments.






Storm
drain

= i

oy
Zinc from Copper from  Used Organic wastes,  Nitrogen and T\

y n
/ weathering  auto brake linings, motor garbage, animal  phosphorus €O
' " of aging pipes worn pipes oil droppings, leaves  from lawn and
/ ging pip ¢ Ar
and gutters and fittings and grass clippings garden fertilizers

I Owe rS) a I I Stream Runoff from \
storm drains  \
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Urban runoff. The largest single pollutant in urban runoff is organic waste, which removes

dissolved oxygen from water as it decays. Fertilizers cause excessive algal growth, which
Wa S es Soa S further depletes the water of oxygen, harming aquatic organisms. Other everyday pollu-
, tants include used motor oil, which is often poured into storm drains, and heavy metals.

These pollutants may be carried from storm drains on streets to streams and rivers.



kes near major population centers
U.S. have some degree of cultural
eutrophication.



[Ne Micro-organisms
M, leaving less oxygen for the
fish, etc., and then they die
= Sewage carries disease-
causing agents.



Agents

Sing

-

Janisms that cause




viruses, protozoa, parasitic worms, and
other infectious agents that cause human
or animal diseases.



e more
' | uses that

- are transmitted througt

contaminated food and water.




Table 21-2 Common Diseases Transmitted to Humans through Contaminated Drinking Water

Type of Organism  Disease Effects

Bacteria Typhoid fever Diarrhea, severe vomiting, enlarged spleen, inflamed intestine; often fatal
if untreated

Cholera Diarrhea, severe vomiting, dehydration; often fatal if untreated
Bacterial dysentery Diarrhea; rarely fatal except in infants without proper treatment
Enteritis Severe stomach pain, nausea, vomiting; rarely fatal
Viruses Infectious hepatitis (Type B) Fever, severe headache, loss of appetite, abdominal pain, jaundice, enlarged

liver; rarely fatal but may cause permanent liver damage

Parasitic protozoa Amoebic dysentery Severe diarrhea, headache, abdominal pain, chills, fever; if
not treated can cause liver abscess, bowel perforation, and death

Giardiasis Diarrhea, abdominal cramps, flatulence, belching, fatigue
Cryptosporidium Severe diarrhea and possible death for people with weakened immune systems
Parasitic worms Schistosomiasis Abdominal pain, skin rash, anemia, chronic fatigue, and chronic general ill health

© 2007 Thomson Higher Education

Table 21-2, p.



‘Compounds

ain carbon atoms.
thous nds of organic
Ind in water are synthetic

activities; these included pesticides,
solvents, industrial chemicals and
plastics, and seepage from landfills.



are toxic and some of
neen shown to cause
irth defects.

Envirnmal Effects

sPollutes streams and
groundwater.
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their way into both surface water
and groundwater from sources such as
industries, mines, irrigation runoff, oil
drilling and urban runoff from storm
sewers.
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, and developmental delays,
causes kidney disorders and several damage
the nervous and cardiovascular systems.

e Low levels of mercury in the brain cause
neurological problems such as headache,
depression, and quarrelsome behavior.
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Iargest J

= Medical and scientific research
facilities also use them.



Pollution

er prdduced during
|aIQrocesses S released
ays (can also be adding cold

water). a
= Main source (Heated water to produce
electricity).



Effects
-

1ay influence metabolic,
\productive rates of
Organis ange the chemical
compo of the water.
s Example: Fish spawning
= Can change populations of
plants/animals in areas
= Can use cooling towers/pond/other
methods to reset the temperature

10



' Warm water has more
dissolved oxygen (DO) than cold water.

Health Effects

e Typically affects animals, not humans.



ITION: SOURCES,
CTS

.‘.‘.1'- chemical, biological,
water quality that has a
armful 1 living organisms or makes

water e for desired uses.
= Point source: specific location (drain pipes,
ditches, sewer lines).

