ater Pollution




Types and Sources of Water
Pollution

» #1 problem - Eroded soils

» Organic wastes, disease-causing agents
» Chemicals, nutrients
> Radioactive stuff, heat F‘




Point and Nonpoint Sources

NONPOINT SOURCES

s developmer

-

- 'Wstewate
treatment
X - plant ?I B

)
<
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Major Problem: Drinking Water

> 1/2 of world’s
people drink
polluted water

» Safe Drinking

Water Act
. § | Contaminated Probability
> EPA: Maximum contaminant 1 101 soprene
levels (municipal, but not rural [ Nottestea

and private)



Pollution of Surface Water:

Clean Zone Decomposition Septic Zone Recovery Zone Clean Zone
Zone
) A € ) AL 2 A

P f N s N T -y A

‘S £ Nomnal clean water organisms Trash fish Fish absent, fungi, Trash fish Nomnal clean water organisms 2

n ¥ (Trout, perch, bass, (carp, gar, Sludge womms, (carp, gar, (Trout, perch, bass, o

= mayfly, stonefly) Leeches) bacteria Leeches) mayfly, stonefly) g

gt g (carp, gar, 2

c 8ppm - : Leeches) 8 ppm é

'y Dissolved oxygen ] 4

y | oop——— i

4%9 g e s

' > 3

S g

o {V Ooxygen sag %

— v =

& C::Qﬂ < V= > °

= g !

@
Q
c
3
O

Biol I r(% T~ s =
b @‘f | -2 e dl \ e

Direction of flob

Point of waste or RS
heat discharge N ' :

=S e - e R .

Time of distance downstream —————



Pollution of Surface Water: LLakes

» Cultural eutrophication
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Discharge of untreated y
> S I OW Municipal sewage Nitrogen compounds
(nitrates and phosphates) produced by cars

and factories

turnover

= o= IS Discharge of Natural runoff : 5 i
» Accumulation | Ny s res d gl

of nutrients, R Mre

From feedlots
(nitrates and

- ¥
excessive plant o ey
(primagez:tlg:%ondaly _
. ““hitrates and phos.phates}
g rOW y a. g ae i Runoff from streets,

lawns, and construction
Lake ecosystem lots (nitrates and

blooms Rugg?’ oo oot NG
" - chemical cycling

"'Dissolving of Runoff and erosion
nitrogen oxides (from from cultivation,
(from internal combustion mining, construction,

engines and furnaces) and poor land use)




Case Study: The Great Lakes

D RpO02 Blooksl(!olo - ?homson Leaming \

A ~y :
CANADA / Yho
( = a8
{
.
Nipigon Bayb e
(3 5 ~— . \
J J h Bz Nz _—S
ackfis ¥ \ e (/
o & 'ygl v V_-"---__u-_
V\,\f 1%

<

ILLINOIS
\ INDIANA

|
[ Great Lakes drainage basin
Most poliuted areas, according to the Great Lakes Water Quality Board
* “Hot spots” of toxic concentrations in water and sediments
I Eutrophic areas




{ River 4

Mississippi
River

Depleted

Dead Zone

Gulf of Mexico




Thermal Pollution

. :




Groundwater Pollution: Sources

> LL.ow flow rates > Cold temperatures
» Few bacteria

Hazardous waste injection well

- E/

."" .'.!,o. f LA h

Coal strip
mine runoff - 5
\ 2 e d solventt
- o 3 Pumping o es PO
il gy = Gasoline

?WUC

station ,-;_,,..; -

Waste lagoon

Leakage from faulty

Accidental ;
casing

spills 836 Ox=r o
§ Discharge

Confined aquifer

o,
> E \
‘:‘i{’ -, ~h g
o | io(\ -
- il
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Groundwater Pollution Prevention

