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Two questions to ponder...

1. What is the best ROl you have ever heard of?

2. Which profession has saved the most lives?



I1) NSF MISSION AND VISION

NSF Statutory Mission

* To promote the progress of science; to advance the national health,
prosperity, and welfare; and to secure the national defense; and for other

purposes.

—From The National Science Foundation Act of 1950 (P.L. 81-507)

NSF Vision Statement

* NSF envisions a nation that capitalizes on new concepts in science and
engineering and provides global leadership in advancing research and
education.

—From “Empowering the Nation Through Discovery and Innovation, NSF Strategic Plan for Fiscal Years 2011-2016”

* NSF-funded research must have Intellectual Merit and Broader Impacts
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Program Goal: Fund transformational and high risk/high reward research to:

=  Prevent/minimize release of pollution to soil, water, and air

= Mitigate: Ecological and human health impacts of such releases by smart/
adaptive manipulation of the environment

= Remediate polluted environments through engineered chemical, biological,
and geo/physical processes

= Integral to achieving these goals is the fundamental understanding of
pollutant transport in the environment and how to harness and control
their biological, chemical, and geo/physical reactions
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? CBET Environmental Engineering (1440)
Program Emphasis Areas
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“The words you speak become the house you live in”

-Hafez (1315-1390)

A trip through the Environmental Engineering

program abstracts

http://www.iub.edu/~iuam/online_modules/islamic_book arts/exhibit/manuscripts/divan hafiz.html

AAEES 2018 E3S Awards Luncheon and Conference 8



Pre-1990s
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media aggeous  kKNOwledge .
Board dd significance waste
sbud|es mebals sbudents including ISSaue;ess deconbamlnab|on g sgsbem

conference ytilized e"é,';a"ﬁeéb ~ingconducted Pro Qran mpore work
chemical conduct condibigns-mo
u S debermine radlablo

maywasbewaber; osal
Nablon (P il

pans en I v b models ‘s

B concenbrabion affect response associabed
wabers industrial debermmablon

invesbigator gojl | @NVIFo I include

leadmg r V's Y procedures

usmg piological role
involves ahb s re mgxal suspondod

pO“uuaan sediments org@grgl re";e developmenb Al " cffects

used .compPounds gratindwater 2re AESIgN
invesbigabor's approach r;r'l'\:edesgga:\or particles Nabural ob enbl aI laboraory Slfgggs basis

NOW Facuy better factors

_cabon ™ conGaminated
exists eXAEES 2018 E3§ i"&ﬂmg@g}g esgalf;%laelnce conbamlnanbs

understanding

10



N
o
S
P
N
o
S
v

§ S = a g .
Suly 2 S8 =ai, 5 Sealte 2 w00 o
well € & £ EES = engineers 2.8 S s S
42 oz S8 a(%tlwtlets tudy=. S 2 S Enotels® sS5,55— =
£5 Ehigrg = M5 UIY winoganias S =< contaminants £ -3% =
S = ~ 1= |la|'tll':|88 £ B0 ofycation St tudies 2 =g

£ contaminant S applications
S ad = E c._,Emnmnmental Wetes S
" gverall dISIIIfECtIllll use wmnment ="

performance UIIIVBI'SIty 2 g =5 o5 ohjectives = =S Impﬂnante“w

role

lmpmve
alldmon

we S trEAIMENTS- development £ - el
structureE S = o™ == S8
f a o =5, .. = o N = ‘
SUMACE= =5 objective B 2 R =S 7/ O\E E orgamcldentny
bioogieal =5 -="Zoraate S Soes S e
control S22 3 w1 s 2 8 — pﬂte“t|3|=
252:’ ﬂ|aﬂusmg§ L S5 ='EE B teCHROIOgiES
=TS science - == == ST o £ M e
mpacts = Z[|BW = fundamental £ program

—
oo
—
(4~

alsp two=

AAEES 2018 E3S Awards Luncheon and Conference 11



2005-2010
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2010-2015
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2015-present (minus one word)
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2015-present
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I11) The “Standard Model” of Environmental Engineering



INSPIRATION

AAEES 2018 E3S Awards Luncheon and Conference
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CONCERNS

AAEES 2018 E3S Awards Luncheon and Conference
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RESPONSES

Legislation
* SDWA

* CWA

* CAA

* GLWPA

* CERCLA

* RCRA

* Etc...