» Nonpoint source: cannot be traced to a single
site of discharge (atmospheric deposition,
agricultural / industrial / residential runoff)


https://www.youtube.com/watch?v=yEci6iDkXYw

treatment plant).




‘bl‘ - e
e Pollution

- ;
i

anter bodies of

large areas rather than
o rated at a single

pOi ry. Ex. Agricultural
fertilizer runoff and sediments from
construction. Harder to trace!




Pollution

-

L

aimal wastes, etc.
unicipal Waste
=Sewage, fertilizers, dumping
into drainage ditches, etc.

Industrial Waste
sChemicals left over from

manufacturing, waste products, etc.




OF FRESHWATER

» In a flowing stream, the breakdown of
degradable wastes by bacteria depletes DO
and creates and oxygen sag curve.

= This reduces or eliminates populations of
organisms with high oxygen requirements.
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JFE FRESHWATER

ountries have sharply
source pollution but toxic
, d pollution from nonpoint
sources are still a problem.

= Stream pollution from discharges of
untreated sewage and industrial wastes
iS @ major problem in developing
countries.



21§/

 Stream Pollution
“ountries

= Water in many of
central China's
rivers are greenish
black from
uncontrolled
pollution by
thousands of
factories.

Figure 21-5



India’s Ganges River:
ty, and Health

efs, cultural traditions, poverty,
: ‘ Ulation interact to cause
 severe p of the Ganges River in India.

VAL sewage is treated.

= Hindu believe in cremating the dead to free the
soul and throwing the ashes in the holy Ganges.

= Some are too poor to afford the wood to fully
cremate.

« Decomposing bodies promote disease and depletes
DO.
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'S Ganges River:
and Health

| F Daily, more than 1

million Hindus in

... India bathe, drink

from, or carry out
religious
ceremonies in the
highly polluted
Ganges River.

Figure 21-6
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L

lakes is less effective
' because most lake
ol ed well and has little flow.
: f 0irs are often stratified and
undergo little mixing.
s Low flow makes them susceptible to runoff.
= Various human activities can overload lakes
with plant nutrients, which decrease DO and
kill some aquatic species.




age, sewage sludge, oil,

. f industrial waste, especially
In de areas.

s Marine life has proved to be more resilient
than some scientists expected, some suggest it
is safer to dump sludge & other hazardous
wastes into the deep ocean than to bury them
on land or burn them.



)L nion
tS disagree, pointing
ess about the

y that dumping waste
cean would delay urgently
needed pollution prevention and
promote further degradation of this
vital part of the earth’s life-support
system.



pipeline or storage tank leaks.

= One estimate says that oil companies spill,
leak, or waste per year an amount of oil
equal to that shipped by 1000 huge Exxon
Valdez tankers.



= Many drown or die of exposure from loss
of body heat.



mussels, and clams, or make them unfit to eat.

= Oil spills have killed coral reefs. A recent study
showed that diesel oil becomes more toxic to
marine life with the passage of time.



n Oil-Spill

- 4

contain the oil spill or keep it

itive areas

= Skimmer are used to vacuum up some of
the C ilon barges

= Absorbent pads or large feather-filled pillows

are used to soak up oil on beaches or in waters
that are too shallow for skimmer boats

= Genetically engineered bacteria can be added
to degrade the ol

L




se floating oil to clump
up or sink to the

these can also damage some types of
organisms.

= Fire can also burn off floating oil, but crude oil
is hard to ignite.



Ing~VWater Pollution through

Manhole cover
(for cleanout)

Septic tank

Distribution box

Vent pipe

Perforated pipe

@ 2007 Thomson Higher Education

= Septic tanks and various levels of

sewage treatment can reduce point-
source water pollution.