» Monitoring aquifers - expensive
» |_eak detection systems

» Strictly regulating hazardous waste
disposal

» Protecting recharge areas
- aquifer classifications



Ocean Pollution: dumping and oll

Industry Cities — Urban sprawl
MNitrogen oxides from autos  Toxic metals and Bacteria and

and smokestacks; toxic oil from streets and viruses from sewers choking fish and plants, clouding
chemicals, and heawy parking lots pollute and septic tanks

waters, and blocking sunlight.
metals in effluents flow waters; sewage contaminate shellfish
into bays and estuaries. adds nitrogen and heds and close Farms

phosphorus. | heaches; runoff Run off of pesticides, manure, and

of fertilization from fertilizers adds toxins and excess

lawns adds nitrogen nitragen and phosphamns
and phosphorus. g e i

—— [ Red tides

— Contruction sites
Sediments are washed into watenways,

- Closeu;l T Excess nitrogen causes explosive
« »._shellfish beds growth of toxic microscopic algae,
ca =S = poisoning fish and marine mammals.
Oxyuen-depleted > g

S
N\,
N\,

Toxic sediments
Chemicals and toxic metals
contaminate shellfish heds,
kill spawening fish, and
accumulate in the tissues
of bottom feeders.

Healthy zone i

o 0L/ Clear, oxygen-rich waters
' w7 Oxyyen-depleted zone promote growth of plankton
. ' Sedimentation and algae ~ @Nd Sea grasses, and supportfish.

overgrowth reduce sunlight,
kill beneficial sea grasses,
use up oxygen, and degrade habhitat.




OlIl Spills

» Sources: offshore wells, tankers, pipelines and
storage tanks

» Effects: death of organisms, loss of animal
Insulation and buoyancy, smothering

» Significant economic impacts

» Short-term cleanup problems - beaches, wildlife

» Long-term cleanup problem - persistence
(decades)



Solutions: Preventing and Reducing
Surface Water Pollution

Nongoint SOUKCES Point Sources

» Reduce runoff » \Water Pollution

S Buffer 7one Control Act (1972)

vegetation » Clean Water Act
_ (1977)
» Reduce soll - set effluent standards

erosion - secondary treatment



Technological Approach: Sewage
Treatment

» Mechanical and biological treatment

Primary Secondary

l Grit \ l Chlorine |

Bar screen chamber Settling tank Aeration tank Settling tank disinfection tank
To river, lake,
or ocean

Raw sewage

from sewers 7 / (kills bacteria)

Sludge digester

Sludge drying bed

“] Disposed of in landfill or
"~ ocean or applied to cropland,

© 2002 Brooks/Cole - Thomson Leaming
pasture, or rangeland




Technological Approach: Septic
Systems

» Require suitable soils and maintenance

V02 Brooks/Coie - omson Leaming

Nonperforated

pipe

Household
wastewater

'/" o .¥, . P .'":

s o 3 = ¢ I," .“"‘ eX
Perforated. _’6|str|but|on f"‘; g vl ol
Hiivg box ' crushed

(optlonal) :;y 'Ventpipe




Technological Approach: Using

Wetlands to Treat Sewage

(1) Raw sewage drains by (3) Wastewater flows through
gravity into the first pool another perforated pipe
and flows through a long into a second pool, where
perforated PYC pipe into the same process is repeated.

a hed of limestone gravel.

layer of limestone

gravel coated with '
First concrete pool decomposing bacteria Second concrete pool
(2) Microbes in the limestone gravel (4) Treated water flowing from the
hreak down the sewage into second pool is neaty free of
chemicals, that can be absorbed hacteria and plant nutrients.
hy the plant roots, and the gravel Treated water can he recycled

ahsoths phosphomns. for irrigation and flushing toilets.



