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Experimental Design -

5 x 5 design
Emphasis on
IV, control,
and DV
Maintain
constants
Null
hypothesis
also accepted
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Experimental Design Diagram

i = TITLE: The Effect of the__(IV)__on the (DV) )

: HYPOTHESIS: If (pick your IV), then (pick your DV)

* because....)

[V: (and unit)

Include the control
in the firstbox and

Levels of I‘ﬂabel it as control

e

No. of Trial§

DV: (and unit)

CONTROLLED VARIABLES/CONSTANTS: (list
variable that stay the same to have a “fair”
experiment)




Keystone Pipeline

Transports unrefined oil from oil
sands in Canada (largest producer)
to refineries in SE United States

Replaces older pipeline

Allows for higher capacity of oll
transport

Possible water contamination — part
goes over the Ogallala Aquifer

Habitat degradation issues — goes
through sensitive sandhill ecosystem
in Nebraska

Less incentive to develop
sustainable energy

Proposed Keystone XL pipeline
= Existing Keystone | pipeline

500 MILES Hudson
MANITOEA Bay
ALBERTA SASKATCHEWAN
Hardisty Q

AL ONTARIO

Atkinson
Sandhills
NEB.
Ogallala — ; O Patoka
aquifer
TEXAS 5
Houston Port
MEXICO Arthur Gulf of
Mexico
Sources: TransCanada Corp., Nalural Resources Defense Council, LS. Fish and

\;‘."Illillll-!- Service

Laos Andgeles Times



Sandhills, Nebraska




Mercury deposition

DDT concentration
(parts per million)

Hg in air from burning coal

Deposits into water

Bioaccumulates and biomagnifies in
food web

0.04 ppm

Hg is a neurotoxin

0.000003 ppm

What about deposition on land?

— Bird songs




Mercury in Fish
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Mercury in Fish

(EPA advice for
consumption)

Eat only a few Eat a few
times per month  times per week

Unlimited

Visual cortex

Central nervous system:

Cerebellum_ | yijis neurons in specific

areas damaging hearing,
memory, speech and vi-
sion.

Dorsal root ganglia

Lungs: mercury vapour is main
cause of toxicity.

Symptoms: chills, nausea, vom-
iting, diarrhea confusion, pneu-
monia and bronchitis.

Kidneys: mercury is convert-
ed to an inorganic form and
trapped in kidneys leading to
kidney failure.

Metallic mercury in the blood
of a pregnant woman can enter
her developing child.




Algal blooms -

e Eutrophication/ cultural

eutrophication/ nutrient
loading

e Causes — fertilizer runoff,
sewage, animal waste, N, P

 Chesapeake Bay, Gulf of
Mexico, Mediterranean Sea




Nitrogen in

Nitrogen Cycle stmosphere (N,

DERitrifying
peteria

s

Mitrogen-fixing
bacteria in
root nodules Vo Nitrates (NOy")
of legumes
{asrobic and anasrobic
bacteria and fung)

@ Nitrifying
Ammonification Nitrification bacteria

$ S ammonim ) ($ 29 warkes )

Nitrogen-fixing Mitrifying
soil bacteria bacteria




Human Impact on Nitrogen Cycle

e Excessive use runs off: remedied by riparian zones
e Made up of NPK: Phosphorus is limiting in water,
causes algal blooms

e Oxygen sag curve results: hypoxic zones
— Gulf of Mexico

e Causes eutrophication/cultural eutrophication



Oxygen Sag Curve

Types of
Grgaﬂ-lsms

Biological Cilean Zone

oxygen
deman



Declining Sea Ice

Northern Hemisphere, March 26, 2017

Current Ice Extent: 14,3-108 km? —— Minimum 3/26 Extent Outline, 2006 (14.1-10% km3)
Maximum 3/26 Extent Outline, 1979 (15.8-108 km?)

50°s

Sea ice is declining due to increasing temperatures
Major part of arctic ecosystems - causing loss of
biodiversity

Greenland ice sheets heavily impacted

Less white ice means areas absorb more radiation,
radiates back into the atmosphere, trapping more IR,
causing increasing melting = positive feedback loop
Receding polar ice may also cause an increase in sea
level rise (although due primarily to thermal
expansion)
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Possible FRQ topics S e

e Pollution, water: The Great PaC|f|c
Garbage Patch
Mostly plastic
Between CA and China
PCBs, bisphenol A, ;
Photodegredation of plESEsass
More plastic than plankton

Tiny pieces ingested by zooplankton
—>bioaccumulation in the food chain

Plastic bag bans

Microplasticson 2017



https://apcentral.collegeboard.org/pdf/ap-environmental-science-frq-2017.pdf

The Great Pacific Garbage Patch How does it form?

Is an area of marine debris, laying approximately 135° to 155" West and 35" to 42"North. Although it shifts every year and exact pasition is hard to tell. It ies within Currents inthe Pacific Ocean treate a circular effectthat pulls

s P2 . debris from North America, Asia and the Hawatian lslands.
North Pacific Gyre and does nat go anywhere, as it is confined by its currents. itepﬂsheT?imuo 5 ﬂo:!t?n-ln;apwlesgfiga mflliuanwl:rllasnotl:ash.mm

The area

The Patch is around 2200 kilometers long and 800 kilometers wide

Where does it all come from?
80%

Land, brought by sewer
systems and rivers to the
sea.

1760 000 20%
. Ships and ocean sources like
sguare o
. nets ar fishing gear, many
kiometers o e

containers fall into the sea after
severe storms.

Almost 3 times more than Spain U d ey \ e
and Portugal combined : PACIFIC SEA j . . @ Ssresting oS

Less than 5% of plastic is recycled .

In the Central North Pacific Gyre, small pieces of plastic
outweighed surface zooplankton by a factor of G to 1in
1994. But the ratio in 2010 may already be 60to 1.

Plastic Soup

Consists of both larger ; Depth to

and disintegrated plastic : .
abjects and particles, § ATt ' Mdegﬁdﬂmn
hoth on the surface, in : \

the water column below

Plastic never biodegrades, it doesn't break down into natural
it and on the bettom.

substances. But it goes through a photodegradation process,
splits into ever smaller and smaller parts, which are still plastic.