Figure 21-15



PTG Water Pollution through
Sewage Treatment

|
' Primary Secondary

— A A
: ra A 4 Chlorine h

Bar screen  Grit chamber Settling tank Aeration tank Settling tank disinfection tank

=

To river, lake,
or ocean

(Rt T
4 e

Raw sewage C ivaled sludge (kills bacteria)

rom sewers

Disposed of in
landfill or ocean or
applied to cropland,
pasture, or rangeland
@ 2007 Thomson Higher Education

= Primary and Secondary sewage treatment.
Figure 21-16




= Water is chlorinated to remove
coloration and to kill disease-carrying
bacteria and some viruses (disinfect).



Pollution through
"l

ching @ municipal sewage
/pically undergoes:

P age treatment. a physical process
that L and a grit tank to remove large
floating objects and allows settling.

s Secondary sewage treatment. a biological
process in which aerobic bacteria remove as
much as 90% of dissolved and biodegradable,
oxygen demanding organic wastes.

i
& |




Water Recycling Process

5 Bar
je Screen

Clarifier

-

» Grit » Primary | >
Chamber

Primary
Sludge

Effluent
to Outfall
Aerati Final Sand Di ey
eration in an is-
Basin Clarifier Filter infection
TAir
Activated
¢ Sludge
Thickener
Biosolids
¢ 5 to Beneficial Reuse
e-
i —P - —P
P-| Digester Watering

Includes:

— Physical systems

— Biological systems

— Chemical systems

S arm Andtanmios

e =


https://www.youtube.com/watch?v=20VvpASC2sU

Fima
-

= Removes ended and floating
‘particm as sand and silt, by
mechanical processes such as screening
anbtational settling. The solid
material thatiis settled out is called
primary sludge.

Chlorinator
(Disinfection)

Bar screens, grit
chambers,
primary
clarifiers,
digesters and
pre-aeration

Primary sludge

OOOOO



e

ndary

ﬂsMorganisms to decompose the
SUS d.organic material in

Water. EX. trickling filters — where
wastewater trickles through aerated
rock beds that contain bacteria and

other microorganisms, which degrade
the organic material in the water.

Secondary Chlorinator
sedimentation tank (Disinfection

—_ » Digested sewage sludge




. After several hours, the
les and microorganisms are allowed to
settle out, forming secondary sludge.

= Use aeration basins, settling tanks and sand
HHEES



0 remove phosphorus
its most commonly

0 purify wastewater so that it

can be reused in communities where water is

SCarce.

= Use chlorine as a disinfection and then chlorine is
removed by SO2 so it can be released into river.
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icial wetlands and other

Sewage "

= California created a 65 hectare wetland
near Humboldt Bay that acts as a natural
wastewater treatment plant for the town of
16,000 people.

= The project cost less than half of the estimated
price of a conventional treatment plant.




Using Nature to

ological wastewater
Irification by a
lVlng machine.

= Uses the sun and a
series of tanks
containing plants,
snhails, zooplankton,
crayfish, and fish (that
can be eaten or sold
for bait).

Figure 21-1






water-related illnesses occur each vyear,
with 5 million or more of these resulting
in death.



- Quality Measures

b
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)f oxygen gas dissolved in a
of water at a particular

temper tud pressure.



A
S from the

d from respiration by

= The tion of CO2 varies at
~ different depths because of
light/photosynthesis.

¥



0-90% of the residents
S groundwater for drinking.
This harms humans because it reduces
the blood’s ability to transport oxygen.


https://www.youtube.com/watch?v=9eSMyHUN2nQ
https://www.youtube.com/watch?v=LKOjvvgdGAc&t=1s

ause too much can
5 in water from
)rocesses and mining.

4



and can coat fish’s gills.
Groundwater problems in wells,
from natural minerals in rocks.



S and fertilizers.



y E]

bacterla from

es. It uses up

av gen. Also causes e-

cC ase and is used as an
|nd|ca of of water safety.
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https://www.youtube.com/watch?v=P-qqyT03dMc
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a if you drink

ted water. It is a natural
ves in the guts of




t too many can

ch salt in the water.
is bad; a little is okay. It
y found in water, but can

' CcOo | Pollution.