Ailr Pollution

» Harmful to life or materials

» Materials - solled, corrosion of metals

» Plants - stunting, damage (crops, forests)

» Animals - respiratory, nervous system damage

» Humans - eye Irritation, headache, dizziness,
bronchitis, emphysema, cancer
- young, old, heart and lung patients susceptible



Air Pollution

» Primary pollutants

»> Secondary pollutants

Primary Pollutants

CO - *CO

SO,

NO,

Secondary Pollutants
{0

Most hydrocarbons

g HNO, H,SO,

Most suspended =

particles

/.".‘ ! . \.;'
~ 1 ™ N

e Mobjle .,’ /,.- —

H,O0, ©O; PANs
Most NO; and SO;~ salts



Natural Sources - most primary.
pollutants

» Decay processes, winds, volcanic
eruptions, sea spray

o
,3"',

» Widely dispersed
- do not reach harmful levels



Human Sources - more important

» Concentrated where the people are

1) Stationary fuel
combustion

2) Industry




Air pollution problems influenced
by:

» Topography (thermal inversions)
» Climate (cool-moist, warm-dry)



Temperature Inversions

» Especially in valleys
» lLos Angeles, Denver, Winona

Inversion layer

@
T
3
=
=
©
(o)
=
0
©
@
E S
Q
£

Decreasing temperature



Industrial Smog

Ultra Fine Fine Large

Particles Particles Particles
T O o

> COOI, mOiSt Seasaltnu?ei

Flylash ~

> Primary e pgmerts | Polars

Tobacco smake

pOI I UtantS < Cementdust ~

Milled flour ‘

Combustion nuclei Coal dust \
31

» \Worst in winter, o

Photochemical smog

at night
D

0001  0.01 25 100 1000

> C h i Cag O L O n d O n Average particle diameter {(micrometers or microns)
]




Photochemical Smog

» Warm, dry

»> Secondary
pollutants

» Worst In
summer, midday

|_os Angeles

: Nitric acid

Solar
radiation

Ultraviolet radiation
Nltl’lc oxwle

Nltrogen
dioxide

NO from cars

0,
Molecular
Atomlc oxygen
oxygen

Hydrocarbons

PANs
HNO, Peroxyacyl
hitrates

Aldehydes 0,
{e.g., formaldehyde) Ozone

Photochemical smog



Widespread Secondary Air Pollution:
Acid Deposition

»> \Wet deposition
» Dry deposition

Transformation to

sulfuric acid (H,S0,)
and nitric acid (HNOSN
Windborne ammonia gas
and particles of cultivated soil

Nitric oxide (NO)

Acid fog
‘Ocean

partially neutralize acids and Wet acid deposition
form dry sulfate and nitrate salts (droplets of H,S0O and

5 HNO; dissolved in rain
Sulfur dioxide (SO) st and snow)
and NO ’

(sulfur dioxide Bt 2 s RN
gas and particles
’ of sulfate and

nitrate salts) pr- " -
Farm

g\ s

’ %/ NS = T e
deep soil limestone

; i‘* f' : *hlghm limestone

become
are buffered acidic
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Acid Deposition in the U.S.
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¢+ 5088,

“‘t.‘;
* 50 51 49 3/
. *iB
® Major coal-burning power and industrial plants 49 -
T 5.2 5.0-5,1 4,7-48 44-45 5.0
. 52-53 4.9-5.0 46-4.7 4,3-4.4 :

2.1-5.2 48-49 45-46 BN <43



Acid Deposition and Aguatic Systems

> Fish declines
» Undesirable

Species
> AI U m | N U m Brown trout |/«
o Salamander

Mayfly

» Acid shock Smalmot




Acid Deposition, Plants, and Soll

> Nutrient
leaching

» Heavy metal
release

» Weakens trees

Effects of Weather

Emissions

L o

Acid S0, NO, AN At

deposition

H,0, O 3 &
* Increased

4% evapotranspiration -

PANs Others

Direct damage
to leaves
and needles

Release of

Leaching of WA EVE )
soil nutrients |} WA TAT Wt

/
§
/

and soil
nutrients

I - ‘| Damage to J
l¢| Acids | fine roots

Groundwater

Increased
transpiration

Low

precipitation

Increased
susceptibility

to frost, _
pests, fungi, ~

mosses, |1 -
and disease 41

:‘ o
23
or needles
=

Reduced t
photosynthesis 3, .