Problems created by psﬁt: How long does it take to

photodegrade plastic:

Bt fouls beaches worldwide and scares tourists away.

B Plastic entangles marine animals and drowns thern, strangles them and @ ‘[jl]spnfab{e ‘ _ .
makes them immaovable. haper

UN Environment

i |
Programme estimated B Plastic litter washed ashore destroys habitats of coastal species. Six pack an
recently that each e plastic ring 1
square mile of ocean water B Plastic litter gets inside ships propellers and keels, making ship maintanence
contains 46,000 pieces more expensive. n— ‘ ‘ D -
of floating garbage. )
IR B Piastic does not biodegrade, plastic things make an ideal vessel and enable botle ‘
invasive species to move to further regions. VEARS | 10

100 200 300 4oo) soai Gool
eonnies

wiww 5\Woraphics.com



Plastic Bag Ban or Water Bottle Ban

Problems:

persistence of plastic in
landfill

energy cost and oll
dependence in producing
bags

2 liters of oil for every one
liter bottle

nonrecyclable plastic bags
(bottles are recyclable

Solution:

reusable alternatives are
pretty simple

ban or charge? (pricing
structure)

how much of a deposit
would change your
behavior?

fake fields, diapers, other
products can be made from
recycled bottles



Prescription drugs in our surface water

e “pharmapollution”

— From pee and flushed meds

 Sewage treatment plants
not designed to remove
drugs from water

e What is the impact on
wildlife? Human health?




Photochemical Smog -

e Air—Smog
— Gray, industrial smog
 From burning coal
e Sulfur, particulate matter
e Worst in China
e Affluence contributes

e Links to demographic
transition?

— Brown, photochemical smog
 From cars and heat
e Ozone, VOCs
e Worstin CA

— Solutions?




Biofuels
e Usually ethanol from corn or sugarcane

e Cellulosic — from forest and crop residues

— Cellulose to ethanol
e Palm oil

e Uses LOTS of water, fertilizers, pesticides

Biofuels
Life Cycle



Growing Production of Biofuels

Biofuels — most often ethanol from corn or sugarcane
Biofuels highly regionalized--in India, rice hulls

Uses lots of water, fertilizers, pesticides

Fertilizers associated with eutrophication and “dead zone” in Gulf of Mexico
Fertilizer runoff with phosphates and nitrates — Causes algal blooms

Better alternative: Switchgrass and Algae



Overfishing

* More people eating fish

 Bycatch

e CITES, Magnuson-Stevens
Fisheries Act

History of the Magnuson-
Stevens Act

Originally enacted into law in 1976 to
remove foreign fleets from our waters, it
led to the rapid expansion of the
American fleet and the subsequent over-
exploitation of our fisheries resources.
Congress reauthorized the Act in 1996
and 2006, adding important provisions
to the law which enhanced the
sustainability and therefore long-term
profitability of our federal fisheries.



Permafrost

Melting permafrost due
to climate change

— Positive feedback loop
— What is permafrost?
— Tundra ecosystem A\, N

— Releases methane —

Triple threat: Warmed air resulting
from climate change heats the Arctic
surface, releasing methane in several
ways. @ The top few feet of soll (ac-
more powerful than CO2 s
ting small amounts of methane. But
when surface ice melts into pools
that combine into lakes, the water
melts solid permafrost below. Mi-
crobes consume the thawing re-
mains of dead plants and animals
there, burping up lots of methane.
&> n some places, the permafrost
covers deep, old deposits of ice
and gas known as methane hy-
drates, but the disintegrating cap
can open up escape conduits, en-
abling a sudden release. €A thin-
ner layer of permafrost caps hy-
drates slightly offshore, but warming
waters can thaw it, too.




The Paris climate agreement: key points

P aris AC CcO rd The historic pact, approved by 135 countries, will take effect from 2020 anc @

Temperatures Finance Differenciation Emissions objectives
2100

e Keep temps below 2°C
e Rich countries pay

L] L]
S 1 O O b I | | I O n «Keen warming "well below - Rich countries must = Developed countries must = Aim far greenfouse goses

2 degrees Celsius” provide 100 billion continue to “toke the lead”  crissions to peak “as soon
Continue ol efforts to limit dollars from 2020, in the reduction of 0% possible”
. the risg i tempoerfswrc‘s as a “Hoor” greenhouse gases o
to 1.5 degrees Celsius"” «From 2650 rapid reductions
o D e Ve I O p e d C O u n t r I e S - Amaunt to be updoted - Developing nations are to achieve a balance between
by 2025 encouraged to “enfioncoe emissions from hurman
their effarts " and move activity and the omount that
over time to culs con be captured by “sinrs”
t a k e t h e I e a d Burden-sharing Review mechanism Climate damage

2023

e Decrees emissions and

increase sinks

. :
¢ R e V I e W e V e ry 5 y e a rS + Developed countries musl provide ' A review every five years * Vulnerable countries hove wen

financial resources to heig First world review: 2023 recogmition of the need for
developing countrics “averting, minimising

. + Each reviewr will inform ond adaressing ™ losses suffered
[ ) T k ff t 2 O 2 O = Other countrics arc invited to provide countncs in “updating duc to climate change
a e e e C I n support on a voluntary bosis and enhancing ™ their pledges
(24 ¥y q pieag AEP



COUNTRIES THAT JOINED THE PARIS CLIMATE AGREEMENT

M Ratified (146)

M Signed (48) M Not signed/Withdrawing (3)

2 e
g E S >y
%

SOURCE: UNFCCC NOTE: Denmark’s agreement excludes Greenland. Map is updated as of May 31, 2017. BUSINESS INSIDER



_widpower [

* Wind spins turbine to
create electricity

e Risks to birds and bats
e Eyesores?
e Offshore wind farms

e Wind farms and ag can
cohabitate




Wind Power

Wind spins turbine
Generator produces electricity

Generator produces electricity

T}
1131311177

Wind L spins armature . produces electricity

Electricity moves through transmission lines
Fastest growing renewable (though solar is close)

Risk to birds — collide with blades (significant, but more deaths attributed to
collisions with buildings, predation by house cats, etc.)

Risk to bats —
decreased pressure
around blades causes
capillaries in lungs to
rupture

Possible math question?