SUCCESSES

AAEES 2018 E3S Awards Luncheon and Conference
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...But some of our greatest successes were well
before the modern environmental movement

Chicago Typhoid Fever Mortality per 100,000 Pittsburgh Typhoid Fever Mortality per 100,000

--------- Firaion Charnamon
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Figures from Cutler and Miller (2004)
National Bureau of Economic Research

AAEES 2018 E3S Awards Luncheon and Conference
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Early “Environmental Engineers” helped save millions
and increased US lifespan

1900 1936
H M Tuberculosis M Tuberculosis
B Pneumonia B Pneumonia
™ Diarrhea/enteritis M Diarrhea/enteritis
™ Typhoid ™ Typhoid
Diarrhea/enteritis Typ.. B Meningitus B Meningitus
B Malaria B Malaria
-. B Smallpox B Smallpox
B Influenza B Influenza
B Measles B Measles
M Scarlet fever

Data from Cutler and Miller (2004)
National Bureau of Economic Research

Completely changed the shape of childhood disease in a few decades

AAEES 2018 E3S Awards Luncheon and Conference 22



The social ROI: $23 per $1 spent on water infrastructure

Child Mortality

Infant Mortality

Total Mortality

Typhoid Mortality

Reduction in Mortality 1900-1936

M Share due to clean water B Reduction 100-1936

Data from Cutler and Miller (2004)
National Bureau of Economic Research

Annual US deaths prevented
1500/100,000

Person-years saved
58,000

Annual benefits (2018 S)
S920M

AAEES 2018 E3S Awards Luncheon and Conference 23



e E. https://www.elsevier.com/connect/the-hidden-profession-that-saves-lives Rl hich profession has saved the most lives?) P~ {Hwe©
I, The hidden profession that s... * | |_|
72 B Home [©]PAPPG 17-1 B IR-D - Home || Proposal and Award Manual || IRD CONCUR Cheatsheet | &

o ’ A
O W e re IS t e Ove . Q searcr T2 vt = menu
2 b
. ELSEVIER
https://www.scienceabc.com/
2] https://www.scienceabc.com/humans/scientists-invention-discovery-saved-million-lives-turing-jenner-fleming-jonas-salk.html ~ @ &/ which profession has saved the most lives? > The hidden professio...
£]5 Scientists Who Saved Milli... * | | |
{# B> Home [©|PAPPG 17-1 B> IR-D - Home || Proposal and Award Manual || IRD CONCUR Cheatsheet | &
Nature v Humans v Pure Sciences Eye Openers Social Science Popular~ The h]_dde]_’]_ p]’_’OféSS]_O]_’]_ that saves ]_]_VCS
Hundreds of Nazi messages were intercepted by lTuring and his team from a
secret location in Britain (Bletchley Park), which contributed a great deal towards Medical Laboratory Science (also called Clinical Laboratory Science) is one of the most
the Allied victory and saved millions of lives by significantly shortening the war.
This is just a small list (and in no way inclusive of all great contributors to the under-recognlzed health professmns - Wlth excellent_]ob PIOSPeCtS
world) of a few eminent scientists, predominantly associated with the field of By Rodney E. Rohde, PhD  Posted on 11 February zo14
health and medicine, whose works aided protecting human lives or averted ’
enormous disasters that could have claimed thousands of lives. | mean, could you = =
ever record the name of every human being that has saved the life of even one . . . .
other human being? This reminds me of the famous Hebrew adage (also used in https://www.elseVIer.com/connect/the-h|dden-professmn-that—saves-l|ves
The Schindler’s List): *‘Whoever saves one life, saves the world entire'.
b who has saved the most lives? ,O o
References
80000 Careerguide - Podcast  Research
1. Edward Jenner — Wikipedia HOURS
2. Jonas Salk — Wikipedia All Images Videos Maps News Shop My saves Home > Blog > If you want to save lives, should you study medicine?... Jobboard Blog Community ~ About ~
3. Ronald Ross — Wikipedia
4. Alexander Fleming — wikipedia .
5. Alan Turing — Wikipedia 100,000,000 Results Any time ~ If you want to save lives, should
you study medicine? Probably not.
The short URL of the present article is: http://sciabc.us/1D51t What has saved the most lives? By Robert Wiblin - Published July 201, 2015
Related Articles |
s . Norman Borlaug
TICLES ~ VIDEOS ~ IMAGES ~ PERSONAL EXPERIENCES FORUMS MORE ~ & WRITEFORUS 1 . .
Norman Borlaug, the man who saved more human lives than anyone else in t
T — has died at age 95. Borlaug was the Father of the Green Revolution, the drama
F, improvement in agricultural productivity that swept the globe in the 1960s.
75 idi i ingOld In Strange but True Reasons 5 Reasons Cryptocurrency Is The Weird Nazi1 https://www.bing.com/sea rCh ?q=Wh0+saVed+the+most+|IVeS
‘Ways Humans Are Destroying 2018 Is A Total Nightmare These Movies Flopped at ‘Way Dumber Than You You Never Learn
Earth the Box Office Thought School
https://80000hours.org/2015/07/if-you-want-to-save-lives-should-you-study-medicine-probably-not/