and growth ==
Nutrient [T Il

2 M A

deficien : s

Damage | | Tree death

to tree N1

-~

e -

Kills certain
essential soil

Disturbance
of nutrient
uptake

Disturbance
of water
uptake
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Industrial Smog Control -
sulfur dioxide and particulates

» Burn less fossil fuels

» Use alternative energy sources

» Burn low-sulfur coal

» Remove sulfur from coal (chemicals)

» Stack scrubbers,
electrostatic precipitators



Photochemical Smog Control -
nitrous oxide emissions

» Use mass transit
» Develop new engines
» Develop new fuels

» Develop new emission controls



Solutions: Preventing and Reducing
Air Pollution

» Clean Air Acts (1970, 1977)

1) Industrial emissions standards
2) Automotive emissions standards
3) Deadlines for meeting standards

» Standards becoming stricter, requests
to extend deadlines
- better technology needed



Waste Management

» Industrial and agricultural waste
» Municipal solid waste

» Hazardous wastes



Solid Waste Iin U.S.
>300 Ibs/person/day.

»> Agriculture - 13%

» Mining wastes - 75%

» Industries - 9.5% (fly ash)

» Municipal - 1.5% (4.6 Ibs. per
person, /0% paper, food, yard
wastes)

»Sewage sludge - 19



U.S. Municipal Wastes

» Multi-billion dollar industry

» Resource Conservation and Recovery
Act - 1976
- outlawed open dumping



Managing Today’s Wastes

»> Sanitary landfill - 54%
» Recycling and composting - 30%

» Incineration - 16% (dioxin)



Sanitary Landfill

1) Synthetic liner

2) Earth cover

3) Leachate

collection system

4) Methane venting

When landfill is full, Electricity

layers of soil and clay
generator
seal intrash building

: Methane storage
Topsoil )\ and compressor 1

Sand ~ = S building
4

H,
Garbhage :

Leachate

Pipe collect explosive

eth e o
iethane gas methane gas used as fuel
to generate elect ity

~ Grouplymizr

/ Clay and plastic lining
to prevent leaks; pipes
collect leachate from
Clay bottom of landfill

Subsoil




Changing Landfills

» Filling up rapidly
» Difficult finding new sites

- restrictions
- NIMBY - NOT IN MY BACK YARD!



Recycling

» Easlly isolated
from other
wastes

» LLarge
guantities (60-
80% of wastes)

Energy {thousands of kilocalories)

» Valuable



Recycling Aluminum, Wastepaper,
and Plastics

» 409%0 of aluminum recycled in US

» Recycled aluminum uses over
90% fewer resources

» Paper: preconsumer Vvs.
postconsumer recycling

» 1090 or less of plastic recycled in US
» Plastics can be very difficult to recycle



Burning Wastes

»> Mass burn incineration

> AI r Advantages

Reduced trash

pollution (K

Less need for
landfills

> \Waste to i
energy

Disadvantages
High cost
Air pollution

(especially
toxic dioxins)

Produces a
highly toxic ash

Encourages
waste production




Hazardous \Wastes

» U.S. - >1 ton/person/year



Today’'s Management

1) reduce, reuse, recycle (5%0)



Today’'s Management

2) detoxification, incineration (5%o)
» Physical reactions
» Chemical reactions

» LLandfarming
» Burning



Today’s Management

3) LLand disposal (90%0)

> Landfil |S, pItS, Advantages | g Disadvantages
IagOOnS, Safe method if &is | Leaks or spills at
. . ) sites are chosen 2% £ | surface
Injection wells, carefully ' -
oo ® . o Leaks from
mldnlght Wastes can be Nz corrosion of well
. 99 retrieved if i casing
d“mplng 9 problems :
develop e Existing fractures
Sewage S= or earth quakes
Systems Low cost & can allow wastes
: = to escape into
surface waters = groundwater

Encourages
waste production



Hazardous Waste Regulation in the
United States

» Resource Conservation and Recovery Act

» EPA i1dentifies hazardous wastes, Sets
standards for management

» Superfund - established to clean up
hazardous waste sites

» LLove Canal - Hooker Chemical plant In
suburban Niagara Falls, NY