Transporting Wind Electricity

Transmission line
carries electricity
long distances Distribution line

[RE——8EE carries electricity
.......
- p to house

Transformer Neighborhood Transformer on pole
steps up voltage transformer steps down voltage

Wind generates for transmission steps down voltage before entering house

electricity



World wind power
Global installed power, GW Countries with most installed power, end 2008, GW eph
- i} 5 10 15 20 25

United States

2 g
= E £z

Germany

Spain

rory
o
-

China
India
Italy

France

-l
1996 02 2000 02 04

]
-

Britain

Denmark

Portugal

Sauree: Global Wind Energy Council




NREL Updated Maps:
Arizona

California (2002)
Colorado (2004)
Connecticut (2001)
Delaware (2002)
Hawaii

Idaho (2002)
Illinois (2001)
Indiana (2004)
Maine (2001

Wind Resources and Transmission Lines

New Hampshire (2001)
New Mexil
North Carolina (2002)

Ohio (2004)
Oregon (2002)
Pennsylvania (2002)
Rhode Island (2001)
South Dakota (2001)
Texas mesas (2000
hah i
Vermont (2001)
Virginia (2002)
Washington {2002}
West Virginia (2002) Transmission Lines
Wyoming (2002) Voltage (kV)
345-499
N 500 - 699
/N 100- 799
The remaining states use data from the 1987 N 1000 (DC)
"Wind Energy Atlas of the United States”. S

of the
Companies
Wind Power Classification
Wind  Resource Wind Power Wind Speed ®  Wind Speed *
Power at50m at50m
mis mph
56- 64 125-143
64-70 143-157 U.S. Department of Energy
70-75 157- 168 National Renewable Energy Laboratory
7.5- 8.0 168-179 &
80- 88 179-197 =% e
-1 .7 - 24, - =1
- 8.8-11.1 19.7-248 ﬁ‘%‘;&_ MNe=1
Wind are based on a Weibull k value of 2.0
soeeds BAPRL200T 159




Alr flows outwardly from the center, In
the cooler upper levels of the storm

The warm, humlid alr rises rapidly
In thunderstorm updrafts near the
center

Eyewall”

Tropical : Hurricane
Thunderstorm: Depression ©  Tropical Storm makes landfall

winds spin with p
great force Vi

7

i L A
B TR

warm suiface
aif rises

Major hurricanes have been increasing in
severity due to climate change

Sandy: New York; Katrina: Off coast of
Mississippi and Louisiana

Katrina: Levees failed and major portions
of region flooded, poorest hit regions
caused massive environmental refugees

Ecological impacts included flooded
terrestrial habitats, habitat destruction,
barrier islands are made to protect coastal
regions - we are doing major damage to
these areas due to construction which
also leads to erosion.


http://www.pbs.org/wgbh/nova/earth/coriolis-effect.html

Endocrine disruptors

PBDEs anc
retardants

e PCBs

e BPA

e Phthalates

e Pesticides like DDT

e Human health effects
— Learning disorders
— ADD/ADHD
— Reduced fertility
— Feminization




ez, Orjgins and Fate of PPCPs' in the Environment

'Pharmaceuticals and Personal Care Products @, | U.S.Environmental Protection Agency
2 %, | Officeof R ch and Develop
:f_ ? National Exposure Research Laboratory
o & | Environmental Sciences Division
At pnore? Environmental Chemistry Branch

Legend

[

=

I e

+ Usage by individuals (1a) and pets (1b):
Metabolic excretion (unmetabolized
parent drug, parent-drug conjugates, and
bioactive metabolites); sweat and vomitus.
Excretion exacerbated by discase and slow-dissolving
medications

* Disposal of unused/outdated medication to sewage systems
* Underground leakage from sewage system infrastructure &
* Disposal of euthanized/medicated animal carcasses serving as food for scavengers (1¢)

iets H

Jalight pmxupmd“
L7 - Disposal to landfills via domestic refuse,

2
; .
medical wastes, and other hazardous wastes

= Leaching from defective (poorly engineered) landfills and cemeteries

* Release of treated/untreated hospital wastes to domestic sewage systems
(weighted toward acutely toxic drugs and diagnostic agents, as opposed to long-term 18/

e A _ i > UF * Release to open waters from aquaculture (medicated feed and resulting excreta)
medications); also disposal by pharmacies, physicians, humanitarian drug surplus

« Future potential for release from molecular pharming (production of therapeutics in crops)

* Release to private septic/leach ficlds (3a) |
* Treated effluent from d ic sewage plants discl d to surface waters, re-injected

into aquifers {recharge), recycled/reused (irrigation or domestic uses) (3b)
+ Overflow of untreated sewage from storm events and system failures directly to surface waters (3b)

* Release of drugs that serve double duty as pest control agents:
examples: 4-aminopyridine, experimental multiple sclerosis drug = used as avicide:
warfarin, anticoagulant = rat poison; azacholesterol, antilipidemics —* avian/rodent repro-
ductive inhibitors; certain antibiotics = used for orchard pathogens; acetaminophen,
analgesic > brown tree snake control; caffeine, stimulant = coqui frog control

* Transfer of sewage solids ("biosolids") to land (e.g., soil amendment/fertilization)

« "Straight-piping" from homes (untreated sewage discharged directly to surface waters)

* Release from agriculture: spray drift from tree crops (c.g.. antibiotics)

* Dung from medicated domestic animals (c.g., feed) - CAFOs (confined animal feeding operations)

B2 Ultimate environmental transport/fate:
+ most PPCPs eventually transported from terrestrial domain to aqueous domain
+ phototransformation (both direct and indirect reactions via UV light)
* physicochemical alteration, degradation, and ultimate mineralization
» volatilization (mainly certain ancsthetics, fragrances)
* some uptake by plants
+ respirable particulates containing sorbed drugs (e.g., medicated-feed dusts)

« Direct release to open waters via washing/bathing/swimming

+ Discharge of regulated/controlled industrial manufacturing waste streams
+ Disposal/release from clandestine drug labs and illicit drug usage

Christian G. Daughton, U.S. EPA-Las Vegas March 2006 htp:/fepa. gov/nerlesd 1 ichemistry/pharma/images/drawing pdf
(oviginal February 2001) from: hup://epa. gov/nerlesd1/chemistry/pharma/