6 People You've Never Heard of Who Probably

Saved Your Life H H : : |
+ | am still waiting for the Environmental Engineer TV show!

By 0 Jacopodella Quercia « May 04,2010

AAEES 2018 E3S Awards Luncheon and Conference 24
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IV) Grand Challenges for Environmental
Engineers and Scientists in the 215 Century



http://nas-sites.org/dels/eechallenges

The National Academies of
SCIENCES - ENGINEERING - MEDICINE

Grand Challenges for Enwronmental-Engmeermg
and Science in the 21st Century

www.nas-sites.org/dels/eeschallenges #GrandChallenges
AAEES 2018 E3S Awards Luncheon and Conference 26




Login Join GC Scholars

Sign up for updates

iﬁw NAE GRAND CHALLENGES @i
l"'! NATIONAL ACADEMY OF ENGINEERING FOR ENGIN EERI NG

SHAPE THE FUTURE

NAE Grand Challenges Scholars
Program

GRAND CHALLENGES IN THE NEWS

View photos and videos from the 201/
Global Grand Challenges Summit!

AAEES 2018 E3S Awards Luncheon and Conference

News Community

http://www.engineeringchallenges.org/

-
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'il‘t NAE GRAND CHALLENGES
FOR ENGINEERING

Advance Personalized Learning
Make Solar Energy Economical
Enhance Virtual Reality
Reverse-Engineer the Brain
Engineer Better Medicines

Advance Health Informatics
Restore and Improve Urban Infrastructure

Secure Cyberspace

Provide Access to Clean Water

Provide Energy from Fusion

. Prevent Nuclear Terror
. Manage the Nitrogen Cycle

. Develop Carbon Sequestration Methods
14.

. AAEES 2018 E3S Awards Luncheon and Conference
Engineer the Tools of Scientific Discovery

28



Study charge

* Identify high priority challenges and opportunities for the broad
field of environmental engineering for the next several decades

* |dentify key questions that require the
expertise of environmental
engineering & science to address;

* |dentify areas where knowledge and
practice need to advance to address
these challenges

http://nas-sites.org/dels/eechallenges/




Committee Membership

Domenico Grasso — University of Delaware
Craig H. Benson (NAE) — University of Virginia
Amanda Carrico — University of Colorado,

Kartik Chandran — Columbia University,

Wayne Clough (NAE) — Emeritus, Smithsonian
Institution; Georgia Institute of Technology

John C. Crittenden (NAE) — Georgia Institute of
Technology
Daniel S. Greenbaum — Health Effects Institute

Steven P. Hamburg — Environmental Defense Fund

Thomas C. Harmon — University of California, Merced

James M. Hughes (NAM) — Emory University School of
Medicine

Kimberly L. Jones — Howard University

Linsey C. Marr — Virginia Polytechnic Institute

Robert Perciasepe — Center for Climate and Energy
Solutions

Stephen Polasky (NAS) — University of Minnesota
Maxine L. Savitz (NAE) — Honeywell, Inc.

Norman R. Scott (NAE) — Cornell University
Rhodes Trussell (NAE) — Trussell Technologies, Inc.

