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in STEM Edu.catlon?
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NOTE: The Dars represent the overall annual rate of growih In student achievement in math, reading, and sclence In 49 countries, from 1995 1o 2009,

SOURCE: awmtboer” calculations bastd en Nationel Avrevwenent of Educntsonal Peogrem. See methodology sadedur far detatled cxplenation.

U.S. rate of impravement is in the middie of the pack.

Barely Keeping Pace (Figure 1)



Percentage of undergraduates receiving undergraduate degrees in

the natural sciences and engineering in selected nations

Singapore (2007)
China 1
Soulh Konea
Tabwan
Finland
Garmarny
France 1
|reka el {20044)
Japan

Benchay {1 SGH0)

Lnited Kngdan |
(2007}

CGanada
P (2007)

United States
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Source: NSF S&E Indicators
Appendix Table 2-35. Data for
20086 or most recent year
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Percentage of undergraduate receiving natural science and engineering degrees
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S1EM Job Growth

AS PROJECTED BY U.S. DEPT. OF LABOR 2012-22

18

COMPUTER & MATHEMATICAL

ARCHITECTURAL & ENGINEERING

3

LIFE, PHYSICAL, SOCIAL SCIENCE

10"




Faster aircraft, bolder video games, better TOP 11 STEM OPPORTUNITY MARKETS ANNUAL INCOME HIGHEST SHARE OF SCIENCE AND STEM WORKERS
TECHNOLOGY PROFESSIONALS ARE TURNING TO

medicines—technology moves forward every day. (AS A % OF EMPLOYMENT) TREECENE

And STEM-savvy workers make those advances
happen. Without the work of scientists, technicians,

engineers, mathematicians, and other skilled workers,
most new products and discoveries would never be

developed. The growing demand across all industries
THE HIGHEST PAYING STEM

for new products and innovations is fueling the OCCUPATIONS ($100K+) ARE:

demand for STEM talent in the U.S. and abroad. s::«l:zgr;:nsco
There are many reasons to consider a STEM
career. Beyond the premium wages and

increasing opportunities, STEM workers are

today's innovators and inventors. They often

work for the most progressive companies
generating new ideas, inventing

new products and solving complex STEM PROFESSIONALS DEMAND FOR STEM PROFESSIONALS 2010-2020 THE STEM OCCUPATIONAL BREAKDOWN
business and societal problems. WITH A BACHELOR
Their contributions are great and their REGREECRHIGLER
impact vast — creating downstream

jobs and fueling economic growth.

34%

B
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15%

THE TOP 8 STEM JOBS (% GROWTH THROUGH 2020)




: Figure 1. Recent and Projected Growth in STEM and Non-STEM Employment

17.0% 18%
) =
B STEM employment
B Non-STEM employment 15%
[
12%
7.9% 9%
6%
3%
0%
2000-10 growth 2008-18 projected growth
Source: ESA calculations using Current Population Survey public-use microdata and estimates from the Employ-
ment Projections Program of the Bureau of Labor Statistics.
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Best Jobs in
Americ

Systems Engineer

$87,100| $130,000

@
Physician Assistant College Professor

Healthcare (82,000) :  Education (278,000}
$90,900 | $124,000 - $70,400 | $115,000

@
Certified Public
Accountant

o Financial (189,000} .
: $74,200 | $138,000 -

IT Project Manager
1T (174,000)
$98,700 | $140,000

Physical Therapist
Healthcare (181,000)
$74,300 | $98,100

® @
I : w
Sales Director Anesthesiologist : Software Developer : Pharmacist
Sales and Marketing (97,000} * Healthcare (23,000) IT (796,000) Healthcare (198,000}

$140,000 | $239,000 - $292000[$408 000

'ﬁ‘

Human Resources
Manager
Other (226,000)
$71,800|$111,000

Senior Financial
Analyst
3 Financial (127,000)
© $79,900| $109,000

Business Analyst, IT - Attorney/Lawyer

T (125,000) 3 Legal (541,000) Practice
$82,600|$119,000 : $115,000 | $262,000 Healthcare (90,000)  :
. - $150,000 | $228,000 -