Mitigations for climate change -

e Reforestation (and afforestation)

j—

CUz =,
M&Tstaﬂon

e Carbon offsets

e Cap and trade JL

Ly - $ =g Excess
- o cCO, e & 0 @
- Leftover b b Re = A T
B allowance ™, 3 - /- \ 9

s 3 R
for sale : : : El Nido 1 flight = 2,268 kg CO,

e -4 TR 3 (s5) )
T s - F-6 o3 o,
:' . fuowa% e




Ocean Acidification -

e Ocean acidification is the ongoing
decrease in the pH of the Ocean Acidification

A “Hidden” Impact of Climate Change

Earth's oceans, caused by the uptake
of carbon dioxide (CO,) from the
atmosphere. An estimated 30-40%

1) Power plants release i ‘T"-- <
carbon dioxide, which ends. A, =
of the carbon dioxide from human oo i s v | iy, Aoy
' Senaioiosasmascom.
activity released into the atmosphere G e

climate, the ocean, and our own

dissolves into oceans, rivers and
lakes.

* Heavily impacts coral and other shell
organisms



Conseqguences of Climate Change

Effect

Receding polar ice caps

Melting of permafrost

Changes atmospheric energy
balance — why?

Environmental Consequences

Sea level rise (although due
primarily to thermal expansion)

Messes up transportation routes

Releases methane — potent
greenhouse gas

Altered climates in various places
around the globe



Drought

Areas facing increasing drought due to
climate change and excessive human
consumption for agriculture.
— Texas and California are good case
studies
Require change of behavior
— Restrictions on water lawns, pools,
car washes, etc
Bottled Water industry is big in
California, should we allow water to be
bottled and sent elsewhere?

A Record-Breaking Drought

41% of the state is facing “exceptional drought” (the most severe kind).
Abnormally dry Moderate drought Severe drought
B Extreme drought . Exceptional drought

201 2012 2013 2014 2015
|

SOURCE: U.S. Drought Monitor VISUAL NEWS




Cape Town, South Africa - 2nd

largest city

Due to three years of consecutive
drought, the city has been on
significant water restriction

— Municipal water: 13 gallons

per person

Dam levels were dangerously low
City hopes that annual rains
replenish supply

Poor water management and
political instability are significant
contributors

Waner foatprinm Ereakdown of the
per capits i} wearit]'s mate: Tppes

World Water Use

Ii ‘
=t
‘]

Museum.you


http://abcnews.go.com/International/cape-town-completely-avert-day-officials/story?id=53607900

Palm Qil Deforestation -

e Palm oil

— Used in foods and beauty
products

— Replaces partially hydrogenated
oils
— Grown in tropics

— Deforestation, species loss
(orangutans), HIPPCO




A Tally of Life Under Threat

Are
4
4

: ; 4 ; , o~
Possible FRQ topics pre WMEXM“ﬁf\
4 4 et

e Mass extinction

— We are in the middle of the
6th mass extinction

— This one is being caused by
humans

— HIPPCO

— Why do we need
predators?

— Why do we need insects?

4
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Biodiversity

e Cecll the Lion
e Mountain Gorillas (CR is
Involved In this cause)

D

FAMILY TREE OF CECIL THE LION AND HIS DEAD SONS

CECIL
10T JULY 2015

JERICHO
DIED OCTOBER 2016

wreess

i o

We Need
Biodiversity!

# By the numbers

Number of trees used for paper
yearly:

4 Billion

Tons of carbon dioxide consumed by

photosynthetic organisms each year:

250 Billion

Worldwide yearly production of top 4
maijor types of livestock (tons):

875 Billion

Worldwide yearly production of top
10 major food crops (tons):

g Trillion

Number of beneficial microbes
living in and on a single human:

100 Trillion

Diverse
organisms
help us

Leafoutter Media / Matthew Taylor

@3} ev-ric-3n

The organisms below directly
and indirectly affect humans.

-
9
s

Trees
Shelter and manufacturing

Photosynthetic
organisms
Produce sugars; consume CO,

Animals
Food; crop pollination

Crop plants

Food; clothing and fabrics

Microbes
Food and medicine production;
protection from pathogens

Tree: @ Dwight Burdese, Alga: NOAA. Eow: Ryan Thamasan, USDA;
Craps: @ Derek Harper, Geagraph; Bacteria: Janios Carr Content Praviders /CDC



e Major form of mining
— W.V. has seen sig change
to its topography
e Massive habitat
destruction

 Regulated by SMCRA



Mining Mountains

How mountaintop mining is done and its effects on the environment:

Giant earthmovers

Irt the last decade, the scope
and seale of mountaintop
mining has escalated with
dragline use. These machines
can weigh up to 8 million
pounds and stand as tall as a
20-story building. In an8-hour
2 Huge shovels it shift, a dragline operator can
dig into the topsoil, and - oih move enough soil for 40
trucks start hauling it away. EOFMER MOLNT N Oc-’.mn million houseplants.

; VALLEY FILL

THE PROCESS 4 The draglines and 250-ton trucks dump the

s an:dloarcut topsoil and rock into areas called valley fills.

and explosives are
used to loosen the
rock and topsail.

5 Coal companies are supposed to
reclaim land, but native trees have
trouble growing on disturbed topsoil.

3 A dragline digs
into the rock to
expose the coal,

ADVERSE EFFECTS

Destruction of forests Destruction :

When large areas of forests are of streams - g Flooding

clear-cut, wildlife habitats are I recent years, valley The destruction of natural
destroyed. Wildlife and plantiife  fills have buried or Blasting streams by valley fills and
become more yulnerable to damaged 1,200 miles Explosions can cause damage the loss of vegetation can
predatorial species. of streams. to home foundations and wells. cause flooding.

Sources: Arch Coal Inc,, Wes! Virgiiia Department of Environmental Profection,
Ohio Valtey Enviranmental Coslition, Natural Resowrces Defense Colmal Alisa Nance/ The New York Times



Hydrogen Fuel Cells

Alternative to combustion engines 2H, + O, — 2H,0

No emissions

Silent

No recharging

Can use renewable fuels to pull H, from water - electrolysis
Fuel itself is efficient

expensive — materials, R&D

Need H, — takes energy to extract (often fossil fuels used!) —
reduces overall efficiency

Often pulled from CH, - Steam reforming (releases
greenhouse gases)

Low density — hard to transport

Very flammable, no smell

Hydregen fuel is channeled through field flow
plates to the ancde on one side of the fuel cell,
while oxygen from the air is channeled to the
cathode on the other side of the cell.