Water

e

-3

Y B
“magnesium in the
vater. Juse problems with
cleaning clothes. Soap doesn't
bubble as much.



igh is a problem. Low is
more of a problem. Affects fish
eggs, poor bone development.



iness; blocks
ish gills.

- ——

Low Turbidity —— High Turbidity



I Treating

sodium for calcium and
tVVEter softeners
usuaIIy do this.



n

m that allows
th ough but calcium
jum cannot.
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or"ganl chemicals contaminate about 45%
of municipal groundwater supplies.

» By 2003, the EPA had completed the
cleanup of 297,000 of 436,000
underground tanks leaking gasoline, diesel
fuel, home heating oil, or toxic solvents.




= Accordiﬁg to WHO, more than 112 million
people are drinking water with As levels 5-
100 times the 10 ppb standard.

» Mostly in Bangladesh, China, and West Bengal,
India.



W paralysis of the lower limbs

B arms and other body parts
[ keratosis

B melanosis
M hyperkeratosis
Bl dipigmentation (leuco-

melanosis) |
™ Cancers ;

n Arsenec 15 a tooc elerment that is both naturally-occurmning in Earth's crust and artifically-produced in agncultural and industrial processes. Most
A arsensc compounds have no color, smell, or taste—making the chemical dangerousty difficult 10 recogreze. In dverse climates and geographees,
S arsensc contamanates prominent groundwater sources. Exposure to arsenic, especially with the last few decades, has caused iliness and death in
wu soaeties from the United States 1o Bangladesh, where one in five deaths can be attributed 10 arsensc posoning.

b ¥~ 5h @

Arserec can enter the ar The main source of arsenic When contammnated Arsenic can enter surface In communibes where
through rock erosion, in drinking water (usually groundwirter is used 1o water through runoff resadents cook with and
mining activity, volcanic from wells) s arsenic-nch irngate fields, the element from certam agricultural drink from the same
eruptions, or forest fires. rocks through which the accurmulates in soil and and industrial activities, contaminated wel,
water has been filtered. crops, particularly rice. arsenic intake muttiphes,




problem caused by
‘concentrations in soill

with long-term irrigation
Aporates, salt concentrates
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Saltwater Intrusion Destroys Crops
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STuptors

DL ’OXin and PCBs) that can
th docrine system of animals

1 defects, developmental
gender imbalances in fish and

m Can le
disorde

other spec

Ingredients in
household products
& materials
Pesticides

Known or Suspected

Endocrine Disrupting
Chemicals

Industrial
ingredients

Phamaceuticals
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https://www.youtube.com/watch?v=ibfAF66JzFE

, t max permissible amount
ooll iIn community water supplies
that mlght adversely affect human health.



3 AND REDUCING
ATER POLLUTION

countries use laws to set
andards, but such laws
' deve Oping countries.

= The U. Nater Act sets standards for

allowed levels of key water pollutants and
requires polluters to get permits.

= EPA is experimenting with a discharge
trading policy similar to that for air pollution
control.

e

arely e




= 10 attain water quality levels that make these
waterways safe to fish and swim in.



(S

t discharges
ources of pollution

B ¢ ¥
r or wastewater treatment

al .‘
-address problems such as coastal estuaries,
the Great Lakes, and the Chesapeake Bay




tect Drinking Water

- - .
that 5.6 million Americans

ot meet EPA standards.
S drinks water from a treatment

p

- pla ited one or more safety standard.
= Industry pressures to weaken the Safe Drinking
Act: |
» Eliminate national tests and public notification of
violations.

= Allow rights to pollute if provider cannot afford to
comply.


https://www.youtube.com/watch?v=QQFY3N022rQ



https://www.youtube.com/watch?v=GNGKsubYJ9U