Physidan/General

Telecommunications -

Securities Trader Education/Training
Network Engineer Financial (17,000) Consultant
IT {21,000} Financial {23,000)

: $113,000 | $491,000 :

$86,200 | $130,000 : $77,800|$157,000

Information Technology (88,000)

579,400 | $116,000 } $109,000 | $134,000 :

$222,000 | $338,000

$249,000 | $386,000

X (ted interest areas
Top 50 . ® highest paid Saary
Rank highest median Salary
®  most flexibility
Job Titl @ most satisfaction
Nurse Practitioner ob Title @ benefitto society
Healthcare (23,000) Sector {Total Jobs) ) )
$85,200 | $113,000 Median salary | Top pay highest job growth
®  highest low stress
® ® ®  most security
w @  future growth
Computer/Network Intelligence Analyst
Security Consultant Government {51,000)
IT{13,000) $82,500 | $115,000
$99,700 | $152,000
@ <] @
* Occupational Therapist - Nurse Anesthetist Software Product
Healthcare (107,000} Healthcare (19,000} Manager
$69,700 | $100,000 $157,000 | $214,000 - IT{37,000)
; . $106,000 | $148,000
@ : ) ; ) : [ ]
Physlaan/Obstetrician/ Clinical Psychologist Psychiatrist Veterinarian

Gynecologist
Healthcare (14,000)

Healthcare (57,000}
$81,100 | $172,000

Healthcare (20,000)

: : Other (68,000)
. $177,000 | $279,000 :

$83,900 | $157,000

e : 2

‘ %ﬁ

Emer ency Room Product Management
Physician : Director

Healthcare (22,000) . Sales and Marketing (17,000)
$145,000 | $201,000
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People generally People are able to...
remember... (learning outcomes)
(learning activities)

Define List
10% of what they read Describe Explain ’
20% of what they hear
30% of what they see Demonstrate
’ Apply
Practice
50% of what .
they see and
hear
70% of what they Anal
say and write Do gnyeze

Create

90% of what Evaluate

they do. / |
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Authentic, application oriented, experiential learning
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Overview

e History of Hydroponics &Aquanpmcs

-SC|ent|f|c Process ..~ .~ ~ & W,,
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Scientifi'c Précess I
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Scientifi‘c’: Prscess II
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STEM Infused Fhroughout

+ Option to prépare budqet and prﬁp’gge-

f rent pom; system d'és:gnst 'v "




Food Bankmg» swomtlons

-v;tf:f m \ / »-

Food\oonk

St. Lottls Area Foodbank

Fighting Hunger,
Feeding Hope.



Unaffected 4 Year Olds Impaired 4 Year Olds

EFFECTS OF PESTICIDES ON CHILDREN

ﬁ
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Envri ranmental Werking Groups

SHOPPER'S GUIDETO

DIRTY DOZEN ([l

Buy These Organic Lowest in Pesticides

Peaches
Apples

Sweet Bell Peppers

Celery
Nectarines
Strawberries
Cherries
Pears

Grapes (Imported)

Spinach
Lettuce
Potatoes

Onions

Avocado

Sweet Corn (Frozen)
Pineapples
Mango

Asparagus

Sweet Peas (Frozen)
Kiwi Fruit

Bananas
ICabbage

Broccoli

Papaya

Don't see your favorites? Get tha full results at www.foodnews.org

B support EWG reseanch with an online gift.

PNEATE RGN SAAL

DIETS OF
INFANTS
AND
CHILDREN
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Ammonia ‘e
NH4+ -

Aquaponic
Nitrogen
Cycle

Nitrates
NO3+

Nitrites
NOo+

Nitrospira
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30-Gallon Fish MkSystem

» Put fish in your system-and Walt- the V' =
~bacter|a show up in"two tcrt,hree month 'id i

[ O - "';_,
- - <

“,“‘ - l "

tup moculatlt)r%I = i
dd nitrifying bacte aconcen'tﬁtew$
litor the nitrite spike; pla




Bacteria
Nitrosomonas and Nitrobacter turn the .
ammania into Nitrites and then into Nitrates ¥i? | T~ .
to be absorbed by the plants effeciently. = ™ G
f '.
Clean Water

B The ammonia and effluents are filtered
out by the growing process of the plants.
This produces cleaner water which flows
down back to the fish tank.