Backing A

Layars

Hydrogen
Flow Field

Oeygen
Flow Field

Atthe anode, a

platinum catalyst

th The Polymer Electrolyte
ﬁ:g?:?gsen f{lﬂ split Membrane (PEM) allows
into positive only the positively
hydrogen ions charged ions o pass
(profons) and through it to the cathode.

The negafively charged

negatively charged
electrons must travel

electrons.

along an external circuit
to the cathode, creating
an electrical current.

\ Water

Anode | Cathode

_._,_,_..--"'”/ At the cathode, the elecirons
and positively charged

hydrogen ions combine with
oxygen fo form water, which
flows out of the cell.




Clean Coal

OXYGEN

®|002 SEQUESTRATION
‘NP\TER \ @
| GASIFIER St
(Lw ’ 2 STy
’ : REMO\.I"AL
. g -_ ;- COMBINED
R s o

SYNGAS

5 PARﬂCULATE
FILTER

SULFUR
BY-FPRODUCT
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Haiti Earthquake 2010

-3 million people affected

->200,000 killed

Quake intensity*

-Magnitude 7.0 !2 i

-Transform Fault Boundary 5 Ut

‘Why so bad?

* Epicenter and

immadiate aftershocks Garibbean Jea »

-Focus’s shallow depth
‘ased on the Medified Mercall scals of sarthguake intensity
surca: U5 Gaologioal Survey

-Highly populous area
-Extremely poor country — not well prepared

-Basic infrastructure (communication, transportation,
water supply) severely damaged

Snread nf dicaace — ~holara Nniithraale



Flint Water Crisis

 Very high levels of lead and fecal THE FLINT WATER CRISIS

The American city of Flint, Michigan, has been In the news recently due 1o the discovery of very

coliform found in Michigan town the overy of
high |evels of lead in its water supply. But how did this lead get there? Here’s a brief explainer,
— Due to increased use of road salts for melting
2l H
of snow, poor and outdated piping, and | Disifec ot byproducts; formed
3 . . o C’ by the reaction of chiorine ;Zgjs”r(;zf?::{ﬂ;'e
alternative use of water sources (Flint River) P B e o vs 45 = lowe conromoes
that required thihalomathanes due to
When high levels of trihalomethanes were detecied in Flint's water, ferric chloride (FeCl,)

contamination
was added to improve removal of organic matter. However, this increased the water’s

) 40% Of town Iives be IOW th e pove rty Iin e already high concentration of chioride icns, and as a result made the water more corrosive.

— NIMBY
— Environmental Refugee?

e Lead is a neurotoxin
— Shown to cause neurological damage in babies

and young children
— Bioaccumulatio n, biom agn ification Qrthophosphates are added to water to reduce the amount of lead feaching inteo it from
pipes. They do this by forming a layer of low-solubility lead-phosphate complexes inside

the pipe. This method of corrosion control was not used for the Flint River water supply.

with orponic matter
X 160 = very high
X =halogen fcommondy £l or Bi) DETROIT FLINT Cofrosion.

B COMPOUND INTEREST 2016 - WWW.COMPOUNDCHEM COMW | @COMPOUNDCHEM @@%
4f Shared under a Creatre Commons Atmbution- NonCommercaal-MoDermetves hoenoe e



Adults

Brain

Memory loss, lack of
concentration, headaches,
irritability, depression

Lead exposure

Although often without obvious
symptoms, lead exposure can affect
nearly every part of the human body. No
safe level of lead in the bloodstream has
been determined by the federal Centers

for Disease Control and Prevention. Cardiovascular

High blood pressure

Children Kidneys

Abnormal function

tem
B‘;snge I‘gﬁg'ﬁgs' Digestive system
Raare I+055 Constipation, nausea
ng : and poor appetite
learning
disabilities

Reproductive system
Men: Decreased sex drive
and sperm count, sperm
abnormalities

Women: Spontaneous
miscarriage

Blood
Anemia

i Kidneys
Damage

Body

Body Fatigue, joint and
]~ Decreased muscle pain
bone and
{‘ muscle Nervous system

growth Damage including
numbness and pain in the
extremities

Sources: Centers for Disease Control and

Prevention; National Institutes of Health SHARON OKADA sokada@sachee.com




Lethal Dose: Rat Poison & Local Wildlife

Local residents may inadvertently be poisoning wildlife. National Park Service researchers have found a direct link between
exposure to anticoagulant rodenticides, commonly known as rat poison, and the deaths of wildlife in and around the
Santa Monica Mountains. How rodenticide works its way through the food chain:

1 Targeted rodents Y 4
i 7, ¥

th h icii
Rats and other rodents who eat rodenticide Pradators k Top of the faod chain

‘:c:: or@e "f:r qnay andhn;ay f:e A pecame Raptors, snakes and larger Mountain lions feed on smaller

€ Gf gic as they approach deatn, predators consume predators laced with lethal poison.
making them easy prey for poisoned rodents.

larger predators. - fet
Unintended victims

In the Santa Monica Mountains...
»21 of 22 mountain lions tested
positive for exposure and two died
from poisoning.

« 93 of 105 bobcats tested positive
v for exposure and 70+ died from
related secondary disease.

= 23 of 27 coyotes tested positive
for exposure and 12 died from
poisoning.

Updlated as of April 2019

. A
How anticoagulant rodenticide kills Sy What is mange?
These compounds interrupt blood-clotting,
which leads to uncontrolled bleeding and
death. They may also suppress the animal's
immune system, making it susceptible to

other diseases. Symptoms include: »-

A microscopic mite that burrows into the
skin and causes...

1. Extreme itchiness and skin lesions.

£Afaedin urine and feces 2, Fluid and nutrient loss through the skin.

3. Infection, starvation, hypothermia or
other complications, eventually leading
* Nosebleeds * Ruptured blood vessels, causing bruising to death.