Julie Zimmerman — Yale University



Emerging Pollutants
While legacy pollutants decrease others are takmg their place

= Ln (Recent Flux)
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| 140 .
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[ | = 2010 —t
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Guo et al (2016) Environ. Sci. Technol.

f

Subtropical
Convergence Zone

Western Garbage Patch Eastern Garbage Patch or
N. Pacific Subtropical High

* Exhaust

emission Exhaust emission

point /point PID

‘4'\

\:;‘\_f\ =, CIPP worker

Andy Whelton, Purdue Univ (2017
ndy Whelton, Purdue Univ ( ) https://marinedebris.noaa.gov/info/patch.html
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Food

How to mitigate food production impacts on the environment

Fertilizéf ~ Mines Fertilizer Recycling
P from nature Wastes T
Cities e .
Farms B
_ Food Food from farm  Wastes Food from farm ~ Wastes
from \ <
farm

Faradji and de Boer (2016)

USGS (2007) Environ. Sci. Technol.

O Hypoxic system

Human footprint
. o-1
J1-10 :
[ 10-20 b e ny Ay
[ 20-30 B R NPl -
[ 30-40 i 840 e/
[ 40-60 BN
. e - £
Diaz et al (2008) B 50-100 WAEES 2018 E3S Awards Luncheon and Conference 32
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Climate Change

Not just seas, not just rise!

» Unlike the oceans, Great Lakes water levels are expected to decrease due to climate change

« Societal Impacts: Changing lake levels impact infrastructure, resources. and transportation

b)

System
Disturbance S_ystcm 1

System Functionality

System 2

t t,
y J

T
Time

System State /Potential

System 3 |

: System 4

State Variable

Lake St. Clair Bathymetry Eleuation [in]

Socio-economic Disturbance
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I8

42.6

Resource
Users

\

42.4

422
Resource
Availability

latitude
N
N

I
iy
o)

Resource <

Infrastructure

Stakeholdef Interactions

Providers

Building, M&O,
Regulation

I
=
o

Impacts

N
ire
~

Resource

I
e
(¥

Public
Infrastructure

1

-83.4 -83.2 -83 -82.8 -826 -824 -822

Environmental Disturbance

longitude

Noruzoliaee et al (2018)
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SCIENCES

GRAND CHALLENGES AND OPPORTUNITIES
ENGINEERING IN ENVIRONMENTAL ENGINEERING

The National

Academies of MEDICINE AND SCIENCE FOR THE 21ST CENTURY
l I y | I I p a C S Home AboutUs About the Stus Related Academies Activiti Study Committ: Meetings
74

Advancing the Progress of EE&S

* Create new opportunities for relevant education and
training

es for

ultiply

ood, Sita Grand Challenge

wide

' Provide Input to the Study
Email Address

(((((
addres:

* I[dentify research gaps to guide fruitful areas of research ™

http://nas-sites.org/dels/eechallenges/ (2018)

* |D ways to integrate social/behavioral aspects for
effective solutions (Bluespace, learning from history!)
Stay tuned for August release
* Inspire a new generation of EES to “make a difference” e et
y : ) AUGUST 2018

* Infrastructure vs “earth systems engineer N B B

* Developing nations Tl T 1"
* Guide educational development to train the profession s e s e e
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Other Current National Challenges

- Opioids:
« Pharmaceutical capture, fate, and transport
« Urine separation

- Disaster Response:

- RAPIDs: Health effects, pollution, water supply
 Natural Hazards Workshop (U of Colorado in July) w/NIH-NIEHS
« Resilient Environmental Infrastructure

- WW Omics for Integrated Public Health Assessment:

 Utilize the integrated capture of molecular data in the WW stream to assess
human health through —omics technologies



These and many other challenges await...
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If “past is prologue”, | have every confidence ST W
that the profession is up to the task! Vs
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Q & A Chem. Engr. News. (2015)
& E ACS IN DENVER

C&EN's pick of the
EMICAL & ENGINEERINE

not-to-be-missed talks p.32

Still time to register, special
events, and exhibitors P.45

" MARCH 2. 2015

“Water no get enemy”

NEWS

-Fela Ransome Kuti (193s-1997)

https://egregores.files.wordpress.com/2010/02/felasax1.jpg ChemIStS spend decadeS tl‘acklng
chemical pollutantsP1o
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