A

Waste Products

Ammonia : Produced by respiration
Feces : A waste-product of the fish food cycle

' Nutrient Rich Water
The eating and respiration of the fish creates
waste matter in the form of effluents and ammonia

which becomes very toxic to the fish.

This is however very nutritious and is pumped toward
the grow bed.
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Experimental \lariations
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Table 1. H E 10 b b Y
SamsironyieleaperRere P, Armumoefia ; e ponics vs. hydroponics. Yield 2004
5 5 _J: H -
Anmecd pemds yielded g -
; 4] 10 20 30 40 IR A
120,000 i T “ o 1pdeapanics
100000 180.00 Aquaponic Plant Growth
a0 - B Spider
Flant

4 /" B Herb 1
- 5000 / Herb 2

w3
om0 2
o 3
=
=
2000
10,642 2
D
Prock
1
Note. The data on pounds of aquaponic prodi 41812012 41512012 /22172012

McWilliams, 2009, pp. 161-2. New York, NY: |

from Chicama Run, LLC, n.d,, Grass-fed and fi

http: / fwww.chicamarun.com /beefhtml Dat:

Garden of Eden, n.d, Crop yield verification. Retrieved from:

http: / fwww.gardensofeden.org/04%620Crop%h20Yield%20Verification. htm
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Chemistry Investlgatlons
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Blologlcal Investlgatlons
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Aquaponics and thév‘Environment
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Grows Vegetables

90%

Less Water than traditional soil farming!
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o Implementation'oiiAquannlcs,mu‘ p '
Education: An Assessmént of = - 'U e

llenges, S‘Olutlonsand Success ~

)se Hart. 2013.|Masters Thesis.
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Solar/Off/Charger

Charging Battery volts Output Amps

Trevors Backup Switch - www.earthangroup.com.au
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AMMONIA

NH, /NH
YEST SOLUTION
gorng2 -0







Creating .Professmnal
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A Sustainable Agriculture 7 -

Aquaponics, an inventive form of closed-system agriculture, combines hydro-
ponics and aquaculture — water-based gardening and fish cultivation

1. Water. mixed with waste from a fish tank, flis - -
the flood tank. a container that functions much —
like a tollet tank -

-

-—

2. When the tank empties, nutrient-rich water
flows nto a gravel-filled bed, feeding the plants
that grow there. The plants help clean the water

GROW BED 3. Aerated

clean overfiow
waler returmns 1o
the fish tank

4. Water and fish waste are pumped FISH TANK
from the fish tank back to the fiood

tank and the cycle repeals

Source ravis W Hughey THE NEW YORK TIMES




A better way to grow

& gravel and plants, creating a recyclable, concentrated compost

:¢ : - 2y, \ 1

essential nutrient for plants. Watercress s
planted in the gravel bed as a secondary
method of filtering the fish-run water,

as well as a variety of
harvestable crops,
including tomatoes
and salad greens.

2

The upper gravel

bed is slightly angled
50 the water flows
away from the pump
to a drainage system
at the back of the bed
Once there, the water
drains down to the
lower gravel bed.

The lower
gravel bed is
anqled back
toward the
pump, once
4gain fltering
the water and
nitrating the plants as
it enters a second dramn

4

The filtered water drains from the lower growing bed
back into the fish run, and the cycle begins anew.
Every nine months, the fish (tilapia and more recently
yellow perch) are ready to be harvested.