» Bleeding gums » Internal hemorrhaging

Check the label ) o
Here are the most common « Bromadiolone + Diphacinone
anticoagulant compounds: « Brodifacoum + Difethialone
SOURCES: Santa Monica Mountains National Recreation Area research, LEK. Serieys, UrbanCarnivores.com CREDIT: National Park Service

http://1.usa.gov/15uhsXv



Consider brushing up using this notable
toxins ppt



https://docs.google.com/presentation/d/1awAscRW_pVKBnIX1HmrIotcP06E2MGcS3SP_FQEHtno/edit?usp=sharing

Wildfires

* Increasing in severity due to climate
change &
* In rainforest countries - these fires may
be part of slash and burn agriculture o
which uses fires to restore nutrients
* Fire Ecology

Ladder Fuel —

— Setting fires purposefully to

maintain ecosystem balance S Fue,_[ AT
— Crown fires: determinantal - burn In a forest where fires rarely happen, fuel () Surface fires © Ladder fuels allow € Tree crown fires
. builds up: There's surface fuel (grass, logs, spread quickly the fire to move are so intense,
too hot and are too destructive woody debis bush) lacder fuel (s, wougnbnsh  uplowardthe  theye diffcutt
small trees, snags); and tree crowns. and woody debris.  forest canopy. cantrol.

— Surface fires: burn understory and
deposit nutrients back -
promote secondary succession



Annual Perennial Hardwood
Plants Plants and Trees Trees

Grasses

Time -

The diagram abowve shows the succession of communities from annual plants to hardwood treesin a
specific area over a period of time.

(a) Discuss the expected changes in biodiversity as the stages of succession progress as shown in the
diagram above. (2 points maximum; 1 point per bullet)

Cannot simply list the organisms depicted (shrubs — gymnosperms — angiosperm hardwoods)
* Biodiversity increases (plants, animals, decomposers).

Explanation of why biodiversity increases/changes are observed:

* Some populations facilitate biodiversity/succession (by developing conditions more suitable for
other species and/or developing conditions less suitable for their progeny).

s Some populations inhibit biodiversity/succession (by developing conditions less suitable for other
species and/or developing conditions more suitable for their progeny).

e Increase in plant stratification (increased layering of plants; e g., canopy, understory).

e More niches/habitats formed (plants, animals, decomposers).

* Pioneer plant species — dominants (more shade-tolerant plants emerge).

e Increase in producer diversity brings about increase in consumer diversity.

Other:
e Shift from more opportunistic (r) to more equilibrium (k) species.



Indicator Species

e Species that show early signs of distress
in an ecosystem that may shadow a
larger problem is at play

— Frogs are often indicator species
as they live in both aquatic and
terrestrial environments

— Birds are indicator species for air
guality due to sensitive lungs
“canary in a coal mine”

— Aquatic macroinvertebrates

S Ig n Ify Wa te rc Mayfly Dragonfly Freshwater Warm
nymph nymph shrimp Hoglouse (Tubifex) NO LIFE
— Scale -->
INDICATOR SPECIES Je< e %N % o @

Low Low Slight Medium High Extreme
(Stream) (Pond)



Noise Pollution

e Anthropogenic usually:
— Planes, cars, Geothermal
energy production, etc.
e Ecological Impacts
— Birds are unable to hear mating
calls, or find suitable nesting i) CoRRETIN 90 TRAN HORN
:.| LIGHT TRAFFIC

locations
— Whales and dolphins: extensive

HEAVY TRAFFIC

use of sonar disrupts
echolocation faculties B wiorocs o (@ winskos
e Human health impacts
— Can cause hearing problems

— Anxiety and stress



Super ENSO -

Impacted by climate

change?

ENSO - naturally occuring

Cold, nutrient rich

upwelling is suppressed

Biodiversity impacted
Fishing industry impacted

NORMAL
YEAR

Equatorial ___

winds gather
warm water pool
toward the west.

EL NINO
YEAR

Easterly winds _

weaken. Warm | ——u

water to move
eastward.

——

——

- Cold water

along South
American
coast.

Warmer

/ winter



El Nino and Rainfall

El Nifio conditions in the tropical Pacific are known to shift rainfall patterns in many different parts of the world. Although they vary somewhat from
one El Nifio to the next, the strongest shifts remain fairly consistent in the regions and seasons shown on the map below.
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Agriculture/feeding 10 Billion -

o Impacted by climate Projected impact of climate change on agricultural yields
change? S
e Factory farming increases
production, but has
Impacts:
— Animal abuse

— Fertilizer use

. . Change In agricultural productivity p
— Energy intensive vetwoen 2003 ac th 2060 e
—_— R ) | o) - - =
— Water intensive S Gir . 201, Gl Wi At SRS AR el

— Antibiotic resistance
— Importance of bees



China drops 1-child policy

e Drastically reduced
China’s fertility starting
in 1981

e Smaller workforce
— Impacts on declining

population
 |Imbalance in gender
e Who cares for the
elderly?

No country for young men I
Under the old one-child policy, the senior population in China was growing while the

youngest segment of the population was disappearing.

800 million + Projected under old policy —»

600M
0-29 years old

400M 30-59 :

I
200M ! 60 and older

1

I
MMMMJJMMLLUJMM
1960 1970 1980 1990 2000 2010 2020 2030 2040

Source: The World Bank, Health Nutrition and Population Statistics: Population a k
estimates and projections database CNBC



Human Population

e What are the impacts of a
declining population?
o Economic loss
o Impacts to social
security and other
programs
o People unable to retire

Population peaks
Even with the policy change, China is still expected to see a population decline in
coming decades.

1.50 billion people
2 children/women
beginning in 2016

—

gradual increase
to 2 children

1458

1.40B

1.35B
current projection

1.30B
2015 2020 2025 2030 2035 2040 2045 2050

Source: Projections calculated by Population Reference Bureau Demographer \'%
Kristin Bietsch using Spectrum Software. CNBC



Human Population

|=PXAXT
| = Impact; P = Population; A = Affluence; T = Technology

“Affluence Bomb” -- even if P stabilizes, rising A could lead to increased |
unless we focus upon sustainable development.

Rate of change = [b-d] + [i-€]

US population = 310 million & World population = 7.2 billion

Rule of 70 = 70/growth rate = number of years population will double

Total Fertility vs. Replacement Level Fertility

Total Fertility = avg. # children per woman
RLF = avg. # children per woman needed for zero population growth

Strategies to reduce population growth?
Educate/empower women

Decrease poverty
Access to family planning



The following topics have already been tested on,
but are good to know...



Possible FR(@

Humans
in China ane

— Demographic tra
— | = PXAXT

ita 1-2003 A.D.

— Influence, population size,

e = sl

1 100 300 500 700 900 1100 1300 1500 1700 1900

W Africa [] Asia B Former USSR []Latin America
M World [ Eastern Europe  [Jll Western Europe [ ] Western Offshots



https://apcentral.collegeboard.org/pdf/ap-environmental-science-frq-2017.pdf

World Population Hits 7 Billion

THE WORLD’S POPULATION

The seven most populous countries

In 2011
China

India

=4 1.17 billion

U.5.A.

& B 306.8m
Indonesia

& B 243.3m
Brazil

@ 191.5m
Pakistan

@ 180.8m
Migeria

() 162.3m

1
to 1800

EU 27

& 502m

In 2050

India

- 1.69 billion

China

@ 1.31 billion

Nigeria

¢) I 433m
USA

& [ 423m
Pakistan

@ 314m
Indonesia

& B 309m

Bangladesh
[ 226m

Billion
Humans
end 2011

Evolution of
the World’s

o=

|
1800
Sources - UN, INED

1800

Population
in billions

I
2000
fdé {23 REUTERS



Dams/ri)

people from

Erosion of banks of
reservoir

Provides “clean energy”,

water supply



https://apcentral.collegeboard.org/pdf/ap-environmental-science-frq-2017.pdf

Dams/Rivers

Three Gorges Dam — Yangzi River in China

World’s largest hydropower project
Displaced 1.2 million people

Reservoir is polluted from submerged factories, mines, dumps
Erosion on banks of reservoir causing landslides

Worsens drought downstream

BUT... provides “clean”
energy, reliable water
source

CHINA

L
4

Sandouping

Chongging

Source: International Rivers Network
DBEureka Cartography, Berkeley, CA

Three Gorges Dam

% Areato Three Gorges Dam

L®  beflooded Construction Site N
i Wuhan Shanghai

: X

*o"a;b &

YELLOW
SEA

.9 ,

A ol
0 400 miles
Bt —>—orm—"
0 600 km




Keyston

WOLVES KEEP

vikoustone

@ I8 THE 19208, government policy allowed the
extermination of Yellowstane's gray wolf — the apex
predator — triggering an ecosystem collapse known
as Irophis cascode,

@ 15 1995 — through use of the
Endangered Species Act — the
conservation comm; ity
reimtroduced the gray wolf
1o restore balance.

impacts of the
way down
e Classic examples: . e et B
— Gray wolves of Yellowstone &3 >
— Salmon
— Otters



https://apcentral.collegeboard.org/pdf/ap-environmental-science-frq-2017.pdf

All systems lack
microplastic, microfleece&;s
Natural wetlands can help:
phytoremediation, bioremediation

hut
maceuticals

PRIMARY

SECONDARY

TERTIARY

O
JOINT WATER POLLUTION
CONTROL PLANT


https://apcentral.collegeboard.org/pdf/ap-environmental-science-frq-2017.pdf
https://apcentral.collegeboard.org/pdf/ap-environmental-science-frq-2017.pdf

Bee Colony Collapse

Relying on Bees
Some of the most valuable fruits, vegetables, nuts and field crops depend
on insect pollinators, particularly honeybees.

Crop value Percentage Percentage of crop pollinated by ...

it bitions  pollinated by
2006 honeyt HONEYBEES OTHER INSECTS OTI-||ER

Soybeans s18.7 535 4 n
2w U.S. bee colonies,
Grapes a.z 1 |

amencs 22 o — 257000 1988-2010

?ﬁ:f:es f; 33 S J (Millions of colonies)

Strawberries 1.5 2 |

boanisos e

et as W
Blueberries 05 50 I 3 | Down 23.7%
cultivated from 1989
Besides insacts, other means of pallination include birds, wind and rainwater. \\II'.

&\

Sources: Unifed States Dapartrmant of Agriciie;
Rogsr A, Morse and Micholas W. Calderons, Comell Univarsity

The New York Times|

Source: USDAMASS
‘88 90 92 94 96 98 00 D2 ‘04 06 08 10
Alan KenagalCapital Press




Bee Colony Collapse
Bee decline

Scientists now say one of the causes
of colony collapse disorder (CCD),
killing honey bees across the U.S.,
may be parasite-carrying honey
bees from Australia.

Symptoms of CCD

e Failure to return to hive;
no evidence of dead bodies

* Queen bee and adequate food
supplies are left behind

 Other insects, predators don't
immediately invade abandoned hive

Mix of causes may sicken bees

Pesticides
 Variety of
pesticides used
in the different
areas reporting
CCD

* Difficult to test
for all possible
pesticides
simultaneously

Graphic: Melina Yingling

| Stress
e Strain from

i long distances
i by beekeepers

i e Sudden
i changes in time

being moved
to pollinate crops |

zone, climate

>

St

| Parasites

i »Varroa mite,

i a bloodsucking
i parasite

Fe Pathogen,

Israeli acute

i paralysis virus
i e Notall CCD
i colonies contain

i parasites
Source: Mid-Atlantic Apiculture Research and Extension Consortium

Who’s in the colony

Queen

* Fertile female,
one in each colony;
only lays eggs

Drone

* Male; task is to
mate with queen,
die shortly thereafter

Worker

* Infertile female;
thousands in colony,
collect pollen, nectar

¢ Nutrition
i » Fed corn syrup

diet in winter

i » Nutritionally

inferior nectar
and pollen of

i modified crops
i o Little variety

in diet; colonies

i pollinate one
i crop

© 2010 MCT



Shale oil and fracking

USA now producing significant

GAS/SOURCE ROCK
(SHALE. COALBED METHANE)

amounts of oil from shale oil in
North Dakota

To separator/treatment

—

Hot gas/air from
compressor

* Oil out of rock —

Uinta
Formation

>Green River
Formation

Fractured

1
r
] =
[} Formation

Producing Injection
Well Well

Groundwater
Monitoring Well




Truth Will Out: Fracking Has Tainted Ground Water

Giving the lie to gas drillers' long-standing insistence that hydraulic fracturing to release shale oil and gas has never contaminated drinking
water supplies, the Environmental Protection Agency announced that it had detected chemicals associated with fracking in groundwater
in Wyoming. Earlier, EWG's own investigation uncovered a long-forgotten 1987 EPA report that found fracking-related contamination in
water wells used by West Virginia residents. In the face of mounting public pressure, meanwhile,requlators decided to postpone action
on rules that could open the door to widespread drilling and fracking in the vast Delaware River watershed.