Tilapla

Additienal text by Cotleen O'Connor, The Denver Post

Source: Paul Tombirello, founder Urban Orgonics, Growing Power Inc

Aguaponics uses a recirculating process to grow and harvest plants, and farm fish. Figh waste works with the beneficial bacteria in

Wastewater s pumped from the fish run to the upper gravel bed, where
the bacteria break down the impurities. What remains is nitrogen, an

a small trout, this hearty fish is normally found

emulates the Nile’s murky, 68- to 70-degree environment,

Tank not Ll =
to scale,
actual sire
155 feet
wide and
&0 feet long

Fish run:
Lined with an
organic, Nontoxic
maternal that protects fish
from harmful bacteria,
the below-ground tank holds
about 25,000 tilapia and 1 galton of
water per fish

Tilapia: About the size of
in the Nile River, The aguaponic fish tank

making it ideal for the tilapia’s survival

Axssociared Press photo, Moopa Valley
Nationa Wildife Refupe

Jonarhan Moreno, The Denver Post
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Food Deserts

DESERT

TIONS

SEVEN STEPS
TOWARDS PUTTING
FOCUS ON LOCAL AGRICULTURAL SOLUTIONS
TO DECENTRALIZE SUPPLY AND INCREASE H E A I' T H Y F 0 0 D
THE AVAILABILITY OF QUALITY FOOD.
IN GOOD HANDS

OO0D LOCALLY

C

Build and develop backyard and community
gardens as well as larger scale urban agriculture

DEVELOP ALTERNATIVE RETAIL OUTLETS

Farmers Markets, Public Markets, Cooperatives, Farm Stands,

and Community Supported Agriculture (C.S.A.) Programs E M P 0 w E R M E N T

EQUIP INDIVIDUALS AND FAMILIES
WITH THE TOOLS TO MAKE HEALTHIER
FOOD CHOICES.

COOKING CLASSES G
Implement programs at shelters, churches,
Increase stocks of fruits and vegetables at corner community colleges, & civic centers

stores or small groceries teaching people how to cook cheap, simple,
and healthy meals.

INCREASE THE EASE OF OBTAINING QUALITY FOOD.

Attract and/or develop more grocery stores and NUTRITIONAL EDUCATION
supermarkets where they are scarce.

Teach classes on nutritional information
including the dangers of preserved and
fast food while stressing the healthy

Improve transportation to grocery stores and benefits of freshly prepared meals.

farmer's markets



Aquaponics: A Sustainable, Low-Impact Agricultural Solution to Food Deserts and Urban Decay

Shawn Kargus

1478 Midway Road Menasha, Wl 54952 E-mail:

Department of Geography & Geology, University of Wisconsin - Fox Valley

Abstract

The word ics' is the ination of the culti of aquatic
organisms (fish or shellfish) for food, and hydroponics, the growing of plants in
nutnsnt solutuons with or without an inert medium or soil (Merrian-Webster, 2012).
are efficient, producing more vegetables per
square foot than other forms of agri the impact is
much lower. As a self-contained system, |t requires no use of chemical fertilizers,
eliminates the possmllny of sonl-bome pathogens and uses only 1% of the water
by ing on the system’s size and design, it
is possible to grow up to 10,000 fish and up to 43,000 pounds of vegetables per year.
(Allen 2012) Growing food Ioca!ly -- where it as consumed -- eliminates cost and
impact with p g fresh food.
A ics systs are h»ghly to ic region. ing older
vacant and with i duction can bring
economic activity back to former industrial areas, wmle providing a local source of
affordable fresh food that eliminates food deserts.

About Aquaponics Systems

Aguaponics systems are a low-cost, high output food production system that greatly
improves the affordability of food production with limited waste and a very low
environmental impact. As closed-loop, aquatic they elimi
any water run-off and use just 1% of water used by conventional agriculture to
produce a similar yield (Allen, 2012). Figure 1 models the basic components of an
aquaponics system.

Figure 1: A simplified model of a dlosed-loop aquaponics system (Graphic: Shawn Kargus)

Gravity forces water from the fish tanks (blue circles in Figure 1, illustrated in Figure
3) to the filter tanks (red circles), then to the bio-reactor, a non-pressurized bio-filter
(orange circle). The nutrient-enriched water then flows into the grow beds, where it is
cleaned by the plants (illustrated in Figure 4), which extract the fish waste for use as
fertilizer, the now-clean water flows into the sump tank, the lowest point in the system
(green circle). The cleaned water is then pumped back into the fish tanks by a 1/3
horsepower pump, completing the loop.

Systems Implementation

Aquaponics systems are highly adaptable to geographic region. In warmer climates,
growing can be accomplished outdoors by utilizing vacant land or abandoned parking
lots. In colder climates, with the use of growing lights, vacant factories can be
converted to indoor growing facilities. Greenhouses can the limit need for extra
lighting.

The current high-output ial-sized are very

ranging from $27,000 to $98,000 and higher (Pade, 2012). By improving key system

such as i ing a new filter system and low-head bio-reactor to
improve aeration (patents i the has developed a system for
$8,200 with the same output as more i ially ilable set-ups.

UNIVERSITY OF WISCONSIN

Fox Valle

A Campus of the University of Wisconsin Colleges

-~
Legend iy %
-
I Food DesertTracts a-‘

Non Food Desert Tracts

Acknowledgements

Figure 2: Census Tracts in United States that are considered *food deserts" by the U.S. Department of Agriculture (Data: USDA and US Census Bureau; Map: Shawn Kargus)

The Problem of Food Deserts

A food desert, as defined by the United States Department of Agriculture, is an area with limited access to aﬁordable and
nutritious food, particularly if such an area is composed of predominantly lower income nei and
(USDA, 2012a) The scarcity of affordable, healthy food options in urban communities is not a problem with the food
production system, but rather how the food is distributed. In fact, in the United States, food production outpaces total
population growth. With reduced access to healthy food options people are eating what is convenient and affordable; “fast
food" that lacks nutritional value and is high in fat. Figure 2 shows U.S. Census Tracts considered food deserts.

Figure 3: One of four installed 500 gallon fish tanks, part of a commercial system that can produce
up to 2,000 pounds of fish and 30,000 pounds of vegetables annually (Photo: Shawn Kargus)

References

Figure 4: Media filed grow bed of a commercial trench aquaponics system. Vegetable roots.
remove fish waste from water, fertlizing plants and cleaning the output (Photo: Shawn Kargus)

Benefits, Efficiency and Yield

One large aquaponics installation can produce of up to 30,000 pounds of vegetables
and 2,000 pounds of fish, with this density of production, up to 200,000 pounds of food
can be grown per acre of land. In addition, this production is deployable everywhere, so
food can be produced close to the point of consumpuon creating local jobs, saving

costs and ing CO, emi: High-density food production at the
point of consumption will significantly Iower the cost of produce. According to the USDA
(2012b), $0.19 of every dollar spent on food goes to food processing, $0.04 goes to
transponanon $0.14 goes to 1ood retallers and $0.34 goes to the food service industry.

y could i $0.67 from every dollar of food costs.
Beyond a high density of production, aquaponlcs has very low envlmnmemal impact. It
avoids many negative impacts of llution caused
by the use of fertilizers, fi and ici The system

uses less water and energy than conventional agriculture and does not erode soil.
Aguaponics eliminates the solid waste byproduct found in traditional land-based
hydroponics. The closed-loop system eliminates parasma problems, chemical inputs or
fish waste concentrations found in the b: and deep- fish
farms, which are responsible for envi and wild-fish kills.

A Solution to Food Deserts?

By offering a lower price for aqt with the imp | have
developed, more people will have aceess to this food production method. A system that
can produce high yields of both fish and plants makes food less expensive and more
affordable to the people in the community in which the food is grown. Implementation of
these low-cost systems can bring affordable and fresh food to areas now considered
“food deserts,” helping to solve food distribution and accessibility issues. An easily
deployable 520 gallon system (Figure 5) produces fresh food to feed a family of four.

In addition to the food grown by the system, this i i creates
opportunity by providing jobs for people in the community. Opponunllnes will exist for
jobs in system building, ion, sales, ion and job

training. Growing food in the community it is consumed also reduces CO, from
transportation, further reducing the the environmental footprint of a food production
system that is, which by design, safe and sustainable.

The researcher is seeking gram funding through the Envnronmental Protecnon Agency
to further explore the of food
deserts and revitalizing urban areas.

Figure 5: A 520 gallon home-based system able to produce 500 pounds of fish per year, plus 20 to
40 pounds of vegetables per week (Photo: Shawn Kargus)

Tilapia (Oreochromis spp.)

isheries Hartebeest, 2009)
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