http://www.usatoday.com/money/industries/energy/environment/story/2011-12-08/epa-fracking-pollution/51745004/1
http://www.ewg.org/enviroblog/2011/12/static.ewg.org/reports/2011/fracking/cracks_in_the_facade.pdf
http://www.riverreporteronline.com/news/14/2011/11/22/environmental-groups-claim-victory-drbc-postponement-clouds-drilling-future

Tar Sands -

 Energy - Tar sands (oil sands)

Keystone XL pipeline over prime ag land and
Ogallala aquifer

Bitumen

Found under an old growth boreal forest
* Ecosystem services of forests — CO2 sink

Low net energy
Very dirty
Surface mining

TAvir tailinoc nnndc

NORTHWEST TERR]TOF.]ES’."\
71——'— —
|

f

-{“ '-'»'..‘._ - L::
o,y



https://secure-media.collegeboard.org/apc/ap11_frq_environmental_science.pdf

The following are general reminders for the exam



Important Vocab

Greatest good for greatest number?

Conservation Controlled use

Remaining wilderness areas of public land should be left
Preservation untouched
Restoration Bring back to former condition

o Associated with cleanup of chemical contaminants in a
Remediation polluted area

L Repairing/rehabilitating a damaged ecosystem or
Mitigation compensation for damage — substitute or replacement area
(common with wetlands)

Chemical and physical manipulations in severely degraded
Reclamation sites like open pit mines



Important Vocab continued....

e Anthropogenic - man/human centered ie: an anthropogenic source of CO2
e Mortality - death rate, ie: infant mortality rate during the transitional stage...



Final things to remember. . .

Layers of atmosphere: These Spheres Mask The Earth

CO:z is not a traditional air pollutant, it's a GHG.

Fertilizers and pesticides are NOT the same. Fertilizers have N,P,K for plant growth.
Pesticides kill bugs. Know about problems of each.

An ecological/ecosystem "cost" is NOT about money, it's about a problem in an
ecosystem. A gquestion about $ will have the word "economic".

Stratospheric ozone thinning (hole) and global warming are NOT the same thing.

For air pollution questions, all pollutants except lead cause "respiratory problems such
as asthma"
7.Advantage for any biome, ecosystem service, habitat = ecotourism, aesthetic value
8.Ecological impacts can almost always be habitat destruction which leads to a decrease
in biodiversity
9.Ways to get people to do things are almost always education.
10.We subsidize behavior we do like, tax things we don't like.



Final things to remember. . .

Review experimental design: dependent & independent variables, hypothesis with
“Increasing/decreasing" in it.

Use the words "money" or "jobs" for economic questions. For govt. incentives:
subsidies, tax credit/rebates, cap and trade. Disincentives include taxes, fines, legal
penalties, property value loss

Eutrophication: excess nutrients (N,P) from fertilizer, manure or urban sewage are
washed by rain into rivers which flow to the ocean => algal/phytoplankton bloom
then die-off from lack of light => decomposed by bacteria who use all the oxygen =>
hypoxia and fish death => anaerobic mess

When talking about change in an ecosystem, use "increasing" or "decreasing". Ex:
Invasive species cause native species population to decrease

Review the nitrogen cycle! The AP exam LOVES the nitrogen cycle.

If you can’t think of other possible solutions to problems, use education (but
indicate what we should educate about).



Final things to remember. . .

An ecosystem service is defined as something nature provides humans for survival
or economic benefit. NOT something nature gives itself.

#1 way to control population growth is to provide education (literacy) for girls. Girls
marry later, and have less children. Lowers poverty.

Try the Rule of 70 for growth rate.

Food chains always begin with a producer. Arrows point the direction of energy
flow (toward the predator).

Anthropogenic = human made. Degradation = decline in quality. Synthetic = not
natural.

Loss of biodiversity — HIPPCO

Sustainability = protect natural cycles + true pricing + renewable energy +
biodiversity + population control



Important Laws

Coastal Management Act

Corporate Average Fuel Economy
(CAFE standards)

Clean Air Act

Clean Water Act

Comprehensive Environmental
Response, Compensation Liability Act
(CERCLA)

Manages coastal resources (including Great
Lakes) — balances economic development with
conservation

Sets minimum fuel economy standards

Establishes primary and secondary air quality
standards for 6 criteria pollutants (SO2, NOx, CO,
PM, O3, Pb)

Regulates discharge into water sources and
wetland destruction (water looks)

Provides funds for clean-up of hazardous
substances (Superfund Sites): largely not effective



Important Laws

Convention on
International Trade in
Endangered Species
(CITES)

Endangered Species Act
(ESA)

Federal Insecticide,
Fungicide, and Rodenticide
Act (FIFRA)

Kyoto Protocol

International legislation banning
hunting, selling, importing
endangered species

Protects threatened and endangered
species and their habitats — involves
recovery plan

Requires that pesticides are
registered and approved by the FDA

Agreement among 150 nations
requiring greenhouse gas emissions
reduction - USA didn’t ratify



Important Laws

Montreal Protocol

National Environmental
Policy Act (NEPA)

National Forest
Management Act

Banned production of aerosols
and initiated the phasing out of
CFCs

Requires environmental impact
statement for every major federal
project

Sets standards for how the
Forest Service manages
National Forests — requires land
management plans for national
forests and grasslands



Important Laws

Resource Conservation and
Recovery Act (RCRA)

Safe Drinking Water Act

Surface Mining Control and
Reclamation Act

Toxic Substances Control Act

Management of solid waste including landfills
and storage tanks — set minimum standards
for all waste disposal (including hazardous
waste)

Sets standards for drinking water quality (how
water tastes)

Requires restoration of abandoned mines

Tracks 75,000 industrial chemicals — tested
for environmental or health hazard and
banned if high risk
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